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Fischer Verlag 1964
Fotos Regina V6lz

Participants of the Wilsede
Meeting enjoy the sight of

the birds over the entrance
of "De Emmenhof'
Wilsede, June 1984
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Preface

In June 1984 a total of 169 physicians, scientists and students assembled in
the now familiar and much-loved lair in the Wilsede Luneberg Heath near
Hamburg, Germany, for the sixth biennial conference on Modern Trends
in Human Leukaemia. This meeting, conducted by Prof. Rolf Neth in his
own inimitable style, has established itself as one of the major events in the
all too crowded programme of international conferences on leukaemia,
cancer and related topics.
Some may ponder why, with its "rustic" setting - flies, equine deposits,
and lack of easy exit -, Wilsede has such an irresistible and persistent lure
for so many of the world's top practitioners of leukaemia research? The answer is, I suspect, a cocktail of Rolfs extraordinary charm, the pleasure of
meeting friends and colleagues in a uniquely informal and relaxed atmosphere and the special style of the proceedings themselves, which focus on
the evaluation of ideas and hypotheses rather than the cataloguing of data.
Indeed the sixth Wilsede meeting maintained the usual high standard of
highly original presentations, with Anders (the "fish" man), Duesberg,
Ohno, Mitchison and Coutinho, and others providing incisive challenges
to "conventional wisdom" and great entertainment. Carlo Croce sang a
marvellous aria on the myc gene and Bob Gallo managed to get in a few
words about quite an interesting-looking human retrovirus. It all looked
pretty good to me, although Peter Duesberg expressed some powerful reservations about the significance of these latter findings. The two Fred
Stohlman memorial lectures (this year by Duesberg and Mitchison) again
provided highspots of the meeting.
On a sober and sad note, this meeting was marred by the loss during the
preceding year of three outstanding scientists who have helped make Wilsede the success that it is: Henry Kaplan, Dick Gershon and Sol Spiegelmann. All three epitomised what is best about the Wilsede meeting and
science itself, with their striking originality, debating skill and warm
friendship. They will be sadly missed. As a token of respect to Henry
Kaplan, the Henry Kaplan Awards for the best posters by young investigators were introduced at the sixth meeting.
Ken McCredie was presented with a special award to mark both the
sheer audacity of his presentation and his special affection for the wild life
of the Luneberg Heath.
The Wilsede meetings have proved the ideal forum for practising physicians and basic scientists to meet together and discuss new innovations
from molecular biology to treatment strategies. The "educational" component ofWilsede, enjoyed by both students and golden oldies alike, is not
XXV

to be underestimated; in an increasingly specialised, technical and rapidly
developing research arena it serves a vital function. If, as we all hope, the
exciting discoveries in (proto-)oncogenes in leukaemia and monoclonal

antibody manipulation of leukaemic cells are to lead to new forms of diagnosis, monitoring and treatment of leukaemia and lymphoma, then Wilsede is the place which will foster the creative skills required.
As in previous Wilsede meetings, the organisers wish to express their
thanks to the session chairmen for their help with the programme and emphasise their continued gratitude to Dr. Alfred Toepfer and his associates
for keeping the Naturschutzpark Luneburger Heide the delightful and unspoilt place that it is. We are particularly fortunate that the future of these
meetings has now been assured by a generous biennial grant of
DM 100000 from the Erich und Gertrud Roggenbuck-Stiftung zur Krebshilfe, Hamburg, to be administered by the Dean of the Faculty of Medicine
at the University of Hamburg, Prof. Karl H. Holzer.
M. F. Greaves
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Personal and scientific night discussion
Wilsede, June 1984
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Personal and scientific discussion around and in "De Emmenhof'
Wilsede, June 1984

XXVIII

Acknowledgments

We should like to thank: all who made this workshop possible:
Deutsche Forsch ungsgemeinschaft
Deutsche Krebshilfe
Erich und Gertrud Roggenbuck-Stiftung zur Krebshilfe, Hamburg
Freie und Hansestadt Hamburg
Hamburger Landesverband flir Krebsbekampfung und Krebsforschung
e.V. Hamburg
Hamburgische Wissenschaftliche Stiftung
Leukemia Research Fund, Great Britain
Leukemia Society of America
Paul Martini Stiftung
Werner Otto Stiftung Hamburg
For generous hospitality we thank the Stiftung F. V. S. zu Hamburg, Verein
Naturschutzpark e.V. Hamburg, the Amerikahaus in Hamburg and the
Freie und Hansestadt Hamburg.

XXIX

Haematology and Blood Transfusion

Vol. 29

Modern Trends in Human Leukemia VI
Edited by Neth, Gallo, Greaves, Janka
© Springer-Verlag Berlin Heidelberg 1985

Introduction for N. A. Mitchison
J. Klein 1

Ladies and Gentlemen,
When I started in immunology, Professor
Mitchison was already a legend. Not because he was that much older than I, but
because he had made important discoveries
early in his scientific career and because
even at that time, more than 25 years ago,
there were many interesting stories circulating about him. I shall skip the stories and
concentrate on Professor Mitchison's scientific contributions.
When you are asked to introduce a famous person and you have to ask yourself
what he has actually done, sometimes you
may have difficult a time answering this
question. Not so when you are asked to introduce Av Mitchison! If anything, you find
you have just the opposite problem of
choosing a few representative contributions
from amongst the many he has made. I
have chosen four, which I would now like
to mention.
The first contribution he made in 1954,
while working solo (at that time you could
still work alone and publish papers without
15 other people coauthoring them). He
asked a simple question: What is responsible for the rejection of a transplanted tumor? And to answer it he did a simple experiment. He took lymphocytes and serum
separately from a mouse that had just rejected a tumor graft, and transferred each
into another mouse, which he then

1 Max-Planck-Institut fUr Biologie, Abt. Immungenetik, CorrensstraBe 42, 7400 TUbingen,
FRG

grafted with the same tumor. He observed
that the mouse that received the cells
rejected the tumor, whereas the mouse
that received the serum did not. He concluded that tissue grafts are rejected by
lymphocytes and not by antibodies, and
this conclusion you now find in every immunology textbook, not as an isolated fact,
but as a discovery that brought about the
era of cellular immunology.
The second discovery I would like to
mention you might not even have heard of.
It, too, was made in 1954, and it, too, was
very simple. Av noticed that when you
want to induce an immune response
against bacteria, you have to put the bacteria on a cell. As far as I know this was the
first experimental demonstration of the requirement for antigen presentation by cells,
and it marked the beginning of a path that
led - by way of Lawrence and Kindred to
Zinkemagel and Doherty - to the discovery
of Mhc restriction. Again, it was not an
isolated fact that Av discovered, but the beginning of an era.
The third discovery was made by Av, I
believe, in 1964. It was the finding that if
you injected small amounts of bovine
serum albumin into mice and you did it often over a long time, the mice, instead of
being immunized, built up a tolerance to
this antigen. This experiment represented
the discovery of low-zone tolerance, another milestone in cellular immunology.
Finally, the fourth discovery has to do
with haptens and carriers. As you know,
haptens are small molecules, and when you
place them on the large carrier molecules
you can make antibodies against them.
1

What Av did was to immunize one set of
mice with a hapten and another set with a
carrier, and then mix lymphocytes from the
two sets of animals and inoculate immunized recipients with the mixture. He observed that these recipients then produced
hapten- specific antibodies as if they were
immunized by the hapten-carrier complex
itself. This finding showed that there
were two kinds of cells, one recognizing the
hapten and the other the carrier. From here
it was only a small step to the discovery of
T and B lymphocytes and of T- B collaboration.
I have selected these four examples because each of them marks the beginning of
something momentous; each opens a new
pathway in immunology. These were not
discoveries that were in the air - that anybody could have made but which Av made
because he was quicker or luckier. They
were unexpected, highly original discoveries that inspired a whole generation of immunologists. They did not follow the
beaten track; they opened up new tracks.
However, making original discoveries is
not the only way in which Av has made his
presence felt in immunology. The other
way is through his intellectual influence on

2

his fellow immunologists. This effect is difficult to express in any objective terms and
for this reason I can only tell you how Av
has influenced me.
I rarely, if ever, read any of the many
proceedings of meetings that are published,
simply because I do not find them inspiring. I do, however, make one exception - I
read the contributions by Av Mitchison. I
read these because I know that they are not
mere conglomerations of data either already published or in print in one immunology journal or another. I know that they
will contain an intelligent assessment of the
topic they deal with, and that they will
make me think about it in a different way
from the way I might have thought earlier.
Also, when I discuss ideas with people
and they tell me "I think you are wrong,"
without being able to tell me why, I do not
lose much sleep over it. However, if Av tells
me "I think you are wrong," I get nervous.
I know of no better compliment I can pay
to a person's intellect.
And with these words, ladies and gentlemen, I present to you one of the
most original and most inspiring of
contemporary immunologists, Professor
Avrion Mitchison.
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Repertoire Purging by Medium Concentration Self-Macromolecules
is the Major Factor Determining Helper and Suppressor Repertoire
Differences
N. A. Mitchison 1

Interest in helper and suppressor epitopes
has been growing rapidly. It is now generally accepted that most antigens present
structures (epitopes) to the immune system
which are recognized preferentially by different sets of lymphocytes, as shown in
Fig. 1. These sets belong to the effector
compartment containing B cells, Tc cells
(cytotoxic cells), and delayed-type hypersensitivity-mediating T cells (not
shown), or to the regulatory compartment
containing Th and Ts cells (helper and suppressors). Structures preferentially recognized by Th cells are termed helper
epitopes, and so on, and the balance of the
two types of regulatory epitope is known to
be an important factor in determining the
outcome of at least some immune responses. The presence of even a single suppressor epitope may be enough to prevent
a response from occurring. The fullest
analysis of an antigen along these lines has
been carried out on lysozyme [1] and
,a-galactosidase [18, 9], and other antigens
which have been examined in this way include ferredoxin [19] and tumour antigens
[5, 7J. Note however that cleavage of serum
albumin does not yield fragments with distinct helper and suppressor epitopes [2, 4].
Understanding the nature of helper and
suppressor epitopes is a matter of impor-'
tance to leukaemia research because it
could link tumour idiotype to membership

Imperial Cancer Research Fund Tumour Immunology Unit, Department of Zoology, University College London, Gower Street, London, WCIE 6BT, England

Fig. 1. How a vaccine looks to T cells. Th-Ts
repertoire differences are potentially valuable

of a lymphocyte set, and also because of its
relevance to any future tumour immunotherapy. It is important to immunological diseases at large, because it is likely
to help explain why particular types of
antigen tend to generate a harmful response. And at the present time it is most
obviously important to development of the
new generation of vaccines. This is an area
of great excitement because these vaccines,
based on bioengineering, promise to control and eventually eradicate the major
tropical diseases. Of course one needs to
exercise caution in evaluating this promise
and as yet engineered vaccines are only just
entering veterinary trials, but there is no
doubt that this hope has given new heart to
vaccine research. What is now being done,
world-wide, is to take a parasite such as the
plasmodium of malaria, clone cDNA into
an expression vector, and screen for antibody-defined antigens [6, 7]. A complementary approach is to screen for antibody-reactive synthetic peptides [11]. Both
3

of these strategies concentrate initially on
the ability of vaccine molecules to interact
with the effector compartment, simply because antibodies and to a lesser extent cytotoxic T cell clones are the only practical
screening agents. But in the long run this is
too limited an approach, particularly for
the major tropical diseases all of which are
long-term and characteristically display an
ineffective host response. Surely the main
hope is for a vaccine which can perturb this
balance between parasite and host, through
manipulation of the regulatory compartment.
The nature of suppressor and helper epitopes is still poorly understood. I wish here
to offer a contribution towards a general
theory of what makes them different from
one another. Any discussion of the problem
should start with a distinction between differences based on antigen processing and
differences based on the receptor repertoire
of lymphocytes. As regards the former, interpretations have tended to diverge, with
some authors emphasizing the importance
of relatively crude factors such as the gross
anatomical localization of antigen, while
others emphasize the importance of the interaction of fragments of antigen with particular cell receptors. Thus chemical modification can greatly effect anatomicallocalization [3], and the route of immunization
or form in which a determinent is administered can greatly influence which sets of
lymphocyte respond [14]. On the other
hand it has been suggested that peptide
fragments of antigens associate selectively
with particular major histocompatibility
complex components, and thus determine
which regulatory cells respond to "aggretope selection" [10]. Or suppressor cells
may resemble B cells rather than helper
cells in their interaction with antigen, and
consequently tend to respond to conformational rather than sequence determinants [12]. These are fascinating questions, but we have little hard information
with which to answer them.
In contrast there is something more definite to say about repertoire differences between helper and suppressor cells, even if
at present this is of a rather general character. Thanks to recent advances in our
understanding of the interactions of four
4
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Fig.2. Only medium concentration self-macromolecules generate Th-Ts repertoire differences
(see text for details)

proteins with the immune system as they
occur naturally, we can begin to define
what is probably the main factor responsible for moulding this repertoire difference. The proteins in question are C5, a
complement component, F, a liver and
serum protein of unknown function, AFP,
a-fetoprotein, and Tg, thyroglobulin. The
argument is summarized in Fig. 2, which
requires some explanation. Each stippled
area represents the repertoire of antigen receptors for a set of lymphocytes (each dot
representing, as it were, a single clone of
cells). The circles represent holes punched
out of the repertoire by tolerance of a single
self-protein; it is assumed that self-tolerance results from purging the repertoire of
clones reactive with self-proteins. The top
row describes what happens to B cells:
their repertoire is purged only by proteins
which occur in the body at high concentrations, over 10-5 M, such as serum albumin.
or the constant part of immunoglobulin.
The next row deals with helper T cells:
their repertoire is purged by proteins occurring down to lower levels of concentration,
10-10 M, but no doubt there are still other
molecules which occur at concentrations
too low to be noticed at all by the immune
system, and for which no purging occurs.
Thyroglobulin is an example at the bor-

Table 1. Documentation of
reactivity of the main lymphocyte sets to four mediurn concentration self-proteins

B cells
Th cells
Ts cells
Concentration
in body
fluid (M)
References

derline between the medium and low ranges of concentration: it purges the helper cell
repertoire to a significant extent, but incompletely. At the bottom come suppressor
T cells: their repertoire is no more than
partially purged by proteins occuring at
medium concentrations, as exemplified by
the proteins F and CS. The important point
is that purging of helper and suppressor
cells occurs down to different levels, and
that this difference defines a medium concentration range at which their repertoires
must differ. No other factor can be identified which is known to generate a difference between their repertoires. This does
not mean that other factors do not operate,
but simply that at present we do not know
what they are. For instance at the time of
writing there is a suspicion, but at present
no more than that, that helper and suppressor T cells draw from different sets of V
genes. The evidence for the medium concentration range that is crucial to this argument is cited in Table 1 for the four proteins CS, F, AFP and Tg, and is discussed in
greater detail elsewhere [13].
What are the practical consequences? It
is ironic that this, the only definite piece of
information which we have about the helper-suppressor epitope difference should
produce so little in the way of practical advice about how to design a particular epitope. Even if we knew the full threedimensional structure of the proteins listed
in Table I we would only be a little nearer
this goal. From this point of view research
on differential antigen processing perhaps
has more to offer, even if so far its achievements have been small. For the time being
immunologists will be kept busy cloning
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genes and synthesizing peptides of
potential value in vaccines. More and more
of these new products will enter immunization trials without much rhyme or reason, and as they do so we shall no doubt
acquire empirical information about which
kinds of structure are good immunogens as
distinct from ones which merely react well
with antibodies. It will be important to
have some kind of theoretical framework
into which this information will fit. I believe that medium concentration self-proteins as defined here will be an important
part of that framework.
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Introduction for P. H. Duesberg
R.C. Gallo l

It is time now to introduce my friend Peter

Duesberg. Where do I begin? At NIH, Peter
is sometimes known as the battling bulldog.
He gets his teeth into something and 1 year,
5 years, 10 years, 20 years later those teeth
are still sunk in. I should be serious a bit,
shouldn't I? Peter, of course, was born here
in Germany. He was educated at Tiibingen
and he came to the United States 20 years
ago at the age of 27. I've known Peter now
for about 15 years. When I first met him, he
was already doing molecular virology, and
I was already involved in retroviruses.
Peter first began work on the molecular virology of parainfluenza and influenza
viruses. He was the first to show that parainfluenza had a singular RNA genome and
that influenza virus had multiple RNAs.
This was the first time a virus was shown to
have a segmented genome, thus explaining
the rather distinctive ability of that virus to
undergo frequent recombination by reassortment.
He began working with retroviruses
around 1966, and he was among the first,
or perhaps even the very first, to characterize their structural proteins. He was involved in the first work that provided a
genetic map of retroviruses. Surely, this is
one of the most important of his many biochemical contributions, that is, the order of
the genes, gag~ pol~ env~ and some aspect of
the nature of their nucleotide sequences.
We now know that this fundamental result

I National Cancer Institute, Bethesda, Maryland
20205, USA

is applicable to all retroviruses, including
HTLV-I, II, and III. So, the application of
biochemical methods to the mapping of
retroviral genes was first and primarily
carried out by Peter. Some of this work also
ultimately became critical to the taxonomy
of retroviruses.
He carried out the first restriction endonuclease mapping of a provirus. This was
in the late 1970s. He was the first, or one of
the first, to demonstrate repetitive sequences at the ends of the proviruses,
which were the beginning of our understanding of the L'IRs that we talk about
routinely today. He was involved in the
first publications which demonstrated that
these viruses replicate via a circular proviral DNA form. After reverse transcriptase
was discovered (it was about that time I began to know Peter fairly well), Peter did
some of the early characterization of this
DNA polymerase. His publications with his
colleagues were the first reports showing
that reverse transcriptase utilized a primer
mechanism, not just a template, but a
primer to initiate DNA synthesis, and he
was the first to show that the primer was a
4 S molecule. But actually, although listing
this as one of his major accomplishments, I
remember Peter telling me when he did
those experiments he didn't know what a
primer actually was!
The next major phase of his work involved his classic studies with Peter Vogt;
Vogt the biologist, Peter the biochemist.
This really led to the first molecular and
genetically defined transforming gene, the
sarc gene. A great deal of this brilliant and
original work, the real critical aspects, was
7

carried out by this extraordinarily effective
collaboration through the 1970s. Of course,
Peter also worked on a number of other one
genes, describing several for the first time,
mostly in avian systems but also in murine
systems. Most recently this has been in collaboration with Takas Papas at NeI.
These are some of Peter's contributions.
There are many more. However, there are
things about him that stand out as much as
his science. Peter Duesberg is a man of
extraordinary energy, unusual honesty,
enormous sense of humor, and a rare critical sense. This critical sense often makes us
look twice, then a third time, at a conclu-

8

sion many of us believed to be foregone.
However, his critiques are sometimes a major problem for the casual observer. When
is he truly debating? When is he only being
the devil's advocate? When is he being the
devil himself? The casual observer is also
often at a loss to determine which of the
many weapons he possesses he is using.
Peter, it is hard for us to tell when you are
using your machine gun or your slingshot,
or simply exercising your vocal cords. In
any event you are an extraordinary scientist, a man who makes life more interesting
and pleasurable to many of us; and it is my
good fortune to know you as a friend.
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Are Activated Proto-onc Genes Cancer Genes? *
P.H. DuesbergI, M. Nunn 2, Nancy Kan 3 , D. Watson 3 , P.H. Seeburg\ and T. Papas 3

A. Introduction
The main objective of cancer molecu~ar
biology is to identity cancer genes. ~espite
fierce efforts, this objective has still not
been met [1-3]. As yet the only known cancer genes are the transformin~ one g~n.e~ of
retroviruses. Typically these VIruses InItiate
and maintain cancers with autonomous
transforming genes that ~re domina~t in
susceptible cells [5]. The dIsc~very of ~Ingle
gene determinants of cancer In retroVIruses
has become a precedent that has infected
cancer gene research. It has made retroviral
one genes the favorite models of cellular
oncogenes, although th~ releva~ce of
single-gene models to VIrus-negative tumors is as yet unknown. Fortunately, one
genes are either detrimental or at least useless to the viability of the virus and thus are
not maintained by retroviruses. They are
the products of rare, genetic ac.cid~nts,
generated by illegitimate recombmatIOns
between retroviruses and cellular genes,

*
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This lecture was also presented at the "International Conference on RNA Tumor
Viruses in Human Cancer," Denver, Colorado,
United States, 10-14 June, 1984. A portion of
this lecture will also be printed as part of a
review in Science, May 10, 1985
Department of Molecular Biology, University
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termed proto-one genes. About 20 different
proto-one genes corresponding to 20 different retroviral one genes are known [5].
At this time the normal function of protoone genes has not yet been determined.
One of them is structurally related to a
growth factor, another is related to a
growth factor receptor [6], and two appear
to be yeast cell cycle genes [6, 7].
It is now widely believed that, upon transcriptional or mutational "activation,"
proto-one genes function like viral one
genes. Activation is assumed to be the conversion of a nononcogenic proto-one gene
into a carcinogenic variant. Indeed, mutationally altered or transcriptionally activated proto-one genes have been found
in certain tumors. However, the known mutationally or transcriptionally altered protoone genes are structurally different from
viral one genes and have not been shown to
be the causes of tumors.
Consistent with the single gene models
set by retroviral one genes, it has been proposed, recently, that molecularly defined or
cloned DNA species from some tumors are
autonomous cancer genes, because these
DNAs are capable of transforming the
morphology of certain preneoplastic ce~l
lines [4]. Despite the populanty of thIS
view, there is no convincing eVIdence to
date that these DNA species can also transform normal cells in culture or that they are
the causes of tumors in animals (see below).
Circumstantial evidence suggests that
most cancers are not caused by single genes
but are the products of multiple g~~e~ t~at
have been formally divided Into mItIatIOn
9

and maintenance genes [1-3]. Retroviruses
without one genes (leukemia viruses) and
DNA viruses are thought to function either
as initiation or as maintenance genes in
multigene carcinogenesis because these
viruses enhance the cancer risk of infected
animals.
Recently it has been proposed that activated proto-one genes play a role in
multigene carcinogenesis, rather than being
autonomous cancer genes. Here the evidence for the views that activated proto-one
genes are sufficient (one gene-one cancer
hypothesis) or at least necessary (multigene-one cancer hypothesis) is reviewed. It
is conduded, that there is as yet no adequate functional evidence for oncogenicity
and no consistent correlation between any
proto-one alteration and a certain tumor.
To date viral one genes are the only proven
examples of "activated" proto-one genes.
Retroviral one Genes and Normal
Proto-one Genes
B.

Retroviruses with one genes are the fastestacting, obligatory carcinogens known to
date. Such viruses have only been isolated
from animals with neoplasms, while all
other retroviruses and all DNA viruses with
oncogenic potential are regularly isolated
from animals without neoplasms. This is
consistent with single-gene carcinogenesis
by retroviruses with one genes and possible
multigene carcinogenesis with all other
viruses. Indeed, retroviral one genes are the
only genes known that initiate and maintain cancers per se. That they are necessary
for transformation has been proven genetically with temperature-sensitive (ts) mutants of Rous (RSV) [8], Kirsten (KiSV) [9],
and Fujinami sarcoma viruses [10, 11]; with
avian erythroblastosis virus [12]; and with
deletion mutants of these and other retroviruses [13-19]. The most convincing
argument, that they are also sufficient to
initiate and maintain neoplastic transformation, is that all susceptible cells infected
by retroviruses with one genes become
transformed as soon as they are infected.
This high transformation efficiency virtually excludes selection of preneoplastic cells
initiated by another gene.
10

The structural characteristic of retroviral
one genes is a specific sequence that is unrelated to the three essential virion genes
gag, pol, and env. This one-specific sequence of retroviruses is related to one or
several proto-one genes. Typically the onespecific sequence replaces essential virion
genes and thus renders the virus replication-defective, or it is added to the essential genes as in the case of RSV and is readily deleted [5, 13, 14, 20]. Since one sequences are parasitic and have no survival
value for the virus, one genes are readily
lost by spontaneous deletion [5, 20]. Therefore, viruses with one genes are subject
to extinction unless maintained in laboratories.
About 17 of the 20 known viral one genes
are hybrids of coding regions from protoone genes linked to coding regions from essential retroviral genes [20]. The remaining
viral one genes consist of coding regions
from proto-one genes linked to retroviral
control elements. The identification of
hybrid one genes provided the first unambiguous dues that viral one genes and corresponding cellular proto-one genes are different, since proto-one genes are neither related to nor linked in the cell to elements of
essential retrovirus genes [21, 22]. Sequence
comparisons of cloned genes have since
confirmed and extended that all proto-one
genes and corresponding viral one genes
are not isogenic [5, 20]. The known viral
one genes are subsets of proto-one genes
linked to regulatory and coding elements of
VIrIOn genes.
In our laboratories we are studying the
structural and functional relationships between viral one genes and corresponding
proto-one genes, with particular emphasis
on the one genes of the following avian carcinoma, sarcoma, and leukemia viruses.
The one gene of avian carcinoma virus
MC29 was the first among viral one genes
to be diagnosed as a hybrid gene [21, 23]
(Fig. 1). About one-half of its information
(1.5 kb) is derived from the gag gene of retroviruses; the other half (1.6 kb), termed
mye, is derived from the proto-mye gene
[22]. The gene is defined by a 110-kilodalton L1gag-mye protein, termed pllO [21,
24]. The proto-mye gene of the chicken has
at least three exons. The boundaries of the
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first exon are as yet undefined [25-271. The
myc region of MC29 derives four codons
possibly from the 3' end of the first exon
and includes the second and third protomyc exons (Fig. 1). Three other avian carcinoma viruses, MH2, OK10, and CMII, also have onc genes with myc sequences [24].
The myc-related gene of MH2 is derived
from the second and third proto-myc exon
and includes the splice acceptor of the first
proto-myc intron [25,28,29] (Fig. 1). It also
appears to be a hybrid consisting of six gag
codons up to the splice donor of the gag
gene [30]. It is expressed via a subgenomic
mRNA as a p57 myc-related protein product [31-331. In addition, MH2 contains a
second potential transforming gene, Agagmht. The mht sequence is very closely related to the onc gene of murine sarcoma virus
MSV 361 1 [28, 291. It is as yet unclear
whether both genes are necessary for transforming function. The myc sequence of
OK10, like that of MH2, is derived from the
second and third proto-myc exons and includes the splice acceptor of the first protomyc intron (Fig. 1) (J. Hayflick, P. Seeburg,
R. Ohlsson, S. Pfeifer, D. Watson, T. Papas
and P. Duesberg, unpublished). It is expressed via a subgenomic mRNA as a p57
protein [32-341. At the Same time, the myc
sequence of OKlO is also Part of a large
hybrid onc gene, gag-Apol-myc, similar to
the hybrid myc gene of MC29 [24]. This

gene is defined by a 200-kilodalton protein
terrned p200 [24]. Again, it remains to be
detennined whether both of these two onc
gene products are necessary for transforming function. The myc sequence of CM11 is
Part of a Agag-myc hybrid gene similar to
that of MC29 [24]. Thus, all myc-related viral onc genes are subsets of proto-myc
linked to large or small retroviral coding
regions and regulatory elements. As yet, no
virus with a myc-related onc gene has been
isolated from a mammalian species. However, a myc containing feline provirus with
unknown biological activity was recently
detected by hybridization of lymphoma
DNA from a feline-leukemia-virus-infected
cat [35].
The results of similar comparisons between the Agag-fps genes of Fujinami,
PRCII, and PRCIIp sarcoma viruses and
cellular proto-fps are summarized in Fig. 2
[19, 36, 371. In these cases, the sarcoma
viruses share with proto-fps a 2- to 3-kb fps
domain, including probably the 3' translation stop codon. However, the viral genes
each initiate with retroviral gag regions,
whereas proto-fps initiates with a proto-fpsspecific exon(s) [36] (Fig. 2).
Analysis of the onc genes of the leukemia
viruses avian myeloblastosis (AMV) and
erythroblastosis virus (E26), and of protomyb, the common cellular prototype of the
myb sequence shared by these viruses, is al-
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so schematically summarized in Fig. 2. Unlike the mye- and iPs-containing one genes,
the one genes of each of these viruses share
an internal domain with the cellular prototype [38, 39]. In E26, the myb region is
flanked by a gag-related region at its 5' end
and by a newly discovered one-specific domain, termed ets, at its 3' end to form a tripartite one gene [40, 41]. In AMY, the myb
region includes a proto-myb splice acceptor
that is presumably served in the virus by
the splice donor of LJgag [30]. The myh region of AMV is flanked at its 3' end by an
element derived from the env gene of retroviruses. It is concluded that the one-specific sequences of each of these carcinoma,
sarcoma, and leukemia viruses are subsets
of proto-one genes linked to elements of essential retrovirus genes.
Other examples of hybrid one genes have
been described [5, 16, 20, 24]. Since in all
the cases studied proto-one genes are not
related and not linked to essential genes of
12

retroviruses, all viral hybrid one genes are
by definition structurally different from
proto-one genes. The coding regions of a
few viral one genes, possiblythesre gene ofRSV
and probably the one genes of Harvey,
Kirsten sarcoma viruses (termed Ha- and
Ki-ras), are derived entirely from protoone sequences (see below and Fig. 4).
Nevertheless, even these one genes differ
from proto- one genes in extensive deletions and point mutations. The sre gene
of RSV is a hybrid of genetic elements derived from two proto-sre genes [5, 42] and
possibly five codons from a retrovirus [139].
Two arguments indicate that these qualitative differences between one and protoone genes are essential for transforming
function of the viral genes: There is the
overwhelming evidence that many protoone genes are regularly expressed in normal
cells without altering the normal phenotype
[5,43]. There is more indirect evidence that
proto-one sequences cloned in retroviral or

plasmid vectors do not transform normal, genes is based on the rare cases in which
diploid cells. For example, phage or plasproto-one genes functioned as accidental
mid vectors carrying the viral src-related parents of retroviral one genes. It has been
region, but not a complete complement of deduced from structural analyses of retrothe major proto-src gene [44-47] or proto- viral genes and proto-one genes that viral
fos, the precursor of the transforming gene one genes were generated by transduction
of FBJ (Finkel-Biskis-Jinkins) murine os- of specific domains from proto-one genes
teosarcoma virus [48J, or proto-fpslfes, the [5, 20J. Because no significant sequence
precursors of avian Fujinami and feline homology exists between retroviruses and
proto-one genes, such transductions must
sarcoma viruses [491 (W.-H. Lee and P. H.
Duesberg, unpublished), or proto-myc, the procede via two rare, nonhomologous reprecursor of avian MC29 virus (T. Robins, combinations [5, 25]5. It is probably for this
P. Duesberg, and G. Vande Woude, unpub- reason that viral transductions or "actilished), do not transform cells in culture. vations" are extremely rare, even though
The src-related region of the major proto- all cells contain proto- one genes and many
sre gene also fails to transform in a RSV animal species contain retroviruses without
vector [50J. Further, proto-sre and proto- one genes. Only 50-100 sporadic cancers
Ha-ras (the precursor of Ha-MuSV) fail to from which retroviruses with one genes
transform in a reticuloendotheliosis virus were isolated have been reported and no
vector while the corresponding viral one experimentally reproducible system of
genes have transforming function [51].
transduction has ever been described
Apparent exceptions are proto-mos and [56-58]. Thus, retroviruses with one genes
proto-ras which, after ligation to retrovi- are the causes of rare, natural tumors
ral promoters, transform the preneoplastic . rather than laboratory artifacts.
NIH 3D cell line [52, 531. The proto-mos
Their role as accidental progenitors of
and ras regions used in these constructions viral one genes has made proto-one genes
are essentially the same as those found in the focus of the search for cellular cancer
Moloney and Harvey sarcoma viruses but genes. Their possible function in cancer was
are not complete proto-one genes (see be- initially tested in many laboratories in view
low and Fig. 2). Conceivably, the proto-one of a "one gene-one cancer" and more reregions that were not included into these cently in view of a "multigene-one cancer"
constructions and are not in the viruses hypothesis. The one gene-one cancer hymight in the cell suppress transforming po- pothesis is similar to postulates that activatential of the complete proto-one genes. tion of inactive cellular oncogenes is suffiMoreover, it will be detailed below that cient to cause cancer the oncogene hypothtransforming function in 3D cells is not a esis of Huebner and Todaro [59]. Some invesreliable measure of transforming function tigators have postulated that activation is
in diploid embryo cells or in the animal.
the result of increased dosage of a given
Neither the proto-ras nor the proto-mos proto-one gene product. This view, termed
construction were found to transform dip- the quantitative model, received support
loid embryo cells [54, 55] (G. Vande from early experiments which suggested
Woude, personal communication). Thus, that the sre gene of RSV or the myc gene of
normal proto-one genes and viral one genes MC29 and the corresponding proto-one
are related, but are structurally and func- genes were equivalents [60-64J. In the
tionally different. The question is now meantime, significant structural and funcwhether there are conditions under which tional differences between these genes have
been found [5, 43, 44-47, 50] (see above).
proto-one genes can cause cancer.
C. The Search for Activation of Proto-onc
Genes to Cancer Genes

The only clear, although indirect, proof for
activation of proto-one genes to cancer

5 In addition, it appears that only a few cellular
genes are proto-one genes or can function as
progenitors of viral one genes since the same
proto-one sequences have been found in different isolates [29]
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Others have suggested that proto-one genes
are activated by mutations or rearrangements in the primary DNA sequence [65,
66J. This view is termed the qualitative
model [5].
The multigene-one cancer hypothesis
postulates that an activated proto-one gene
is necessary, but unlike the corresponding
viral gene, not sufficient to cause cancer. A
quantitatively or qualitatively activated
proto-one gene is postulated to function
either as initiation or as maintenance gene
together with another proto-one gene, in a
multistep process [54, 55, 67-73J. This hypothesis fits the view of how virus-negative
tumors are thought to arise in general and
provides identifiable candidates to test the
hypothesis. However, since retroviral one
genes have yet to be dissociated into initiation and maintenance functions, this hypothesis is without viral precedent.
Two kinds of assays have been performed to test these hypotheses. One assay
correlates transcriptional activation and
mutation of proto-one genes with cancer;
the other directly measures transforming
function of proto-one genes upon transfection into certain recipient cells, typically
the preneoplastic mouse NIH 31'3 cell line
[4, 54, 55]. Such experiments have most frequently linked cancers with alterations of
proto-mye and proto-ras.
I. Is Proto-mye Activation the Cause
ofB-Cell Lymphomas?

Based on the observation that transcription
of the cellular proto-mye is enhanced in retroviral lymphomas of chicken, it has been
postulated that transcriptional activation of
proto-mye is the cause of B-cell lymphoma
[64, 74]. Chicken B-cell lymphoma is a
clonal cancer that appears in a small fraction of animals infected by one of the avian
leukosis viruses (which have no one genes)
after latent periods of over 6 months [58].
The hypothesis, termed downstream promotion, postulates that the gene is activated by the promoter of a retrovirus integrated upstream (Fig. 3) and that activated
proto-mye functions like the transforming
gene of MC29 [64]. Subsequently, samples
were found in which the retrovirus is in14

tegrated 3' of proto-mye or 5' in the opposite transcriptional direction. In these
cases, the virus is thought to function like
an enhancer of proto-myc [74] (Fig. 3).
However, proto-mye differs structurally
from the 3-kb L1gag-mye gene of MC29 as
diagrammed in Figs. 1 and 3 [25, 26].
Further, it has been argued previously [5]
that the hypothesis fails to explain the
origin of about 20% of viral lymphomas in
which proto-mye is not activated [64J; the
discrepancies between the phenotype of the
disease and the cancers caused by MC29;
the clonality of the tumors, defined by a
single integration site of the retrovirus with
regard to proto-mye; and the long latent
period of the disease. Given about 106 kb
of chicken DNA and activation of protomye by retrovirus integration within about
5 kb ofproto-mye [27, 74J, one in 2 X 105 infections should generate the first tumor
cell. Since the chicken probably has over
107 uncommitted B cells and many more
virus particles, the critical carcinogenic integration event should occur after a short
latent period. The tumor should also not be
clonal, since integration by retroviruses is
not site specific and there could be numerous infections during the latent period of
about 6 months. Further, the model has not
been confirmed in murine [75, 76], feline
[35], and bovine [77] leukemia. Instead, the
high percentage of virus-negative feline [35]
and bovine [78] lymphomas indicates that a
retrovirus is not even necessary for the disease.
Recently, it was suggested that a mutation, rather than a virus, may have activated avian proto-mye because mutations
have been observed in viral lymphoma
[79]. However, the proto-mye mutations
have not been shown to be the cause of the
viral lymphoma.
Activation of proto-mye has also been
postulated to cause the retrovirus-negative,
human Burkitt's lymphomas, and mouse
plasmacytomas. In these cases, chromosome translocation has been proposed as a
mechanism of activating proto-mye function [70, 71, 80, 81]. The human proto-mye
is related to that of the chicken from which
carcinoma viruses have been derived
(Fig. 3). The two genes have unique first
exons, similar second exons with unique re-
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Fig. 3. Myc-related genes in avian carcinoma
viruses and in normal and lymphoma cells. The
common and specific myc domains of avian carcinoma viruses MC29 [25, 261, MH2 [28, 291, and
OKlO [24, and unpublished], of normal chicken
proto-myc [25,71], and of the proto-myc genes of
avian leukosis [57, 671 and human Burkitt's lymphoma [70, 71, 801 are graphically compared.
Proto-myc has three exons (XI, X2, X3) the first
of which is thought to be noncoding [25, 811. The
proto-myc genes of chicken and man are related
but not identical: Their first exons are essentially
unrelated; there are major unique sequence elements in each of their second exons and minor
differences between the third exons [25]. Gag,
pol, and env are the three essential virion genes
of retroviruses and A marks incomplete complements of these genes

gions, and colinear third exons [25]. In
man, proto-myc is located on chromosome
8 and an element of this chromosome is reciprocally translocated in many Burkitt's
lymphoma lines to immunoglobulin (Ig)
loci of chromosome 14 and less frequently
of chromosome 2 or 22. Since the crossover
points of chromosome 8 are near protomyc, translocation was initially suspected to

activate proto-myc transcriptionally by rearranging proto-myc (Fig. 1) or by altering
its immediate environment and thus bringing it under the influence of new promoters
or enhancers [80]. However, in many lymphomas rearranged proto-myc is not linked
to a new promoter; instead the first presumably noncoding exon is replaced by the
Ig locus, linked to it 5'-5' in the opposite
transcriptional orientation [80] (Fig. 3).
Further this model cannot explain how
proto-myc would be activated when the
complete proto-myc gene, including its
known promoters and flanking regions, is
translocated [70, 72, 821, or recent observations that in a significant minority of
Burkitt's lymphomas proto-myc remains in
its original chromosomal location while a
region 3' of proto-myc is translocated
[83-871, Despite these inconsistencies,
proto-myc is thought to function as a cellular oncogene in these tumors.
Moreover, there is no Consensus at this
time whether proto-myc expression is enhanced in Burkitt's lymphoma cells, as
compared with normal control cells. Some
investigators report elevated expression

compared with normal B-lymphoblasts or
lines [88], while others report essentially
normal levels of proto-myc mRNA [70, 82,
86, 87, 89-92]. Further, enhanced protomyc transcription is not specific for B-cell
lymphomas, since high levels of proto-myc
expression are seen in non-Burkitt's lymphomas [91], in other tumors [73], and in
chemically transformed fibroblast cell lines
in which proto-myc is not translocated or
rearranged [43]. The view that enhanced
expression of proto-myc may be sufficient
to cause Burkitt's lymphoma is also challenged by the observations that proto-myc
transcription either reaches cell cycle-dependent peak levels in certain cell lines [43,
93] or maintains constitutively high levels
in embryo cells similar to those in tumor
cells [F. Cuzin (Nice), M. Bywater (Uppsala), and A. Braithwaite (Canberra), personal communications].
The possibility that mutations of protomyc may correlate with Burkitt's lymphoma has also been investigated. In some
Burkitt's cell lines mutations have been observed in translocated, but unrearranged,
proto-myc [93, 94] (Fig. 3). Initially it was
proposed that these mutations may activate
proto-myc by altering the gene product
[94], but in at least one Burkitt's lymphoma
line the coding sequence corresponding to
proto-myc exons 2 and 3 was identical to
that of the normal gene [82] (Fig. 3). Recently it has been proposed that mutations
in the first noncoding exon may activate
the gene [92, 95]. However, there is no
functional evidence for this view and an activating mutation that is characteristic of
Burkitt's lymphomas has not been identified. It is also an open question at this time
whether the first human proto-myc exon is
indeed noncoding [82] or has possibly a
large, open reading frame capable of encoding a major protein [25, 95 a]. A sequence comparison between translocated
proto-myc of a mouse plasmacytoma with
the germline proto-myc found the two
genes to be identical except for one nucleotide difference in the first exon. It was concluded that proto-myc mutations are not required for oncogenesis [96].
Therefore, no translocation, rearrangement, elevated expression, or characteristic
mutation of proto-myc is common to all
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Burkitt's lymphomas investigated. This
casts doubt on the concept that any of the
known proto-myc alterations are a sufficient cause (or even necessary) for, Burkitt's lymphoma.
The question of whether proto-myc has
transforming function has been tested directly using the 3T3 cell transformation assay with DNA from chicken or human
B-celllymphomas. However, no myc-related DNA was detected even though its presumed functional equivalent, the L1gag-myc
gene of MC29, is capable of transforming
3T3 cells [97, 98] and other rodent cell lines
[99]. Instead, another DNA sequence,
termed Blym, was identified by the assay
[67, 100]. Based on these results, the role of
proto-myc in lymphomas has been interpreted in terms of a two-gene hypothesis. It has been suggested that activated
proto-myc is necessary but not sufficient to
cause the lymphoma [68, 70]. It is postulated to have a transient early function that
generates a lymphoma maintenance gene,
Blym. This gene appears to be the DNA
that transforms 3T3 cells and is thought to
maintain the B-cell tumor. There is no
proof for this postulated role of proto-myc
as a lymphoma initiation gene, because the
3T3 cell-transformation assay does not
measure proto-myc initiation function, and
because there is no evidence that the two
genes jointly (or alone) transform B cells.
Furthermore, the hypothesis does not address the question why proto-myc should
have any transforming function at all, if it
is not like MC29. (MC29 does not require a
second gene to transform a susceptible
cell.) It is also not known whether Blym is
altered in primary Burkitt's lymphomas,
since all of the transfection experiments
were done with DNA from cell lines.
It is conceivable that chromosome
translocation involving the proto-myc chromosome 8 may be a specific but not a
necessary consequence, rather than the
cause of the lymphoma [101]. Human
B-cell lymphomas with translocations that
do not involve chromosome 8 have indeed
been described [102, 103]. In the case of
clonal myeloid leukemias with consistent
translocations, like the Philadelphia chromosome, it has been convincingly argued
that translocation is preceded by clonal

proliferation of certain stem cells with the
same isoenzyme markers as leukemic cells
but without chromosomal or clinical abnormalities [104].
Perhaps primary Burkitt's lymphomas
should be analysed now and more emphasis should be given to the question of
whether proto-mye alteration contributes to
Burkitt's lymphoma, rather than to speculation about possible mechanisms.

not change known biochemical properties
of p2l [108]. The single-base change is
thought to activate the gene to a functional
equivalent of Ha-MuSV and to be the cause
of the carcinoma because it is the apparent
cause for 31'3 cell-transforming function
[66, 109]. However, this mutation has not
been found in over 60 primary human carcinomas, including 10 bladder, 9 colon, and
10 lung carcinomas [110], in 8 other lung
carcinomas [111], and in 14 additional
bladder and 9 kidney carcinomas (R.
Muschel and G. Khoury, personal communication). Further, the mutated human
proto-Ha-ras, which transforms 31'3 cells,
does not transform primary rat embryo
cells [54, 69] and, more significantly, does
not transform human embryo cell [112].
Transformation of primary cells would be
expected from a gene that causes tumors in
animals. Thus the mutated proto-ras gene
does not correspond to the viral model
which transforms primary mouse, rat [113,

II. Proto-ras Mutations, the Cause of
Human and Rodent Carcinomas?
Use of the 31'3 cell assay to measure transforming function of DNA from a human
bladder carcinoma cell line has identified
DNA homologous to the ras gene of Harvey sarcoma virus [66, 105] (Fig. 4). Based
on the viral model, the proto-Ha-ras gene is
thought to be a potential cancer gene because it encodes a 2l-kilodalton protein,
p2l, which is colin ear with an one gene
product p21 of Ha-MuSV [106] (Fig. 4). The
proto-Ha-ras gene from the bladder carcinoma cell line differs from normal protoHa-ras in a point mutation which alters the
12th p2l codon in exon 1 from normal gly
to val [66, 107]. This mutation does not
cause overproduction of the ras gene product (p21) in the 31'3 cell line [66] and does
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Fig. 4. Comparison of the genetic structures and
p21 gene products of the human proto~Ha~ras
gene [106, 107] and the 5.5-kb RNA genome of
Harvey sarcorma virus (Ha~MuSV) [132]. HaMuSV is a genetic hybrid of the rat proto-ras
gene, a 30S defective retrovirus RNA from rat
cells and of Moloney leukemia virus (107, 135]
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114], and human cells [115-119]. In addition, the val in the 12th codon of 3T3 cell
transforming proto-ras is different for the
arg of the viral counterpart [107].
Other mutations have since been found
to confer 3T3 cell-transforming function to
proto-Ha-ras DNA. Porto-Ha-ras with a
mutation in codon 61 was isolated from a
human tumor cell line [120]. 3T3 cell-transforming proto-Ha-ras DNAs were also
isolated from 2 out of 23 primary urinary
tract tumors analyzed. One of these contained a mutation in codon 61; the other
was not identified [121]. The mutations
were not found in the normal tissue of the
respective patients. Nevertheless, this does
not prove that 3T3 cell-transforming function of proto-ras was necessary for tumor
formation since each was associated with
only lout of 23 histologically in distinguish able tumors.
A 3T3 cell-transforming mouse protoHa-ras DNA was also found in some (not
all) chemically induced benign papillomas
and malignant carcinomas of mice [122].
Since only a small (5%-7%) portion of the
benign tumors progressed to carcinomas, it
would appear that 3T3 cell-transforming
proto-ras was not sufficient to cause the
carcinomas, and since not all carcinomas
contained the mutation, it would appear
that it was not necessary either. A high
proportion, i.e., 14 out of 17 methylnitrosourea-induced mammary carcinomas
of rats, were found to contain 3T3 celltransforming proto-Ha-ras DNA (M. Barbacid, personal communication). This suggests that the mutation is not necessary for
the tumor, although it may be important
for tumor progression. The original study
reported nine out of nine positives [123].
Moreover, the hormone dependence and
high tissue specificity of the carcinogen in
this study suggest that other genes must be
involved, because mutated proto-ras has
been found in association with other tumors and transforms 3T3 cells without hormones. It is plausible that other genes,
which may be involved in tumorigenesis
but which do not register in the 3T3 assay,
were also altered by the carcinogen.
In an effort to explain why mutated
proto-Ha-ras transforms preneoplastic 3T3
cells, but not rat or human embryo cells, it
18

has recently been proposed that mutated
proto-Ha-ras is only one of at least two activated genes that are necessary to induce
cancer [54, 55, 69]. This two-gene hypothesis has been tested by transfecting primary
rat cells with a mixture of the mutated human proto-Ha-ras and either MC29 provirus or activated proto-myc from mouse
plasmacytoma [54], or the EIA gene of
adenovirus [69] as helper genes. None of
these genes were able to transform rat embryo cells by themselves, but some cells
were transformed by the artificial mixed
doubles. The study that used the adenovirus virus helper gene showed that proto-ras
expression varied from high to normal
levels in transformed cells and that normal
proto-ras was inactive in the assay [69]. The
study that used myc-related helper genes
did not show that the transformants contained and expressed the added DNAs. It
also did not test whether unaltered forms of
proto-myc or proto-ras were sufficient for a
mixture of these genes to register in this assay. This appears to be a particularly relevant question since a proto-myc clone
from a mouse plasmacytoma with an SV40
enhancer at its 3' end but without its natural promoter [71] was reported to be active
[54] although such a construction is not expected to activate proto-myc.
The myc-related genes were proposed to
convert rat embryo cells to cells that are
capable of dividing indefinitely, like 3T3
cells, a function termed immortalization
[54, 55]. The supposed immortalization
function of MC29 or of activated proto-myc
was not demonstrated independently. The
proposal did not explain why an immortalization gene was necessary. Obviously immortalization is necessary to maintain cells
in culture. However, immortalization is not
necessary for focus formation and probably
not for tumor formation since embryo cells
are capable of sufficient rounds of mitoses
(up to 50) in cell culture and in the animal
[124]. In the avian system, MC29 transforms primary cells and causes tumors in
chicken independently without the benefit
of secondary oncogenes, and most MC29
tumor cells are not immortal if tested in cell
culture. The failure of maintaining cells
from many human tumors in cell culture,
under conditions where cells from similar

tumors survive, also suggests that immortality may not be an essential criterion of a
tumor cell [125, 125 a1. There is also no precedent for a function of proto-ras in a multistep transformation mechanism, because
the transforming genes of Harvey of Kirsten sarcoma viruses transform rat and
mouse embryo cells [113, 1141 or human
embryo cells [115-1191 with single-hit kinetics and without helper genes. Moreover,
there is no precedent for the artifical mixtures of the two activated proto-one genes
in any natural tumors.
Other 3T3 cell-transforming proto-ras
genes, namely proto-Ki-ras, which is more
closely related to the ras gene of Kirsten
sarcoma virus than to Harvey virus, and
N-ras, which is related to both viruses, have
also been found in tumors or cell lines
[126]. Proto-Ki-ras encodes a p21 protein
that is related to the p21 protein encoded
by proto-Ha-ras [107, 126, 127]. One group
has found 3T3 cell-transforming proto-Kiras DNA in three primary human tumors
and five tumor cell lines out of 96 samples
tested [111, 128]. The same group also
found 3T3 cell-transforming proto-Ki-ras
DNA in one out of eight lung carcinomas
tested [111]. The DNA from this tumor, but
not that from normal tissue of the same patient, had a mutation in the 12th codon.
Obviously the low percentage of 3T3 cellpositives among these tumors raises the
question of whether the mutations were
necessary for tumorigenesis.
In a study of human melanomas, only
one of five different metastases from the
same human melanoma patient was found
to contain 3T3 cell-transforming proto-Kiras DNA [129]. A 3T3 cell-transforming Kiras DNA was also detected in a metastatic
variant but not in a primary methy1cholanthrene-induced T-cell lymphoma of mice
[130]. An example of a spontaneous protoras mutation appearing in tumor cells cultured in vitro has just been described [131].
This suggests that these proto-ras mutations
were consequences rather than the causes
of these tumors. The view that ras mutation
is a consequence of tumorigenesis is also
consistent with the results that only one ras
allele is mutated in some primary tumors
[Ill, 121, 127] whereas both alleles are mutated in typical tumor-cell lines [110, III].

Since 31'3 cell-transforming or mutated
proto-ras genes are only rarely associated
with human and murine tumors and since
mutated proto-Ha-ras does not transform
human or rat embryo cells [54, 69, 112]
(proto- Ki-ras was not tested), there is as yet
no proof that mutated proto-ras is sufficient
or even necessary for any of the above tumors.
The failure of the mutated proto-Ha- or
Ki-ras to behave like the viral model suggests that structural differences between the
cellular and viral genes are responsible
(Fig. 4). The 5' end ofproto-Ha-ras is not as
yet defined [107]. Proto-Ha-ras differs from
the 5.5-kb RNA genome of Harvey sarcoma virus [132] in a cell-specific I-kb
DNA region 5' of exon I that is preceded
by a virus-related region [107] and in the
sizes (1.2 and 5 kb) of the proto-ras transcripts compared with the genomic viral
5.5-kb mRNA [58, 133, 134]. The cell-specific proto-Ha-ras region is thought to be
an intron but it may have another function.
The base changes that confer 3T3 celltransforming function to proto-Ha-ras are
different from those that set apart viral ras
genes from proto-ras [66, 107, 126] (Fig. 4).
Proto-Ha-ras with 31'3 cell-transforming
function further differs from the viral ras
and from normal proto-Ha-ras in point
mutations in exons I or 2 [66, 107] (Fig. 4).
Moreover, only about 10% of the genomes
of Harvey and Kirsten sarcoma viruses are
ras related. Each viral RNA contains about
3 kb of genetic information, derived from a
rat 30S defective retrovirus RNA [135]
which may contribute to the oncogenicity
of these viruses (Fig. 4). Further, it has
been argued that mutated proto-ras is a recessive transforming gene, because both ras
alleles are mutated in typical tumor-cell
lines, although only one allele is mutated in
some primary tumors [111, 127]. By contrast, the viral one gene is dominant. A definitive answer to the question whether ras
mutations are dominant or recessive 31'3
cell-transforming genes could be obtained
by simultaneous transformation with mutated and normal ras genes. Finally, Haand Ki- MuSV are not obvious models for
proto-ras genes with hypothetical carcinoma function, since these viruses cause
predominantly sarcomas.
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D.

Conclusions

I. Does the 3T3 Assay Detect Cancer
Genes?
The preponderance of 3T3 cell-transformation negatives among the above-described
tumors suggests that either no genes have
caused the negative tumors or that the assay failed to detect them. That only ras-related proto-one genes have been detected
in human tumors signals another limitation
of the 3T3 assay. Since the proto-ras mutations found by the 3T3 assay do not transform primary cells, it is possible that they
are not relevant for tumor formation.
Available data suggest that these are coincidential or consequential rather than cancer causative mutations occurring in tumor
cells, because the mutations are not consistently correlated with specific tumors and
because in some cases they precede tumor
formation and in other they evolve during
tumor progression. Despite its effectiveness
to transform 3T3 cells, it would follow that
mutated proto-ras is not a dominant singular cancer gene, similar to a viral one gene,
and that the test is insufficient to determine
whether proto-one genes cause tumors in
animals. The efficiency of the assay to identify cancer genes unrelated to proto-one
genes [4] remains to be determined.
II. Are Altered Proto-one Genes
Sufficient Causes of Cancer?
Clearly, proto-one genes are sometimes
mutationally or transcriptionally altered in
tumor cells. However, no altered proto-one
gene has been found that looks like a viral
one gene. More importantly, no altered
proto-one gene from tumors investigated
functions like a viral one gene. Altered
proto-mye has no transforming function in
known assay systems, and altered proto-ras
transform 3T3 cells but does not transform
rodent or human embryo cells. Thus, altered proto-one genes are structurally and
functionally different from viral one genes.
Moreover, alterd proto-one genes are not
consistently associated with specific tumors.
Since there is no functional evidence that
altered proto-one genes transform embryo
20

cells or cause tumors and no consistent
correlation between altered proto-one
genes and a specific tumor, the one-gene
hypothesis (that altered proto-one genes are
sufficient to cause tumors) is without support. As yet, viral one genes are the only
"activated" proto-one genes that are sufficient to cause tumors.
III. Are Altered Proto-one Genes
Necessary to Cause Cancer?
The observations that altered proto-one
genes do not behave like viral one genes
and that in some tumors multiple proto-one
genes are altered [73] have been interpreted
in terms of a multi gene hypothesis. Altered
proto-mye has been proposed to cooperate
with the Blym gene to cause chicken and
human B-cell lymphoma [68]. Altered
proto-ras has been proposed to cause carcinomas with other genes, and reported to
cooperate in an artificial system with altered proto-mye to transform rat embryo
cells in culture [54, 55]. However, there are
several reservations about a role of altered
proto-mye or proto-ras in multigene carcinogenesis: (a) There is no functional evidence that a combination of altered mye
and Blym from lymphomas or that altered
ras, together with another gene from carcinomas, transforms appropriate normal
test cells. An artificial combination of altered ras in combination with an mye-related or an adenovirus gene was reported to
transform primary rat cells. However, it
was not reported whether both genes are
present and functional in all transformants,
and there is no evidence that these artificial
ras-helper genes are models for the hypothetical helper genes in tumors with altered ras. (b) The observations that protomye alterations are not consistently associated with B-cell lymphomas and that
proto-ras mutations are only rarely associated with specific carcinomas argue
that at least one of two hypothetically synergistic cancer genes is not necessary for
these tumors. As yet, no multigene complements that include one or two proto-one
genes have been shown to be consistently
associated with specific tumors. (c) The
proposals that altered proto-one genes play

role in a multi gene carcinogenesis are a significant departure from the original view
that they were equivalents of viral one
genes. The proposals speculate that altered
proto-one genes are necessary but not sufficient for tumor formation and behave like
functional subsets of viral one genes. They
do not address the question why these
genes are assumed to have unique oncogenic functions that are different from
those of the viral models. The ad hoc assumption is without precedent since it is
not known whether viral one genes can be
dissociated into complementary or helpergene-dependent genetic subsets. Since
there is no functional proof for multiple,
synergistic transforming genes and no consistent correlation between at least one altered proto-one gene and a specific tumor,
the view that proto-one genes are necessary
for multigene carcinogenesis is still unproven.
IV.

Prospects

It may be argued that the proto-one gene

alterations that are associated with some
cancers play a nonspecific but causative
role in carcinogenesis that could be substituted for by another gene. To support
this view, it would be necessary to know
which other genes could substitute for the
role that altered proto-one genes are
thought to play in the origin of cancer.
Further, one would have to know whether
proto-one gene alterations are more typical
of cancer cells than alterations of other
genes and which other genes characteristically undergo alterations in tumor cells. It
is likely that unknown events, additional to
the known alterations of resident proto-one
genes, are required for the development of
cancer [5, 136].
The fact that proto-one genes share common domains with viral one genes remains
a persuasive argument that proto-one genes
may, under certain conditions, be changed
into cancer genes. The evidence that most
normal proto-one genes are expressed in
normal cells suggests that cell- specific
domains of proto-one genes may suppress
potential oncogenic function. Thus, mutation or removal of suppressors could activate a proto-one gene, as has been pre-

dicted for Burkitt's lymphoma. Clearly, the
identification of such suppressors would
depend on a complete genetic definition of
proto-one genes. To date, we do not know
both termini of any proto- one gene (except
for human proto-mye [79], which is not a
protoype of a know oncogenic virus). In addition, virus-specific one gene elements
may also be essential to activate a protoone gene. In this case, a retrovirus without
an one gene (chronic leukemia virus) could
activate a proto-one gene by a single illegitimate recombination which would form a
hybrid one gene. Such an event would be
more probable than the generation of a
retrovirus with an one gene, for which at
least two illegitimate recombinations are
necessary.
DNA technology has made it possible to
convert nontransforming DNA from viral
or cellular sources to DNA species that transform cell lines or embryo cells. Examples
are the proto-mos and proto-ras retroviral
L1R recombinants that transform 3D cells
[49, 50]; the proto-ras, mye, and adenovirus
DNA combinations that transform rat embryo cells [51, 66]; or an L1R-mutant
proto-ras-SV40 construction that transforms rat embryo cells [137]. Another
example is a synthetic gene that consists of
a mouse proto-mye gene in which all or
part of the first exon is replaced by the L1R
of mouse mammary tumor virus. Upon introduction into the germ line, this gene was
expressed in 11 transgenic mice. Only two
of these developed mammary tumors after
two pregnancies, and not in all mammary
glands. It was suggested that the gene may
be necessary but not sufficient for the
development of these tumors [138]. Both
the level of expression and the integrity of
proto-one genes were altered in these constructions, since only subsets of proto-one
genes were included. In order to assess the
relevance of such iatrogenic transformations to cancer, it would be helpful to determine whether the number of DNA
species that can be converted to transforming variants is large or small, and it would
be necessary to determine whether any
such DNAs ever occur in natural tumors.
The most important challenge now is to develop functional assays for cellular cancer
genes.
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Allogeneic Marrow Transplantation from HLA-Identical Siblings
in the Acute Leukemias: Baltimore Experience
G. W. Santos!

A. Introduction

II.

Allogeneic bone marrow transplantation in
the treatment of acute leukemia has shown
remarkable therapeutic progress in recent
years. Long-term remissions and possible
cure rates of 50% or higher have been obtained by a number of centers in acute nonlymphocytic leukemia (ANL) , particularily
'when patients were transplanted in their
first remission [1-9]. Most reported series
of allogeneic marrow transplantation in
acute lymphocytic leukemia (ALL) performed in the second remission have shown
long-term disease-free survival of 20%30%. Data for patients in their third and
subsequent remissions are less good
[10-14]. The recent report from the
Memorial Sloan Kettering group [15] and
the Baltimore group [16] has shown a
therapeutic improvement over the previously reported series of ALL transplanted
in their second remission. In the present
communication, we wish to update our results of allogeneic marrow transplantation
in patients with ANL and ALL who received marrow grafts from genotypically
HLA-identical siblings.

To be eligible for these studies, patients had
to have a diagnosis of ANL or ALL confirmed by examination of a marrow aspirate. In addition, forANL, they had to
have a negative history for central nervous
system leukemia and, for both ANL and
ALL, a spinal fluid free of leukemic cells on
cytocentrifuge examination at admission.
All data were analyzed as of 15 April 1984.
A total of 27 patients with ANL were
transplanted in their first remission and 28
patients in their subsequent remissions and
early relapse; 18 patients with ALL were
transplanted to the second remission and
16 in their third remission. The characteristics of each patient group are noted in
Table 1.
III.

Patient Selection

Marrow Grafts

Marrow aspiration was performed under
general anesthesia. The technical aspects of
Table 1. Characteristics of patients with ANL
and ALL
Diagnosis

Remission

Number

Median age
(range)
(years)

ANL
ANL

1st
2nd,3rd,
and early
relapse
2nd
3rd

27
28

24 (9-41)
25 (5-39)

18
16

13(3-31)
12 (6-22)

B. Material and Methods
I.

Informed Consent

All protocols were reviewed and approved
by The Johns Hopkins University Institutional Review Board.

ALL
1 Johns Hopkins Oncology Center, 600 North
Wolfe Street, Baltimore, MD 21205, USA

ALL
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the marrow collection and administration
were as described previously [17].

IV.

Preparation for Engraftment

Patients with ANL were prepared with oral
busulfan (BU) given in divided doses over
a 4-day period for a total dose of 16 mg/kg.
This was followed by cyclophosphamide
(CY) given intravenously (i.v.) at a dose of
50 mg/kg for four consecutive daily doses.
Patients with ALL were prepared with CY
given i.v. at a dose of 50 mg/kg for four
consecutive daily doses followed by low
dose rate total body irradiation (TBI) of
300 rad/ day for four consecutive daily
doses (lungs shielded for the third dose).
All patients received one intrathecal injection of methotrexate (10 mg/m2, but not
more than a total of 12 mg) before cytoreductive therapy.

kemic relapse in this entire series. This occurred I year after transplantation in a 36year-old male transplanted in his third remission. Of 18 patients with ALL transplanted in their second remission, 9 survive
in continuous remission from 1.2 to 49
months (median 19.2 months). The probability of a 2-year disease-free survival is
48%. There have been no relapses in this
group. Of 16 patients (6 in continuous remission) with ALL transplanted in their
third remission, 8 survive for 2.3-46.8
months (median 22.3 months) with a projected 2-year survival of 46%. Six relapses
were seen. The projected 2-year probability
of remission was 44%. The causes of deaths
in both the ANL and ALL series of patients
were similar. Some 80% of the deaths were
related to graft-versus-host disease and viral infections.

D. Discussion
V. Treatment Mter Marrow Grafting
Patients were given CY or cyclosporine
prophylactically to prevent graft-versushost disease. Prophylaxis for central nervous system leukemia was given 50-80
days after marrow transplantation as five
intrathecal doses of methotrexate (10 mg/
m 2) over 10-14 days.

c.

Results

Analysis by Kaplan-Meier plots for patients
with ANL revealed an actuarial 3-year disease-free survival and median duration of
living survivors (range) for patients
transplanted in the first remission of 44%
and 33.4 months (2.4-61.3 months) respectively. Similar analysis of patients
transplanted in second and subsequent remission and early relapse revealed an actuarial 3-year disease-free survival of 43%.
The median survival for the survivors was
15.7 months with a range of 4.9-46.5
months. The 3-year probability of diseasefree survival (for both groups of ANL patients combined) for those aged 20 years or
younger and older patients was 61 % and
35%, respectively. There was only one leu32

Our initial series of patients transplanted
for ANL following preparative treatment
with BU and CY have been previously reported [8]. The present extension of that
study with additional time and more patient entry continues to show promise. In
particular, the very uncommon relapses (1
of 55 patients) suggests that this regimen
may well have a more profound antileukemic effect than other reported treatments. Other possible practical or future
advantages for this preparative treatment
have been noted previously.
The studies in ALL are not quite so advanced, but already it appears that the
transplantation of patients with ALL following the CY- TBI protocol outlined here
results in a therapeutic response better than
most reported series and at the moment is
at least similar to the Memorial-Sloan Kettering experience using hyperfractionated
TBI followed by CY [15]. Because of the
high relapse rate of ALL patients in the
third remission, we are currently preparing
patients for transplantation with BU and
CY as outlined for ANL.
Graft-versus-host disease and viral infections continue to be a major cause of
death. A number of laboratories in transplant centers are intensively investigating

approaches to the prevention and treatment of these complications. Some of these
studies already show considerable promise.
It is reasonable to assume therefore, that
within the next few years disease-free survivals following allogeneic marrow transplantation may increase by 20%-30%.
A cknowledgements. This work was supported by
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Monoclonal Antibodies and Immunotoxins in Bone Marrow
Transplantation: Purging Marrow of ALL or GVHD Cells
with Preservation of Stem Cells *
1. H. Kersey, D. Vallera, N. Ramsay, A. Filipovich, R. Youle, D. Neville, R. Stong
and T. LeBien

A.

Introduction

Bone marrow transplantation is now in frequent use for the treatment of a number of
hematologic diseases, including severe immune deficiencies, aplastic anemias, and
acute and chronic leukemias. In allogeneic
transplantation, a problem remains with
graft versus host disease-producing immunocompetent cells which contaminate
the marrow. In autologous transplantation
for treatment of the leukemias, residual
leukemic cells may result in the return of
unwanted cells to the recipient. Thus, an
objective for both autologous and allogeneic marrow transplantation has become the removal of these unwanted cells
prior to infusion into the recipient.
In our institutions, the approach to the
problem of purging marrow of unwanted
leukemic or GVHD-producing cells has
been the development of monoclonal antibodies that bind to surfaces of leukemic or
GVHD-producing cells. Such monoclonal
antibodies have several advantages over
alternative means of purging marrow. First,
an advantage over pharmacologic means is
that the antibodies are highly specific for
molecular determinants that are characteristic of particular cells. Second, these
monoclonal antibodies have the advantage
over previously produced heteroantisera in
that large quantities of highly specific antibody may be produced in a very standardized manner.

*

University of Minnesota Hospitals and Clinics,
420 Delaware Street S.E., Minneapolis, Minnesota 55455, USA
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The current approach taken by ourselves
and others is to utilize antibodies which are
well characterized with respect to binding
of unwanted cells, but do not bind to stem
cells. Highly specific reagents can be used
in this way to treat marrow in vitro without
the need to administer potentially toxic
substances to patients in vivo. An additional reason for the in vitro use of such
reagents is to avoid the uncertain and often
toxic effects of agents administered in vivo.
With the use of antibodies in vitro, an adequate killing mechanism must be provided. In vivo killing mechanisms, such as
through complement activation, are not
sufficiently dependable to be reliable, as we
observed in our earlier studies of marrow
purging [1]. Thus, our recent studies have
focused on in vitro killing. We have used
antibody plus rabbit serum as a complement source [2], or alternatively, antibody
conjugated to the potent toxin, ricin, derived from the castor bean [3]. These antibody-ricin conjugates which represent a
new class of pharmacologic reagents have
been developed at the National Institute of
Mental Health [4, 5]. We have found both
complement and ricin-mediated killing to
be effective in vitro [2, 3] and studies are
currently underway comparing the two
forms of cell killing. Antibody-ricin immunotoxin conjugates have an advantage
over antibody alone in that they can be
produced in standardized form without reliance on the complex complement cascade. Not all antibodies produce effective
ricin conjugates, however, in that high affinity antibodies are generally required for
efficient specific killing [6].

Table 1. Monoclonal antibodies and immunotoxins for marrow transplantation; purging bone marrow of ALL or GVHD-producing cells
Antibody

References

Cluster Structure
designa- detected
tion

BA-I
BA-2
BA-3
TA-l
UCHTl
T101

[19]
[20]
[21 ]
[12; 13]
[14]
[15]

CD 24
CD9
CD 10

a

CD3
CD5

gp 45/55 a
p24
gpI00(CALLA)
gp170/95
P19!29
p65

Used with
rabbit
complement

Used as
ricin
conjugate

Autologous:
removal of
leukemic cells

Allogeneic:
removal of
mature t
lymphoid cells

Yes
Yes
Yes
No
No
No

No
No
No
Yes
Yes
Yes

80%
70%
70%
95%
25%
95%

No
No
No
Yes
Yes
Yes

of B lineage
of B lineage
of B lineage
ofT lineage
ofT lineage
ofT lineage

S. J. Pirruccello and T. W. LeBien, 1985. J. Immunol., in press

B. T Lineage Antibodies for Removal
of GVHD-Producing T Lymphocytes from
Allogeneic Marrow or Leukemic T
Lymphocytes from Autologous Marrow
A major use for monoclonal antibodies is to
purge marrow of GVHD-producing T lymphocytes. A great deal of evidence has accumulated to indicate the T lymphocytedepleted marrow can result in effective engraftment without GVHD, despite transplantation across major transplantation
barriers in the rodent [7, 8]. In our studies,
marrow has been effectively depleted of T
lymphocytes in mice by antibody plus complement [8] or in more recent experiments
by antibody conjugated to ricin [9]. The
ricin molecule is composed of two chains, A
and B. The A chain is responsible for killing via inhibition of protein synthesis at the
level of the 60 S ribosome. Conjugates containing B chain generally kill more effectively and exhibit more efficient cell killing per occupied receptor than conjugates
made with A chain alone [10]. Ricin B
chain binds to branched galactosyl residues
on the cell surface; conjugates containing B
chain are made specific for the target cell
by blocking ricin binding to non-target
cells with lactose [11]. In our clinical studies, intact ricin is currently in use. Ricin
used in these experiments is conjugated using a heterobifunctional cross-linker resulting in a thioether linkage [5].
We have extensively studied three anti-T
lymphocyte antibodies, each of which binds

to a unique determinant on T cell surfaces
(Table 1). The antibody TA-l binds to a
gp 170/95 kilodaltons structure as previously described [12, 13]. The antibody
UCHTI is a CD3 antibody which binds to a
p19/29 kilo dalton structure as previously
described [14]. The third antibody, TIOI, is
a CD5 antibody, which binds to a p65 kilodalton structure as previously described
[15]. These three antibodies have been conjugated to ricin as already discussed. The
antibody-ricin immunotoxin conjugates
have been studied extensively relative to
inhibition of T cell function in the PHA assay, the generation of cytotoxic T lymphocytes, and the inhibition of stem cell
growth [3]. These studies indicate that while
each of these conjugates individually are
effective in cellular killing, T lymphocyte
activity can be further reduced by about 1
log when the conjugates are used as an
equal part mixture, designated TUT.
Based on preclinical studies suggesting
the high efficiency of the TUT-ricin immunotoxin cocktail for T cell removal, we
have proceeded to phase I-II clinical studies in which HLA-matched sibling donor
marrow has been treated in vitro with the
TUT-ricin cocktail prior to administration
to sibling recipients [16). Preliminary results indicate that marrow engraftment is
extremely prompt, indicating no undue
toxicity to marrow stem cells. No toxicity
has been observed in the patients following
administration of the immunotoxin-treated
marrow [161. To date, a total of eight pa35

tients have been followed for a sufficient
period for evaluation (Filipovich et aI., in
preparation). Severe GVHD was observed
in none of the patients and two developed
steroid-responsive Grade 1-2 GVHD. Of
concern was the fact that one patient, who
showed prompt engraftment, subsequently
had graft failure, presumably due to rejection. Based on these preliminary observations a phase III trial of TOT
immunotoxin-treated marrow in HLAmatched combinations appears warranted.
Preclinical studies have been performed
using T antibodies conjugated to ricin for
autologous marrow transplantation in T
cell acute leukemia. These studies indicate
that the antibodies TIOI and TA-I bind to
most T cell leukemias and that killing in a
clonogenic assay is extremely effective, particularly with TIOI, where greater than 5
log of killing was observed [17]. Three patients with acute T cell leukemia have had
autologous marrow treated with the T cell
antibody-ricin conjugates and in each case
prompt engraftment was observed (Kersey
et aI., in preparation). The first patient
treated in this manner had skin nodules
prior to intensive treatment with total body
irradiation and cyclophosphamide. She
subsequently relapsed in the skin, suggesting, that the relapse occurred from inadequate treatment of leukemia in vivo,
rather than from inadequate removal of
leukemia cells from the marrow. This case
illustrates that when adequate control is
obtained of leukemia in vivo, efficacy of
marrow cleanup will be easier to ascertain.
Phase I-II studies of T cell antibody-ricin
conjugates for transplantation in T leukemia continue in our institution.

have been produced and extensively studied at Minnesota. These are BA-I, BA-2,
and BA-3 (Table 1). BA-I binds to about
85% of cases of ALL, but does not bind to
multipotent stem cells [19]. BA-2 is an antip24 antibody that binds to most B lineage
ALL, but not stem cells [20]. BA-3 is an anti-gplOO/CALLA antibody [21]. The three
antibodies have been recently shown to be
very effective as a cocktail with complement for the killing of ALL cells in a clonogenic assay [22].
Based on the preclinical studies describing the efficacy of that cocktail of BA-l, 2, 3
for removal of clonogenic cells in the presence of complement, we have begun phase
I-II clinical trials in ALL. High risk patients whose leukemic cells are BA-l, 2, or
3 positive are eligible. Patients are generally those who have previously relapsed
and are back in remission. Remission marrow is treated and stored while the patient
recieves intensive therapy and total body
irradiation and cyclophosphamide. To
date, 21 patients have been treated and followed at least 2 months. Preliminary analysis indicates that patients have generally
had prompt engraftment, consistent with
the in vitro studies demonstrating lack of
stem cell reactivity of the cocktail of BA-l,
2, 3 plus complement (Ramsay et at, 1985,
Blood, in press). The only toxicity of the
treatment was observed in several patients
early in the study who recieved marrow
that was contaminated with gram-positive
organisms, presumably a consequence of
marrow collection and manipulation. This
is currently an ongoing study in our institution and similar to studies under way
elsewhere.

C. B Lineage-Associated Antibodies for
Autologous Transplantation in ALL

D.

The vast majority of cases of acute lymphoblastic leukemia appear to be derived
from B lineage progenitor cells based on
studies of immunoglobulin gene rearrangement and immunoglobulin gene expression; consistent with these observations are
the data indicating that B lineage-associated antibodies bind to these leukemias [18].
Three B lineage-associated ALL antibodies
36

Conclusions

Extensive preclinical studies have been performed with the use of monoclonal antibodies and antibody-ricin immunotoxin
conjugates for purging marrow of unwanted cells. Purging of marrow has now been
used in phase I-II clinical trials for both
autologous and allogeneic marrow transplantation. The lack of in vivo toxicity of
antibody or ricin and the lack of apparent
stem cell toxicity is encouraging. Efficacy of

marrow purging for removal of GVHDproducing cells in allogeneic transplantation or leukemic cells in autologous transplantation will be determined following additional clinical studies.
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Bone Marrow Transplantation for Acute Leukemia *
K. G. Blume, S. J. Forman, R. A. Krance, M. Henke, D. O. Findley, and L. R. Hill

Between May 1976 and December 1983,
200 patients underwent bone marrow
transplantation (BM1) for hematologic
malignancies at our center; 164 had acute
leukemia. After administration of high dose
radiochemotherapy for marrow ablation
and immunosuppression, these 164 patients
received marrow grafts from histocompatible sibling donors. Graft-versus-host disease prophylaxis (and therapy) consisted of
either methotrexate and prednisone or
cyc1osporin A and prednisone. All patients
have been followed for a minimum of 3
months after BMT. Results are summarized
in Table 1 and Fig. 1.

*

City of Hope National Medical Center Duarte,
California 910 10, USA

A total of 92 patients had acute myeloblastic leukemia (AML); 53 of them were
in first complete remission (CR), 12 were in
second or third CR, and 27 were in relapse
at the time of BMT. The 53 patients with
AML who were in first CR had the following subtypes according to FAB criteria: Ml
4 patients; M2 19 patients; M3 6 patients;
M4 17 patients, M5 6 patients; M6 1 patient. Actuarial survival in continued CR
without further chemotherapy for the three
groups of patients is 51 %, 17%, and 19%, respectively, with a follow-up ranging from 6
to 89 months (median 34, 13, and 25
months).
A total of 72 patients had acute lymphoblastic leukemia (ALL); 21 of them
were in first CR, 30 were in second CR, and
21 in relapse at the time of BMT. The 21

Table 1. Allogeneic BMT for 164 patients with ANLL or ALL at the City of Hope National Medical
Center since May 1976

ANLL
(N=92)

ALL
(N=72)

Remission status at BMT

1st CR

2nd and
3rdCR

Relapse

Number of patients transplanted
Age at BMTmedian/range (years)
Relapse after BMT(%)
Time to relapse: median/range (months)
Patients alive in continued CR (%)
Age of survivors; median/range (years)

53
2711-41

12
29115-38
3 (25)
6/4-9
2 (17)
33/28-38

27
27/2-54
9 (33)
411-14
7 (26)
23/2-39

30
20/8-48
9 (30)
5/3-17
14 (47)
24/8-33

21
17/5-36
9 (43)
10/2-38
6 (29)
19/5-32

Number of patients transplanted
Age at BMT: median/range (years)
Relapse after BMT (%)
Time to relapse: median/range (months)
Patients alive in continued CR (%)
Age of survivors: median/range (years)

7 (13)

8/5-19
29 (55)
2511-39
21
26/2-41
1 (5)

3
13 (62)
2512-31

39
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100

--

80

~

~ 60

BMT IN 1st CR (n =53)

~
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Fig. 1 a, b. Allogenic BMT for 164 patients with
a AML and b ALL at the City of Hope National
Medical Center. Date of analysis 9 February
1984

patients with ALL who were in first CR had
the following subtypes of their disease: T
cell 9 patients; CALLA-positive 5 patients;
null 3 patients; not classified 4 patients. Ac40

4

tuarial survival in continued CR for the
three groups of patients is 61 %, 46%, and
20%, respectively, with a follow-up ranging
from 7 to 62 months (median 30, 29, and 27
months).
Age, pre-BMT remission status, and extramedullary leukemic involvement at any
time prior to BMT are the major factors
which determine outcome of BMT for patients with acute leukemia [1-8].
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T Cell Depletion of Donor Marrow for Prevention of Acute
Graft-Versus-Host Disease *
P. 1. Martin, 1. A. Hansen, R. Storb, and E. D. Thomas

Allogeneic bone marrow transplantation
can provide curative therapy for patients
with acute leukemia or aplastic anemia.
However, acute graft-versus-host disease
(GVHD) occurs in a high proportion ofpatients, even when the donor is an HLA
. genotypically identical sibling.
Observations that GVHD can be prevented in
rodent models by removing mature T cells
from the donor marrow have prompted
similar investigations in human bone marrow transplantation. These investigations
have been facilitated recently by the availability of monoclonal antibodies that recognize surface molecules expressed by T
lymphocytes and not by hematopoietic precursors. In Seattle, 20 patients 31-50 years
of age with hematologic malignancies received HLA identical allogeneic bone marrow grafts depleted of T lymphocytes with
the use of monoclonal antibodies and rabbit serum complement. The patients were
prepared for transplantation with cyclophosphamide (60 mg/kg, two doses) and
fractionated total body irradiation. Cyclosporine was administered after transplantation for prophylaxis of GVHD.
Treatment of marrow resulted in 2-3 log
depletion of T cells. Engraftment of granulocytes to > 1000/mm3 was achieved at a
median of 21 days, a time period comparable to that required for engraftment in

* Fred Hutchinson Cancer Research Center,
Puget Sound Blood Center, Seattle, WA 98104
and the Department of Medicine, Division of
Oncology, University of Washington, Seattle,
WA 98195, USA
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historical controls who received unmoJified marrow. Engraftment of lymphocytes, however, was delayed 3-4 days
compared with historical controls. None of
the patients who received T-depleted bone
marrow developed grade III or IV acute
GVHD and only three patients had grade
II disease. These results represented a statistically significant decrease in acute
GVHD compared with results in similar
historical control patients who received unmodified donor marrow.
Despite the decreased incidence of
GVHD, survival was not improved in our
patients because of an increased incidence
of graft failure which to date has been fatal
in three patients. Graft failure represents a
highly unusual outcome after HLA identical marrow transplantation in patients with
hematologic malignancies. Also, the reduced incidence of GVHD in our study was
not associated with a decrease in the mortality from CMV interstitial pneumonia. In
previous studies, acute GVHD has been
identified as a prognostic factor predictive
of death from CMV interstitial pneumonia
[1 ].

In the current study, five of the patients
have had graft failure which was transient
in one patient, but apparently irreversible
in the others. It was noteworthy that all 5
patients who had difficulty with engraftment were in a group of 11 patients
who were conditioned for transplantation
with 12.0 Gy fractionated total body irradiation. In contrast, none of the nine patients who were conditioned with 15.75 Gy
fractionated total body irradiation had difficulty with engraftment. The increased

radiation administered to these patients
may have been sufficient to overcome graft
resistance caused either by disparity in
minor histocompatibility antigens of the
donor and recipient or by allosensitization
associated with previous transfusions.
Our data suggest that lymphocytes may
play a role in facilitating sustained engraftment after marrow transplantation. In
recipients of conventional unmodified marrow, a graft-versus-host reaction may suppress or eliminate residual host hematopoietic and lymphoid cells, thereby preventing
host cell-mediated effects such as graft rejection from occurring. In favor of this
hypothesis are observations by Deeg et al.
that thoracic duct lymphocytes can facilitate engraftment in dogs given marrow
grafts from unrelated DLA nonidentical
donors [2] and that cyc1osporine can abrogate the graft enhancing effects of buffy
coat cells in dogs given marrow grafts from
unrelated DLA nonidentical donors [3]. It
remains to be determined whether changes
in the pre- or posttransplant regimens can
decrease the graft failure associated with T
cell depletion of donor marrow. Alternatively, it may be possible to distinguish between T cells that cause GVHD and those
required to facilitate sustained engraftment.
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Long-Term Survivors of Adult Acute Nonlymphocytic Leukemia:
Fact or Fiction? *
D. S. Rosenthal, S. E. Emerson, J. M. Rappeport, W. C. Moloney, and R. I. Handin

A.

Introduction

From 1970 to 1982, 157 consecutive patients with de novo acute nonlymphocytic
leukemia (ANLL) were treated and followed by the Hematology Unit at the Brigham and Women's Hospital, Boston, Massachusetts. It was in 1970, with the addition
of cytosine arabinoside and daunorubicin,
that remission induction (RI) rates significantly increased from 30% to greater than
50% [1]. During the past decade, major emphasis has been placed on an attempt to
prolong disease-free survival with intensive

*

Division of Hematology, Department of Medicine, Brigham and Women's Hospital and
Harvard Medical School, Boston, Mass. USA

chemotherapy programs and more recently
with allogeneic and syngeneic bone marrow transplantation [2, 3]. Since 1970, we
have attempted to treat our patients with
more aggressive remission and maintenance consolidation (RC) programs.
B. Patients and Chemotherapy Protocols
During the 12-year period ending 1982, 157
consecutive patients were followed and
treated for de novo ANLL. All patients
with a previously known hematologic disFig. lA-D. Chemotherapy of adult ANLL
1970-1982. Four major programs were in effect:
COD (A), DAC 1 (D), VAPA (C), and DAC II
(D)

INDUCT ION RI
CYTOSAR

ANTHRACYCLINE

OTHER

A

2mgm/kg IV
x3-6d, bolus

Imgm/kg IV (DNR)
x3-6d, bolus

Onc

~

CR

---~>

8

2mgm/kg 24hr.
continuous IV
5-7d

Imgm/kg IV (DNR)
x3d, bolus

-

~

CR

---~>Continued

Rx

C

IOOmgm/M 24hr.
continuous I V
7d

CR~ARAC~Continued

Rx

o

200mgm/M 24hr.
continuous I V
7d
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2

2

2

30mgm/M (ADR)
x3d
2

45mgm/M (DNR)
x3d

Onc ~
pred
-

~

A~R

Continued Rx

CR ~ ARA C~ Continued Rx

+

DNR

order or who had previous chemotherapy
were excluded from this study. In order to
have at least a 2-year follow-up on all patients from date of RI therapy, only patients treated prior to June 1982 were
analyzed. Four major protocols were in effect during this 12-year period (Table 1,
Fig. 1). From 1970 to 1974 (program A), RI
was the COD program, using intravenous
bolus infusions of cytosar, oncovin, and
daunorubicin [4]. RC utilized an ambulatory program of 5 days of cyclophosphamide, oncovin, cytosar, and prednisone
(COAP) every 28 days, continuing indefinitely. Program B (DAC I), in effect from
1974 to 1977, had RI consisting of 24 h of
continuous intravenous infusion of cytosar
for 5-7 days with three bolus infusions of
daunorubicin. The RC alternated COAP

Table 1. ANLL treatment
protocols

with cytosar and daunorubicin (to a maximum dose of 700 mg/m2). RI of program C
(1977-1980) was similar to program B, but
RC (VAPA) was an attempt to give 14
months of very intensive chemotherapy
utilizing higher doses of cytosar plus noncross-resistant agents [2]. Program D (DAC
II), evaluated from 1980 to 1982, involved
more intensive RI with twice the dose of
continuous intravenous cytosar used in previous RI. The RC period was shortened to
8-12 months, but the drug doses remained
high.

C. Results
A total of 50 patients were treated with the
COD program (A); 32 patients with DAC I

Year

Program Median
age

1970-74
1974-77
1977-80 8
1980-82b

A
B
C

43
54
46
49

D

CCRe

CR/total
number

(%)

Alive

31/50
15/32
22/41
25/34

(62)
(46)
(54)
(74)

0
1
4
13

0
1
4
0

93/157

(59)

18

15

In 1977-80,3122 BMTin first remission 1/3 in CCR (65 + months)
In 1980-82, 1125 BMT in first remission 111 in CCR (30 + months)
e CCR continuous CR
8

b

CONTINUED THERAPY
RC

A

CTX
10mgm/kg/d IV x5d bOlUS}
ONe
xI
CYTOSAR 2 mgm Ikg/d IV x 5d bolus
PRED
200mg/d po x5d

monthly indefinitely

B

CYTOSAR 2mgm/kg IV bolus x3-5d
DNR
I mgm/kg IV bolus x Id
ONC
IV bolus x I d

monthly alternating with progrom A
indefinitely (DNR up to 725 mgm 1m2)

c

CYTOSAR IOOmgm/m2 cont. IVorSCx5d
ADR
30mgm/m2 IV bolus x Id

}

q21 d 1.4

o

CYTOSAR 200mgm/m 2 cont.IVor SC x 5d
DNR
45 mgm/m2 IV bolus x Id
6TG
40 mgm/m 2 po bid x5d
q21dx4

2

5-AZA 150mgm/m2 cont. IVx5d
PRED
ADR
30mgm/m2 IV bolus xld 0MNTCX
q 28d 1.4

5-AZA or CYTOSAR x 5d
DNR 45mgm/m2,V bolus

CYTOSAR IOO-200mgm/m
cant. IV x5d

6MP
q28d x4

14 mths.

q21dx4

CYTOSAR 200mgm/m 2 cont.IV x 5d
6TG
40mgm/m 2 po bid
IO-12moths

q28dx4

q21dx4
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Table 2. Therapy oflong-term survivors
RI

RC

CCR (months)

1115

DACI

~

4122

VAPA

10125

DACII

2 years COAP, CAT
16 months - full VAPA
BMT
16 months- % dose VAPA
12 months DNR, Arac-C 6-TG, 5-Aza
9 months DNR, Ara-C, 6-TG, 5-Aza
12 months DNR, Ara-C 6-TG
8 months DNR, Ara-C, 6-TG
BMT
2 months DNR, Ara-C, 6-TG

CCR/total CR

{

(B); 41 patients with VAPA (age < 50
years) or with modified VAPA (age> 50
years) (C); and 34 patients with DAC II
(D) (see Table 1). Of the 157 patients, 93
(59%) achieved complete remission (CR).
CR rates have been 62% in program A, 46%
in B, 54% in C, and 74% in D. Currently, 18
of the 93 CR patients are still alive (19%)
and 15 of the 93 (16%) still in continuous
complete remission. The longest survivor is
96 months and is the only survivor of program A and B. Four patients from program
C are still in CR (54-65 months), one of
whom received a marrow transplant (BM1)
while in first remission. Ten patients are
still in CR from program D, one for 22
months, six for 26-35 months, and three
for 37-47 months. One of the ten patients
received a BMT. Table 2 illustrates the actual therapy of the 15 long-term survivors.
Although the RI programs were usually
carried out per protocol, there were many
CR patients who did not receive the full
RC programs. In fact, two were removed
from protocol for allogeneic BMT during
the first 3 months after RI and four had significantly reduced length of treatment
owing to toxicity.
Survival curves from programs A, B, and
C demonstrated a long-term disease-free
status of less than 20% (Fig. 2). Program D
with the shortest follow-up demonstrates
by life table analysis a disease-free survival
of 38%. However, since relapses in the previous programs have occurred as late as 23 years after CR, the length of follow-up for
program D is too short to predict an increased percentage of long-term survivors.
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Fig. 2 a, b. Actual survival curves for a total
group and b disease-free survival for all complete
remissions broken down according to treatment
program

D. Summary and Conclusions
From 1970 to 1982, remission rates from
large series of patients with a median age of
approximately 50 years continue to exceed
50% and in series of younger patients may
be as high as 75% [1]. These improved results have been due to the combination of
cytosar and an anthracyc1ine in RI programs. The current major question is
whether or not "consolidation" therapy has
improved long-term disease-free survival

[5-7). Our current results, covering the decade 1970-1980 and using more and more
intensive RC programs, do not demonstrate
an increase in the percentage of long-term
survivors. The results from 1980 to 1982 are
encouraging, but must be tempered by the
fact that late relapses of adult ANLL are
becoming more frequent and 2-year followup is much too short an evaluation period.
In addition, the prolonged survival in program D may be due to the more intensive
RI program and not at all related to the
RC. At the present time, our experience
lends no support to the theory that more
intensive RC programs meaningfully prolong long-term survival.
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Risk Groups in a Multicenter Pilot Study for Treatment of Acute
Lymphoblastic and Acute Undifferentiated Leukemia in Adults*
D. Hoelzer, E. Thiel, H. Loffier, H. Bodenstein, T. Buchner, R. Engelhardt, A. Ganser,
D. Messerer, H. Ruhl, and T. Zwingers

A. Introduction
The German Multicenter Trial for Adult
Acute Lymphoblastic (ALL) and Acute Undifferentiated (AUL) Leukemia was undertaken to improve remission duration by using a modified form of an intensified induction regimen successful in childhood
ALL (Riehm et al. 1980). The results from
the pilot study, with a total of 162 patients
and a median observation time of 41'2 years,
now allow some conclusions regarding
prognostic factors which influence the
achievement of complete remission or the
length of remission.
B. Treatment

The concept of this therapeutic trial was to
eradicate as much as possible of the initial
tumor cell load by an eight-drug induction
therapy and a similarly intensive early consolidation therapy after 3 months, whereas
the maintenance therapy is conventional
with 6-mercaptopurine and methotrexate.
The 8-week induction regimen consists of
two phases: In the first 4 weeks prednisone
60 mg/m2 PO daily, vincristine 1.5 mg/m2
IV once weekly, daunorubicin 25 mg/m2 IV
once weekly, and I-asparaginase 5000
units/m2 IV on days 1-14; and in the second 4 weeks cyclophosphamide 650 mg/m2

>I<

German Multicenter Trial for Adult ALL/
AUL, FRG. Supported by the Bundesministerium fur Forschung und Technologie, Contract No. 01 ZW 450
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IV 3 doses at 2-week intervals, cytosine
arabinoside 75 mg/m2 IV on 4 days per
week for 4 weeks, and 6-mercaptopurine
60 mg/m2 PO daily for 4 weeks. eNS
prophylaxis consists in methotrexate
10 mg/m2 intrathecally each week and
CNS irradiation with 24 Gy. A 6-week reinduction course is given after 3 months
and is similar to the induction regimen, adriamycin being substituted for daunorubicin, dexamethasone for prednisone, and
thioguanine for 6-mercaptopurine; L-asparaginase is omitted. Maintenance therapy with 6-mercaptopurine 60 mg/m2 PO
daily and methotrexate 20 mg/m2 PO or IV
once weekly is continued for 2 years.
Further details of the therapy and of the diagnostic procedure have been described
previously (Hoelzer et al. 1984).
C.

Results

From October 1978 to June 1981 a total of
162 adult patients from 25 hospitals entered the study, and 126 (77.8%) achieved
complete remission. At the evaluation date,
30 November 1983, the median survival
time for all patients was 23.4 months and
that for complete remitters was 34 months.
Median remission duration was 20.5
months. The probability of being in complete remission at 41'2 years is 0.397. Cell
marker analysis identified c-ALL in 56.4%,
null-AL (defined as being non-B-ALL,
non-T-ALL, cALLA-) in 25.6%, T-ALL in
15.4%, B-ALL in 0%, and mixed leukemia
in 2.6%. The best results were achieved in
patients with T-ALL, for whom the prob-

Table 1. Prognostic factors for remission duration: Pilot study
Factor

n
(126)

Age

:§

35 years
> 35 years

Leukocyte count

< 30 000/~1

>30 OOO/~1

Time to achieve CR
Immunological subtype

Within 4 weeks
After 4 weeks
c-ALL
T-ALL
null-AL

Low-risk group
High-risk group

98
28
85
41
94
32
32
11
16
19
40

MRD
(months)

In continuousCR

P-value

24.9
12.7
28.0
14.8
28.2
11.8
23.4

42.9%
28.6%
44.7%
29.3%
42.6%
31.3%
48.8%
63.6%
12.5%

0.0150

m.n.r.·
12.7

m.n.r."
ll.8

79.0%
20.0%

0.0314
0.0285
0.0143

0.0000

" Median not reached

ability of being in continuous complete remission at 4% years is 0.636.
D. Prognostic Factors and Risk Groups
Regarding the complete remission rate,
none of the initial laboratory or clinical
features, such as age, leukocyte count,
hepatosplenomegaly, mediastinal tumor,
CNS involvement, or other organ infiltration, had an unfavorable influence on the
achievement of complete remission. The
adverse effect of older age, high initial
leukocyte count, and hepatosplenomegaly,
which have been shown in other studies to
have an unfavorable influence on the
achievement of complete remission, could
not be confirmed in the large number of
patients in this study (Hoelzer et al. 1984).
I.

Prognostic Factors

Prognostic factors for remISSIon duration
(Table 1) were time required to achieve remission, initial leukocyte count, immunological subtype, and age.
Age. The difference in remission duration
for patients above and below 35 years of
age was evident. In earlier studies (Hoelzer
1984) higher age was also found to exert an
unfavorable influence on the survival time

and remISSIOn duration. This multicenter
ALL/ AUL study has proved that results for
older patients who did not require any essential omissions or reductions in the therapy program were similar to those for
younger patients. The main problem is that
for many of the older patients it is not possible to carry out the complete therapy
schedule.
Leukocyte Count. In this therapy study, as
in other ALL studies in adults (Schauer et
al. 1983) or children, a high initial leukocyte count was found to be unfavorable for
a long remission.
Immunological Subtype. The best prognosis
in this study was for the subtype T-ALL, for
which the median remission duration has
not yet been reached. This finding is remarkable, since up to now patients with
T-ALL, who frequently have a high initial
leukocyte count, a mediastinal tumor, or
CNS involvement, have had a poor prognosis. The worst prognosis, in keeping with
findings from another study (Lister et al.
1979), was for patients with null-AL, who
had a median remission duration of 13
months. Of the patients with c-ALL, 44%
were disease-free at the evaluation date.
Time Required to Achieve Complete Remission. The length of treatment required
to achieve complete remission had the
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strongest influence on remission duration.
Late response to therapy probably reflects
a primarily more resistant population of
leukemic cells. Other adult ALL therapy
studies have also shown that of a total of
70% remission patients, only 50% achieved
remission within 4 weeks (Hoelzer 1984). In
childhood ALL the proportion of patients
who reach complete remission after prolonged treatment is very low « 5%). For
them, it is also true that late response to
therapy is correlated with a very poor prognosis (Frei and Sallan 1978).
II.

Definition of Risk Groups

On the basis of these factors found to have
prognostic significance for remission duration in the pilot study, it was possible to define groups of patients exposed to different
degrees of risk. Those defined as low-risk
patients are the ones who have none of the
four risk factors, in comparison to high-risk
patients who have one or more of the four
risk factors. At the last evaluation date of
30 November 1983, 79% of the low-risk patients were still in first remission, whereas
only 20% of the high-risk patients were still
free of disease.

E. Risk-Adapted Therapy Protocol
The study group has developed a new riskadapted therapy protocol based on the results of the pilot study, which was activated
on 1 July 1983. According to this, in addition to the intensive induction therapy and
consolidation therapy, high-risk patients
will receive further cycles of consolidation
therapy with VM-26 and cytosine arabinoside, to improve results in this group. In addition, the high-risk patients are to be considered for allogeneic bone marrow transplantation in first remission if a suitable
donor is available. After establishment
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of the method, autologous bone marrow
transplantation also appears to be useful
for these patients. The low-risk patients will
be treated according to the present protocol
with no essential changes. It is to be expected that in this group, even with chemotherapy alone, more than 50% will reach
the 5-year limit without disease and might
thereby be considered as cured.
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New Approaches to the Treatment of Chronic Myelogenous

Leukemia *
K. B. McCredie, H. Kantarjian, M. J. Keating, 1. P. Hester, and E. J. Freireich

A number of therapeutic strategies have

been introduced for the management and
treatment of the benign phase of CML.
Eighty years ago, radiation therapy was the
only available treatment and splenic ir~
radiation was continued for a period in ex~
cess of 20 years when in 1924, Minot and
colleagues published the now classic paper
demonstrating that, although therapy could
reduce morbidity of the disease, the me~
dian duration of survival with or without
therapy was the same. Because of sympto~
matic relief, radiation therapy or 32p were
the methods of choice until the in~
troduction of busulfan in the early 1950s.
The initial study with busulfan showed
median survival of 42 months and did not
appear to be a significant improvement
over radiation therapy, although symptomatic improvement was again seen and this
is still true today. A number of other agents
have been used in an attempt to delay the
onset of blast crisis and prolong survival,
the most commonly used being hydroxyurea, dibromomannitol, melphalan, and
6-mercaptopurine. In addition, nitrogen
mustard, cyclophosphamide, and vinca alkaloids have been used in an attempt to
manage the disease.
Because of the relatively prolonged nature of the disease and the ease of administering an oral single agent medication,
very little progress has been made in its
management. More recently, however, with

* The University of Texas System Cancer Center, M. D. Anderson Hospital and Tumor Institute, Houston, TX USA

the introduction of newer chemotherapeutic agents and combination chemotherapy, attempts have been made to treat
the benign phase of the disease aggressively, particularly in an attempt to eradicate
the Philadelphia chromosome and the abnormal neoplastic clone. Although more
than 50% of patients can get a significant
reduction in the number of abnormal chromosomes identified after aggressive combination chemotherapy, the majority of the
patients have recurrent Philadelphia chromosome within 3-12 months from the discontinuation of this form of aggressive therapy. Preliminary reports suggest, however,
that with this aggressive therapy there has
been an associated prolongation of median
duration of survival.
Other modalities of therapy include bone
marrow transplantation: isogeneic, al~
logeneic and autologous. However, trans~
plantation performed in the later stages of
the disease, particularly in the blast phase,
has been almost uniformly unsuccessful be~
cause of the resistant nature of the underly~
ing disease and recurrence is almost inevi~
table in spite of the regimen used. Investi~
gators are now looking at the possibility of
transplantation in the benign phase of the
disease and preliminary data, particularly
from identical twins, is encouraging with
disease-free survivors in excess of 24
months without evidence of a recurring
Philadelphia-positive clone.
In addition to allogeneic transplantation,
autologous transplantation in the benign
phase of the disease has been attempted
and although engraftment does occur, the
abnormal clone is not eradicated and the
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disease makes recurrence almost inevitable.
More recently, a number of institutions
have adopted the approach of aggressive
chemotherapy in an attempt to eradicate
the Philadelphia chromosome and store the
bone marrow of these patients for use in
transplantation in the early phase with normal hemopoietic stem cells without the
Philadelphia chromosome.
We previously demonstrated that leukocyte interferon (HuIFN-a) had a significant
antiproliferative effect on in vitro colony
proliferation. In addition to its antiproliferative effect, it appeared to block differentiation. In search of new modalities of
treatment of chronic granulocytic leukemia, a pilot study was embarked on to
investigate the potential of using HuIFN-a
prepared in the State Serum Institute of the
Finnish Red Cross Center, Helsinki, Finland. This material was partially purified to
a specific activity of 1-3 X 106 U per milligram protein. The initial pilot study was
performed on seven patients with Philadelphia-positive chronic myelogenous leukemia utilizing a schedule of 3 X 106 U/day
up to a maximum 9 X 106 U I day. Following
hematologic remission, the patients were
maintained on doses of 3 X 106 U I day or
every other day. Five of the initial patients
responded to interferon, judged by a reduction in the white cell count, platelet
count, normalization of serum B 12 and
LDH, and a reduction in the bone marrow
cellularity for pretreatment values of 100%
- 70%, or less. ME ratios returned to normal
and there was a modest reduction of
10%-35% in Philadelphia chromosomepositive cells in the bone marrow aspirate.
With these encouraging results, the phase
II program was developed utilizing the
same doses of HuIFN-a and a further 25
evaluable patients have been entered. A
majority of these were previously untreated
and the remainder had minimal treatment
with a single agent. Of the 25 patients, 22
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responded with normalization of the peripheral blood, and a decrease in the mean
white cell count from 112 000 to 5000 Ill.
There was a decrease in marrow cellularity
and serum B12 levels returned to normal,
as did serum LDH. One patient developed
blast transformation after 2 months on
HuIFN-a. Of 11 patients who have been
treated for months or more, 7 show a modest decline in the Philadelphia-positive cells
in the bone marrow from 100% to a median
of 65% (range 10-92% diploid cells). Human interferon is effective in causing a
block in myeloid proliferation in the chronic phase of chronic granulocytic leukemia,
with normalization of the peripheral blood
and reduction in marrow cellularity and return of other parameters to normal. These
changes can be maintained with reduced
doses ofHuIFN-a.
It is clear in this pilot study that the possibility of combining HuIFN-a with intensive chemotherapy is worthwhile, using
the intensive chemotherapy to reduce the
complement of Philadelphia-positive cells
toward zero and maintaining this status
with HuIFN-a maintenance therapy.
Further activity and significantly more
biologic effect may be obtainable with the
more purified forms of interferon now becoming available, utilizing cell lines and recombinant techniques.
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The Feasibility of Opal/High Dose Ara-C Treatment of Adult Acute
Lymphoblastic Leukaemia *
M. J. Barnett, A. Z. S. Rohatiner, M. A. Richards, 1. H. Waxman, T. S. Ganesan, A. Miller,
R. Biruls, and T. A. Lister

A.

Introduction

Studies conducted at St. Bartholomew's
Hospital between 1972 and 1982 into the
treatment of acute lymphoblastic leukaemia (ALL) in adults showed a complete remission (CR) rate of 65% (73/112) using a
combination of vincristine, prednisolone,
adriamycin, and L-asparaginase, with. CR
frequency being highest in young patIents
and lowest in those with L3 morphology.
The duration of remission correlated closely with blast cell count at presentation and
the surface phenotype of the blas.t cells, ~e
ing significantly longest in patIents ~lth
low blast counts of common ALL antIgen
(CALLA) positivity. Central nervous system (CNS) relapse alone was relatively frequent in those patients in who.n:'- the cerebrospinal fluid (CSF) was poslt~ve at t.he
first lumbar puncture (3/13) despIte cramospinal or cranial irradiation and intrathecal
therapy. However, by far the greatest pro?lem was bone marrow relapse alone, or m
association with relapse at other sites, e.g.
CSF, testis, skin (43/53) and was not reduced by introducing escalati~g ~oses of
adriamycin and cyclophosphamIde mto the
early therapy [1].
.
Recent experience with the use of hIgh
dose cytosine arabinoside (Ara-C) in the
treatment of both ALL in relapse and the
lymphoid blast crisis of chr?nic ~yeloid
leukaemia has been encouragmg wIth a response being achieved in 9/14 patients af-

* ICRF Department of Medical Oncology, St.
Bartholomew's Hospital, London. EClA 7BE,
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ter one cycle (Barnett MJ, unpublished observations), and supporting our initial results [2]. In addition, pharmacokinetic studies of the concentration of Ara-C in the
plasma and CSF ha,,:e sh?wn that, when
given intravenously m hIgh doses, prolonged levels of the drug can be .ach.ieved
in the CSF, which should be effectIve m the
treatment of CNS leukaemia [3].
In December, 1982 an open study commenced with the intention of exploiting the
systemic and CSF activity of high d?se AraC in the initial therapy of adults wIth ALL
at St. Bartholomew's Hospital. Preliminary
results to demonstrate the feasibility of the
programme are presented below.

B. Patients and Methods
A total of 13 previously untreated patients
have so far been entered into the study
(Table 1), using the treatment regimen
shown in Fig. 1. Ara-C was infused over 3 h
every 12 h at a dose of2 g/m\ a total ?f 12
doses being given over 6 days. All patIen~s
received prophylactic nonabsorbable antIbiotics and prednisolone eyedrops were
prescribed every 2 h for 10 days from the
commencement of the Ara-C. Maintenance
therapy comprises oral 6-mercaptopurine
(daily), cyclophosphamide an.d me~ho~re
xate (weekly) for 3 years. Dunng thIS tIme
intrathecal injections of methotrexate or
Ara-C are given every 2 months.
C.

Results

All 13 patients received the treatment programme as planned at least to the com53

pletion of the Ara-C. The Ara-C was
stopped after 11 doses in one patient, and
after 10 doses in two patients owing to the
development of severe skin reactions in two
and nystagmus in the third. There was no
evidence of leukaemia in 8/13 patients prior to administration of Ara-C. Seven patients entered CR, the eighth dying ofpseudomembranous colitis without peripheral
blood recovery on day 19 following Ara-C
administration. Five patients had residual
leukaemia prior to Ara-C administration,

Table 1. Patients (N= 13)
Sex
Age (years)

M:F
Range
Mean
Median
Range
Mean
Median
LI
L2
L3
C-ALL
N-ALL

Blast count
9

(X 10 /1)

Morphology

Phenotype

CSF

8:5
18-55
36
34
0-279
34
2.1
3
10
0
2
5

T-ALL

2

B-ALL
Uncertain
Untested
Positive
Negative
Untested

1
2
1

0
12
1

of the three evaluable for response, two had
obvious residual leukaemia following AraC treatment, and in the third, in whom the
bone marrow was heavily infiltrated before
Ara-C treatment, there was no detectable
leukaemia afterwards, but persistent cytoTable 2. Toxicity and myelosuppression
Ara-C Toxicity

No. of
patients

Nausea and vomiting
Skin
Blistering reaction
(palms and soles)
Macular rash
Diarrhoea
Ocular discomfort
NeuroTremor
Nystagmus
logical
Grand mal fits
(see text)

II
7

Time (days)

13

22

11111111111111111111111111111111111

t t

Prednisolone
40 mg/O (until CR)

Key
Adriamycin 30 mg 1m 2 01
Vincristine 2 mg 0 1
L-Asparaginase 10,000 u/m 2 01-14
ARA-C 2G/m 2 bd 01-6
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Intrathecal Methotrexate 12.5 mg

1

I

Time
Mean 12
2
2
(0-5)
(1-3)
(days) Range (7-19)
NB: These data relate to 9 patients and exclude
one (see text) in whom the duration of
myelosuppression was
0-0.1
0.1-0.5 0.5-1.0

..

t

2

Duration of myelosuppreSSion neutrophils (x 109 II)
0-0.1
0.1-0.5 0.5-1.0

Maintenance
for 3 years

t

4
8
4

Fig. 1. Opal/high dose Ara-C regimen
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penia, and recovery of the peripheral blood
coincided with recurrent leukaemia. Two
patients died before peripheral blood recovery, one on day 14 with Pseudomonas
septicaemia and the other, who died on day
13, had bronchopneumonia and bone marrow infiltration at post-mortem examination. Of the seven patients entering CR, six
remain in remission, one having had bone
marrow relapse.
Toxicity related to the Ara-C is shown in
Table 2. One patient, a 22-year-old female,
developed grand mal epileptic fits on day
19 following Ara-C treatment and a CT
head scan showed patchy areas of low attenuation in the occipital and parietal
lobes. A repeat scan 5 weeks later was normal and she recovered completely with no
sequelae.
D.

Discussion

The major problem in the treatment of
ALL with conventional therapy is bone
marrow relapse. High dose Ara -C has been
used to intensifY the initial systemic therapy, as well as providing CNS prophylaxis
and thus obviating the need for cranial irradiation. In the limited number of patients
entered into the study so far, the CR rate
was 55% (7/13) compared with 65% (73/
112) in the previous study. The low CR rate
is disappointing, particularly as at least
three of the five patients who had leukaemia prior to the Ara-C treatment had persistent leukaemia afterwards, and none entered CR. However, the patient population
in this study has a median age 8 years older

than the previous one, and also an unusual
membrane phenotype distribution.
Although the toxicity from high dose
Ara-C was considerable, except for the high
incidence of severe skin reactions which
was unexpected, it was predictable from
our previous experience. It is certainly feasible to administer high dose. Ara-C in close
proximity to the conventional combination
chemotherapy. Whether or not the toxicity
is acceptable will be determined by the
effect of the regimen on long-term survival.
Acknowledgments. We are pleased to acknowledge the contribution of the medical and nursing
staff of Dalziel and Annie Zunz Wards, St.
Bartholomew's Hospital. The immunological
phenotype was determined in the ICRF Membrane Immunology laboratory (Dr. M. F.
Greaves). The manuscript was typed by Jane
Ashby.
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Treatment of Leukemia with Low Dose Ara-C:
A Study of 159 Cases *
S. Castaigne, H. Tilly, F. Sigaux, M. T. Daniel, and L. Degos

A. Introduction
The management of acute leukemia has
been transformed by the advent of major
antimitotic agents. Intensive combination
drug therapy has given excellent results for
many patients, but in certain cases it remains dangerous (acute leukemia in elderly
patients) or ineffective (refractory anemia
with excess blasts (RAEB), secondary leukemia, leukemic relapse). Allogeneic bone
marrow grafts are also limited by the particular conditions required (compatibility
of MHC, age).
In vitro studies by Lotem and Sachs [1]
demonstrated the differentiation of leukemic cells from normal cells, raising new
hopes of therapeutic possibilities. In recognition of this, clinical trials with low dose
cytosine arabinoside (LD Ara-C) were
undertaken. Success was obtained for one
case of RAEB and two cases of acute nonlymphoblastic leukemia (ANLL) unresponsive to combination chemotherapy
[2]. The first substantial series (23 patients)
showed that it was possible to obtain complete remission in all categories ofleukemia
[3].
Several clinical trials with LD Ara-C
have recently been reported, but the small
number of patients in each series (less than
20) and the contradictory results render a
conclusive judgement impossible. Thus, a
number of questions have yet to be answered. What is the efficacy of LD Ara-C

*
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and which category of patients can benefit
from it? What is the hematologic and extrahematologic tolerance to the treatment?
By what mechanism does LD Ara-C produce its effects? That is why this report
presents the results obtained by 12 centers
in 159 cases, including some cases which
have been published previously [2, 3].
B. Patients and Methods
The series was made up of 159 patients suffering from acute leukemia (AL) or myelodysplastic syndrome (MDS). A total of 12
centers took part in the study: Brest, Dijon,
Hamburg, Montpellier, Nantes, Paris
Beaujon, Paris Pitie-Salpetriere, Paris St.
Louis, Praz Coutant, Rennes, Rouen, and
Tours. Patients whose treatment commenced before June 1983 were included in
the series.
The aim of the study was first of all to determine the response to the treatment
(complete or partial remission, or no response) and to note the main incidents observed. Second, a more detailed questionnaire enabled us to study the results obtained for ANLL in patients over 65 years
of age. All patients were treated with Ara-C
as the sole agent, administered in two daily
subcutaneous injections. The dose was
generally 10 mg/m2 every 12 h. The duration of treatment varied for the different
groups, with a median of 19 days. The
treatment was used for cases in which
combination drug therapy was contraindicated for various reasons (age, failure of
previous treatment, relapse, MDS). One

Table 1. Results of therapy
with low dose cytosine
ara binoside a

Number of patients
Total CR
ANLL

ANLL> 65 years
ANLL< 65 years
Secondary AL

No previous
treatment
ANLL
In relapse
Unresponsive to previous treatment
ALL
In relapse or unresponsive to previous
treatment
MDS
(RAEB, RAEB-T, post-RAEB AL)
AT of myeloproliferative disorder
Other and unknown

PR

Failure

48
9
14

24
1
3

7
4
4

17
4
7

13
15

5
7

I
3

7
5

7

2

1

4

38
8
7

9
I
1

6
0
0

23
7
6

159

53

26

80

• ANLL: acute nonlymphoblastic leukemia; ALL: acute lymphoblastic leukemia; MDS: myelodysplastic syndrome; RAEB: refractory anemia with excess blasts; RAEB-T: refractory anemia
with excess blasts in transformation; AT: acute transformation; CR:
complete remission; PR: partial remission

Table 2. Tolerance

C. Results
Number of
patients
affected (%)

Total
number of
patients

The results obtained for all the patients and
for the subgroup of elderly AL patients are
listed in Tables 1-3.

+
81
Cytopenia
(platelets
(77%)
<20000mm 3
and/orPN
<500 mm 3 )
Bone marrow
38
(48%)
aplasia determined by bone
marrow aspirates
Hemorrhage
.65
(47%)
Infection
72
(52%)
Home care
37
(33%)

24

105

D. Discussion
Since the first report published by Baccarani and Tura [4], followed by those of

40

78

69

134

65

137

73

110

course of treatment per month was given.
No response after three courses was considered as failure of the therapy.

Moloney and Rosenthal [5] and Housset et
al. [2], LD Ara-C has been extensively used
of late to treat malignant blood disorders.
By grouping together 159 cases treated in
France and Germany it is possible to improve our assessment of the results of LD
Ara-C therapy.
1. The effectiveness of the treatment was
confirmed, since a response was observed
in 49% of the cases, with complete remission (CR) occurring in 33% of the cases.
2. The response varied with the type of
illness treated: de novo ANLL was more responsive (response = 59%, CR - 40%)
than MDS (response = 39%, CR = 23%).
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Table 3. LD Ara-C therapy for elderly de novo ANLL patients with no previous treatment a

Mean
Number

Age (years)

Dose

Duration (days) Number of
courses

48

74

10 mg/m2

17

1.7

x2/day
CR

PR

Failure

Cytopenia

Aplasia

Infection

Hemorrhage

Home care

24/48

7148

17/48

34/48

18/34

20/48

20/48

14/48

a

Maintenance therapy: 10 mg/m2 Ara-C twice daily for 15 days/month or 15 days/6 weeks (19 patients); mean duration of remission: 8 months; mean survival: 15 months. Correlation: + positive
between CR and hypoplasia on aspirates at diagnosis; - no correlation between aplasia following
treatment and CR

The good results obtained for the 48 de
novo ANLL patients aged over 65 years
should be emphasized. CR was achieved in
half of the cases and the mean duration of
the first remission was 8 months. Mean actuarial survival was 15 months. Fourteen
patients were treated entirely at home, nine
of whom had CR. These results are worth
comparing with those obtained by combination chemotherapy. No comparable
series of patients (same age group) treated
by combination drug therapy has been reported. Quality of life and cost of treatment
must also be taken into account in a comparison between the two types of therapy.
The results obtained in secondary leukemias (7/14 responses) or during transformation of MDS (118 responses) need to be
confirmed by trials with greater numbers of
patients.
3. The optimum duration of treatment
cannot be established from the data of this
study. The best rate of responses was obtained in patients treated for 15-21 days,
but the difference was not significant compared with patients treated for shorter (19
patients) or longer periods (48 patients).
The need for maintenance therapy and the
form it should take could not be determined from this series, as the vast majority
of the patients received the same maintenance therapy with LD Ara-C.
4. While extrahematologic tolerance was
good, cytopenia was noted in % cases. It is
difficult to assess the toxicity related to the
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treatment and not to the illness. Nevertheless, when two groups of 52 patients were
distinguished on the basis of initial platelet
count (platelets < or > 50000), cytopenia
following therapy was equally common in
both groups, while severe hemorrhage was
more frequent in patients with less than
50000 platelets/mm 3 before treatment.
Thus, the appearance of cytopenia does indeed seem to be related to the treatment.
On the other hand, the more effective the
treatment, the better was the hematologic
tolerance. There was a strongly significant
relation between obtaining CR and the absence of hemorrhage after treatment for the
48 elderly de novo ANLL patients. Administering the entire treatment in the homes
of 14 of the elderly patients shows that the
therapy is well tolerated in certain cases,
leading to increased patient comfort and
suggesting implications for savings in
health expenses.
5. The precise mechanism of action of the
treatment cannot be deduced solely from
the clinical data. Nevertheless, the following observations may contribute to elucidating the mode of action of LD Ara-C.
Bone marrow aplasia was noted in half of
the cases. However, no correlation was
found between the existence of medullary
aplasia and CR. This fact was also noted by
another group [6]. For elderly ANLL patients, CR was obtained in 10/18 cases
when aplasia was observed and in 7116
cases when aplasia was absent. Thus, in

40% of the cases, CR was obtained without
bone marrow aplasia. The therapy seems to
be more effective when it is used to treat
AL with hypocellular marrow. This observation is comparable to two studies reported in the literature [7, 8]. However, the
cellularity of the bone marrow was judged
solely from aspirates. The genuineness of
this finding would need to be confirmed by
the study of bone marrow biopsies. Finally,
the fact that Ara-C is more effective in
treating de novo AL than MDS is analogous to the results obtained with conventional combination chemotherapy.
The action of LD Ara-C is probably not
based on a single mechanism of cytotoxicity bringing on severe aplasia. By its mutagenic action on oncogenes, it might restrain
the proliferative capacity of blast cells and
permit their maturation, but also repress
the clone of leukemic cells sufficiently to
liberate the development of normal clones.
This phenomenon may perhaps be facilitated when the tumoral mass is small (hypocellular leukemia). The differentiation
hypothesis can be viewed in two ways:
either as differentiation of the malignant
cell from a normal cell, or as the removal of
the obstacle to the development of normal
cells. No decision between the two is yet
possible.

kemia require confirmation with a large
number of cases. Finally, in the light of recent developments in the molecular mechanisms of oncogenesis, clinical trials using
agents of differentiation merit attention.
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Treatment of Acute Myeloid Leukemia and Myelodysplastic
Syndrome by Low Dose Cytosine Arabinoside *
H. 1. Weh, R. Zschaber, A. von Paleske, and D. K. Hossfeld

A.

Introduction

Recent reports by Baccarani and Tura [2],
Moloney and Rosenthal [9], and Housset et
al. [6] prompted us to treat 12 acute
myeloid leukemia (AML) and 4 myelodysplastic syndrome (MDS) patients with low
dose cytosine arabinoside (Ara-C). In all
patients, conventional chemotherapy was
contraindicated because of previous inefficacy, advanced age, or heavy comorbidity. Ara-C was given in a dose of 10 mg/m2
S.c. every 12 h for 14-28 days. All patients
received one or two courses. If bone marrow revealed more than 5 % blasts 1 week
after the end of therapy, another course
was started. Patients who obtained a complete or partial remission received maintenance chemotherapy with low dose Ara-C
(10 mg/m2 s.c. every 12 h) for 8 days every
3 or 4 weeks.
B.

Results

Nine patients obtained a complete remission (CR), three a partial remission (PR),
and four did not respond. Clinical data of
the nine patients with complete remission
are summarized in Table 1. The three patients who obtained a partial remission
were: a 70-year-old woman in first relapse
of Ml leukemia after TAD chemotherapy;
a 31-year-old woman in first relapse of M4

* Department of Oncology and Hematology,
University of Hamburg, Martinistr. 52, D-2000
Hamburg 20, FRG
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leukemia after TAD chemotherapy; and a
51-year-old man with RAEB who did not
respond to TAD chemotherapy. Karyotype
was normal in the two women and abnormal in the man (43,XO,del 2 (p14), -8,
-9, + del 12 (pi 1), l7p +, -20). Duration
of PR in the three patients was 1 month
(death from unrelated disease), 4+, and 12
months.
Four patients did not respond. The first
was a 37-year-old man in first relapse ofM4
leukemia with cutaneous, renal, and myocardial leukemic involvement. Chromosome analysis revealed a near hypotetraploid pattern. The second patient was
a 43-year-old woman with M2 leukemia
following RAEB resistant to TAD chemotherapy. She had a normal karyotype. The
third patient, a 73-year-old man, had AML
following polycythemia vera. His karyotype
was abnormal (46, XY, +3p+, -9, 20q-).
The fourth patient was a 62-year-old
woman with RAEB and the pathologic
karyotype 46,XX,5q-.
In all patients, treatment was well
tolerated without nausea, vomiting, hair
loss, or hepatic toxicity, but in all of them
peripheral pancytopenia developed or worsened under therapy, necessitating multiple
red cell and platelet transfusions. In spite of
pronounced neutropenia and thrombocytopenia, no serious infectious or hemorrhagic
problems were encountered. Bone marrow
cytology revealed hypoplasia or aplasia in
most patients, but in some patients it remained normocellular with signs of differentiation. The first sign of bone marrow recovery was a rapid rise in platelets about 10
days after the end of therapy.

Table 1. Clinical data of the nine patients who obtained a complete remission
Case Sex,
age

FAB
classification

Bone
Blood
leukocytes marrow
(X 109 /1)1 % blasts
% blasts

Karyotype

Pretreatment

Number of Duration
coursesl
ofCR
duration
(months)
(days)

2.5/0

62

46,XY

None

2121

2

2.3/6

30

46,XY

None

2128 and 14

4

5.4/31

58

46,XY

None

1121

7

1.1137
3.510

45
65

46,XX
46,XY

1123
1115

1+
9

11.3/46

73

46,XX

None
NR after
Pred-DaunoOnc-Aspar
First relapse
after TAD
Second relapse
after TAD
None

2121

15+

1127

7

2121

12+

none

1121

3+

4
5

M,66 Ml postRAEB?
M,70 M2 postRAEB
M,81 Acute, megakaryoblastic
leukemia
F,74 M2
M,61 Ml

6

F,69

Ml

7

F,50

M4 Eo

2.4/0

35

46,XX

8

M,75 RAEB

10.1/9

6

9

F,75

47,XY,
+8
46,XX

2
3

c.

RAEBin
1.3/0
transformation

22

Discussion

Stimulated by the in vitro studies of Lotem
and Sachs [7] and Sachs [11], who showed
the capacity of low dose Ara-C to induce
differentiation in certain leukemic cells,
Baccarani and Tura [2J, Moloney and
Rosenthal [9], and Housset et al. [6] were
the first to obtain complete and partial remissions with low dose Ara-C in patients
with AML and MDS. Later, these results
were confirmed by Andrey et al. [1], Baccarani et al. [3J, Castaigne et al. [4J, Manoharan [8], Mufti et al. [10], Wisch et al. [13],
and Solal-Celigny [12], whereas Haagenbeek et al. [5] did not find any favorable effect of this type of treatment.
Our results in 16 patients with 9 CR and
3 PR argue strongly in favor of a convincing effect of low dose Ara-C in certain types
of AML and MDS. In addition, compared
with conventional chemotherapy, this type
of treatment was well tolerated without major complications, in spite of considerable
pancytopenia. Further studies must find
out which patients are candidates for low

dose Ara-C- and how results, especially duration of CR, can be improved. Based on
our experience during the last few months,
we think that patients with rapidly progressive disease are not candidates for this
type of treatment whereas patients with
slowly progressive disease may benefit
from low dose Ara-C. It seems noteworthy
that 10/11 patients with a normal karyotype had a response and only 2/5 patients
with a pathologic karyotype.
So far, the mechanism of this type of
treatment is unclear. Pancytopenia and
bone marrow hypoplasia argue in favor of
a cytostatic effect. On the other hand, our
series included some patients without pronounced bone marrow hypoplasia and with
cytologic signs of maturation of blasts. This
phenomenon was also observed by Castaigne et al. [4]. The mechanism oflow dose
Ara-C could be approached by diffusion
chamber studies, immunologic markers of
differentiation, and cytogenetic studies.
Unfortunately, there was only one patient
with a chromosomal anomaly (47 ,XY, + 8)
who achieved CR. In remission, he had a
61

normal karyotype. In this patient, bone
marrow aplasia was severe, suggesting a cytostatic effect of therapy.

7.
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The Results of High Risk Acute Lymphoblastic Leukemia
and Non-Hodgkin's Lymphoma Total Therapy *
J. Boguslawska-Jaworska, J. Pejcz, J. Armata, M. Ochocka, U. Radwanska,
R. Rokicka-Milewska, and M. Sroczynska

A.

Introduction

differences in remission and survival were
compared according to the nonparametric
long rank test [5].

The study was designed to evaluate the efficacy of seven-drug systemic therapy and
three-drug intrathecal treatment in children with high risk acute lymphoblastic
leukemia (ALL) and non-Hodgkin's lymphoma (NHL). The modified LSA2 L2 treatment protocol applied for this study is presented in Fig. 1. The total duration of the
treatment was 2.5 years. Estimated distribution of continuous remission and survival were calculated using the product
limit method of Kaplan and Meier [3]. The

*

B. Acute Lymphoblastic Leukemia
A group of 92 previously untreated children, diagnosed with ALL from 6 hematologic centers, were eligible for this study.
The prognostic stratification of patients was
made by BFM score system [2]. The increased risk (IR) group was defined by
score numbers 3-10. Overall survival and

Department of Pediatric Hematology, Faculty
of Medicine, Wrodaw, Poland

Fig. 1. Modified LSA2~ protocol
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Fig. 2. Remission and survival results

CCR duration of IR and SR patient groups
are presented in Fig. 2.
Intensification of the induction, preventive eNS treatment, consolidation and
maintenance therapy in the high risk ALL
patients has resulted in some increase of
disease-free and overall survival duration.
However, a considerable proportion of induction failure associated with initial CNS
leukemia and high WBC count has been
observed. In contradiction to some other
studies [6), the frequency of CNS relapses
remained relatively high, despite intensification of CNS preventive therapy. The high
proportion of fatal infectious complications
64

in the maintenance period suggests their relation with immunosuppression caused by
the therapy used, despite the intermittent
regimen applied. Our data, like others [7],
failed to show evident advantage of the
modified LSA2 L2 protocol for the ALL children with score numbers 6-10.
C.

Non-Hodgkin's Lymphoma

A total of 97 previously untreated children
with NHL were admitted to this study.
Staging was done according to the criteria
proposed by Murphy [4]. Histologic diagnoses were made according to the Kiel
classification. The most common location
of tumor was mediastinal mass followed

Total

0,2]

Fail

relapse - free survival

44

Fig. 3. Relapse-free survival of patients who attained complete remission with LSA2L2 treatment
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56 60 64

68 Months

The overall estimate of survival and CCR
duration and their relation to histologic
type of NHL for complete responders are
shown in Figs. 3-5. Of the 67 complete responders, 6 had relapses in the bone marrow, 7 in the CNS, and 7 localized relapses.
In only 1 of 22 children with CNS prophylaxis was CNS relapse observed, in comparison with 7 of 39 who were not given
cranial irradiation combined with cytostatics.
The overall results of NHL study represent a significant improvement over our
historical controls [I]. However, there were
evident differences in outcome between
lymphoblastic and nonlymphoblastic NHL.
These data suggest that the histologic type

next in frequency by head-neck and abdominal. A total of 22 children received 5
intrathecal doses of methotrexate, cytosine
arabinoside, and hydrocortisone, and
cranial irradiation, starting at the end of
the consolidation phase. After completion
of the induction period, radiotherapy
(1400-3500 rad) was given to 59 children.

Fig. 4. Overall survival of patients treated by the
LSA2L, regimen
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of NHL must be taken into account in
planning the therapy, and that the LSA2 L2
protocol is not efficient for nonlymphoblastic subtypes ofNHL.
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Adult Acute Lymphoblastic Leukaemia at University Hospital,
Malaysia *
J. J. Bosco, R. Cherian, and T. Pang

A. Introduction
Epidemiological studies of lymphoid
malignancies show remarkable differences
amongst populations of different geographical locations and socioeconomic conditions [1]. An earlier survey by us showed
the virtual nonexistence of chronic lymphocytic leukaemia and follicular non-Hodgkin's lymphoma in Malaysians [2]. All patients with acute lymphoblastic leukaemia
(ALL) are being studied under an international leukaemia subtyping study organized by Dr. M. Greaves. This is a preliminary review of ALL subtypes.

B. Methods
The study consisted of all patients admitted
with a diagnosis of acute leukaemia or lympholeukaemia between January 1980 and
February 1984. Routine morphological and
cytochemical methods were used in the diagnosis. Cells from bone marrow and peripheral blood of patients with ALL were
also characterized for different cell surface
antigen expression (see Table 2). The subtypes were defined as follows: common
ALL (positive for cALLA and HLA DR
antigens), T-ALL (E rosettes and other T
cell antigens and HLA DR negative),
B-ALL (surface immunoglobulin and HLA
DR positive) and Null (cALLA negative,

*

University Hospital, University of Malaysia,
Malaysia

SMIg, ER, T antigens negative, HLA DR
antigen positive). Immunofluorescence assays for nuclear TdT were done, but results
not included because of technical difficulties.

c.

Results

Tables I and 2 show the breakdown of ALL
in relation to other acute leukaemias and in
terms of immunological characterization.
The relative proportions of the four ALL
subclasses in relation to sex and age are
shown in Table 3. The clinical features of
the 11 adult cases of T cell leukaemia or
leukaemia-lymphoma are shown in Table

4.
D. Discussion
Our study showed "common" acute lymphoblastic leukaemia in approximately
50% of patients. This rate of cALLA positivity may be a reflection of the demographic status of Malaysia where there is a
fairly large middle class and a heterogeneous population of Malays, Chinese
and Indians [3]. This study also supports
the observation of approximately 60% cALLA positivity amongst Asian children in a
United Kingdom survey [4]. This is somewhat in contrast to the slightly lower incidence of common ALL in Mro-Caribbean
children.
The majority of T cell malignancies were
T-ALL lymphoblastic lymphoma-leukaemia with acute onset, marked leu67

Table 1. Acute leukaemia
diagnosed at University
Hospital, Kuala Lumpur,
January 1980 - February
1984

Table 2. Acute lymphoblastic leukaemia (ALL)
subtypes January 1980February 1984

Diagnosis

Total no.
of cases

No. of adult
cases
(> 15 years)

Acute lymphoblastic leukaemia
Acute myeloid leukaemia
Acute myelomonocytic leukaemia
Acute monocytic leukaemia
Acute promyelocytic leukaemia
Acute undifferentiated leukaemia

153
37
21
8
12
8

42
26
15
3
4
5

Total

239

95

Study

1"
2 b, C

No. of
patients
tested

Surface marker expression
ALL

T

B

Null

18
58

N.T. d
27

6
14

6

12
5

Limited study carried out before 1982. Only two markers were investigated: sheep erythrocyte (E) rosettes and surface membrane
immunoglobulin
b Study begun in 1982 as part of the international ALL subgroup survey (coordinated by Dr. M.P. Greaves, London); cells were analysed for E rosettes, CALL antigens and 12 other surface markers using monoclonal antibodies and immunofluorescent visualization
COnly 58 of the 79 cases seen since 1982 were studied; 6 cases could
not be characterized as anyone of the 4 subtypes
d N.T. = not tested
a

Table 3. Acute lymphob1astic leukaemia
(ALL) subtypes January
1982 - February 1984

Subtype

No.

Male

Female M:F
ratio

Common ALL
T-ALL
B-ALL
Null
Undetermined

27
14
6
5
6

14
9
4
4
5

13

cocytosis, hepatosplenomegaly, lymphadenopathy, and mediastinal mass on chest
X-ray. This disease was not confined to the
adolescent age group alone for it was noted
to be fairly uniformly distributed between 2
and 30 years of age. Greaves [5] has indicated that this disease is not confined to
adolescence. The approximate 25% inci-

68

5
2
1
1

1: 1
1.8: 1
2: 1

No. of cases
< 15 years of
age
17
9
2

dence of T-ALL is not strikingly different
from that observed in Western and industrialized countries.
The recent association of the adult form
of T cell malignancy with H1LV is perhaps
of great importance in understanding the
of lymphoid
malignancies.
biology
Epidemiological surveys such as this to-

Table 4. Clinical features of adult (> 15 years) T
cell malignancies
Clinical features

Number"

Mediastinal Mass
Skin involvement
Lymphadenopathy
Hepatosplenomegaly
CNS involvement
Pleural effusion
Lytic bone lesions
Hypercalcaemia
Leucocytosis

9
2
10
10

a

immunological studies, Mr. S. Y. Lim for technical assistance, and Puan Rohani for typing the
manuscript.
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The Epipodophyllotoxin VP16-213 in Combination Chemotherapy
for Adults with Acute Nonlymphoblastic Leukaemia
P. Jacobs!

A.

Introduction

Combination chemotherapy programmes
that include cytosine arabinoside and an
anthracycline antibiotic can cure adult patients with acute nonlymphoblastic leukaemia [1]. Furthermore, clinical trials using these two agents in different schedules
[2] and in combination with other active
drugs [3] has impressively improved complete remission rates [4]. It is an unfortunate fact that random leukaemic relapse
characterises survival curves for most reported treatment programmes so that a major discrepancy persists between improving
figures for complete remission and those
for survival beyond 5 years [5]. Further improvement in cure rate confronts the clinical scientist with two major challenges.
First, remission rates must be improved,
and here stratification of patients on the
basis of prognostic factors [6] to the most
appropriate chemotherapy to balance efficacy against toxicity requires clarification.
Second, the durability of complete remission must be improved and therapeutic approaches have included varying maintenance schedules, drug intensification, immunotherapy and the increasing use of
bone marrow transplantation [7]. Unfortunately, although results from clinical trials
are published [8], there is a striking paucity
of well-controlled randomised studies in

I University of Cape Town Leukaemia Centre
and the Department of Haematology, Groote
Schuur Hospital, Observatory, Cape, South
Africa
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the scientific literature to provide authoritative statements on these controversial issues [9]. We report the experience with 232
consecutive patients treated at a single institution in four consecutive trials, the last
of which is still in progress, exammmg
some of these variables.
B. Materials and Methods

Individuals over the age of 14 years with a
confirmed diagnosis of acute leukaemia
were eligible for studies approved by the
University Ethics Committee, and participated after having given informed consent. Routine haematologic assessment included morphological and cytochemical
characterisation of the leukaemic subtype,
and following its introduction all patients
were classified according to the FrenchAmerican-British (FAB) recommendations
[10]. Plasminogen activator was measured
as previously described [11, 12]. Venous access was ensured using a standardised
method [13]. All patients received full supportive care, including protocol management with appropriate antibiotics for infectious episodes, granulocyte [14] and platelet
[15] support from our own standardised
programme.
The four successive studies employed different chemotherapy regimens. In study 1
[16] (80 patients) daunorubicin (55 mg/m2)
was given on day 1 and cytosine arabinoside (70 mg/m2) by continuous infusion on
days 1-5. In study 2 [17] (40 patients)
VPI6-213 (60 mg/m2) was given on days
1-5, cytosine arabinoside (75 mg/m2) by

Table 1. Summary of 232 patients in four consecutive studies at the University of Cape Town. Study
3A is a short intensification (6 months) and 3B is an extended intensification (15 months). In study 4,
C represents patients being treated with the Cape Town Regimen (CTRIII) and D those being treated
with DAT
Measurement

Patient numbers
Complete remission (%)
Duration of complete
remission (weeks)
Courses
Number
Range
Survival of responders
(weeks)
Long survival (%)
10 years
5 years
2 years

Study 1

Study 2

Study 3
A

B

C

D

26
44
44

30
46
>24

30
46
>24

80
30
28

40
48.5
48

26
44
44

4
3-8
58

1
1-3
60

1
1
1-3 1-3
95
75

2
2
15

2.5
2.5

Study 4

1
2
1-3
2-4
>42
>42

8
30

A=shortintensification (6 months); B=extended intensification (15 months); C=CTRIII; D=DAT

continuous intravenous infusion on days 1
-5 and doxorubicin (40 mg/m2) on day 6.
In study 3 [18] (52 patients) the identical induction regimen was used and patients in
complete remission randomised to short intensification (6 months) or extended intensification (15 months) using 3 months of
escalating cyclophosphamide followed by 3
months of vincristine, methotrexate and escalating cytosine arabinoside. In the present study, which is continuing (60 patients
to date) the same three-drug induction programme (Cape Town Regimen/CTR III)
was directly compared with a combination
of doxorubicin (50 mg/m2) on day 1, cytosine arabinoside (200 mg/m2) on days 1-5,
and thioguanine (200 mg/m2) on days 1-5
(DA1); the patients in complete remission
were randomised to the same short or extended intensification regimens as study 3.
C. Results of the Four Studies are Shown
in Table 1.
D. Comments
The complete remission rate in study 1
compared with those described with the
same regimen from St. Bartholomew's Hos-

pital [19] is attributed to the late referral of
patients resulting in early deaths of type V
failure [17, 20]. This pattern has persisted in
the ensuing studies, emphasising the inappropriateness of comparing results of studies from different institutions where major
variable factors such as nutritional status
and clinical condition of patients on admission may differ so widely that valid
comparison is impossible. Similarly, this
observation emphasises the importance of
meticulous demographic description of the
patient population being treated and the
value of the randomised clinical trial which
will control for such factors and without
consideration of which the efficacy claimed
for different regimens reported from centres having their own characteristic patient
populations is very likely to be invalid.
The epipodophyllotoxin VP16-213 included in study 2, where the patient populations are comparable, shows a clear increase in complete remission rate and an
anticipated improvement in duration of remission and survival of responders. These
benefits are statistically significant and occur with a shorter period of induction since
the median number of courses to complete
remission is reduced from four to one, and
this difference is also significant. These two
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studies support the conclusion that addition of the epipodophyllotoxin VPI6-213,
which is known to have activity in adult
acute nonlymphoblastic leukaemia as a
single agent, represents an advance over
the use of cytosine arabinoside-anthracycline antibiotic combination.
The duration of intensification chemotherapy was assessed in study 3, and while
there is a trend in favour of a short period
of intensification, this difference is not
statistically superior to extended treatment.
In view of the small numbers involved a j3,
or type II, effect may obscure significant
benefit, and further studies are in progress
to accumulate the necessary number of patients to overcome this theoretical objection. These findings are consistent with
other available controlled evidence that
prolongation of maintenance or intensification therapy is, at best, of limited value
once complete remission has been consolidated.
Comparison of DAT and CTR III in a
currently active prospective randomised
study shows no benefit for replacement of
the epipodophyllotoxin VPI6-213 by thioguanine in regimens already containing
cytosine arabinoside and an anthracycline
antibiotic. Furthermore, the greater quantities of cytosine arabinoside used in the
DAT programme appear to be without additional benefit and a theoretical explanation may be synergism between epipodophyllotoxin and cytosine arabinoside
[21]. In this regard, it remains to be established whether, in the particular population being treated at this institution, further
drug escalation, as in a 7-and-3 regimen
[22] or the Barts 10 programme, would improve remission rates by decreasing the
number of patients with primary drug resistance (type I or type II induction failure)
without a commensurate loss due to excessive toxicity (type III or type IV induction
failure). Similarly, it is now also necessary
to prospectively compare increasing
amounts of cytosine and anthracycline in
patients randomly receiving the same
amount of these two agents in combination
with the epipodophyllotoxin; such a study
is currently being developed.
Prognostic factors provide the most useful basis for stratification [23]. However,
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our own studies have failed to show statistical correlation between remission rate or
survival with the FAB classification, age, in
vitro bone marrow culture [24], initial white
cell [25], platelet or blast count [26]. Our
experience shows the best correlation to be
with patients's achievement of complete remission, and that this appears to correlate
closely with the species of plasminogen activator secreted in vitro by leukaemic blasts
[11, 12]. Data from study 3 and study 4
have been reanalysed following stratification using this criterion, and to date all
individuals secreting the 70000 daltons or
tissue species of plasminogen activator
have shown primary drug resistance to
regimens containing conventional doses of
cytosine arabinoside and an anthracycline
antibiotic, whether in combination with
thioguanine or the epipodophyllotoxin
VPI6-213. In contrast, those secreting
either the urokinase or a mixed pattern
have a complete remission rate in excess
of 80% with the same induction chemotherapy. Clearly, biological stratification of
previously untreated adults with acute nonlymphoblastic leukaemia on the basis of
their plasminogen activator status, at least
in our experience, appears to provide a
rational means for selecting chemotherapeutic programmes. Support for this con - .
cept is found in preliminary experience
(P. Jacobs, unpublished work) that high
dose cytosine arabinoside [27] is effective
salvage therapy in such individuals.

E. Summary
A total of 232 previously untreated adults
with acute nonlymphoblastic leukaemia
were consecutively entered into four successive studies. In the first, complete remission rates and survival were inferior to a
group treated on the same regimen in London, suggesting population differences,
possibly on the basis of late referral and
poor nutritional status. In the second study
the addition of the epipodophyllotoxin
VPI6-213 to conventional doses of doxorubicin and cytosine arabinoside improved
complete remission rate and median duration of survival. In-the third study this induction programme was unchanged and
short duration of intensification was com-

pared with an extended period, but no statistically significant difference was demonstrated. In the fourth study, which is currently active, the role of the epipodophyllotoxin VP16-213 (Cape Town Regimen/C1R. III) was compared with the
same two agents in combination with thioguanine (DA1), but to date no difference in
remission rate or survival is evident. Four
conclusions are supported by data from
these studies. First, the addition of VP16213 to doxorubicin and cytosine arabinoside improves complete remission rate, prolongs median duration of complete remission and survival, with shortening of the time
taken to achieve this status in our population. Second, evidence to date shows no advantage for the DAT programme containing thioguanine over CTR III in which this
latter agent is replaced by the epipodophyllotoxin VP16-2l3. Third, there is no
statistically significant difference in survival
once patients have achieved complete remission following randomisation to receive
6 months in comparison with 15 months of
intensification therapy. Finally, of the previously described prognostic factors, only
response to initial chemotherapy has proved significant. However, our recent experience indicates that the species of plasminogen activator secreted by the leukaemic
blasts allows identification of patients with
primary drug resistance to regimens containing conventional doses of cytosine
arabinoside and doxorubicin, and may offer a practical approach to initial use of
alternative chemotherapy, particularly high
dose cytosine arabinoside.
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Treatment of Acute Lymphoblastic Leukemia in Childhood:
A Report for the ALL 77-02 Group *
R. J. Haas, G. Gaedicke, U. B. Graubner, and G. Meyer

A. Patients and Methods
Since 1 December 1979, 149 children with
acute lymphoblastic leukemia (ALL) have
been treated according to the prospective
study protocol ALL 77-02 [5]. Patients'
characteristics are given in Table 1. High
risk patients are defined by WBC > 25
X 103 / mm3 and/or T cell marker, AUL, or
B cell ALL. The treatment protocols for
standard risk and high risk patients are
given in Figs. 1 and 2. During consolidation therapy, three intermediate dose
methotrexate infusions [2] were administered at lO-day intervals; 24 h after the end of
M1X infusion, L-asparaginase and ci-

* Childrens Hospitals of the University of Ulm

trovorum factor were given [7]. The second
part of consolidating consisted, in therapy
group B of high dose cyclophosphamide
(X2) and intramuscular Ara- C (X 16) [6].
In both protocols, cranial irradiation was
used to treat occult CNS leukemia: standard risk 18 Gy, high risk 24 Gy. All pa-

Table 1. Patient characteristics
Number
149
5 years, 11 months
Age (median)
36
Age < 2 > 10 years
82
Boys
16
Mediastinal mass
CNS positive
8
87
Hepatosplenomegaly
Leucocytes < 25 OOO/mml 102
Leucocytes > 25 OOO/mml 47
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Fig. 1. Treatment protocol,
therapy A (standard risk).
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Fig.3. Life table analysis of probability of continuous complete remission according to therapy

tients received nine doses of intrathecal
MTX. Different doses of intrathecal MTX
were applied in different age groups [1]:
patients less than 1 year of age received
6 mg; patients 1-3 years of age received
8 mg; patients older than 3 years received
12 mg. Maintenance therapy consisted in
both groups of daily oral 6-MP (60 mg/m2)
and weekly oral MTX (30 mg/m2). Treatment was discontinued after 30 months.

B. Results
The clinical course of 81 standard risk and
68 high risk patients is given in Table 2. In
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Fig. 3, the life table analyses of the entire
group, the standard risk group, and the
high risk group are given. The 36 months
probability of surviving in continuous comTable 2. Clinical course
Groups

Total

Standard
risk

High
risk

Number
Nonresponders
Early deaths
Deaths during
remission
CCR patients
Marrow relapses
CNS relapses
Testes relapses

149
1

81

68
1

7
5

4

3

1

4

118
12

68

4

1

50
6
3

2

1

1

6

ciT -ALL n·

5

1UU-r""""t:::::==:::::=t==~I-~-:--:~~-------c-ALl

n • 90

1.00 ISo 0.00)

6---t~=;=~~t=:::====:=::::::::::::::
0.87 ISo O.oel
T-ALl
n. 19
0.841So0.Q6l
a:::
u
u

;:

I

RELATIONSHIP OF CCR 10 CELL St.WACE - MARKER

4

8

12

16

20

24

32

28

MCM"HS

Fig.4. Life table analysis of probability of continuous complete remission according to cell surface markers
Table 3. Clinical
markers

findings

and

cell

surface

hematologic remission in all patient groups
could be improved by intensification of the
consolidation therapy by intermediate dose
MTX. It could also be shown that the use of
MTX and radiation therapy was effective
for prevention of eNS leukemia.

Groups

c

ciT

T

AUL

Number of patients
(124 total)
Boys
Mediastinal mass
Leukocytes X 103
Number> 25 000

90

5

19

10
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plete remission is 84% for all patients, 97%
for standard risk and 72% for high risk patients. The subtypes of ALL according to
surface markers [3, 8] are given in Table 3.
In Fig. 4, a comparison of the probability of
continuous complete remission for patients
with different ALL surface markers is
given.
C. Conclusion
As compared with our former study 77-01
[4] these data suggest that the duration of
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Recent Results from Total Therapy Study X for Standard
and High Risk Acute Lymphoblastic Leukemia in Children:
Recognition of New Clinical and Biologic Risk Fea'tures *
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D. Williams, L. Dow, and G. Rivera
A.

Introduction

The initiation of Total Therapy Study X in
1979 marked important new directions for
leukemia studies at St. Jude, since for the
first time treatment for standard and high
risk forms of lymphoblastic leukemia differed radically. Furthermore, recognizing
the heterogeneity of childhood ALL, the
blast cell characteristics of each new patient
were prospectively investigated by standard
methods [1-3], and the independent impact
of various clinical and biologic features on
the outcome of therapy was thoroughly investigated. This report will present highlights of our recent results.
B.

Total Therapy X: Study Design

For purposes of protocol assignment, children with ALL were defined as high risk if
they possessed any of the following features
at diagnosis: white blood cell count greater
than 100000/mm3 , a mediastinal mass,
lymphoblasts forming spontaneous rosettes
with sheep erythrocytes (E +), and/or central nervous system disease. Children lacking these features were standard risk. Using
these criteria, approximately 20% of our
childhood ALL population is classified as
high risk, and the remaining 80% are standard risk.

* Leukemia Division, Hematology/Oncology
Department and the Pharmacokinetics and
Pharmacodynamics Section, Pharmaceutical
Division, and the Pathology Department, St.
Jude Children's Research Hospital, USA
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The background and rationale, specific
drug schedules and dosages, and preliminary results of Total Therapy Study X for
standard risk (X-S) and high risk patients
(X-H) have been presented in detail elsewhere [4, 5]. Briefly, Total Therapy X-S
asked the following questions: (a) can the
hematologic relapse rate in standard risk
ALL be reduced by periodic intravenous
(i.v.) infusions of methotrexate or by a sequence of drug pairs during continuation
therapy; and (b) can central nervous system relapse be adequately prevented by
alternative treatments, rather than the standard 2400 rad cranial irradiation and intrathecal (i. t.) methotrexate early in remission? After remission induction with
prednisone, vincristine, and asparaginase,
standard risk patients were randomized into two groups: (a) IVIT, i.e., methotrexate
(1000 mg/m2) in 24-h i.v. infusions, plus i.t.
methotrexate, weekly X 3, followed by a
standard backbone of oral daily mercaptopurine and weekly methotrexate
maintenance for 120 weeks, interrupted
every 6 weeks for the first year for an i. v.
MTX infusion with coordinated intermittent i.t. MTX treatments; and (b)
RTSC, i.e., cranial irradiation (1800 rad)
plus i.t. methotrexate, followed by rotational sequential combination drug pairs for
the first year of maintenance, with
methotrexate plus mercaptopurine (weeks
1-36), cyclophosphamide and adriamycin
(weeks 36-54), VM-26 and Ara-C (weeks
54-72), followed by an additional standard
year of oral mercaptopurine and methotrexate (weeks 72-120).

Study X-H examines the efficacy of early
and intermittent treatment with a new drug
pair, VM-26 and Ara-C, questioning
whether or not the high risk for relapse
could be reduced by use of this drug
combination, superimposed on an otherwise standard antileukemia regimen. Treatment begins with VM-26 (165 mg/m2) plus
Ara-C (300 mg/m2) twice weekly for 2
weeks, followed by prednisone, vincristine,
and asparaginase at standard doses for 4
weeks. Following this early therapy, an additional2-week consolidation phase ofVM26 and Ara-C at the same dosages and on
the same schedule preceded continuation
therapy with daily mercaptopurine and
weekly methotrexate, both administered
orally for 30 months. In addition, 2-week
reinforcement pulses of VM-26 and Ara-C
are given every 8 weeks for the first 12
months. Central nervous system prophylaxis is by means of intermittent intrathecal
methotrexate during the first year of therapy, following which patients in remission
receive cranial irradiation (2400 rad).
C.

Results

From June 1979 until the end of 1983, 330
children with standard risk ALL entered
Total X-S, and 94% achieved a complete remission in 4 weeks. Subsequently, 154 were
randomized to the IVIT methotrexate arm
of continuation therapy, and 155 were randomized to receive the rotational combination drug treatment, RTSC. During the
same period, 101 children with high risk
presentations of ALL entered Total X-H,
and 84 % achieved remission.
The results to date, as of May 1984, with
a median follow-up of 2 years, are statistically superior to our institutional historical
experience with comparable standard and
high risk patients treated on Total Therapy
Studies VIII and IX. The added benefit of
the addition of VM-26 and Ara-C to the
antileukemic management of high risk ALL
patients is particularly apparent, as approximately 50% of patients continue in
their first complete remission for 2-3 years
following diagnosis. Protection against central nervous system relapse in the group of
children on X-S receiving 1800 rad cranial

irradiation, plus intrathecal methotrexate
(RTSC group) has been adequate and better than the IVIT group, though there is at
present a slight superiority in the proportion of patients in continuous complete
remission on the IVIT arm of X-So Whether
IVIT methotrexate therapy prevents or
merely delays relapse and/or whether it is
an acceptable alternative for CNS prevention for children with good prognostic
features (for example WBC less than
10000) will require longer follow-up. Faster rates of systemic methotrexate clearance
following i.v .. MTX treatment have also
been identified as a factor associated with a
higher probability of early relapse [6],
underscoring a need for further study of interindividual variability in pharmacodynamics as a critical determinant of end
results of leukemia trials.
D. Risk Analysis: Recognition
of New Factors
In addition to the clinical features of wellestablished prognostic importance in childhood ALL, such as age and initial circulating white cell count, our studies have revealed new biologic features which have independent prognostic impact on the outcome of therapy in Total X. We have found
the most important biologic variables determining the outcome of therapy for ALL
to be related to the genetic characteristics
of the leukemic clone, as revealed both by
the study of the karyotype and by determination of the degree of aneuploidy as measured by the flow cytometric determination
of the DNA index ([1,2,7] and Williams et
al. in preparation). The DNA index (DI),
i.e., the ratio of the DNA content of leukemic versus normal GO/G 1 cells, ranges
from 1.06 to 2.0, median 1.2. In our experience, children with a DI > 1.16 have significantly better responses to treatment on
Total X-S than do those with either a
diploid or pseudodiploid DNA content
(DI = 1) or those in the intermediate
range, DI = l.01-l.15. Such cases with
DI > l.16 correspond to those with > 53
chromosomes in the leukemic stem line, a
correlation which accounts for the good
prognosis associated with this ploidy group,
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Table 1. Pretreatment risk assessment for ALL
cases assigned to Total Therapy study XI
Risk factor"

Unfavorable characteristics

DNA index
Cytogenetics

~

Race
White blood cell
count
Age

1.15
Pseudodiploid or translocation present
Nonwhite
~25 000/mm 3
<2 or > 10 years

" Better risk patients are defined as possessing
either none or only one unfavorable characteristic at diagnosis. Worse risk cases are defined
as having two or more unfavorable features

as previously reported by us and noted by
the Third International Workshop of Chromosomes in Leukemia [8]. Cases with hyperdiploid cellular DNA content (DI >
1.16) are also associated with the favorable
age range of 2-9 years and with blast cell
surface expression of the common ALL
antigen. Though flow cytometry has definite advantages over conventional karyotyping for the detection of hyperdiploid
ALL cases, cases with 44-48 chromosomes
can not reliably be distinguished from
diploid; and, of course, flow cytometric
analysis does not detect the presence of
structural chromosome abnormalities such
as balanced translocations, since the net
DNA content is unaffected. Karyotypic
translocations are an important and unfavorable prognostic feature with an independent adverse impact on outcome,
even after adjustment for white blood cell
count, age, and other features of conventional prognostic significance. Translocations have not been observed in our experience in ALL cases with more than 50
chromosomes. The techniques of flow cytometry for analysis of cellular DNA content and karyotype analysis for detection of
structural chromosome abnormalities in
leukemic cell populations are thus complementary techniques, desirable in the
study of every newly diagnosed case of
ALL, and helpful for risk assessment in
treatment stratification. Indeed, in our new
80

front-line treatment protocol for children
with ALL (Total Therapy Study XI), we
have incorporated both the cytogenetic
analysis and the DNA index, along with initial white blood cell count, age and race,
into a newly devised pretreatment risk assignment (Table 1) based on the multivariate analysis of our experience in Total
Therapy Study X.
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Leukemia: An Update of the German Cooperative Study
AML-BFM-78*
J. Ritter, U. Creutzig, H. J. Riehm, W. Brandeis, V. Gerein, G. Prindull, M. Rister
and G. Schellong

A. Introduction
Major progress in the treatment of children
with acute myelogenous leukemia has occurred in the past decade. Advances in
chemotherapy and supportive care have
been associated with an increase in the
complete remission (CR) rate, and more
important, an increase in the duration of
first remission [1, 5]. In addition, bone marrow transplantation in first remission may
provide a new approach for a selected
group of patients to improve further on
treatment results for AML [3, 4]. In 1978
the AML-BFM-78 chemotherapy protocol
was initiated by the German cooperative
group with encouraging early results [1, 2].
This report is an update of the trial.
B. Patients and Methods
A total of 151 children with AML from 30
German pediatric centers entered the cooperative study AML-BFM-78 between December 1978 and October 1982. Induction
therapy consisted of vincristine, adriamycin, prednisone, cytosine arabinoside
(Ara-C) and 6-thioguanine for the first 4
weeks. After a treatment-free interval of
1-2 weeks, a combination of cyclophosphamide, Ara-C, 6-thioguanine, and adriamycin was administered for an additional 4 weeks, together with CNS
prophylaxis consisting of four intrathecal

*
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methotrexate injections and cranial irradiation. For remission maintenance,
daily 6-thioguanine was given together
with monthly cycles of subcutaneous Ara-C
for 4 days. In the first year, patients also received one dose of adriamycin every 8
weeks. In children with CCR, maintenance
was stopped after 2 years [1].
The diagnosis AML was based upon the
morphological and cytochemical criteria of
the FAB classification. Patients who failed
to achieve CR after the induction regimen
were classified as nonresponders. Relapse
was diagnosed on appearance of more than
5% of blasts in the bone marrow or of leukemic cells at any other site. Methods of
statistical analysis were the life table
method according to the Kaplan-Meier and
Cox regression model. Date of analysis was
I May 1984.

c.

Results

In all, 119 (79%) children achieved CR. After a median follow-up time of 40 (17-62)
months, 52 relapses have occurred. Two
late relapses occurred after 40 and 58
months, whereas all the other relapses were
within the first 30 months. The results for
the major morphological subtypes according to the FAB classification are given in
Table 1. Life table analysis - influenced by
the two late relapses - reveals a probability
for remaining in CR of 42% ± 10% at 62
months for patients having achieved CR
and of 31 + 7% for all patients entered into the trial. No risk factors for relapse could
be identified so far, whereas early fatal
hemorrhage occurred predominantly in

Table 1. AML-BFM-78 results by morphological subtypes
M1

Patients
Early deaths
Nonresponders
Complete remission
Relapses

M2

M3

6
36
34
3
0
3
4
1
0
29 (80%) 33 (97%) 3
10
17
0

children with the MS subtype and in children with initially high WBC. An initially
high WBC and liver enlargement were unfavorable parameters for achieving CR.
D. Discussion and Conclusions

M4

M5

M6

32
40
3
0
9
4
0
3
5
31 (77%) 20 (62%) 3
6
16
3

All
patients
151
19
13
119
52

6. The results of the AML-BFM-78 trial
emphasize the probability of cure for a significant proportion of children with AML
as a consequence of intensive remission induction and postremission multidrug treatment.

The update of the German AML-BFM-78
study reveals:
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Clinical Experiences with a Modified BFM Protocol in Childhood
Acute Lymphoblastic Leukemia *
F. Zintl, H. Malke, and W. Plenert

A. Introduction
The most important problem in current
therapy of childhood acute lymphoblastic
leukemia (ALL) is a failure in over one-half
of patients. We were unable to increase the
failure-free survival of children with high
risk ALL by a ten-drug regimen (modified
LSA2 L2 ) above 30% at 6 years [1].
The results of the West Berlin therapy
study between 1970 and 1976 confirmed

*

the hypothesis that intensification and prolongation of remission induction produce a
higher percentage of disease-free long-term
survivors [2]. We decided in 1981 to adopt a
modified BFM protocol for ALL therapy in
our group [3]. This paper presents preliminary results of this multicenter randomized
study.

B. Materials and Methods
I.

UniversWits-Kinderklinik Jena, Abt. Hamatologie/Onkologie/lmmunologie, KochstraBe 2,
6900 Jena, GDR

Patients

A total of 208 consecutive, previously untreated children with ALL were entered in-

Table 1. Characteristics of patients in the study
Characteristics

Patients
Median age at diagnosis (years)
2 years
10 years
Boys
Median age at diagnosis (years)
Girls
Medianage at diagnosis (years)
Leukocytes 25 OOO/mml
50000/mml
1000oo/mml
CNS involvement
Mediastinal mass
Liver 5 cm
~km5~

Acid phosphatase positive

84

Total

SR

HR

MR

N

(%)

N

(%)

N

(%)

N

(%)

208
5

100
3/12
6
24
53
10/12
47
9/12
26
15
8
4
8
32
27

133
5
5
31
79
5
54
4
11
2

100
1112
4
23
59
5/12
41
10/12
8
2

60
5
5
12
23
5
37
5
34
20

100
3/12

15

100
10/12
20
40
60
0/12
40
10/12
67
67
60
14
33
100
100

13

49
111
5
97
4
55
32
16
9
17
67
57
46

22

8

5
10
15

4
7
11

2
2
37

9

7

33

20
38
4/12
62
2/12
57
33
12
3
3
62
55

26

20

15

25

o

7

9

3
6
9

11
6
3
10
10
9

2
5
15
15

5

33

Standard risk patients (RF< 1,2)

r---ll.--'

ma
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II
III

~

Random.

0
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~ 0088
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e:J
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~

~
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I

o

~
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I

I

I

I

I

I

I

I

I

I

I

8

16

24

32

40

48

56

64

72

80

88

11: Protocol I Phase 1 (Day 1 - 28)
12A1B: Protocol I Phase 2 (Day29-56)
with t without eNS - irradiation
II: Protocol II
III: Protocol III
IV: Protocol I V

I
96

I

104 Weeks

6 MP P.O.
MTX P.O.
MTX IT and
MO MTX IV.

Fig. 1. Schedule for the modified BFM-protoco1
(ALL study VIII 8 1)

spleen enlargement: standard (SR), medium (MR), and high risk (HR) groups [4].

to the study (VlII81) between September
1981 and March 1984. Patients' characteristics are given in Table 1. Patients were divided into three risk groups according to
the initial leukocyte count and liver and

II. Treatment
The treatment comprises induction therapy
with eNS prophylaxis, reinduction therapy, and continuous maintenance therapy
(Figs. 1-5). The induction protocol I, con-

Fig. 2. Outline for the induction protocol
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Fig. 3. Outline for the reinduction protocol II (MR
patients)
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Fig. 4. Outline for the reinduction protocol III (SR
patients)
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Fig. 5. Outline for the
reinduction protocol IV
(RR patients)

sisting of two phases, was identical for each
risk group. The reinforced reinduction protocols were risk adjusted: protocol III for
SR, protocol II for MR, and protocol IV for
HR patients. For prophylactic CNS therapy
in the SR group, patients were randomized
to receive cranial irradiation and intrathecal methotrexate (MTX) or medium
dose methotrexate (500 mg/m2) and intrathecal methotrexate (Fig. I). For the duration of maintenance therapy, patients were
randomized after 78 weeks to receive MTX
and 6-MP for another 6 months or protocol
III. The induction therapy of the BFM
scheme was modified by reducing L-asparaginase in dose and duration. The reinduction with protocol III before stopping
therapy was the second modification to the
BFM protocol.
III.

Statistical Analysis

Complete remission (CR) was defined as
less than 5 % bone marrow and no evidence
of extramedullary leukemia. Kaplan-Meier
analysis were performed for survival and

continuous CR. Failure is defined as induction failure, initial relapse at any site,
death during induction, or death during
initial CR.

c.

Results

Preliminary results are summarized in
Table 2. It was found that 93% of patients
attained CR after 4 weeks of therapy. The
cumulative proportion in continuous CR is
0.77 ± 0.04 for the total group of 195 patients (Fig. 6). No significant difference was
found between the treatment groups SR
(0.83 ± 0.04) and MR (0.78 ± 0.07)
(Fig. 7). Of 14 HR patients, 11 (79%) attained CR. One died in CR and four relapsed (three bone marrow relapses, one
CNS relapse). Thus, the proportion in continuous CR was 0.19 ± 0.16. Of the total
number of children, 12 relapsed. Eight patients had isolated marrow relapse. Isolated
CNS rela pses occurred in two children.
One patient had a simultaneous marrow
and CNS relapse and one patient had an
isolated relapse in the eye. Patients with

Table 2. Summary of results
Results of therapy
(0-30 months)

Patients
Not yet in remission
Early deaths
Deaths in initial stage
Complete remission
Deaths in remission
Relapses
BM
CNS
BM+CNS
Testes
Others (eye)
In first remission
Alive
Proportion in continuous
complete remission
Median time of remission
(months)

Total

MR

SR

HR

N

(%)

N

(%)

N

(%)

N

(%)

195
13
9
5
181
8
12
8
2
1

100

124
9
5
3
116
5
4
2
1

100

57
3
1
2
54
2
4
3

100

14
1
3
0
11
1
4
3
1

100

1

2

48
50

84
88

6
9

43
64

161
168

5
3
93
4
6
4
1
1
1
82
86

0.77±0.04
12

1
107
109

4
3
94
4
3
2
1
1
86
88

0.83±0.O4
12

2
4
95
4
7
5

0.78±0.O7
12

21
79
7
29
21
7

O.l9±O.l6
12

87

1.00

0.75
0.77 ( SO =0.04)
QI
QI
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2

Fig.6. Probability of continuous complete remission (195 patients, 161 in continous complete
remission). Failure = end of remission by relapse or death for any reason

initial WBC above 50 Gptll did worse than
those who had WBC below 150 Gptll
(Fig. 8). There were no significant differences in failure-free survival in SR and
MR patients with WBC greater or less than
125 GptlI. Within the groups of SR and MR
Fig. 7. Difference in the duration of continous
complete remission (CCR) of the three risk
groups. Dotted line standard risk (124 patients,
107 in CCR); full line medium risk (57 patients,
48 in CCR); dashed line high risk (14 patients, 6
in CCR)

3

Years

patients, mediastinal mass was not significantly related to outcome. The differences
over the total group for the parameters
thymic involvement and age are closely related to high WBC in HR patients.
D. Discussion

Kaplan-Meier life table analysis of failurefree survival data for 195 patients with ALL
of different risk estimates that 77% ± 8% of
patients will be in continuous CR 30
months after diagnosis. Although the median time of remission in our study is just
12 months, these results represent a marked
improvement compared with former studies. Our results support the hypothesis of
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Fig. 8. Probability of continuous complete remission (CCR) in patients with different initial
white blood cell counts. Dotted line <25 Gptll
(142 patients, 122 in CCR); dashed-dotted line
25-50 Gptll (22 patients, 18 in CCR); dashed line
50-100 Gptll (16 patients, 11 in CCR); full line
>100 Gptll (15 patients, 8 in CCR)

the BFM group that intensification and
prolongation of remission induction produce a higher percentage of disease-free
long-term survivors [2, 5]. Patients in the
HR group (risk factor > 1.7) did worse
than those in the SR and MR groups. This
is in marked contrast to the results reported
by the BFM group [5].
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A. Introduction
Drug resistance remains a major obstacle
to cure of patients with acute leukemia. At
the present time, most centers are reporting
90% complete remission rates in acute lymphatic leukemia (ALL) and 70%-80% complete remission rates in patients with acute
nonlymphocytic leukemia (ANLL). However, 5-year disease-free survival rates are
only 50% and 10%-15%, respectively, in
these diseases. This is almost certainly due
to the development of drug resistance even
to the combination chemotherapy programs utilized to treat these diseases [1].
In this paper, we review the mechanisms
by which cells become resistant to
methotrexate (MTX) and strategies to
eradicate selectively leukemic cells that
have acquired resistance to the drug.
B. Mechanisms of Acquired Resistance
toMTX
Methotrexate has been an excellent model
drug for the study of acquired drug resistance. There is little metabolism of the drug
intracellularly (except for polyglutamylation discussed below), the mechanism of
action of the drug is well known [inhibition
of the enzyme dihydrofolate reductase
(DHFR)], and at least three and possibly
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four different causes of acquired resistance
to this drug have been observed. In addition very sensitive assays for DHFR enzyme activity have been developed, as well
as mouse and human cDNA probes to detect gene amplification by sensitive "dotblot" techniques [2].
When cell lines or transplanted experimental tumors are exposed to MTX, and
resistant cells emerge, resistance usually is
due to one of two causes. These are either
an increase in DHFR or a decreased uptake
of MTX. Less commonly observed have
been resistant sublines with an altered
DHFR (reviewed in [4]) or a decrease in
MTX polyglutamate formation [5].
C. Increased Levels ofDHFR as a Cause
of MTX Resistance Gene Amplification
Mouse, hamster, and human MTX-resistant cell lines have been described in recent
years that have increased levels of DHFR
(reviewed in [4]). When these lines have
been examined with appropriate cDNA
probes, in all cases gene amplification has
been found to accompany the increase in
DHFR level, as well as a corresponding increase in the level of mRNA(s) for this enzyme.
We have recently described three MTXresistant sublines obtained from human
cells propagated in continuous culture with
an increased level of DHFR: a lymphoblastic leukemia line (CEM-CCRF) [6),
a blast-cell line (K562) [7], and a colon cancer cell line (HeT 8) (J. R. Bertino, unpublished observation). In all of these circum-

Table 1. Dihydrofolate reductase activity and
gene amplification in human cell lines resistant
toMTX
Cell line

DHFR
enzyme
Increase
(fold)

CEM-CCRF (R1 )
K-562/MTX
HCT-8 (R1 )

20
200
50

DHFRgene
copy increase
(fold)

18

200
40

stances, the increased level of D HFR was
found to be associated with an increased
level ofDHFR gene copies (Table 1). Of interest is that two of these lines, CEMCCRF IR and HCT-8/R, when exposed to
continued increased levels of MTX developed an additional transport defect for
MTX or an altered DHFR, respectively (see
below), presumably as a second mutational
event in one of the amplified DHFR genes.
When the chromosomes of these sublines
with increased levels of DHFR were examined, the K562/MTX line showed a clearly
demonstrable abnormal or homogeneous
staining region (HSR) [7]. This cell line has
three HSRs not found in the parent sub line
that have been identified as modified chromosomes :f:I: 5, 6, and 19. This subline has
remained stably resistant even in the absence of MTX for a period of 6 months. In
general, this finding is in accord with previous reports that sub lines resistant to MTX
with a high level of stable resistance demonstrate a HSR, while cell lines with unstable resistance are associated with an increase in "double minute" chromosomes,
i.e., small paired chromosomal bodies lacking a centromere [8].
The location of the unique DHFR gene
in human cells has been reported to be on
the :f:I: 5 chromosome [9]: of interest is that
another Burkitt's human cell line resistant
to MTX was found also to have a large
HSR in the :j:j: 5 chromosome. However,
another report of a KB human cell line also
highly resistant to MTX contained an HSR
in the :f:I: 10 chromosome [10]. In situ
hybridization with a human cDNA probe
has not yet been reported with any of these
cell lines, so it is likely, although unproven,

that these HSRs are the site of the amplified D HFR genes.
The human DHFR gene [7, 11, 12] has
been reported to be very large (ca. 30 kb),
similar to the size reported for the mouse
gene [13]. The availability of both mouse
and human cDNA probes has allowed us to
demonstrate that there is a significant sequence diversity in the noncoding 3' end of
the gene [7]. Chen et al. [12] and Masters et
al. [11] have shown the presence in human
DNAs of intronless DHFR genes or pseudogenes, which are nonfunctional [12]. Apparently these pseudogenes are not amplified in resistant cells; therefore they are
easily missed in Southern blots from resistant-celliines [12].
D. Gene Amplification as a General
Mechanism of Resistance to Anticancer
Drugs
Since the initial description of gene amplification as the mechanism by which mammalian cells become resistant to MTX,
there have been several examples of gene
amplification in cell lines resistant to other
drugs (Table 2). Thus, it has become evident that this is a mechanism by which cells
can increase the production of a target enzyme or receptor, thus resulting in a drugresistant phenotype. Although not demonstrated conclusively as yet, the multi drugresistant phenotype (cross-resistance to several natural product anticancer agents
when resistance is developed to only one)
may also be due to gene amplification.
E. Gene Amplification in Patients with
Leukemia Resistant to MTX
Although gene amplification is commonly
observed in MTX-resistant sublines, it was
important to demonstrate that this event
occurs in patients developing resistance to
this drug. It was expected that a low level
of amplification would be sufficient to
cause MTX resistance, since the dose of
MTX that can be safely administered is
limited by toxic effects on normal tissues.
In the three patients reported (two leukemia [2, 3] and one small-cell lung car91

Table 2. Examples of gene amplification in drug-resistant sublines
Drug

Target enzyme or receptor increased

MTX
PALA
Ca2 +
Albizzin
5- Fluorodeoxyuridine
Hydroxyurea
Deoxycoformycin
Colchicine (actinomycin D,
vinblastine, anthracyclines)

Dihydrofolate reductase
Aspartate transcarbamylase
Metallothionein
Asparaginase synthase
Thymidylate synthase
Ribonucleotide reductase
Adenosine deaminase
Membrane protein (GP-170)

cinoma [22]), MTX resistance was found to
be due to a low level of gene amplification
(two- to fourfold). We are presently
examining cells from additional leukemia
patients thought to be clinically resistant to
MTX in order to determine the frequency
of this event as a mechanism of drug resistance to MTX. This will be of importance in
regards to alternative treatment strategies
(discussed below). We have found a rapid
screening test for MTX resistance useful in
determining whether resistance to MTX is
present (PH] deoxyuridine incorporation
into DNA in the absence and presence of
MTX [23]).
F. Altered DHFR as a Mechanism
for MTX Resistance
In experimental sublines propagated in vitro or in vivo, alteration of DHFR as a
cause of MTX resistance is less commonly
observed than is impaired transport or elevated DHFR [24]. Several lines have been
reported, however, with altered DHFR enzymes, and one gene has been cloned, and
the cDNA sequenced [25]. Table 3 lists the
lines that have been described, and the
alteration of enzyme activity observed in
regards to MTX affinity. It should be pointed out, however, that most of these lines
contain normal as well as altered genes,
and unless the two enzymes are separated
completely, the MTX-binding data may be
misleading. We have recently obtained a
cell line with an altered DHFR from the
HeT-8/R line that also contained an elevated normal DHFR. This line contains an
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Gene am plification

Ref.

Yes

[16]
[17]
[18]

Yes
Yes
Yes

[19]

Yes

[20]
[21]
[22]

(?)

[23]

(?)
(?)

Table 3. Examples of altered mammalian
DHFR enzymes from MTX-resistant cells
Source

Ref.
Decrease of
MTX/binding
to MTX (fold)

CHO (hamster)
Ll210 (mouse)
WI-L2 (human)
3T6 (mouse)
HCT-8 (human)

4
10
50
270
100

L5178Y (mouse)

100,000

[31]
[30]
[32]

[27]
J. R. Bertino,
unpublished
observation
[29]

enzyme with a relatively high Vmax as compared with the 3T6 MTX-resistant line.
Thus we believe that a mutation at a different site(s) has occurred, as compared
with the 3T6 mutation. Since it is believed
that some 13 amino acids are involved in
MTX binding to DHFR [26], it is possible
that mutations affecting any of these binding sites may produce an altered DHFR.
These altered DHFR sublines have been
extremely valuable as drug-selectable genes
for DNA transfection studies, in particular
the cDNA from the 3T6 cell line that has
been inserted into plasmid and retrovirus
vectors [25, 27, 28].
G. MTX Resistance Due to Impaired
Transport
Impaired MTX transport, like increased
DHFR enzyme activity, has been noted to
be a relatively common mechanism of re-

sistance to this antifolate. In one study of
drug resistance produced in vivo to cells in
mice, impaired transport was as commonly
noted as elevated DHFR as the cause of
MTX resistance [24J. Little is known about
the molecular nature of this resistance,
which involves the carrier transport system
present for the active transport for reduced
folates (5-methyltetrahydrofolate, 5-formyl
tetrahydrofolate). While this could also be
an example of gene amplification, there
was no cross-resistance to other antitumor
agents noted when a CEM-CCRF transport
mutant sub line was tested [33J. Thus far,
the mammalian transport system for reduced folates and MTX has not been isolated or characterized, but these resistant sublines may allow an approach to this problem.
H.

Eradication of Drug-Resistant Cells

Although the probability of drug resistance
occurring to MTX may be decreased with
the use of drug combinations, this possibility is limited for the treatment of many human malignancies because of the lack of
useful agents for treatment. Also, the addition of alkylating agents to combination
regimens may increase the probability of
mutations leading to MTX resistance in
surviving cells. Of great potential importance is the recent work of Schimke et aI.,
which suggests that gene amplification may
be facilitated by agents that interrupt DNA
synthesis early in S-phase [34J. Strategies to
eradicate MTX-drug-resistant cells have
been suggested by us as well as by others
[35-38]. A general approach involves the
use of high specific activity PH] deoxyuridine in the presence of MTX and hypoxanthine and thymidine [35]. This
combination would be lethal for MTX-resistant cells, since MTX would not block
[3H] deoxyuridine incorporation into DNA,
while in sensitive cells it would. This approach works in vitro, but will probably be
impractical for in vivo use.
We have recently utilized a new inhibitor
of DHFR, trimetrexate (TMQ) [39], to treat
MTX-resistant cells [33J. Trimetrexate or
other folate antagonists that accumulate in
cells to high levels and do not use the folate

Table 4. Effect of MTX and TMQ on the par-

enteral CCRF-CEM lymphoblastic leukemia cell
line and two resistant sublines. The CCRFCEM/R1 line has a 20-fold increase in DHFR activity, while the R3 line has normal DHFR activity, but has a markedly impaired uptake of
MTX [33]

Cell line

EDsoMTX

EDsoTMQ

(nM)

(nM)

CCRF-CEM
(parent)
CCRF-CEM/RI

15

5

1500

150

CCRF-CEM/R3

3400

3

transport system may be effective agents
against MTX-resistant cells with impaired
transport or low levels of DHFR gene amplification [33, 34]. Table 4 indicates that
trimetrexate is highly effective in a MTXtransport-resistant CCRF-CEM cell line
(R3); and more effective than MTX in a
CCRF-CEM cell line, with a 20-fold increase in DHFR (RI). In the 3T6 cell line
resistant to MTX because of an altered
DHFR, trimetrexate also has a markedly
decreased affinity for the enzyme and thus
would be of no value in the treatment of
cells resistant by this mechanism [27J. We
are currently attempting to look for inhibitors that would be effective against cells
with an altered DHFR; selective inhibition
may be possible in this circumstance.
We are testing these strategies by employing combinations of antifolates that
presumably would limit the emergence of
drug-resistant cells, e.g., concomitant MTX
and trimetrexate treatment versus sequential uses of these agents.
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It is apparent from the recent work present-

ed at this meeting that great strides have
been made in the past few years in our
understanding of the biology of leukemia,
from the molecular to the clinical levels,
but, unfortunately, these advances have not
yet been translated into improved methods
of treatment. As Hardisty recently pointed
out [1], the major advances in the treatment
of childhood leukemia took place more
than 10 years ago, and there has been relatively little progress since then in developing better treatment for patients presenting
with disease features which are associated
with a poor prognosis; about half of the
children and over half of the adults with
acute lymphoblastic leukemia (ALL) are
still dying of their disease even with the
best modern treatment regimens. The best
results yet reported in adults with ALL
were achieved with a protocol which was
designed over 10 years ago [2], and our own
attempts as well as those of other investigators since then to improve further the treatment of adults have been unsuccessful [3,
4].

McCredie presented the combined results of treatment of over 900 adults with
acute nonlymphoblastic leukemia (ANLL)
at five major centers in the United States.
The results in terms of long-term survival are disappointing. Overall, only
14% of the patients survived 5 years, but

1 Memorial Sloan-Kettering Cancer Center,
1275 York Avenue, New York. N.Y. 10021,
USA
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age had an important influence; 19% of the
patients under 50 years of age and only 8%
of those over 50 survived 5 years. As in the
case of ALL, it is discouraging that despite
intensive efforts to develop better treatment
protocols, the results have remained almost
constant during the past decade.
Except for bone marrow transplantation,
which I will discuss shortly, there has also
been little progress in improving survival in
the chronic leukemias. The recent observations that some of the interferons have
therapeutic activity in hairy-cell leukemia
[5] and chronic myelogenous leukemia [6]
are extremely interesting, but this is certainly not a curative form of treatment, and
it is too soon to determine whether survival
will be extended.
Patients with leukemia usually have between 1012 and 1013 leukemic cells at diagnosis. Based on the rapidity of cell kill
with modern induction programs [7], it
seems possible that some of the current intensive treatment regimens are capable of
killing this many leukemic cells (or at least
the entire fraction of the population which
is capable of serving as stem cells) in highly
responsive cases of ALL without producing
irreversible damage to normal stem cells.
However, it is doubtful if any of the regimens yet devised are capable of entirely
eradicating the leukemic cells in the less-responsive types of ANLL without causing
lethal injury, and I suspect there must be
other factors aside from drug-induced cell
kill which come into play to account for the
long survivors. As has previously been
shown, the human promyelocytic cell line
HL-60 is a good target for induction of dif-

ferentiation, and fresh pro myelocytic leukemia cells can also be forced to differentiate with vitamin A and D analogues and
various chemotherapeutic agents employed
in leukemic therapy. Induced differentiation may be one reason for the better
therapeutic results in acute promyelocytic
leukemia (APL); in our experience about
35% of patients with APL survive over 5
years compared with 10%-15% for the
other types of ANLL [8], and other groups
have had similar results. The observation
that enhanced differentiation of leukemic
cells can occur using combinations of low
doses of cytostatic drugs and differentiation
inducers is intriguing, and hopefully these
observations will eventually lead to clinical
therapeutic advances. A number of investigators are currently trying to define the
most effective combinations of agents for
different types of leukemia [9], and we can
look forward to learning more about the
therapeutic potential of this approach during the next few years.
Mixed opinions were expressed concerning the usefulness of low-dose cytosine
arabinoside (Ara-C) or high-dose Ara-C,
but the general consensus seemed to be
that some of the initial highly favorable
claims had been overstated. Although occasionally durable responses have been observed with low-dose Ara-C, the responses
occurred erratically and most of them were
of short duration. High-dose Ara-C of
course causes marrow aplasia quite consistently, but although clinical trials in ANLL
have been underway for several years now,
a substantial effect on survival has not yet
been demonstrated. Several interesting new
drugs are currently undergoing clinical
trials or will be soon, including homoharringtonine, fludarabine, and several
new anthracyclines and antifols. While
these drugs have potent antileukemic activity, and it is quite possible some of them
may prove to have a therapeutic advantage
over the present generation of drugs, I am
doubtful whether any of them will lead to a
major increase in the cure rate. We are still
learning how to use the drugs already
available more effectively, but so many
modifications of intensive treatment programs have already been tried without appreciably altering the end results that it is

doubtful if any further minor changes or
substitution of new active compounds will
be any more successful. Thus, in my opinion, a more radically different approach is
needed if we are to see substantial further
improvements in curability.
High hopes were held at one time for
various forms of immunotherapy, but the
results of clinical trials during the past 2 decades have generally been very disappointing, including recent trials with monoclonal
antibodies [10-13]. Immunotherapy alone
is unlikely to be curative, but it is still quite
possible that highly specific monoclonal
antibodies will be shown to be useful therapeutically in targeting cytotoxic agents to
tumor cells. The current investigations concerning the role of oncogenes in the pathogenesis of leukemia are enormously interesting and important, and while it is
not unreasonable to hope that they may
eventually lead to the development of more
selective forms of treatment, it is not yet
possible to predict if or when therapeutically applicable strategies will evolve from
this work.
At the present time, probably the most
promising approach for the re~ponsive
leukemias is high-dose chemotherapy and
total body irradiation followed by rescue
with bone marrow transplantation. The
dose response curves for some of the cytotoxic agents and ionizing irradiation are
very steep, and there is abundant evidence
from experimental tumor models that responsive tumors which are incurable with
conventional doses of active agents can often be cured simply by substantially increasing the dose. I suspect we are coming
sufficiently close to curing some of the
"high-risk" patients with ALL, who are
now still relapsing and dying on conventional chemotherapy, that the incremental
dose increases permissible with bone marrow rescue may tip the balance in favor of
cure. The challenge is of course more formidable in the less-responsive types of
ANLL, but here too it may be possible to
cure some patients who are presently dying
of their diseases.
Allogeneic BMT is presently limited to
the minority of patients who have human
leukocyte antigen (HLA)-identical or partially HLA matched donors, usually sib97

lings, although with further advances in
transplantation biology better ways may be
found to prevent graft rejection and graft
versus host disease, and in the future it may
be possible to overcome the present restrictions. It is clear that the results are better if the procedure is done early in the
course of the disease before drug resistance
has developed [14-19]. Because 40%-50%
of the patients with ALL are now probably
being cured with conventional chemotherapy, to date most of the bone marrow
transplantation (BM1) trials in ALL have
been done in second or later remissions.
However, more recently, with reliable definition of risk factors, selected children at
higher risk of early relapse have been
transplanted in first remission. Only about
10%-20% of patients transplanted in third
or fourth remission survived 2 years, while
the results are better for patients transplanted in first or second remission. The relapse rate has been similar for patients
transplanted in first or second remission,
probably about 30% overall at different
centers, but since those transplanted in first
remission have almost exclusively been
high-risk patients while those in second remission were in varied risk categories, no
valid comparison is yet possible. There
seems little doubt that patients transplanted in second or later remissions have a better chance of long-term survival than in
comparable patients treated with chemotherapy. There is insufficient experience yet
to compare the results of BMT and chemotherapy of patients in comparable (high)
risk categories in first remission, but because of our inability to improve the treatment results in such patients with chemotherapy alone during the past 10 years, I
predict that BMT will soon be shown to
produce a higher proportion of long survivors among these high-risk patients than
is possible with chemotherapy.
The majority of allogeneic transplants
thus far have been performed in children
and adolescents and very few patients over
the age of 40 have been transplanted. At
my own institution, patients over 20 years
of age had a significantly higher early mortality [17], but Karl Blume at the City of
Hope has also had very good results in
adults with ALL [15].
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In ANLL, the results of chemotherapy
are sufficiently poor that it is justifiable to
accept the risks and early mortality associated with BMT and perform the procedure in first remission. Currently there
are several ongoing comparative trials of
chemotherapy alone versus allogeneic bone
marrow transplantation in patients with
ANLL in first remission [3], and during the
next several years we should be able to get
a firm answer to the question of which
gives better results. All of the transplant
teams are of course working hard to develop more effective ways to prevent the
major complications associated with the
procedure and to improve the chemotherapeutic and irradiation eradication regimens, and we can anticipate further improvements in the results with fewer complications during the next few years.
Attempts to cure chronic myelogenous
leukemia (CML) with intensive treatment
programs have so far been unsuccessful
[20], and the results with allogeneic BMT
performed during the blastic phase have
generally been poor with very few long survivors. However, during the past few years
over 100 patients throughout the world
with CML in the chronic phase or early in
the accelerated phase have had allogeneic
transplants, with more encouraging early
results [21]. While all the results have not
yet been compiled and the follow-up is still
too short in most cases to determine the
long-term results, it appears that approximately 65% of patients transplanted in
chronic phase and perhaps half that percentage in accelerated phase are surviving
the procedure and that the marrow remains
in complete remission (i.e., free of Ph' +
cells) in most of them. Whereas the median
survival from diagnosis for patients with
chronic-phase disease is 3-4 years, some
patients may live 5-10 years and remain in
good health for most of this time. Faced
with the hazard of a 35 % early mortality
incidence associated with the transplant
procedure, the patients and their physicians
are confronted with a serious dilemma of
which course of treatment to choose a
when. A reliable staging system has long
been needed in CML; such a system is
presently under development, and once its
validity is confirmed, it should prove help-

ful in advising patients who have suitable
donors when to opt for BMT [22]. As in the
case of acute leukemia, this option is usually limited to patients under the age of 40,
and patients under 25 have a significantly
better outcome [21].
The majority of patients with leukemia
do not have HLA-identical sibling donors.
For younger patients with acute leukemia
who lack suitable donors and who are at
high risk of failing the best available
chemotherapy programs, the most promising approach now available is probably intensive treatment with whole body irradiation and high-dose chemotherapy followed by autologous bone marrow transplantation, using the patient's own remission marrow which has been appropriately
treated in vitro to remove residual leukemic cells. The early results in patients
with poor-prognosis lymphomas have been
encouraging if carried out immediately after primary induction treatment [23]; as expected, heavily pretreated patients do not
respond as well. Most of the lymphoma patients successfully treated so far after primary induction therapy had minimal or no
marrow involvement with lymphoma prior
to treatment, and it is undoubtedly more
difficult to eliminate the increased numbers
of residual leukemic cells present in the
marrows of patients with acute leukemia in
first remission. The majority of patients
with ANLL as well as the majority of highrisk patients with ALL who achieve remission relapse within the 1st year after doing so [3], and most of these patients probably barely meet the qualifications for complete remission. Using the usual morphological criteria, the marrow can contain between 104 and 105 leukemic cells/ml and
still quality as a remission [23, 24]; thus, to
purge the marrow successfully in patients
who are at high risk of early relapse, it is
probably necessary to develop purging
methods which will kill at least this number
of leukemic cells without causing lethal
damage to the normal stem cells.
Relatively few patients with acute leukemia have yet been treated with autologous BMT, and, as in the case of the early
trials with allogeneic BMT, most of them
have been in second or later remissions
[25-27]. The results of all the recent trials

have not been collected, but it is rumored
that the relapse rate has been appreciable
in these high-risk patients. However, it is
not clear yet whether this is due to failure
of the in vitro purging techniques or of failure to eliminate the residual leukemic cells
in the patients by the in vivo conditioning
programs so far tried. Studies are currently
underway at many institutions to develop
better purging methods, using physical, immunological' or pharmacological techniques or combined methods [28-33], and
it is not unreasonable to expect that improved methods for eradication of leukemic cells both in vitro and in vivo will be
forthcoming during the next several years.
The maximum tolerable age threshold for
autologous BMT is not yet known, but
autologous transplants are associated with
fewer serious complications than allogeneic
transplants, and it may prove possible to
treat patients successfully up to the age of
50 years. In the meantime, while these
clinically oriented studies are proceeding,
the geneticists and molecular biologists will
doubtless continue their remarkable advances, and we eagerly anticipate the day
when their work will lead to more selective
forms of treatment for all types of leukemia.
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Red Cell Transfusions for Polytransfused Patients
S. F. Goldmann 1

Patients with chronic anemia tolerate much
lower levels of hemoglobin than those experiencing acute blood loss or acute
hemolysis. The compensating mechanism is
the increase of red cell 2,3-diphosphoglycerate (DPG), causing increased release
of oxygen to the tissues. For this and
further clinical and epidemiologic reasons,
it is unnecessary to transfuse patients with
chronic anemia unless symptoms of anoxia
are expressed. This rarely occurs at hemoglobin levels higher than 8 g/dl. Many patients tolerate lower levels of hemoglobin
and, therefore, do not require RBC transfusions.
In leukemia, lymphoma, and iatrogenically induced anemia, there is decreased or
absent production of erythrocytes. Such patients will respond well to transfusion of
red blood cells (RBC) as long as increased
organ-specific or peripheral destruction of
erythrocytes does not occur. However, current RBC preparations also contain leukocytes and platelets. The nonerythrocytic
cells possess alloimmunogenic specific antigens different from known blood groups.
Thus, substitution of chronic anemia patients with RBC preparations may result in
sensitization to leukocyte- and/or plateletspecific antigens [1-5]. Patients previously
sensitized to leukocytes and platelets are
subject to febrile nonhemolytic transfusion
reactions and may be resistant to a later re-

1 Abteilung Transplantationsimmunologie, DRKBlutspendezentrale Ulm, und Abteilung Transfusionsmedizin, Vniversitat VIm, D-7900 VIm,
FRO
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quired leukocyte and/or platelet transfusion [6-8]. This is a further reason why
transfusion of patients with chronic anemia
should be restricted to absolute clinical
necessity.
If red cells are needed, HLA-compatible
blood is the best solution. Owing to the extreme polymorphism of the HLA system,
however, this is seldom practicable. Since
the occurrence of leukocyte and platelet
antibodies is correlated to frequency and
volume of whole blood transfusion [5, 9
.-11], only leukocyte- and platelet-depleted
erythrocytes should be transfused.
Packed RBC are partially plasma depleted and contain 100% of the original leukocytes and platelets. The sensitizing capacity
of these preparations is similar to whole
blood units. But even bufty-coat-free or
washed RBC preparations demonstrate the
same alloimmunization pattern as whole
blood, although they contain only 41 % of
original leukocytes and 11 % of platelets
(Tables 1, 2). The transfusion reaction incidence using these preparations is lower
than in whole blood transfusion, but it remains impossible to predict the clinical outcome in individual patients.
I have analyzed published [12-17] and
my own data [5] and calculated the minimal leukocyte alloimmunogenic leukocyte
dose: 10 X 108 leukocytes transfused in 1
day (whole blood, washed buffy-coat-free
RBC) or small cumulating quantities, independent of transfusion frequency and interval or donor, will cause sensitization to
leukocyte antigens (Table 3; [5, 12-17]).
Only leukocyte- and platelet-free preparations [5, 18-21] contain less than 4% of

Table 1. RBC-enriched blood units
RBC Prepara tion a

I
2
3
4

5
a

Leukocytes X 108

Platelets X 1010

Hemoglobin
(gramm)

Initial

After
Preparation

Initial

After
preparation

Ini- Mter
tial preparation

50
30
30
30

25.1
23.0
24.0
27.3

10.2 (41 %) 10.7
9.0 (42%)
9.0
0.9 (4%) 10.2
1.0 (3.6%) 13.2

1.2 (12%)
1.0 (11 %)
0.2 (2%)
0.03 (0.3%)

62
64
63

30

28.0

N

Bufry-coat-free
Washed
Filtered
Incubated (37 °C), followed
by buffy-coat-free preparation
Frozen

0.5 (2%)

11.0

77

50 (81 %)
51 (80%)
51 (81%)
60 (78%)

0.15 (1%) 72

56 (78%)

Techniques: 1, 2 leukocyte- and platelet-poor blood; 3-5 leukocyte- and platelet-free blood

Table 2. Alloimmunization
patterns

Whole blood
WashedRBC
Filtered RBC

Table 3. Alloimmunization
to leukocyte antigens in
RBC transfusion"

Units per
patient

Patients

Alloimmunized
patients

Alloimmunization
rate (%)

16± 6
(2- 34)
14± 7
(2 - 68)
22± 9
(2-76)

27

17

63

60

32

53

44

2

4

Leukocytes Ref.
First immunized recipient after:
-----------------------lOne whole blood unit (400-500 ml)
[13], [14]
25 X 108
8
25 X 10
[22], [16]
2 Repeating transfusion of80-100 ml
whole blood from the same donor,
after 5 weekly transfusions
(5 X 80-100=400-500 ml)
3 As in 2, but 20 m! weekly after
[17]
9 weekly transfusions (9 X 20 = 180 ml)
4 One unit washed buffY-coat-free RBC
lOx 108
[12J
8
5 Filtered leukocyte-free RBC; after 13
13 X 10
[5]
transfusions from different donors with
clinically dependent intervals
" Conclusion: Minimal leukocyte immunizing dose =
lOx 108 = 1 unit

the initial value (Table 1); they contain
fewer leukocytes than the minimal immunogenic dose (Table 4). These preparations contain only 0.1 dose compared
with 1.0 in buffy-coat-free blood and
washed RBC, and 2.5 doses in whole blood

and packed RBC. This explains why these
preparations very seldom sensitize to
leukocyte antigens (Table 2); [5, 12]).
Brittingham and Chaplin [15, 22] and
Perkins et al. [23] described the minimal
leukocyte dose causing nonhemolytic trans103

Table 4. RBC-containing blood units

I
2
3
4
5
6
7
8

Whole blood
warm blood
PackedRBC
BuffY-coat-free
Washed buffY-coat-free
Filtered
Incubated
Frozen

Leukocytes X 108
(% of initial)

Minimal leukocyte
immunizing dose
(10 X 108 leukocytes
= I unit)

Leukocyte dose
causing transfusion
reaction (2.5 X 108
leukocytes = I unit)

25 (100%)
25 (100%)
25 (100%)
10 (41 %)
10 (42%)
0.9 (4%)
1.0 (4%)
0.5 (2%)

2.5
2.5
2.5
1.0
1.0
0.1
0.1
0.05

10 Leukocyte-rich
10 Leukocyte-rich
10 Leukocyte-rich
4 Leukocyte-poor
4 Leukocyte-poor
0.4 Leukocyte-free
0.4 Leukocyte-free
0.2 Leukocyte-free

Table 5. Recommendation for administration ofRBC-containing blood units·
Content(%)
RBC Leuko- Plate- Plasma
lets
'Ytes

Alloimmunization to leukocyte and
platelet
antigens

Transfusion
reaction to
leukocytes
and platelets

Indication

None!
I Acute life-threatening blood loss
2 Bleeding not manageable with clotting
factors and platelets
3 Massive transfusion
None!
Acute life-threatening
anemia without presensitization to leukocyte and platelet antigens
Hyperkalemia,
allergic reaction,
I GA deficiency

Whole blood
Warm blood
«6 h)

100
100

100
100

100
100

100
100

++++
++++

++++
++++

Packed RBC
BuffY-coatfree RBC

100
81

100
41

10
12

30
15

++++
++++

++++
++

WashedRBC

80

41

11

0

++++

++

Leukocyte- and platelet{ree blood
Filtered
81
4
2

10

(+)

0

Incubated
Frozen

20
0

(+)
(+ )

0
0

78
78

3.6
2

0.3
I

Transfusion -dependent chronic
anemia: prevention of
alloimmunization and
transfusion reaction to
nonerythrocytic blood
cells

+ + + + Very often; + + sometimes - often; ( + ) seldom = cumulating doses due to polytransfusion
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fusion reaction (2.5 X lOB leukocytes).
Whole blood and packed RBC contain 10
such doses, buffy-coat-free and washed
RBC 4 doses, and leukocyte-free preparations only 0.2-0.4 dose (Tables 1, 4).
Consequently, nonhemolytic transfusion
reactions to leukocyte antigens have not
been described with leukocyte- and
platelet-free RBC units [5,21].
These data indicate that only leukocyteand platelet-free RBC minimize sensitization to leukocyte and platelet antigens,
avoid nonhemolytic febrile transfusion reactions to non erythrocytic cells of the
donor, and may guarantee an efficient granulocyte and platelet substitution in RBC
polytransfused patients. Recommendations
for administration of RBC preparations are
summarized in Table 5.
Patients with severe aplastic anemia
transfused prior to bone marrow transplantation reject allogeneic grafts more frequently than untransfused patients. The
mechanism for this reaction is unknown. It
should be stressed, however, that even
leukocyte- and platelet-free RBC contribute to graft rejection. Thus, patients with
severe aplastic anemia should not be transfused prior to bone marrow transplantation. The low number of lymphocytes in
leukocyte-free RBC preparations is able to
cause graft-versus-host reactions. Consequently, these preparations should be irradiated before transfusion to immunodeficient patients, e.g., patients with Hodgkin's disease, patients conditioned for bone
marrow transplantation, and patients with
severe combined immunodeficiency.
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Gram-Negative Bacteraemia: New Therapeutic Possibilities
with Anti-Endotoxin Antibodies
S. L. Gaffin 1

A. Introduction
Gram-negative bacteria are coated by highly toxic and chemically stable lipopolysaccharide (LPS, 1endotoxin) which is
partially shed when he bacteria are destroyed [1], e.g. by antibiotics in the blood
of the patient. Since antibiotics have no effect on the LPS [2], this toxic LPS persists in
the circulation of affected patients and
causes much of the mortality and morbidity
in gram-negative bacteraemia. Moreover,
LPS is also present in the gut in large
amounts and it may enter the circulation
and cause toxic reactions when the gut is
damaged by almost any mechanism, including radiotherapy of cancer patients [3,
4]. Normally small amounts of LPS leaving
the gut are cleared by the reticuloendothelial system (RES), but in the case of
damage to the gut lining the massive
amounts of LPS involved may overwhelm
the capacity of the RES. In addition, the
immunosuppressive effect of ionizing radiation may deplete the body of anti-LPS
antibodies, which are involved in part, in
LPS detoxification.
A number of studies have shown that
passive administration of anti-LPS antibodies into an animal or patient can reduce
mortality and morbidity of endotoxaemia
[5-7]. For clinical exploitation however, the
development of a source of adequate
amounts of human anti-LPS is a fun-

dam ental problem. Active LPS is so toxic it
cannot be used directly as an immunogen
in humans. McCutchan, Ziegler, Braude
and colleagues actively immunized volunteers with an Escherichia coli preparation
containing an LPS mutant to produce an
anti-"core" LPS hyperimmune serum in a
most important study [8]. This serum significantly reduced the mortality of patients
suffering from shock and bacteraemia.
However, this serum is not at present available for general use, in part because of
problems associated with the active immunization route. Moreover, there may be
therapeutic benefit in using a different type
of anti-LPS which is a mixture of antibodies, some directed to the core and
others to the surface regions of LPS [9]. In
order to overcome these problems we
found that some plasma units donated to
blood banks contained high concentrations
of "natural" anti-LPS IgG [10]. We developed an ELISA for efficient screening of all
blood units donated to a blood bank [11] in
order to isolate them and have used such
anti-LPS antibodies therapeutically.
In this paper I review our animal and
human experiments which led to the present conclusion that anti-LPS produced by
our simple blood bank screening procedure
can significantly reduce morbidity and
mortality in septic shock. Such anti-LPS
might be expected to beneficially augment
an immuno-suppressed patient's antibody
stores.

Department of Physiology, University of Natal
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B. Human and Equine Anti-LPS
Preparations
I.

Human Anti-LPS

Plasma units donated to a blood bank
Service,
(Natal
Blood
Transfusion
Pinetown, South Africa) were screened by
an ELISA for the presence of high concentrations (> 40 /-lg/ml) of anti-LPS IgG [11].
Approximately 7% of donations had such
antibodies in South Africa and Israel [12].
One full-time technician using semiautomated apparatus can process 200 samples per day with a yield of 14/dayx300
days/year = 4200 high titer plasma units
(anti-LPS) per year. We found that adult
patients in septic shock require 2- 10 units
(mean = 5-6) anti-LPS as a therapeutic
dose [13]. Therefore 760 adult unit doses
per year can be produced. We have pooled
several hundred high titer units and fractionated them to produce an LPS-specific
immunoglobulin with standardized properties. However, this was an intramuscular
globulin preparation. We expect shortly to
produce an intravenous form of this LPSspecific globulin. As an alternative antiLPS source for i.v. administration, individual high titer plasma units have been
freeze-dried (FDP) [13]. These have the
added advantage of causing no licensing
problems since this FDP is produced entirely by the routine licensed methods.
Merely an additional test was done to determine whether the plasma contained
LPS-specific IgG. There was no correlation
between the presence of high concentrations of specific IgM and IgG in these plasma units. Since the IgG antibody is easier
to prepare and has a longer half-life, we selected it rather than the IgM. While the anti-LPS FDP is more convenient and faster
to prepare than the immunoglobulin, it has
the disadvantage of not being standardized
since each plasma unit contains a somewhat different distribution of anti-LPS antibodies from other units. In one unit they
may be directed to LPS from Shigella, in
another to E. coli and Salmonella typhosa,
and still another mainly to Klebsiella and
Pseudomonas. A pooled preparation containing mixtures of antibodies to a wide
range of LPS sources is desirable. Practi108

cally, we found in our pooled LPS-specific
globulin the following relative anti-LPS
binding activities in decreasing order [12]:
Shigella flexneri, Salmonella abortus equi,
Salmonella typhimurium, Klebsiella pneumoniae, Salmonella enteritidis, E. coli
026 : B6, Salmonella typhosa, E. coli
055: B5, E. coli 0111: B4, E. coli 0128: B12,
Salmonella minnesota, Salmonella marcescens, E. coli 0127: B8. Significantly almost the same order of anti-LPS binding
activities was found in blood samples obtained from Australia, Papua New Guinea
and England, but at much lower levels of
activity 2.
It was expected that prior exposure of
the donor to subclinical gram-negative bacterial infections led to the distribution of
anti-LPS antibodies in any particular plasma sample. However, no correlation was
seen in our pooled anti-LPS between the
antibody level to LPS from a particular
bacterial strain and the frequency of this
strain's being isolated by the hospitals serving the same area in which the donors live.
As an example, Shigella flexneri was isolated only rarely in King Edward VIII Hospital, Durban, but pooled anti-LPS from
donors in the Durban region had its highest
activity against Shigella flex neri LPS.

II.

Animal Anti-LPS

Equine anti-LPS hyperimmune plasma is
currently produced on a large scale by the
plasmapheresis of suitably immunized
horses (AIDX Pharmaceutical Company,
14 Old Main Road, Gillitts, 3600 South
Africa). The original minimum concentrations were 150/-lg/ml [14], i.e. almost four
times that acceptable for humans. Owing to
improvements in methods, it is now produced at a concentration of 1500/-lg/ml.
Currently it is produced as a frozen solution and thawed just prior to administration. Specific IgG in it also bind to a wide
range of gram-negative bacteria.

2 Courtesy of Dr. Brian Feery, Commonwealth
Serum Laboratories, Parkville, Australia

c.

Summary of Animal Studies Using
Human and Equine Anti-LPS

I.

"bought time" for the partially denuded
gut to repair itself.

SMAO Shock
IV.

Experimental rabbits received 2 mllkg
equine anti-LPS s.c.; 2 days later a laparotomy was performed on these rabbits and
in untreated controls. The superior mesenteric arteries were occluded (SMAO) for 1 h
and then released. The incisions were then
closed. The ischaemia damaged the gut and
led to endotoxaemia and shock. After 10
days survivors were observed. Survivors in
the controls were 2/12 (17.7%), but in those
receiving anti-LPS prophylaxis 7/8 (87.5%;
P < 0.001) [15]. This has important implications in the field of abdominal surgery.
Prophylactic anti-LPS appears useful
whenever intestinal ischaemia may occur.
This is becoming routine practice in South
African equine veterinary medical practice.

Pseudomonas keratitis of rabbit eyes led to
inflammation, scarring and blindness. Such
eyes were treated by equine anti-LPS as
drops for 8 days. The infections were controlled, partial healing of the eye occurred
and sight returned to some rabbits [171.
V.

Pseudomonas Infection

Mice received 0.1 ml human anti-LPS and
I h later received 0.1 ml Pseudomonas
aeruginosa broth culture. Only 15% of controls survived compared with 85% of those
receiving anti-LPS [12].

VI.
II.

Topical Infections

Septic Abortion

Haemorrhagic Shock

Cats were bled via femoral arterial catheter
into a reservoir and held at a MAP of
40 mmHg. After 4 h the shed blood was returned to the cat via femoral venous catheter. During the shock period the cats were
infused with either high titer anti-LPS human plasma or normal human plasma. Survivors at 24 h were noted. Survivors in the
controls were 118 (12.5%) compared with
7/8 (87.5%) in the anti-LPS group [101.
That is, haemorrhagic shock became "irreversible" unless anti-LPS was present to
bind the LPS leaving the ischaemic bowel.

III. Radiation Sickness
Mice (more than 200 animals) were irradiated with 630 rads in a hospital radiotherapy facility, 6 days later they received
either normal equine plasma or anti-LPS
equine plasma. Survival at 30 days postradiation was observed. Survivors among
the serum controls were 10%, but in the anti-LPS group survivors were 50% (P <
0.025) [16]. That is, radiation damage to the
gut and plasma cells led to a high mortality. Anti-LPS inactivated LPS and

Pregnant rats received anti-LPS or saline
followed by low doses of E. coli; 2 weeks
later fetuses were examined. Control
fetuses were small and partially resorbed.
Fetuses from anti-LPS-treated infected rats
were of normal size. Placentas of control
rats were inflamed and necrotic with viable
E. coli present. Placentas in the anti-LPStreated group were all normal [18]. AntiLPS may have a potential value in preventing abortion of infected pregnant women.

VII.

Veterinary Use

Equine anti-LPS is used in the veterinary
medical industry of South Africa to treat a
wide variety of diseases mediated in part by
endotoxins. It is used parenterally, orally or
topically. It has proved effective in treating
the following cases: septic arthritis in
Thoroughbred horses, septicaemia, peritonitis, diarrhoea, shock secondary to parvovirus infection, Klebsiella intrauterine infections, mastitis and Pseudomonas ear infections [14].
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D. Summary of Human Studies Using
Human Anti-LPS
I.

Multicentre Septic Shock Study

In a multi centre study, consecutive cases of
septic shock or imminent septic shock were
treated with anti-LPS FDP or specific
globulin; 20/22 improved [19].
II.

Neonatal Septicaemia Study

Among severely septicaemic low birth
weight infants no difference in survival was
seen between those who received anti-LPS
immunoglobulin and placebo, but antiLPS-treated survivors had a much reduced
period of hospitalization compared with
the placebo-treated controls [20]. The slow
rate of absorption of the intramuscular immunoglobulin may have caused the poor
resu.lts in this trial. In addition this group of
babIes were of low birth weight and hence
many had underdeveloped RES which
might have been poor,ly responsive to any
therapy. Because of the need for a rapid response in critically ill patients, an intravenous anti-LPS preparation is to be preferred. On the other hand there may be a
place for the slowly absorbed immunoglobulin as a prophylaxis.
III.

Single Centre Septic Shock Study

Women in a department of obstetrics and
gynaecology who developed septic shock
w~re admitted. to the trials [13]. They rec.eIved conventIOnal antibiotic and supportIve therapy and surgery where indicated.
On a random basis some also received antiLPS FDP. Mortality of controls was 9119
(47.4%) and of the anti-LPS-treated group
was 1114 (7.1 %). The anti-LPS group also
developed fewer complications of shock
and had a much reduced period of hospitalization.
IV.

Current Studies

In essentially a continuation of the study on
women in septic shock (sect C. III) the fol110

lowing results were obtained: mortality in
controls = 11127 (40.7%); mortality in anti-LPS-treated group = 1123 (4.3%) [21].

E. Discussion
Human anti-LPS prepared by two different
methods has been shown to protect patients
therapeutically against septic shock. A wide
variety ~f ~nimal studies have previously
shown SImIlar results. The main problem
had been to obtain reasonable amounts of
human anti-LPS. In part, this has been
solved by the ~se ~f our ELISA screening
procedure whIch IS appropriate to any
medium to large-sized blood bank.
Some one-third of all cancer patients and
two-thirds of leukaemia patients die of
gram-negative bacteraemia. It is to be expecte~ that radi?therapy or chemotherapy
contnbu~e to thIS b~cteraemia by causing
the partIal denudatIOn of the gut lining
which permits an increased leakage of LPS
into the circulation. At the same time this
therapy reduces the rate of production of
the natural protective anti-LPS antibodies
and.leucocytes. There appears to be a potential benefit in using anti-LPS in addition
to conventional antibiotic therapy for treati~g septica~mia in immunosuppressed patients, partIcularly leukaemic patients. It
must now be verified in clinical trials.
A cknowledgments. This work was supported by
the SA MRC. Excellent technical work in these
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Empiric Antimicrobial Therapy in Cancer Patients *
M. T. Browne and P. A. Pizzo

A.

Introduction

The majority of fevers which occur in
granulocytopenic cancer patients appear to
have an infectious etiology [1]. The practice
of initiating empiric antibiotic therapy
when the granulocytopenic cancer patient
becomes febrile is now well established and
has markedly reduced the early morbidity
and mortality of infections in these patients. Nonetheless, infections still remain
the leading cause of death in neutropenic
cancer patients, necessitating refinements
in the diagnosis and management of the
complications in high risk patients.
The impetus for empiric antibiotic therapy in febrile granulocytopenic patients
was the early death due to untreated infection (particularly Pseudomonas septicemia) when the granulocytopenic patient
became febrile. Indeed, during the late
1960s and early 1970s, 50% of patients with
Pseudomonas bacteremia died within 72
hours of their initially positive blood culture
[2]. The early initiation of antibiotics significantly reduced this early mortality. Nonetheless, a number of questions regarding
the role of empiric antimicrobial therapy
for cancer patients in the 1980s can still be
asked, including: Who should receive empiric therapy and when should it be started? What constitutes appropriate initial
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empIrIC therapy? How should the initial
therapy be modified for patients who remain graulocytopenic or who fail to respond to the initial regimen? How long
should empiric antibiotics be continued?
In dealing with the first question, who
should receive empiric therapy and when
should it begin, it appears that granulocytopenia is probably the single most important risk factor for infection in cancer
patients [3, 4]. Whether or not all granulocytopenic patients require prompt empiric
antibiotic management when they become
febrile (i.e., patients with solid tumors as
well as patients with hematologic malignancies) has been addressed in a number of
recent studies. In a survey of 1001 consecutive episodes of fever in 324 pediatric and
young adult cancer patients at the NCI,
Bethesda, Maryland, there was no apparent
difference in the incidence, pattern, or severity of infectious complications that occurred, regardless of the patients' underlying malignancy, once they became granulocytopenic. There were comparable numbers of episodes of fever and granulocytopenia and of documented infections such as
sepsis and pneumonia in patients with solid
tumors as in those with hematologic
malignancies [1]. Similarly, Markmann and
Abeloff observed that in adults with solid
tumors, early empiric antibiotics were useful in reducing infectious morbidity and
mortality [5]. Thus, all granulocytopenic
patients, regardless of their underlying cancer, should be considered to be at risk for infection and, once febrile, are candidates for
early empiric therapy. The level of granulocytopenia that should prompt empiric ther-

apy varies in different studies, with some
recommending beginning antibiotics when
the neutrophil count falls below 1000/mm3 ,
while most would wait until the neutrophil
count is less than 500/mm 3 • The rate at
which the counts are falling may be as important as the absolute neutrophil number
[6].
The degree of fever that should prompt
therapy is defined differently at various
centers. At the NCI, three oral temperatures above 38°C or one oral temperature over 38.5 °C with a granulocyte count
less than 500/mm 3 is sufficient to begin
empiric therapy. What is most important is
for each center to adhere rigidly to predetermined criteria for defining high risk
patients. This is particularly important
since the diminished inflammatory capability of the granulocytopenic patient can
mask the usual signs and symptoms of infection.
B. Preantibiotic Evaluation
Because untreated infections can be rapidly
fatal, it is important that a thorough preantibiotic evaluation be carried out expeditiously. This should include a history
and physical examination, at least two sets
of preantibiotic blood cultures (if an indwelling line is present, peripheral vein
cultures must also be obtained), chest
X-ray, urinalysis, urine culture, and aspirate or biopsy cultures from accessible sites
suggestive of infection. In spite of such an
evaluation, it was not possible to differentiate patients with bacteremia from those
with unexplained fever (1] in a recent prospective evaluation of 140 febrile granulocytopenic patients. More than half of the
patients with bacteremia in this study
lacked any specific physical findings.
C. Initial Empiric Antibiotic
Combinations
Since approximately 85% of the initial
pathogens are bacterial, the initial therapy
is focused on bacterial pathogens. The
original targets of empiric antibiotics
were gram-negative bacteria, particularly

Pseudomonas aeruginosa, and although
gram-negative organisms still predominate,
infections due to Pseudomonas have inexplicably declined. In contrast, infections
due to gram-positive cocci (i.e., Staphylococcus aureus and Staphylococcus epidermis)
have increased in recent years, in part due
to the more widespread use of indwelling intravenous catheters (7, 8). In order to give empiric cover for both grani-negative and
gram -positive bacteria, broad -spectrum
antibiotic therapy is essential. Thus, drug
combinations are usually necessary and
ideally should be bactericidal and synergistic, with a low potential for organ toxicity. In general, this has usually necessitated
a combination of two or three antibiotics.
The importance of combination antibiotic therapy has been suggested since patients with gram-negative bacteremia have
a greater than 80% survival when their isolate is sensitive to and treated with two
antibiotics compared with a survival of 59%
when the isolate is sensitive to only one of
the two antibiotics [9-11]. In spite of the
advantages of combined therapy, drug
toxicity (particularly nephrotoxicity) is a
concern in the cancer patient who is being
exposed to many other toxic drugs.
The properties of some of the newer antibiotics raise the possibility of using them as
single agents for the empiric management
of febrile granulocytopenic patients. For
example, in an ongoing study at the
NCI, we are comparing monotherapy with
ceftazidime (C1Z), a third generation
cephalosporin, with our standard threedrug regimen of cephalothin (Keflin), gentamicin, and carbenicillin (KGC). To date,
349 episodes in 212 patients have been randomized to receive either combination
therapy with KGC or monotherapy with
C1Z when they became febrile and neutropenic « 500 polys). The patients have
been analyzed according to whether they
had a documented infection or whether the
etiology of their fever was unexplained. In
addition, since the goal of empiric therapy
is to protect the patient until results of the
preantibiotic cultures are known, it is important to evaluate the efficacy of empiric
antibiotic regimens both early in treatment
- during the first 72 hours of therapy (i.e.,
prior to the time that the cause of the fever is
113

known), as well as for the entire duration of
neutropenia. The success rate in the first
72 hours for both the C1Z- and KGC-treated
patients with fevers of unknown origin
(FUO) or documented infections was over
97%. In addition, the overall outcome (i.e.,
at the time of resolution of granulocytopenia) for patients with FUQ was over 98%
for both the KGC and C1Z arm, and was
comparable for both antibiotic regimens
for patients with documented infections.
Thus, it would appear that with future advances in antitiotic development, it may be
possible to provide effective initial empiric
antibiotic management with a single antibiotic in the febrile neutropenic cancer patient. Continued study of this approach is,
however, necessary.
D.

Empiric Antifungal Therapy

A second problem is related to patients
who remain neutropenic for extended
periods and who may be at risk for second
infections and superinfections, particularly
due to fungi. Because even invasive fungal
disease is so difficult to diagnose and because these infections are particularly difficult to treat, especially if the infection has
already advanced at the time of diagnosis,
an empiric approach to antifungal therapy
has also been investigated in high risk patients. Currently, evidence for invasive fungal disease is present in 8%-69% of
granulocytopenic patients dying with cancer [12-14].
Persistent fever is often the only indication of an early fungal infection. The major fungal organisms of concern in neutropenic patients are Candida, Aspergillus,
Phycomycetes, and Cryptococcus [15].
Blood cultures are rarely of diagnostic help
(being positive in fewer than 25 % of cases
of disseminated candidiasis and virtually
never positive in aspergillosis or mucormycosis) [16].
It is notable that successful therapy of
Candida and even Aspergillus has been accomplished when amphotericin B has been
instituted very early in the course of the infection [17]. Thus, early empiric antifungal
therapy has a rational basis for high risk
patients. Several issues are relevant: Who
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are the patients at high risk? Which antifungal agent should be used? When should
it be started and how long should it be continued?
Several studies suggest that patients who
are persistently neutropenic and febrile in
spite of a week or more of antibiotic therapy are at particular risk for developing a
fungal infection. Burke et al. utilized empiric amphotericin B in acute leukemia patients experiencing recrudescent fever during empiric therapy with gentamicin and
carbenicillin. The incidence of serious fungal infection was found to decrease from
33% to 10% when early empiric antifungal
therapy was utilized [18].
In a study at NCI, we addressed the value of empiric antifungal therapy for patients with proven infections who remained
febrile and granulocytopenic after 1 week
of appropriate antibiotic therapy and who
had alimentary tract colonization with
Candida. Gastrointestinal colonization was
associated with a heightened frequency of
disseminated fungal invasion in the postmortem analysis by Young et al. Of the 329
episodes of proven infections we treated
between November 1975 and December
1979, 22 (6.7%) had gastrointestinal colonization with fungi while febrile and neutropenic and had amphotericin B added empirically to their antibiotic schedule. It was
notable that half of these patients actually
defervesced within a median of3 days after
starting amphotericin B, despite remaining
markedly granulocytopenic. Of the 22 patients, 20 began the amphotericin within
2 weeks after starting antibiotics and
continued therapy until the resolution of
granulocytopenia. All of these patients
recovered, none with evidence of fungal
infections [19].
A second study [19] prospectively addressed the issue of using empiric amphotericin B in the granulocytopenic patient with persistent unexplained fever. The
question being addressed in this study was
whether the persistent fever represented an
undiagnosed bacterial infection for which
the antibiotic regimen should be modified
or whether it represented a secondary infection, perhaps due to fungi. The usual approach in the patient with persistent unexplained fever is either to discontinue anti-

biotics and reevaluate the patient or to continue the antibiotics in spite of the persistent febrile course. We compared these two
approaches with one in which the antibiotics were continued and empiric antifungal therapy was added with amphotericin B.
Patients were randomized to one of three
groups: I to have their broad spectrum
antibiotics (Keflin, gentamicin, carbenicillin) discontinued after 7 days of
therapy; II to continue antibiotics until resolution of fever and neutropenia; and III to
continue antibiotics along with empiric amphotericin B until the resolution of fever
and granulocytopenia. We observed that
stopping antibiotics resulted in early complications, predominantly due to bacterial
organisms, with 56% of the patients developing complications within a median of
3 days of stopping antibiotics. Continuing
antibiotics seemed to prevent early bacterial infection, but 31 % of the patients randomized to this group developed fungal infections. The patients randomized both to
continue antibiotics and to receive empiric
antifungal therapy appeared to do best in
this study. While 1 of the 18 patients in this
group did develop a fungal infection, this
was with Petriellidium boydii, an organism
resistant to amphotericin. Thus, it seems
appropriate both to continue antibiotics
and to give empiric amphotericin B in the
persistently febrile granulocytopenic patient. We have chosen 7 days of persistent
fever while the patient is on appropriate
antibiotics as the criteria for initiating antifungal therapy, although this decision is
somewhat arbitrary. Amphotericin B is the
present drug of choice, although we are
presently comparing empiric amphotericin
B with high dose oral ketoconazole in patients who are persistently febrile and
granulocytopenic after 1 week of antibiotics. If no evidence for a fungal infection
is found, the empiric antifungal therapy
can be discontinued when the patient's granulocyte count recovers. On the other
hand, if a fungal infection is documented, a
more extended course of therapy is indicated. The dose of amphotericin ranges from
500 mg for an uncomplicated fungemia to
2 g or more when there is evidence of organ
involvement or a disseminated infection.

Antifungal therapy may also be administered empirically to patients with progressive mucositis and symptomatic esophagitis. Although other organisms, e.g.,
bacteria, herpes simplex, can cause symptoms of mucositis or esophagitis, patients
with Candida lesions will generally improve
within a 48 hour trial of empiric amphoteriCIn.

E.

Duration of Therapy

A third problem relates to the duration that
empiric treatment with antibiotics and antifungals should be continued, particularly
when the initial evaluation has not revealed
a documented infection and yet the patient
remains granulocytopenic for more than 1
week. In patients with a documented infection who have defervesced on therapy
and who do not have a persistent site of infection, our practice has been to continue
antibiotics for 10-14 days. The more difficult situation arises in patients who have
no documented source of infection and
who remain persistently granulocytopenic'
for over I week. Simply continuing empiric
antibiotics in these patients without a
source of infection must be balanced
against superinfections and the risk for organ toxicity. A series of prospective trials at
the NCI has addressed this problem by
randomizing patients with a FUO either to
discontinue their antibiotics or to continue
them until the resolution of the granulocytopenia. The patients in these trials were
stratified according to whether they had defervesced or remained febrile after the initiation of antibiotics. Within 3 days of discontinuing antibiotics, 41 % of the FUO patients who had initially defervesced became
febrile again and the organisms obtained
on reevaluation were sensitive to the antibiotics they had previously received. Similarly, 56% of the FUO patients who had remained febrile in spite of antibiotics developed complications (including hypotension
in 38%) within 3 days of stopping their
therapy [20].
Although patients with persistent fever
and granulocytopenia did best when empiric antibiotics were continued and empiric amphotericin was added, nearly half of
these patients did well even when anti115

biotics were stopped. This has led some investigators to suggest that stopping antibiotics may be appropriate, providing the
patient can be closely monitored and the
antibiotics promptly reinstituted if necessary. However, because reliable end points
for reinstituting therapy are vague and because these patients can deteriorate quite
rapidly, it is our opinion that it is prudent
to continue antibiotics, especially in the
persistently febrile patient.
Other modifications of therapy may also
be required in light of preantibiotic culture
results and the patient's clinical response.
Common modifications include the addition of vancomycin for S. epidermidis bacteremias and line site infections and the addition of clindamycin for anaerobic coverage in a patient with either perirectal tenderness, necrotizing gingivitis, or a possible
abdominal source. The issue of narrowing the
patient to pathogen-specific therapy versus
continuing the broad spectrum therapy in
patients who have microbiologically documented bacteremias and for whom the
antibiotic sensitivities are known is also
currently being addressed in a prospective
randomized trial at the NCI. Thus far, no
clear advantage has emerged to either
strategem, but this study is ongoing.
F.

Antiviral Therapy

In addition to antibiotics and antifungal
drugs, antiviral agents have recently been
added to the empiric therapeutic armamentarium. For example, acycloguanosine (Acyclovir) has been shown to reduce
the incidence of herpes simplex stomatitis
when administered prophylactically to patients undergoing bone marrow transplantation or to patients receiving intensive
courses of chemotherapy [21]. Similar protection, however, has not been observed
with other important viruses in the immunocompromised host, such as cytomegalovirus (CMV) although the recent
observation that CMV pneumonitis may be
prevented when patients receive passive
immunization with high titer CMVantisera
is intriguing [21-24].
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G.

Diffuse Pulmonary Infiltrates

Yet another situation in which emplnc
therapy may be advantageous is in the cancer patient with a diffuse interstitial pulmonary infiltrate. In the non-neutropenic cancer patient, the protozoan Pneumocystis
carinii is a frequent etiologic agent, carrying a 100% mortality if untreated. Because
of the nonspecific signs and symptoms, P.
carmll pneumonia is virtually indistinguishable from other etiologic agents
causing diffuse interstitial pulmonary infiltrates, including CMV, bacteria (e.g.,
Legion ella, Mycoplasma), fungi (Candida,
Aspergillus, Cryptococcus) and viruses (influenza, RSV, adenoviruses, rhinoviruses,
and measles). Prior to the availability of
trimethoprim-sulfamethoxazole
(TMP /
SMX), most clinicians agreed that biopsy
confirmation of P. carinii was essential to
justifY the administration of potentially
toxic treatment with pentamidine isothionate. Presently, there is considerable debate as to whether it is preferable to proceed directly to some invasive diagnostic
procedure in the patient with a diffuse infiltrate or simply to begin antibiotics empirically and monitor the patient's response
to this therapy [25, 26]. However, the appropriate "empiric therapy" can quickly
become complicated and can include broad
spectrum antibiotics and even antifungal
agents in patients who are neutropenic and
already on antibiotics when the infiltrate
appears. The balance between the potential
side effects of broad spectrum therapy and
the risks of an invasive diagnostic procedure must be carefully weighed. Presently, at the NCI, we are addressing this
issue in a study which randomizes patients
with a diffuse interstitial pulmonary infiltrate to either appropriate initial empiric
therapy or to an open-lung biopsy and
pathogen-specific therapy. If the patient
randomized to the empiric therapy arm does
not stabilize or improve within 4 days, an
open-lung biopsy is then performed as a further guide to therapy. The major question, of
course, is whether an invasive procedure can
be avoided. To date, 53 patients with diffuse
pulmonary infiltrates have been evaluated
and 29 have been eligible and randomized.
12 were randomized to immediate open-lung

biopsy, of whom 8 improved and 4 (33%)
died and 17 to empiric therapy, of whom
15 improved and 2 (11.7%) died. Of the 15
patients who had an open-lung biopsy, 12
immediately and 3 after 4 days of therapy,
10 had P. carinii pneumonia, and 5 had
nonspecific pneumonitis. Cutaneous T cell
lymphoma and Hemophilus injluenzae were
diagnosed in addition to P. carinii pneumonia in two patients. Only one patient
(with H. injluenzae) had therapy changed
as a result of the open-lung biopsy. Therefore, it appears that appropriate empiric
therapy may also have a role in cancer patients with diffuse pulmonary infiltrates.
Whether new procedures, such as pulmonary lavage, may provide an alternative diagnostic approach is presently being evaluated.
In conclusion, major advances have been
made in decreasing the morbidity and mortality due to infectious complications in immunocompromised cancer patients with
the use of empiric antimicrobial therapy,
but refinements of management continue
to be necessary. Clinical studies addressing
these problems will be extremely helpful in
defining appropriate empiric management
of these patients.
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Prophylaxis of Infection in Granulocytopenic Patients
L. S. Young 1

Most reviews of infectious complications in
granulocytopenic patients stress the critical
role of infection as a primary cause of
death, and in influencing the outcome of
therapy of the underlying disease. Aside
from documented infections, fever almost
invariably occurs in neutropenic patients
when their functioning neutrophil count
plunges below 500lmm 3 and this usually
prompts the initiation of systemic antimicrobial therapy, in spite of the fact that
the microbial cause of fever often remains
undocumented.
In this review, I shall briefly document
the efforts that have been expended toward
the prophylaxis of infection in neutropenic
subjects [1-4]. Each of the broad categories
of intervention is listed in Table I, along
with those microorganisms that appear to
be affected by such measures. The bulk of
work in recent years has been primarily addressed to antimicrobial prophylaxis with
or without isolation procedures. Nonetheless, it must be acknowledged that there
have been some studies in the area of antifungal prophylaxis, active or passive immunization, chemoprophylaxis of fungal
infection, and attempts to prevent viral infection with drugs, antiserum, and biologic
response modifiers like interferon and
transfer factor. Other well studied, but still
controversial approaches involve the use of
measures aimed at augmenting host de-

1 M.D., Department of Medicine, Division of
Infectious Diseases, UCLA Medical Center,
Los Angeles, California, 90024, USA

fenses such as the transfusion of exogenous
leukocytes. The recognition that patients
with neoplastic diseases become colonized
and subsequently infected by organisms
that are present in the environment or
commonly contaminate food has led to
measures aimed at limiting the access of
specific infecting microbes. More than 15
years ago "total protective isolation" facilities such as the "Life Island" with laminar
airflow filtration were used to hospitalize
the highly susceptible patients (on an experimental basis). While some evidence exists that these isolation facilities are effective, these units are too expensive and
cumbersome for routine use. Laminar airflow units have been difficult to justifY on a
cost! efficacy basis and presently the sheer
demands on nursing time have virtually
precluded their widespread use outside the
investigative setting.
In 1975, Schimpff and colleagues published a landmark study in which they
compared isolation within the environment
of the laminar airflow room with conventional ward care. The most important part
of their study was the recognition that patients managed in a laminar airflow room
were also given prophylactic oral nonabsorbable antimicrobials. Therefore, one of
the control groups not only received routine ward care, but received the same
prophylactic oral antimicrobial regimen of
gentamicin, vancomycin, and nystatin
given to patients in the isolation facility. A
third arm of the study consisted of patients
who received general ward care. Both in
terms of infection rates and of survival, the
patients who were managed on the open
119

Table 1. Intervention against infection

Intervention

Against
Bacteria

Fungi

Viruses

Environmental control

GNB

Aspergillus

Antimicrobial prophylaxis

GNB
?G+C
?GNB
? Pneumococci

? Candida

Varicella
zoster
Herpes

Prophylactic antibody
(active, passive)
Prophylactic granulocytes
Biologic response modifiers

GNB

Parasites

PCP
Toxo

VIZ

Hep
CMV
tCMV
TF-V/Z

IF
GNB = gram-negative bacilli; G + C = gram-positive cocci; PCP = Pneumocystis carinii; Toxo = Toxoplasma gondii; VIZ = varicella zoster; Hep = hepatitis; CMV = cytomegalovirus; 1F = transfer factor;
IF = interferon

ward with prophylactic oral antimicrobials
did almost as well as the patients managed
in the laminar airflow rooms. This is consistent with the experience of a number of
investigators. True airborne infection, even
in the highly neutropenic patient, is rare.
Perhaps the best accepted example is that
of pulmonary aspergillosis. Other so-called
true airborne pathogens, such as varicella
zoster, tuberculosis, and perhaps the
Legionnaire's bacillus are rather infrequently encountered in most cancer
treatment centers. The expensive part of
laminar airflow is the air filtration equipment and the requirement for supportive
services for the patient in total isolation.
Single-room isolation with antimicrobial
prophylaxis seems to be a more cost-effective compromise.
Oral nonabsorbable antimicrobial suppression regimens (or as some investigators
have called them, "total decontamination
regiments") are quite expensive and may
be poorly tolerated. Anyone who has ingested oral gentamicin and/or polymyxin B
is immediately aware of the unpalatability
of such prophylactic agents. The suggestion
that trimethoprim/sulfamethoxazole might
be an alternative prophylactic regimen
came from the work of Hughes and associates. They found the routine use of co- trimoxazole prevented pneumocystis m120

fections in leukemic children and resulted
in a generalized reduction in all bacterial
infections in this patient population (the
notable exception was an increase in oral
candidiasis). Soon thereafter, other investigators began exploring the routine prophylactic use of trimethoprim/sulfamethoxazole to prevent sepsis originating from the
gastrointestinal tract. While the majority of
published studies seem to suggest a beneficial role for trimethoprim/sulfamethoxazole in this setting, major reservations have
also been expressed. First, both trimethoprim and sulfamethoxazole are not oral,
nonabsorbable agents, but are systemically
absorbed. The sulfonamide component
may be quite sensitizing. Second, while
some studies have demonstrated an overall
reduction in infection rates, resistance to
either agent may emerge. Third, folate antagonism may result in the prolongation of
neutropenia in recipients of trimethoprim.
Fourth, other side effects like gastrointestinal intolerance may develop. Fifth
and perhaps most important, trimethoprim/sulfamethoxazole is inactive against
Pseudomonas aeruginosa and these bacteria
are a major cause of serious infection in
neutropenic patients.
At present, there is considerable interest
and enthusiasm about the potential
prophylactic role of the new quinoline

agents. Several agents of this class have
antipseudomonal, antistaphylococcal, and
antienterococcal activity with minimal impact upon the anerobic gastrointestinal flora.
These would appear to be most attractive
properties for prophylactic use. Only well-executed clinical trials, however, will be able
to demonstrate their advantages over other
regimens. A central issue in whether they
will truly prevent serious systemic infections, not just "mask" infection by making bacterial cultures negative.
For nonbacterial infections, there has
been some progress in certain areas. There
is no doubt that herpes simplex infections
can be prevented by the use of a acyclovir.
The protection, however, seems to last only
for the duration of prophylaxis. Infection
rates quickly rebound as soon as the medication is discontinued. Varicella zoster immunoglobin is thought to have a definite
use in the prophylaxis of chickenpox in exposed juvenile patients. The use of immunoglobulins or vaccines for hepatitis may
have an indication in some immunocompromised patients. As mentioned previously, the routine use of trimethopriml
sulfamethoxazole is effective in preventing
Pneumocystis carinii pneumonia. Such regimens may also be effective in preventing
nocardiaI and toxoplasmal infection, but
definitive proof is not available from controlled studies.
Perhaps the greatest area of need for effective prophylactic measures is the field of
fungal infections. Nystatin and amphotericin B have been available for many

years; more recently, ketoconazole has
been introduced as an oral prophylactic
agent. There has been a paucity of real evidence that these measures actually reduce
the incidence of systemic candidiasis.
In view of the likelihood that many pharmacologic agents will be used in an attempt
to prevent infection, I would like to comment on the nature of study design. The desirable characteristics of a prophylactic
antimicrobial study are summarized in
Table 2. Relatively few published studies
have incorporated the majority of these desirable features. One of the major problems
that I perceive in the published literature is
not only a lack of well-designed doubleblind trials, but the failure to exclude from
study any patient who has evidence of fever
or infection at the point of entry into the
study. Many trials fail to assess patient
compliance and use objective end points
for microbiologic documentation of infection. In the final analysis, we are interested in not only the reduction of infection, but evidence that the use of
prophylactic agents reduces systemic antibiotic usage, shortens the duration of febrility or clinically suspected infection, and
improves survival. We must be concerned
that prophylaxis can mask infection and
predispose to emergence of resistant organisms. It is possible that prophylaxis will result in an overall reduction in the incidence
of infections, but those that do occur are
more severe and possibly more resistant to
antimicrobials. Therefore, effective prophylaxis could still result in the same costs,

Table 2. Desirable characteristics of prophylactic antimicrobial studies

Randomized, double-blind study designs
Inclusion of patients who are free of infection and fever at randomization
Objective measurement of patient compliance with the prophylactic regimen
Inclusion of large numbers of patients with similar diseases and at the same stage of disease
Uniform treatment of underlying diseases
Minimization or elimination of variables that could affect infection rates (e.g., protected environments
and prophylactic granulocyte transfusions)
Comparison of regimens according to the onset of fever, the first documented infection, and the start
of antimicrobial therapy
Adequate intervals for prophylactic regimens to have taken effect before the beginning of the observation period
Objective end points of microbiologically documented infection for analysis
Evaluation of complications, including side effects and emergence of resistance
Analysis to include survival of treatment and control groups by life-table analysis
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measured in terms of hospital charges for
prolonged hospitalization, to say nothing of
infection morbidity.
Augmentation of host defenses as a
prophylactic measure is theoretically a
highly appealing approach. It does not risk
selection for antibiotic resistance, nor will
drug toxicity ensue. It does not place the
patient at risk of the psychiatric complications of management within a laminar air
flow unit. However appealing these approaches may be, their implementation has
met with only limited success. Augmentation of host defenses through active immunization has led to only limited gains
against organisms such as the pneumococci
or Pseudomonas aeruginosa. While my personal feeling is that such approaches can do
no harm, the real impact upon disease incidence has yet to be well demonstrated. In
the case of Pseudomonas immunization,
one vaccine that I have used has been quite
toxic in itself. Routine use of exogenous immunoglobulins to prevent infection, particularly with some of the newer preparations that can be more easily delivered
intravenously is attractive, but expensive.
Convincing evidence of prophylactic efficacy in neutropenic subjects is not yet
available.
Finally, we have been through a period
during the last 10 years when there was
considerable initial enthusiasm for the use
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of transfused granulocytes to prevent infection. While such approaches may result
in a reduction of some infections, complication rates associated with granulocyte
transfusions are high, including a large
number of pulmonary infiltrates. Several
studies have now shown that granulocyte
transfusions predispose to cytomegalovirus
infection in the previously seronegative patient. The routine use of prophylactic
granulocytes cannot be justified based on
our current perception of the high risk of
complications, not only from the physical
infusion of granulocytes, but from transfusion-associated viral infections.
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Are Granulocyte Transfusions Helpful in Treating and Preventing
Infections?
R. G. Strauss 1

A.

Introduction

"Can granulocyte transfusions (GTX) treat
and prevent infections?" Clearly, the answer is "yes"! Should all patients, then,
with severe neutropenia « 500 neutrophils/!ll blood) receive therapeutic GTX
to treat bacterial infections - or if free of infections, receive prophylactic GTX to prevent infections? Most emphatically, the answer is "no"! In this report, the literature
will be reviewed as it pertains to the use of
therapeutic and prophylactic GTX as supportive care for severely neutropenic patients. Conclusions of the review are:
1. Therapeutic GTX definitely should be
used to treat episodes of gram-negative
septicemia that have failed to respond to
optimal, combination antibiotics.
2. Therapeutic GTX probably should be
used to treat documented bacterial or fungal infections of other types under similar
circumstances.
3. Prophylactic GTX should not be used
except in investigational settings. However,
renewed considerations might be given to
conducting studies of prophylactic GTX in
certain clinical settings.
B.

Therapeutic Granulocyte Transfusions

A total of 24 papers pertaining to the use of
therapeutic GTX in neutropenic patients
I M.D., Professor of Pathology and Pediatrics,
Medical Director, Elmer L. DeGowin Memorial Blood Center, University of Iowa Hospitals and Clinics, Iowa City, Iowa 52242, USA

were analyzed [1-24]. The role of therapeutic GTX has been extensively reviewed
recently [25-30], and this paper will not reiterate an exhaustive discussion. Instead,
data will be combined and analyzed collectively. Patients from all 24 papers who
were treated with GTX for specific types of
infections are displayed in Table 1 together
with the results of therapy. When drawing
conclusions, several limiting factors must
be kept in mind: (a) except for patients
with culture-proven septicemia, diagnostic
criteria for each type of infection varied;
(b) only the index infections which prompted GTX are listed (additional infections
recognized during therapy or postmortem
were not tabulated); (c) with the exception
of septicemia, it was impossible to study the
response of individual categories of infections caused by specific types of organisms; and (d) criteria to judge clinical response varied and eventual outcome could
not always be ascribed to the course of the
index infection. All patients who received
therapeutic GTX were tabulated in the
"treated" column (Table 1), but only those
whose course and mortality could be clearly documented were included in the
"evaluable" column. Criteria for "favorable response" included absence of fever,
sterile blood cultures, clearing of chest
roentgenograms, disappearance of skin inflammation, and survival.
Many patients with septicemia have been
reported (Table 1). Important information
has been learned from the study of gramnegative sepsis in recipients of therapeutic
GTX. Investigators agree that most septic
patients will recover with antibiotics alone
123

Table 1. Pooled results
of24 studies of therapeutic
GTX

Types of infections

Treated

Evalu- Favorable
response a
able

Total septicemias b
Gram-negative sepsis
Gram-positive sepsis
Polymicrobial sepsis
Fungemia
Sepsis organism unspecified

435
238
44
15
6
132

247
172
18
15
3
39

1461247 (59)

Total pneumonias
Gram-negative
Gram-positive
Polymicrobial pneumonia
Fungal pneumonia
Pneumonia organism unspecified

130
3
1

45

23/45 (51)

10
115

9
11

1/9 (11)
7111 (64)

Total localized infections C
Cellulitis-abscess
Genitourinary

142
76
11

48
38
8

32/38 (84
6/8 (75)

Total fever of unknown origin

184

85

64/85 (75)

a

b

C

18/39 (46)

I

Number with favorable response/total number evaluable (percentage)
All septic patients included (patients with septicemia plus a localized infection are listed here, not under the localized infection)
Infections of skin, pharynx, genitourinary and gastrointestinal systems. Detailed data tabulated only for cellulitis-abscess and genitourinary categories

if they experience bone marrow recovery
during the early days of infection [1, 10, 11,
23, 24]. Such patients do not require GTX.
In contrast, patients with persistent, severe
neutropenia due to continuing marrow failure may [11] or may not [24] benefit when
GTX are added to antibiotics. It should be
noted that only 36% of nontransfused, control patients (antibiotics only) in the first
study [11] survived, whereas, 72% of controls survived in the last [24]. Thus, it was
fairly easy in the first [11], and impossible
in the last [24], to demonstrate a significant
benefit from the added effects of therapeutic GTX. The greatest benefit of therapeutic GTX is apparent in patients with
persistent marrow failure [1, 11,23].
Regarding other types of septicemia and
other kinds of infection (Table 1), information published to date is insufficient to determine whether therapeutic GTX offer advantages over antibiotics alone. Patients
with pneumonia, localized infections, and
fever of unknown origin responded well
124

1031172 (60)
16/18 (89)
7115 (47)

to GTX. However, comparable responses
have been reported using antibiotics alone.
Because of the clinical complexity of
these heterogeneous patients, seven controlled studies were performed (Table 2).
The response of infected, neutropenic patients to treatment with GTX plus antibiotics was compared with that of nontransfused, control patients given antibiotics alone and evaluated concurrently.
Three of the seven studies found a significant overall benefit for GTX [11, 12, 23]. A
fourth study [1] found a significant improvement in survival only for the subgroup of GTX recipients who did not have
early endogenous marrow recovery. It must
be emphasized, however, that patients in
these reports were selected by study design
to be unusually ill. Thus, information provided may not be directly applicable to
many neutropenic patients encountered in
practice. For example, in three studies [7,
12, 23] patients were eligible to receive
GTX only after failing 48-72 h of antibiotic

Table 2. Seven controlled therapeutic granulocyte transfusion trials

Reference

[8]
[11 ]
[12]
[7]
[23]
[1]
[24J

Randomized

No
Yes
Yes
No
Yes
Yes
Yes

Patients entered
Transfused

Controls

39
13
17
17
17
12
48

37
14
19
22
13
19
47

Percentage
septic

100
100
31
34
67
39
80

Percentage survival
Transfused

Controls

46
75"
76"
78
59"
82 b
63

30
36
26
80
15
62
72

" Survival oftransfused patients significantly (P < 0.05) greater than controls
b Survival was improved in the subgroup of patients who did not have endogenbus marrow recovery

therapy. As another factor, many patients
had cancer resistant to therapy and, as expected, GTX were able to prolong life in
these terminal patients with persistent marrow failure. In practice, however, it is difficult to justify therapeutic GTX as a routine part of palliative therapy offered to terminal patients for whom there is no effective anticancer therapy. Finally, antibiotic therapy in the controlled studies may
not have been optimal by current standards. Antibiotics chosen and doses employed were recorded, but in only one
study [24] was there an indication that
proper precautions (antibiotic blood levels,
serum bacteriostatic/bactericidal activity,
or sensitivity testing designed to detect
antibiotic synergism) were employed to ensure adequate antibiotic therapy. As reviewed in references [25] and [26], the survival of cancer patients with sepsis is significantly better in patients receiving antibiotics deemed appropriate than it is in
those given ineffective therapy. Perhaps
GTX are most likely to benefit patients
whose infecting bacteria are being inadequately treated by antibiotics [31, 32]. Certainly (Table 2), survival of the nontransfused controls was inferior in the studies showing an overall benefit for GTX [I I,
12, 23] when compared with the better survival of controls in the studies unable to
demonstrate an advantage for GTX.
Despite these reservations, a number of
conclusions can be drawn from the therapeutic GTX trials published to date. Clear-

ly, some neutropenic patients die from bacterial infections, despite the most skilled
use of combination antibiotics. Among
these patients, therapeutic GTX have improved the survival of those with persistent,
severe neutropenia who have gram-negative sepsis that fails to respond to antibiotics. It is likely that similar patients with
other types of documented bacterial infections will also benefit from GTX, but efficacy has not been proven. On the other
hand, therapeutic GTX have never been
shown to be efficacious for treating nonbacterial infections or for fever of unknown
origin. Unquestionably, the return of bone
marrow function early in the course of a
bacterial infection is usually associated
with resolution of that infection, whether or
not GTX are added to appropriate antibiotics. However, nearly all patients with
persistent marrow disease eventually die,
either from the index infection or from a
later one.

c.

Prophylactic Granulocyte Transfusions

Eleven studies that pertain to prophylactic
GTX were reviewed (Table 3). Five were
randomized studies attempting to prevent
infections in leukemic patients [33-37];
three additional studies of leukemic patients were controlled, but not randomized
[5, 38, 39]. Three reports were randomized
studies of bone marrow transplant recipients [40-42]. One published report [43] was
125

not included because it was presumed to
include the same patients reported by Clift
et al. [40J; abstracts and letters were not included.
Data from the 11 studies are presented in
Tables 3 and 4. Several qualifYing state-

Table 3. Eleven studies of prophylactic granulocyte transfusions

Reference

Patients
entered

GTX reeipients

No
GTX

Randomized leukemia
[33]
18
50
[34]
[35]
92
[36]
65
[37]
24

9
22
49
29
13

9
28
43
36
11

Not randomized leukemia
63
[38]
27
[5]
45
[39]

38
7
18

25
20
27

Randomized bone marrow transplants
[40]
69
29
[41]
38
19
[42]
182
92

Total patients

673

Table 4. The success of
prophylactic granulocyte
transfusions

325

Reference

348

Matching

Dose

Definite success
[34]
2.1 X 10 daily
1.5 - 2.2 X 10 daily
[40]

LCT-negative a
LeT-negative, HLA b

Partial success
[35]
[5]
[39]
[42]

0.7 X 10 daily
0.07 X 1O?
1.6 X 10 daily
?
daily

None
HLA
HLA
HLA

Lack of success
[33J
[37]
[36]
[38]
[41]

1.2
1.5
0.9
2.6
1.2

a
b
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40
19
90

ments are required for proper interpretation. The precise number of subjects in
each group was difficult to determine in
some studies because: (a) patients occasionally failed to complete the trial; (b)
some "nontransfused" controls received
therapeutic GTX; (c) patients may have
been counted more than once if they experienced more than one course of remission induction therapy; (d) tabulation of
infections varied considerably among investigators; and (e) authors' judgments regarding overall benefit were not always
based on statistical significance, and contrasting results were sometimes noted when
subpopulations of patients were analyzed
separately.
Prophylactic GTX are considered by
nearly all investigators to be of marginal
value because the benefits are few while
the risks and expenses are substantial (reviewed in references [26-30]). However, in
two studies [34, 40J, prophylactic GTX undeniably decreased the incidence of infections in severely neutropenic patients
(Table 4). Of note, fairly large doses of granulocytes were infused daily in these studies, and efforts were made to optimize
donor-recipient compatibility by HLA typing and/ or leukocyte cross-matching
(donors were excluded if recipient sera
reacted with donor lymphocytes). Although

X 10 alternate day
X 10 alternate day

x 10 daily
x 10 twice weekly
X 10 daily

None
None
None
LCT-negative, HLA
None

LeT-negative = Recipient sera negative for lymphocytotoxic antibody
HLA = Donor and recipient at least haploidentical for HLA-A and
HLA-B

Table 5. Incidence ofim-

mediate, nonhemolytic,
febrile transfusion reactions

Reference

HLAmatchmg

Reactions/ course

Reactions/
individual GlX

[35]
[45]
[37]
[33]
[36]
[41 ]
[23]

No
No
No
No
No
No
Yes·

39/53 (72%)
Not reported
12113 (92%)
7/10 (70%)
23/31 (74%)
19/48 (40%)
0117 (0%)

158/987 = (16%)
1233/6020= (18%)
Not reported
Not reported
Not reported
Not reported
Not reported

• Donor-recipient compatible by leukocyte cross-match; recipients
premedicated with diphenhydramine and acetaminophen

overall success could not be documented in
four reports [5, 35, 39, 42], partial success
was demonstrated when certain groups of
patients were examined separately. Prophylactic GTX were found to decrease the
incidence of bacterial sepsis [35], clinical infections (but not those proven by culture)
[5], and pneumonia [39]. Success was implied in another study [42] since prophylactic GTX were equally effective as a
comprehensive program of protected environment (laminar flow, etc.) in decreasing infections in bone marrow transplant
recipients.
Five studies [33, 36-38, 41] failed to
show benefit (Table 4). None of these studies provided both large numbers of granulocytes and granulocytes from matched
donors. Among the nine studies that found
only partial or no success, only one [39]
provided at least 1010 granulocytes daily
from donors selected by leukocyte matching (Table 4). Thus, the failure of prophylactic GTX trials published to date might
be explained, at least in part, by transfusion
of suboptimal granulocyte concentrates.
The other major deterrent to the widespread use of prophylactic GTX is concern
for the risks involved. The use of GTX exposes Qoth granulocyte donors and recipients to potential risks. The majority of
granulocyte donors do not experience adverse effects, and even when they occur,
they usually are of little consequence [44].
Despite their importance, hazards to
donors will not be discussed further in this
paper. Instead, the adverse effects of GTX
experienced by recipients will be reviewed.

Immediate, nonhemolytic, febrile transfusion reactions occur during or within a
few hours after transfusion, and are characterized by fever and chills. Other findings
include cyanosis, dyspnea, wheezing,
nausea, vomiting, itching, urticaria, anxiety, and fluctuations in blood pressure.
The majority of patients can be expected to
experience a reaction if they receive a
course of several GTX from random donors
(Table 5). The chance that an individual
GTX will provoke a reaction is fairly small.
Alloimmunization to leukocyte antigens is
the most likely causative mechanism with
transfused leukocytes interacting with antileukocyte antibodies in recipient sera. The
lack of reactions in Table 23 of reference
[23] supports this mechanism since donors
were selected by HLA typing and by compatibility with leukocyte cross-match. However, reactions may have been masked as
recipients were premediated prior to each
GTX.
The incidence of alloimmunization following GTX, and the importance of emerging antibodies are only partly defined. Reports indicating the detection of anti-leukocyte antibodies in patients following GTX
are listed in Table 6. At the present time, it
is impossible to predict accurately the likelihood that an individual patient might become immunized during a course of GTX,
or whether the antibody would have clinical importance. Several methods exist to
detect anti-leukocyte antibodies and difficulties arise in comparing data from different laboratories. For example (Table 6),
none of the patients of Cooper et al. [38]
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Table 6. Prevalence of anti-leukocyte antibodies
following GTX
Reference HLA-matched Antibodies
donors
detected •
[34J
[33J
[38J
[46]
[54J

No
No
Yes
No
No

7/23
7/10
0/14
23/26
13/22

(%)
(30)
(70)
(0)
(88)
(59)

• Subjects with antibody Itotal subjects studied
(percentage)

were alloimmunized after receIvmg GTX
from HLA-matched donors when antibodies were measured only by lymphocytotoxicity - a technique detecting primarily
anti-HLA antibodies. In contrast, nearly all
patients evaluated by Thompson et al. [46]
produced anti-leukocyte antibodies in response to random donor GTX when studied by a battery of assays that were designed to detect antibodies directed against
multiple lymphocyte and granulocyte antigens. Based on current knowledge, it seems
likely that the majority of patients receiving
a series of GTX from random donors will
develop anti-leukocyte antibodies if their
sera are evaluated by a battery of tests.
The importance of such antibodies is unclear. In animals [47, 48], immunization
with blood products decreases the effectiveness of subsequent GTX. Post-transfusion
increments of blood leukocyte counts were
diminished, granulocyte function was impaired, thrombocytopenia was induced,
and survival of immunized animals was decreased. Studies in humans are not as definitive, but data suggest that anti-leukocyte antibodies mediate transfusion reactions, adversely affect post-transfusion
increments of blood leukocyte counts, alter
the circulating kinetics of infused granulocytes, and decrease the antimicrobial effects of GTX. For example, Goldstein et al.
[49] observed transfusion reactions following 90% of GTX administered to immunized recipients, while only 11 % of GTX
given to patients without anti-leukocytic
antibodies evoked reactions. In contrast,
Ungerleider et al. [50] studied 187 donor
-recipient pairs with a battery of anti128

leukocyte antibody assays. They were unable to establish a significant relationship
between the presence of antibodies and
either transfusion reactions or postinfusion
neutrophil recovery. McCullough et al. [50]
found the intravascular kinetics of transfused granulocytes to be altered adversely
(decreased recovery, half-life, and migration to sites of infection with increased liver
sequestration) by granulocyte agglutinating
antibodies, but not by granulocytotoxic or
lymphocytotoxic antibodies. Dutcher et al.
[52] found transfused neutrophils to be
sequestered in the lungs of alloimmunized
patients. In additional studies, this same
group [53] observed that radiolabeled
leukocytes obtained from random donors
failed to reach sites of infection in alloimmunized patients (defined by refractoriness to random donor platelets and
the presence of lymphocytotoxic antibodies
reacting against more than 20% of a lymphocyte panel). Dahlke et al. [6] noted decreased survival of patients with gramnegative septicemia, who received therapeutic GTX deemed to be incompatible by
a granulocyte indirect immunofluorescence
antibody assay, when compared with similar patients given more compatible GTX.
Finally, pulmonary infiltrates are a serious
complication that may be related to alloimmunization [3, 24, 35]. However, they
can occur in patients not receiving GTX
[24], and the exact mechanisms involved in
individual patients are often unclear.
Whether immediate, nonhemolytic, febrile
transfusion reactions and pulmonary reactions can be consistently eliminated in individual recipients by HLA matching and
leukocyte compatibility testing remains to
be shown.
Other potential hazards of GTX do not
pose major barriers to prophylactic GTX.
The concern over fatal pulmonary reactions
due to the interaction of GTX and am photericin B [55] simply has not been confirmed by several other investigators (reviewed in reference [27]). However, it may
be a useful practice to infuse amphotericin
B during the morning and GTX during the
late afternoon in patients receiving both
agents. Graft-versus-host disease can be
eliminated by irradiating granulocyte concentrates with 1500-5000 rads prior to

transfusion. Finally, transfusion-associated
cytomegalovirus infections that arise in
seronegative patients can be avoided by
selecting donors who are likewise seronegative for anti-cytomegalovirus antibodies. ,
The following recommendations can be
made. Based on current evidence, prophylactic GTX cannot be recommended for
treating neutropenic cancer patients (except on an investigational basis) because
the benefits are few and the risks and costs
are substantial. Although still investigational because of the multiple complex issues
involved, an argument can be made to support bone marrow transplant recipients
with prophylactic GTX when granulocyte
concentrates are obtained from HLA closely matched donors. Since many earlier
prophylactic GTX trials can be criticized
for transfusing small numbers of neutrophils, too infrequently, and without regard for leukocyte compatibility, consideration probably should be given to renewed
investigations in this area using HLAmatched donors who produce good platelet
increments (as a sign of compatibility). In
such trials, prophylactic GTX should be
discontinued if anti-leukocyte antibodies
appear and/or if immediate, febrile transfusion reactions occur that cannot be eliminated with premedications. Granulocyte
concentrates should contain > 1.5 X lO10
and be given daily. Patients seronegative
for anti-cytomegalovirus antibody should
receive GTX from seronegative donors, and
granulocyte concentrates should be irradiated. Obviously, careful comparisons of
the costs of prophylactic GTX versus
alternative therapies (e.g., protected environments) must be made, in addition to
observations of efficacy and toxicity.
Note added in proof: Gomez-Villagran et al.
(Cancer 54:734-738, 1984) reported prophylac-

tic GTX to successfully decrease infections in
leukemic patients when given as 1.24 X 10 10 per
day.
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Single Donor Platelet Transfusion
C. A. Schiffer 1

Cytopheresis equipment from a number of
manufacturers now permits the rapid, safe,
and efficient procurement of functionally
normal platelets from single donors. There
has been an extensive proliferation of these
blood cell separators and virtually all large
blood collection centers and most large
hospitals have at least one blood cell separator in operation. Transfusions from single
donors selected by HLA typing are a wellaccepted feature of the management of alloimmunized patients [1, 2]. In addition,
occasional centers located at a distance
from regional blood transfusion centers utilize nonmatched transfusions from single
donors as a major part of their "regular"
platelet supply. Because most single donor
transfusions are not obtained from "closed
systems" however, these collections cannot
be stored for more than 24 h, making it
more difficult to utilize such products
rationally as a form of long-term platelet
inventory. Furthermore, the availability of
newer plastic bags now allows storage of
platelet concentrates at ambient temperatures with preservation of normal posttransfusion recovery after 7 days of storage
[3]. Thus, there should be few such "geographic peculiarities" which necessitate the
widespread use of single donor platelets as
"random donor platelets" in the future.
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Alloimmunization with refractoriness to
random donor platelet transfusions remains the major complication of any type
of platelet transfusion therapy. There has
been considerable interest in the last 5
years in the use of single donor platelets as
a means of preventing or delaying immunization in transfusion recipients. There are a
number of scientific, theoretic, and practical considerations which are implicit in
such an approach. These will be discussed
in detail with evidence presented which on
balance will support the approach of reserving single donor platelet transfusion for
alloimmunized patients.
The "scientific" evidence is perhaps the
simplest of the issues to deal with. There
has only been a single evaluable study
done comparing the use of single donor
with pooled random donor platelets performed in a prospectively randomized
fashion in a homogeneous patient population. This was a small study performed in
Zurich by Gmur and colleagues in which
patients with acute leukemia were randomized to receive either platelets prepared solely from single donors or pooled
random donor platelet concentrates [4]. A
total of 54 patients were studied and life
table analysis suggested that alloimmunization was significantly delayed in the
group of patients receiving single donor
platelets. Both serologic and clinical criteria
were used to document alloimmunization
and in this study, as in previous observations from our institution, lymphocytotoxic (anti- HLA) antibody served
as an excellent marker for the presence of
alloimmunization [5, 6J. All patients re-

ceived leukocyte-poor red blood cells
(RBC). Although the study was very carefully performed and analyzed, there are a
number of questions about the interpretation of the data, including: (a) the inclusion
of patients who had received granulocyte
transfusions; (b) the failure to censor patients who had early deaths; (c) and the
possibility that a genetically more homogeneous Swiss population might not be representative of the donor gene pool in a
country with more racial heterogeneity
such as the United States. Only a small
number of patients were studied and statistically significant benefit was most prominent in women who had had prior exposure to histocompatibility antigens
through pregnancy, a somewhat surprising
finding. In addition, entry to the study was
limited to patients with no past or recent
transfusions. This is not necessarily representative of the leukemia patient population, however. In a recent study at our referral center, 10/56 evaluable leukemia patients had received packed RBC transfusion immediately prior to transfer from
other hospitals with an additional 8 patients having received RBC for other illnesses in the past [7]. Whether such patients
would benefit from single donor platelets is
unknown.
Nonetheless, this is an important and
provocative study which represents the only observation of its kind in humans to
satisfy these important study guideline criteria:
1. Prospective randomization
2. Serologic criteria for alloimmunization
3. Homogeneous patient group in terms of
diagnosis and chemotherapy received
4. Use ofleukocyte-poor RBC
5. Analysis over the entire course of induction therapy
6. Minimal number of protocol violations
Other studies which have attempted to
address this issue fail to meet most if any of
these criteria. Thus, although Sintnicolaas
et al. [8] purport to demonstrate a benefit
for single donor platelets in a randomized
study, the results must be viewed with care
because of: (a) the relatively small number
of patients (34) with a variety of diagnoses;
(b) the absence of serologic data in many

patients; (c) the inclusion of patients with
prior random donor transfusions in the
single donor group; and (d) perhaps most
critically, only the first two random or
single donor transfusions received by the
patient were compared rather than the entire transfusion history.
There are a number of theoretic considerations which must also be kept in
mind about which there are relatively few
data available. One could conceive of different strategies of using either multiple
"random" single donors, repeated transfusions from small numbers of single
donors, or repeated transfusions from small
numbers of HLA-matched single donors.
Because of the relatively small number of
HLA-matched donors available per patient,
even in centers with large numbers of typed
donors [9], the latter approach would be extremely difficult to implement and furthermore could reduce the number of
donors available for patients who are already alloimmunized. Furthermore, if only
closely HLA-matched donors are utilized, it
is possible that one could select for the
development of antibody against plateletspecific antigens which are extremely difficult to detect reliably at this time. Despite
the proliferation of an enormous number of
different techniques for detection of antiplatelet antibody, none of these are reliably
applicable to donor cross-matching at this
time [10, 11]. Experiments in dogs by
O'Donnell and Slichter have indicated that
platelet transfusions from DLA-matched
littermates can result in a high incidence of
refractoriness, probably due to platelet-specific antigens [12]. Although platelet-specific antigens tend to be found in the overwhelming majority of the population in humans (greater than 95%-99% for most antigens), there are no comparable post-transfusion data available in humans and one
must be cognizant of this theoretical concern when utilizing HLA-matched platelets
alone.
The repeated use of a small number of
single donors is predicated on the theorem
that should refractoriness develop to one
donor, it should be relatively simple to
switch to another donor of a totally different HLA type. There is however considerable serologic cross-reactivity within
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the HLA system [1] and it is probable that
recipients exposed to even a few HLA antigens would also develop antibody directed
against the large number of HLA antigens
that may be antigenically similar. The
development of multispecific antibody of
this pattern was noted in a small study performed at our institution many years ago
[13]. Similar observations were also noted
in the canine studies already mentioned
[12]. Overall, the alloimmunization rate
was similar using either pooled random
donor platelets or a sequence of transfusions from single donor dogs.
It is perhaps the practical problems
which represent the most compelling barrier to the exclusive use of single donor
platelet transfusions. Obviously, cost
features are an important factor. All patients with leukemia and thrombocytopenia
also require RBC transfusions. It would be
illogical to utilize a "clean" platelet product
while providing large amounts of antigenic
material from leukocytes and platelets contaminating packed RBC obtained from
"random" RBC donors. Leukocyte-poor
blood or perhaps more ideally frozen RBC
will increase the cost of RBC transfusions
by a factor of 2-3. Such a program would
also markedly increase the procedural burdens on any blood center involved in the
supportive care of large numbers of such
Furthermore, platelet conpatients.
centrates are a relatively inexpensive byproduct of RBC donations which are constantly occurring in large blood centers.
The charge to the patient for single donor
platelets is greater in most hospitals and
does not include the "cost" to society of
donors missing work for at least half a day
because of travel and donation time. Lastly,
donor morbidity must be considered.
Although available blood cell separators
have an excellent safety record, there are
side effects associated with platelet pheresis
which include the frequent occurrence of
reactions to the citrate anticoagulant, the
annoyance of multiple venipunctures and
the possible immunologic consequences of
removing circulating lymphocytes with
long-term immunologic "memory" which
can occur with frequent donations processed through the cytopheresis machines.
Newer equipment [14, 15] and modification
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to older equipment [16] will make this less
of an issue in the future, however.
An additional problem is that it would
be difficult if not impossible for most blood
centers to adhere to the rigorous requirements of supplying only single donor
platelets on weekends and during emergencies. The study by Gmur et al. [4] was
performed in a small pheresis center in
which the blood bank physicians were also
primarily responsible for the patient care.
This is similar to the arrangement in our
own center and in studies that we have carried out in the past, it has often been extremely difficult to coordinate the scheduling of single donors with the patient's requirements for transfusion. I am aware of
at least two studies in large centers in which
the investigators found it impossible to provide either the single donor platelets or the
leukocyte-poor blood cells at all times for
the patients randomized to these products.
"Protocol violations" occurred in up to 50%
of the patients on study. It would obviously
be inappropriate to utilize an expensive
modality such as single donor platelets only
part of the time. Thus, implementation of
any approach to modify or prevent alloimmunization will require much greater
coordination between blood transfusion
services and clinicians than exists at most
centers at this time. Indeed, it could be suggested that the energy required for improving such coordination could be best directed at improving the quality control and
clinical usage of the random donor platelet
concentrates provided in many blood
banks.
Lastly, there is a misconception in many
centers that alloimmunization is an inevitable consequence of the administration of
repeated platelet transfusions. On the contrary, data from a number of centers indicate that in cancer patients receiving cytotoxic and immunosuppressive therapy, alloimmunization develops in a minority of
patients [4, 6, l7, 18]. In large studies of
more than 200 leukemia patients treated
with standard, intensive induction chemotherapy at our institution, only about 40%
-50% of patients became immunized as
documented by the development of lymphocytotoxic antibody [6]. In most of these
patients, alloimmunization did not develop

until 3-5 weeks after initial antigenic exposure (i.e., at a time when patients would
be entering remission) so that alloimmunization is even less common in patients
undergoing remission induction therapy. In
a recent study completed at the University
of Maryland Cancer Center, only 19% of
100 platelet transfusion recipients actually
required HLA-matched platelet transfusions during their initial induction therapy [7]. Similar findings were noted by
Gmur et al. [4]. Additional data from our
center demonstrate that patients who become alloimmunized develop antibody
within 3-8 weeks after their initial platelet
transfusion. If antibody does not develop at
this time, then it is quite unusual for such
patients to become alloimmunized in the
future despite the administration of further
platelet transfusions [18].
With this background in mind it is of interest to consider exactly how many patients with leukemia might be benefited
from any approach by which alloimmunization may be reduced. If one begins with
100 newly diagnosed patients with acute
leukemia, approximately 10% of such patients will be alloimmunized on admission
or become alloimmunized following their
first transfusion as a result of an anamnestic antibody response due to prior transfusions or pregnancies. This would leave a
total of 90 patients who might benefit from
any approach to modify alloimmunization.
If one assumes a final alloimmunization
rate of approximately 50%, then the number of patients is reduced to 45. All patients
receiving therapy do not achieve complete
remission. Assuming a remission rate of
70%, the figure is reduced to approximately
30 patients. Not all patients who achieve
complete remission are candidates for aggressive subsequent therapy. If one assumes (perhaps somewhat liberally) that
80% of such patients would receive repeated intensive therapy, the number of patients is further reduced to 24. In our experience, approximately 10%-20% of patients receive granulocyte transfusions because of infections not responsive to antibiotic therapy alone, reducing the number
of potential "beneficiaries" to approximately 20 patients. Lastly, it is unlikely that
any approach to modity alloimmunization

would be 100% effective. If one generously
assumes a halving of the immunization
rate, then one is left with a figure of approximately 10-15 patients who might
benefit from any such approach. Shortterm benefit is even lower because, as noted, only 20% of patients require HLAmatched platelets during induction. Unfortunately, it has been impossible to distinguish prospectively between patients
who are more or less likely to become immunized. Thus, it would be necessary to
"treat" 100 patients for what at this time remains the theoretic possibility of benefiting
only some 10%-15% of such patients. Furthermore, most of these alloimmunized patients can be managed successfully with
HLA-matched volunteer donors or family
members.
In summary, it is likely that the exclusive
use of single donor platelets would strain
the apheresis capabilities of most centers so
that it would be more difficult to supply
histocompatible platelets and granulocytes
for patients who clearly need and could
benefit from them. In addition, because the
number of HLA-typed donors available for
patients is usually limited, one has to question if this is the appropriate use of this
valuable resource compared with saving
these donors for alloimmunized patients. It
is also unlikely, because of the issues raised,
that such an approach could even be carried out at most blood centers. Thus, the
current practice of administering random
donor platelets followed by single donor
platelets should alloimmunization develop
is justified by both economic and scientific
reasoning at this time [19]. Further scientific documentation of the potential effectiveness of the use of single donor platelets
alone is required before this therapeutic
modality is utilized, even in specialized
transfusion centers.
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Advances in Parenteral Nutrition Support of Children
with Neoplastic Diseases *
K. A. Rickard, J. L. Grosfeld, T. D. Coates, R. M. Weetman, A. J. Provisor
and R. L. Baehner

A. Introduction
In the last decade, advances were made in
understanding the significance of protein
energy malnutrition (PEM), in recognizing
PEM in specific subpopulations of children
with malignancies, in staging and assessment of nutritional status, and in
understanding the efficacy and limitations
of various options for nutrition support.
This report describes our experience in providing nutrition support for over a 100 children with newly diagnosed malignancies
who have been monitored carefully on
study protocols and treated at a single pediatric cancer facility. This work was possible
because of the close collaboration between
the Departments of Pediatric Hematology
Oncology, Pediatric Surgery, Radiation
Oncology, and Pediatric Nutrition and
Dietetics at James Whitcomb Riley Hospital for Children.
B. Significance of PEM
PEM is associated with impaired immunocompetence, increased susceptibility
to infections, major organ dysfunctions,
and, when severe, increased morbidity and
mortality. The organ systems most readily
affected by PEM, i.e., the hematopoietic,
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gastrointestinal, and immunologic systems,
are also those which are the most sensitive
to oncologic treatment. Improvement in
these systems may be one of the goals for
either reversing or preventing PEM.
In an initial study [9] of children with
newly diagnosed advanced solid tumors
and relapsed leukemia-lymphoma, anergy
(as defined by the inability to respond to
anyone of four recall skin test antigens)
was documented in 17 of 18 patients considered malnourished. Anergy was reversed
with 28 days of central parenteral nutrition
support in approximately two-thirds of the
patients (7/11 retested), despite continuing
oncologic treatment. Van Eys et aL [17]
documented significantly higher rates of infectious complications in malnourished
compared with well-nourished children
with metastatic disease involving bone who
received parenteral nutrition support. Current data suggest that bone marrow suppression may be attenuated by parenteral
nutrition support, at least in patients with
stages III and IV neuroblastoma [12,
15], patients with acute nonlymphocytic
leukemia (ANLL [7]), and patients with
metastatic disease involving bone [17].
Nutritional status at the time of diagnosis
of neoplastic disease has been clearly associated with outcome in adults [2] as well
as children [3, 12].
C. Childhood Neoplasms with High Risk
forPEM
PEM is a common occurrence in certain
high risk populations of children with neo137

plastic diseases. The incidence of PEM at
diagnosis of childhood neoplasms and during treatment of childhood cancer varies
from 6% (children with newly diagnosed
leukemia) to as high as 50% (children with
newly diagnosed stage IV neuroblastoma),
depending upon tumor type, stage of disease, and criteria for PEM [11]. We sequentially monitored the nutritional status
(energy intakes, weights, weight for height
proportionality, skinfold measurements,
albumin, and transferrin) of more than 100
children with newly diagnosed neoplastic
diseases during initial phases of therapy.
These data formed the basis for determination of the factors that place a patient at
a higher risk for the development of PEM
(Table 1). The tumor types usually associated with high and low nutritional risk are
listed in Table 2.
D. Staging and Assessment of Nutritional
Status
In the past, states of malnutrition may have
been overlooked because oflack of tangible
criteria for establishing the nutritional
Table 1. Common risk factors for the development of PEM
Advanced disease
Lack of tumor response
Abdominal and pelvic irradiation
Intense frequent courses of chemotherapy (~3
weeks) in the absence of corticosteroids or
appetite stimulants
Major operative procedures of the abdomen
Psychologic factors, removal from familiar surroundings, separation from parents and siblings
Absence of supportive health care team

status of these patients, or, possibly owing
to an insensitivity to the significance of
PEM. We developed a system for nutrition
staging patients not only at diagnosis, but
also during ongoing oncologic treatment
because changes in nutritional status are
dynamic.
I. Identification of PEM (Staging)
at Diagnosis

Criteria for staging patients as malnourished at diagnosis include: > 5% weight
loss, weight for height < 5th percentile, or
serum albumin < 3.2 g/dl. A patient who
does not meet any of these criteria is staged
as well-nourished. The significance of
nutrition staging at diagnosis has been emphasized in a recent study [12] of 18 of our
children with newly diagnosed stage IV
neuroblastoma. In an equal number of
malnourished and well-nourished patients
at diagnosis, significantly more malnourished patients had relapsed or died by 180
days after treatment was initiated (P <
0.05). The differences in survival between
the two groups of patients approached significance (P=0.08) at 1 year into treatment. The median survival of the malnourished group was 5 months compared with
12 months for the well-nourished group. It
remains to be determined whether the patients considered to be malnourished at diagnosis have a more aggressive or advanced form of neuroblastoma, or, whether
the nutritional status influenced the outcome.
II.

Ongoing Nutritional Assessment

Dramatic changes in nutritional status have
occurred over as short a period as 1 week

Table 2. Types of neoplastic disease associated with high and low nutritional risk
High nutritional risk
Stage III and IV Wilms' tumor
Advanced neuroblastoma
Acute nonlymphocytic leukemia
Pelvic rhabdomyosarcoma
Brain tumor
Some non-Hodgkin's lymphomas
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Low nutritional risk
Acute lymphocytic leukemia
Nonmetastatic diseases
Advanced diseases during maintenance treatment and when in remission

because of the almost immediate adverse
impact of oncologic treatment upon the
gastrointestinal system and upon nutrient
intake. The current criteria used for staging
patients at diagnosis may not be sensitive
enough to detect ongoing nutritional depletion.
Some pitfalls may be associated with the
monitoring of weight changes as the only
index of nutritional status. Children who
are < 5th percentile weight for height have
relatively small losses in weight compared
with well-nourished children with equally
low energy intakes. Malnourished children
have fluid changes which mask some of the
tissue wasting. Edema and dehydration
may alter weight so that accurate interpretation is difficult. Furthermore, monitoring
only absolute weight changes may provide
a false sense of security. Weights need to be
plotted sequentially on growth grids and
expressed as a percentage of weight loss.
For example, a 2 kg weight loss for a 60 kg
teenager (3% weight loss) may not seem impressive, however, the same 2 kg loss in a
20 kg toddler represents a 10% weight loss.
Changes in weight, weight for height,
and subscapular skinfold thickness are particularly useful indicators of real or impending nutrition depletion. Low energy
intakes and decreases in skinfold measurements were the first indicators of nutrition
depletion and occurred despite weight
maintenance or a slight weight gain in several children who had no evidence of
edema. Fomon and associates [5) reported
a similar phenomenon in normal infants
fed skim milk formula (67% of energy requirement). This group of babies experienced approximately 25% decreases in triceps and subscapular skinfold measurements even though they gained weight, albeit at a slower rate than normal.
Skinfold calipers are valuable in detecting more subtle, subclinical changes in
nutritional status during early phases of
treatment. Subscapular skinfold decreases
> 0.3 mm correlated with low energy intakes (more than 2 standard deviations below the mean of Beal's data [1] for healthy
children) in patients who initially had skinfold measurements in the normal range.
Changes > 0.3 mm are twice the coefficient of variation which was determined

from 265 data sets for each subscapular
skinfold measurement.
For ongoing nutritional assessment,
albumin concentrations in relation to energy intake are monitored. Albumin is a useful indicator of mild to moderate PEM in
some patients, i.e., decreases are seen
which correspond to very low protein or
energy intakes and may be observed before
significant weight loss. However, albumin
concentrations may be preserved at marginal or low ranges of normal (2.9-3.2 gl
dl) in some children with obvious tissue
wasting. Transferrin, pre albumin, and retinol binding proteins are serum proteins
which may indicate subclinical PEM. They
have shorter half-lives and different synthetic rates than albumin. In a current
study [14] of these biochemical indicators,
preliminary data strongly support the use
of these serum proteins as early indicators
of successful repletion.
E.
1.

Options for Nutritional Support

Enteral Nutrition

Several modes of nutrition support are
available for the pediatric patient. For most
children with cancer, provision of nutrients
by the enteral route with oral feeding is the
preferred method because treatment may
last several years. An individualized feeding program which uses favorite, nutritious
foods of the child during treatment-free
periods has numerous practical and psychologic advantages over parenteral
nutrition. These include a lower risk of infection and other catheter-related complications, more normal play activities and
life-style, and a positive way for parent and
child to be involved in their own care. In
addition, enteral feeding is more economic.
In our experience, however, this type of enteral feeding program has not been effective in either preventing or reversing PEM in most of the patients at high
nutritional risk during initial intense treatment. In a study [9] of 21 children with advanced cancer who were enterally nourished, energy intake was very low, averaging 48% + 24% of the Recommended Dietary Allowances (RDA) for kilocalories,
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and weight loss averaged 16% in less than 1
month of treatment. Similarly, in a recent
study of 32 children with stages III and IV
neuroblastoma [15] significant loss of fat
reserves and weight occurred during the
initial 28 days of treatment when enteral
nutrition alone was provided. The children
who became malnourished were unable to
make nutritional gains thereafter, despite
numerous delays in treatment.
We feel that the use of nasogastric tubes
to provide nutrition is contraindicated in
the older infant, toddler, and preschool age
groups of children because of psychologic
trauma associated with the insertion and
maintenance of tubes. Nausea and vomiting in addition to decreased intestinal motility and absorption from oncologic therapy make this modality less favorable and
less effective. Gastrostomy feedings also
seem to be of limited value for similar reasons. In a few older schoolage and teenage
children, continuous nasogastric nighttime
feedings have been beneficial.
II.

Parenteral Nutrition

1.

Nutritional and Immunologic Benefits

Parenteral nutrition is both safe [18, 13]
and efficacious in children with neoplastic
diseases. In a group of 28 patients who had
stage III or IV solid tumors or second relapse leukemia-lymphoma, the effectiveness of central parenteral nutrition (CPN)
in reversing PEM and restoring immunity
was documented [9]. Of the 28 patients who
were malnourished, 20 received CPN for a
mean of 24 days (average caloric intake of
90% of the RDA during weight gain). Initially, patients were randomized to either
10 or 28 days of CPN. The lO-day randomization was abandoned after the initial three
patients rapidly returned to their initial
malnourished state because of continuing
oncologic treatment. Review of data from
20 patients who received longer intervals
(> 28 days) of parenteral nutrition indicated that shorter intervals (9-14 days) did
not restore an appropriate weight for

parenteral nutrition to reverse PEM, an improvement in transferrin concentration occurred, suggesting that transferrin was
more responsive than albumin. Another
short-term benefit was a significant improvement in the child's general state of
well-being. A period of 28 days CPN restored weight for height percentiles, subscapular skinfold percentiles, albumin, and
transferrin concentrations to normal values.
Curtailment of parenteral nutrition support
before reversal of PEM and completion of
intensive oncologic support reduced the
benefits of previous nutrition support.
Therefore, we recommend continuing the
parenteral nutrition support for several
days beyond cessation of chemotherapy or
irradiation treatment which induce anorexia, nausea, and vomiting. Nutritional
benefits from effective parenteral nutrition
support are maintained after completion of
the intense treatment, unless complicating
factors in the patient's clinical course such
as relapse, sepsis, or major abdominal procedures occur [10, 15].
In a recent study [13] comparing the effectiveness of parenteral nutrition provided
by either central or peripheral veins, the
central line allowed provision of greater
concentrations of glucose and obviated
problems with subcutaneous peripheral infiltrations. In 19 children with advanced
neuroblastoma or Wilms' tumor, both
routes of administration were effective in
reversing PEM when adequate energy and
protein were provided over a 21- to 28-day
period. Significant increases in anthropometric measurements and albumin were
similar for the two groups. Both groups had
a similar incidence of anemia, fever episodes (with and without documented sepsis), and mildly elevated SGOT concentrations. The peripheral parenteral nutrition
(PPN) group, however, had a high incidence of line changes associated with
peripheral infiltrations and related psychologic trauma. In this study, the effectiveness
of PPN was dependent upon an oral intake
which provided an average of 30% additional energy to meet the RDA. Based

height (though weight gains were signifi-

upon these results, a central line is used for

cant) nor fat reserves, and, did not return
serum albumin concentrations to > 3.2 gl
dl. Despite the failure of shorter intervals of

our standard parenteral nutrition support
program and a peripheral line for periods
when the central line is interrupted.
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2.

Treatment Tolerance Benefits

Treatment tolerance benefits from parenteral nutrition compared with oral nutrition have been documented in several recent prospective randomized studi~s .. of
children with specific tumors. In an mitlal
report of a randomized study [12] of 17 patients with stage IV neuroblastoma, those
who had a favorable nutrition course during the first 21 days of therapy had significantly fewer treatment delays (secondary to
absolute granulocyte counts > 1000/IlI or
platelets > 75 OOO/IlI) and fewer drug dose
reductions throughout the first 10 weeks of
treatment. Treatment consisted of 5-day
cycles of OTIC, vincristine, an~ cyclophosphamide given at 3-week mtervals.
The treatment tolerance benefits from effective reversal or prevention of PEM were
further documented in 32 patients with
stages III and IV neuroblastoma [15].
Three other prospective randomized
studies of children with cancer have also
documented treatment benefits from CPN
compared with oral nutrition in improving
tolerance to chemotherapy [17], in improving adherence to chemotherapy schedules
[6], or in accelerating recovery of normal
marrow function [7]. In contrast to these
findings, Shamberger et al. [16] failed to
document benefit from CPN compared
with oral nutrition in improving recovery
from bone marrow suppression in a series
of 27 young patients who received extremely aggressive treatment f?~ po.or l?rognosis sarcomas. In a muiti-mstltutlonal
study [4] of 25 patients who received abdominal irradiation, the CPN and oral nutrition groups of patients did not differ in
ability to adhere to the radiotherapy schedule. Thus, the value of CPN in improving
treatment tolerance probably relates to certain types and stages of tumors as well as
specific treatment.
3.

Mullen [8] reported that CPN adds little
serious morbidity and mortality. An increased incidence of fever (P < 0.003),
anemia (P < 0.09), and pulmonary dysfunction (P < 0.12) was documented in the
CPN group, however, incid~nce o! documented infections (25%) at dIstant sItes was
similar for both groups.
The possibility that CPN stimulates .tumor growth in excess of host repl.etlOn
needs to be considered, although chmcally
this has not been observed when aggressive
oncologic treatment is given simultaneously. In fact, it is conceivable th~t
CPN may beneficially stimulate cell replIcations and increase effectiveness of cellcycle-specific drugs. Certainly, tumor ~e
sponse may be improved when effectlve
oncologic treatment is completed on schedule.
A cknowledgments. This work was supported in
part by grants ROI-CA 28531 and ROI-CA
28005 from the National Cancer Institute,
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Antiemetics in Cancer Chemotherapy
M. Higi 1

A. Introduction
Nausea and vomiting induced by several
cancer chemotherapy agents is often the
most distressing side effect of treatment.
The mechanisms are quite complex. The
vomiting center in the reticular formation
can be stimulated by either afferent stimuli
from the gastrointestinal tract or by the
chemoreceptor trigger zone (e1Z). The latter is probably the primary site for emetic
activity of most cancer chemotherapeutic
agents and is accessible to drugs that do not
cross the blood-brain barrier. It is quite
possible that several agents have different
receptors. The wide spectrum of antiemetics is in contrast to the often observed lack
of effectiveness. The more successful trials
have concentrated on agents, doses, schedules, or routes of administration that were
not generally used prior to 1980. An effective study design has reduced methodological difficulties and reproducible data
have been reported.
For most chemotherapeutic agents with
emetic properties, the onset of emesis occurs 2-3 h after administration in previously untreated patients. In most instances, the drug dose and the route of administration are important variables affecting the incidence of nausea and vomiting.
Many patients manifest prechemotherapy
emesis; the anticipatory vomiting overlaps
continuously with the drug-induced symptoms.

Therefore, successful antiemetic treatment needs prophylactic pharmaceutical
intervention, starting 1-12 h before administration of emetic cancer chemotherapy to prevent or lessen the initial occurrence of vomiting.
B. Antiemetic Agents

1. Phenothiazines
Phenothiazines can prevent apomorphineinduced vomiting. The antiemetic effectiveness in various chemotherapeutic regimens
has been examined under randomized conditions. Phenothiazine derivatives are
therefore the most frequently used agents
to prevent emesis in cancer chemotherapy.
Toxicity usually consists of sedation, with
occasional extrapyramidal and "paradoxical" reactions.
II.

Droperidol and haloperidol are also effective antiemetics. Like the other agents, the
antiemetic activity probably acts on the
e1Z of the area postrema. Several clinical
studies have shown, in addition to the high
antiemetic qualities, a very low incidence of
side effects, including sedation and extrapyramidal reactions.
III.

1 Klinik Dr. Schedel, 8391 Kellberg-Passau,
FRG

Butyrophenones

Canna binoids

Tetrahydrocannabinol (1He) , the psychoactive substance of cannabis, has antiem143

etic properties. TIlC and synthetic cannabinoids (nabilone, levonantradol) have been
studied in randomized trials. Some authors
reported a higher antiemetic activity than
conventional agents, but toxicity has been
frequent. The side effects include sedation,
hypotension, dizziness, and a psychotropic
"high". The psychogenic reactions have
caused a decreased acceptance of cannabinoids.

IV.

Benzamides

Metoclopramide, alizapride, and benzquinamide are also widely used as antiemetics.
It has been postulated that these agents
exert their antiemetic potency by blocking
dopamine receptors in the C1Z and the
gastrointestinal tract. Low doses of metoclopramide failed to show antiemetic activity in chemotherapeutic-induced vomiting. Given in high doses (1-2 mg/kg every
2 h) to patients receiving Cisplatin chemotherapy, metoclopramide demonstrated
antiemetic efficacy. Sedation is the most
frequent side effect. Occasionally dystonic
reactions and akathisia have been reported.
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V.

Corticosteroids

In most clinical trials, dexamethasone or
methylprednisolone have been used. Useful
antiemetic results have been reported. The
mechanisms are unknown. Toxicity with
short-course regimens of steroids has been
mild. Interactions with the antitumor efficacy of the chemotherapeutic drugs were
not noted. Corticosteroids are effective
antiemetics with a low degree of toxicity.
C.

Conclusions

Successful antiemetic treatment needs
prophylactic pharmaceutical intervention
starting before administration of emetic
cancer chemotherapy to prevent or lessen
the initial occurrence of vomiting. Phenothiazines, butyrophenones, cannabinoids,
benzamides, and corticosteroids given in
high doses have demonstrated antiemetic
efficacy and represent to date the most active agents. It is possible that the chemotherapeutic drugs exert their emetic effects
through different pathways. Therefore,
combination regimens may be expected to
produce an improvement in patient care.
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Chromosome Abnormalities in Malignant Lymphoma:
Biologic and Clinical Correlations *
C. D. Bloomfield, D. C. Arthur, E. G. Levine, G. Frizzera, K. J. Gajl-Peczalska,
T. W. LeBien, D. D. Hurd, and B. A. Peterson

A. Introduction
Among the hematologic malignancies, the
clinical and biologic significance of chromosome abnormalities have been most extensively studied in the acute leukemias
and chronic myelogenous leukemia (CML).
Clonal chromosome abnormalities are now
identified in essentially all cases of CML
and in most cases of acute nonlymphoblastic leukemia (ANLL) and acute lymphoblastic leukemia (ALL). In the acute
leukemias, specific chromosome abnormalities have now been correlated with
morphology (ANLL), immunologic phenotype (ALL), and various clinical features. In
both ANLL and ALL, they have been
found to be clinically important as independent risk factors for predicting response to treatment, remission duration,
and survival [1-4].
Limited data are available regarding
chromosomal abnormalities in malignant
lymphoma, other than Burkitt's. The few
reported studies of banded chromosomes
have generally included small numbers of
cases, and primary tumor masses have rarely been the major source of tissue studied.
Moreover, for a given lymph node, chromosome findings have rarely been correlated with histology and immunologic pheno-
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type. Since July 1978, we have been prospectively studying chromosomes in lymph
nodes from patients with lymphoma and
correlating them with histology, immunologic phenotype, and clinical findings [5, 6].
This report briefly summarizes our findings
in the first 115 patients.
B. Materials and Methods
Chromosomes from involved lymph nodes
or other tumor masses from 115 patients
(ages 8-85 years; median 55 years) with
non-Hodgkin's malignant lymphoma were
studied. In 73 patients, neoplastic tissue
was analyzed at diagnosis prior to any
treatment; in 42 patients, tissue was first
studied at relapse. In all instances, the tumor was simultaneously studied for histology, immunologic markers, and G-banded
chromosomes. Histologic classification was
done using the International Working
Formulation for Clinical Usage [7].
Immunologic phenotyping, as described
previously, was based on study of both
single cell suspensions and tissue frozen
sections in all cases [8]. All cases were studied for surface (SIg) and cytoplasmic (CIg)
immunoglobulin, and receptors for complement (C/), Fc, and unsensitized sheep
erythrocytes (E); 79 cases were also studied
with a panel of monoclonal antibodies including BA-1, BA-2, and BA-3 [9].
For cytogenetic studies, a portion of the
same tumor mass biopsied for histology
and immunologic phenotyping was obtained directly from the surgical pathology
laboratory and processed within 1 h of bi145
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opsy. Metaphase chromosomes were harvested from direct preparations and unstimulated or methotrexate-synchronized
short-term (24- and 48-h) cultures using
methods described previously [6]. G-banding was done using the Wright's technique
of Sanchez et al. [10]. Photographs of metaphases were taken on high contrast SOlIS
film, and multiple karyotypes were constructed in each case.
Chromosomes have been designated according to the ISCN (1978, 1981), and the
karyotypes are expressed as recommended
under this system [11, 12]. Chromosome
abnormalities were designated as clonal if
two or more metaphase cells had identical
structural anomalies or extra chromosomes,
or if three or more metaphase cells had
identical missing chromosomes.

C. Results
Clonal chromosome abnormalities were
identified in 96% of the 115 patients. Two
clones were identified in 12% of patients.
Most clones had multiple abnormalities.
The abnormal karyotypes included gains of
one or more whole chromosomes (without
apparent structural abnormalities) in 58%
of patients and losses of one or more whole
chromosomes in 27%. Chromosomes most
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commonly gained were 12 (19% of patients), 18 (12%), and 7 (11%). Chromosomes most frequently lost were 16 (5%)
and 17 (4%).
Structural abnormalities were more frequent than numerical alterations, occurring
in 90% of patients. All chromosomes were
affected, but with considerable variation in
frequency. The chromosome regions (by
arm) most frequently rearranged were 14q
(72% of patients), 18q (41 %), 6q (28%), Ip
(21 %), 8q (19%), 3q (16%), lq, 11q, and 17q
(14% each), 2p, 2q, and 7q (11 % each), and
3p (10%).
Trans1ocations were the most common
type of structural abnormality; 84 different
translocations were identified, but only the
t(14; 18)(q32; q21) and t(8; 14)(q24; q32)
occurred in three or more different patients. Other common types of structural
abnormalities included deletions, duplications, and isochromosomes. Specific
chromosome regions most commonly rearranged were 14q32 (67%) of patients,
18q21 (31 %), 6q21 (15%), 8q24 (13%),
llq21-25 (11%), and 1p36 (10%).
An analysis was performed to determine
if the chromosome abnormalities seen in
lymphoma were preferentially in regions to
which oncogenes have been mapped. In
Fig. 1, the frequency of abnormalities involving individual chromosomes for nu-

Table 1. Karyotype findings which differed significantly among histologies a
International Working Formulation groups b
A

B

C

D

Cases

19

28

8

9

Normal cells (%)
Modal number

Median value
22
18
7
47
46
48

Chromosome or region
altered
6q21
+7
+8
8q
8q24
t (8; 14) (q24;q32)
13p13
14q32
17q21-25
18q
18q21
t (14; 18) (q32;q21)
a

b

15
49

F

G

H

13

23

4

20
47

0
49

12
48

I
3
45
46

J
5
0
46

P
0.002
<0.001

Frequency of specific abnormality in each histology (%)
21
0
0
16
16
5
0
42
0
16
5
0

29
4
4
14
0
0
0
89
0
68
64
61

25
25
38
25
0
0
38
100
0
63
63
63

22
33

11
0
0
0
0
67
44
44
44
44

23
0
0
0
0
0
0
46
8
15
0
0

39
30
0
30
30
22
4
74
9
52
26
26

75
0
0
25
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
33
0
0
0
0

20
0
0
100
100
80
0
100
0
20
20
20

0.0085
0.0071
0.0018
0.0003
0.0000
0.0000
0.0002
0.0001
0.0007
0.0013
0.0000
0.0000

Only abnormalities with a P < 0.009 are listed. This conservative P value has been chosen because
of the large number of possibilities tested
A small lymphocytic; B follicular, predominantly small cleaved; C follicular, mixed, small cleaved
and large cell; D follicular, predominantly large cell; F diffuse, mixed small and large cell; G diffuse, large cell; H diffuse large cell immunoblastic; I lymphoblastic; J small noncleaved

merical alterations and each chromosome
arm for structural abnormalities are indicated. Chromosomes or chromosome regions to which cellular oncogenes have so
far been localized are indicated as open
bars. As can be seen, many chromosome
abnormalities involved regions to which
oncogenes have been mapped. Chromosomes to which oncogenes have so far been
mapped which were frequently involved in
numerical changes were 12 (K-ras2), and 7
(erb b) (Fig. 1a). Among chromosomes
commonly involved in numerical changes,
only number 18 contains no known oncogene. Among structural abnormalities, the
two most commonly involved regions (l4q,
18q) are not ones to which oncogenes have
been mapped; however, more than 10% of
the patients had structural rearrangements
in regions to which the following oncogenes
have been mapped: myb (6q22-24), myc
(8q24), sk (lq 12 ~ qter), rafl (3p23 ~ pter),
and erb a 1 (l7p 11 ~ q22) (Fig. 1b). Overall,

91 (79%) of the 115 patients demonstrated
clonal chromosome abnormalities involving regions to which oncogenes have been
mapped. These data, of course, represent a
high estimate of the possible number ofpatients in whom oncogenes may be rearranged since many oncogenes have not
been precisely localized and patients with
any abnormality of the broad area to which
the oncogene might be mapped are included, as are patients with losses and gains to
whole chromosomes.
The results of cytogenetic analysis were
compared among histologic groups. Several
features appeared to differ significantly in
their distribution among histologies. These
included the median percentage of normal
cells, the median modal number of the
clonal chromosome abnormalities, and the
frequency of certain specific chromosome
abnormalities (Table 1). No chromosome
region or specific chromosome abnormality
was restricted to a single histology, but sev147

Table 2. Chromosome abnormalities which differed significantly among B cell monoclonal groups
Expression ofBA-I, BA-2, BA-3
+--

++5

-+-

BA-P
+++

+-+
4

+

Cases

28

Ip abnl
5q abnl
6q15
6q21
+7
16q abnl

Chromosome abnormalities in each immunologic group (%)
4
40
46
20
0.0085
0
50
0
60
0
40
0
0
0.0000
0
0
40
0
17
0
0.0036
60
18
8
60
0
0
0.0157
0
8
60
7
0
0
0.0065
0
0
0
0
0
50
0.0000

a

13

5

6

P

51

12

P

0

42

0.0000

12

50

0.0086

Two additional cases were studied for BA-l which were not studied for BA-2 and BA-3

eral were frequent in only one or two
groups. These included an extra 7 in follicular center cell lymphomas with large
cells (groups C, D, and G), an extra 8 in the
follicular lymphomas, mixed small cleaved
and large cell (C), t(8; 14)(q24; q32) in
large and small noncleaved malignant lymphoma (G and J), 13p13 in C, 17q21-25 in
D, and t(14; 18)(q32; q21) in follicular lymphomas (B-D) and diffuse large (follicular
center) cell lymphoma (G). Rearrangements of specific chromosome regions, but
not specific abnormalities, were occasionally found in 100% of a given histologic
group.
When the results of cytogenetic analysis
were compared among broad immunologic
groups (B, T, C', null), only abnormalities
involving 18q differed significantly among
the groups, occurring in all three cases of C'
lymphoma, 44% ofB lymphomas, but no T
lymphomas (P=0.003). Since most cases
studied were B cell (98), a detailed analysis
of the distribution of chromosome abnormalities among lymphomas expressing different heavy and light chains was possible.
No highly significant differences (all P values > 0.03) in distribution were found.
However, when the B cell lymphomas were
classified according to expression of the
antigens identified by the monoclonal antibodies BA-l, BA-2, and BA-3, the distribution of certain chromosome abnormalities varied significantly (Table 2). Most interesting was the frequent absence of BA-l
expression in lymphomas with chromosome rearrangements involving 5q and 6q.
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To determine if cytogenetic analysis had
clinical use as a prognostic factor, the 73
patients studied at diagnosis prior to treatment were evaluated. Median follow-up of
the surviving patients in this group is 32
months (minimum of 9 months). Various
aspects of karyotype were correlated with
response to treatment and survival. It was
found that 65% of patients achieved a complete remission. No significant correlations
with cytogenetic findings were identified.
Length of survival varied significantly according to a number of aspects of karyotype analysis. In particular, patients whose
lymphomas had more than 20% normal
metaphases survived significantly longer
than those with fewer than 20% normal
cells (Fig.2a). Similarly, patients whose
lymphoma had a modal number of 46 survived longer than those with a modal number of > 47 or < 45 (Fig. 2 b). Too few patients have been studied to determine if
these various features of karyotype are independent prognostic factors.
D. Discussion
In this large study of G-banded chromosomes in lymphoma, clonal chromosome
abnormalities have been found in 110 of
115 cases. Multiple recurring abnormalities
were noted, some of which are associated
with specific histologies or immunologic
phenotypes. Certain aspects of cytogenetic
analysis also seemed to correlate with patient survival. However, analysis is com-

A.

% Normal Cells

B.

1.0
Cl

.s:c
.s:...

.9

I

•

:

G)

>

:;:::;

.8

20-39'-' (n-19)

(n~21)

------None (n=18)

.4

.3

.2

E

.1

U

0

=

1-19"

.5

CO

"S

!40'-' (n=15)

••••••••••••

= .7
en
c
0
:;:::; .6

...
§...
Il.

Cl

•••••••••••••

c

">
">
...

.9
.8

=
en
.7
c

0
E0 .6

S-...
Il.

.5

G)

.3

>
:;:::;

.4

.!!! .2
=
E .1

p = .01

=

0

5 10 15 20 25 30 35 40 45 50

Modal Number

1.0

0

Months

Fig.2A, B. Survival of 73 patients with lymphoma according to A the frequency of normal
metaphases identified cytogenetically in a neoplastic lymph node studied before treatment and
B the modal number of the primary clonal chromosome abnormality identified in a pretreatment neoplastic lymph node

plicated by the multiple abnormalities
found in most patients and the relatively
small numbers of patients with each recurring abnormality studied. The clinical relevance of cytogenetic analysis for diagnosis, classification, and prognosis in nonHodgkin's lymphoma obviously requires
further study.
The biologic significance of these recurring clonal chromosome abnormalities is
also unknown. However, that 79% of patients had numerical or structural rearrangements involving chromosomes or
chromosome regions to which oncogenes
have been mapped is of interest. Detailed
study of the role of oncogenes in lymphoma would appear to be a profitable endeavor.
A cknowledgments. This work was supported in
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Oncogenetic Aspects of Chronic Myelocytic Leukemia
C. R. Bartram l, A. de Klein, and G. Grosveld 2

A.

Introduction

Over the last several years, evidence has
been accumulating that cellular oncogenes
are involved in carcinogenesis, whatever its
proximal cause. These genes constitute a
functionally heterogeneous group that may
cooperate with one another during tumorigenesis. The localization of oncogenes near
breakpoints involved in specific chromosomal aberrations occurring in various neoplasms emphasizes their possible role in the
development of those tumors [1, 4, 12, 15].
The cytogenetic hallmark of chronic
myelocytic leukemia (CML) is the Philadelphia chromosome (Ph l) in leukemic
cells of 94% of cases. Recently, we demonstrated the consistent, reciprocal translocation of the human c-abl oncogene from
chromosome 9 to the Phl chromosome in
standard (t (9; 22)), complex, variant, and
masked cytogenetic subtypes of Phl-positive CML [2, 6, 10, unpublished work].
Moreover we have molecularly cloned
sequences from chromosome 9 and 22 involved in the Phl translocation, immediately adjacent to the chromosomal breakpoints [7, 9]. The sites of these breakpoints
are individual in different patients and distributed over a relatively large region on
chromosome 9, 5' of human v-abl sequences. The breakpoints on chromosome
22, however, are clustered within a very
limited region of yet unknown function [7],
termed the breakpoint cluster region (ber).
I Universitatskinderklinik UIm, PrittwitzstraBe
43, 7900 UIm, FRG
2 Department of Cell Biology and Genetics,
Erasmus University Rotterdam
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B.

Results

DNA samples isolated from peripheral
blood of nine Phl-positive CML patients
were subjected to Southern blot analysis
and hybridized to a ber-specific Hind Ill/
Bgl II probe [7]. As is evident from Fig. I,
this probe detects, apart from a 4.8 kilobases fragment hybridizing to normal chromosome 22 sequences, variable rearranged
fragments in Phl-positive patients. Since
abnormalities were not seen in fibroblasts
from Phl-positive CML patients (e.g., lane
J*), leukemic cells of Phl-negative patients
(e.g., K) or in DNA isolated from other
neoplasms, including acute myelocytic or
myelomonocytic leukemia, lymphoma,
glioblastoma, melanoma, and teratocarcinoma [7], we believe these rearrangements to be highly specific for leukemic
cells in Phl-positive CML.
To investigate the possibility that the
breakpoint cluster region exhibits additional rearrangements during progression
of the chronic to the final acute state of
CML, we studied DNA from leukemic cells
of two Phl-positive CML patients in chronic phase and blast crises, respectively
(Fig. 2). Obviously, there occur no further
rearrangements within this limited region
associated with blast crisis; this result is in
agreement with the observation of specific,
additional, secondary chromosomal aberrations during that terminal state of disease
in the majority of patients.
Strong support for the hypothesis that an
activation of the c-abl oncogene represents
an important step during the development
of Phl-positive CML results from the de-

ABC

kb

o

E f

G

J

H

J" 'K

..

4 .8

Ii

Fig. 1. Analysis of DNA sampleS from CML patients. DNA was isolated from human placenta
(control, lane A), peripheral blood cells of Ph l _
positive CML patients (B-J) and a PhI-negative
CML patient (K) as well as from fibroblasts of
patient J (J*); 10 Ilg DNA was digested with
BGI II, electrophoresed on agarose gel, blotted,
and hybridized to a ber-specific 1.0 kilobases
Hind III!BgI II probe from chromosome 22 [7].
This probe detects abnormal BgI II fragments in
PhI-positive CML patients in addition to a 4.8
kilobases fragment representing normal, unrearranged chromosome 22 sequences. Patient B apparently has a breakpoint in a region encompassing the probe; therefore the 1.0 kilobases Hind III! Bgi II probe detects both the
22q- and 9q + breakpoint fragments

tection of a new abl RNA transcript in leukemic cells (Fig. 3). HeLa and normal human hemopoietic cells (data not shown)
contain major abl transcripts of 6.0 and 7.0
kilobases, as demonstrated by us and
others [5, 14]. However, in CML cell line
K562 and leukemic cells of Phi-positive
CML patients obtained during both chronic and acute phase (data not shown), a
novel abl RNA species of 8.5 kilobases is
apparent; we thus confirm similar results
recently published by Canaani et al. [5). It
appears to be of particular importance that
exactly the same novel RNA transcript is
identified using ber-specific probes instead
of c-abl fragments. On the other hand,

A

B

- 4.$
k lb

Fig. 2. Analysis of DNA samples isolated from
peripheral blood cells of two CML patients during chronic phase (lanes A, B) and final blast
crisis (AI, B I ), respectively. DNA was digested,
blotted, and hybridized as described in Fig. 1
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The consistent translocation of the human
c-abl gene to the PhI chromosome in all cytogenetic subtypes of PhI-positive CML, together with the detection of a novel abl
RNA species in leukemic cells, suggests the
involvement of this oncogene in the development of CML; it seems tempting to
speculate that the abl-encoded protein in
leukemic cells likewise has a higher
molecular weight as compared with its
counterpart in normal tissues.
A second molecular hallmark of Ph l _
positive CML is the clustering of all PhI
breakpoints within ber, a region on chromosome 22 of approximately 5 kilobases
length and yet unknown function. Although the A light chain genes have been
localized to the same band 22q 11, no crosshomology was observed between ber and A
clones. The detection of a new 8.5 kilo bases
RNA species in leukemic cells by c-abl and
ber probes further supports the view that
sequences residing on both chromosomes 9
and 22, may be associated with PhI-positive CML. However, mechanisms responsible for the recombination of the two gene
transcripts have still to be elucidated and
one has particularly to take into account
that the breakpoints on chromosome 9 are
distributed over a relatively large region of
several hundred kilobases.
Apparently, additional genes are essential for the generation of PhI-positive CML,
as suggested by DNA transfection assays
[11, 13]. The c-sis oncogene, however, appears to be an unlikely candidate (Fig. 4).
This gene is localized on region 22q 12.3q 13.1, far away from the breakpoint region,
and segregates with the translocated part of
chromosome 22 to different chromosomes
in PhI-positive patients [3]. Moreover, sisrelated transcripts have not been detected
in CML cells or other hematopoietic malignanCIes.
The minority (6%) ofCML patients without a PhI chromosome exhibit neither c-abl
translocation, novel abl .transcripts, nor rearrangements within ber on chromosome
22. Therefore, this disease appears to be a
distinct subclass of myelocytic leukemia
with an altogether different origin; this
view is supported by clinical observations,

1( 0
~

8·5 '7 6

-

Fig. 3. Analysis of c-abl-related RNA in HeLa
cells and CML cell line K562; 20 I!g polyA-selected RNA was blotted after gel electrophoresis and hybridized to a 0.6 kilobases
BamH I 5' c-abl probe [6]. HeLa cells contain
two major abl transcripts of 6 and 7 kilobases; in
contrast, K562 exhibits a new abl RNA species of
8.5 kilobases

there is no significant increase in abl expression in leukemic cells, with the known
exception of cell line K562 containing
amplified c-abl sequences [9].
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including correlations which reveal a poorer prognosis.
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Association Between the Philadelphia Chromosome and a Unique
abl Transcript *
E. Canaani and R. P. Gale

A. Introduction
Chronic myeloid leukemia (CML) is a
myeloproliferative disorder in which the
neoplastic transformation of a stem cell results in the proliferation and accumulation
of granulocytes and their progenitors. The
disease, which accounts in western countries for 20%-25% of all leukemias, is divided clinically into a chronic phase of 3-4
years duration followed by a terminal acute
phase of 3-6 months. During the chronic
phase, the neoplastic clone is already established and represents the majority of
replicating cells. The cells mature normally
and the principal abnormality during this
phase appears to be an increase in the stem
cell compartment committed to granulopoiesis. In contrast, during the acute phase,
cells from the leukemic clone lose their
ability to differentiate and mature normally
[1]. Perhaps the hallmark of CML is that a
specific chromosomal abnormality, the Phl
(Philadelphia) chromosome is present in
over 90% of cases [2]. The Phl chromosome,
also termed 22q -, results in most instances
from a balanced reciprocal translocation
between chromosomes 22 and 9 with very
specific breakpoints [3-5]. Recently, the
oncogenes abl and sis were mapped to
chromosomes 9 and 22, respectively [6-8].
Moreover, abl was shown to reside on the

* Department of Chemical Immunology, The
Weizmann Institute of Science, Rehovot,
76100, Israel, and Department of Medicine
(Hematology and Oncology) UCLA School of
Medicine, Los Angeles, California 90024, USA
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translocated segment of chromosome 9 [9]
and sis on the corresponding portion of
chromosome 22 [10]. Finally, in one case of
CML, the translocation breakpoint was localized to the 5' region of the abl gene [11].
We asked whether one or both of these oncogenes is activated and altered in its expression because of the translocation. To
answer this we used the RNA transfer technique (Northern blotting) to analyze transcription of abl and sis in leukemic cells
from the peripheral blood or bone marrow
of CML patients.
B.

Results

We examined transcription of the sis gene
in CML. RNA samples from four patients
with CML and t(9; 22), three patients with
AML without t(9; 22), and He La cells were
tested by the Northern technique for
hybridization to a v-sis probe composed of
sequences of simian sarcoma viral genome
homologous to sis. No discret species of sis
RNA could be detected in any of the sampies (Fig. 1, lanes a-h). Preparation of
RNA from normal rat kidney (NRK) cells
infected with simian sarcoma virus served
as a positive control and showed multiple
size transcripts of v-sis (Fig. 1, lane i).
We next analyzed expression of the abl
oncogene in samples from 13 CML patients, 22 patients with other leukemias,
and 2 normal bone marrows. Representative data are shown in Fig. 2. Human cells
contain two major abl transcripts of 6 and 7
kilobases, as well as a few other minor
species [12-14] and the non-CML samples

Fig. 1. Absence of sis RNA in CML,
AML, and HeLa cells; 15-llg samples of
RNA from CML (lanes b, d, f, h), AML
(lanes a, e, g), HeLa cells (lane c), and
NRK cells infected with simian sarcoma
virus (lane i) were screened for sis RNA.
Data from [20]
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Fig. 2. Gel electrophoresis of abl RNA from normal bone marrow, HeLa cells, CML, and AML.
Lane A normal bone marrow; lanes B, E bone
marrow from CML patients in chronic phase;
lanes C, F peripheral blood of AML patients;
lane D peripheral blood of CML patient in
chronic phase; lane G peripheral blood of CML
patient in blast crisis; lane H He La cells. Bacterial 23 and 16 S ribosomal RNA and human 28
and 18 S ribosomal RNA were used as molecular
weight standards. Arrows correspond to new 8
kilobases abl RNA species. Samples of 10 Ilg
RNA were analyzed in A -G and a sample of
3 Ilg was analyzed in H. Data from [28]

we analyzed showed the major two RNA
(Fig. 2, lanes A, C, F, 11). CML patients
with the Phi chromosome and the 9; 22
translocation showed a new abl RNA
species of 8 kilo bases (Fig. 2, lanes B, D, E,
G). This transcript either replaced the 6 and
7 kilobases species or appeared with them,
it was present in samples obtained during
both the chronic and acute phases of the
disease.

G H
Results of the 37 samples analyzed are
summarized in Table 1. The 8 kilobases abl
RNA transcript was detected in 11 of 12 patients with CML and the t(9; 22) translocation, but not in one patient with juvenile
CML without t(9; 22). The 8 kilobases abl
transcript was also detected in 1 of 12 patients with AML. Approximately 5% of individuals with AML have the t(9; 22)
translocation. Unfortunately, chromosome
analysis was not performed in this patient
so we are unable to determine if he had the
t(9; 22). The 8 kilobases transcript was absent in the remaining 11 patients with AML
and in 10 patients with a variety of other
leukemias, including chronic lymphocytic
leukemia, acute lymphocytic leukemia,
prolymphocytic leukemia, chronic monocytic leukemia, and acute undifferentiated
leukemia. The 8 kilo bases species was also
lacking in cells from two normal bone marrows. A novel 9 kilobases abl RNA was detected together with the 8 kilobases species
in 2 of 11 samples from patients with CML
and t(9; 22).
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Table 1. The 8 kilobases abl RNA in CML and
other leukemias (data from [20])
Diagnosis a

PhI

Number
tested

8 kilobases
ablRNA

CML
CMP
AML
AML
CLL
ALL
AProL
CMoL
AUL
Normal BM

+

12
1
11
1
4
3
1
1
1
2

11
0
0
1
0
0
0
0
0
0

a

b

?

-

CML chronic myelogenous leukemia; AML
acute myelogenous leukemia; ALL acute lymphoblastic leukemia; AProL acute prolymphocytic leukemia; CMoL chronic monocytic leukemia; AUL acute undifferentiated leukemia;
BM bone marrow
"Juvenile" CML

Next, we investigated whether human
cell lines containing the Ph! chromosome
synthesized the altered abl transcript. These
included five hematopoietic cell lines with
and without t (9; 22) and four nonhematopoietic cell lines without t(9; 22). The K562
cell line [15] is an erythroid-myeloid precursor line derived from a patient with
CML. K562 has a Ph! chromosome [16] or
an altered form of it [17]. Analysis of RNA
from K562 indicated a major band corresponding to 8 kilobases abl RNA and
minor bands of the normal species of 6 and
7 kilobases (Fig. 3, lane a). Similar analyses
of the human myeloid precursor line EM-2
derived from a CML patient and containing one or more Ph! chromosomes [18]
showed a single abl transcript of 8 kilo bases
(Fig. 3, lane b). We performed a similar
analysis on the human cell line SMS-SB derived from the leukemic lymphoblasts of a
patient with pre-B cell acute lymphoblastic
leukemia [19]. This cell line is Ph! negative
and was recently shown [13] to contain the
normal abl transcripts as well as additional
species of abl RNA. OUf analysis (Fig. 3,
lane c) demonstrated the normal 6 and 7
kilobases abl transcripts as well as additional 6.5 kilobases abl species. No 8 kilo156
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Fig.3. The 8 kilo bases abl RNA in two PhI-positive cell lines; 8-!J.g aliquots of RNA from lines
K562 (lane a), EM2 (lane b), and SMS-SB (Ph 1 _
negative line) (lane c), were examined for presence of8 kilobases abl RNA. Data from [20J

bases abl RNA was observed. Two other
hematopoietic cell lines (HL-60 and Molt4) which lack the Ph! chromosome and
four Ph! negative nonhematopoietic cell
lines demonstrated the normal 6 and 7 kilobases abl transcripts, but lacked the novel 8
kilobases abl transcript. EM-2, K562, Molt4, HL-60, and HeLa cells contain substantially more polyadenylated abl RNA than
fresh hematopoietic cells, both normal and
leukemic.

c.

Discussion

The absence of sis transcripts in leukemic
cells from patients with CML indicates that
this oncogene is probably not activated by
the t (9; 22) translocation. These and other
data, including the variability of the reciprocal chromosome to which sis is translocated, suggest that sis does not playa role
in CML. The important finding of this work
is that a new abl transcript of 8 kilobases is
found in 11 of 12 patients with CML with
the t(9; 22) translocation. The 8 kilobases
abl transcript was also found in two hematopoietic cell lines containing the Ph!
chromosome. A single patient with AML

also had this transcript, but it is unknown
whether his cells had a PhI chromosome.
This novel RNA was not observed in cells
from 22 leukemias unassociated with
t(9; 22), including a case of PhI negative
CML, nor in seven human hematopoietic
and nonhematopoietic cell lines which
lacked the PhI chromosome. Two samples
of normal bone marrow also lacked to 8
kilo bases RNA. The association between
the t(9; 22) translocation and presence of
the 8 kilobases abl transcript is highly significant.
The strong correlation between the synthesis of the new 8 kilo bases transcript and
the translocation of abl to chromosome 22
suggests a causal association. The new transcript, as well as the normal abl species, are
homologous to probes from the 5', central,
and 3' regions of v-abl [20]. Therefore, it is
likely that the new transcript contains
much of the information of normal abl
RNA. It is possible that the new abl RNA is
due to a modified splicing pattern of a normal precursor, however, two lines of evidence suggest a possibility that the extra information in the 8 kilo bases abl RNA originates from a region 5' to the gene. First, in
one case of CML it was shown that the
translocation placed the abl gene into a position adjacent to the breakpoint, with the
5' region of the oncogene facing sequences
of chromosome 22 [11]. Second, the detection in cells from two CML patients of
an additional new abl species of 9 kilobases
might suggest that the 8 and 9 kilobases abl
RNA are related to the 6 and 7 kilobases
normal species, respectively, and that the
former were derived by acquisition of the
same sequence. Since the 6 and 7 kilobases
human abl RNA (by analogy with the corresponding mouse species [14]) presumably
initiate at the same promoter, but terminate at different poly (A) signals 1000 base
pairs apart, the 8 and 9 kilobases RNA
might terminate at the same sites as the
normal species, but initiate at a new transcriptional promoter upstream of the normal promoter. Such a new promoter could
reside in chromosome 9 sequences or in
chromosome 22 information behind the
breakpoint [21]. The initiation at a new
promoter would be probably associated
with a modified splicing pattern.

The formation of the new abl transcript
might be the critical factor in the increased
committed myeloid stem cell compartment
typical of the chronic phase of CML and/ or
the loss of differentiative capacity found in
the acute phase of CML. The transcript
might be translated into an altered protein,
perhaps modified at the NH2 terminus region. This region has been previously
shown to be critical for the transforming
activity of the v-abl-encoded protein [22].
Moreover, if the 8 kilobases abl RNA represents a fusion transcript, then it is also
possible that it encodes a novel fused protein. Finally, the possibility raised by this
study and others that the abl gene is directly involved in generation of CML is
consistent with the well-documented capacity of Abelson murine leukemia virus,
which carries within its genome the viral
homolog of mouse cellular abl, to transform hematopoietic cells, including
lym phocytes, plasma cells, macrophages,
and promyelocytes [23-27].
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Somatic N-ras Oncogene Activation in a Patient with Acute
Myeloblastic Leukemia *
C. Moroni, C. Gambke, E. Signer, and J. Jiricny

A.

Introduction

The recognition that retroviral oncogenes
(v-one) are derived from normal cellular sequences termed proto-oncogenes or c-onc,
has led to a search to see whether human
proto-oncogenes present in human tumors
show alterations in structure or expression.
Of particular interest are the activated
forms of ras proto-oncogenes; these can be
assayed in a biologic test system, since activated ras genes from tumor tissue, but not
normal alleles have the ability to transform
NIH 3T3 cells in tissue culture [1-4]. The
role, if any, of this transforming activity
in the natural history of the human tumor
is still unknown. The human genome contains three functional ras genes, localized
on different chromosomes: H-ras (related
to v-ras of Harvey sarcoma virus), K -ras
(related to v-ras of Kirsten sarcoma virus),
and N-ras, a ras family member identified
by nucleic acid hybridization through its
relatedness to the former ras genes [5-8].
Activation of ras genes was found to be the
result of point mutations altering amino
acid 12 of the H-ras or K-ras [11-18] or
amino acid 61 of the H-ras or N-ras genes
[9, 10, 19].
We have initiated a study to see whether
human leukemias, prior to treatment, contain activated ras-genes, and if so, whether
and how the presence of the activated gene
correlates with the course of the disease. In

* Friedrich Miescher-Institut, P.O. Box 2543,
CH-4002 Basel, and Children's Hospital, University of Basel, Basel, Switzerland

this report, we summarize our analysis of a
patient with acute myeloblastic leukemia
(AML) with an activated N-ras gene.

B. Materials and Methods

1. NIH 3T3 Transfection Test
High molecular weight DNA was isolated
by phenol and subsequent chloroform extraction as described [20]. DNA was precipitated by the calcium phosphate method
on NIH 3T3 cells, seeded one day before at
5 X 105 cells per lO-cm plate, and foci of
transformed cells were enumerated after 2
weeks. Details of the procedure are given in
[20].
II.

Oligonucleotide Synthesis

The oligonucleotides were synthesized by
the modified phosphotriester approach described by Sproat and Bannwarth [21], using a semiautomated continuous-flow
benchtop synthesizer of our own design.
The synthesis were carried out starting with
40 mg controlled-pore glass support, corresponding to approximately 4 !lmol
nucleoside functionality; 40 mg mononucleotide building blocks and 60 mg condensing agent (mesitylenesulfonylnitrotriazolide, MSNl) were used for each addition. The cycle time was 24 min.
The products were fully deprotected and
purified by ion exchange HPLC, using a
Partisil 10/SAX 25 analytic column, eluted
with a linear gradient of 0.001-0.4 M
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potassium phosphate buffer pH 6.5, containing 60% formamide. Desalting was
achieved by means of a Biogel P2 column
(2.5 X 50 cm), eluted with a mixture of ethanol and water (2: 8 v Iv). The pure oligonucleotides were 5' -labeled with 32p following the method of Smith and Zoller [22].
III. Southern Blot Analysis of Cloned
N-ras Fragments
Plasm ids containing the transforming, "activated gene", and the non transforming,
"normal gene", N-ras, respectively, were
electrophoresed on 0.8% agarose gels. After
transfer of DNA to nitrocellulose, hybridization was done in the presence of 10%
dextran sulfate for 18 h at 40°C using
l.4x 106 cpmlml labeled "normal probe"
(see Fig. 2 a) or 0.8 X 106 cpmlml "activated probe" (see Fig. 2 b). Filters were
washed 3 X 15 min at 8°C with 2 X SSC,
3 min at 40°C with 2 X SSC in 0.1 % SDS,
and 4 min at 54°C with 2 X SSC in 0.1 %
SDS, and auto radiographed for 6 days at
-70°C.

c.

Results and Discussion

We have recently described a patient with
AML where a NIH 3T3 transfection test
performed with bone marrow-derived
DNA was positive [20]. The salient laboratory data of this patient together with transfection data are summarized in Table 1.
The focus-forming activity of this DNA
(0.056 foci per microgram DNA), which is

derived from a marrow with 68% atypical
blasts is comparable to values obtained by
other workers with DNA from cloned cell
lines. This suggests that the transforming
gene may be represented clonally in all
atypical myeloblasts and thus might have
been present early in the history of this
malignant clone; perhaps at the time of the
leukemogenic transformation. The transforming gene was not present in the germ
line of this patient, as DNA from cultured
fibroblast cells did not have transforming
activity. Thus, the generation of the transforming gene must have been a somatic
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Fig. 1. Transforming activity of chimeric N-ras
molecules. The four exons of the N-ras gene reside on a 12.5 kilobases Bam HI-Sac I fragment
[10]. An Eco RI site separates exons I and II from
exons III and IV. From cloned normal and transforming N-ras . genes, Bam HI-Eco RI and
Eco RI-Sac I fragments were isolated, ligated to
construct chimeric molecules (3, 4) and to reconstruct transforming (1) and normal (2) molecules for control. The ligation mixture was assayed on NIH 31'3 cells for transforming activity.
The numbers on the right indicate the number of
foci obtained after 2 weeks. Full boxes exons of
tr dnsforming N-ras allele; open boxes exons of
normal N-ras allele; B Bam HI; E Eco RI;
S Sac I

Table 1. Hematologic data and transforming activity of AML bone marrow DNA a
NIH 31'3 transfection test
Bone marrow

Blood

a

Bone marrow DNA: 0.056 focilllg DNA
Fibroblast DNA:
0.002 focilllg DNA
Hypercellular
68% Atypical myeloblasts (peroxidase +ve, Sudan black +ve,
PAS - ve, nonspecific esterase - ve)
Karyotype: no abnormal findings
WBC: 62 X 109 I-I (mostly atypical myeloblasts)
Platelets: 55 x 109 1-1
Hemoglobin: 91 g 1-1

At time of diagnosis and before chemotherapy administration
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Table 2. Mutations affecting amino acid 12 of the ras genes
Gene

Codon

Amino acid

Origin

References

N-ras

GGT
GAT
GGC
GTC
GGT
TGT
TGT
GTT
CGT
CGT
CGT

Gly
ASP
Gly
Val
Gly
Cys
Cys
Val
Arg
Arg
Arg

Normal DNA
AML
Normal DNA
Bladder carcinoma EJ, T24
Normal DNA
Lung carcinoma Calu-l
Lung carcinoma PR37 I
Colon carcinoma SW480
Bladder carcinoma Al698
Lung carcinoma A2182
Lung carcinoma LC-1O

[9, 10]
This study; [23]

H-ras
K-ras

[11]

[11, 12, 13, 14]
[14]
[15, 16J
[17]
[16]
[18]
[18]
[.18]

Fig. 2 a, b. Southern blot analysis
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of cloned transforming, "activated
gene" and nontransforming
"normal gene" N-ras genes using
synthetic 32P-Iabeled heptadecanuc1eotides as probes. a "normal probe" complementary to
normal N-ras gene, b "activated
probe" complementary to mutated
N-ras gene. The sequence of
the normal probe is
TGGAGCAGGTGGTGTTG. The
sequence of the activated probe is
TGGAGCAGATGGTGGTG. The
triplet coding for amino acid 12 is
underlined. A activated gene
1.0 ng; B activated gene 0.1 ng;
C normal gene 1.0 ng; D normal
gene 0.1 ng

b

event. This gene was identified as N-ras by
analyzing primary and secondary transfection foci [20]. Both the transforming
N-ras gene (derived from a secondary locus) and the nontransforming N-ras gene
(derived from the patient's fibroblasts)
were cloned in phage L47.1 as described
elsewhere [23]. The four exons of the N-ras
gene are localized on a Bam HI-Sac I fragment (Fig. 1), where an Eco Rl site
separates exons I and II from exons III and
IV. The chimeric N-ras molecules between
the transforming and nontransforming
gene fragments were constructed from subfragments (Fig. 1), and analyzed for transforming activity. As shown in Fig. 1, focus
formation was only seen when exons 1111
from the transforming gene were present,

which suggested that a mutation occurred
in exons lIII. These exons were therefore
sequenced. While the sequence of the nontransforming N-ras gene was identical to
the published N-ras sequence [9, 10], the
transforming gene differed in one nucleotide. The GGT triplet coding for amino
acid 12 was altered to GAT which changes
the coding from Gly to Asp. The two formerly known N-ras activations seen in a
neuroblastoma line and a fibrosarcoma line
both affect amino acid 61 [9, 10]. However,
as already mentioned, alterations at positions 12 have been observed with H-ras and
K-ras genes. Table 2 summarizes the codon
12 nucleotide changes of all ras genes observed so far. Both the first and second G
can be altered, 7/8 cases involve G ~ T or
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G ~ C transversions, while our case involves a G ~ A transition.
Since, in all appropriately analyzed cases
of ras activation, one finds an alteration of
amino acid 12 or 61, one may, using suitable oligonucleotide probes, diagnose a
mutational event by Southern blot analysis.
This would circumvent the time-consuming
and cumbersome NIH 31'3 transfection test.
To approach this possibility we have synthetized two heptadecanucleotides corresponding to the normal and the mutated
N-ras gene (Fig. 2). In preliminary experiments using cloned normal and mutated
N-ras genes, we found hybridization conditions under which each probe specifically
hybridized with its homologous allele.
Thus, a G ~ A transition can be positively
or negatively detected by either probe
(compare for example lanes A and C in
both examples shown). We are presently
trying to establish this methodology to genomic DNA. It should be particularly interesting to use these probes to assay for the
presence of the N-ras mutation in DNA
isolated from bone marrow during clinical
remission. Such probes should be generally
useful for studying the role of ras genes in
leukemias and other malignancies.
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Behavior of Human Leukemic Progenitor Populations
in Long-Term Marrow Culture *
C. Eaves, L. Coulombel, I. Dube, D. Kalousek, J. Cashman, and A. Eaves

A. Introduction
An analysis of mechanisms that underlie

abnormal hemopoiesis requires methods
that allow the cell populations involved to
be characterized and quantitated under
conditions that can be defined, and ideally
manipulated. Although such methodologies are not yet fully developed, the past 2
decades have seen major advances in several areas relevant to this need. Of major
importance has been the establishment of
semisolid culture systems capable of supporting the short-term clonal growth and
differentiation of individual primitive human hemopoietic progenitor cells of various types. These include pluripotent progenitors [1] as well as different classes of
lineage-restricted progenitors [2-4]. Also
noteworthy has been the successful exploitation of various genetic markers to examine the cell of origin of the abnormal clone
in rare patients who are constitutional
mosaics and in whom a clonal hemopoietic
neoplasm [5, 6] has subsequently developed. The fact that in many such patients
the clone responsible for the disease may
continue to produce some cells that are
able to differentiate relatively normally has
allowed some inference to be made about
the cell type initially transformed. For

* Terry Fox Laboratory, B.C. Cancer Research
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example, in some patients with acute myoblastic leukemia (AML) all of the circulating red cells or their precursors have been
found at presentation to belong to the same
clone as the circulating myeloid blasts, suggesting a common derivation from a neoplastic pluripotent stem cell. On the basis
of such arguments it is now generally accepted that the myeloproliferative disorders
as a group as well as some cases of AML
and preleukemia arise from altered
pluripotent stem cells.
These latter findings have focussed attention on the need for culture systems that
allow the most primitive pluripotent stemcell types to be maintained for extensive
periods, ideally under conditions similar to
those prevailing in the marrow of the patient so that the mechanisms controlling
normal and leukemic stem-cell behavior in
vivo might be accessible to study. For the
initial definition of these it would be anticipated that colony assay systems might be
relatively unsuitable since direct cell-cell
interactions are minimized and regulation
of growth and differentiation is dependent
on the addition of suitable diffusible factors. Of particular interest in the case ofpatients with clonal neoplasms is the question
not only of how leukemic stem -cell proliferation is supported, but also that of how
normal hemopoiesis usually comes to be
suppressed. In this latter regard the anticipated inadequacy of colony assay systems
has already been demonstrated, as shown
by the finding that residual normal (i.e.,
nonc1onal) progenitors from patients with
chronic myelocytic leukemia (CML) or
polycythemia vera (PY) can successfully
163

generate colonies of mature red cells and
granulocytes in vitro, even though they fail
to produce detectable numbers of mature
progeny in vivo [7, 8]. The long-term marrow culture system was thus an obvious
alternative to consider.

B. Long-Term Human Marrow Cultures:
Present State of the Art
In long-term marrow cultures pnmitIve
hemopoietic cells are maintained for many
weeks in a confluent adherent layer composed of a variety of hemopoietic and nonhemopoietic cell types (e.g., fibroblasts) of
marrow origin [9-1'2]. Exogenous provision
of specific growth factors is not required
and there is some evidence that the nonhemopoietic elements of the adherent layer
substitute in this role as they may do in
vivo [9].
However, in spite of the now widespread
success in establishing long-term cultures
from mouse bone marrow, the reproducible
development and characterization of analogous cultures using human marrow has
only recently been achieved [10-12]. This is
due in part to the recognition that longterm maintenance of hemopoiesis in human marrow cultures depends on their initiation with specimens of adequate cellularity (i.e., aspirates containing at least
2-3 X 107 nucleated cells/ml), the inclusion
of horse serum as well as fetal calf serum in
the growth medium [10, 11], and the retention of half of the old growth medium at
each weekly medium change [12, 13]. In
addition, it was not until detailed studies of
the adherent layer were undertaken that
the greater tendency of the most primitive
progenitor cell types to remain in this layer
in the human system was appreciated [12].
In long-term mouse marrow cultures, relatively large numbers of stem cells are released into the nonadherent fraction every
week from the time the cultures are first
initiated [14, 15]. As a result the accumulated output over several weeks commonly exceeds the number initially added [15]. This
is not the case in human cultures.
Evidence of stem-cell turnover can, however, be found by assessment of the pro164

portion of progenitors that are in S-phase
at any given time. Such evidence is obtained from a comparison of the relative
numbers of colonies produced from two
aliquots of a culture harvest, one of which
is exposed for 20 min at 37°C to high-specific-activity tritiated thymidine, the other
serving as a control. Progenitors in S-phase
are inactivated by this treatment and
inactivation levels of up to approximately
50% can be reproducibly demonstrated in
actively cycling progenitor populations
[16]. In normal marrow very few of the
most primitive erythropoietic [17] and
pluripotent [18] progenitor cells detectable
by colony assays (i.e., primitive BFU-E and
CFU-G/E, respectively) are killed by this
treatment, suggesting a low level of cycling
activity in these compartments. In contrast,
the later erythropoietic progenitor compartments in the marrow (i.e., mature
BFU-E and CFU-E) and the marrow
granulopoietic colony-forming progenitor
compartment (CPU-C) looked at as a
whole are found to have significant S-phase
components [17, 19].
In long-term marrow cultures where
granulocyte and macrophage production
takes place continuously, the same broadly
defined granulopoietic progenitor population also shows a significant S-phase component irrespective of the age of the culture
or the time since the previous medium
change. Erythropoiesis is blocked at a relatively early stage of erythropoietic progenitor development so that after 4 weeks CFUEs are rarely detected and mature BFU-E
numbers are also too low [15] to allow
cycling data to be readily obtained. Primitive BFU-Es which, like CFU-G/Es, are almost exclusively confined to the adherent
layer, show a cyclic pattern of turnover. A
significant S-phase component appears
transiently 2 days after each medium
change but is no longer detectable 7 days
later. A similar pattern of regulated cycling
changes in the pluripotent stem-cell compartment with continuous cycling of the
granulopoietic progenitor compartment has
also been found to occur in long-term
mouse marrow cultures [9]. This suggests
that similar control mechanisms are operative in both systems in spite of the differences in primitive progenitor output.

C. Long-Term CML Marrow Cultures
For our first experiment to compare the
separate behavior of normal and leukemic
progenitors in long-term marrow culture,
we chose a patient with Philadelphia chromosome (Phl)-positive disease who presented with 5% normal metaphases in his
ini tial direct marrow preparation. Cytogenetic analysis of the erythroid and
granulopoietic colonies cultured from the
same marrow sample confirmed the presence of detectable PhI-negative cells in
these early hemopoietic compartments. Because of his low WBC count he remained
untreated. A second marrow was obtained
I month later. Part of this specimen was
used to reassess the frequency of proliferating PhI-negative cells and PhI-negative
progenitors in his marrow at that time. The
remainder was used to initiate long-term
cultures. These were maintained in the usual way [12] and 4 weeks later the adherent
layers were then harvested and assayed for
erythropoietic, granulopoietic, and pluripotent progenitors in standard methy1cellulose assays. Cytogenetic analysis of the
larger colonies obtained showed that the
proportion of these that were PhI-negative
had increased from 11 % (before culture) to
55% (by 4 weeks) [20]. Thus the conditions
prevailing in these cultures had clearly
either favored the growth of PhI-negative
cells or had selected against the initially
dominant PhI-positive population.
We have now studied another 16 Ph l _
positive CML patients with the same experimental protocol. Nine of these were recently diagnosed and untreated at the time
when their marrows were obtained for culture. The other seven had been previously
treated for various periods (ranging from 5
months to 7 years). Twelve of the 16 have
given the same result as our first experiment, i.e., a switch from an initially predominantly PhI-positive progenitor population that rapidly declined in long-term
culture to a progenitor population that
within 4 weeks was predominantly Ph I _
negative. In long-term cultures from three
of the other four patients the PhI-positive
progenitor population also underwent a
precipitous decline, but PhI-negative progenitors did not become detectable. Pre-

sumably in these cases either there were no
PhI-negative stem cells present initially or
the cultures obtained from these marrow
aspirates were inadequate to support the
maintenance of even a normal hemopoietic
population.
In one patient's long-term cultures Ph l _
positive progenitors did not rapidly disappear. Rather, they showed kinetics typical of their normal counterparts in control
cultures [21]. This exceptional behavior was
also associated with an unusually cellular
adherent layer. Because of this finding and
because of the results of another experiment which showed that only PhI-negative
progenitors had adhered to the bottom of
the culture at the end of the 1st week of
incubation [21], we formulated the following hypothesis. It seemed that the typical
failure of PhI-positive progenitors to be
maintained might simply reflect the natural
death of a population critically disadvantaged by a reduced or delayed ability
to become part of the adherent layer during
the initial development of the culture. To
test this idea we added PhI-positive marrow or peripheral blood cells (the latter
containing similar or larger numbers of
primitive PhI-positive progenitors) to
preestablished marrow adherent layers derived from normal marrow. These adherent
feeders had been initiated with cells from a
donor of the opposite sex and kept at 37°C
(rather than 33 °C) with complete removal
of all nonadherent cells after 3, 7, and 14
days to reduce the hemopoietic progenitor
content to undetectable levels (as shown by
assays of replicate adherent layers) at the
time when CML cells were added. Following the addition of the PhI-positive CML
cells, these cultures with and without
feeders were handled in the usual way.
Although only a limited number of such
experiments have been completed, thus far
the number of hemopoietic progenitors
found in the cultures initiated on preestablished feeders has been consistently
higher than the number measured in the
matching control cultures without feeders,
regardless of the genotype of the progenitors present. However, overall this enhancing effect has appeared to be more pronounced on the PhI-positive population
with one exception, where the PhI-negative
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cells still became dominant. In spite of the
preliminary nature of these findings, they
clearly indicate that the numbers of both
PhI-positive and PhI-negative progenitors
maintained in the long-term culture system
can be enhanced. Whether such manipulations will be useful for analyzing factors
that favor the selective growth of one genotype over the other still remains to be determined.
Finally, we have also recently addressed
the question of whether the PhI-negative
progenitors usually detectable in 4-weekold long-term CML marrow cultures are
neoplastic (i.e., members of the neoplastic
clone). This was tested by examining the
karyotype of progenitors obtained from
long-term marrow cultures established
from a patient with a fertile mosaic Turner
syndrome and whose PhI-positive CML
clone was known to have arisen in the
minor (10%) 45, X lineage [5]. All colonies
analyzed from this patient's 4- to 6-weekold adherent layer assays were found to be
46, XX; i.e., they were both PhI-negative
and nonclonal [22].
D.

Long-Tenn AML Marrow Cultures

Our initial observations with long-term
CML marrow cultures prompted us to
examine other hemopoietic malignancies to
establish whether failure of neoplastic progenitor maintenance might prove to be a
phenomenon of more general significance.
Marrow cells from 13 newly diagnosed
AML patients have been used to initiate
long-term cultures and the progenitors in
these cultures evaluated for 6-8 weeks. The
majority showed a rapid disappearance of
progenitors of abnormal (blast) colonyand cluster-forming cells to undetectable
levels within 4 weeks in both nonadherent
and adherent fractions. Concomitantly
hemopoietic progenitors capable of producing large granulocyte colonies became
readily detectable, typically for the first
time. Similarly primitive erythroid progenitors frequently attained higher levels than
those anticipated simply from the numbers
of this type of progenitor initially detectable. In two cases cytogenetic studies were
also undertaken. These confirmed that the
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progenitors of phenotypically normal
colonies detected after 4-6 weeks were cytogenetically normal and not members of
the initially prevalent chromosomally abnormal population.
As found for the long-term CML marrow
cultures, this was the predominant,
although not exclusive, pattern exhibited
by the progenitor populations present in
long-term AML marrow cultures. In fact,
the maintenance of abnormal (blast)
colony- and cluster-forming cells was consistently observed for 6-8 weeks in two of
the AML experiments. In both of these and
the other two experiments, progenitors of
normal granulocyte colonies were not detectable, and only the occasional erythroid
progenitor was found.
E.

Conclusion

The most striking finding from these studies is the apparent incompatibility of leukemic cell growth and normal hemopoiesis
both in vivo and in the long-term marrow
culture system. Particularly noteworthy is
the rapidity with which normal hemopoietic progenitors often become detectable as
the leukemic cells and their precursors disappear. This suggests that terminal maturation may be more sensitive to the suppressive effects of a large neoplastic cell
population than is the maintenance of
more primitive normal hemopoietic progenitor cell types. However, preliminary
evidence that the long-term culture system
may be manipulated to alter favorably the
ability of neoplastic cells to be maintained
is also of considerable importance, since it
should then be possible to delineate those
factors that promote or alternatively diminish clonal dominance in vivo.
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Stromal Progenitor Cells in Bone Marrow of Patients
with Aplastic Anemia *
E. Elstner, E. Schulze, R. Ihle, H. Stobbe, and S. Grunze

A.

Introduction

The pathogenesis of aplastic an~mia (AA),
which is defined by pancytopema and hypocellularity of the bone mar~ow (BM), is
still an unsolved problem and IS most probably heterogeneous. Hemopoietic stromal
defects have been suggested as one of the
possible pathophysiologic mechanisms for
AA. Up to now, in all investigations on
stromal cells of patients with AA, the fibroblast colony assay (CFU-F) has been used
[4, 12, 13]. Fibroblasts, however, are only
one component of the hemopoietic stroma;
they are not capable of maintaining hemopoiesis in vitro alone.
For our study we used the Dexter culture
[1] modified for human BM [3], because in
this system a complex adherent cell layer
develops after 2 weeks, containing, in addition to fibroblasts, other stromal elements
(macrophages, adipocytes, endot.heli~l
cells) and which is known to mamtam
hemopoiesis in this system for several
weeks. The aim of these investigations was
to find out if there are differences in the
ability to form stromal elements between
normal and AA BM cells in vitro.
B.

Material and Methods

(Table 1) were investigated in a liquid system [3] with slight modifications (Fig. 1).
The BM cells were obtained by iliac crest
puncture (2 ml) and immediately diluted
with the same volume of McCoy's 5A
medium (Serva) containing heparin without preservative (Gedeon Richter, Hungary). After spontaneous sedimentation of
erythrocytes, the supernatant, including the
fat droplets floating on the surface (the
lipid substance can be utilized as a source
of energy in rapidly proliferating cell systerns) [11], was added to the culture medium (McCoy's 5A supplemented with 10%
fetal calf serum, SIFIN, GDR) and 10% horse
serum (Flow, Manchester) in order to get a
cell concentration of 5 X 105 cells per milliliter suspension. The cells were cultivated
in Petri dishes at 37°C in 7.5% CO 2 for 14
days without feeding. After 14 d~ys, !he
liquid fraction was removed. The alr-dned
adherent layer was stained according to
Pappenheim. GM-CFC of 18 AA patients
was performed in a double-layer culture
(Pike and Robinson) [10].
Table 1. Criteria for diagnosis of aplastic anemia

BM of nine normal volunteers and six patients with idiopathically acquired AA

Aplastic anemia is defined by:
Pancytopenia
. .
Hypocellularity of the hemopo~etI.c bone. marrow, with absence of neoplastIc mfiltratIOn or
significant fibrosis

* University Hospital (Charite), Department of

It is distinct from:

Internal Medicine, Division of Hematology,
Berlin, GDR, and Central Institute of Molecular Biology of the Academy of Sciences of the
GDR, Berlin, GDR
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Aplasia induced by cytostatics or irradi~tion
Primary pancytopenia with hyperplastIc marrow
or myelodysplasia
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Fig. 1. Schematic representation of the method

C.

Results

CFU- GM

u

~

Figure 2 shows the growth pattern of GMCFC of BM from patients with AA in agar
culture. The number of colonies (> 40
cells) was decreased in most cases. The results of the stromal cultures are represented
in Fig. 3. After 1 week of cultivation, there
was a very poor adherent layer in both normal and aplastic BM cultures, and no difference between them could be detected.
After 14 days, however, an adherent layer
was established, which was distinctly more
compact in the BM cultures of normal subjects compared with those of patients with
AA (Figs. 4, 5). In addition to these quantitative differences, qualitative differences
were also apparent. Thus, in normal BM
cultures well-established "cobblestone"
areas were formed (Fig. 4). In cultures of
AA BM, such areas were rare.
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Fig.2. Growth pattern of bone marrow from patients with aplastic anemia in agar culture
(hatched area shows range of 20 normal volunteers)
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D.

Discussion

The pancytopenia and hypocellularity of
the hemopoietic BM in AA patients is the
final outcome of functional failure in
the hemopoietic stem cells (HSC). In most
AA patients, the number of GM-CFC,
BFU-E, CFU-E, CFU-D, and CFU-mix is
decreased [2, 5, 7, 9]. For effective hemopoiesis it is essential to have an intact
microenvironment (stroma cells), on which
HSC renew and differentiate. Therefore,
the failure of the HSC in AA can also be
caused secondarily by damage of the
stromal cells, as was shown in experimentally induced aplasia in animals [6, 8]. The

00
0
00

14

Days of cu l ture

Fig. 3. Stromal layer in liquid culture from bone
marrow cells. Full circles normal volunteers;
open circles patients with aplastic anemia. Each
dish was assigned a score from 1 to 4, corresponding to a stromal layer covering from 25%
to 100% of the area of the culture dish

pathogenetic role of stromal cells in the
development of AA in vitro has been investigated up to now only with CFU-F assay,
which gives evidence for only one component of stromal cells, i.e. fibroblasts, and
no information about the interplay of
stromal cells and HSC. For our investi169

Fig. 4. Pappenheim-stained adherent layer with hemopoietic islands formed by normal bone marrow after 14 days cultivation
(X32)

Fig. 5. Pappenheim-stained
adherent layer formed by
aplastic anemia bone marrow
after 14 days cultivation (X 32)

gations we have used the Dexter culture [3]
which allows study of the interaction
be!w~en the complex stroma and hemopOIesIs.
Our findings indicate that in AA not only
is hemopoiesis insufficient, but the stromal
cells are affected also. It is not clear
whether these two phenomena are independent of each other, or if the decreased number of HSC is caused by a disturbed microenvironment. Since for our experiments we used unwashed cells, including the patients' sera, autoimmunologic
processes (humoral and cellular) cannot be
excluded.

2.

3.
4.
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Dyserytbropoiesis in Acute Lymphoblastic Leukemia of Childhood *
O. Hrodek, I. Stara, and J. Srajer

A.

Introduction

The purpose of this study was to review
bone marrow appearances of erythroid
cells in children with acute lymphoblastic
leukemia (ALL) in order to assess the extent of dyserythropoiesis at two phases of
disease: at diagnosis and after multidrug
induction treatment at the beginning of
complete remission.
B. Materials and Methods
A total of 15 morphological abnormalities
characteristic of dyserythropoiesis were
evaluated in bone marrow smears stained
with May-Grunwald-Giemsa stain. Abnormalities were classified as: (a) anomalies of
the nucleus (binuclearity, multinuclearity,
nuclear lobulation, budding, fragmentation, chromatin lumping and pyknosis, intranuclear bridging, extrusion of the
nucleus); and (b) anomalies of the cytoplasm (cytoplasmic connections, basophilic
stippling, Howell-Jolly bodies, atypical
mitotic figures, asynchrony of nuclear cytoplasmic
maturation,
megaloblastic
changes).
A group of 23 children with ALL of different immunologic subtypes were investigated at diagnosis and after successful induction of first complete remission. According to multidrug induction regimen

*
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two groups of patients were compared: 8
patients with a two- or three-drug regimen
(2 children with prednisone and vincristine,
6 children with prednisone, vincristine, and
rubidomycin), and 15 patients with a fouror five-drug regimen (prednisone, vincristine, rubidomycin or adriamycin, plus
cytosine arabinoside, L-asparaginase, or
cyclophosphamide). The mean frequency
of all anomalies per 100 erythroid cells and
the absolute frequency of the individual
anomalies (number of signs observed in all
cases) were statistically tested. A logarithmic normal distribution of data was found
and, therefore, a logarithmic transformation was used in comparison of means.

c.

Results

The percentage of erythroblasts in the bone
marrow at diagnosis was greatly reduced
(Fig. 1). The mean of all cases investigated
was 3.1 % and reflected a quantitative decrease of erythropoiesis. After complete remission, it was significantly increased to
26% (P < 0.01). The mean frequency of
dyserythropoietic signs per 100 erythroblasts was 12.5 at diagnosis and 60.9 at
the beginning of complete remission
(P < 0.01).
The most significant increase (P < 0.001)
was found in megaloblastosis (from 89 to
524), then in cytoplasmic connections (from
15 to 144) and in basophilic stippling (from
39 to 195). Other significant increases
(P < 0.01) occurred in Howell-Jolly
bodies, asynchrony of nuclear cytoplasmic
maturation, blurred structures of nucleus,
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Fig. 1. Proportion of erythroblasts and frequency of dyserythropoietic signs in the bone marrow
at diagnosis (DG) and after achieving complete
remission (REM)

Fig. 2. Frequency of dyserythropoietic signs in
the bone marrow at diagnosis (DG) and after
achieving complete remission (REM) with less
intensive and more intensive induction therapy

binuclearity, nuclear lobulation, budding,
fragmentation, and chromatin lumping or
pyknosis. The increase of all remaining abnormalities, such as multinuclearity,
nuclear bridges, premature extrusion of
nucleus, and atypical mitotic figures, was
less significant (P < 0.05).
Dyserythropoietic changes in 8 children
with less intensive induction therapy (twoor three-drug regimen) were compared
with 15 children with more intensive regimens (four- or five-drug regimen). The
mean frequency of abnormalities at diagnosis and the increase at the beginning of
complete remission were the same (Fig. 2).
There was no significant difference between
the two groups investigated.

erythroid cells occur as part of hematologic
pattern in ALL and as a consequence of
multidrug induction chemotherapy. Many
of the morphological manifestations occur
as a result of disturbances of mechanisms
which regulate the cell cycle and normal
mitosis, normal hemoglobin synthesis, and
other protein synthesis. Other manifestations are probably degenerative or due to
increased cell fragility. From the static pictures of cells as seen in marrow aspirates,
however, it is difficult to deduce dynamic
processes involved in the abnormal, functionally inefficient erythropoiesis. More
complex studies are necessary to elucidate
the connections between morphological
and functional defects of erythroid marrow
cells and their clinical significance in children with ALL. The effect of more or less
aggressive drug regimens can be established after collecting data from larger
series of patients treated with the same
protocol.

D. Discussion and Conclusions
The present study has shown the extent
to which morphological abnormalities in
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Ultrastructural Analysis of Normal and Leukaemic Cells
by the Immunogold Method and Monoclonal Antibodies *
E. Matutes and D. Catovsky

A.

Introduction

Morphological and membrane marker
analysis of the leukaemic cells are useful
for the diagnosis and classification of human leukaemias. A combination of immunological and electron microscope (EM)
techniques can now be carried out by using
electron-dense tracers such as colloidal
gold particles to visualise the reaction with
a monoclonal antibody (MoAb )-immuno gold method (IGM) [I]. Application of
this technique has allowed the characterisation of distinct T lymphocyte subpopulations in normal blood [2, 3]. In this study
we analyse by this method the expression
of various lineage-specific membrane antigens in normal haemopoietic precursor
cells and in blast cells from patients with
acute leukaemia and blast crisis from
chronic granulocytic leukaemia (CGL) and
myelofibrosis (MF) to see if a more precise
characterisation of the immature cells can
be made.
B.

Materials and Methods

Peripheral blood and bone marrow samples from healthy donors and 16 leukaemic
patients: 9 acute leukaemias and 7 blast
crisis from CGL [3] and MF [4] were studied. Mononuclear cells were isolated by
centrifugation on Lymphoprep (Nyegaard)

* MRC Leukaemia Unit, Royal Postgraduate
Medical School, London W12 OHS, England
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and washed twice
saline (PBS).
I.

In

phosphate-buffered

Monoclonal Antibodies

The following MoAb were used: LICR
LON/RIO (anti-glycophorin A) against
erythroid precursors [4]; AN 51, C 15, C 17
and 115 against platelet glycoproteins Ib,
IlIa and the complex lIb/IlIa [5, 6, 7]; My9
against myeloid precursors [8]; J5, anticALL antigen, to identifY lymphoblasts [9]
and 3C5 against myeloid and lymphoid
precursors [10].
II.

Immunogold Staining

A 200-J!1 (5 X 106 cells) volume was resuspended in PBS, I % bovine serum albumin
(BSA), 0.2% sodium azide. 2% human AB serum (pH 7.4) and incubated with the relevant
MoAb for 30 min at room temperature
(RI). Cells were washed twice and incubated for 1 h at RT with 40 J!l goat anti-mouse
IgG conjugated to 30-nm colloidal gold
particles (Janssen Life Sciences, Beerse,
Belgium). After three washes, samples were
processed for EM analysis following standard techniques. Controls were carried out
by omitting the first layer MoAb or by using an irrelevant anti-mouse immunoglobulin. In several instances the following
cytochemical reactions: m yeloperoxidase
(MPO), acid phosphatase (AP) and platelet
peroxidase (PPO) were performed.

Fig. 1. Normal bone marrow erythroblasts (E) reactive with LICR anti-glycophorin A and heavily labelled with colloidal gold
particles. Note the presence
of a reactive reticulocyte
(R) (uranyl acetate and lead
citrate stain, X 16 (00)

c.

Results

II.

I.

Erythroid

Reactivity with the various anti-platelet
MoAb was seen in cells from patients with
CGL and MF in megakaryoblastic transformation. Blast cells having a "lymphoid"
appearance (Fig. 2) in addition to cells with
features of megakaryocytic differentiation
(e.g. a-granules) and giant platelets were
identified by the gold labelling with the
several MoAb used. In the differentiated
cells, gold particles were distributed on the
cell membrane and in the open canalicular
system. The number of antigenic sites differed from one case to another, but a
stronger staining was more frequently seen
in the more mature cells and platelets.

A proportion of cells (22 % and 23 %) from
two patients (one with erythroid blast crisis
of CGL and one with erythroleukaemia)
were seen gold labelled with LICR anti-glycophorin A. According to the morphological features, various stages of cell differentiation were identified in the reactive cells.
Undifferentiated blasts were seen together
with more mature cells which had specific
features (e.g. siderosomes) of the erythroid
lineage. AP activity when present, was
localised in large lysosomal granules and/
or endoplasmic reticulum (ER) in both
immature and mature erythroid cells. In
normal bone marrow, the expression of
LICR was demonstrated from proerythroblasts to reticulocytes and red blood cells
(Fig. 1)01 . The degree of reactivity as judged
by the number of gold particles in the cell
membrane increased with cell maturation,
both in normal and leukaemic samples.
1 In Figs. 1-6, unless otherwise stated, 30-nm
colloidal gold particles conjugated to goat anti-mouse IgG were used

III.

Megakaryocytic

0

Myeloid

Myeloblasts from four cases of acut!! leukaemia (three acute myeloid leukaemia
and one mixed leukaemia-lymphoid and
myeloid) displayed a different pattern of
reactivity with the MoAb 3C5 and My9
when studied in combination with the
MPO reaction. Myeloblasts that were MPO
negative or with little MPO activity showed
strong reaction with 3C5 (Figs. 3 and 4)
175

Fig. 2. AN5I gold-labelled
(arrows) megakaryoblast
from a patient with MF in
megakaryoblastic transformation. The cell shows a
"lymphoid" appearance
without identifiable
features of megakaryocytic
differentiation (uranyl acetate and lead citrate stain,
X 18 000)

A :N 51

Fig. 3. 3C5 reactive blast from a
patient with acute myeloid leukaemia, showing MPO activity
localised in various granules (unstained section, X 16 000)

305
and were either My9 positive or My9 negative, whereas the reactivity with My9 increased in parallel to the MPO content of
the cells. Promyelocytes and myelocytes
were also seen labelled with My9. This pattern was also observed in normal bone
marrow although the degree of reactivity
176

was lower in normal cells when compared
with the leukaemic cells.
IV.

Lymphoid

Leukaemic cells from two patients with
ALL and two CGL in lymphoid blast crisis

Fig.4. 3C5-positive (gold
labelled), MPO-negative
blast from a patient with
mixed acute leukaemia
(My+ Ly) showing a
lymphoid morphology
(uranyl acetate and lead
citrate stain, X 18 000)

Fig. 5. J5-positive (labelled with 20-nm gold
particles) (arrows) cell from a CGL-lymphoid
blast crisis. Note the presence of a J5-negative
(gold-unlabelled) myeloid cell (M) (uranyl acetate and lead citrate stain, X 10 200)

were J5 positive. The specificity of the
labelling could be assessed in the latter disease in which the remaining myeloid cells
from the chronic phase were clearly J5
negative (Fig. 5). In normal bone marrow,
a minority of small cells having a high
177

Fig.6. Normal bone marrow cell reactive with J5
(arrows). A small nucleolus
and abundant ribosomes in
the cytoplasm can be seen
(uranyl acetate and lead
citrate stain, X 18 000)

nucleocytoplasmic ratio, a small nucleolus
and scattered ribosomes in the cytoplasm
were identified as gold labelled with the
MoAb 15 (Fig. 6).

which appear to have "lymphoid" ultrastructural morphology similar to that
observed in their leukaemic counterparts.

A cknowledgment: EM was supported by the Leu-

kaemia Research Fund of Great Britain.

D.

Conclusions

This study shows that the application of the
IGM in the analysis of normal and leukaemic haemopoietic precursors is useful:
1. To establish the specificity of a particular MoAb.
2. To determine in single cells the presence of two specific markers of differentiation: immunological and ultrastructural
and/ or cytochemical.
3. To recognise the various stages of cell
maturation present in some acute leukaemias on the basis of their membrane
phenotype and enzyme activity.
4. To characterise the different cell populations that proliferate in mixed leukaemias.
5. To identify normal bone marrow
lymphoid and megakaryocytic precursors
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Immunocytochemical Labelling of Haematological Samples Using
Monoclonal Antibodies *
w. N. Erber, A. K. Ghosh, and D. Y. Mason

A.

Introduction

B.

Monoclonal antibodies have become increasingly important in the diagnosis and
classification of neoplastic blood disorders.
Immunofluorescent labelling of cell surface
antigens has been the conventional method
used for this purpose. However, this
method of antigen detection presents a
number of drawbacks when used in a routine hospital haematology laboratory:
namely that blood or bone marrow samples
must be processed within a short time of
collection; antigen labelling is not permanent; and cell morphology cannot be
visualised.
The present paper describes the method
for labelling routine haematological samples by an immunoalkaline phosphatase
technique which is used routinely in this
laboratory for leukaemia phenotyping. This
approach has several practical advantages
over conventional immunofluorescent
labelling, i.e. staining can be performed on
routinely prepared bone marrow and blood
smears, samples can be stored for long
periods before labelling, cell morphology
can be visualised simultaneously with the
antigen label and the staining reaction is
permanent. As detailed below a wide range
of cellular antigens can be detected in marrow and blood smears using this technique.

* University of Oxford, Department of Haematology, John Radcliffe
OX39DU, UK
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Hospital,

Oxford

Methods

Immunoalkaline Phosphatase
Labelling
Antigen labelling is performed by the
APAAP immunoalkaline phosphatase technique as described elsewhere [1, 2]. The
method (shown schematically in Fig. 1) involves primary incubation of blood or bone
marrow samples with monoclonal antibody, followed by unlabelled sheep antimouse Ig and then monoclonal alkaline
phosphatase: anti-alkaline
phosphatase
(APAAP) complexes. Each incubation step
lasts 30 min and is followed by a brief wash
in Tris-buffered saline (for 1-5 min). Amplification of the staining is possible by repeating the anti-mouse Ig and APAAP
stages (for 10 min each). The alkaline phosphatase reaction is then developed (by
incubation for 15 min) in a naphthol-ASMX/fast red substrate. Slides are washed,
counterstained with haematoxylin and
mounted in an aqueous medium.
C.

Results

Staining of blood and marrow smears using
the APAAP technique yields a vivid red reaction on antigen-positive cells. The staining reaction contrasts clearly with the
haematoxylin counterstain and there is no
background staining of antigen-negative
cells. The labelling reactions are equally
strong whether they are performed on
freshly prepared smears or on smears that
have been stored at - 20°C. The nature of

~
& -

Calf intestinal
alkali ne phosphatase
Monoclonal mouse
anti-alkaline phosphatase

Y_

J

AP AAP
complexes

X-

Sheep anti-mouse Ig

. I'

A

Primary mouse
-monoclonal antibody

•

-Antigen

Fig. 1. Schematic representation of the APAAP
immunoalkaline phosphatase procedure

the labelled cells can easily be determined
because of the preservation of morphological detail.
D. Discussion

Cytological examination of peripheral
blood and bone marrow plays a major role
in the diagnosis of neoplastic blood disorders. The introduction of monoclonal
antibodies in the late 1970s greatly aided
the objective identification of cell types.
Cellular antigens are conventionally detected by immunofluorescent staining of cells
in suspension, however, this method does
not enable antigen labelling and cell morphology to be visualised simultaneously.
Immunoalkaline phosphatase labelling
of cell smears combines labelling of cellular
antigens with visualisation of morphological detail. Preliminary mononuclear-cell
separation and washing is unnecessary as
staining can be performed on routinely prepared blood and bone marrow smears.
Background labelling of the smears (as occurs with peroxidase labelling) is avoided,
and the intense red reaction product is easy
to visualise. Blood and marrow smears can
be stored for long periods (at - 20°C) prior
to labelling. This enables samples to be
analysed in batches and also facilitates
retrospective analysis of stored cases (e.g.
when it is necessary to test a new monoclonal antibody against a panel of different
leukaemia cases). Smears sent by post from
other hospitals also give staining reactions
identical to those of samples processed
fresh in this laboratory. Finally, the labelling reaction is permanent, allowing slides
to be reviewed after a period of time.

Using these labelling procedures a wide
range of cellular antigens, both surface and
intracellular, can be detected (as noted in
Table 1) in routinely prepared blood and
bone marrow smears. APAAP labelling
may thus be used to enumerate lymphocyte
populations in peripheral blood smears and
to detect abnormal T-helperlsuppressor
ratios [3]. This lends itself to mass screening, e.g. of blood donors. The technique is
also very convenient for phenotyping cases
of leukaemia and lymphoma. The markers
used for this purpose include terminal
transferase, HLA-DR, B- and T-cell antigens, and common ALL antigen.
Finally, the APAAP procedure is valuable for detecting metastatic malignant
cells in bone marrow smears, since malignant cells can often be demonstrated which
are not identifiable on routine haematological examination [4].

Table 1. Cell surface antigens detectable in cell
smears by the APAAP technique
T-cell markers a

B-cell markers b

CDI (T6)
CD2 (TIl)
CD3 (D)
CD4 (T4)
CD5 (TI)
CD7
CD8 (T8)

p95
IgM
IgD
HLA-DR
pB5

Miscellaneous
CALLA
MY906 (Myeloid)
IL2-receptor (Tac)
HCI, HC2 (hairy cells C)
Glycophorin
p150,95 (macrophages, hairy cells d)
gp Ib, lib-lila, lila (platelet!
megakaryocytes)
Terminal transferase
a

b

C

d

The T-cell markers are indicated according to
the "CD" system introduced at the 1st Workshop on Leucocyte Differentiation Antigens
(Paris 1982), with their alternative nomenclature in the OKT series shown in parenthesis
p95 (CDI9) and pB5 (CD22) are B-cell-associated markers detected by, respectively, antibody B4 [5] and T015 (DAKO PAN-B)
[6]
[7]
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Myelolactoferrin Index (MLF) and Myelopoiesis During Bacterial
Infections and Malignant Diseases *
R. Neth, J. Nowrath, M. Thomsen, C. Wiggers, M. Gabrecht, W. Rehpenning, K. Winkler,
U. Krause, H. Soltau, and H. Kraemer-Hansen

Abstract
The myelolactoferrin index (MLF) is significantly lowered in patients with bacterial
infections and with malignant diseases. In
both cases it can be assumed that the alteration of the granulopoietic storage pool is
followed by a decrease in lactoferrin.
Therefore, it seems advisable to study (a) to
what extent the immunocytochemical
quantitative evaluation of lactoferrin content of mature neutrophil granulocytes can
be used to recognize any toxic damage
caused to bone marrow cells by long-term
therapies or environmental toxins and (b)
whether this method is more sensitive than
the conventional counting of granulocytes
and throm bocytes.
A.

Introduction

Myelopoiesis is regulated by cell-derived
molecules that stimulate or inhibit proliferation and differentiation of granulocytemacrophage progenitor cells. The interactions of positive and negative feedback
mechanisms regulate the production of
granulocytes and macrophages and probably keep granulocytes and monocytes
within the tightly controlled limits noted in
vivo. Lactoferrin located in the secondary

* UniversiHitskliniken D-2000 Hamburg 20,
Martinistrasse 52, FRO
Supported by the Deutsche Forschungsgemeinschaft and the Deutsche Krebshilfe

granules of mature neutrophil granulocytes
has been implicated as a negative feedback
regulator of myelopoiesis [1]. Lactoferrin
acts in vitro as an inhibitor of granulocyte
and macrophage colony formation, and in
vivo mouse granulopoiesis is decreased by
lactoferrin [1]. However, there is no information available on a possible physiological role of lactoferrin on the regulation of
myelopoiesis in humans. A correlation between the lactoferrin content of granulocytes and the bone marrow pool of these
cells seems to indicate that lactoferrin may
also function as a negative feedback regulator substance of myelopoiesis in the human. A reduction of the granulopoietic
storage pool is known to occur during bacterial infections by way of increased cell
turnover and during treatment of malignant diseases by way of drug-induced inhibition of myelopoiesis. We have, therefore,
studied the lactoferrin content of mature
granulocytes in conjunction with the
myeloperoxidase and the usual hematological parameters in these two disease
classes.
B.

Materials and Methods

In all, 40 normal persons and 54 patients
with bacterial infections and 94 with malignant diseases were chosen. Myeloperoxydase was cytochemically determined [2]
with 0- Tolidin. Lactoferrin was determined
by the immunoperoxidase technique according to Stein [3] with Dako reagents
purchased from Boehringer Ingelheim Diagnostica. The quantitative evaluation of
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MlF - Index

29.9.
30.9.
4.10.
5.10.
6.10.
7.10.
8.10.
9.1Q
12.10.
13.10.

248
239
261
232
242
254
254
260
269
271

C.

'X 253
2s± 26

Fig. 1. Individual biological variation ofMLF

vanatIOn in myeloperoxidase and lactoferrin content was performed as in the
case of ALP, using a score of 0-3. The 2s
range of multiple determinations in one
blood sample was found to be ± 11.4, and
the biological variation among blood specimens taken daily over 14 days, to be ± 26
(Fig. 1) index points.

Fig. 2. MLF index in A normal persons; B patients with bacterial infections; C patients with
malignant diseases and receiving chemotherapy;
D patients with kidney transplants and receiving
long-term chemotherapy

Results

The normal persons (n = 40) showed a normal distribution with a mean of 231 and a
2s range of ± 34. In contrast, the two
groups of patients did not show a normal
distribution, more than 50% of their lactoferrin values lying below the 2s range of
the normal group with mean values of 158,
189 and 153 for patients with bacterial infections and malignant diseases (Fig. 2), respectively. In patients with bacterial infections, 2-4 days after granulocytosis and
left shift a decrease of lactoferrin was noted, which was followed by an increase to
the normal values 2 days after normalization of the granulocyte kinetics (Fig. 3).
In addition, in patients chronically treated
with cytostatic drugs chronically subnormed lactoferrin values were found
(Fig. 4).
D. Discussion
Our data demonstrate a close correlation
between the lactoferrin content of mature
granulocytes and the reactive changes with
the granulocytic system during bacterial infections. The low lactoferrin values in patients with malignant diseases could be due
X 231

of- ~ ,..

A
50

100

200

150

250

300

250

300

X 158

•

8
50

100

150

X 182

•

[
50

I··• -,At

100

150

.+ ..... ,1'. 200

•

i

250

300

250

300

X 153
~

D
50

184

100

II!"

-! -150

oJ

•
200

30

Fig. 3. Follow-up study of a patient with urinary tract infection
()---{)

neutrophil gran%eytes

•

•

% neutrophil band forms

..

•

HU-Index
granulocytes/pi

20000

15000

HL F -Index

10000
fIJ.

~

-260 -

7500-

g.
~

~

"iii
e;

...

g·-200

140

5

9

12

days of treatment

grllnulocytas/pl
HLF-Indax

3

12500
...... HLF-/ndax

0--0 grllnulocyteslpl

10000

- - - -. - -- -- .. - -- - .... - -- -- - -- .. -- -- -- .... - -- -- -- .... - - - - _ .. _ .. - - -- -- -- -- - 7500--

o

too'~~--------~----------r-------~-----r~
37
19
25
32

Fig.4. Follow up study of a
patient with a kidney transplant and receiving longterm chemotherapy

dilYs of trutmant

to inefficiency of the granulopoietic differentiation. OUf data, however, do not
support this possibility:
Decreased
myeloperoxidase levels are known to occur
in leukemia and indicate a disturbance of
granulopoietic differentiation [4]. In our

group of patients with malignant diseases,
however, normal myeloperoxidase values
were found, and no correlation could be
determined between myeloperoxidase and
lactoferrin (correlation coefficient below
0.1). A disturbance of granulopoietic differ185
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entiation as a cause of the lower lactoferrin
values can therefore be excluded in these
patients. In both groups of patients it can
be assumed that the alteration of the
granulopoietic storage pool is followed by a
decrease in the lactoferrin content of mature neutrophil granulocytes. Therefore, it
seems advisable to study (a) to what extent
the immunocytochemical quantitative
evaluation of lactoferrin can be used to recognize any toxic damage caused to bone
marrow cells by long-term therapies or environmental toxins and (b) whether this
would be more sensitive than conventional
counting of granulocytes and thrombocytes
(Fig. 5).
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j3-Hexosaminidase Isoenzyme I: An Early Marker
of Hematopoietic Malignancy *
G. Gaedicke\ J. Novotny!, A. Raghavachar 2 , and H. G. Drexler 3

A.

Introduction

The analysis of various enzymes has been
found to distinguish immunologic subsets
of human leukemias. This is especially true
for terminal deoxynucleotidyl transferase
(Td1). This enzyme is present in 90% of all
cases with common ALL, pre B-ALL,
T-ALL, and it is negative in B-ALL. Some
5%-15% of AML are also positive for TdT.
Interestingly,
acute
undifferentiated
leukemias (HLA-DR positive, cALL-A
negative) have been found to be TdT positive in 40%-60% of cases. This nuclear enzyme thus seems to be a very early marker
of lymphohematopoietic development. The
lysosomal enzyme ,B-hexosaminidase (Nacetyl-,B-D-glucosaminidase) can be separated into two major forms: an isoenzyme A, which is constituted by two a and
two ,B subunits, and in isoenzyme B, which
consists of four ,B subunits. In cALL cells, a
third isoenzyme was first observed by Ellis
et aI., eluted from an ion exchange chromatographic resin in an intermediate position between the A and B forms [1]. This intermediate isoenzyme I seems to consist of
,B subunits. Hexosaminidase C is a fourth
isoenzyme with a more acidic isoelectric
point than hexosaminidase A. In the study
1 University of Ulm, Department of Pediatrics
II,
2 Department of Transfusion Medicine, 7900
Ulm/Donau, FRG
3 Veterans Administration Edward Hines, Jr.
Hospital, Hines, ILL 60141,151 C USA
* Supported by the Deutsche Forschungsgesellschaft SFB 112, B 10

presented here, hexosaminidase isoenzymes were investigated as part of multiple
marker analysis in various leukemia subtypes.
B.

Methods

Leukemia cells were isolated from fresh
bone marrow aspirates of leukemic patients, and separated by Ficoll and Percoll
step gradients or by counterflow elutriation. Between 107 and 108 cells were used
for the enzymatic tests. A crude extract was
prepared by sonic disruption of the cells,
isolation of the lysosomal fraction, and
solubilization with a nonionic detergent.
Activity was measured with the a-phenyl
method, and protein concentration according to the Lowry procedure [2].
The enzyme was enriched either by phenyl-sepharose chromatography or by a
Con-A-sepharose column prior to DEAE
ion exchange chromatography. This was
done with a LKB high performance system,
using a linear NaCI gradient from 0 to
0.5 M NaCI. Crude extracts were used for
separating the enzymatic activity into its
isoenzymes by analytic isoelectric focusing
or disk electrophoresis [2].

C. Results
1. In leukemic specimens, isoelectric focusing clearly demonstrates an anodic shift
of hexosaminidase A. The same phenomenon is seen in DEAE ion exchange chromatography.
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Fig. 1 a-c. Ion exchange chromatographic patterns of hexosaminidase isoenzymes. Thick full
line NaCI gradient; thin full line OD tracing;
broken line hexosaminidase activity. Arrows indicate the position of isoenzymes A, B, and I. In
the cell line REH 6, tow peaks with intermediate
position are eluted from the DEAE column, indicating that isoenzyme I occurs in at least two
variant forms

2. The investigation of 15 cases of acute
childhood leukemias using a comparative
analysis of multiple surface markers with
hexosaminidase isoenzymes, showed that
cALL could be further subdivided. Of 15
cases, 3 had no hexosaminidase activity; 10
cases demonstrated isoenzyme A, B, and I
(Fig. 1a), 2 cases isoenzymes A and B only
(Fig. 1 b). Acute lymphocytic leukemias
had imbalanced synthesis of A and B forms
with a decrease of the hexosaminidase
isoenzyme B. The cALL-positive celle line
REH subclone 6 had two enzymatic activities in the intermediate region, and no A or
B isoenzyme (Fig. 1c). T cell leukemias (13
cases) had no isoenzyme I. Acute myeloblastic leukemias (8 cases) either had isoenzymes A and B only, or A, B and I. However, the ratio of A: B isoenzyme activity
was balanced as is usually seen in normal
granulocytes. Only one myeloblastic leukemia (M l ) had hexosaminidase A activity
only.
All eight cases of AUL (HLA-DR positive, cALL-A negative, TdT±) had very
low or absent enzymatic activity in the
isoenzmye B region. To date, half of the
cases investigated have had high levels of
isoenzyme I and low levels of hexosaminidase A.
D. Discussion
Most of the surface and enzyme markers
clearly demonstrate that leukemia cells correspond to a certain developmental stage of
lymphohematopoiesis. This is called cell
lineage fidelity [3]. As far as hexosaminidase isoenzyme I is concerned, it remains
unknown if this isoenzyme occurs in normal hematopoietic precursor cells. It is well
recognized that glycosphingolipids are the
natural substrates for the hexosaminidases

[4]. For hexosaminidase I this remains unknown. If it is assumed that hexosaminidase I activity represents elements of
hexosaminidase B, it is possible to postulate that in leukemia cells there is lack of a
factor necessary for the transformation of
isoenzyme I to the B form. This suggestion
is further supported by the observation of a
shift from hexosaminidase I to hexosaminidase B when differentiation is induced in
human leukemia cell lines by conditioned
media or TPA (Drexler et aI., this volume).
Hexosaminidase isoenzymes have been
under investigation for a number of years
in human leukemias and it has been observed that a shift to the anode occurs in
hexosaminidase A, if the isoenzymes are
separated by electrophoretic techniques [2,
5, 6). This suggests that a posttranslational
modification of this isoenzyme does not
take place in leukemia cells. From our observations, one may conclude that
hexosaminidase isoenzymes offer the opportunity of investigating the regulation of
normal gene products in human leukemia
cells.
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Analysis of Leukemic Cells with Monoclonal Antibodies
in Acute Myelomonocytic Leukemia Suggests Abnormality
at an Early Differentiation Stage in Certain Cases *
M. Gramatzki, A. Schaaff, G. R. Burmester, B. Koch, A. H. Tulusan, and J. R. Kalden

A.

Introduction

Monoclonal antibodies (MoAb) are valuable tools in better defining hematologic
malignancies, both for diagnostic purposes
and for understanding normal and malignant differentiation [1-5]. In the present
study, we characterized the bone marrow
cells of a young child with acute
myelomonocytic leukemia (AMML). The
unusual immunologic phenotype in this
case not only allows more insight into
myelomonocytic differentiation, but also
sheds some light on the origin of the malignant process in certain cases of AMML.
B.

Clinical Information

A girl aged 2 years 2 months was admitted
to the hospital with a history of low grade
fever for several weeks, arthralgias, purpura, tonsillitis, mild generalized lymphadenopathy, and hepatosplenomegaly.
Laboratory data showed elevated lactate
dehydrogenase, HbF of 4%, and increased
urine and serum lysozyme. Her Hb was
5.8 gldl, thrombocytes 128 X 109 II, and the
white blood cell count 57 X 109 II with a differential count of7% lymphocytes, 6% neu-

* Institute for Clinical Immunology and Rheumatology, and Department of Obstetrics and
Gynecology, University of Erlangen, Erlangen; and Cnopfs Children's Hospital, Niirnberg, FRG
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trophils and band forms, 4% metamyelocytes, 1% myelocytes, and 82% myelomonocytic blasts. Bone marrow analysis revealed
a high percentage of polymorphic leukemic
blasts, predominantly monocytoid with only a small number of cells with promyelocyte appearance. Almost all leukemic cells
showed positive myeloperoxidase and
nonspecific esterase reaction. Diagnosis of
AMML, M4 according to FAB classification [6] was made.
C. Material and Methods
Heparinized bone marrow was layered over
a Ficoll-Diatrozoate density gradient and
interface cells were obtained after centrifugation as previously described [7]. These
bone marrow mononuclear cells were
evaluated for staining with MoAb in indirect immunofluorescence staining, using
a goat anti-mouse immunoglobulin (lg) as
developing reagent, as described in detail
[2, 8]. The following MoAb were used: 3AI
and 4F2 (kindly provided by Dr. A. Fauci)
[3]; 9.6 and 20.2 (gift from Dr. J. Hansen)
[5]; FMC7 (provided by Dr. H. Zola) [9];
Mo-P9, Mo-PI5, Mo-SI, and Mo-S39 [8];
U-28 (gift from Dr. R. Winchester) [10]; the
OKT/OKM/OKI series [I, 4]; BI [11]; BAI, BA-2, and TA-I [12-15]; and MY-I [16].
Cytoplasmic Ig was detected on cytocentrifuge preparations stained with heteroantisera. Transmission electron microscopy
was performed as previously described [2].
Analysis for lectin binding was done according to a recent paper by Koch et al.
[ 17].

Table 1. Reactivity of the
patient's bone marrow cells
with different antibodies

Antibody

Characteristic specificity

Reactive
cells (%)

9.6

Pan Tcell
Major T cell subset
Helper T cells
Suppressor I cytotoxic T cells
B cells
B cells, granulocytes
Lymphoid precursors
B cell subset
Plasma cells
Plasma cells
Monocytes
HLA-DR-positive cells
Activation antigen on different
lineages, plasma cells

22
15
7
10
9
40
33
2

3Al
OKT4
OKTS
BI
BA-l
BA-2
FMC7
Anti-IgA,G,M,D
Anti-KIA
Mo-S39
OKII
OKTIO

0·
0'
60
60
65

• Intracytoplasmic staining

Table 2. Reactivity with
additional monoclonal antibodies detecting cells of
myeloid/monocytoid lineage

Antibody

Characteristic specificity

Reactive
cells (%)

Mo-P9
Mo-P15
Mo-SI
20.2
OKMI
TA-l
4F2

Monocytes
Monocytes
Monocytes
Monocytes, granulocytes
Monocytes, granulocytes
T cells, monocytes
Monocytes, activated/proliferating cells (not lineage specific)
Certain stages of myeloid differentiation, including promyelocytes and granulocytes
FAB M I and some M5 cells

40
40
40
55
54
45
80

My-l

U-28

D. Results and Discussion
Immunologic characterization of the bone
marrow cells of this patient revealed more
than 70% leukemic cells, while the remaining population consisted of mature Band T
lymphocytes as determined by positive
staining with reagents 9.6, OKT4, OKT8,
3Al, and Bl (Table 1). The population of
malignant cells reacted with six MoAb which
have particular specificity for the monocyte
lineage, namely Mo-P9, Mo-P15, Mo-Sl,
Mo-S39, 20.2, and OKM1, although some
have additional reactivity with granulocytes and myeloid precursors (Tables I and 2).

16

0

These cells were also stained by reagent
4F2, detecting monocytes and activated or
proliferating cells of different origin. Furthermore, reactivity with MoAb OKTIO
was found, an antibody which, besides reacting with plasma cells and certain thymocytes, serves as an activation marker in several lineages. Confirming the AMML differentiation stage, the leukemic cells reacted with TA-I, a MoAb detecting an antigen expressed on mature T cells, monocytes, and AMML cells, but not on cells of
acute myelocytic leukemias (AML) [13]. A
certain percentage of more immature myeloid cells was detected by antibody My-I,
191

reactive mainly with FAB M2/M3 cells
[16], a finding consistent with the morphological picture of a minor population of
promyelocytes. Surprisingly, significant additional reactivity was found with two
MoAb, namely BA-l and BA-2. Antibody
BA-l primarily stains normal and malignant cells of B cell lineage, and, although
also binding to granulocytes, is usually distinct unreactive with monocytes and
AMML cells [10, 11]. Antibody BA-2 has
been found primarily on lymphoid precursor cells and lymphoid malignancies of
different differentiation stages, although
additional reactivity with some nonlym phoid cells was found, particulary
neuroblastoma and certain carcinomas [14,
15]. Finally, lectin binding studies showed
44% of the cells reactive with Lotus tetragonolobus agglutinin (LTA), consistent with
the presence ofmyelomonocytic cells [17].
To evaluate whether MoAb BA-l, BA-2,
and anti-monocyte MoAb did stain the
same cell population, double-staining experiments were performed. Various combinations of two or more of these antibodies
added to the same cell preparation did not
result in additional positive cells, demonstrating that the corresponding antigens
were expressed in the same cell population.
In this case, a rather homogeneous reactivity pattern with MoAb was seen, despite
some degree of morphological variation.
This has implications for models of myeloid
differentiation and would be in favor of an
uncommitted promyelocyte, still able to
differentiate into the monocyte lineage as
has recently been suggested [18]. Furthermore, the pattern of MoAb reactivity would
classiry this case of AMML as already differentiated primarily into the monocyte lineage.
Finally, the unusual occurrence of antigens normally detected on B lymphocytes
and B lymphocyte precursors in these
AMML cells suggests that in this case an
abnormality may have developed at a very
early differentiation stage with subsequent
differentiation along the myeloid pathway.
This idea would be consistent with genetic
analysis of granulocyte/macrophage colonies in a case of AMML, where by karyotyping the malignant cells could be defined
as arising shortly after stem cell differen192

tiation. Thus, analysis with monoclonal reagents provides an additional tool in better
defining the origin of malignant cells in addition to enzyme markers and chromosomal analysis.
A cknowledgment. This work was supported by
SFB 118/B2 and DFG Bu 445/2-3.
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Nonspecific Cross-Reacting Antigen as a Marker of Myelocytic
Leukemias in Individual Stages of Myelocytic Cell Differentiation *
A. Hadozinska, A. Noworolska, and R. Richter

The aim of the study was to establish:
1. The distribution of nonspecific cross-reacting antigen (NCA) and carcinoembryonic antigen (CEA) in cells of different
types of myelocytic leukemias
2. The presence of NCA in individual
stages of granulocyte differentiation
3. NCA and CEA serum levels
A total of 17 acute myelocytic leukemia
(AML) cases were studied, classified according to the proposals of the FAB cooperative group, and 14 cases of chronic
granulocytic leukemia (CGL) - 5 of these
were in myeloblastic crisis (CGL-BC) and
formed a separate group. The control studies were performed on cells of 6 ALL patients and on granulocytes of 6 normal
donors.
To separate the myelocyte cells into fractions containing granulocytes in individual
stages of maturation, discontinuous density
gradient centrifugation (Ficoll-Hypaque
1.05-1.105 g/ml) was applied. Dextran
isolates were prepared in only some AML
cases. The cells of each density layer were
checked for NCA and CEA by immunofluorescence (IF) and were also stained
with Wright-Giemsa to determine differential morphology.
The anti-CEA and anti-NCA sera used in
IF were additionally absorbed on columns
prepared by coupling purified CEA or
NCA to CNBr-activated sepharose 4B to

*

Dept. Pathol. Anat. Sch. Med., 50-368 Wroctaw, Poland
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remove anti-CEA or anti-NCA activity, respectively. The results of NCA content in
different types of AML are summarized in
Table 1. The number of NCA-positive cells
increased from individual blasts of AML
with features of maturation (Fig. I).
Monoblastic leukemias were usually NCA
negative and, in one erythroleukemia case,
the percentage of fluorescent cells was similar to the amount of mature granulocytes.
The analysis for NCA in patients with
CGL-BC and CGL isolated by density
gradient centrifugation showed that expression of this antigen increased as more mature cells in denser layers were obtained
(Table 2). The comparison of fluorescence
with phase-contrast pictures showed that
some blasts from CGL-BC and individual
blasts detectable in the chronic phase of
CGL showed distinct cytoplasmic NCA-dependent staining. Many pathologic myelocytes and metamyelocytes were NCA positive (40%-70%), but their amount and fluorescence intensity varied from one case to
another (Fig. 2). The fluorescence of mature neutrophils, focused mainly in fractions 1.09-1.105 glml, was observed in
80%-90% of cells. Lymphoblasts of ALL
patients and healthy donors' lymphocytes
were always negative. Anti-CEA serum
stained neither AML, ALL, nor any fraction ofCGL-BC and CGL cells.
Serum NCA levels in patients with AML
and ALL were very low or undetectable
(Table 1). In CGL-BC and CGL patients,
circulating NCA was always elevated to a
mean value of 100 and 140 ng/mI, respectively. Serum CEA was within the normal
range (0-7 ng/mI) in all patients studied.

Table 1. NCA content in peripheral blood cells and serum of AML patients

Leukemias

Number of
cases

Wright-Giemsa morphology (%)b
Blasts

PMN

Mon

Lym

IF NCApositive
cells

(%)
AML classification a
MO (without maturation)
Ml (weak maturation)
M2 (distinct maturation)
M4 (myelomonocytic)
M5 (monoblastic)
M6 (erythroleukemia)
ALL
a
b

2
2
4
3
5

81
88
81
87

I

19

6

74

77

2
4

9
9
6
81
6

6

NAC
serum
level
(ng/ml)

17

0.5

5.0

8
10
4
11

6.0
l3.0
5.0
4.0
70.0
0.0

3.0
0.0
0.0
7.0
30.0
7.5

20

According to FAB cooperative group
Blasts = myeloblasts; PMN = polymorphonuclear neutrophils; Mon = monocytes ; Lym = lymphocytes

Fig. 1. AML (M2) cells treated with

anti-NCA serum. Cytoplasmic fluorescence of an individual blast

Fig. 2. CGL cells isolated in 1.07 g/m]
fraction treated with anti-NCA serum .
Cytoplasmic fluorescence of majority
myelocytes and metamyelocytes
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Table 2. NCA content in peripheral blood cells separated by density gradient centrifugation in CGL,

CGL-BC patients, and normal donors
Material

Numberof
cases

Density
layer

Wright-Giemsa morphology (mean %)

(g/ml)

Blasts
Pro

Myel"
Mta

Band
PMN

Eos
Bas

Lym

2.6
4.8
5.2
8.2

4.2
4.4
0.7

(%)

CGL

9

Dextran
1.06-1.07
1.08-1.09
1.105

6.7
3.6
1.2

36.5
49.8
25.0
21.5

50.0
37.4
67.9
70.3

CGL-BC

5

Dextran
1.05
1.06-1.07
1.08-1.09
1.105

22.3
62.0
21.0
9.0
0.7

36.7
30.0
38.3
21.7
14.6

41.0
8.0
37.0
65.3
82.0

3.0
3.5
2.7

0.7
0.5

92.0

3.0

5.0

Normal
6
granulocytes
a

1.105

NCA
IF test
NCA-posi- serum level
tive cells
(ng/ml)
79.8
57.4
92.5
92.8

142.0
(20.0-410.0)

64.8
18.3
53.6
86.1
83.7

100.0

90.0

30.0

Myel = myelocytes; Band = band forms; Eos = eosinophils; Pro = promyelocytes; Mta = metamyelocytes; Bas = basophils. For other abbreviations see the legend to Table 1

Parallel studies by IF and immunodiffusion
(ID) showed the immunologic relationship
of the NCA extracted from CGL cells and
purified from normal lung tissue.
Our results may be summarized as follows:
1. AML blasts without the ability to mature
(MO) and mono blasts did not synthesize
NCA.
2. Individual AML blasts with features of
maturation (MI, M2) and some myelo-
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blasts of CGL-BC showed limited ability
to express cytoplasmic NCA.
3. The number of NCA-containing cells increased as the more mature granulocyte
fractions were isolated on Ficoll
-Hypaque density gradients.
4. Myelocytic NCA is immunologically related to NCA isolated from normal lung
tissue.
5. CEA is undetectable in myelocytic cell
series.
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Plasminogen Activator as a Prognostic Factor in Hematological
Malignancies
E. 1. Wilson 1,3, P. Jacobs 2, and 1. OliverI

A. Introduction
The plasminogen-plasmin system is involved in many physiological processes
such as fibrinolysis, tissue remodelling, destruction of intercellular matrix and cell
migration [1]. Human cells release plasminogen activators of two distinct immunochemical types - urokinase and tissue plasminogen activator [2-4]. The activity of
these enzymes in biological systems is regulated by a variety of agents such as
hormones, retinoids and tumour promoters
[5-11]. It is also regulated by protease inhibitors such as protease nexins [12] and by
receptors for the enzyme on the surface of
human fibroblasts [13]. Leukaemic cells secrete both species of plasminogen activator
and patients with acute myeloid leukaemia
whose cells release only tissue plasminogen
do not respond to combination chemotherapy [14].
B.

Methods

Heparinized blood samples were obtained
from 117 patients with acute myeloid leukaemia (AML), from 31 patients with
chronic myeloid leukaemia (CML), and
from 89 patients with other myeloproliferative disorders. Cells were isolated by cenI Department of Clinical Science and Immu-

nology
2 Department of Haematology, University of
Cape Town Medical School, Observatory
7925, South Africa
3 Henry Kaplan Award for the best poster Clinical Session

trifugation on Ficoll-Hypaque and resuspended in RPMI containing 3 % foetal
calf serum to give 4x 106 cells/ml [14]. The
medium was harvested by centrifugation
24 h later and stored at - 80°C for analysis
of enzyme activity. Plasminogen activators
were assayed by measuring the plasminogen-dependent release of soluble radioactive fibrin degradation peptides from insoluble 125I-Iabelled fibrin-coated multiwell
dishes as previously described [15].
Molecular species of plasminogen activators were identified by electrophoretic
and immunochemical procedures as previously described [2].

c.

Results and Discussion

Immunochemical analysis showed that
granulocytes from 23 normal individuals
released urokinase exclusively. Cells from
24/117 patients with AML secreted tissue
plasminogen activator, cells from 67/117
patients secreted urokinase, cells from 14/
117 patients secreted a mixture of both enzymes and cells from 12/117 patients secreted too little enzyme for identification
(Table 1). The molecular species of enzyme
appeared to have prognostic significance
since none of the patients whose cells secreted tissue plasminogen activator entered
remission with chemotherapy whereas remission was induced in 80% of patients
whose cells secreted urokinase. There was a
significant difference in median survival
between those patients whose cells secreted
tissue plasminogen activator (5 weeks) and
those individuals whose cells secreted
197

Table 1. Correlation between clinical outcome and molecular species of plasminogen activator released by cultured cells from 117 patients with AML
Therapy

Combination
chemotherapy

No/palliative
therapy

Group Response

A

B
C

Assessment completed
Complete remission
No remission
(Subtotals)
Died before assessment

Totals
a
b

Nature of plasminogen activator

Totals

TN

UK b

TA
Unknown
and UK

0
14
(14)
5
5

32
10
(42)
14
11

7
2
(9)
4
I

5
I
(6)
3
3

44
27
(71)
26
20

24

67

14

12

117

TA tissue activator
UK urokinase

urokinase (32 weeks). No significant differences in age or white blood cell count at
the time of presentation were found between those patients whose cells secreted
tissue plasminogen activator and urokinase. Cells from approximately 20% of patients with AML secreted tissue plasminogen activator.
Cells from 31 patients with CML were
examined for species of plasminogen activator produced. Cells from 15/31 patients
secreted tissue plasminogen activator, cells
from only 7/31 secreted urokinase and cells
from 9/31 secreted both species of enzyme.
Thus, the proportion of patients with CML
whose cells secreted tissue plasminogen activator was much higher than in the AML
group and cells from only 23% of these individuals secreted urokinase.
Cells isolated from 89 patients with other
myeloproliferative and preleukaemic disorders have also been investigated. Cells
from 47/89 patients secreted tissue plasminogen activator, cells from 16/89 patients secreted urokinase and cells from the
remainder secreted both enzyme species.
Thus, the myeloproliferative disorders contain a far higher percentage of individuals
whose cells secrete tissue plasminogen activator - the enzyme which is associated
with a failure to respond to chemotherapy
in patients with AML. This is of interest as
198

it is well known that when patients with
CML or myelodysplastic states transform,
they have a poor prognosis and do not respond to chemotherapy. We are investigating the plasminogen activator status of our
patients with myeloproliferative disorders
at regular intervals in order to ascertain
whether those patients with tissue plasminogen activator have a worse prognosis than
those patients whose cells secrete urokinase. It appears as if the type of plasminogen activator secreted by leukaemic cells
cultured in vitro will serve as a useful aid to
prognosis for patients with AML and possibly also for patients with other myeloproliferative disorders.
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Immune Status of Leukemia Patients
Y. Kaneko \ H. Miyakoshi2, Y. Aoyagi 3 , and T. Aoki 2

A.

Introduction

The immune status of patients with hematologic disorders, especially various
leukemias, may fluctuate according to the
clinical course, e.g., acute phase, chronic
phase, remission, and smoldering stage. In
particular, since leukemia involves a variety of white blood cells, including subsets
of lymphocytes, immunologic function as
well as general function should be greatly
modified, influencing the host defense
mechanisms [1]. In this study, nonspecific
and specific immune activities of patients
with various hematologic disorders were investigated in the different phases of disease.
B.

Nonspecific Immune Activity

NK activity of peripheral mononuclear
cells (PM-NC) against human myeloid
K562 cells generally fell in patients with almost all kinds of hematologic disorders and
even with solid tumors or chronic infections
diseases (Fig. 1). On the contrary, spontaneous DNA synthesis of PM-NC tends to
be elevated in patients with various
leukemias, including acute myelogenous

1 Pharmaceutical Department, Ajinomoto Company, 1-5-8 Kyobashi, Chuoku, Tokyo 104, Japan
2 Research Division, Shinrakuen Hospital, 1-27
Nishiariakecho, Niigata 950-21, Japan
31st Department of Internal Medicine, Gunma
University School of Medicine, 3-39-22 Shohwacho,Maebashi371,Japan

200

leukemia (AML), acute lymphocytic leukemia (ALL), and chronic myelogenous
leukemia (CML), and with polycythemia
vera, primary myelofibrosis, and primary
thrombocythemia (Fig. 1). However, PMNC from patients with aplastic anemia,
paroxysmal nocturnal hemoglobinuria, and
solid tumors showed a decrease in spontaneous DNA synthesis. In detail, PM-NC
from patients with AML or ALL showed
relatively high NK activity, even below the
normal range in complete remission, but
relatively low levels of spontaneous DNA
synthesis in complete remission (Fig. 2).
When PM-NC from patients with
leukemias were stimulated with three different mitogens, PHA, SPL (staphage lysate), and Con-A, mitogen-induced DNA
synthesis generally fell, except for slight elevation in the complete remission of AML
and ALL (Fig. 3). Particularly, when stimulated with PHA, these PM-NC showed
clear elevation in PHA-induced DNA synthesis.

c.

Specific Immune Activity

As summarized in Table 1, one leukemia
patient, four lymphoma patients, and two
patients with solid tumors were investigated for autochthonous cell-mediated
cytotoxicity in comparison with NK activity
of their PM-NC against K562 cells. PM-NC
from patients with A11 or Burkitt's malignant lymphomas (patients 1 and 2) did not
lyse their own tumor cells by either direct
killer T cell-mediated cytotoxicity or antibody-dependent
cellular
cytotoxicity

Spontaneous DNA synthesis (cpm)

NK cell activity (% cytolysis)
100

50

.

AML
ALL

,.,

••

.,.,

•

Primary myelofibrosis

Solid tumor
Chronic Infectious
diseases

•

•

•

..... . + •

•
•

•
•

cell-mediated cytotoxicity (CMC) against
malignant cells from the patient's own
inguinal lymph nodes and positive for
CMC against malignant cells from the patient's own neck lymph node, but positive for
NK activity, suggesting a difference in the
antigen specificity of malignant cells located in the different lymph nodes of a given
patient. Another interesting fact is that PMNC from patient 7 with paraganglioma
were positive for both CMC and NK activity, but mononuclear cells from the
malignant tissue were positive for CMC
against the patient's own malignant cells,
but negative for NK activity. These results

NK cell activity (X cytolysis)

Spontaneous DNA synthesis (cpm)

50

•
•
• •

•
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-

Chronic phase

••

104

103

••
•

•
• • •
• • •
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Acute criSiS
ALL

•

••

Fig.2. NK activity and 3H-TdR incorporation of
peripheral mononuclear cells from leukemia patients in various phases
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•
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(ADCC) (Table 2), but showed significant
NK activity. PM-NC from patients 3 and 4
with malignant lymphoma were positive
for both ADCC and NK activity. Interestingly, PM-NC from patient 5 with T cell
malignant lymphoma were negative for
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Fig. 1. NK activity and 3H-TdR incorporation of
peripheral mononuclear cells from leukemia patients
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suggest that specific, cytotoxic effector cells
selectively penetrated into the malignant
tissue, or that, since morphologically these
cells are large granular lymphocytes, there
may be at least two different NK cell subsets one of which possesses such a specific
CMC, but no NK activity and another
which possesses NK activity, but no specific
CMC [2].
In the light of this specific CMC, the following important observations seem appropriate: (a) tumor cells in different re-

gional foci of one patient possess individual
tumor-specific cell surface antigens; and
(b) at least two different subgroups of cytotoxic mononuclear cells, even in the same
subset, separately recognize individual cell
surface antigens. In future, therefore,
the immunotherapy of cancer might be
achieved by combination of various specific antibodies, various effector cells of the
subset, or several subsets of effector cells.

D. Remarks
The spontaneous DNA synthesis ofPM-NC
from most patients with hematologic disorders was higher than the normal level.

Fig. 3. Mitogen-induced DNA synthesis of peripheral mononuclear cells from leukemia patients in various phases
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Table t. Cell-mediated immunity in the autochthonous system of patients with malignant diseases
Patient
No.

Diagnosis

Source of target
malignant cells

Cell-mediated
cytotoxici ty
to tumor cells

NK activity
to K562
cells

I

Adult T-cell leukemia
Malignant lymphoma
(Burkitt's)
Malignant lymphoma
Malignant lymphoma
Malignant lymphoma
(T cell type)
Metastatic squamous
cell carcinoma
Paraganglioma

Subcutaneous tumor ofleg
Neck lymph node

(-)
(-)

(+)
(+)

(+) (ADCC)
(+) (ADCC)
( + ) (Killer TI)
(-)

(+)
(+)
(+ )

( ±) (Killer TI)

(+)

2
3
4
5
6
7

Neck lymph node
Inguinal lymph nodes
Neck lymph node
Subcutaneous tumor of arm

( + ) (Effector cell (-)
in tumor cells)

(+) (PM-NC)
202

(+)

Table 2. Killer activity of peripheral mononuclear cells (PM-NC) from patients with malignant diseases
Target cells

Plasma

PM-NC donors
Adult T-cell
Malignant lymphoma
leukemia
(in remission) Pa- Pa- Pa- Patient 5
Patient 1
tient tient tient
2
4
3
Neck Inguinal
tumor tumor

Patient's own Patient's own
tumor cells Healthy donor
PooledAB
Fetal calf
serum
Patients own
K562 cells
Healthy donor
Pooled AB
Fetal calf
serum

0.9 8
0
N.D.b
0.9
51.9
59.3

N.D.
N.D.

3.7
9.1

12.1

16.7 43.3

-2.5 -13.4 25.5
10.3
5.4 -15.4 35.1
N.D. N.D. -22.9 1.4
25.6
30.1
28.7

70.3
72.8
53.9

79.6
91.3
67.2

N.D. N.D. N.D.

7.0
0
5.6
15.5

77.5
91.9
80.2
80.0

Metastatic
squamous cell
carcinoma
Patient-6

9.l
21.4
19.8

N.D.
79.6

N.D.
77.5

N.D.

Percentage cytolysis (target: PMNC= 1 :40)
b Not done

a

This suggests that PM-NC with normal
morphology from these patients may be
functionally abnormal like those in the preleukemic stage, since PM-NC from most
carriers of human T cell leukemiallymphoma virus type I (H1LV-I) showed increased spontaneous DNA synthesis without malignant transformation [3]. H1LV-I
infection may also change the function of
PM-NC in H1LV-I carriers [4]. Even
though no morphological changes occurred
in the PM-NC, DNA synthesis became
maximal so that a further increase in DNA
synthesis was not induced by mitogen
stirn ula tion.
In terms of spontaneous DNA synthesis
and NK activity of PM-NC, smoldering
AML and CML are quite similar to each
other, as described. Accordingly, these two
diseases might be considered as one, especially from a nonspecific immunologic
point of view [2]. The specificity of cell surface antigens, humoral antibodies, and
CMC is very complicated indeed. Thus, diagnosis and treatment of leukemias by immunologic methods are extremely hard to
establish. In particular, the immunotherapy

of malignancies is not simple, but should
be investigated from sophisticated and
multiple standpoints.
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Differential Expression of a Glycoprotein (p15E-RT) of Retroviral
Origin in Patients Suffering from Various Hematological Disorders
P. C. Jacquemin 1

A.

Introduction

Sequences coding for human endogenous
reverse transcriptases (R1) were recently
identified in normal human DNA with the
use of cDNA clones shown to be homologous to MuLV enzyme [1-3]. The expression of some of these endogenous retrovirus
genes was also shown at the RNA level [4].
Earlier molecules with enzymatic properties of RT had been identified in the tissues
of some leukemic patients [5-7]. We previously reported the presence of antibodies
recognizing specific type C virus RT associated with the membrane of some hematopoetic cells, principally in leukemic
patients, but also in some normal individuals [8, 9]. More recently, we purified a
protein of 74 kilodaltons containing retroviral RT and pI5E determinants [10].
This protein was purified to homogeneity
and a specific radioimmunoassay was developed, allowing us to quantitate the level
of this protein in the plasma of patients in
various hematologic situations [11]. The
level of the protein appeared elevated in
hematologic situations where a stimulation
of hematopoietic tissues was happening or
was needed.

CML patient with the use of newly developed monoclonal antibodies. A similar protein was also partially purified from the
plasma of a normal individual. This protein
was analyzed immunologically with a battery of antibodies (hyperimmune and
monoclonals) and was shown to contain R T
and pI5E antigenic determinants of retroviruses (Table 1).
By specific radioimmunoassay, the level
of this protein was measured in normal individuals (25.5 ~g/ml) and in various hematologic situations (Table 2). We could
not correlate the level of the protein with
the white blood cell count (WBC). Some
leukemic patients with high WBC had a
high level of antigen (patients with CMLBC, myeloproliferative syndromes, and
acute leukemias) while others in bone marrow depletion harbored a high level of antigen (patients with aplastic anemia and congenital neutropenia). On the contrary,
some patients who had undergone an intensive course of chemotherapy had a low
level of antigen in their plasma. Follow-up
studies of patients receiving chemotherapy
are under way.
C.

B.

Results

A glycoprotein of 74 kilodaltons was purified to homogeneity from the plasma of a
1 Institut Pasteur du Brabant, Department of Virology, rue Engeland, 642, 1180 Brussels, Belgium
204

Discussion

The level of the 74 kilodaltons glycoprotein
that we purified which contained RT and
pl5E of retroviruses, was measured in various patients. A high level (> 50 !!g per milliliter plasma) appeared to correlate with a
necessity of enhancement of hematopoietic
cell proliferation or with an actual stimulation of cell proliferation. High levels of

Table 1. Summary of the antibody results against the 74 kilodaltons glycoprotein
Source of antibodies

74 kilodaltons glycoprotein

Normal sera: Rabbit, goat, mouse, cat, gibbon,
human
Goat anti-SiSVp30, SiSVgp70
Goat anti-HlLVp24
Rabbit anti-MuLVp30, MuLVgp70
Rabbit anti-FeLVpI5E, anti-FeLVpl5
Rabbit anti-RTofMuLV, BaEV, RD114, SiSV
Cat anti-FeLV RT
Gibbon anti-GaLV RT
Human anti-HLA (BWI7, BW4,A2)
Rabbit anti-human aI-glycoprotein
Rabbit anti-human albumin
Monoclonal antibodies:
Mouse anti-MuLVp 15E
Mouse anti-MuLVgp70
Rat anti-MuLVp 15
Rat anti-MuLVp30
Mouse anti-BaEVgp70
Mouse anti-BaEVp15
Mouse anti-HlLVpl9
Newly developed mouse anti-74 kilodalton
glycoprotein

Poly-G purified

Poly-G+ Immunoaffinity purified

-/-/-/-/-/+/-

-/-/-/-/-/-/-

-/+/+/-/-/-

-/-

+/-

-/-/-

-/-/-

+

+

+

+

+/-/-/-

Table 2. Plasma level of74 kilodaltons glycoprotein in different hematologic situations
Glycoprotein
(t-tg/ml)
(extreme
values)

Clinical diagnosis

Cases

Age
(years)

Normal individuals
Cord blood
CML-BC
Myeloproliferative syndromes
Myelofibrose
Acute leukemia
Aplastic anemia
Congenital neutropenia
Myeloma
ALL (post allogeneic bone
marrow transplantation)
Post chemotherapy
CML-BC
AML
ALL

10
10
5
3
1
3
3
1

22-52

5000- 13 000

1

37-77
55-61
66
20-75
11-60
16
60
16

25000-150000
11000- 78000
50000
17000-250000
",2000
Low
3 400
2 500

2
1
1

25-59
44
6

I

WBC/t-tl

40003600
5600

8000

10- 37
8- 30
51-350
96-234
20
50-100
90-100
125
90
350

2-3
4
4
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antigen were also recorded in patients with
bone marrow aplasia as well as in patients
in leukemia with high leukocyte counts. We
tentatively explained the presence of this 74
kilodaltons glycoprotein as being a growth
factor, maybe in an unprocessed form. This
protein will be tested in vitro for different
growth Stimulation properties.
A cknowledgments. We thank Dr. R. C. Gallo, Dr.

M. Essex, Dr. W. Hardy, and Dr. J. Portis for
providing the various antiviral protein antisera,
and Dr. P. Strijckmans for providing clinical
samples.
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Discrimination of Leukemias, Lymphomas, and N on-N eoplastic
Controls by Retroviral Serum Markers
R. Hehlmann \ M. A. Schreiber 2 , G. Kreeb 1 , V. Erfle 3 , W. Weber\ and P. Obrecht 4

A. Introduction
Diagnostic and prognostic markers are urgently needed for early diagnosis and therapy of malignant neoplasias. One solution
of this problem is the search for etiologic
factors in the hope that they might indicate
the presence or degree of progression of the
disease. One possible factor are the retroviruses which are known to cause certain
malignancies in several animal species [1].
These malignancies include leukemias,
lymphomas, and sarcomas. Footprints of
retroviruses have also been repeatedly described in man, and retroviral isolates have
been grown from human neoplastic and
non-neoplastic cells. These viral isolates include not only the human T lymphotropic
viruses (H1LV-I-III), but also viruses that
are very similar to the primate retroviruses
simian sarcoma virus (SiSV) and baboon
endogenous virus (BaEV) [2, 3, 6].
We have shown over the past few years
that antigens and antibodies that are related to structural proteins of these primate
viruses are present in human sera [4] and
possibly possess prognostic relevance. For
instance, one can correlate the presence of
antigens and immune complexes that are
related to the envelope glycoprotein gp70

1 Medizinische Poliklinik der Universitat Munchen, FRO
2 ISB der Universitat Munchen, FRO
3 Abteilung fur Pathologie der OSF, Neuherberg, FRO
4 Abteilung flir Onkologie, Kantonsspital Basel,

CH

of SiSV with shorter survival and poorer response to therapy in acute leukemias and
chronic myelogenous leukemias in blast
crisis [5]. We have therefore examined
whether such retroviral markers, possibly
in combination, can be utilized for diagnostic purposes.

B. Materials and Methods
1. Patients
Sera from patients with leukemias, lymphomas, and from control subjects without
neoplastic disease were treated with 5%
trasylol and stored at - 20°C. If possible,
sera obtained at diagnosis or prior to treatment were used.
II.

Antigens and Antibodies

p30 core proteins and gp70 envelope glycoproteins were prepared from purified
SiSV and BaEV as described [7, 8]. Polyvalent antisera were prepared by injecting
the purified viral antigens into rabbits [7].
Monoclonal antibodies (MoAB) against
BaEV gp70 were the gift of Dr. L. Thiry,
Liege, Belgium.
III.

ELISA

The examination of the sera for cross-reacting antigens, antibodies (IgG and IgM),
and immune complexes (IgG and IgM) was
done with the enzyme-linked immuno207
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Table 1. Parameters for

the discrimination of acute
leukemias

a) Acute leukemias (N=43) vs controls (N= 154)
Parameters
Sensitivity 82.4%
Immune complexes: SiSV gp70 IgG
Specificity 88.1 %
BaEV gp70 IgG
BaEVp30IgG
SiSV p30 IgM (AS 1)
SiSV p30 IgM (AS 2)
BaEV gp70 IgM
SiSVp30IgG
Antibodies
SiSV gp70 IgG
b) Acute leukemias (N =43) vs malignant lymphomas (N = 46)
Parameters
Antigen
Immune complexes

BaEV gp70 (MoAB)
SiSVp30IgG
BaEVp30IgG
SiSV gp70 IgG
SiSVp30IgG
BaEV gp70 IgG

Antibodies

Sensitivity 78.3%
Specificity 90.7%

c) Acute leukemias (N=43) vs sarcomas (N= 17)
Parameters
Sensitivity 100.0%
BaEV gp70 (MoAB)
Antigen
Specificity 97.7%
SiSV gp70 IgG
Antibodies
SiSVp30IgG
SiSV gp70 IgM

sorbent assay (ELISA) technique [7, 8];
Kreeb et aI., in preparation). For the detection of antigen-specific immune complexes, assays with immune and with preimmune sera were carried out in parallel.
The extinction values obtained with the
preimmune sera were subtracted from the
values obtained with the immune sera
(Kreeb et aI., in preparation).

C. Results
We examined serum samples ,from 43 patients with acute leukemias, and from 46
patients with malignant lymphomas for

antigens, antibodies (IgG and IgM), and
immune complexes (IgG and IgM) that
cross-react with the p30 core proteins and
the gp70 envelope glycoproteins of SiSV
and of BaEV and tried to distinguish the
sera from each other and from three control groups (154 non-neoplastic controls, 10
benign lymphadenopathies, and 17 sarcomas). The enzyme-linked immunosorbent assay (ELISA) technique served as
test system. The assay results were then
subjected to stepwise discriminant analysis,
and a score was determined. The results are
shown in Tables 1 and 2.

I.
Fig. 1 a-c. Stepwise discriminant analysis of

acute leukemias versus non-neoplastic controls.
a means and standard deviations of the test results of each test parameter with acute leukemias
and with controls; b scores calculated from the
results with the test parameters for each individualleukemic and control sera; c distribution curves
ofleukemias and controls

Acute Leukemias

Acute leukemias can be distinguished from
non-neoplastic controls with a sensitivity of
79.1 % and a specificity of 90.9% (20.9%
false negatives and 9.1 % false positives) by
eight parameters (Table 1 a). The parameters are: IgG immune complexes related to
SiSV gp70, BaEV gp70, and BaEV p30;
209
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Table 2. Parameters for the
discrimination of malignant
lymphomas

a) Malignant lymphomas (N=46) vs controls (N= 154)
Parameters
Sensitivity 84.4%
Immune complexes SiSV gp70 IgG
BaEVp30IgG
Specificity 83.3%
BAEVp30IgM
BaEV gp70 IgM
Antibodies
SiSV gp70 IgG
BaEV gp70 IgG
b) Malignant lymphomas (N=46) vs benign lymphomas (N= 10)
Parameters
Sensitivity 97.8 %
Antigen
BaEV gp70 (MoAB)
Immune complexes BaEVp30IgG
Specificity 70.0%
BaEVp30IgM
Antibodies
SiSV gp70 IgM
c) Malignant lymphomas (N=46) vs sarcomas (N= 17)
Parameters
Antibodies
SiSV gp70 IgM
Sensitivity 100.0%
BaEV gp70 IgG
Specificity 94.1 %
BaEV gp70 (MoAB)
Antigen
SiSV gp70 (rabbit AB)
Antibodies
SiSV gp70 IgG

IgM immune complexes related to SiSV
p30 and BaEV gp70; and IgG antibodies
cross-reacting with SiSV gp70 and SiSV
p30. The means and standard deviations of
the test results of each parameter with the
acute leukemia group and with the control
group are shown in Fig. I a. The scores that
are assigned to each leukemic and control
serum were plotted and are shown in
Fig. I b. The good separation of the two
groups is evident. In Fig. I c, the numbers
of patients per score unit are plotted, showing the relatively small overlap of the two
groups. Similarly, acute leukemias were
distinguished from malignant lymphomas
with a sensitivity of 78.3% and a specificity
of 90.7% by six parameters, and from sarcomas with a sensitivity of 100% and a
specificity of 97.7% by the combination of
four parameters (Table I b and c).
Fig. 2a-c. Stepwise discriminant analysis of
malignant lymphomas versus non-neoplastic
controls. a means and standard deviations of the
test results of each test parameter with malignant
lymphomas and controls; b scores calculated
from the results with the test parameters for individual lymphoma and control sera; c distribution curves oflymphomas and controls

II.

Malignant Lymphomas

Malignant lymphomas are distinguished
from non-neoplastic controls with a sensitivity of 84.4% and a specificity of 83.3%
(15.6% false negatives and 16.7% false
positives) by six parameters (Table 2 a). The
parameters are: IgG immune complexes related to SiSV gp70; IgG and IgM immune
complexes related to BaEV p30; IgM immune complexes related to BaEV gp70;
and IgG antibodies cross-reacting with
SiSV gp70 and with BaEV gp70. The means
and standard deviations of the test results
of each of the six parameters with the
malignant lymphoma group and with the
control group are shown in Fig. 2 a. Figure
2 also shows the scores of each serum as individual values (Fig. 2 b) and as curves
(Fig.2c) as described. The distinction between malignant lymphomas and benign
lymphadenopathies is depicted in Table 2 b
and Fig. 3. Malignant lymphomas are distinguished from benign lymphadenopathies with a sensitivity of 97.8% and
a specificity of 70% by four parameters
(Table 2b). The four parameters are: BaEV
gp70-related antigen (as determined by
monoclonal antibodies); IgG and IgM im211
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Fig. 3 A-C. Stepwise discriminant analysis of
malignant lymphomas versus benign lymphadenopathies. A means and standard deviations
of the test results of each test parameter with
malignant and benign lymphomas; B scores calculated from the results with the test parameters
for individual lymphoma sera; C distribution
curves of malignant and benign lymphomas

mune complexes related to BaEV p30; and
IgM antibodies cross-reacting with SiSV
gp70. Means and standard deviations of the
test results with the individual test parameters (Fig. 3 a), calculated scores as individual values (Fig. 3 b), and as curves (Fig. 3 c)
are shown as already explained. Sarcomas
are distinguished from malignant lymphomas with a sensitivity of 100% and a
specificity of 94.1 % by five test parameters
(Table 2c): BaEV gp70-related antigen as
determined by monoclonal antibodies;
SiSV gp70-related antigen (by rabbit antiserum); IgG antibodies cross-reacting with
BaEV gp70 and SiSV gp70; and IgM antibodies cross-reacting with SiSV gp70.

D.

Discussion

On the basis of animal experiments, studies
have been performed for several years to
elucidate the etiologic role of retroviruses
in human cancers, especially leukemias and
lymphomas [I]. The first human candidate
virus HTLV-I has been isolated and described by Gallo and co-workers [2], which
can be regarded as the cause of T cell
leukemias in humans in endemic areas. The
detection of SiSV- and BaEV-related
viruses or structural components of these
primate viruses in human tissues or sera
has been described independently by several groups [2, 3]. Their origin and their relevance for human malignancies has not
been elucidated. Their ubiquitous appearance in humans makes it reasonable to regard them as of endogenous origin. This is
supported by the description of homologous gene sequences to MuLV and BaBV
[9, 10]. As with other endogenous retroviral entities, their etiologic role in tumors
is likely, but far from being proven.

In human leukemias, we have detected a
significant coincidence between the presence of cross-reacting envelope proteins of
SiSV/SSAV and a poor prognosis and resistance to therapy [5]. We now describe the
possibility of distinguishing certain human
malignancies of mesenchymal origin on the
basis of the presence of a number of primate retroviral markers. These include viral related antigens and antibodies and especially virus-specific immune complexes.
The discrimination between the different
patient groups or between patient groups
and the control group could only be
achieved with a certain number of parameters, but discrimination was unexpectedly
high in comparison with other parameters
used as special tumor markers. It is interesting to note the dominant role of virusspecific immune complexes of IgG and
IgM classes in every discriminating pattern.
This further supports the possible role of
immune complex formation in the course
of malignant diseases.
These results are a promising step in the
direction of better diagnosis and more detailed classification of certain mesenchymal
tumors. A prospective study is necessary to
establish these parameters as diagnostic
and prognostic factors. This may also be
improved by the use of monoclonal antibodies, which is indicated by the fact that
BaEV gp70 as detected by a monoclonal
antibody has been included twice in discrimination patterns. Last, but not least, the
prognostic and diagnostic relevance of the
retroviral structures described here can be
used as an argument for their possible etiologic significance in mesenchymal neoplasias.
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Modulation of Gene Expression Through DNA-Binding Proteins:
Is There a Regulatory Code?
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Introduction
The information stored in the DNA of a
fertilized egg can be divided into two different classes: structural information, required for the synthesis of all macromolecules that build up the organism, and
regulatory information, needed to modulate the expression of the structural information in time and space, that means during the development of the different tissues.
The connection between the two types of
information is provided by regulatory
macromolecules, that are of course encoded in the structural information and regulate its expression through interaction with
regulatory elements of the DNA, thus closing the information cycle (Fig. I).
The structural information is stored in
the DNA in the form of the genetic code
that was unraveled in the 1960s. Part of the
structural information are the signals for
initiation and termination of transcription
and translation, as well as the signals for
RNA modification and splicing. On the
other hand, little is known about the
molecular mechanisms by which regulatory
information is stored in the DNA. The general idea, however, is that recognition of
specific features of the DNA molecule by
regulatory DNA-binding macromolecules
is essential for regulation. What exactly is
recognized on the DNA and how the in-

1 Physiologisch-Chemisches Institut I der
Philipps-UniversiHit, EmiI-Mannkopff-Str. 1-2,
3550 Marburg, FRG

teraction modulates gene expression are
the questions to be answered.
During the past decade, several DNAbinding regulatory proteins from prokaryotes have been purified to homogeneity, and their structure as well as their interaction with DNA have been studied in
great detail. A comparison of the amino
acid sequence of 13 DNA-binding regulatory proteins reveals two regions of
homology overlapping the known DNAbinding domains (Fig. 2; [1, 2]). Interestingly, mutants that disturb the binding of
the lac-repressor to the operator are
clustered around these two regions [1].
The secondary, tertiary, and quaternary
structure of several DNA-binding regulatory proteins from bacteria and bacteriophages exhibit striking similarities in their
DNA-binding domains [2]. Not only are
these proteins symmetric dimers or tetramers, but they contain a pair of twofold related a-helices connected by a f3-turn that
are responsible for most of the contacts
with the B-form of the DNA double helix.
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Fig. 2. Regions of homology among 13 prokaryotic DNA-binding regulatory proteins

One a-helix fits into the major groove of
DNA while the other lies across it, holding
it in position. If one looks at the relevant
a-helices along their longitudinal axis, one
observes that the orientation of the amino
acid side chains exhibits a clear polarity.
That means that the nonpolar amino acid
side chains are oriented toward one side of
the a-helix, whereas the polar and charged
amino acid side chains are oriented toward
the other side of the helix. This would be
the site that contacts the DNA major
groove.
This brief summary on the structure of
prokaryotic regulatory proteins suggests
that a basic protein structure has originated
in evolution that can fulfill the requirements for DNA recognition. The actual
function of a particular regulatory protein
may depend on other domains of the protein that mediate the interaction with different modulator molecules.
As for the DNA sequences that are recognized by the regulatory proteins, they also show considerable homology. Two types
of conserved sequences can be derived
from a comparison of 23 sites recognized
by 13 regula tory proteins [I].
I. TGTGT N 6- 1o ACACA
II. CAC N s - 1o GTG

Both consensus sequences show a twofold
rotational symmetry as expected from
DNA sites recognized by dimeric or tetrameric proteins. Both conserved sequences
are also similar in that they are composed
of two short blocks (3-5 base pairs) of wellconserved nucleotides separated by a more
variable region (7-8 base pairs on aver218
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age). This structure of the binding sites is
compatible with a model according to
which the regulatory proteins contact the
DNA only from one side and interact with
two consecutive turns of the double helix
(see later discussion). Most of the mutations that prevent binding of a particular
regulatory protein to its binding site are located within the strictly conserved regions.
It is striking that the homology between
different binding sites for the same regulatory protein is not necessarily better than
the homology between sites for different
proteins, independent of whether they
function as positive or negative modulators
of transcription. In fact, the cyclic AMP receptor protein (CAP) of Escherichia coli
can bind not only to its own sites in the regulated promoters, but also to the lac and
ara operators [3, 4]. Thus, it appears that
the mechanism by which regulatory proteins recognize their binding sites on DNA
is similar regardless of the functional consequences of the interaction.
In higher organisms, several DNA-binding regulatory proteins have been described. The best characterized are probably the T antigens of DNA tumor viruses
such as SV40 and polyoma. The behavior of
these proteins is reminiscent of that found
in the repressor systems of A bacteriophages. By binding to three adjacent sites
on the DNA, they can act as inhibitors of
transcription from the early promoter or as
activators of the late promoter [5].
I will concentrate on another group of
regulatory proteins that have been extensively studied in our and other
laboratories during the past 20 years,
namely the receptors for steroid hormones.
It is now well established that steroid hormones exert their effects on gene expres-
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Fig.3a-c. Structure of the glucocorticoid-binding sites of MMTV and hMTIIA. Computer
graphic representation of the DNA double helix
containing the nucleotide sequences of a
MM1VI; b MM1VIIA; and c hMTIIA (shown in
Fig. 5). The sites of contact with the receptor are
indicated by open triangles. Those positions hypermethylated in the presence of receptor are
marked by full triangles. The receptor molecules
are represented as broken circles. Numbers refer
to the distance from the "cap" site

sion through interaction with intracellular
receptors, that in their turn recognize regulatory elements in the neighborhood of the
regulated promoters. Regulatory elements
are defined as DNA sequences that in addition to being required for receptor binding, are needed for the hormonal regulation of transcription in gene transfer experiments. They were first reported in the long
terminal repeat region (LlR) of mouse
mammary tumor virus (MM1V), that contains the main promoter for proviral transcription [6-8]. Glucocorticoids were
known to induce viral transcription in dif-
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ferent cell lines [9], and gene transfer experiments with deletion mutants in the LTR
region showed that the sequences relevant
for hormonal regulation are located between 50 and 400 base pairs upstream of
the initation of transcription [7, 10-12].
Within this region, several binding sites for
the glucocorticoid receptor of rat liver have
been described [8, 13]. Using a cloned proviral DNA from GR mice [8], we found
four binding sites that share the hexanucleotide
5'-TGTICT-3'
3' -ACAAGA-5'

Methylation protection studies have shown
that both G residues in the hexanuc1eotides
are in direct contact with the receptor [14J.
In the binding site with the highest affinity
for the receptor, further contacts are located in both strands 9-10 base pairs upstream of the hexanuc1eotide. These findings suggest an interaction of a dimer of the
receptor with one side of the doublestranded DNA involving the major groove
in two subsequent turns of the helix [14].
Such a model (Fig. 3 a) is very similar to
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that already mentioned for prokaryotic
DNA-binding regulatory proteins.
An analysis of other glucocorticoid-regulated genes showed that the presence of a
regulatory element is not an exclusive
property of the retroviral genome. The human metallothioneine IIA gene (hMTIIA),
that has been shown to be induced by glucocorticoids in many different cell lines,
contains a glucocorticoid regulatory element about 250 base pairs upstream of the
initiation of transcription [15J. This element
is very similar to the strong binding site
found in the L1R region of MMTV (compare a and c in Fig. 3). In addition, there is
a weak binding site in the hMTIIA promoter located at around 320 base pairs upstream of the initiation of transcription [15].
Similarly to the weak binding site in the
L1R region of MMTV (Fig. 3 b), the shorter
footprint and methylation protection pattern in the weak binding site of hMTIIA
suggests binding of a receptor monomer.
Interestingly, this weak site at - 320 can be
deleted without influencing the hormonal
inducibility of hMTIIA [15]. Thus, it could
be that a functional interaction requires
binding of a receptor dimer to a strong site
on the DNA. In the meantime, we have
identified binding sites for the glucocorticoid receptor in several hormonally
regulated genes. A summary of these results along with data from the literature is
shown in Fig. 4.
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Fig.4. Position and orientation of the binding sites for the glucocorticoid receptor in
hormonally regulated genes. The binding
sites are indicated by open boxes. The horizontal arrows show the orientation: to the right
for the upper strand; to the left for the lower strand. The abbreviations are as follows:
MMTV-LTD long terminal repeat region of
mouse mammary tumor virus; hMT-IIA, human metallothioneine IIA; chLYS chicken
lysozyme; hGH-I human growth hormone;
rUG rabbit uteroglobin; hPOMC human
proopiomelanocortin; ch VIT chicken vitellogenin; chOV chicken ovalbumin; rPC3 [1]
rat prostatic protein C3 [3J; pSC 7 Drosophila
inducible gene at locus 74F; rTO rat tryptophanoxygenase; CAP initiation oftranscription; PR progesterone receptor; ER estrogen receptor; AR androgen receptor; ER
ecdysone receptor

The promoter for the chicken lysozyme
gene (chLYS), contains two binding sites
for the glucocorticoid receptor, located at
around 180 and 60 base pairs upstream of
the initiation of transcription [16]. The upper binding site, that has a lower affinity
for the glucocorticoid receptor, coincides
with sequences required for hormone-dependent expression of the gene in oviduct
cells [16]. In fact, these sequences mediate
not only glucocorticoid regulation, but also
induction by progesterone in microinjection experiments [16]. Interestingly, the
partially purified progesterone receptor
from rabbit uterus binds to the same sites
as the glucocorticoid receptor, although
with different affinity. Thus, it appears that
the binding sites for the receptors of two
different steroid hormones may be identical
or at least share common sequences. That
these similarities may not be limited to the
progesterone and glucocorticoid receptors
is suggested by studies with genes regulated
by other steroid hormones (Fig. 4). The
chicken vitellogenin II gene that is induced
by estrogens in the liver, contains a binding
site for the estrogen receptor around 600
nucleotides upstream of the transcription
initiation site [17]. An analysis of the
nucleotide sequences in this region reveals
an element almost identical to the binding
sites for the glucocorticoid receptor (Fig. 5).
A review of the literature showed that a
rat gene for a prostatic protein, that is
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Fig. 5. Consensus sequence for the glucocorticoid regulatory element. The nucleotide sequences of the main binding sites for the glucocorticoid receptor are aligned to yield maximal
homology. Abbreviations are as in Fig. 4

known to be induced by androgens, rPC
3(1), also contains a sequence homologous
to the binding site for the glucocorticoid receptor some 140 nucleotides upstream of
the initiation of transcription ([18]; Figs. 4
and 5). Finally, an ecdysone-inducible gene
of Drosophila (pSC7) also contains a binding site for the glucocorticoid receptor
some 330 nucleotides upstream of the transcription initiation site ([19]; Figs. 4 and 5).
These findings, taken together, suggest that
the regulatory elements for different steroid
hormone receptors may be similar or at
least overlap.
The rabbit uteroglobin gene is induced
by glucocorticoids in the lung and by estrogen and progesterone in the endometrium [20]. We have looked for binding
sites for the glucocorticoid receptor and
found none in the neighborhood of the promoter. The closest binding region detected

is located 2700 nucleotides upstream of the
cap site, and is composed of three binding
sites showing sequence homology to other
glucocorticoid regulatory elements (Figs. 4
and 5). That this site may be relevant for
regulation in vivo is suggested by the finding of a DNase I hypersensitive site in this
region only in chromatin of hormonally
stimulated endometrium (unpublished results).
The human growth hormone gene
(hGHI) is induced by glucocorticoids in
several cell lines [21]. In fact, gene transfer experiments with a chimeric gene suggested that a fragment of DNA containing
500 base pairs upstream of the initiation of
transcription is sufficient for hormonal regulation [22]. In binding experiments with
the glucocorticoid receptor, however, we
found a main binding site located around
position + 100, within the first intron
(Figs. 4 and 5). If this site is involved in
transcriptional regulation in vivo, it would
mean that the regulatory element can act
even when located downstream of the regulated promoter.
Taken together, the data shown in Fig. 4
show that the regulatory elements for ste221

roid hormones share some of the properties
of the so-called enhancer elements [23].
They can act at variable distance from the
regulated promoters, both upstream and
downstream, and in both orientations.
There is in fact direct experimental evidence for an enhancer function of the glucocorticoid regulatory element in the LTR
region of MMTV [7].
A comparison of the nucleotide Sequences of ten different binding sites for
the glucocorticoid receptor yields the consensus sequence shown in Fig. 5. Therefore,
the glucocorticoid regulatory elements have
been conserved in evolution between
chicken, rodents, and humans. The bestconserved regions include all those sites
that are involved in direct contacts with the
receptor [14]. The symmetry in the element

is reminiscent of the binding sites for prokaryotic regulatory proteins, suggesting
that molecular mechanisms similar to those
operating in bacteria may be responsible
for DNA recognition in higher organisms.
What could this mechanism be? And,
how can a regulatory protein accommodate
so much sequence variation in the central
part of the recognition site? Of Course, a
model like the one shown in Fig. 3 will only
require the binding sequence to be preserved in the two nucleotide blocks that are
the sites of contact between the relevant
a-helices and the major groove of double
helix. This would explain the tolerance in
the central part of the element, but what
kind of interactions take place in the conserved regions? Certainly most of the overall energy of binding is sequence independence, and originates from ionic interactions with the phosphate backbone of the
helix [2, 241. This explains why all DNAbinding regulatory proteins also interact
nonspecifically with DNA. In addition, specific base recognition is based on a complementary network of hydrogen bonds between amino acid side chains in the relevant a-helices and DNA base pair atoms
exposed in the major groove of the double
helix [24]. In fact several amino acid side
chains such as Arg, Lys, Gln, and Asn, can
form multiple hydrogen bonds with paired
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Fig. 6. Pattern of hydrogen bond donor-acceptor sites in the major groove of the DNA double
helix in and around the receptor-binding sites.
The conserved nucleotide sequences of twelve
binding sites for the glucocorticoid receptor with
the flanking base pairs on each side, have been
analyzed for the pattern of hydrogen bond
donor-acceptor sites in the major groove. Only
those positions showing more than 90% conservation are shown (open circles acceptor sites;
full circles donor sites). Arrows point to the conserved N-7 positions of guanines that represent
sites of contact with the receptor 1141

bases on the DNA [25]. It has been proposed that if the regulatory protein moves a
few Angstroms away from the DNA, most
of these hydrogen bonds would be broken
or would not be formed, but many of the
ionic interactions will be preserved. This
mechanism may be utilized by the proteins
for sliding along the DNA in search of their
target sites [26].
If we consider the base pairs in the major
groove in terms of their ability to form
hydrogen bonds, we realize that an AT

base pair has the structure acceptor-donor
-acceptor and is therefore symmetric,
whereas a GC base pair has the structure
acceptor-acceptor-donor (Fig. 6). If one
now compares the ten glucocorticoid receptor binding sites with their flanking seq uences in terms of this hydrogen bond
pattern, one observes a very good preservation of the donor-acceptor structure
around the contact sites, with very little
agreement outside the binding region
(Fig. 6). A certain symmetry can be detected centered at position 10: two well-preserved blocks, 3 to 8 and 12 to 17, separated by less-preserved positions, and interrupted in symmetric positions at 5 and
15. Of course, other interactions are probably implicated in recognition, but the network of hydrogen bonds seems to be an essential part of the code in which regulatory
information is stored in DNA. A precise
understanding of the molecular mechanisms by which the regulatory code is read
could derive from the fine structural analysis of cocrystals containing the DNA-binding domains of regulatory proteins bound
to the corresponding nucleotide sequences
[27, 28]. Only then will it be possible to
decide whether there is a general rule
underlying the mechanism of sequencespecific recognition by regulatory proteins.
A cknowledgments. The experimental work reviewed here has been supported by grants from
the Deutsche Forschungsgemeinschaft and the
Fond der Chemischen Industrie.
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Cellular Oncogenes as the Ancestors of Endocrine and Paracrine
Growth Factors and Their Evolutionary Relic Status in Vertebrates
S.Ohnol

A.

Introduction

The generally held belief that any gene
whose expression is precisely regulated in
development ought to perform an indispensable function to the host organism is
not quite correct and, in fact, has no solid
foundation. It should be recalled that the
DNA replication mechanism of modern organisms has developed a high degree of
precision (the error rate is 10-10 per base
pair per replication or thereabout) and that
whatever damage sustained by DNA is
effectively rectified by multitudes of DNA
repair mechanisms. Accordingly, even dispensable peptide chains such as fibrinopeptides A and B do not change their
amino acid sequences very rapidly, a 1%
change in their amino acid sequences taking roughly 1.0-1.6 million years [1]. Under
these circumstances, a gene which has lost
its usefulness to the host organism does not
disappear quite so readily. The half-life of
an enzyme gene that has become redundant has been estimated as 50 million years
[2J.
B. Redundant and Useless Genes May
Persist for 50 Million Years or More
By becoming tetraploid, an organism initially gains four alleles at every gene locus.
Subsequently, each set of four homologous
chromosomes differentiates into two pairs,

thus completing the process of diploidization. At this stage, freshly diploidized
tetraploid species are endowed with twice
the number of gene loci when compared
with their diploid counterparts. This is the
stage, at which trout and salmon of the
teleost family Salmonidae, whitefish of the
family Coregonidae, and grayling of the
family Thymallidae find themselves [3]. A
few of those duplicated, and therefore redundant, genes manage to acquire a new
role; e.g., of all the vertebrates, only
diploidized tetraploid teleost fish are endowed with liver-specific lactate dehydrogenase (LDH), in addition to the customary
skeletal muscle and heart LDH. The mechanism of gene duplication as the means to
acquire new genes with previously nonexistent functions, however, is very inefficient, having a very low success ratio: the
phrase Salvandrum paucitas, dammnundrum multitudo gives ample testimony
to its high failure ratio. Accordingly,
older diploidized tetraploids of the teleost family Cyprinidae as well as Catostomidae have lost progressively larger numbers
of these redundant, duplicated loci by
silencing mutations. Since the fossil record gives the origin of these diploidized
tetraploids, Ferris and Whitt [2] were able
to calculate the average half-life of enzyme
loci that became redundant as 50 million
years. It should be noted here that this halflife refers to the average time needed for
half of the redundant enzyme loci to lose
their assigned functions. After losing their
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assigned functions, these redundant enzyme loci may continue to code for functionless polypeptide chains. The case in

point is the murine SIp locus, situated in
the middle of the major histocompatibility
(MHC) antigen gene complex region of the
mouse genome. While the neighboring Ss
locus specifies C4 (complement 4 of antibody-mediated lysis), a protein specified by
the SIp locus has already lost its assigned
function as C4 owing to accumulated mutations. Yet, this SIp locus was androgen
dependent in most mouse strains, and operator constitutive mutation of this locus
was found in wild mice [4]. It would thus
appear that a substantial portion of the redundant gene loci may continue to specify
functionless proteins even after 100 million
years of independence from natural selection.
Although mammal-like reptiles were already an independent lineage at the time of
the dinosaurs, mammals as we know them
came into being only 70 million years ago.
This should make us realize the unreality of
the statement that any gene loci with precisely regulated expression must be indispensable to the host organism. The fact
is that genes that have outlived their usefulness may linger on for 50-100 million
years.
C. Most Oncogenes are Evolutionary
Relics of the Cell Autonomous Stage
of Development
Although multitudes of cellular oncogenes
perform divergent functions (some of their
products are found in the nucleus, while
others are found inside the plasma membrane), it is clear that all of them function
as intracellular cell growth factors. In unicellular eukaryotes such as baker's yeast as
well as in many of the multicellular eukaryotes with underdeveloped circulatory
systems such as insects, these intracellular
growth factors have apparently played a
vital role, for it should be recalled that embryonic development of insects is still largely a cell autonomous process as discussed
in detail elsewhere [5]. With the advent of
the cardiovascular system, development of
vertebrates became a centrally controlled
affair via multitudes of peptide and steroid
hormones and cellular autonomy was suppressed. While intracellular growth factors

of earlier times served as ancestors of these
peptide hormones as well as of their plasma
membrane receptors, they themselves
largely became evolutionary relics whose
functions have become redundant [5].
D. Near Immortality of Certain
Oncogenes Conferred on Them by Their
Original Construction
If cellular oncogenes became redundant at
the onset of vertebrate evolution, most of
them should have become silent by now, in
spite of their long estimated half-life of 50
million years, for primitive vertebrates
were already in evidence more than 300
million years ago. However, the continued
performance of essential functions need not
be invoked to explain this persistence for
more than 300 million years.
The view first expressed in 1981 [6] that
all the coding sequences originally were
repeats of base oligomers has found increasing support from independent sources
[7-9]. Provided that the number of bases in
the oligomeric unit is not a multiple of
three, coding sequences made of oligomeric
repeats are inherently impervious to normally very damaging base substitutions,
deletions, and insertions, thus possessing
a near immortality. In this kind of oligomeric repeat, three consecutive copies
of the oligomeric unit translated in three
different reading frames gives the unit
periodicity to their polypeptide chains:
while nonameric repeats, the unit sequence
being a multiple of three, can give only tripeptide periodicity to their peptide chains,
three consecutive copies of decameric repeats encode the decapeptidic periodicity
to its polypeptide chain. Thus, if one reading frame of this kind of oligomeric repeat
is open, the other two are automatically
open as well. It follows then that the potentially most damaging base substitution that
changes an amino acid-specitying codon to
the chain terminator (e.g., Trp codon TGG
to chain-terminating TAG or TGA) merely
silences one of the three open reading
frames. Deletions or insertions of bases that
are not multiples of three are usually as
damaging, for resulting frame shifts alter
downstream amino acid sequences and
225

most often result in premature chain terminations. In this type of oligomeric repeat,
such insertions a~d deletions are of no
consequence either, for downstream amino
acid sequences are not at all affected by
frame shifts.
In a previous paper [10], we have analyzed the published coding sequence of human c-myc gene [11] in detail. Within the 5'
half of c-myc coding sequence, we identified one each of recurring base tetradecamer, duodecamer, and two monodecamers.
The significance of this becomes clear once
it is realized that if c-myc is a unique sequence sensu stricto, even a given base decarner is expected to recur only once every
I 048 576 bases. Yet, here we found a recurring base tetradecamer within a mere
687-base 5' half c-myc coding sequence.
Furthermore, recurring duodecamer and
monodecamers were found to represent
slightly modified parts of the tetradecame ric sequence GGCCGCCGCCTCCT.
Thus, it was concluded that the entire 5'
half of the c-myc coding sequence originated from repeats of the previously noted
base tetradecamer. Since 14 is not a multiple of 3, three consecutive copies of it
translated in three different reading frames
would have given the following tetradecapeptidic periodicity to the original c-myc
polypeptide chain, at least the amino terminal half of it
Gly
Arg
Arg
Leu
Leu
GGC CGC CGC CTC CT/G
Trp
Ala
Ala
Ser
Ala
GCC GCC GeC TCC T/GG
Pro
Pro
Pro
Pro
CCT
CCG
CCG
CCT
Indeed, the human c-myc coding sequence,
at least the 5' half of it, apparently inherited a measure of immortality from its original construction, for we found two long,
alternative open reading frames, one covering the first 301 bases and the other from
the 599th to 952nd bases. When this region
of human c-myc coding sequence [11] was
compared with the corresponding region of
v-myc coding sequence of avian retrovirus
MC29 [12], we found that the two differed
from each other not so much by amino acid
substitutions as by five stretches of in226

sertions and two stretches of deletions.
Thus, c-myc's inherent imperviousness to
deletions and insertions was shown [10].
E.

Resurrection of a Silenced v-src Gene

by Utilization of its Alternative Open

Reading Frame
A measure of immortality inherited by
some of the oncogenes from their original
construction was indeed shown by the following experiment of Mardon and Varmus
[13]. First, they established the rat cell line
that was transformed by the integration into the genome of a single copy of strain B77
Rous sarcoma virus v-src coding sequence.
One of the defective mutations sustained
by the integrated v-src that deprived from
the rat cell line of the transformed phenotype was identified as an insertion of a
single base A between 146th Glu codon
GAA and 147th Glu codon GAG. A resulting frame shift created a new chain terminator 51 bases further downstream, thus,
silencing a mutated v-src [13]. The surprise
was the second mutation that resurrected a
silenced v-src as a transforming gene. This
second event was an insertion of a duplicated 242-base segment into the position between T and GG of the 148th Trp codon in
the original reading frame. This 242-base
segment started from GAT representing the
68th Asp codon in the original reading
frame and ended in T of 148th Trp also in
the original reading frame, thus including a
previously inserted A. Since the inserted
segment is now translated in an alternative
reading frame, the resulting double frame
shifts restored the original reading frame,
starting from GAG of the 147th Glu of the
wild-type v-src and downward which in the
resurrected v-src became the 228th Glu.
Such restoration of function by an insertion in the midst of the polypeptide
chain of an 81-residue new amino acid sequence is hardly believable, unless a new
sequence specified by a repeated coding
segment translated in an alternative open
reading frame resembles parts of the preexisting amino acid sequence. Such a resemblance, in turn, is expected only if the coding sequence itself still maintains a sufficient vestige of the ancestral construction;

i.e., the coding sequence originating from
repeats of a base oligomer in which the
number of bases in the oligomeric unit was
not a multiple of three. Indeed, the existence of so long an alternative open reading
frame itself is a reflection of the v-src coding sequence's ultimate derivation from
oligomeric repeats, the number of bases in
the oligomeric unit not being a multiple of
three. As might be expected, when translated in an alternative open reading frame,
amino acid residues 1-8 encoded by a
duplicated 242-base segment were Thr-ProSe-Arg-Arg-Arg-Ser-Val. In the standard
amino acid sequence of Rous sarcoma
v-src, the very similar nonapeptide, ThrPro-Ser-(Gln)-Arg-Arg-Arg-Ser-Leu customarily occupies positions 10-18 [5].
F. Summary
Contrary to the popularly held view, genes
that have lost their usefulness to the host
organism may continue to encode proteins
for 50 million years or longer. Accordingly,
precisely regulated expression of genes can
not be taken as proof of their indispensability. My view is that multitudes of oncogenes of vertebrates are evolutionary relics harking back to the days of invertebrate
ancestors in which embryogenesis was still
a cell autonomous process. Parts of certain
oncogene coding sequences originated
from repeats of base oligomers whose numbers of bases were not multiples of three.
Thus, these segments are still endowed with
a measure of immortality in that they are
impervious to normally very deleterious
base substitutions, insertions, and deletions.
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The Genes That Carcinogens Act Upon *
F. Anders, M. Schartl, A. Barnekow, C. R. Schmidt, W. Luke, G. laenel-Dess
and A. Anders

A.

Introduction

Currently in cancer research much emphasis is being placed on mutation [2-4],
rearrangement [5], amplification [6-8], and
demethylation [9] of oncogenes that are
supposed to represent the primary events
leading to oncogene activation when carcinogens trigger neoplasia in animals or
humans (the reader is referred to ref. [10]
for more extensive details on this topic).
The data underlying this supposition were
mainly derived from experiments performed with tumor cells in vitro. In vivo
studies on this issue are rare.
A model which has proven to be suitable
for such in vivo studies is Xiphophorus, i.e.,
a fish genus from Central America known
as the platyfish and swordtails [11]. All individuals of this genus carry an oncogene,
designated Tu, which was analyzed by formal genetics long before the viral and
cellular oncogenes were identified by
methods of modern molecular biology [12
-16]. Our phenogenetic, cytogenetic, and

* This work was generously supported by the
Deutsche Forschungsgemeinschaft (SFB 47
"Virologie", 103 "Zellenergetik und Zelldifferenzierung", 118 "Frliherkennung des Krebses"), by the Bundesminister fUr Forschung
und Technologie, by the President of the University of Giessen, 6300 Giessen, FRG, and
by the President of the University of Erlangen, 8520 Erlangen, FRG
The present paper supplements that of "The
Biology of an Oncogene" published in vol. 28
of this series [1]
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developmental genetic studies on Xiphophorus, however, have failed so far to detect
any structural alterations of the Tu oncogene which were expected to occur when
the gene switches over from the silent to the
tumorigenic state. In contrast, it appears
that impairment of the Tu oncogene might
reduce tather than promote its tumorigenic
potential and, therefore, it is difficult to detect.
By means of seven experiments the present study aims to show that the common
primary events in the causation of neoplasia in Xiphophorus are changes in the regulatory gene systems controlling the oncogenes rather than changes in the oncogenes themselves.
B. The Oncogene and the Neoplasm Used
in This Study
I.

The Oncogene

It appears that the genetically identified

oncogene Tu may mediate neoplastic transformation in poorly differentiated cells of
all tissues. The type of tissue in which transformation occurs (for instance in the pigment-cell system) depends on regulatory
genes of Tu. Oncogenes other than Tu
which were expected to exist in Xiphophorus were not detected by genetic methods
(for discussion of this problem see [16]).
From the eleven cellular oncogenes (concs) that were identified molecularly in
Xiphophorus (c-erb, c-src, c-myc, cjgr,
c-abl, cjes, c-myb, c-ras H, c-rasK, c-sis,
c-yes) [16J only c-src will be taken into con-

sideration because most of our knowledge
comes from this gene. Its inheritance was
identified by molecular hybridization of viral src probes with genomic Xiphophorus
DNA, and its activity was monitored by the
transcript and by the pp60 c -src kinase activity assayed according to Collet and Erikson [17]. The results parallel completely the
inheritance and phenotypic expression of
the Tu oncogene, specified by tumor development [1, 18-20].
II.

The Neoplasm

Out of the 25 different types of neurogenic
(neuroblastoma, melanoma, etc.), mesenchymal (fibrosarcoma, reticulosarcoma,
etc.), and epithelial (adenocarcinoma,
hepatoma, etc.) neoplasms that have been
induced and identified in Xiphophorus only
melanoma is taken into consideration in
this study. This tumor has the advantage
over the tumors of other histogenesis in
that its development can easily be traced
from a single transformed pigment cell detectable by its typical heavy black pigmentation, up to the extreme malignant
melanoma that is lethal (Fig. 1).
C.
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Results and Discussion

First Experiment: Tumors Induced
by Dislocation of Regulatory Genes for
the Oncogene in a Germ Line Cell

I.

Information about the crucial event in the
causation of this type of hereditary melanoma comes from an X-ray-induced structural chromosome change involving a
translocation of the Tu oncogene from the
X chromosome of Xiphophorus maculatus
(platyfish) to an autosome of Xiphophorus
helleri (swordtail) and the corresponding
Tu deletion that took place in meiosis of an
Fl-hybrid female [13] (see Fig. 2 a-d). In its
new position (Fig. 2 c) Tu is no longer controlled by its formerly linked regulatory
genes that act only in the cis position [13].
A powerful regulatory gene nonlinked to
Tu that acts in the trans position persisted
in the system. Fertilization of the egg with
sperm of the swordtail and breeding the

Fig.IA-C. Development ofa somatic mutationconditioned melanoma. A Cell clone consisting
of eight transformed melanocytes; B Clone consisting of some hundreds of transformed melanoblasts and melanocytes; C Lethal malignant
melanoma

mutant using the swordtail as the recurrent
parent resulted in offspring in which all
animals containing the Tu translocation
segregated into a 1 : 1 ratio of animals lacking or containing the nonlinked regulatory
gene for Tu.
In both segregants, as a consequence of
the lack of the linked regulatory genes,
229

a)

X ~//__p_t~er____R_c~O____~~~~~~t~~T~U

b)

.............. -- --A ------ -- --

c)

A -----------------------~

d)

X ~/ /_p_t.;..;e;...;r_ _R..;;..c.;...o_ _R..;;..M;..;;.e~Z

e)

f)

Fig. 2 a-f. a-c Translocation of the Tu oncogene
from the X chromosome (X) of X. maculatus to
an autosome (A) of X. helleri and d the respective Tu deletion. Note separation of Tu from its
linked regulatory genes RMe/ and Rco (see first
experiment of this study); e X chromosome of X.
maculatus that is used in the second experiment
(see Figs. 5, 9); f The X chromosome used in the
third experiment (see Fig. 10). Note that e and f
differ only in the RMe/ locus. F, female-sex-determining region; Pter, pterinophore locus. Rco
region containing at least 13 compartment-specific regulatory genes such as Rpp (posterior
part-specific) and RDf(dorsal fin-specific); RMe/,
melanophore-specific regulatory gene; Tu, oncogene

neoplastic transformation takes place in the
pigment-cell precursors of the early embryo. In the segregants lacking both the
linked and the nonlinked regulatory genes,
neoplastic transformation continues in pigment-cell precursors in all areas of the
body, thus forming a "whole body melanoma" (Fig. 3 B) which kills the fish before
or shortly after birth. If, however, the nonlinked regulatory gene is present in the system, melanoma development is retarded at
the time of birth (Fig. 3 C). The fish develop melanoma but may reach sexual maturity, thus providing the possibility to
breed by further backcrosses with X. helleri, a stock that continuously produces
lethal-melanoma-developing and nonlethal-melanoma-developing embryos. If,
furthermore, the regulatory gene is introduced into the system in the homo230

zygous state, no Tu-mediated melanoma
develops (Fig. 3 A). Fish carrying the Tu
deletion chromosome (see Fig. 2 d) have a
highly diminished potential for the formation of all kinds of neoplasms.
The development of the whole body melanoma in the early embryo reflects the genuine oncogenic effect of the completely deregulated Tu on the pigment-cell system.
These observations suggest to us that in the
early embryo Tu normally exerts important
functions in cytodifferentiation, which, if
Tu is completely deregulated, cannot be
stopped (see below).
So far we have not tested pp60 c-src kinase
activity in the embryos that develop melanoma. However, pp60 c-src kinase activity
was measured in the normal developing
embryos (Fig. 4) [21]. The activity is detectable from the very outset of cleavage and
strongly increases during early organogenesis. While organogenesis morphologically
culminates, kinase activity apparently becomes choked, decreases during the growth
phase before and after birth to a lower
level, and thereafter (not shown in Fig. 4)
remains constant at a basic level throughout the whole life of the fish [19]. In adults
it was found that pp60 c -src kinase activity is
organ specific, with the brain always showing the highest values [18, 19]. The results
suggest that c-src activity is related to differentiation and specificity of organs rather
than to cell growth. Similar sequences of
pp60 c-src kinase activity during life were
found in frogs and chickens (see Fig. 4), indicating that our results are more general
rather than fish specific [21].
These genetic, embryological, and
molecular biological observations suggest
to us that the melanoma-mediating oncogene, irrespective of its appearance as Tu or
c-src, exerts important normal functions as
a developmental gene in the early embryo.
Moreover, we assume that in normal embryogenesis these functions become
switched off or choked by regulatory genes
after cell differentiation progresses to organogenesis. If, however, the regulatory
genes (i.e. the entire choke in the lethal Tu
translocation) are lacking, the oncogene
continues to exert its early embryo-specific
functions which, as an extension of the
cellular development in the early embryo,

A

Fig. 3 A-C. Backcross
maculatus x X.
hybrids
helleri x X. helleri) carrying
the Tu translocation according to Fig. 2 c. A A
nonlinked regulatory gene
is present in the homozygous state. There is no tumor; B The nonlinked
regulatory gene is lacking.
Lethal "whole body melanoma" develops; COne
copy of the nonlinked regulatory gene is present.
Melanoma develops but the
animals reach sexual maturity. A Adult fish, 5 cm
long; B, C neonates, 6 mm
long

ex.

c

appear as neoplastic transformation. Support for this idea comes from the high
pp60 c-src kinase activity that is found in the
melanoma of young and adult fish (see second and third experiments). In any case,
the crucial event leading to neoplasia in
this experiment is the X-ray-induced
translocation-conditioned loss of oncogenespecific regulatory genes.

II. Second Experiment: Tumors Induced
by Crossing-Conditioned Elimination
of Regulatory Genes for the Oncogene
from the Germ Line
The basic crossing procedure for the production of melanoma-developing Xiphophorus is shown in Fig. 5: Crosses of a
wild platyfish female from Rio Jamapa
(Fig. 5 A) with a wild swordtail male from
Rio Lancetilla (Fig. 5 B) result in Fl hybrids
(Fig. 5 C) that develop uniformly in all individuals, with melanomas consisting
mainly of well-differentiated transformed

pigment cells that are morphologically
similar to those of certain spots of the
parental platyfish. They occur only in those
compartments of the body where the
platyfish parent infrequently exhibits the
spots, e.g., in the skin of the dorsal fin and
the posterior part of the body. In older FI
animals, the compartment-specific melanomas combine to form a large benign
melanoma. Backcrosses of the FI hybrids
with the swordtail as the recurrent parent
(Fig. 5 D) result in offspring (BC I) exhibiting three types of segregants: 25% of the
BC I (Fig. 5 E) develop benign melanoma
like that of the F 1 , 25% (Fig. 5 F) develop
malignant melanoma consisting mainly of
incompletely differentiated transformed
cells which invade other tissues (except for
brain, gonads, intestine) and eventually kill
the fish, whereas 50% (Fig. G, H) develop
neither spots nor melanomas. Further
backcrosses (not shown in Fig. 5) of the fish
carrying benign melanoma with the swordtail result in a BC 2 that exhibits the same
segregation pattern as the BCI . The same
applies for further backcrosses of this kind.
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Fig. 4. pp60 c-src Kinase activity during cleavage,
organogenesis, and growth. Data from [21]

Backcrosses of the fish carrying the malignant melanoma with the swordtail show a
different result: 50% of the Be segregants
develop malignant melanoma, whereas the
remaining 50% are melanoma free; benign
melanomas do not occur. Whenever melanomas occur in these crossing experiments,
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they develop in both the compartment of
the dorsal fin and the compartment of the
posterior part of the body.
The results obtained in this crossing experiment (and a large variety of similar experiments) may be explained by the assumption of four prominent genetic components that are involved in melanoma formation or protection from melanoma, respectively. They are contributed by X.
maculatus (for those contributed by X. helleri but not involved in melanoma formation in this crossing experiment, see below)
and are normal homozygous constituents of
the natural gene pool of the wild platyfish
population from Rio Jamapa. Three of the
genetic components (see the following
points 1, 2, 3), as was confirmed by about
70 structural changes, are closely linked together at the end of the X chromosome (see
Fig. 2). The fourth (point 4) is autosomally
located.
I. The Tu oncogene. This gene is apparently responsible for neoplastic transformation. The restriction of neoplastic transformation to pigment cells and to the development of melanoma in the dorsal fin and
in the skin of the posterior part of the body
comes from other genes.
2. The regulatory gene R Mel • Impairment
of this gene (R Mel) specifies the tumorigenic
effect of Tu to the melanophore system.
R Mei is a member of a series of tissue-specific regulatory genes which, in the impaired state, determine the histogenesis of
the tumors (mesenchymal, epithelial, and
neurogenic neoplasms). The mutations of
these genes indicate that tissue specificity of
neoplasia depends on regulatory genes
rather than on oncogenes.
3. The regulatory genes Rpp and R DJ. Impairment of these genes (R pp' R 'DJ ) permits the development of melanoma in the
skin of the posterior part of the body (Pp)
and in the dorsal fin (D}) provided that
R Mel is also impaired. Thirteen compartments of the body (anal fin, tail fin,
mouth, eye, peritoneum, meninx, etc.) that
have been identified correspond to a series
of different regulatory genes (Reo in total)
which in tum correspond to sites of the
body where melanomas may occur (see
Fig. 13).

c·-sr,;

.A 3,(JO

c-src

B

JO'G

C 500

G 300

F

50'0

Fig. SA-H. Crossing procedure for the production of melanoma-developing hybrids of
Xiphophorus. A X. maculatus from Rio Jamapa
(Mexico); some small spots in the skin of the
dorsal fin and the side of the body are visible.
The spots consist of terminally differentiated, neoplastically transformed pigment cells. B X. helleri
from Rio Lancetilla (Mexico), always lacking the
spots. C F i , developing benign melanoma instead
of spots (100% of the F i ). D X. hellerz· from B
used in the backcross as the recurrent parent. E
Backcross hybrid with benign melanoma (25% of
the BC generation). F Backcross hybrid with
malignant melanoma (25% of the BC generation). G, H Backcross hybrids that do not develop melanoma (50% of the Be generation).
Spots and melanomas (in the posterior part of
the body and the dorsal fin) depend on the deregulated Tu of the X chromosome shown in
Fig. 2 e. Depending on the pterinophore locus
(Pter of this chromosome), spotted and tumorous
fish (A, C, E ~nd F) exhibit a reddish coloration.
pp60 c-src Kinase activity expressed as counts/min
per milligram protein; note basic and excessive
activity and correlation between c-src expression
and Tu expression. Data from [15, 19] were combined. See Figs. 9 and 10

H JOG

4. The differentiation gene Diff. This
gene is indicated by the 1 : 1 segregation of
benign- and malignant-melanoma-bearing
fish. If it is present, the majority of the
melanoma cells are well differentiated (benign melanoma). If, however, Diff is lacking, the majority of the melanoma cells are
poorly differentiated (malignant melanoma).
Additional regulatory genes contributed
by the platyfish to the hybrid genome have
been identified but are considered only in
general in this experiment.
Xiphophorus helleri also contains the Tu
oncogene and presumably the linked regulatory genes, which, however, are not mutated and thus are fully active. Tu and its
linked regulatory genes, therefore, are not
detectable with the methods used in this
experiment. Furthermore, since the linked
regulatory genes act only in the cis position,
this "oncogene-regulatory-gene complex,"
contributed by the swordtail, does not significantly influence the expression of the
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platyfish-derived melanoma-mediating Tu
copy. No Diff and nor any other nonlinked
regulatory gene was found in the swordtail
that might correspond to those of the
platyfish.
The outcome of this crossing experiment
suggests the following interpretation: Following crossings and backcrossings according to Fig. 5, the regulatory-gene-carrying
chromosomes of the platyfish are replaced stepwise by the homologous chromosomes of the swordtail, resulting in the
gradual disintegration of the regulatory
gene system for the platyfish-derived
Tu. Thus the Tu hybrids spontaneously
develop benign melanoma if some
regulatory genes such as Diff are still present in the genome and malignant melanoma if the regulatory genes are lacking. If
the platy fish-derived Tu is lacking, no
melanomas occur.
Based on the assumption that the activity
of the pp60 c-src-associated phosphokinase
monitors the activity of the c-src oncogene,
we carried out comparisons between kinase
activity, i.e., c-src expression, and tumor
development, i.e., Tu expression. The preparatory work to this study showed that
pp60 c-src kinase activity in normal tissues of
nontumorous and tumorous fish is tissue
specific, with the brain always showing the
highest values [18]. It furthermore showed
that this activity is elevated in the brain of
benign-melanoma-bearing fish, and even
higher in the brain of malignant-melanoma-bearing fish. In any case, pp60 c-src kinase activity varies in both melanoma and
the brain in the same direction. Hence, we
were able to determine pp60 c -src-associated
protein kinase activity mainly in brain extracts and relate the activity observed to the
expression of Tu ascertained by the development of melanoma. The possibility that
the differences in kinase activity measured
in the fish of different Tu genotypes are due
to secondary processes in the melanoma
appears unlikely. Therefore, the results reflect the actual genetic activity of the c-src
oncogene in the nontumorous brain tissue
of the tumorous and non tumorous fish. For
critical evaluation of the methods see refs.
[18, 19].
As indicated in Fig. 5, the purebred
platyfish female (Fig. 5 A) carrying the pop234

ulation-specific "Tu-regulatory-gene complex" in both of its X chromosomes, as well
as the purebred swordtail and the Be
hybrids lacking this special complex, display the same activity of c-src kinase. We
interpret this activity to be the basic expression of c-src. In contrast, the melanomabearing hybrids which contain the derepressed Tu show an increase in c-src activity, with the malignant-melanoma-bearing Be hybrids displaying the highest activities.
To accomplish the crossing experiment
(not shown in Fig. 5) we crossed two melanoma-bearing Be hybrids (F x F) that exceptionally reached sexual maturity. The
resulting Tu/ Tu hybrids (25 % of the offspring) are of special interest. They show an
oncogene dosage effect in both melanoma
formation and pp60 c-src kinase activity as
compared with the parental Be hybrids [1,
20].
In summary, all experiments of this kind
showed a clear-cut correlation between
c-src expression (measured by pp60 c-src kinase activity) and Tu expression (measured
by melanoma formation).
Many features that are assumed to be -involved in the causation of neoplasia have
been found in melanoma of Xiphophorus.
About 70% of the melanomatous cells in
cell cultures derived from embryos exhibit
at least two pairs of double minute chromosomes (Fig. 6) [22) that might be interpret-

Fig.6. Metaphase showing double minute chromosomes (DM). DMs were always found in
cell cultures derived from melanomatous embryos [22]

Fig.7. Virus particle
(iridovirus-like [24]). These
particles were always found
in the supernatant of cell cultures mentioned in the legend of
Fig. 6
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Fig. 8. RNA-dependent DNA polymerase activity in Xiphophorus. Sucrose density gradient
centrifugation of the microsomal pellet

12

Fractions

ed as carriers of amplified oncogenes [7, 8].
Virus particles have been found in the
melanoma following treatment with
bromodesoxyuridine [23]. Following sucrose density centrifugation, in the supernatant of non treated me1anomatous cells of
cultures mentioned above, RNA-dependent
DNA polymerase associated with particles
similar to fish iridovirus [24] (Fig. 7) was
found in the density range of 1.15-1.17 g/ ml.

Three to five particles have been counted per grid, which is equivalent to 105
particles/ml. RNA-dependent DNA polymerase activity has also been detected in
the melanoma tissue and, although three to
five times lower, in the muscle (Fig. 8).
Activity of many other enzymes, such as
tyrosinase [25], lactate dehydrogenase [26,
27], malate dehydrogenase, and pyruvate
kinase [27], is changed in the melanoma.
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Table 1. SCE frequency in
intestinal cells of Xiphophorus [29]

Metaphases
scored

Cells
with
SCE (%)

Range
(SCEI
cell)

Mean SCEI
metaphase
(SE)

X.maculatus
TulTu;Difjl Difj
X. helleri

131

31.9

0-3

0.41 ±0.05

-1-;-1-

166

32.0

0-3

0.40±0.03

0-4

0.82±0.05

0-4

0.97±0.09

0-4

O.92±O.lO

0-3
0-4

0.38±0.03
0.47±0.04

Xiphophorus

Hybrids carrying melanoma
F 1 : benign
Tul - ;Difjl- 153
56.8
BC: benign
Tul -; Difjl - 113
61.9
BC: malignant
Tul -; - 1- 137
66.5
BC hybrids carrying no melanoma
- I - ;Difjl- 188
33.6
145
38.7
-1-;-1-

Sister chromatid exchange (SCE) is elevated in melanoma cells [28]. Interestingly,
its high frequency is in parallel with that of
nontumorous intestinal cells of melanomatous fish, and is low in intestine of the nonmelanomatous fish (Table 1) [29]. This is
a striking similarity to the parallels of
pp60 c-src kinase activity measured in the
melanoma and in the healthy brain.
These factors and many others not mentioned in this study are certainly important
in melanoma formation, but probably none
of them is involved in the primary event of
tumorigenesis in this experiment. The primary event of tumor initiation in this experiment, without any doubt, happens
when the egg and sperm contribute a normal set of oncogenes to the zygote but fail
to contribute the adequate regulatory gene
systems for control of the oncogenes. The
confirmation of this view comes from the final crossing series of this experiment outlined in Fig. 9: Backcrosses of malignantmelanoma-bearing hybrids (Fig. 9 A) (i.e.,
Fig. 5 F) with the platyfish (Fig. 9 B) (like
those of Fig. 5 A, but containing the Tu deletion according to Fig. 2 d) result in a
quasi Fl that segregates in 50% of animals
displaying benign melanoma (Fig. 9 C) and
50% exhibiting neither melanomas nor

spots (not shown in Fig. 9). Further
backcrosses of the benign melanoma bearing quasi-F 1 hybrids with the platyfish
236

Fig. 9 A-H. Crossing procedure for the suppression of melanoma in Xiphophorus. A Malignant
melanoma-bearing backcross hybrid according to
Fig. 5 F. B X. maculatus according to Fig. 5 A as
the recurrent parent. C Quasi Fl-exhibiting benign melanoma. D X. maculatus as the recurrent
parent. E-H Backcross hybrids (quasi X. maculatus) exhibiting spots only. Melanomas and sp~ts
depend on Tu of the X chromosome shown In
Fig. 2 e. See Fig. 5

(Fig. 9 D) result in spotted and nonspotted
fish that are similar to the purebred platyfish (Fig. 9 E- H). Genetically they segregate into those that inherit the capability to
develop melanoma after cross.ings. with
swordtails and those that do not mhent the
capability

to

develop

melanom~

(not

shown in Fig. 9). The outcome of thIS fi~al
series of backcrosses indicates the stepwIse
reintroduction of the platyfish chromosomes carrying the regulatory genes for the
oncogene into the descendants, and the reconstruction of the original regulatory gene
system that suppresses the activity of the
oncogene in the platyfish genome.
Fig. lOA-H. Crossing procedure for the ~r?duc
tion of Xiphophorus hybrids that are sensItIve to
carcinogens. The procedure is basically the same
as that outlined in Fig. 5 (A X. maculatus; B X.
helleri; C FI ; D X. helleri). A, C, E, and F exhibit
a reddish coloration. c-src, pp60 c-src kinase activity. See text
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Fig. 11 A, B. Backcross

A

hybrids according to
Fig. 10 E and F after treatment with MNU. A Diffcarrying segregant (identified'by an esterase) developing benign melanoma; B Diff-Iacking
segregant (identified by
lack of the esterase) developing malignant melanoma

B

Presumably the oncogene itself remained
unchanged during the crossing procedure
(Figs. 5, 9) that first induced and thereafter
suppressed melanoma formation. Carcinogens or tumor-suppressing agents were
not required in this experiment. The outcome of the experiment, however, indicates
that the experimenter must interfere in the
regulatory gene system of the oncogene to
be able to induce or suppress melanoma
(or any other neoplasm). To examine this
idea, we carried out the following experiment.
III. Third Experiment: Tumors Induced
by Impairment of Cell-Type-Specific
Regulatory Genes for the Oncogene
in Somatic Cells
This experiment is based on the two assumptions that (a) the total number of pigment-cell precursors competent for neoplastic transformation is 106 (this is the
average number in the pigment-cell system
of a young fish) and (b) the mutation rate
for a given gene in these cells is 10-6 • Then
tumor incidence is one (on average 100% of
the treated animals develop one tumor)
provided the oncogene is under control of
only one regulatory gene. If, however, the
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oncogene is regulated by two genes, the
rate of simultaneous mutations of both
regulatory genes in one cell is 10-12 and the
tumor incidence is 10-6 • This calculation
shows that if the oncogene is controlled by
more than one regulatory gene, it is difficult to succeed in inducing somatic mutation-conditioned neoplasms at a frequency suitable for mutagenesis experiments.
To establish a Xiphophorus strain suitable for mutagenesis studies on a single
regulatory gene of the Tu oncogene, we replaced the Rpp R Df R Mel platyfish X chromosome used so fin (Fig. 2 e) by the Rpp
RDJ RMel Tu X chromosome (Fig. 20,
which, instead of the impaired RMeb contains the normal R Mel . Crossings were performed according to Fig. 10, which are essentially the same as those described in the
first part of the previous experiment
(Fig. 5).
Due to the active R Mel that controls the
oncogene in the pigment cell system, no
melanomas develop in the hybrids. The BC
hybrids E and F that correspond to the
melanoma-developing BC hybrids in the
former experiment (they can be recognized
by a reddish coloration encoded in the
pteridine marker gene Pter also linked to
the Tu oncogene; see Fig. 2) are, however,
sensitive to carcinogens and may develop

Table 2. Tumor initiation (somatic mutation) and promotion (promotion of cell differentiation) distinguished by tester strains of Xiphophorus constructed according to the third and sixth experiments
Agents

MNU
ENU
Diethylnitrosamine

Dose

Period

lOS flg/ liter
lOS /-tg/liter
45 X 103 flg/liter

5 x 14 days 45 min
5X7 days 1 h
2x/week
for 8 weeks
1 flg/liter / day
10 weeks
TPA (in DMSO)
4-0-Methyl TPA
Iltg/liter/day
10 weeks
DMSO
2x 106 /-tg/liter/8 days 10 weeks
500/-tg/liter/day
Diazepam
48 weeks
3
Phenobarbital
7.5 X 10 ltg/liter/day 10 weeks
Cyclamate
8 weeks
106 flg/ liter
2 X 106 /-tg/liter
8 weeks
Saccharin
5 X 106 flg/liter
10 weeks
5-Azacytidine
1.25 X 103 flg/liter / day 8 weeks
L-Ethionin
500 flg/liter / day
8 weeks
Actinomycin D
20/-tg/liter/day
8 weeks
Testosterone
2-20/-tg/liter/day
24 weeks
Methyltestosterone
2-20/-tg/liter/day
24 weeks
5-Dihydrotestosterone 2-20 flg/liter/day
24 weeks
Methylandrostenolone 2-20 /-tg/liter / day
24 weeks
Estrogen
2-20 flg/liter/day
48 weeks
Diethylstilbestrol
2-20 flg/liter/day
48 weeks
17-Hydroprogesterone 2-20 flg/liter/day
48 weeks
Progesterone
2-20 flg/liter / day
48 weeks
X-rays
1000R
3 X 45 min/6 week
interval

Initiation

Promotion

Survi- Tumors
vors (%)

Survi- Tumors
vors
(%)

457
235
23

88 (19)
21 (9)
2 (9)

36
21
24

18 (50)
2 (10)
0

121
20
98
27
25
28
NT
21
47
18
15
NT
113
NT
NT
NT
NT
NT
NT
805

0
0
0
0
0
0
NT
0
0
0
0
NT
0
NT
NT
NT
NT
NT
NT
163 (20)

23
15
12
24
11
22
10
23
12
16
10
22
30
11
21
5
16
9
8
45

11 (48)
0
1 (8)
0
7 (64)
12 (55)
6 (60)
3 (13)
7 (58)
0
0
22 (100)
30 (100)
11 (100)
21 (100)
0
0
0
0
45 (100)

DMSO, dimethylsulfoxide; NT, not tested. Data were compiled from theses of c.-R. Schmidt, A.
Schartl, A. Herbert (Univ. of Giessen)

melanoma after carcinogen treatment.
Those Be hybrids carrying the Diff gene
(autosomal; identified by a Diff-linked esterase marker gene [30, 31]) may develop
benign melanomas and those lacking Diff
may develop malignant ones (see Figs. 1, 11).
Crosses between two BC hybrids of the latter genotype were the basis for the establishment of a strain homozygous for the
Rpp R'nJ RMe/ Tu chromosome [32, 33]. Because each of the two copies of the Tu
oncogene is repressed by its own linked
R Mel , which acts in the cis position only,
the incidence of animals developing melanoma following treatment with carcinogens
potentially doubles. These fish are highly
suitable as test animals for mutagenic carcinogens in the water (Table 2, see column
"Initiation").
In contrast to the crossing-conditioned
hereditary melanomas that, due to their

multicellular origin [IS], cover large areas
in the compartments of the body from their
very beginning, the carcinogen-induced
melanomas appear first as small foci of
cells in these compartments (Fig. 1), indicating that they originate from the expected single mutational event in a particular regulatory gene of the oncogene in a
particular somatic cell in a particular compartment of the body.
All purebred and hybrid animals of this
experiment display uniform pp60 c-src kinase
activity in the brain [19]. This activity seems
to represent the basic c-src expression
like that of the nontumorous fish in the
previous experiment (cf. Figs. 5, 10). Following the induction of melanomas and of
any other kind of neoplasia, pp60 c-src
kinase activity in the brain remains unchanged. Kinase activity in the melanomas,
however, is heterogeneous, with the malig239

c

Table 3. Elevated pp60 -src
kinase activity in Xiphophorus bearing tumors as
compared with nontumorous controls

Tumor

Elevation of kinase activity

Hereditary
Melanoma, benign (n = 15)
Melanoma, malignant (n = 13)
Induced
Melanoma, malignant (n = 2)
Melanoma, malignant
Melanoma, amelanotic
Retinoblastoma (n = 2)
Fibrosarcoma
Fibrosarcoma
Fibrosarcoma
Rhabdomyosarcoma
Rhabdomyosarcoma
Epithelioma
Squamous-cell carcinoma

In tumors

In brain

+
++

+
++

++
+++
++++
+++
++
+++
+++++
+
++++
++
++

0
0
0
0
NT
0
0
NT
0
0
0

NT, not tested

nant melanoma showing values that are at
least as high as those of the corresponding
melanomas of crossing-conditioned hereditary origin. In an induced malignant
amelanotic melanoma pp60 c-src kinase activity was even six times higher than that of
the brain. As in melanomas, elevated levels
of kinase activity were also found in other
carcinogen-induced neoplasms such as fibrosarcoma, retinoblastoma, and epithelioma (see Table 3). However, changes in the
pp60 c-src kinase activity in the brain that are
typical in the hereditary tumor-bearing animals were not observed. More studies are
necessary to find out whether the elevation
of pp6OC-src activity found in the neoplasms
is due to the same impaired regulatory
gene that permits the Tu oncogene to mediate carcinogenesis.
IV. Fourth Experiment: Transfer of the
Regulatory Gene-Dependent Tumorigenic
Potential by Genomic DNA
To perform this transfection experiment we
used different laboratory stocks of X. maculatus as donors. These stocks were uniform
with respect to Tu and the impairment of
the compartment-specific regulatory genes
RAp and Rpp (see fifth experiment). They
were, however, different in the condition of
the melanophore-specific regulatory gene
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R Mel , which was normal, impaired, strongly
impaired, or deleted (Fig. 12). Total genomic DNA of the donors was injected into
the neural crest region of early embryos
(where the pigment-cell precursors originate) of X. helleri. This species has excellent potential for expressing a deregulated oncogene (see previous experiments). If
a donor containing the normal RMerTu
complex (Fig. 12A) was used, no recipient
exhibited transformed pigment cells. If a
donor strain was used that carried a Tu
slightly derepressed in the pigment-cell system by a "weak" mutation of its linked
R Mel , i.e., RMel Tu (Fig. 12B), then 0.4% of
the recipients developed colonies of neoplastically transformed cells. If the DNA
originated from a strain that carries the Tu
derepressed to a greater degree, due to a
"stronger" mutation of R Me [, i.e., R'Mel
(Fig. 12 C), the incidence of recipients
exhibiting transformed pigment cells increased to 2.6%. If, finally, a donor was used
in which the Tu lacks the R Mel (due to a
chromosomal translocation) (Fig. 12 D),
this incidence increased to 6.3%. DNA from
animals carrying additional but rigidly repressed accessory Tu copies (not shown in
Fig. 12) did not influence the incidence of
transformants [34].
Besides the fact that the information for
neoplastic transformation, presumably the
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Fig. 12 A-D. Transfection activity of donor DNA
extracted from male gonads of fish differing in
Tu control by the pigment-cell-specific regulatory gene RUel . Data from [34 J. See text

oncogene itself, was transferred via total
genomic DNA, it is important to note that
the transforming donor DNA did not originate from tumor cells but from the nonneoplastic testes, indicating that oncogenes
must not necessarily be changed or amplified in order to acquire the transforming
potential. The many oncogene transfection
experiments accomplished during the past
years by several authors with other systems
in which DNA extracts from tumors were
used [2, 3, 35-37], with the expectation that
tumor DNA differs from DNA from normal tissues, should be, in our opinion, reconsidered from the viewpoint of repres-
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sion and derepression of oncogenes exerted
by intact and defective regulatory genes.
The main factors responsible for neoplasia
are, in view of our results on Xiphophorus.
not the one genes, but their regulatory
genes.
This view is supported by the fact that
the incidence of transformants, i.e., the
incidence of transformation events mediated by Tu. was independent of the number of Tu copies in the donor DNA (we
tested DNA containing up to eight copies),
but was exclusively dependent on the degree of impairment of R Me /. In this light it
also appears reasonable to assume that
R Meb if present, is so closely linked to Tu
that both Tu and RUe/ are always co transferred [34].
Although the donor DNA originated
from fish exhibiting different degrees of Tu
241

expression, the transformed cells of the recipients all looked alike, and the cell colonies were all about the same size. This indicates that growth of the tumor is influenced neither by Tu nor by the intact or
impaired R Mel .

v.

Fifth Experiment: Tumors Induced
by Impairment of Compartment-Specific
Regulatory Genes for the Oncogene in
Germ Line Cells and/or in Somatic Cells
The compartment-specific regulatory genes
for the oncogene, designated Rco in total
(see Fig. 2), have been studied mainly by
means of X-ray-induced germ line mutations that affect one or several sites of the
crossing-conditioned melanomas (Fig. 13).
These melanomas develop in BC hybrids,
for instance (a) in the dorsal fin; (b) in the
tail fin; (c) in both the dorsal fin and tail
fin; (d) in the anal fin; (e) in the tail fin,
dorsal fin, anal fin, mouth tip, and posterior part of the side of the body (mutations of five compartment-specific regulatory genes are involved); (f) in the anterior
and posterior parts of the side of the body;
(g) in all compartments except for the
mouth, belly, eye, dorsal fin, and tail fin; or
(h) even in all compartments of the body.
The phenotypes of additional combinations
of impaired Rco genes have been described
previously [13, 15, 16].
The compartment-specific distribution of
these melanomas is inherited according to
the segregation of the parental Tu-carrying
chromosome, indicating that the respective
Reo genes are linked to Tu, and structural
changes of the chromosome have verified
that this linkage is very close. At least 14
genes corresponding to 14 different compartments have been identified. They represent regulatory genes that were designated RAp (anterior part), Rpp (posterior
part), RDf(dorsal fin), RTf (tail fin), etc. in
reference to each specific body compartment. Intact Rco genes repress Tu, and
impaired Rco genes permit Tu activity.
They act in the cis position only, indicating
that the compartment-specific regulation of
Tu exerted by the Rco genes acts at the
DNA level.
In the active state the Rco genes appear
to delay the differentiation of pigment cells
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in the stem-cell stage (S-melanoblasts; see
Rco in Fig. 14). Additional mechanisms

that are not understood provide the fish
with differentiating pigment cells that
mostly escape neoplastic transformation,
but very exceptionally may be transformed.
If, however, one or several Rco genes are
impaired by mutatiqn, compartment-specific melanomas develop in the hybrids and
are inherited according to Mendelian prediction.
To study whether melanoma can also be
induced by impairment of a compartmentspecific regulatory gene in a somatic cell we
carried out the following experiment: BC
hybrids, which, due to the impairment of
the pigment-ceIl-specific regulatory gene
(RMe[) and of the dorsal-fin-specific regulatory gene (RDj), develop hereditary melanoma in the dorsal fin only, were irradiated
with X-rays. These animals frequently developed additional melanomas in other
compartments of the body (Fig. 15) which,
in contrast to the hereditary melanoma of
the dorsal fin, are nonhereditary and develop from small foci of transformed cells
in the skin. This indicates a mutational
event in a particular compartment-specific
regulatory gene in a particular competent
pigment-cell precursor in a particular compartment of the body. The oncogene itself
that mediates neoplastic transformation
probably remained unchanged.
VI. Sixth Experiment: Tumors Induced
by Promotion of Cell Differentiation
The neutral crest cells of Xiphophorus which
are, like those of all vertebrates, the precursors of different cell types, start migrating and differentiating at the outset of organogenesis in the embryo (Fig. 14) [38,
39]. Those entering their final locations in
the skin and extracutaneous tissues become
determined to differentiate to chromatoblasts. These chromatoblasts are the
common precursors of all types of pigment
cells (chromatophores), including pterinophores, purinophores, and melanophores.
Those chromatoblasts committed to differentiate to melanophores give rise to stem
melanoblasts (S-melanoblasts). These may
reproduce throughout the life of the fish,

"
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Fig. 13. Compartments for the development of melanomas in the fish. Mo, mouth; Ey, eye; Bm, brain membrane; Ap, anterior part; Df dorsal fin; Pt,
peritoneum; Af anal fin; Sc, spinal cord; Pp, posterior part; Cr, crescent region; Pd, peduncle of the tail fin; Cf, caudal fin stripe; Tf, tail fin (see text)

MALIGNANT AND BENIGN

NORMAL MELANOPHORE

MELANOMA; SPOTS

PATTERN

Different proportions of
the different stages of
cell differentiation

Homeostasis between
the different stages of
cell differentiation

MelanoPhores~
,-,Melanocytes
4

Macrophages

-;::::

I

Dill

::::=

~Tr-MelanoPhores

+"

Tr -Melanocytes I
•
~_'
TrA -MelanOblast:)

'~.
I-genes G-Melanoblasts"'"
.........

r;
competeJ}t
1:;
Q)

I
(,)

t

MATloif"TrI -M01J.oblastf)

\.J-Melanoblasts

~

@'RANSFOR

RCo ;

~-MelanOblasts

•
•

g

(Jhromatoblasts
Neural crest
rM-e-lan-op-ho-r-e-'
system

~l

@

Fig. 14. Schematic presentation of the differentiation of normal and neoplastically transformed
pigment cells. S -, 1-, and A -melanoblasts are
stem, intermediate, and advanced melanoblasts,
respectively. The Tr cells represent the transformed cells. Only I-melanoblasts are competent
for neoplastic transformation. Tu, tumor gene
(oncogene); RMel, regulatory gene for control of
Tu in the melanophore system; Reo, compartment-specific regulatory genes; g, "golden"
gene that blocks pigment-cell differentiation;
Diff, differentiation gene; I-genes, intensifier
genes, which support proliferation of poorly differentiated transformed pigment cells. Macrophages attack melanophores and Tr-me1anophores. Modified from [16]

but may also differentiate to intermediatestage melanoblasts (I-melanoblasts) that
continue differentiation to the advancedstage melanoblasts (A-melanoblasts) that
can be distinguished from their precursors
by their reaction to dopa. These cells differentiate to melanocytes, and these, finally, to
melanophores. Genetic, cytological, and ultrastructural studies of the differentiation of
the pigment cells have shown that the
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I-melanoblasts are the only cells of the system that are competent to undergo neoplastic transformation, i.e., competent to
undergo the transforming activity of the Tu
oncogene [38, 39].
The I-melanoblasts, after being transformed to TrI-melanoblasts (all transformed cells are called Tr cells) differentiate to the easily recognizable, proliferating TrA melanoblasts. These Tr cells differentiate to the heavily pigmented Tr
melanocytes, which proceed to the terminal
stage of differentiation of the transformed
pigment cells, represented by the Tr
melanophores [15].
We have analyzed several genes that are
involved in pigment-cell differentiation.
One of these genes is the "golden" gene
(g+), which, if present as a mutation in the
homozygous state (gIg), creates an almost
complete stop of melanophore differentiation at the stage of S-melanoblasts (see g
in Fig. 14). The always present drosopterines become more visible in the skin,
thus giving the fish the "golden" coloration.
This g mutation was introduced into the
hereditary melanoma-bearing hybrids by

hereditar'y

/

Fig. 15. Fish exhibiting
crossing-conditioned
hereditary melanoma in the
compartment of the dorsal
fin and X-ray-induced somatic mutation-conditioned
melanoma in the compartment of the posterior
part of the body (see Dfand
Pp in Fig. 13)

li nduc:ed

Fig. 16. Littermates that segregate into "golden"
(gig) animals (left) and tumor (g+/g) animals
(right). The gig animals are protected from
melanoma by a block of pigment-cell differentiation in the stage of the stem melanoblasts (see
Fig. 14). Following treatment with promoters of
cell differentiation (see Table 2) they develop
melanoma similar to their heterozygous littermates

introgressive breeding, i.e., by the replacement of the g+-bearing chromosome by the
g-bearing homolog. In animals heterozygous for g (gl g+) the de repressed Tu
oncogene still mediates melanoma formation (Fig. 16, right). In the littermates that

are homozygous for g (gIg), however, no
melanomas develop (Fig. 16, left): The
block of differentiation at the stage of the
stem melanoblasts exerted by the homozygous g-mutation protects the fish ftom
melanoma formation or from the activity of
its own derepressed oncogene.
To break this protection mechanism we
tested a large variety of mutagenic and
nonmutagenic agents. Most of these agents
(see Table 2, column "Promotion") promote almost simultaneously the differentiation of large amounts of the noncompetent cells to the competent stage,
which subsequently become neoplastically
transformed and give rise to melanomas.
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Fig. 17. Decrease of m 5 dC methylation of DNA
in Xiphophorus hybrids after treatment with
2.5 mg/liter per day 5-azacytidine. Fish were
treated for 3 months, beginning at birth. HPLC
analysis (filling, Supe1co 4C-18-DB). Untreated,
six animals; treated, five animals [63]

These tumors are morphologically similar
to the spontaneously developing melanomas of the gl g+ littermates, develop in
the same compartments of the body, and
are, similar to all hereditary melanomas, of
multicellular origin. X-rays, N-methylN-nitrosourea (MNU), and N-ethyl-Nnitrosourea (ENU) , which are powerful
mutagens or tumor initiators, respectively,
may also trigger melanoma by promotion
of cell differentiation. It appears, however,
that in this case neither of these agents acts
as a mutagen, but as a differentiation-promoting agent such as testosterone, TPA,
and cyclamate, which are certainly not
mutagens.
The assumption that any somatic mutation, including that of a possible back
mutation or suppressor mutation for the g
mutation, is not involved in the promoting
effect is compatible with the multicellular
origin of the melanoma and with the high
frequency of the respondents, which, in the
case of 17 -methyltestosterone, even reaches
100%. Optimization of the treatment in future experiments will show whether the
promoting effect of a certain agent is an allor-nothing effect, as is conceivable on the
basis of the concept of this experiment.
Since somatic mutations are probably
not involved in the trigger for melanoma
development in this experiment, one could
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speculate that the g mutation undergoes a
general modification that brings the function of g close to the normal function of the
original g+. The promoting effect of
5-azacytidine could be interpreted in this
direction. This agent creates undermethylation in the DNA and, as a consequence,
presumably gene activation [9, 40, 41]. As
shown in Fig. 17, 5-azacytidine, which promotes differentiation, also demethylates
DNA of Xiphophorus. More data are required to correlate the removal of the tumor-protecting effect of the g-mutation by
5-azacytidine with DNA methylation.
The crucial event leading to neoplasia in
this experiment is the promotion of cell differentiation and possibly a more general
modification of a gene that is involved in
cell differentiation. The oncogene itself
probably remained unchanged.
VII. Seventh Experiment: Tumors
Induced by Elimination of a Differentiation Gene from the Germ Line and
Impairment of That Gene in Somatic Cells
To study the effect of the differentiation
gene (Dijf), thousands of melanoma-bearing BC segregants were produced according to the crossing procedure shown in
Fig. 5, and all showed a clear-cut 1: 1
segregation into animals developing spontaneously benign (Fig. 5 E) or malignant
melanomas (Fig. 5 F). BC hybrids that require the carcinogenic trigger for the development of melanoma also show a clear-cut
Diffeffect (Fig. 11, see third experiment).
Morphological, histological, cytological,
fine structural, biochemical, and molecular
studies showed that the majority of the cells
of the benign melanoma are well differentiated whereas those of the malignant melanoma are poorly differentiated, and that
differentiation of the transformed cells is
controlled by Diff [42, 43]. The most convincing data supporting Diff-dependent
control of pigment-cell differentiation in
melanoma come from transplantation experiments which have shown that pigmentcell precursors present in the transplants
taken from fish carrying the deregulated Tu
and lacking Diff (material of still tumorfree early embryos of the malignant-mela-

Fig. 18. General cloverleaf
structure of the tRNA and
positions of modified
nucleosides. Bottom left,
structure of queuosine (Q).
Modified from [49]
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noma-developing genotype according to
the fish shown in Fig. 5 F) become transformed and remain incompletely differentiated if transplanted into embryos lacking
Tu and Diff: The resulting animals develop
malignant melanoma. If, however, the pigment-cell precursors of the same genotype
are transplanted into Tu-lacking embryos
that contain the Diff gene, the cells of the
developing melanoma become terminally
differentiated and regain their distance regulation: These resulting animals develop
extreme benign melanomas which regress
and eventually may become removed by
macrophages (see [lD.
Further studies on the Diff effect on
melanoma in Xiphophorus were stimulated
by the experimental results of other
laboratories that have focused on the in-

volvement of nucleotide modifications of a
certain tRNA fa~ily in cell differentiation
in eubacteria, slime molds, and cell cultures
from different vertebrates [43-48]. These
tRNAs
include
tRNAAsn,
tRNAAsp,
tRNA His, and tRNATyr, which usually contain queuosine (Q) instead of guanosine
(G) in the first position of the anticodon (position 34; see arrow in Fig. 18).
The Q nucleoside (7-«(4,5-cis-dihydroxy2-cyclopenten-l-yl) -amino) -methyl-7-deazaguanosine) is unique in that its purine
skeleton is modified to a 7-deazastructure.
Eubacteria synthesize the base queuine de
novo whereas vertebrates are supplied with
queuine by nutrition or the intestinal flora.
Queuine itself is inserted into the nucleotide chain of tRNA by an exchange with
guanine. This process is catalyzed by
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Fig. l9A-C. Incorporation of [3H]guanine in
position 34 of tRNA for Asp, Asn, His, and Tyr of
Xiphophorus catalyzed by tRNA-guanine-transglycosylase (insertase) of E. coli. The graphs
show the kinetics of the exchange of G34 of
tRNA by [3H]guanine, a reaction used to evaluate the amount of (Q-)tRNA [50]. A-C according to the fish shown below the curves. These fish
correspond to those shown in Fig. 5. High incorporation of [3H]guanine in Diff-lacking animals corresponds to a low content of Q, whereas
low incorporation of [3H]guanine in Diff-containing animals corresponds to a high content of
Q. A Skin of purebred Xiphophorus: 0 ,
X. hellen; , X. maculatus. B Melanoma of BC segregants: 0 , malignant; , benign. C Skin of
nonmelanomatous BC segregants: A , lacking
Dy$ A , containing D# Note that comparable
Dzp-containing animals always have a lower G
content and a higher Q content than Diff-lacking
ones. Data from [43,44,51]

tRNA-guanine-transglycosylases. The more
the cells are differentiated, the more replacement of G by Q is observed in position 34.
The method for estimating the G : Q ratio
in a given population of the tRNA family
consisted of following the replacement of
guanine in position 34 by a 3H-labeled
guanine exerted by a guanine-transglycosylase (insertase) of Escherichia coli [50,5 11.
The results obtained in Xiphophorus by
measurement of [3H]guanine incorporation

into the tRNAs of the Q family, differing in
the ratio of G : Q in position 34, are summarized in Fig. 19. The graphs show the
kinetics of the exchange of G 34 of the
tRNA family by [3H]guanine, which is the
reaction used to evaluate the amount of
(Q-)-tRNA. The fish genotypes and phenotypes are identical to those shown in Fig. 5.
In accordance with the findings of many
investigators working with other differentiation systems [52], [3H]guanine incorporation is high in tRNAs from malignant
melanomas that consist predominantly of
poorly differentiated cells. In contrast, the
incorporation is lower if the tRNAs are derived from benign melanomas that consist
predominantly of well-differentiated cells.
Therefore, tRNAs of malignant melanomas
have a higher amount of G in place of Q
than those of the benign melanomas
(Fig. 19B).
To decide whether the distinct difference
in G : Q ratios between benign and malignant melanoma is Diff dependent or represents an epiphenomenon of benignancy
and malignancy, the skin of nontumorous
littermates that Segregate into animals
carrying Diff and lacking Diff like the tumorous fish in a 1 : 1 ratio was used for
analysis (Fig. 19C ) . The Dzr-lacking
segregants always had higher amounts of
Q-lacking tRNA than the Diff-carrying animals. The skin of the parent animals used

Fig.20A,B. Development
of induced somatic mutation-conditioned malignant melanomas on a crossing-conditioned superficial
hereditary melanoma. A
Untreated fish; B Fish
treated with X-rays. It is assumed that the induced
melanomas are due to an
impairment of the differentiation gene Diffin a pigment-cell precursor each

A

B

for the initial crosses showed the same differences (Fig. 19A): X. helleri, which lacks
the Diff gene, has a high PH] guanine incorporation (i.e., is G-rich) whereas X.
macu/atus, which contains the Diff gene,
has a lower [3H] guanine incorporation.
From these results we suggest that the difference of G: Q ratios between benign and
malignant melanoma are not epiphenomena of benignancy and malignancy, but
are closely related to the primary effect of
the Diff gene.
The differences in the functional properties of Q-containing and Q-Iacking tRNAs
require further elucidation. The (Q)tRNAs
have been suggested to prefer codons NAU
to NAC, whereas the Q-Iacking tRNAs
read NAC and NAU equally well [46]. This
may be an important mechanism in the
regulation of translation. For eukaryotic
tRNA Tyr it has been shown that the Q-Iacking species reads a terminator codon, probably UAG. Therefore the Q-Iacking and
Q-containing tRNAs of vertebrates might
select mRNAs for translation by a regulatory mechanism similar to that of termination transcription control (see discussions
in ref. [51]).
If benignancy depends on the presence
of a single copy of Diff and malignancy on
the lack of this copy then it should be possible to induce easily somatic mutation-

conditioned malignant melanoma in the
area of germinal-conditioned benign melanoma. For this purpose we treated superficial benign melanoma with MNU or
X-rays and observed the development of
focal malignant melanoma in the area of
the benign melanoma (Fig. 20). This is not
to say that the benign melanoma changes
to the malignant state. In contrast, the somatic mutation-conditioned malignant
melanoma develops independently from
the already present germ-line-conditioned
benign melanoma. The induced malignant
melanoma, however, competes with the
hereditary benign melanoma for pigmentcell precursors. As a consequence of this
competition the focal malignant melanomas are surrounded by a halo-like zone
that is sparsely polulated by the cells of the
benign melanoma.
This experiment shows once more that
the genes that carcinogens act upon if they
trigger neoplasia are not necessarily the oncogenes themselves, but their regulatory
genes in the broadest sense.

D.

Conclusions

In our Xiphophorus model we have not
found any genetic change of the Mendelian
inherited oncogene Tu that might lead to
neoplasia, although one would expect this
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to be possible based on the molecular findings of other laboratories that mutation, rearrangement, amplification, and demethylation can convert a silent oncogene to the
transforming state. In contrast, our carcinogenesis studies show that the most important process involved in neoplasia in these
animals is loss, impairment, or any other
dysfunction of the regulatory gene system
of the Tu oncogene. About 20 regulatory
genes controlling the oncogene Tu at the
gene level have been identified genetically
and phenotypically. These genes comprise
tissue-specific and com partmen t-specific
(eye, mouth, etc.) regulatory genes (first to
fifth experiments). Once the system of these
regulatory genes controlling Tu is impaired, a chain of events is begun that can
lead straight to neoplasia, but can also be
interrupted by a genetic block of cell differentiation which protects the animal from
the transforming activity of the oncogene.
This protection mechanism can, however,
easily be broken by promotion of cell differentiation (sixth experiment). If, finally,
the cells are transformed, tumor growth can
be stopped by terminal differentiation of
the tumor cells exerted by the differentiation gene. Loss or impairment of the differentiation gene, then, leads definitely to
neoplasia (seventh experiment). Our carcinogenesis experiments indicate that it is
the regulatory genes (in the broadest sense)
and not the oncogene itself that the carcinogens commonly act on, when they trigger neoplasia in Xiphophorus.
The inheritance and phenotypic expression of the genetically defined Tu oncogene
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Fig. 21. Distribution of the c-src oncogene in living organisms. All organisms listed have been tested. c-src was
found in all multicellular animals

parallels completely the expression of the
molecularly defined c-src oncogene. Regardless of any future findings that might
bring Tu substantially in relation to c-src
and/ or any other c-onc, both Tu and c-src
act, are regulated, and are inherited as if
they were the same chromosomal gene of
the natural gene pool of the Xiphophorus
fish.
.
c-src has been found functioning in all
taxonomic groups of multicellular animals
ranging from mammals down to the sponges (Fig. 21) [16, 53], and intensive efforts
are being made in many laboratories to determine whether a cellular oncogene, such
as c-src, is capable of mediating neoplastic
transformation like its viral counterpart [3,
54-59]. If this should be proven we suggest
that all individuals of all metazoa are endowed with the capacity to develop neoplasia. Support for this idea comes from the
fact that neoplasia is distributed - although
sporadically - in all groups of multicellular
animals [60-62]. Ubiquity of the oncogene
in metazoa including humans on the one
hand and the infrequent occurrence ofneopi asia in all these organisms on the other
hand raises the question of the mechanisms
that protect the majority of the individuals
of all metazoans from the action of their
own oncogenes. The Xiphophorus model
provides an opportunity to contribute to
the study of this problem.
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A.

Introduction

Recently there has been increased interest in
the study of chromosomal alterations in neoplastic cells. Such investigations have already
begmrto contribute significantly to our understanding of fundamental tumor biology,
particularly with respect to the role of specific
genes in carcinogenesis. This brief review
will focus on this aspect of tumor cytogenetics, and particularly our own recent studies, but some generalizations will be offered
first to help provide an appropriate perspective.
Based on the work from many laboratories, four general statements can be made
about karyotypic alteration in neoplasia:
1. Most tumors have chromosome abnormalities. These usually are not present in
other cells of the body.
2. In a given tumor, all the neoplastic cells
often have the same cytogenetic change,
or related changes.
3. Chromosome abnormalities are more extensive in advanced tumors.
4. Chromosome alterations are frequently
different between tumors, but there are
nonrandom patterns.
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The cytogenetic findings that support the
first two statements represent a significant
portion of the increasing evidence that somatic genetic changes are important in
tumorigenesis. In addition, the second generalization, along with related biochemical
and immunoglobulin data, has been the
basis for the now generally accepted view
that most neoplasms are unicellular in
origin [1, 2]. The fact that in a given tumor
all of the cells show the same chromosome
abnormality (or related abnormalities) suggests the origin of the tumor from a single
altered cell. Presumably, the particular
karyotypic change confers on the progenitor cell a selective growth advantage, allowing its progeny to expand as a neoplastic
clone [1].
The third generalization listed has also
contributed to our understanding of the
natural history of tumor development. The
observation that more advanced neoplasms
typically show more extensive karyotypic
alterations has led to the suggestion that
clinical and biologic tumor progression
may reflect the appearance in a neoplastic
clone, over time, of subpopulations of cells
with increasingly altered genetic makeup
[1, 3]. Experimental evidence indicates that
neoplastic cells show increased genetic instability, and so are more likely than normal cells to generate genetic variants [3].
Occasionally, such a variant cell may have
more aggressive biologic characteristics,
and so its progeny may grow out as the predominant malignant population, providing
the basis for clinical tumor progression.
This concept has been well documented
in chronic granulocytic leukemia, where
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the cells in the early indolent stage of the
disorder typically show only the Philadelphia chromosome, but the terminal accelerated phase of the disease apparently
results from overgrowth of this initial population by one or more subclones having additional karyotypic changes [4]. A similar
sequence of events has been documented in
other human and experimental tumors [3].
It has also been possible, through cytogenetic studies, to demonstrate the coexistence
of multiple variant subpopulations within
many advanced malignancies, thus providing at least one explanation for the biologically and clinically important phenomenon
of tumor cell heterogeneity [3, 4].
B. Nonrandom Chromosome Abnormalities in Neoplasia
It is the final generalization listed that has

engendered most of the very recent interest
in tumor cytogenetics. With improved
staining methods, it has become increasingly apparent that specific alterations in
particular chromosomes are associated,
with varying degrees of consistency, with
specific types of tumors or with neoplasia
in general [4, 5]. It has been hypothesized
that these nonrandom karyotypic changes
are indicating sites in the genome where
particular genes, important in carcinogenesis, may be located, and also how the
function of these "oncogenes" might be significantly altered [4-6]. In some instances,
the consistent abnormality has been the
gain or loss of a whole chromosome, or
parts of a chromosome, suggesting a critical
role for gene dosage in oncogenesis [4-6].
This has also been suggested by the observation in tumor cells of unusual chromosome structures that include elongated
homogeneously staining regions (HSR),
small extrachromosomal paired chromatin
bodies - double minutes (DM), and abnormal banded regions (ABR), that all apparently represent alternative forms of gene
ampUfication [7, 8).
Specific reciprocal chromosome translocations, without apparent addition or loss
of genetic material, have also been identified as occurring nonrandomly in a variety
of neoplasms, particularly leukemias and
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lymphomas [1, 4, 5]. Because such translocations, as well as a few of the HSR-type
aberrations, are the only karyotypic abnormalities in tumor cells which thus far have
been clearly related to altered function of
known oncogenes, the remainder of this
discussion will be restricted to these
phenomena. Also, since most of the relevant data have been derived from hematopoietic neoplasms, only limited reference will be made to findings in other types
of tumor.
C. Chromosome Translocations
and Oncogenesis
Cytogenetic details of a number of the
translocations recognized in various human
leukemias and lymphomas have been the
subject of several recent reviews [4, 5]. It
has been suggested that their importance in
carcinogenesis results from position effects,
with the translocation bringing an inactive
"proto-"oncogene into juxtaposition with
"activating" sequences elsewhere in the genome [4, 6]. This hypothesis has now been
investigated in cells of Burkitt's lymphoma,
with very recent extension of such concepts
to other leukemias and lymphomas. Current findings will be summarized in the
subsequent sections.

1. Burkitt's Lymphoma
In most cases of Burkitt's tumor [9, 10],
there is a reciprocal translocation between
chromosomes 8 and 14. Variant translocations have been described in a small minority of these neoplasms [11, 12], one involving chromosomes 8 and 22, the other
involving chromosomes 2 and 8. In all instances, the breakpoint in chromosome 8 is
the same, at band q24 in the terminal portion ofthe long arm of the chromosome.
It has also been shown [13-16] that the
genes for human immunoglobulin heavy
chains map to chromosome 14, for A light
chain genes to chromosome 22, and for the
x light chain genes to chromosome 2. At
the same time, one of the human homologs
of known retroviral oncogenes, the socalled c-myc gene that is homologous to the

14q+

Fig. 1. Diagram of the t(8; 14) chromosome translocation in a Burkitt's
lymphoma cell line. The VH genes
translocate from chromosome 14 to
the involved chromosome 8 (8q-),
while the c-myc oncogene translocates
to the heavy chain locus, and shows
greatly increased transcriptional activity in its new location. Reproduced
from [21]

avian virus oncogene v-myc, was found (17,
18] to be located on the terminal portion of
the long arm of chromosome 8. These observations suggested that the immunoglobulin genes and the c-myc oncogene might have important roles in the
development of Burkitt's tumor, and this
has subsequently been demonstrated, in
our laboratory and by others, to be the
case.
It was first shown, in a Burkitt's tumor
cell line [19], that the immunoglobulin
heavy chain locus in these cells was split,
with a portion translocated to the involved
chromosome 8, and a portion retained on
chromosome 14. Subsequently, similar
methods were used to show that the segment of chromosome 8 translocated to the
long arm of chromosome 14 contained the
c-myc oncogene [17, 18, 20], as shown in
Fig. 1. It was also demonstrated [21] that in
its new location, adjacent to a transcriptionally active immunoglobulin gene,
the c-myc oncogene showed markedly increased transcription.
These studies have since been extended
to Burkitt's lymphomas with the variant
8; 22 and 2; 8 chromosome translocations,
using both somatic cell genetic and in situ
hybridization methods [22-25]. In these
circumstances, the results again indicate involvement of both the c-myc gene and an
immunoglobulin gene, but with interesting
differences in the apparent mechanism of
activation of the oncogene. In a study of a
Burkitt's lymphoma cell line with the 8; 22
translocation, we found [23] that the c-myc
gene remains on the number 8 chromosome, and the constant region portion of

the A light chain gene is translocated from
chromosome 22 to this chromosome 8. The
c-myc oncogene on the rearranged chromosome 8 (8q +) shows enhanced transcriptional activity as a result of the translocation, whereas the c-myc oncogene on the
normal chromosome 8 is transcriptionally
silent [23]. Similar results have been obtained with a Burkitt's cell line containing
the variant 2; 8 chromosome translocation
that involves the", light chain locus [24, 25],
and here again it was possible to demonstrate that high levels of transcripts of the
c-myc gene were found when it resided on
the 8q + chromosome, but not on the normal chromosome 8.
Taken together, these various findings
with Burkitt's lymphomas clearly suggest
that a chromosomal rearrangement in a B
lymphocyte that places the c-myc oncogene
adjacent to a transcriptionally active immunoglobulin gene can lead to markedly
increased transcription of the oncogene in
circumstances where it is not normally active. Additional support for this conclusion
comes from concurrent observations with
mouse plasmacytomas, in which it recently
has been shown that a characteristic nonrandom chromosomal translocation involves the same immunoglobulin and myc
genes as in Burkitt's tumor [26J, with the
same effect of increased transcription of
c-myc [27J. The same circumstance may also obtain in the rat [28]. It is not yet clear to
what extent such findings may be applicable to other hemic tumors, but the results
have stimulated initial investigations in a
number of directions. Several of these will
be summarized briefly in the next section.
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II. Other Human Leukemias and
Lymphomas
A number of lymphomas have translocations that involve the terminal portion of
14q (band q32) and either the long arm of
chromosome 11 (q 13) or the long arm of
chromosome 18 (q2I) [29, 30]. It appeared
very likely that these rearrangements might
involve the immunoglobulin heavy chain
locus, as in the 8; 14 translocation of Burkitt's tumor. At present, however, there is
no candidate oncogene that has been
mapped to the relevant regions of 11q and
18q that might be activated in the same
fashion as the c-myc gene in Burkitt's tumor.
We have recently begun to study a number of these translocations, and have cloned
the chromosomal breakpoint of a human B
cell tumor with the characteristic 11; 14
translocation already mentioned [31J. We
have found [32J that the breakpoint is indeed within the immunoglobulin heavy
chain locus on chromosome 14. Furthermore, it was possible to demonstrate that
DNA sequences from chromosome 11 had
been translocated immediately adjacent to
the breakpoint on the involved chromosome 14 and that these chromosome 11 sequences were rearranged. This rearranged
DNA segment was also present in the cells
of another B cell lymphoma with the same
11; 14 translocation, but not in Burkitt's
lymphoma cells with the 8; 14 translocation
or in non-neoplastic human lymphoblastoid cells [31]. Thus, it may be possible to
identity and characterize a gene, for which
we have suggested the name bcl-l, located
at band q 13 of chromosome 11, which appears to be involved in the malignant transformation of human B cells carrying the
11; 14 translocation. Similar studies are
now under way with neoplastic B cells having the 14; 18 translocation that also occurs
nonrandomly in a significant number of
non-Hodgkin's lymphomas.
A different situation is found in several
types of human myeloid leukemia. In these
disorders,
characteristic
chromosomal
translocations have been identified that appear to involve the human homolog of a
known retroviral oncogene, but a mechanism for activation, analogous to the role of
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the immunoglobulin genes in the B cell tumors, has not been readily apparent.
For example, in chronic myelogenous
leukemia (CML), several laboratories [33,
34] have now demonstrated that the typical
t(9 ; 22) (q34; q 11) translocation, which
produces the Philadelphia chromosome,
uniformly involves translocation of the
c-abl oncogene from its normal site on
chromosome 9 to a position adjacent to the
breakpoint on chromosome 22. In this new
location, the c-abl oncogene is close to the
immunoglobulin A light chain locus, which
remains on chromosome 22 (unlike the circumstance in the 8; 22 translocation of the
variant Burkitt's tumors) [35]. There is,
however, evidence that in most CML cells
the A light chain gene is not rearranged or
transcriptionally active, and so it does not
appear to be a likely candidate for "activating" the newly juxtaposed c-abl [36]. Nor is
there yet strong evidence that there is an
alteration in the structure or function of the
translocated c-abl oncogene, except for one
report of an abnormal RNA transcript [37J.
At present, the role of c-abl in the pathogenesis of CML remains under active investigation.
Similar circumstances may obtain with
respect to the 15; 17 chromosome translocation commonly seen in acute promyelocytic leukemia (APL) and the 8; 21 translocation that characterizes a subgroup of patients with acute myelogenous leukemia
(AML) [4]. Several laboratories have been
investigating the possibility that a human
homolog of the retroviral oncogene erbA
might be involved in the typical translocation of APL [38, 39]. We have recently
obtained evidence [39] that supports the
localization of this gene to the q21-22 region of human chromosome 17, closely
proximal to the breakpoint in the t(15;
17)(q22;q21-22) translocation in APL [4].
Perhaps unidentified "activating" sequences are translocated from chromosome
15 and are influencing the erbA oncogene
on chromosome 17, but there are as yet no
specific data to support this hypothesis.
A similar phenomenon might also be occurring in those cases of AML with a
characteristic t(8; 21)(q22; q22) translocation [4J. In this instance, the candidate
proto-oncogene for activation is c-mos,

which has been mapped to the q22 region
of chromosome 8, with the suggestion that
sequences from 21q might be serving in the
activating role [4, 5, 18]. Again, no direct
data are currently available to support this
concept, but our study of the c-erbA oncogene may have provided some relevant information. In that investigation [39], we
were also able to study leukemic cells with
an unusual t(17;21)(q21-22;q22) translocation involving the breakpoints on chromosomes 17 and 21 typically observed in
the 15; 17 translocation of APL and the
8; 21 translocation of AML [40]. Here
again, the erbA oncogene appeared to be
located closely proximal to the breakpoint
on chromosome 17, suggesting the possibility that activating sequences, in this case
from chromosome 21, were being brought
adjacent to it. These would be the same activating sequences presumably brought adjacent to c-mos in the 8; 21 translocation of
AML.
At present, these studies of translocations
in hematopoietic tumors other than Burkitt's lymphoma are still in their early
stages. It does already appear, however,
that they will provide important information on other oncogenes and other activating mechanisms that could have wide applicability in tumor biology.
D. Chromosome Alterations and
Oncogene Amplification Units
As already indicated, the types of visible
chromosomal changes in malignant tumors, other than translocations, that have
been most definitely associated with known
oncogenes to date are certain of the HSR,
DM, and ABR that appear to represent
gene amplification units. In earlier studies
of tissue culture cell lines, it was demonstrated that these unusual cytogenetic
structures represented, in some cases, multiple copies of genes necessary for cell
growth under specific culture conditions [8,
41]; and also that they might be alternative
forms of gene amplification, with HSR
breaking down to form DM, and DM integrating into various chromosomal sites to
generate HSR and ABR [7, 8]. Although
these structures do not show the same con-

sistent localization within the genome as do
the nonrandom chromosome translocations, it has been shown that they can involve human homologs of retroviral oncogenes.
Perhaps most interesting is the recent report [42] that the HSR observed in a significant proportion of cases of freshly isolated
neuroblastoma cells involved DNA sequences related, but not identical, to the
c-myc oncogene. This new gene, which they
designated N-myc, maps to the short arm of
chromosome 2 in normal cells, but in the
neuroblastoma cells studied, the amplified
N-myc was found to be located at a variety
of sites within the genome [42].
Related observations have been made in
our laboratory and elsewhere on several
cell lines derived from human carcinomas
and leukemias [43-45]. For example, it has
recently been demonstrated that in cells of
the HL-60 cell line, originally established
from a patient with APL, there are 20-40
copies of the c-myc gene [46, 47], and that
these are associated with an ABR on chromosome 8 in the normal location of c-myc
[45] (Fig. 2). Alitalo et al. [43] have shown
similar amplification of c-myc in a human
intestinal carcinoma cell line, related either
to an HSR at an abnormal location in the
genome or to DM chromosomes. In a study
involving another oncogene, we have been
able to demonstrate that multiple copies of
the c-abl oncogene in the K562 cell line
(from a case of CML), as well as similarly
amplified copies of the C-A immunoglobulin gene, are associated in an
ABR located on what appears to be a
modified Philadelphia chromosome [44].
These various data, although still limited,
certainly suggest that gene amplification
units, recognizable cytogenetically as HSR,
DM, and ABR, can represent another
mechanism by which oncogene function
may be so altered as to play a singificant
role in tumorigenesis. This appears already
well documented with respect to chromosomal translocations. As additional studies
of oncogene structure and function are
linked in the near future to various other
types of nonrandom chromosomal alterations in neoplasia, it may be expected that
similar associations will be made with respect to specific additions and losses of
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Fig.2. Karyotype ofhuman leukemic cell line HL60, in which amplification
of the c-myc oncogene was
shown to be associated with
the abnormally banded region of chromosome 8 (arrows). Reproduced from
[45]
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chromosomal material as well. It is equally
clear that not all specific genetic changes
important in carcinogenesis will be demonstrable through karyotypic studies, and that
many will be submicroscopic, but meanwhile a wealth of visible changes are available for exploitation by combining modem
c~togenetic and molecular genetic techmques.
References
1. Nowell P (1976) The clonal evolution of tumor cell populations. Science 194:23
2. Fialkow P (1979) Clonal origin of human tumors. Annu Rev Med 30: 135
3. Nowell P (1983) Tumor progression and
clonal evolution: the role of genetic instability. In: German J (ed) Chromosome mutation and neoplasia. Liss, New York, p 413
4. Rowley JD, Testa JR (1983) Chromosome
abnormalities in malignant hematologic diseases. In: Advances in cancer research. Academic, New York, p 103
5. Yunis 11 (1983) The chromosomal basis of
human neoplasia. Science 221: 227
6. Klein G (1981) The role of gene dosage and
genetic transpositions in carcinogenesis. Nature 294: 313
7. Balaban-Malenbaum G, Gilbert F (1977)
Double minute chromosomes and the homogeneously staining regions in chromosomes
of a human neuroblastoma cells line. Science
198:739

258

18

8. Biedler JL, Melera PW, Spengler BA (1983)
Chromosome abnormalities and gene amplification: comparison of antifolate-resistant
and human neuroblastoma cell systems. In:
Rowley JD, Ultmann JE (eds) Chromosomes
and cancer: from molecules to man. Academic Press, New York, p 117
9. Manolov G, Manolova Y (1972) Marker
band in one chromosome 14 from Burkitt
lymphoma. Nature 237:33
10. Zech L, Haglund V, Nilsson N, Klein G
(1976) Characteristic chromosomal abnormalities in biopsied and lymphoid cell lines
from patients with Burkitt and non-Burkitt
lymphoma. Int J Cancer 17:47
11. Van den Berghe H, Paloir C, Gosseye S,
Englebienne V, Cornu G, Sokal G (1979)
Variant translocation in Burkitt lymphoma.
Cancer Genet Cytogenet 1: 9
12. Lenoir GM, Preud'homme JL, Bernheim A,
Berger R (1982) Correlation between immunoglobulin light chain expression and
variant translocation in Burkitt's lymphoma.
Nature 298:474
13. Croce CM, Shander M, Martinis J, Cicurel
L, D'Ancona GG, Dolby 1W, Koprowski H
(1979) Chromosomal location of the human
immunoglobulin heavy chain genes. Proc
Nat! Acad Sci USA 76:3416
14. Erikson J, Martinis J, Croce CM (1981) Assignment of the human genes for immunoglobulin chains to chromosome 22.
Nature 294: 173
15. McBride OW, Heiter PA, Hollis GF, Swan
D, Otey MC, Leder P (1982) Chromosomal
location of human kappa and lambda im-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

munoglobulin light chain constant region
genes. J Exp Med 155: 1480
Malcolm S, Barton P, Murphy C, FergusonSmith MA, Bentley DL, Rabbitts TH (1982)
Localization of the human immunoglobulin
light chain variable region genes to the short
arm of chromosome 2 by in situ hybridization. Proc Nat! Acad Sci USA 79:4957
Dalla Favera R, Bregni M, Erikson J, Patterson D, Gallo RC, Croce CM (1982) Assignment of the human c-myc onc-gene to
the region of chromosome 8 which is translocated in Burkitt lymphoma cells. Proc Natl
Acad Sci USA 79:7824
Nee! B, Jhanwar S, Chaganti R, Hayward W
(1982) Two human c-onc genes are located
on the long arm of chromosome 8. Nat! Acad
Sci USA 79:7842
Erikson J, Finan J, Nowell PC, Croce CM
(1982) Translocation of immunoglobulin VH
genes in Burkitt lymphoma. Proc Natl Acad
Sci USA 79:5611
Taub R, Kirsch I, Morton C, Lenoir G, Swan
D, Tronick S, Aaronson S, Leder P (1982)
Translocation of the c-myc gene into the immunoglobulin heavy chain locus in human
Burkitt lymphoma and murine plasmacytoma cells. Proc Nat! Acad Sci USA
79:7837
Erikson J, ar-Rushdi A, Drwinga H, Nowell
P, Croce C (1983) Transcriptional activation
of the translocated c-myc oncogene in Burkitt lymphoma. Proc Nat! Acad Sci USA
80:820
De la Chapelle A, Lenoir G, Boue J, Boue A,
GalIano P, Huerre C, Szajnert M-F, Jeanpierre M, Lalouel JM, Kaplan JC (1983)
Lambda Ig constant region genes are translocated to chromosome 8 in Burkitt's lymphoma with t(8; 22). Nucleic Acids Res
11: 1133
Croce C, Thierfelder W, Erikson J, Nishikura
K, Finan J, Lenoir G, Rabbitts T, Nowell P
(1983) Transcriptional activation of an unrearranged and untranslocated c-myc oncogene by translocation of a C-lambda locus in
Burkitt lymphoma cells. Proc Nat! Acad Sci
USA 80:6922
Erikson J, Nishikura K, ar-Rushdi A, Finan
J, Emanuel B, Lenoir G, Nowell PC, Croce
CM (1983) Translocation of an immunoglobulin kappa locus to a region 3' of an unrearranged c-myc oncogene enhances c-myc
transcription. Proc Nat! Acad Sci USA
80:7581
Emanuel B, Selden J, Chaganti RSK, Jhanwar S, Nowell PC, Croce CM (1984) The 2p
breakpoint of a 2; 8 translocation in Burkitt's
lymphoma interrupts the Vk locus. Proc Natl
Acad Sci USA 81: 2444

26. Shen-Ong GLC, Keath EJ, Piccoli SP, Cole
MD (1982) Novel myc oncogene RNA from
abortive immunoglobulin-gene recombination in mouse plasmacytomas. Cell 31: 443
27. Marcu K, Harris L, Stanton L, Erikson J,
Watt R, Croce CM (1983) Transcriptionally
active c-myc oncogene is contained within
NIARD, a DNA sequence associated with
chromosomal translocations in B-cell neoplasia. Proc Natl Acad Sci USA 80: 523
28. Sumegi J, Spira J, Bazin H, Szpirer J, Levan
G, Klein G (1983) Rat c-myc oncogene is located on chromosome 7 and rearranges in
immunocytomas with t(6; 7) chromosomal
translocation. Nature 306: 497
29. Fukuhara S, Rowley JD, Variakojis D,
Golomb HM (1979) Chromosome abnormalities in poorly differentiated lymphocytic
lymphoma. Cancer Res 39:3119
30. Yunis JJ, Oken MM, Kaplan ME, Ensrud
KM, Howe RR, Theologides A (1982) Distinctive chromosomal abnormalities in histologic subtypes of non-Hodgkin's lymphoma.
N Engl J Med 307: 1231
31. Tsujimoto Y, Yunis J, Onorato-Showe L,
Nowell P, Croce C (1984) Science 224: 1403
32. Erikson J, Finan J, Tsujimoto Y, Nowell P,
Croce C (1984) The chromosome 14 breakpoint in neoplastic B cells with the t(11; 14)
translocation involves the immunoglobulin
heavy chain locus. Proc Natl Acad Sci USA
81:2444
33. De Klein A, van Kessel AG, Grosveld G,
Bartram CR, Hagemeijer A, Boatsma D,
Spurr NK, Heisterkamp N, Groffen J,
Stephenson JR (1982) A cellular oncogene is
translocated to the Philadelphia chromosome in chronic myelocytic leukemia. Nature 300: 765
34. Heisterkamp N, Stephenson JR, Groffen J,
Hansen PF, de Klein A, Bartram CR, Grosveld G (1983) Localization of the c-abl oncogene adjacent to a translocation break point
in chronic myelocytic leukaemia. Nature
306:239
35. Emanuel B, Wang E, Nowell P, Selden J,
Croce C (1984) Non-identical 22q 11 breakpoint for the t(9; 22) of CML and the
6 (8; 22) of Burkitt's lymphoma. Cytogenet
Cell Genet 38: 127
36. Bakhshi A, Minowada J, Arnold A, Cossman
J, Jensen JP, Whang-Peng J, Waldman TA,
Korsmeyer SJ (1983) Lymphoid blast crises
of chronic myelogenous leukemia represent
stages in the development of B-cell precursors. N Engl J Med 309: 826
37. Canaani E, Steiner-Saltz D, Aghai A, Gale
RP, Berrebi A, Januszewicz E (1984) Altered
transcription of an oncogene in chronic
myeloid leukemia. Lancet 1: 593

259

38. Spurr NK, Solomon E, Jannson M, Sheer D,
Goodfellow PN, Bodmer WF, Vennstrom B
(1984) Mapping of cellular oncogenes:
ErbAl is on chromosome 17. EMBO J 3: 159
39. Dayton AI, Selden JR, Laws G, Dorney DJ,
Finan J, Tripputi P, Emanuel BS, Rovera G,
Nowell PC, Croce CM (1984) A human cerbA oncogene homologue is closely proximal to the chromosome 17 breakpoint in
acute promyelocytic leukemia. Proc Natl
Acad Sci USA 81: 4495
40. Nowell P, Wilmoth D, Hoxie J, Lyss A
(1984) Ph-positive acute leukemia with a
17q; 21q translocation. Cancer Genet Cytogenet 12:51
41. Kaufman RJ, Brown PC, Schimke RT (1979)
Amplified dihydrofolate reductase genes in
unstably methotrexate-resistant cells are associated with double minute chromosomes.
Proc Natl Acad Sci USA 76:5669
42. Schwab M, Alitalo K, Klempnauer K-H,
Varmus HE, Bishop JM, Gilbert F, Brodeur
G, Goldstein M, Trent J (1983) Amplified
DNA with limited homology to myc cellular
oncogene is shared by human neuroblastoma cell lines and a neuroblastoma tumor.
Nature 305:245
43. Alitalo K, Schwab M, Lin CC, Varmus HE,
Bishop JM (1983) Homogeneously staining

260

44.

45.

46.

47.

chromosomal regions contain amplified
copies of an abundantly expressed cellular
oncogene (c-myc) in malignant neuroendocrine cells from a human colon carcinoma.
Proc Natl Acad Sci USA 80: 1707
Selden J, Emanuel B, Wang E, Cannizzaro
L, Palumbo A, Erikson J, Nowell P, Rovera
G, Croce C (1983) Amplified C-lambda and
c-ab/ genes on the same marker chromosome
in K562 leukemic cells. Proc Natl Acad Sci
USA 80:7289
Nowell P, Finan J, Dalla Favera R, Gallo R,
ar-Rushdi A, Ramanczuk P, Selden J,
Emanuel B, Rovera G, Croce C (1983) Association of amplified oncogene c-myc with
an abnormally banded chromosomes 8 in a
human leukemia cell line. Nature 306:494
Collins S, Groudine M (1982) Amplification
of endogenous myc-related DNA sequences
in a human myeloid leukaemia cell line. Nature 298: 679
Dalla Favera R, Wong-Staal F, Gallo RC
(1982) Onc-gene amplification in promyelocytic leukaemia cell line HL-60 and primary
leukaemic cells of the same patient. Nature
299:61

Haematology and Blood Transfusion

Vol. 29

Modern Trends in Human Leukemia VI
Edited by Neth, Gallo, Greaves, lanka
© Springer-Verlag Berlin Heidelberg 1985

Chromatin Structure of the Human c-myc Oncogene: Definition
of Regulatory Regions and Changes in Burkitt's Lymphomas
U. SiebenlistI, L. Hennighausen2, J. Battey 3, and P. Leder 2

A.

Introduction

Chromosomal translocations of the myc
oncogene are a consistent feature of all
Burkitt's lymphomas and are also observed
in many murine plasmacytomas. These
translocations of myc occur into the immunoglobulin loci and they result in a general increase in myc transcription, but this
increase in myc is variable [2, 6, 7, 10, 11,
21, 22]. Since myc may be regulated during
the cell cycle (see [9]), deregulation may
mean expression at the inappropriate time,
which in turn may result in only a modest
overall increase in transcription of myc in
Burkitt's lymphomas. On the other hand,
the true (and unidentified) precursor cell of
Burkitt's lymphomas may have a very low
level of myc transcription and we are as yet
unable to assess properly the true increase
in transcription as a consequence of
translocations.
In any case, another observation points
to a loss of the normal control mechanism
governing myc in Burkitt's lymphomas. The
nontranslocated myc allele is transcriptionally silent in Burkitt's lymphomas as well as
in plasmacytomas [2, 19, 21] and this has
led to the prediction that the myc gene is
under negative control [10, 13]. Thus, to
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understand how translocations affect myc
expression it is critical to understand how
myc is regulated. We therefore identified
the presumed regulatory sequences near
myc by DNAase I hypersensitivity studies
[17].
DNAase I hypersensitivity is due to a
discrete region on chromatin that is very
sensitive to DNAase I [18, 23]. Hypersensitive sites appear near many different DNA
sequences which are known to be functionally important for gene expression, as is the
case of the immunoglobulin kappa light
chain and heavy chain enhancers [14]. In
fact, hypersensitive regions may bind regulatory proteins [5].
We will discuss here the location of
DNAase I hypersensitivity sites immediately 5' of myc near sequences that we suspect on the basis of other data to be functionally important. We will also dicuss the
dramatic difference in chromatin structure
between the translocated and the nontranslocated alleles in two Burkitt's lymphomas, BL 31 and BL 22. The nontranslocated allele features one strong hypersensitive site, a probable site for mediating negative transcriptional control of myc.
The deregulation of the translocated myc
allele in BL 31 is likely to be the result of
the immunoglobulin heavy chain enhancer,
juxtaposed with the myc gene in that
lymphoma.
B.

Results and Discussion

In order to study the effect of a translocation on the chromatin structure of myc,
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Fig. 1. DNAase-I-hypersensitive sites near myc
in PF, 8392, and BL 31 cells. Nuclei were digested with increasing amounts of DNAase I
(from left to right) (for details see [17]) and the
isolated genomic DNA was restricted with Sst I,
electrophoresed, blotted onto nitrocellulose, and
hybridized with the PX probe. The hypersensitive sites are labeled I, Ill, 11 2 , 111 1 , 111 2 , IV, E I,
and E2. EI is the location of the immunoglobulin enhancer. a represents the germ line myc
fragment and b is the translocated myc allele,
both of which are detected by the probe. S is an
internal size marker genomic Sst I fragment
which the probe overlaps. Solid bar indicates
myc-derived sequences, while open bar indicates
Ig- derived sequences. The box represents the
untranslated first myc exon. S, SstI; B, BgIII;
P, PvuII; X, XbaI

we initially chose a Burkitt's lymphoma in
which the translocation point occurs at a
considerable distance from the myc oncogene. This less common situation occurs in
BL 31. Here the myc gene is translocated
into the IgM locus, with the crossover point
occurring about 6 kb upstream of the first
and untranslated myc exon. Also unusual,
though not unique, is that myc is now jux262

taposed with the immunoglobulin heavy
chain enhancer.
DNAase-I-hypersensitive sites in this
Burkitt's cell and in the nonmalignant
B-celliines PF and 8392 (EBV-transformed
lymphoblastoid lines) were determined essentially as described by Wu [23] (for details see [17]). In this method, nuclei are
digested with increasing amounts of
DNAase I. Upon isolating and restricting
the DNA, the DNAase-I-cutting sites (hypersensitive sites) can be visualized as subbands on genomic Southern blots, in addition to the original genomic restriction
fragment. As is shown in Fig. 1 for the lymphoblastoid lines PF and 8392 and the Burkitt's line BL 31, these subbands appear
with increasing amounts of DNAase I, from
left to right. PF and 8392 cells contain two
germline myc alleles (fragment a in Fig. 1),
whereas BL 31 cells have one translocated
(b) and one germline (a) myc band. Clearly
several
DNAase-I-hypersensitive
sites
emerge and their positions are indicated on
the map in Fig. 1 and summarized in Fig. 2.
The DNAase-I-hypersensitive sites I
through III are consistently observed,
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Fig. 2. Location of DNAase-I-hypersensitive
sites. The sizes of the arrows reflect the approximate relative intensities of the hypersensitive
sites in the lymphoblastoid lines. H, HindIII; R,
EcoRI; Pl and P2 are the two myc promoters;
for further description see Fig. I and text

whereas sites IV and V are not (site IV is
only seen in 8392 cells and site V is very
weak in these cells, but much more intense
in peripheral T cells; U. Siebenlist, unpublished observation). EI is located at the immunoglobulin enhancer and E2 lies close to
or at the crossover point.
Hypersensitive sites I through III lie
within a 2-kb region immediately 5' of the
myc gene, a region we thus presume to contain regulatory sequences. Indeed all of
these hypersensitive sites coincide with positions that we suspect on the basis of other
data to be functionally important. This
strengthens our notion that the DNAaseI-hypersensitive sites reflect regions critical
to myc regulation.
To begin with, the very strong hypersensitive site I is located about 2 kb upstream
of the P2 promoter start site, within a sequence region that is well conserved between mouse and man, as seen in a crossspecies heteroduplex [1]. Such conservation
is usually indicative of functional importance, and, as we will discuss below, this region possibly mediates negative control of
myc.
The hypersensitive sites 111-1 and IIl-2
are located directly upstream of the two
myc promoters PI and P2, respectively. IIl1 maps about 100 basepairs 5' of the PI
'TATA' box in a cystosine-rich stretch of
DNA that is very homologous to the - 100
region described by Dierks [4], a region of
functional significance for several genes.
This sequence may therefore bind a more
general transcription factor.

The relatively weak hypersensitive site
II -1 lies just 5' of a sequence which is recognized by a protein from nuclear extracts
in vitro (see [17]). Interestingly, site II-2lies
next to a similar sequence. We speculate
that the in vitro binding also occurs in vivo,
resulting in a hypersensitive site II-I and
possibly also 11-2. By comparing these sequences with other competing binding sites
next to the human immunoglobulin mu
gene (L. Henninghausen, unpublished observation) or in the long terminal repeat of
adenovirus [17], a conserved sequence
emerges (TGGCNs GCCAA). The binding
site on adenovirus is in fact also recognized
by nuclear factor 1, a nuclear protein which
has been shown to be necessary for
adenovirus replication in vitro [12]. Since
purified nuclear factor I also binds to the
immunoglobulin and myc sites (L. Henninghausen, unpublished observation), it is
likely to be the protein detected in our nuclear extracts. Although this protein has an
identified role in replication of adenovirus,
its function at the myc locus is yet to be defined.
Is the fact that only the translocated allele in Burkitt's lymphomas is transcribed
reflected in the chromatin structures of the
two myc alleles within the same cell? In
BL 31 the two myc alleles can be differentiated by employing a probe which hybridizes only to the nontranslocated (germline) myc (a), but not to the translocated
myc, as seen in Fig. 3. The germline myc allele in BL 31 has only one hypersensitive
site, I, and it is very intense when compared with the contribution from both
chromosomes in PF; sites II and III are undetectable. A similar situation exists in
BL 22, where the breakpoint on the translocated allele occurs between hypersensitive sites III and 112 (U. Siebenlist, unpublished observation and [1]). We therefore
hypothesize that site I mediates the nega263
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tive transcriptional control that appears to
operate on the germline myc gene in all
Burkitt's cells and plasmacytomas where
this could be analyzed (see "Introduction"). In one of several possible scenarios
then, we imagine that the abnormally high
production of myc from the translocated allele precipitates increased activity in a
trans-acting repressor which functions
through site I on the germline myc allele.
This, in turn, represses transcription of myc,
possibly by preventing transcriptional factors from binding at site III.
Elimination of site I by the translocation
process may explain deregulation of myc in
BL 22, but how does the translocated myc
allele escape repression in BL 31, where the
chromosomal breakpoint does not cut the
regulatory region apart? Sites IIII and III2
are very intense on the translocated allele,
suggesting that the translocation interferes
with the function of the hypothetical transacting repressor proposed above. In BL 31,
this may be due to the immunoglobulin
heavy chain enhancer, which is presumably
functional, since it is itself associated with a
hypersensitive site (see Fig. 1). Interestingly, insertion of an ALV LTR 5' of the
chicken myc gene changes the chromatin
264

structure of that gene as well [16]. Here, the
enhancer may directly activate the promoters, possibly by allowing transcriptional
factors to bind near sites III-l and 1II-2. Of
course other not yet identified elements
either removed or introduced by the
translocation could also contribute the
chromatin changes observed and thus lead
to the deregulation of myc.
The presented data lead to a new interpretation of how translocations in general
may deregulate the myc gene. We would
like to suggest that the structural alteration
or elimination of site I (like in BL 22) might
account for the observed loss of the normal
control mechanisms governing this gene.
Many translocations interrupt or eliminate
this site and the untranslated first exon [2,
3, 8, 15, 20, 21]. In addition, it is possible
that this region is mutated as a consequence of a translocation [15, 21]. Of
course, other mutational changes of elements may further affect the deregulation
of the myc gene. In BL 31, site I is retained
and most likely not mutated and here the
strong dominant effect of the immunoglobulin enhancer may cause deregulation.
Experiments testing these hypotheses are in
progress.
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Identification of the Human Cellular myc Gene Product by Antibody
Against the Bacterially Expressed Protein
T. Benterl, P. Beimlingl, E. PfafP, T. Sander l , B. Heimann 1, and K. Moellingl

Retroviruses code for oncogenes which are
related to normal cellular genes. The oncogenes code for products which, according
to their properties, can be classified into
two groups, one group comprising those
gene products which reside in the nucleus,
like myb and myc, and the other, larger
group represented by the src gene family,
which codes for membrane-associated proteins, some of which exhibit protein kinase
activities (for review see [41).
The myc gene is the transforming gene of
MC29 viruses. Its normal cellular homologous gene may playa role in certain types
of tumor such as Burkitt's lymphoma and
small cell cancer of the lung (SCCL) [3];
and for review see [6]. To identify the human cellular myc (hu-c-myc) gene product,
the production of antibodies was required.
For that purpose a portion of the hu-c-myc
gene has been cloned into an expression
vector for protein expression in bacteria.
The expression vector pPLc24 codes for the
replicase gene of the bacteriophage MS2 [5]
and has been used previously for the expression of a MS2-viral myc fusion protein
[1] (see Fig. 1, clone p-myc 5/30 Sal). The
viral myc gene was replaced by the ClalBcll fragment of the human cellular myc
gene (clone p-myc 6/4, Fig. 1). Expression
of the MS2-hu-c-myc fusion protein is controlled by a thermolabile repressor. Cells

I Max-Planck-lnstitut fUr Molekulare Oenetik,
Ihnestrasse 63, 1000 Berlin 33, FRO
2 Zentrum fur Molekulare Biologie, UniversiHit
Heidelberg, 1m Neuenheimer Feld 230,
6900 Heidelberg, FRO
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grown overnight at 28°C are shifted to
42 °C for 2 h which results in expression of
the fusion protein. About 10% of the total
bacterial protein content is represented by
the fusion protein abbreviated as MS2-myc
in Fig. 2 a, which has a molecular weight of
about 30 000, 20 000 of which are myc specific.
This protein was eluted from gels or purified by differential centrifugation and solubilization in 6 M urea. Antibodies were
raised in rabbits and the serum applied to
immobilized MS2-containing bacterial lysate to remove MS2-specific IgG from the
serum and subsequently hu-c-myc-specific
IgG was recovered from MS2-hu-c-myccontaining bacterial protein lysates. Details
of a similar IgG isolation procedure have
been described [1]. The hu-c-myc-specific
IgG was used for immunoblotting of HeLa
and MC29-Q8-NP cellular lysates which
were lysed in RIPA buffer as described [2].
The result is shown in Fig. 2 b. The huc-myc-specific IgG cross-reacts with the
pllOgag-myc protein from MC29-Q8 fibroblasts and recognizes a protein of molecular weight 64000, designated p64hu-c-myc. A
faint larger band of molecular weight
67 000 is also detectable. Figure 3 shows
that the hu-c-myc gene product in HeLa
cells gives rise to nuclear fluorescence. The
experiment was performed as described [2].
Whether the hu-c-myc gene product is
also a DNA-binding protein similar to
p 1lOgag-myc [2], needs to be demonstrated.
The myc- gene product is expected to be a
transcriptional control element. Experiments are in progress to demonstrate this
effect.
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Fig. 1. The hu-c-myc clone was
constructed from pPLc24 containing a portion of the v-myc
gene previously designated
p-myc 5/30 Sal [1]. The v-myc
gene was replaced by the Clall
Bcl fragment of the
hu-c-myc clone and the clone
designated p-myc 6/4
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b

clone described in Fig. I
was expressed in bacteria.
At 42 DC, the MS2-hu-c-myc
protein (abbreviated MS2myc) is expressed. The protein was purified and solubilized in 6 M urea; b huc-myc-specific IgG was
isolated from antibodies
against the MS2-hu-c-myc
protein and used in an immunoblot with HeLa and
MC29-Q8-NP celllysates
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Fig.3. Indirect immunofluorescence with HeLa
cells using hu-c-myc-specific antiserum (1 : 40 dilution)
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Oncogenes of Avian Acute Leukemia Viruses are Subsets
of Normal Cellular Genes
T. S. Papas t, N. C. Kan t, D. K. Watson t, 1. A. Lautenberger 1, C. Flordellis 1, K. P. SamueP,
U. G. Rovigatti 1, M. Psallidopoulos 1, R. Ascione 1, and P. H. Duesberg 2

A. Introduction
Avian acute leukemia viruses are a group
of defective retroviruses which cause neoplasia in animals after short periods of
latency. Transformation induced by the
acute leukemia viruses usually manifest the
direct expression of one or two viral one
genes that include characteristic elements
transduced from cellular genes termed
proto-oncogenes. Table I demonstrates the
oncogenic properties of these viruses. Of
particular interest to our laboratory is the
MC29 subgroup of acute transforming
viruses with one-specific sequence termed
mye as well as the avian myeloblastosis virus (AMV) subgroup with an one-specific
sequence termed myb. There are dramatic
biologic differences between these two subgroups of viruses. As illustrated in Table 1,
the MC29 subgroup possesses a broad
spectrum of oncogenicity in vivo, causing
leukemia and solid tumors in animals, and
the ability to transform a variety of cells
such as fibroblasts and hematopoietic cells
in vitro. By contrast, the AMV subgroup
has a much narrower spectrum of oncogenicity in vivo, causing leukemia, but not
solid tumors, and possesses the ability to
transform only hematopoietic cells in vitro.
Significant biologic differences exist
among the viruses of the MC29 subgroup.

To understand these biologic differences,
we have cloned the integrated proviral
genomes of the MC29 and MH2 viruses
and analyzed their genetic structures. The
one gene of MC29 is a genetic hybrid
(L1gag-mye), that consists of an element derived from the retroviral gag gene linked to
the two 3' exons of the cellular proto-mye
gene. Thus in MC29-infected cells, the transforming one gene product is expressed as a
hybrid protein that includes both gag and
mye sequences. A unique characteristic of
the MH2 virus that has been described in
our laboratory is that this virus contains
two different one genes, each of which is
different from the L1gag-mye gene of MC29.
One MH2 one-gene has the genetic structure L1gag-mht, the other exists in two
exons, a small 5' exon of 6 gag codons and
a major 3' mye exon that is almost colinear
with the mye sequence of MC29 [1,2], Finally, our studies on the proto-mye and protomht genes have enabled us to reconstruct
how the mye and mht sequences of MC29
and MH2 were transduced from proto-mye
and proto-mht by the retroviruses that must
have generated MC29 and MH2.

B. Results and Discussion
1. Sequence Analysis of MC29
and Chicken and Human Proto-mye
Oncogenes

I National Cancer Institute-FCRF, National Institutes of Health, Frederick, MD 21701
2 Department of Molecular Biblogy, University
of California, Berkeley, California 94740, USA

We have cloned [3] and sequenced the
L1gag-mye gene of MC29 as well as the
chicken proto-mye gene, and the cor269

Table 1. Oncogenic properties of acute leukemia virus
Virus
Strain

Neoplastic growth induced in vivo

Sarcoma
(Fibrosarcoma=F)
(Hepatocytoma=H)

MC29 subgroup
F,H
MC29
F,H
MH2
F,H
OKlO
F,H
CMII
AMY subgroup
AMY
E26
AEV subgroup
AEV
F

Cell Types
Transformed
in vitro

Viral one
sequences

Carcinoma
Acute leukemia
(Renal adeno(Myelocyto(Fibrocarcinoma = RC) matosis=M)
blastic=f)
(Carcinoma = C) (Erythro(Epitheloid = ep)
blastosis = E)
(Myeloid=m)
(Myeloblas(Erythroid = e)
tosis = My)

C,RC
C,RC
C,RC
C,RC

C

M,E
M,E
M,E
M,E

f,
f,
f,
f,

My
My,E

m
m,e

myb
myb, ets

E,M

f,e

erb A, erb B

responding human proto-myc gene [4-6].
We have then aligned the sequences of the
viral and cellular myc-related genes on the
basis of their nucleotide homology, to identify similarities and dissimilarities, and
have reached the conclusions presented
elsewhere [7].

ep, m, e
ep, m, e
ep, m, e
ep, m, e

myc
myc, mht
myc
myc

amino acids capable of encoding a protein
of about 100 kilodaltons. This prediction is
in accord with the size of the pi 00 gag-mht
protein observed in MH2-transformed cells
[8].
III. Sequence Homology Between mht
and raJ

II.

Molecular Structure of MH2

We have molecularly cloned the MID provirus, and determined its exact genetic
structure by sequence analysis shown in
Fig. 1 [2]. As expected, the virus contained
a gag-derived sequence as the 5' end of the
viral genome and a myc-sequence as its 3'
end. Unexpectedly, this analysis revealed
an MID-specific sequence of 1.2 kilobases,
termed mht, which is unrelated to the myc
sequence and which maps between L1gag
and mye [4, 5]. The nucleotide sequence of
the MH2 viral genome indicates that the
gag region and the mht gene form an open
reading frame starting at the known AUG
codon of the gag gene and terminating at a
TAG stop codon near the 3' end of mht.
This open reading frame contains 894
270

When the mht sequence of MH2 was compared with the one-specific raj sequence of
mouse sarcoma virus (MSV) 3611, a striking homology extending from the 5' end
of mht sequence for over 969 nucleotides was observed (Fig. 1) [9-10]. At the
nucleotide level, the homology is 80%.
Most nucleotide changes are third-base
substitutions that result in no amino acid
changes. The raj sequence differs from the
mht sequence by having one inserted codon
(proline) at position 1170 and by 19 amino
acid substitutions. The absence of proline
at position 1170 in the mht sequence is confirmed by MH2-specific oligonucleotide 6 a
[1]. Thus, the homology is 94% at the deduced amino acid leveL This region of homo1ogy is flanked in both viruses by MH2- and

MSV-specific sequences with essentially no
homology between the two viruses. At the
5' end, the homology begins 174 base pairs
3' to the gag-mht junction in MH2. Thus, the
first 57 amino acids of mht preceding the start
of homology with raj are MID specific,
whereas raj is a completely colinear subset
of mht [10]. At the 3' end, the two sequences share a common termination codon at position 1186 and diverge beyond
this position. Following the termination codon, there are 12 and 175 presumably cellderived noncoding nucleotides in mht and
raj, respectively.
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We have recently shown that the mht sequence, like the specific sequences of other
retroviral one genes, has a cellular counterpart in the chicken chromosome [7] as well
as in the chromosomes of mice and humans
(data not shown). Because a 3.8 kilobases
cellular mht-related mRNA was detected
by RNA blot hybridization In normal
chicken cells [7], the chicken proto-mht
gene may contain a coding sequence of
about 3.8 kilobases. Therefore, the 1.3 kilobases mht sequence of MH2 probably represents only a subset of the proto-mht gene.
The fact that the mht sequence terminates
with several translation stop codons, suggests that it represents the 3' end of the
proto-mht gene. The same is true for the relation between the viral mye and proto-myc
genes [7, 11]. Thus, the Agag-mht gene and
the cellular proto-mht gene are coterminal,
but not isogenic. This is consistent with the

Fig. 1. Genetic structure of MH2 proviral genome. A restriction enzyme map of the 6.5 kilobases EcoRI-resistant quail DNA fragment that
includes the MH2 provirus [1] is shown above
the genetic map of MH2 proviral genome.
Broken lines represent sequences not present in
the 6.5 kilo bases Eco RI fragment; boxes between the 5' and 3' L1R represent cell-derived
sequences; full lines between the two L1R represent viral sequences; p 100 and p57 represent
the Agag-mht hybrid protein and the myc-containing protein in MH2-transformed cells, respectively
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notion that the one genes of most retroviruses are subsets of their cellular prototypes. By the same analogy, our parallel
observation with AMY and MY29 viruses
compared with their proto-one transcripts
seem to support this overall scheme (Table
2). The most dramatic example is the segment of the ets gene transduced by E26 virus which is four times smaller than the
proto-ets transcript identified in normal
chicken embryo fibroblasts (Table 2) [12,
13].
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Structure and Function of ras and Blym Oncogenes
G. M. Cooper 1

A. Introduction
The biologic activity of tumor DNA, detected by transfection of NIH 31'3 mouse cells,
has led to the identification of transforming
genes which are activated in a variety of
human, rodent, and avian neoplasms (see
[5] for recent review). The transforming
genes of some neoplasms are cellular
homologs of the ras genes of Harvey and
Kirsten sarcoma viruses. Other neoplasm
transforming genes, such as Blym-l, are unrelated to ras or to other retroviral transforming genes. In this article, I will discuss
recent work related to functional analysis
of the ras and Blym-l gene products.
B. ras Genes
Three different members of the ras gene
family have been identified as biologically
active transforming genes in neoplasm
DNA: rasH, rasK, and ras N [8, 15, 16, 18,
22]. These genes have been detected in
many different types of neoplasms, including carcinomas, sarcomas, melanomas,
neuroblastomas, lymphomas, and leukemias of myeloid and lymphoid origin. Thus, it
appears that ras genes can contribute to the
development of neoplasms arising from
multiple types of differentiated cells. This is
consistent with the fact that ras genes are
expressed in all normal vertebrate cells

1 Dana Farber Cancer Institute and Department of Pathology, Harvard Medical School
Boston, MA02115, USA

which have been examined. In addition,
yeast contains functional ras genes, suggesting that these genes play a fundamental
role in cell proliferation which is highly
conserved in evolution. However, ras genes
are found as active transforming genes in
only a small fraction (approximately
lO%-20%) of individual neoplasms. Thus,
although ras activation can occur in many
different types of tumors, it is apparently
not a necessary event for development of
any particular type of neoplasm. In addition, recent data suggest that ras activation
may be a late event in tumor progression.
For example, Albino et al. [1] have reported detection of an activated ras N gene in
only one in five metastases of an individual
melanoma patient. This finding suggests
the possibility that ras activation may,
when it occurs, impart a selective advantage to a clone of neoplastic cells, but is
not essential for formation of a primary
neoplasm or even its metastatic derivatives.
The ras genes all encode proteins of approximately 21 000 daltons which are designated p21. Experimental manipulations
of the normal human rasH gene have
shown that overexpression of the normal
gene product is sufficient to induce cell
transformation [4]. However, activation of
ras genes in human tumors is commonly a
consequence of structural, rather than
regulatory, mutations [2, 3, 7, 17,21,23-25,
27]. The mutations in tumors which have
been analyzed to date alter either codon 12
or codon 61. At either of these positions,
substitution of multiple different amino
acids is sufficient to endow p21 with transforming activity. In addition, most activat273

ing mutations appear to induce conformational alterations in p2I which are detectable by abnormal electophoretic mobilities [7, 23, 27]. Taken together, these observations suggest that substitution of a variety of abnormal amino acids at these critical loci may inactivate a regulatory domain
of p2I, thus resulting in abnormal p21
function in vivo.
Studies of viral ras proteins have indicated that they are localized at the inner face
of the plasma membrane [12,26] and modified by acylation [20]. The only established
biochemical activity common to all viral
ras transforming proteins is guanme
nucleotide binding [12, 19].
To attempt to elucidate the biochemical
basis for the transforming activity of mutant p21 in human tumors, we have compared the biochemical properties of p21 encoded by normal and activated human ras
genes. These experiments indicated that
both normal and transforming human p21
were localized at the plasma membrane
and were modified to similar extents by
posttranslational acylation [11]. Neither
normal nor activated p21 were glycosylated
or phosphorylated [7, 11]. Thus, the subcellular localization and posttranslational
processing of human p21 were not altered
by ras gene activation.
Since guanine nucleotide binding represented the only known biochemical activity
of p21, we investigated the possibility that
the affinity or specificity of p21 for
nucleotides was altered as a consequence of
mutational activation. However, the GlP
binding affinities of both normal and activated human p21 were indistinguishable
(KD= 1-2x 10-8 M) and both the normal
and activated proteins were specific for
GlP and GDP binding [11]. Thus, mutational activation ofp21 does not directly affect its intrinsic nucleotide binding properties.
In order to investigate the physiologic
function of ras proteins, we have attempted
to identity other cellular proteins with
which p21 might interact [10]. Immunoprecipitation of extracts of human carcinoma cell lines with anti-p21 monoclonal
antibodies revealed the coprecipitation of a
second protein of approximately 90 000
daltons. This coprecipitated protein was
274

identified as the transferrin receptor by
three criteria: (a) co migration in both reducing and nonreducing gels; (b) immunologic reactivity with monoclonal antibody
raised against transferrin receptor; and (c)
identity of partial proteolysis maps of the
90 000 daltons coprecipitated protein and
transferrin receptor. Coprecipitation of
transferrin receptor was detected with three
different ras monoclonal antibodies and
was dependent on the presence of ras proteins in cell extracts, indicating that p21
and transferrin receptor form a molecular
complex. This complex was dissociated by
addition of transferrin to cell extracts, suggesting that transferrin binding induced a
conformational change in the receptor
which led to the dissociation of ras proteins.
Transferrin is an iron binding protein
which is required for the growth of most
cells in culture. Expression of transferrin
receptor is closely correlated with cell proliferation. Furthermore, monoclonal antibodies against transferrin receptor inhibit
cell growth, in some cases even if iron is
supplied in an alternate form. Transferrin
and its receptor thus appear to playa fundamental role in the growth of many differentiated cell types. The findings of interaction between ras proteins and transferrin receptor therefore suggest that p21
may function in conjunction with this cell
surface receptor in regulation of cell
growth, perhaps by transducing growth signals mediated by transferrin binding. It is
possible that the role of p21 in this respect
is analogous to other membrane guanine
nucleotide binding proteins, such as the
adenyl cyclase G proteins and transducin
[13].
C.

Blym Genes

In contrast to ras, the Blym-I gene is representative of several transforming genes
which are activated highly reproducibly in
neoplasms of specific cell types. Thus,
Blym-l has been detected as an active
transforming sequence in all chicken B cell
lymphomas [6] and all human Burkitt's
lymphomas [9] which have been examined.
It thus appears to playa highly reproduc-

ible role in the development of similar B
cell neoplasms in both chickens and humans.
The Blym-l transforming gene activated
in chicken B cell lymphomas was isolated
as a molecular clone by sib-selection [14].
The cloned chicken Blym-l gene was
unusually small (only about 600 nucleotides) and its nucleotide sequence indicated that it encoded a small protein of
65 amino acids [14]. Comparison of the
predicted chicken Blym-l amino acid sequence with sequences of known cellular
proteins revealed partial homology (36%)
between the chicken Blym-l protein and
the NH, terminal region of transferrin family proteins [14]. This homology was concentrated in regions which were conserved
between different members of the transferrin family, suggesting a common ancestry for chicken Blym-l and a region of
the transferrins, as well as stimulating the
speculation that this homology might also
suggest a functional relationship.
Blot hybridization analysis indicated that
the chicken Blym-l gene was a member of
a small family of related genes which were
present in human as well as chicken DNA.
We therefore investigated the possibility
that the transforming gene detected by
transfection of Burkitt's lymphoma DNA
might be a member of the human gene
family defined by homology to chicken
Blym-l. A genomic library of DNA from a
Burkitt's lymphoma was screened using
chicken Blym-l probe and a biologically
active human transforming gene, designated human Blym-l, was isolated [9]. This
human homolog of chicken Blym-l was
found to represent the transforming gene
detected by transfection of all six Burkitt's
lymphoma DNA samples studied.
Restriction mapping and nucleotide
sequencing indicate that human Blym-l,
like chicken Blym-l, is quite small (approximately 700 nucleotides) (Diamond et
al., manuscript submitted [9]). Also like
chicken Blym-l, the sequence of human
Blym-l predicts a small protein (58 amino
acids) which consists of two exons and is
rich in lysine and arginine. Alignment of
the human and chicken Blym-l amino acid
sequences indicates 33% amino acid identities. The human and chicken Blym-l pro-

teins
(P

are

therefore

clearly

related

< 0.005), but significant divergence be-

tween the two sequences has occurred. This
divergence suggests the possibility that the
chicken and human genes may represent
relatively distant members of the Blym
family.
In spite of the divergence between the
chicken and human Blym-l genes, the human Blym-l sequence also displays significant homology (20%) to the NH2 terminal
region of transferrins. Significantly, amino
acids which are conserved between the
chicken and human Blym-l genes also tend
to be conserved between different members
of the transferrin family. It is unlikely that
such divergent sequences as chicken and
human Blym-l have maintained homology
to transferrin by chance. Rather, the conservation of transferrin homology in these
Blym transforming genes suggests that this
homology reflects some functional property
of the Blym transforming proteins. In view
of the molecular interaction between ras
proteins and transferrin receptor, these
findings suggest the hypothesis that the
Blym transforming genes may also affect
cell proliferation via a pathway related to
transferrin and its surface receptor. Further
understanding of the function of the Blym
gene products will require direct biochemical analysis of these proteins.
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TLym 1, a Stage-Specific Transforming Gene Which Shares
Homology to MHCI Genes and Encodes a Secreted Protein
M. A. Lane 1, 2, H. A. F. Stephens 1, 2, K. M. Doherty \ and M. Tobin 1

We previously reported the identification of
five different genes activated in human and
mouse leukemias and lymphomas [1].
Three of these genes were found to be activated in a stage-specific manner in B cell
lineage neoplasms. The gene activated in
multiple human intermediate B stage tumors, BLym I which shares substantial
homology with chicken BLym I [2] was
isolated from human Burkitt's lymphomas.
This gene encodes a small protein of about
8 kilodaltons, the bulk of which is present
in the nucleus of transformed cells (Nieman
and Cooper, personal communication).
We recently isolated a second stage-specific transforming gene from mouse T lymphomas, representative of an intermediate
stage of T lymphocyte differentiation. This
gene differs by restriction endonuclease
sensitivity from the transforming gene activated in multiple mature T neoplasms.
TLym 1 has been found to be activated in
four human and 12 mouse T cell neoplasms, but has not been found to be activated in cells from other lineages or cells
at other stages of differentiation. TLym 1
shares no homology with Blym I nor does
it share homology with any of the identified
retrovirally transduced oncogenes. Thus, it
represents a new cellular transforming gene
highly specific for T lymphocytes at an intermediate stage of differentiation [3].

I Laboratory of Molecular Immunobiology,
Dana-Farber Cancer Institute, USA
2 Dept. of Pathology, Harvard Medical School,
USA

1Lym I

was isolated from

the S49

BALB/c T lymphoma by sib-selection and
transfection of a transforming gene-enriched recombinant library prepared in the
bacteriophage Charon 30. The isolated bacteriophage clone had a transforming efficiency of 104 foci per microgram cell
DNA insert as assayed on NIH 3T3 cells.
From Southern blot analysis using a flanking sequence probe, we determined that the
gene did not become activated as a result of
gross inversions, deletions, or rearrangements. 1Lym I is a small gene, approximately 3 kilobases in length and was originally thought to be a member of a small
gene family, consisting of only two genes as
defined by sequences hybridizing to the
flanking region probe. Recent findings described in the following paragraphs, however, may alter this conclusion [3].
Hybridization of TLym 1 to T cell RNA
indicated that three major messages could
be identified in helper T cells which were
0.6, 0.7, and 1.6 kilo bases in length. An additional message of 1.8 kilo bases was identified in a suppressor T cell clone. As the
size classes of meassages identified by
TLym 1 were quite similar to those reported by Peter Rigby for his Set 1 genes,
thought to encode a major histocompatibility class I gene [4], it was of interest to us
to determine whether our gene shared
homology to MHCI genes as well.
Southern blot hybridization was carried
out using the following probes: pAG64C, a
cDNA clone obtained from P. Rigby containing half of exon 4, and exons 5 and 6 of
his Set I gene; pAG64E, which contained
the Set I transposon-like direct repeat se277

quence; and pMHCI, and MHCI cross-reactive probe containing exons 2, 3,4, and 5
which was obtained from John Seidman
[5]. Additional hybridizations carried out
by Steven Hunt in the laboratory of Lee
Hood included hybridization utilizing
MHC cross-reactive 5' and 3' probes. These
studies indicated that our TLym 1 gene
shared homology to genes mapped to the
MHCI region and that the direct repeat sequence described by Rigby and co-workers
was present in our gene. This sequence has
also been detected by Hood and co-workers
and was found in the third intron of their
QA pseudogene 27.1 [6]. We were also able
to determine from these hybridizations the
orientation of our gene in the pBR322 plasmid to which it was subcloned.
As TLym 1 contained a ClaI site, some
further analysis was possible based upon
the report by Steinmetz et al. [7] defining
13 clusters containing 36 genes within the
BALB/c MHCI region. From their reported analysis of ClaI sites within the gene
clusters. Clusters 1 and 6 map to QA regions, while clusters 3 and 5 map to TL regions as determined by these authors. If the
genes contained in the 13 clusters constitute
all of the genes encoding MHCI sequences,
then this retrospective analysis further localizes TLym 1 to the QA/TL region of the
MHCI complex.
We have determined that our gene differs from that identified by Rigby and coworkers based upon hybridization of our
flanking sequence probe to mouse DNA
digested with the enzyme BAMHI which
identified two bands of 8.6 and 18.0 kilobases while hybridization of Rigby and coworkers' pAG64C probe to the same filter
identified bands of 6.0, 3.5, 3.2, and 2.2
kilobases, as the 8.6 kilobases genomic
BamHI fragment is analogous to the cell
DNA insert which contains the TLym 1
transforming gene isolated in Charon 30.
We concluded that although these genes
share some homology, they are in fact different genes. Genes within the MHCI region may share as much as 80% homology.
Thus, analysis of these genes at the level of
Southern blot hybridization is sometimes
complicated, however, utilization in this
case of low or single-copy probes has facilitated this analysis.
278

To analyze the protein encoded by TLym
1 we utilized a series of monoclonal or
heteroantibodies prepared against H-2, TL,
or QA region determinants. Immunoprecipitations carried out utilizing these reagents have failed to detect the TLym I-encoded protein. Utilization of an antiserum
cross-reactive with all MHCI-encoded proteins, however, detected a 44 kilodaltons
protein in the supernatants of NIH 3T3
cells transformed by TLym I which was not
present in supernatants from normal NIH
3T3 cells, spontaneously transformed 3T3
cells, NIH 3T3 cells transformed by rasH, or
NIH 3T3 cells transformed by the Blym I
gene. These findings further substantiate
the relatedness of the TLym 1 product to
MHCI-encoded proteins and indicate that
TLym 1 is the first transforming gene found
to encode a secreted protein product. While
most MHCI products have been localized
to the cell surface, Jay and co-workers have
reported a liver-specific MHCI protein
which appears to be secreted, but which is
not involved in transformation [8].
As TLym I appears to encode a secreted
protein, we have begun preliminary experiments to determine whether this protein
can behave as a growth factor. We therefore utilized supernatants from untransformed NIH 3T3 cells and supernatants from NIH 3T3 cells transformed by
TLym I in a soft agar colony growth factor
assay [9] with NIH 3T3 cells as the target
cells.
Mter 14 days in culture, plates were
scored for numbers of colonies having 20 or
more cells. A total of 77 colonies were detected on seven plates treated with supernatants from NIH 3T3 cells whereas 960
colonies were detected on seven plates
treated with supernatant from NIH 3T3
cells transformed by TLym l. It will be of
great interest to determine whether supernatants from TLym I-transformed NIH 3T3
cells will have similiar effects upon T lymphocytes.
To summarize these findings, TLym 1 is
an intermediate T-specific transforming
gene which transforms NIH 3T3 cells with
high efficiencies. This gene appears to share
homology with genes encoded in the MHCI
region and may be the transforming analog
of a TL/QA region gene. TLym I encodes a

secreted protein of 44 kilodaltons which
preliminary evidence indicates behaves as a
transforming growth factor.
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The millrafand myc Oncogenes: Molecular Cloning and In Vitro
Mutagenesis *
H. W. Jansen, C. Trachmann, T. Pa tschinsky, and K. Bister

A. Introduction

*

Avian retrovirus MH2 is a member of the
MC29 subgroup of avian acute leukemia
viruses which includes the four independently isolated viruses MC29, CMIl,
OKlO, and MH2 [4]. The genetic hallmark
of these viruses is the presence in their
genomes of unique transformation-specific
sequences, termed v-myc [4, 5], which are
of cellular origin [3-5, 13]. In contrast to
MC29, CMII, and OKlO which induce predominantly leukemic diseases, MH2 induces predominantly liver and kidney carcinomas [I, 2].
The genetic structure of MH2 was recently analyzed in detail. A mo~ecularly
cloned MH2 provirus was shown to contain
a novel oncogene, termed v-mil, in addition

Fig. 1. Genome structure of MH2 and relationship between v-mil and c-mil. A schematic diagram of cloned proviral MH2 DNA and of its
gene products is shown at the top. L1gag indicates
the presence of partial complements of the gag
gene. Below this diagram a restriction map of the
v-mil oncogene is shown. At the bottom of the
figure a detailed restriction map of the chicken
c-mil locus is presented. The exon-intron
arrangement as determined from Southern blots
and from heteroduplex analysis is shown between the restriction maps of the viral and the
cellular oncogene. Numbered black boxes represent the regions of c-mil homologous to v-mil
sequences. These presumed exons are numbered
in the 5'-3' direction (see note added in proof)
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Fig. 2. In vitro mutagenesis of the cloned MH2
provirus. I: construction of an MH2 Amyc provirus. The cloned MH2 provirus was digested
with Sail. The '" 6.5 kilo bases fragment containing 5'-L1R-Agag-mil-5'-myc of the provirus was
isolated. In parallel, the MH2 provirus was
digested with Sail and Xho I. The '"" 5.6 kilobases fragment containing all plasmid sequences
essential for ampicillin resistance and all MH2
proviral sequences 3' of the Xho I site in v-myc
was isolated. After ligation of these two fragments and transformation of competent bacterial
cells, the desired plasm ids were selected by
growth on tetracycline plates. The structure of
four recombinant plasmids was verified and all
four turned out to contain the desired MH2
Amyc provirus. The Amyc preserves the reading
frame for the v-myc protein 3' of the Xho I site.
II: construction of an MH2 LJmil provirus. The
cloned MH2 provirus was digested with Stu I.
The '"" 11.9 kilobases fragment containing all of
the provirus with the exception of a '" 440 base

Xhol

pairs v-mil fragment was isolated and religated.
III: construction of an MH2 LJmilAmyc provirus.
To obtain the double deletion mutant the MH2
LJmyc provirus was cleaved with Stu I, the""' 11.7
kilo bases fragment was isolated and religated.
Boxes proviral DNA; thick lines cellular DNA;
thin lines plasmid DNA (pBR322)

to v-myc [8, 10]. This novel oncogene, like
all other viral oncogenes, is of cellular
origin [9, 10], and it was shown to be the
avian counterpart of the murine raj gene
[11, 14], the oncogene of the murine retrovirus 361l-MSV. In this communication,
we report on two different strategies for the
construction of proviral DNA species which
will be useful to resolve the individual contributions of the mil and myc oncogenes in
the induction of the specific tumors observed in chickens infected by Mm.
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mil hybrid oncogene and the 5' half of MH2
v-myc, plasmids containing the cloned proviruses
of MH2 or of 3611-MSV were cleaved with the
restriction endonucleases Cia I and Sph I. The
fragments denoted A -C were electroeluted from
an agarose gel (I). Fragments A and B were
ligated and subsequently cleaved with Sph I (II).
The products of these reactions were ligated to
fragment C which had been dephosphorylated
with bacterial alkaline phosphatase in advance.
The plasm ids obtained after transformation of
competent Escherichia coli cells with this reaction mixture were selected for size and orientation (III). For the construction of the plasmid
pHWJ-2 which contains the v-raJ!mil hybrid
oncogene and a complete v-myc gene, plasmids
containing the cloned provirus of 3611-MSV or
the 3.0 kilobases Bam HI fragment of the MC29
provirus were cleaved with Clal and SphI. The
fragments denoted D and E were isolated (IV),
ligated, and subsequently cleaved with Cia I. The
desired D-E fragment was gel-purified (V) and
ligated with the B-C-A DNA ofpHWJ-1 which
had been dephosphorylated after cleavage with
CIa I. The plasmids obtained after transformation were selected for size and orientation (VI)
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B. Results and Discussion
The basic structures of the cloned MH2
provirus, of its oncogene v-mil, and of the
chicken c-mil locus are shown in Fig. 1. In
order to get information on the role of the
mil and myc oncogenes in tumor induction
by MH2 virus, mutants of MH2 were constructed which are deleted in their oncogenes (Fig. 2). A LJmil mutant was constructed by deletion of a 443 base pairs
Stu I fragment of v-mil resulting in an outof-frame deletion. A LJmyc mutant was constructed by deletion of an 171 base pairs
SalI-Xho I fragment of MH2 v-myc resulting in an in-frame deletion. This constructed Amyc deletion is similar to deletions observed in natural mutants of MC29 [6]
which are still able to transform fibroblasts,
but not macrophages efficiently [12] and
which are unable to induce tumors in
chickens [7]. A mutant with deletions in
both oncogenes (L1milL1myc) was constructed by a combination of the strategies described. Biologic studies of the Ami! and
LJmyc mutants are under way. First results

suggest that mil enhances the induction of
cell proliferation and transformation by the
myc oncogene both in vivo and in vitro
(T. Graf, H. W. Jansen, T. Patschinsky, K.
Bister, in preparation).
The observation that the avian oncogene
v-mil and the murine oncogene v-raj were
derived from cognate cellular genes [11, 14]
led to studies of the transforming capacities
of the mil and myc oncogenes in mice.
Upon transfection of NIH/3D cells with
cloned MH2 proviral DNA, no focus formation was observed. Therefore, we decided to construct murine retroviruses containing the avian mil and myc oncogenes ..
The detailed strategy for the construction of
pHWJ-l, a plasmid containing a complete
raj/mil oncogene and the 5' part of v-myc,
and of pHWJ-2, a plasmid containing both
a complete raJ/mil and a complete myc
oncogene, is shown in Fig. 3. Upon transfection, both plasmids gave rise to foci on
NIH/3D cells with those induced by
pHWJ-2 being much more prominent. A
first striking result from in vivo experiments with these viruses is the observation
that the oncogenicity of HWJ-2 virus is
markedly higher than that of 36ll-MSV
(U. R. Rapp, H. W. Jansen, K. Bister, In
preparation).

5.

6.

7.

8.

9.

10.

11.

Note added in proof
A recent nucleotide sequence analysis [15] of the
c-millocus revealed that there are two additional
small regions of homology to v-mil 5' from exon
1 (Fig. 1).

12.
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Characterization of the Number of Carbohydrate Chains
on the Avian Erythroblastosis Virus erb B Gene Product
and Their Role in Transformation
M.l.Hayman\ 1.A.Schmidt!, G.Kitchenerl, 1. MarshalP, and H.Beug 2

A. Introduction
Avian erythroblastosis virus, AEV, is a replication-defective avian acute leukemia virus that causes acute erythroid leukemia
and sarcomas on injection into young
chicks. Analysis of the genome of AEV revealed that it was 5.0 kilobases in length
and that the gene order was 5'-gag-erb-envpoly A-3' where gag and env represent partially deleted structural genes and erb is a
3.25 kilobases sequence of nonviral origin
[2, 13]. Subsequently, sequences homologous to erb could be found in cellular DNA
from all vertebrate species tested [16, 19].
This evidence suggested that the erb sequences represented the viral oncogene of
AEV, and led to studies attempting to define the products of this gene.
Studies rapidly revealed that AEV contained an oncogene capable of coding for
two gene products. Consequently, erb was
divided into two regions known as erb A
and erb B. The first gene product identified
was the erb A protein, a 75000 molecular
weight protein, p75 erbA that could be
shown to be composed ofNH2 terminal gag
sequences plus approximately 50 000 daltons of erb A sequences [10]. Recently, the
erb B protein has also been identified in
AEV-transformed cells and was shown to

Imperial Cancer Research Fund Laboratories,
St. Bartholomew's Hospital, Dominion House,
Bartholomew Close, London ECIA 7BE,
England
2 EMB Laboratories, Postfach 10, 2209, Meyerhofstrasse 1,6900 Heidelberg, FRG
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be a membrane glycoprotein [9, 14]. This
protein has a molecular weight of 62 500 in
the nonglycosylated state, but is modified
by glycosylation first to a 66 000 molecular
weight form, gp66 erb B and then through a
68 000 molecular weight phosphorylated
form, gp68 erb B to a plasma membrane
form, gp74 erb B[8, 9].
Interest in the erb B protein was
heightened by several recent observations.
First, site-directed mutagenesis experiments on the AEV genome demonstrated
that it was primarily the erb B gene that
was responsible for the transformation of
both erythroid cells and fibroblasts [6, 18].
The erb A gene did, however, play some
role in the development of the fully transformed erythroblast phenotype. Second,
characterization of a new isolate of AEV,
termed AEV-H, which was capable of causing both erythroblastosis and fibrosarcoma,
revealed that the only erb-related sequence
it contained in its genome was erb B [11,
23]. Finally, it was demonstrated that avian
leukosis virus-induced erythroblastosis was
associated with insertion of the viral long
terminal repeat, LTR, into the cellular
erb B locus, c-erb, resulting in the elevation
of c-erb B transcription [7]. Thus, the central role of erb B in erythroblasosis and
fibrosarcoma induction has encouraged us
to characterize the product of this gene in
greater detail.
Digestion of the v-erb B protein with the
enzyme endoglycosidase H, endo-H, had
previously shown that both gp66 erb Band
gp68 erb B were sensitive to digestion with
this enzyme [9], whereas gp74 erb B was resistant [8]. This enzyme specifically cleaves

off the high mannose core sugars which are
associated with the immature forms of glycoproteins [20]. Therefore, these results
were consistent with gp66 and gp68 being
the immature forms and gp74 being the
mature form of the erb B gene product. Recently, analysis of mutants of AEV which
are temperature sensitive for cell transformation have shown that the mutation
blocks the processing of gp68 into gp74 and
hence there is no surface expression of
erb B [1]. Consequently, we have examined
the number of carbohydrate units and their
role in the function of the erb B protein.

1 2

3

4

S,

-gp74
- - gp68

~ 9p.· 6;6.
=-p62

B. Results and Discussion
I. Endoglycosidase H Digestion of the
erb B Protein

Previous analysis of the gp68 product by
endo-H digestion had employed complete
digestion in order to remove all the available high mannose glycan units. By using
limited digestion with endo-H it is possible
to remove these units sequentially and thus
ascertain how many units there are on the
protein. Figure I shows the results of such
an experiment. The gp68 form of erb B is
first converted into a gp66 form (lane 4)
and then finally into the p62 form (lane 5),
which is the same size as the in vitro translation product and the form synthesized in
the presence of tunicamycin [9, 14]. As
demonstrated previously, gp74 is resistant
to digestion (lane 5). These data indicate
that there are two N-linked carbohydrate
chains present on the erb B protein which
can be released with endo-H. Recent sequence analysis of the erb B gene of AEVES4 ([3] and our unpublished data), which
is the strain used in our experiments, indicate that there are three consensus sequences for N-linked carbohydrate addition. Therefore, only two of the three possible sites for addition are being used. At
the present time we are unable to say which
these two sites are. However, one of the
three sites is located only four amino acids
from the presumptive membrane spanning
region and therefore may not be available.
Also, erb B has recently been reported to be
highly homologous to the human epider-

Fig. 1. Endoglycosidase H (endo-H) digestion of
v-erh B. Erythroblasts transformed with ts 34
AEV were labelled with methionine 35S under
optimal conditions to label gp68 erb Band
gp74 erbB [8]. Digestions of endo-H on immunoprecipitated v-erh B were performed as described [8]. Reactions contained either 0.01 mU
(lane 3), 0.1 mU (lane 4) or 1 mU (lane 5)
endo-H, in addition to a negative control
(lane 2). Lane 1 is a normal rat serum immunoprecipitation of the same cell extract treated
with 1 mU endo-H. Products were identified
by flu orography after polyacrylamide gel electrophoresis

mal growth factor receptor, EGF-R [4, 22]
and comparison of the glycosylation site~
between erb Band EGF-R shows that this
site is not conserved. whereas the other two
are. In summary, it appears as if the v-erb B
protein contains two N-linked carbohydrate chains.

II. Effect of Inhibitors of Glycosylation
on the Function of erb B
Recently, inhibitors of the processing of
carbohydrate side chains have proved very
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Asn

Fig. 2. Structures and the sites of action of the
glycosylation inhibitors. H GlcNAc, 0 Man, A
Glc,
Gal,
NeuAc, A Fuc; (a) 1-Deoxynojirimycin, (b) 2,5-Dihydroxymethyl-3,4dihydroxypyrrolidine, (C)Swainsonine

+

useful in delineating the pathways of processing in addition to the functional role of
carbohydrate side chains on a variety of
proteins (see [17] for review). We have used
three such inhibitors to study the processing of the erb B proteins. These are
swainsonine, which inhibits the Golgi mannosidase I1 [21] leading to decreased expression of complex oligosaccharide chains
on cell surface glycoproteins [5] and l-deoxynojirimycin and 2,5-dihydroxymethyl3,4-dihydroxypyrrolidine which are both

inhibitors of glucosidase I and interfere
with the release of the outermost glucose
([15]; Elbein and Fellows, in press). These
sites of action are shown diagrammatically
in Fig. 2. AEV-transformed cells were
grown in the presence of predetermined
amounts of the three inhibitors to give
maximum inhibition of the processing enzymes [Schmidt et al., in press]. Interestingly, there was no effect of these inhibitors on the transformed phenotype of the
AEV-transformed cells, either erythroblasts or fibroblasts, by any criteria tested.
Since these inhibitors had no effect on
transformation it was obviously necessary
to show that they were having the expected
effect in chicken cells. Accordingly AEVtransformed cells grown in the presence of
three different inhibitors were labelled with

81

bed e

f

9

h

Fig. 3. Pulse-chase analysis of the synthesis of
v-erb B in the presence or absence of glycoprotein processing inhibitors. Erythroblasts
transformed with Is 34 AEV were pulse labelled
with methionine 35S for I h, samples taken (lanes
a, c, e, g) and then chased in excess cold
methionine for a further 4 h (lanes b, d, f, h).
Glycoprotein processing inhibitors were added
to a final concentration of either 10 f.A.M (swainsonine, lanes c and d) or 2 mM (l-deoxynojirimycin, lanes g and hand 2,5-dihydroxymethyl- 3,4- dihydroxypyrrolidine, lanes e
and f) at least 2 h before addition of label and
were present throughout the labelling period.
Cell extracts were immunoprecipitated with
erb B-specific serum and analysed by polyacrylamide gel electrophoresis. Lanes a and b are control AEV cells grown in the absence of any inhibitors, lane n is a control cell extract immunoprecipitated with normal rat serum

methionine 35 S and then chased to allow
the processing to take place. Detergent extracts were prepared and immunoprecipitated with anti-erb B-specific serum [8].
Figure 3 shows the results of such an experiment. In control cells grown in the absence
of inhibitors, methionine 35S can be chased
from gp66 erb B through gp68 and into gp74
as shown previously (Fig. 3 lanes a and b).

n

Similar pulse-chase analysis of v-erb B in
cells grown in the presence of swainsonine
contained a 70 000 molecular weight protein instead of gp74 (Fig. 3 lanes c and d) as
would be predicted for a protein containing
a "hybrid" oligosaccharide structure often
formed on glycoproteins synthesized in the
presence of swainsonine [12]. Cells grown
in the presence of 2 mM I-deoxynojirimycin or 2,5-dihydroxymethyl-3,4dihydroxypyrrolidine had arrested the processing of erb B at the gp68 form (Fig. 3
lanes e-h); again this is the result predicted
(see Fig. 2). Therefore the inhibitors are
having their predicted effects on the processing of erb B, but this inhibition does not
affect the ability of this protein to maintain
the transformed phenotype.
Preliminary results indicate that these
abnormally processed forms of erb B synthesized in the presence of the inhibitors
are nevertheless transported to the plasma
membrane (unpublished observations).
These data, together with those on the ts
mutants of AEV [1] would indicate that it is
the expression of the erb B product in the
plasma membrane that is crucial for it to
exert its oncogenic effect. Given the recently described homology of this protein
with EGF-R [4, 22] this result is perhaps
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not surprising since the plasma membrane
is most likely the site of action of growth
factor receptors. Having identified the compartment within the cell where erb B exerts
its effect, further experiments will now be
necessary to identifY potential target molecules for this oncogenic protein.
A cknowledgments. We would like to thank Peter
Dorling for providing purified swainsonine, Linda Fellows for 1-deoxynojirimycin and 2,5-diand
hydroxymethyl-3,4-dihydroxypyrrolidine,
Irene Esmond for typing the manuscript.
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Characterization of Hematopoietic Cells Transformed In Vitro
by AEV-H, a v-erbB-Containing Avian Erythroblastosis Virus
H. Beug 1, P. Kahn 1, G. Doederlein 1, M. J. Hayman 2, and T. Grafl

A. Introduction
Avian erythroblastosis virus ES4 (AEVES4) is a replication-defective avian leukemia virus that causes erythroleukemia
and fibrosarcomas in chicks and transforms
bone marrow cells and fibroblasts in vitro
(for review, see [7]). The 5.5 kb genome of
AEV-ES4 contains two oncogenes, v-erbA
and v-erbB [1, 5, 21] which code for a gagrelated cytoplasmic protein, p7sgag-erbA,
and for an integral membrane glycoprotein, gp74 erbB, respectively [10-12, 18].
Studies using deletion mutants in either
v-erbA or v-erbB indicate that v-erbB is sufficient to transform fibroblasts and erythroblasts, whereas v-erbA does not transform
by itself but cooperates with v-erbB in
erythroblasts to generate a more transformed phenotype [6, 7, 20].
Recently, another strain of avian erythroblastosis virus (AEV-H) was isolated
[13] and shown to contain v-erbB as its only
oncogene [23]. In vivo, this strain induced
both erythroblastosis and sarcomas which
were anatomically and histologically indistinguishable from the respective diseases
induced by AEV-ES4 [13]; in vitro, it induced foci of transformed fibroblasts (Hihara et aI., 1983). Here we show that AEVH is also able to transform bone marrow
cells in vitro using specific culture conditions. The transformed erythroblasts
I European Molecular Biology Laboratory,
Meyerhofstrasse 1,6900 Heidelberg, FRG
2 Imperial Cancer Research Fund Laboratories,
St. Bartholomews Hospital, Dominion House,
London EC lA 7BE, UK
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undergo self-renewal as well as spontaneous differentiation into erythrocytes and do
not require exogenous erythropoietin for
either process. They express an erbB-coded
cell surface glycoprotein (gp7g erbB) which is
5 kilodaltons larger than gp74 erbB , the erbB
gene product of AEV-ES4.

B. Materials and Methods
I.

Viruses

Avian erythroblastosis virus strain H was
obtained as a gift from Dr. Toyoshima,
Tokyo. Its origin has been described elsewhere [13]. The origin of avian erythroblastosis virus strains AEV-ES4 and
AEVl93 has been described earlier [8, 12].
II.

Cells and Cell Culture

Bone marrow cells from 3- to 14-day-old
chicks were prepared, infected with virus,
and seeded into Methocel under standard
or CFU-E (Colony-Forming Unit Erythroid) conditions as described earlier [9, 19].
Colonies were isolated 6-8 days later with
a drawn-out Pasteur pipette and expanded
in either standard growth medium (AEVES4, 193 strains) or CFU-E medium (AEVH strain). These media were prepared as
described by Radke et aI. [19].
III. Assays for Erythroid Differentiation
Markers
The morphology and hemoglobin content
of AEV-H-transformed erythroblasts were

analyzed by staining cytospin preparations
with neutral benzidine plus histological
dyes as described earlier [4]. Alternatively,
a more sensitive staining for hemoglobin
content using acid benzidine was done according to Orkin et aI. [17]. Detection of
erythroid-specific cell surface antigens by
indirect immunofluorescence using antisera
to mature erythroid cells and to immature
erythroblasts (anti-Ery and anti-Ebl; [3])
was carried out as described previously [4].
The possible presence of myeloid cells in
the transformed cultures was assessed using
the myeloid-specific monoclonal antibody
MC51-2 (15].
IV. Percoll Fractionation of AEV-H
Erythroblasts
Erythroblasts (10-20 X 106 ) from a single
clone (ID4) were loaded on a discontinous
Percoll gradient (prepared as described by
Beug and Hayman [2]; densities from top
to bottom: 1.070, 1.072, 1.075 and 1.085 gl
cm3 ) and centrifuged for 10 min at 2000 g.
The least-dense cells (fraction I, 1.070) and
the cells banding at 1.072 and 1.075 g/cm
(fraction II) were retrieved, seeded in CFUE medium containing either normal or
anemic chicken serum, and analyzed by cytocentrifugation and staining as described
above. Alternatively, cells from the leastdense fraction were seeded into plasma clot
cultures, which were processed and stained
3-4 days later as described earlier [4].
V.

Protein Analysis

Using
methionine-free
differentiation
medium [2], 5-10 X 106 cells were labeled
with 100-250 ~Ci 35 methionine for 2 h.
They were then lysed and immunoprecipitated with anti-erbB serum according to
published procedures and analyzed on
sodium dodecyl sulfate polyacrylamide gels
(SDS-PAGE) [10-12].

c.

Results and Discussion

1. In Vitro Transformation of Bone
Marrow Cells by AEV-H

Since AEV-H was negative in standard
bone marrow transformation assays

(T. Graf and H. Beug, unpublished observations) we tested whether bone marrow
cells could be transformed under conditions (CFU-E-Methocel; Radke et aI.,
1982) which had been successfully employed to obtain erythroblasts transformed
by AEV-ES4 mutants that carry a deletion
in the erbA gene (AEV-A -B+; [6]). Bone
marrow cells were infected with AEV-H
and, in controls, with two other AEV strains
(AEV-ES4 and AEV193, both containing
erbA and erbB oncogenes). The infected
cells were then seeded into Methocel under
both standard [9] and CFU-E conditions.
Numerous colonies were obtained from
AEV-H-infected bone marrow iIi CFU-E
Methocel, whereas no transformed colonies
were seen with this virus under standard
conditions. In contrast, the two other AEV
strains tested yielded comparable numbers
of colonies under standard and CFU-E
conditions.
Several of the AEV-H-induced colonies
were isolated and then cultivated in CFU-E
medium. Most clones grew in this medium
for 20-35 generations, exhibiting doubling
times of 24 h or less. When transferred to
standard growth medium, however, the
AEV-H cells ceased proliferating, developed large vacuoles, and disintegrated
within 4-7 days. In contrast, AEV-ES4and AEVl93-derived clones exhibited
similar growth rates and life spans in standard and CFU-E media.

II. AEV-H-Transformed Cells Consist
of Erythroid Precursors at Different Stages
of Maturation
To determine the lineage and degree of
maturation of bone marrow cells transformed in vitro by AEV-H, the AEV-H
clones were analyzed for a set of erythroid
differentiation markers [3, 4] as well as for
the myeloid-cell-specific antigen 51-2 [15].
Table 1 and Fig. 1 show that all AEV-H
clones tested consisted entirely of erythroid
cells, representing a mixture of immature
erythroblasts and more mature reticulocytes and erythrocytes. In contrast, AEVES4- and AEVl93-transformed clones consisted exclusively of immature erythroblasts.
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Table 1. Characterization
of erythroblast clones transformed by AEV-H

AEV-H
clone
No.
IB4
IB6
ICI
IC2
IC6
ID 1
ID4
8

b

C

d

e

f

Hemoglobinpositive
cells

Cells
classified
as LR+E

Cells stained with

(%)8

(%)b

(%)C

(%)

(%)

78
27
100
71
63
95
89

11
0.9
68
10
3.2
46
17

40 (lO)d
10 (3)

80
>95

55 (30)
40 (10)

50
80

80 (60)

40

NDf
<0.1
ND
ND
<0.1
ND
ND

Erb

0;

Erb

0;

Mbl

Determined by staining with acid benzidine (Beug et al. 1982)
Cell types were defined by neutral benzine plus histological staining
(Beug et al. 1982). LR, late reticulocytes; E, erythrocytes
The characterization of these antisera has been described elsewhere
(Beug et al. 1979; Kornfeld et al. 1983). 0; Erb, anti-erythroblast
serum; 0; Ery, anti-erythrocyte; 0; Mbl, anti-myeloblast monoclone MC 5112
Figures in parenthesis; cells strongly stained in a ring-like fashion
(Beug et al. 1979)
These clones differentiated into erythrocytes before sufficient cell
numbers for fluorescent staining were built up
ND: not determined

The data in Table 1 also indicate that the
AEV-H clones tested varied with respect to
the proportion of mature cells. Furthermore, an inverse relationship was seen between the frequency of mature cells in a
particular clone and its growth rate. A few
clones could not be propagated more than
7-10 days after isolation because all cells
differentiated into erythrocytes.
III. AEV-H Erythroblasts Proliferate
and Differentiate in an ErythropoietinIndependent Fashion
To study how the heterogeneity of cells
within single erythroblast clones was
generated and maintained during culture,
cells from a clone (ID4) containing about
20% mature cells were fractionated according to density using a discontinuous Percoll
gradient [2]. The individual fractions were
then seeded in CFU-E medium in the absence or presence of anemic chicken serum
as a source of erythropoietin [4] and aliquots analyzed for their stage of differentiation during the following few days. As il-
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0;

lustrated in Fig. 2A, four fractions were obtained from the Percoll gradient; the top
fraction (I) and the pooled intermediatedensity fractions (II) were analyzed further.
Fraction I contained exclusively immature
erythroblasts that grew rapidly and regenerated the initial proportion of mature
cells within 3 days, regardless of whether or
not erythropoietin was present (Fig. 2 B
and data not shown). In contrast, fraction
II, which contained partially mature,
hemoglobinized cells ceased proliferating
after 2 days, at which time essentially 'all
cells exhibited an erythrocyte-like phenotype. The most dense fraction consisted of
erythrocyte-like cells with no in vitro proliferative capacity.
Similar results were obtained by seeding
cells from the above Percoll-density fractions into plasma clot cultures [4]. Whereas
the immature cells from fraction I frequently grew into large colonies consisting
of either immature or a mixture of immature and mature erythroid cells, CFUE-like erythrocyte colonies and single
erythrocytes were formed exclusively by
the cells from fraction II. Similar numbers

AEV-H

AE'V-ES4

Hb

Hb

,LR

and proportions of these colonies were obtained in the absence and presence of
erythropoietin (data not shown). These results suggest that AEV-H-transformed
erythroblasts can either self-renew or become committed to terminal differentiation
with a frequency characteristic for the particular clone. In contrast to normal erythroid progenitors, AEV-H erythroblasts carry out both these functions in the absence
of exogenous erythropoietin.
IV. In Vitro Transformed AEV-H Erythroblasts Express High Levels of an erbBCoded Cell Surface Glycoprotein
To study expression of erbB-related proteins by AEV-H erythroblasts, cells were

Fig. 1. Characterization of AEVH-transformed erythroblasts. Cells
from an AEV-H-transformed
erythroblast clone (ID4) and from
a culture of AEV-ES4-transformed
erythroblasts were cytocentrifuged
onto slides and stained with neutral benzidine (Hb). Live cells from
the same preparations were also
stained with anti-erythrocyte
serum by indirect immunof]ourescence (ErgAg) (Beug et al., 1979).
Ebl, cells classified as erythroblasts; LR, cells classified as late
reticulocytes. (Beug et al., 1982)

labeled with [35 S] methionine and immunoprecipitated with erbB-specific sera.
Figure 3 shows that proteins of 72 and 74
kilodaltons were immunoprecipitated from
AEV-H celllysates. Thus, the AEV-H erbB
gene products are approximately 5 kilodaltons larger than erbB gene products of
AEV-ES4 but only slightly larger than the
respective proteins expressed by AEV193
[12]. As expected, no erbA -related proteins
could be immunoprecipitated from AEV-H
cells [23].
The erbB protein produced by AEV-H
erythroblasts is expressed at the cell surface, since live cells were strongly stained
by erbB-specific sera by indirect immunofluorescence (Fig. 4; [12]). Interestingly, most ifnot all mature cells (as classified by staining with antierythrocyte
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Fig. 2 A, B. Self-renewal and differentiation capacity of AEV-H erythroblasts fractionated according
to density. A Schematic diagram showing Percoll
fractionation of AEV-H-transformed erythroblasts and phenotypes of cells retrieved from the
gradient before and after cultivation in the presence and absence of anemic chicken serum
(EPO); B Cytospin preparations from the cell
populations described in A were stained with
neutral benzidine and then photographed

serum) were negative or only weakly positive with anti-erbB serum. This suggests a
down-regulation of erbB protein expression
during erythroid differentiation, as also
seen in differentiating tsAEV erythroblasts
[2].
V. What is the Role of v-erbA in Erythroid
Transformation?

The results presented above clearly demonstrate that erythroblasts transformed by the
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Fig.3. Expression of v-erbB-encoded proteins in
AEV-H-transformed
erythroblasts;
AEV-H
erythroblasts (clone IB6, in vitro), erythroblasts
grown from the blood of a leukemic chicken infected with AEV-H virus (Kahn et ai., 1984; in

v-erbB gene of AEV-H both self-renew and
differentiate into erythrocytes, whereas
erythroblasts transformed by two viruses
that contain v-erbA in addition to v-erbB
are restricted to the self-renewal pathway
(Fig. 5). At the same time, v-erbB-transformed cells require specific growth conditions (including pH and ionic strength
optima) similar to those required by
normal erythroid progenitors, whereas
erythroblasts transformed by both v-erbB
and v-erbA grow in standard growth media.
This suggests that v-erbA enhances the effect of v-erbB by abolishing two characteristics of normal erythroid precursors expressed by AEV-H erythroblasts, i.e., spontaneous differentiation into erythrocytes
and specific growth requirements.

VI. The Phenotype of AEV-H Erythroblasts is Common Among Erythroid Cells
Transformed by Other Avian Retroviruses
Recently, several avian retroviruses containing oncogenes other than v-erbB have
been found to transform erythroid bone

vivo), and AEV-ES4 erythroblasts (as controls)
were labeled with [35 S] methionine. Cell extracts
were immunoprecipitated with anti-erbA + B
serum followed by gel electrophoresis and
autoradiography as described earlier (HalIman et
aI., 1979, 1983). Gp66/68, gp66/68 er B from
AEV-ES4; p75, p75gag-erb~ gp74, gp72174 erbB
fromAEV-H

Fig.4. AEV-H erythroblasts express v-erbB protein at the cell surface. AEV-H erythroblasts (clone
ID4) were double stained by indirect immunofluorescence with
anti-erbB serum (anti-erbB) and
anti-erythroblast serum (anti-Ery)
as described earlier (Beug and
Hayman, 1984). Note absence of
erbB fluorescence in some late reticulocytes (LR)
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Fig. 5. Transformation phenotypes of erythroid
cells containing various retroviral oncogenes.
The diagram illustrates how different retroviral
oncogenes modulate the self-renewal capacity
(circular arrows) and the probability of undergoing terminal differentiation into erythrocytes
(straight arrows). Thick arrows indicate high
probability; thin arrows indicate low probability.
The bar across the straight arrow in the upper diagram (erbB+erbA) indicates that these two oncogenes together completely arrest differentiation

marrow cells. Using growth conditions
similar to those required by AEV-H erythroblasts, the myb,ets-oncogene-containing E26 virus [16, 19], the src-containing RSV (Rous sarcoma virus), the fps-containing FSV (Fujinami sarcoma virus) [14],
and the S13 erythroblastosis virus (H. Beug
et aI., submitted for publication) were
shown to induce transformed erythroblasts
that closely resembled AEV-H erythroblasts (Table 1, Fig. 5). All these oncogenes
cause two types of transformation-specific
changes in the infected erythroid progenitors: they induce in them the ability to selfrenew and render them independent of the
erythroid differentiation hormone erythropoietin with respect to in vitro survival,
self-renewal, and differentiation. It will be
interesting to determine whether v-erbA
can cooperate with these oncogenes in a
similar manner as with v-erbB.
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Different Cellular Substrates of Abelson Leukemia Virus
Transforming Protein Kinase in Murine Fibroblasts
and Lymphocytes
D. Saggioro 1, M. F. Di Renzo 2, P. M. Comoglio 2, and L. Chieco-Bianchi 1, 3

A.

Introduction

Abelson murine leukemia virus (A-MuLV)
is a replication-defective retrovirus capable
of rapidly inducing leukemia in mice as
well as of transforming in vitro mouse bone
marrow cells and fibroblasts [1, 2, 14]; the
A-MuLV was derived by passage in vivo of
the replication-competent Moloney leukemia virus (M-MuLV) and its genome
codes for a single polypeptide which is a
hybrid molecule containing a portion of the
parental M-MuLV genome (gag gene) and
a portion of the cellular gene termed abl
[18]. This protein, which varies in size from
160 to 90 kilodaltons, depending on the
specific A-MuLV strain, is associated mainly with the detergent-insoluble cell fraction
and possesses a tyrosine kinase activity [4,
15, 19]. In this regard, the A-MuLV protein
resembles the pp60src encoded by the Rous
sarcoma virus (RSV) [10] and the protein
kinases encoded by other retroviruses such
as the feline sarcoma virus (FeSV) [3, 17]
and the Fujinami sarcoma virus (FuSV) [9].
The fact that the RSV pp60src is linked
with specialized cellular areas such as
cell-cell junctions and adhesion plaques
has suggested that the alteration of these
structures is involved in the origin of the
transformed phenotype [12, 13] (Marchisio
1 Cattedra di Oncologia, UniversiUt di Padova,
via Gattamelata 64, 35128 Padova, Italy
2 Istituto di Istologia ed Embriologia Generale,
UniversWt di Torino, Corso M. D' Azeglio,
10126 Torino, Italy
3 Henry Kaplan Award for the best poster Virological Session
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et aI., Exp. Cell Res., in press). However, it
has also been demonstrated that, in the
same cell type, different cellular substrates
are phosphorylated at tyrosine residues by
diverse protein kinases (Di Renzo et aI.,
submitted). Accordingly, we found it of interest to study the cellular substrates of the
A-MuLV protein kinase in cells having different cytoskeletal architecture and adhesion properties such as fibroblasts and lymphocytes.
B.

Materials and Methods

I.

Cell Lines

TA-3 and TA-4, non-B lymphoma cell lines
were established from two independent
thymic lymphomas induced by inoculating
intrathymically (i.t.) newborn BALB/c
mice with the complex A-MuLV(MMuLV). MZ-5, a pre-B lymphoma cell line,
was established from a splenic lymphoma
induced by inoculating the complex
A-MuLV(M-MuLV) subcutaneously (s.c.)
in newborn BALB/c mice. ABC-I, a
A-MuLV-transformed line of pre-B cells,
was kindly provided by Dr. Natalie Teich
[16]. ANN-I is an A-MuLV-transformed
line of fibroblasts [14]. As control, a T cell
lymphoma line (TB-5) induced by
M-MuLV in BALB/c mice was also included in this study.
Lymphoma cell lines were cultured in
complete medium consisting of DulbeccoMEM (Gibco Europe, Glasgow, Scotland)
supplemented with L-glutamine, HEPES,
2-mercaptoethanol, antibiotics, and 10%
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Fig. 1. Immunoprecipitation by anti-phosphotyrosine (anti-P-Tyr) antibodies of 32P-labeled
detergent-insoluble proteins from A-MuLVtransformed lymphocytes and fibroblasts. Lane a
molecular weight markers; lanes band f pre-B
lymphoma cells MZ-5 and ABC-I; lanes c and e
non-B lymphoma cells TA-4 and TA-3; lane d
TB-5, M-MuLV-transformed T-cells; lane g
ANN-l fibroblasts

coded by A-MuLV [4, 5]. After phosphorylation, the proteins were immunoprecipitated either by anti-P- Tyr antibodies or by anti-M-MuLV serum, as previously described
[6]. After elution from protein A-Sepharose
with Laemmli buffer [11], proteins were
separated by SDS-PAGE. Dried gels were
exposed to Kodak X-Omat film and processed for autoradiography.

heat-inactivated fetal calf serum (FCS Gibco). ANN-I fibroblasts were cultured III
Dulbecco-MEM plus 10% FCS.

C. Results and Discussion

II.

Specific Antisera

Antibodies against phospho tyrosine residues (anti-P-Tyr antibodies) were produced as previously described [6]. AntiM-MuLV serum (Lot No. 71S1161) was obtained from the Office of Program Resources and Logistics, NCI, Bethesda,
Maryland.
III.

Immunoprecipitation Assay

Detergent-insoluble fractions were labeled
according to Burr [5] by incubating detergent-insoluble proteins with 32P-Iabeled
y-A1P (specific activity 5000 mCi/mM,
Amersham)
in
conditions
allowing
phosphorylation catalyzed by the kinase

The natural targets for in vivo transformation by A-MuLV are pre-B lymphocytes [1,
2]; however, the A-MuLV, if inoculated i.t.,
is also able to induce thymic lymphomas
[7]. Thus, in addition to ABC-I cells we also
studied some lines derived from A-MuLVinduced thymic lymphomas; these cells do
not express either T cell or B cell markers,
even after stimulation with Con-A or LPS,
respectively, and accordingly were putatively defined as non-B cells.
In order to investigate whether a specific
substrate for A-MuLV kinase could be detected in different A-MuLV transformed
cell types, the detergent-insoluble cellular
fraction was studied with the aid of
monospecific antibodies directed against
the phosphorylated form of protein tyrosine residues (anti-P-Tyr antibodies).
As shown in Fig. I, two main proteins of
70 and 120 kilodaltons were precipitated
from ANN-I fibroblasts (Fig. I, lane g),
299
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Fig. 2. Immunoprecipitation of
phospho tyrosine proteins by anti
M-MuLV serum and anti P-Tyr
antibodies in TA-3 lymphoma cells
and ANN-I fibroblasts. Lane c
molecular weight markers; lanes a
and b detergent-insoluble fraction
from TA-3 lymphoma cells immunoprecipitated by anti P-Tyr
antibodies and anti M-MuLV
serum, respectively; lanes d and e
detergent-insoluble fraction from
ANN-I fibroblasts immunoprecipitated by anti-P-Tyr antibodies and anti-M-MuLV serum,
respectively

14 ....

whereas three different tyrosine phosphorylated proteins of 150, 100, and 65 kilodaltons were immunoprecipitated from
pre-B and non-B lymphoma cells (Fig. 1,
lanes b, c, e, j). No phosphorylated proteins
were detected in nontransformed fibroblasts and normal thymus cells (data not
shown in Fig. 1). On the contrary, in the
TB-5 M-MuLV lymphoma cells, two proteins of 55 and 30 kilodaltons and an additional one of 100 kilodaltons, comigrating
with the corresponding protein of A-MuLV
lymphoma cells, were detected (Fig. 1, lane
d). Moreover, in a preliminary experiment,
using the anti-M-MuLV serum, which is
able to recognize the gag-coded portion of
the kinase protein, we observed only one
immunoprecipitate band of 120 kilodaltons
in ANN-I fibroblasts (Fig. 2, lane e) and of
150 kilodaltons in lymphoma cells (Fig. 2,
lane b). The anti-M-MuLV serum was not
able to precipitate either. the 70 kilodaltons
phosphoprotein in fibroblasts (Fig. 2, lane
d) or the 100 and 65 kilodaltons phosphoproteins in lymphoma cells (Fig. 2, lane b),
suggesting that these latter are probably
cellular substrates and not degradation
products of the A-MuLV tyrosine itself.
These data seem to indicate that
A-MuLV protein kinase, under identical
experimental conditions, is able to
phosphorylate at tyrosine residues different
300

substrates in cells possessing diverse cyto skeletal architecture. It is known that
A-MuLV-coded protein kinase, like other
transforming protein kinases, does not discriminate for substrate phosphorylation [8,
18]; consequently, the different pattern of
phosphorylation induced by A-MuLV protein kinase in fibroblasts and lymphocytes
is probably imputable to a different association of the tyrosine kinase with the cytoskeletal macromolecules.
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the Consiglio Nazionale delle Ricerche, Progetto
Finalizzato Oncologia, and Assoziazione Italian a
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Regulin, a Cytoskeleton-Associated Protein Affecting
Phosphorylation-Dephosphorylation *
G. Kramer, E. Wollny, S. Fullilove, J. Tipper, W. Kudlicki, and B. Hardesty

Translational regulation at the molecular
level has been studied intensively with
components from mammalian reticulocytes. Since the discovery of translational
control
by
phosphorylation-dephosphorylation of initiation factor eIF-2 [1-3]
and possibly 40 S ribosomal subunits [4-7],
relevant protein kinases and recently counteracting phosphatases have become targets
of research. The extent of phosphorylation
of a given protein depends on a dynamic
equilibrium between the activities of the
protein kinase and phosphatase. This equilibrium reaction is schematically depicted
for eIF-2 in Fig. 1.
Potentially, the equilibrium can be shifted by activation or inhibition of either the
kinase or the phosphatase. Regulation of
the protein kinases and phosphatases involved in translational control is poorly
understood. It appears that both types of
enzyme occur in latent forms in vivo. The
mechanisms of activation of the heme-regulated eIF-2a kinase in reticulocytes or of
the double-stranded RNA-dependent eIF2a kinase in interferon-sensitive cells are
still unclear. Almost nothing is known
about the inactive form and occurrence of
protein phosphatases in intact cells. In vitro, phosphatases generally can be activated by high, nonphysiologic concentrations
of Mn2+ [8-12], by protease treatment [13,
14], or by denaturing agents [15].

We have partially purified and characterized a 76 000 daltons phosphatase from
reticulocytes that counteracted the hemecontrolled eIF-2a kinase [11], and recently
isolated to homogeneity a 56 000 daltons,
Mn2+-dependent phosphatase that is most
active with phosphorylated 40 S ribosomal
subunits [12]. Using monoclonal antibodies, we have identified a 230000 daltons, protease-sensitive protein, which we
have named regulin, that stimulates the activity of this phosphatase [16]. Figure 2
shows that regulin extracted from the membrane fraction with spectrin is distinct from
the 220000 and 240000 daltons a- and
,B-spectrin subunits. Regulin can be
separated from spectrin by ion exchange
chromatography in urea, followed by antibody affinity chromatography using monoclonal antibodies against the regulatory

ATP

ADP

eIF-2(a-P)

eIF-2
active
PHOSPHOPROTE IN
PHOSPHATASE

* Clayton Foundation Biochemical Institute,
Department of Chemistry, The University of
Texas at Austin, Austin, Texas 78712, USA
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Pi

Fig. 1. Phosphorylation-dephosphorylation
eIF-2

of

Fig.2a,b. Separation ofregulin from
spectrin. Peptides of a crude spectrin
preparation extracted from the reticulocyte membrane (lane 1) or fractions derived from it (lanes 2-4) were
separated on 15% polyacrylamide gels
in SDS and either stained with Coomassie Blue (a) or transferred electrophoretically to nitrocellulose, then
incubated with monoclonal antiregulin antibodies (b) as described [16].
Antigen pep tides were visualized by
dianisidine (cf [l 71). The spectrin
preparation was made 6 M in urea,
then loaded on a DEAE-cellulose
column equilibrated in 40 mM TrisHCI (pH 7.5),25 mM KCI, 5 mM
,B-mercaptoethanol, and 6 M urea.
The wash fraction (lane 2) contained
mostly hemoglobin. Then proteins
were eluted stepwise with the same
solution, but containing JOO mM (lane
3) and 300 mM KCI (lane 4). Lane 3
contains regulin, lane 4 mostly spectrin. Lane 3 a (JOO mM KCI fraction)
is from an identical preparation from
which protease inhibitors were omitted
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Fig.3. Stimulation of phosphatase
activity by regulin. The 56 000 daltons phosphatase was isolated and
its enzymatic activity determined
as described [12]. Regulin (full circles) or spectrin (open circles) were
added in amounts indicated on the
abscissa

2 .0

PROTEIN ADDED, floG

protein. Regulin peptides are identified after separation of peptides by SDS-gel electrophoresis followed by Western blotting
and ELISA with monoclonal antibodies (cf.
[16]). The antigen-antibody complex is detected by a second antibody to which

peroxidase is linked using dianisidine and
H 2 0 2 as substrate (cf. [17]). Regulin is a
230 000 daltons peptide that is very sensitive to proteolysis. If the cells are lysed in
the absence of protease inhibitors, regulin
is quickly degraded (Fig. 2 B, lane 3 a). It is
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Fig. 4. Model for the association of regulin with
spectrin in the red cell cytoskeleton. Illustration
of the membrane-associated proteins is modified
from [19]

not established whether or not this proteolytic processing of regulin has a physiologic
function such as activation of protein
kinase or phosphatase by extracellular
stimuli that are transmitted through membrane receptors.
After reticulocytes are lysed and fractionated, regulin and its degradation products
are found in part in the postribosomal
supernatant and appear to copurity
through most chromatographic steps with
the phosphoprotein phosphatase and the
heme-controlled eIF-2a kinase activities.
Highly purified regulin - but not spectrin stimulates the enzymatic activity of the homogeneous 56 000 daltons phosphatase as
shown in Fig. 3.
Based on the results here and elswhere
[12, 16], we suggest the model depicted in
Fig. 4, indicating membrane-cytoskeleton
interaction in red cells. It shows regulin associated with spectrin in the cytoskeleton
and functioning to organize and modulate
the activity of heme-regulated eIF-2a
kinase and the protein phosphatase involved in translational control. Evidence
has been presented which indicates that
mRNA and polysomes active in protein
synthesis also are bound to subcellular cytoskeletal structures, as reviewed recently
by Trachsel and co-workers [18]. Thus, it
appears likely that these elements for protein synthesis, as well as the factors that
304

control their activity, are also organized on
the cytoskeleton in intact cells.
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Viruses as Tumor Initiators and Tumor Promoters
H. zur Hausen 1

The role of specific viral genes in the induction of malignant tumors is well established in viral infections by papovaviruses and adenoviruses (e.g. review by
zur Hausen 1980). In these infections viral
DNA may integrate into the host cell
genome, and continuous expression of a viral function is a prerequisite for the maintenance of the transformed state.
Chemical and physical carcinogens, on
the other hand, introduce transient modifications in the DNA (e.g., DNA adducts,
cross-links, single-stranded breaks), which
subsequently result in mutational events
and also in selective DNA amplification
(SDA) in most systems investigated thus far
(Lavi 1981; Heilbronn et al. 1985). It appears that "permanent" hereditable changes induced in initiated cells result mainly
from the latter events (Heilbronn et al.
1985). No consistent exposure to the
damaging event is required for the induction of malignant growth.
In recent years there has been some investigation of the question as to whether
specific viral infections may lead to
initiator-like effects by modifYing the host
cell genome similarly and by inducing cell
transformation without persistence and
continued expression of viral genome functions. This question was raised first when
herpes simplex virus DNA, which transforms rodent cells (Duff and Rapp 1973)
and has been suspected of playing a role in

1 Deutsches Krebsforschungszentrum, 1m Neuenheimer Feld 280, 6900 Heidelberg, FRO
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human cervical cancer (Rawls et al. 1968),
was not detected in transformed cells and
human cervical cancer biopsies (zur
Hausen et al. 1974; zur Hausen 1975, Skinner 1976). Subsequently, experimental data
were provided that revealed initiator-like
properties of herpes simplex virus infections: The virus was shown to induce
mutations within the host cell genome
(Schlehofer and zur Hausen 1982) and very
efficiently induced SDA in infected cells
(Schlehofer et al. 1983).
At least one of the enzymes responsible
for inducing these last changes was identified as herpes-specific DNA polymerase
(Matz et al. 1984). This enzyme shares
functional properties with host cell DNA
polymerase alpha, which was recently identified as the key enzyme in SDA induced by
chemical and physical carcinogens (He ilbronn et al. 1985).
Thus, herpes simplex viruses at least
share properties with initiators under specific conditions they may possibly interact
with host cell DNA as chemical and physical carcinogens do. It will be interesting to
determine whether additional members of
the herpes-virus group, such as cytomegalovirus or Epstein-Barr virus, possess similar properties.
Tumor promotion is not yet defined at
the molecular level. Promoting chemicals,
if applied for prolonged periods of time to
initiated cells, lead to papillomatous proliferations which convert into malignant tumors. Promotors do not act as carcinogens,
but they interact with carcinogen-pretreated cells, ultimately resulting in carcinomatous growth. It is tempting to speculate that

promoters induce expressIOn of amplified
"initiated" genes.
There is one group of viruses which,
upon infection of susceptible cells, shows a
remarkable functional resemblance to tumor promoters: the papillomaviruses (zur
Hausen et al. 1984). It appears that in the
majority of specific infections with these
viruses leading to malignant conversion additional interaction with chemical and
physical carcinogens is required. The
molecular mechanism of this interaction is
presently not understood. Preliminary data
suggest, however, that events favoring integration of the otherwise episomal papillomavirus DNA into the host cell genome
may contribute to this process (Schwarz et
al. 1985). It appears that additional changes, possibly affecting the host cell genome,
are also involved.
Thus, interaction of specific types of
papillomavirus infections with chemical
and physical carcinogens suggests a promoter-like activity of these agents.
This is further underlined by observations revealing the effectiveness of a potent inhibitor of chemical promotion, retinoic acid, in the treatment of clinical
warts and experimental papillomas (Lutzner and Blanchet-Bardon 1980; lablonska
et al. 1981; Ito 1981).
At present it is very difficult to correlate
these effects with promotion at the molecular level. It is suggestive, however, that
papillomaviruses represent suitable models
for analysis of the process of promotion.
We can therefore conclude that viruses,
in particular herpes simplex virus and specific papillomavirus types, may lead to intracellular events resembling effects exerted
by chemical and physical carcinogens and
tumor promoters. The availability of these
agents and the accurate study of their gene
organization and gene expression may render them suitable models for use in work
that will expand our understanding of basic
processes in carcinogenesis.
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Endemic and Sporadic Cases of Epstein-Barr Virus-Positive
Burkitt's Lymphoma: Immunological Characterization
of Derived Cell Lines
C. M. Rooney!, M.Rowe 1 , A.B.Rickinson!, G.M.Lenoir2, D.M.MosSl, and M.A. Epstein 4

A.

Introduction

Burkitt's lymphoma (BL) is a tumour
which is endemic in regions of Africa and
New Guinea where temperature and rainfall are high and malaria is holoendemic.
BL also occurs worldwide (sporadic BL),
but at a much lower incidence, and showing no association with specific climatic or
geographical features. Some 98% of endemic tumours carry multiple copies of the
Epstein-Barr (EB) virus genome, and it is
possible that this virus has a causal relationship with BL. However, only 20% of
sporadic cases are associated with the EB
virus, and this would suggest that the endemic and sporadic forms of the disease
may differ in pathogenesis.
In this work we have compared tumour
cell lines established from endemic cases of
BL with lines established from EB virus genome-positive sporadic tumours. The differences apparent between them suggest
that the two diseases, even when both are
EB virus-associated, may be distinct in
terms of the cell of origin, and therefore in
terms of pathogenesis.
New BL cell lines have been established
from patients located in regions of Africa
(seven cases), and New Guinea (two cases)

1 Dept of Cancer Studies, University of Birmingham Medical School B15 2TJ UK
2 IARC, Lyons France
3 QIMR, Queensland, Australia
4 Dept Pathology, University of Bristol Medical
School, UK
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where the tumour is endemic. Simultaneously, lymphoblastoid cell lines (LCL)
were established from the normal, circulating B cells of these same patients, by in vitro infection with EB virus. BL/LCL pairs
have likewise been established from sporadic cases of the disease arising in Algeria,
France and La Reunion.
B. Phenotypic Analysis of Endemic
and Sporadic BL Lines
In every case, BL cells were distinct from
the autologous LCL cells, in being monoclonal in immunoglobulin expression, in
showing specific chromosomal translocations, and in terms of cell surface phenotype and morphology [I]. More importantly
there were interesting differences between
individual BL lines (Table 1).
All nine BL lines of endemic origin initially grew as single cell suspensions, and,
using a selected panel of monoclonal antibodies, they showed a characteristic pattern
of reactivity which showed no resemblance
to that shown by LCL. Endemic BL did not
bind two "lymphoblastoid-specific" antibodies, AC2 and MHM6, nor two antibodies with known reactivity with Sternberg-Reed cells, Kil and Ki24, but they did
show strong reactivity with J5, an antibody
with specificity for the common acute lymphoblastic leukemia antigen (cALLA). This
phenotype was called group 1. Only 2/9
sporadic BL expressed a group 1 phenotype, while the remaining 7 lines were reactive not only with J5, but also with Ki24,
and showed a variable pattern of reactivity

Table 1. Phenotypic analysis of endemic and sporadic BL cells
Cell line
type

Patient Early passage
Growth
pattern

Endemic
BL

Sporadic
BL

Endemic
and
sporadic
LCL
w
o

\0

Later passage
Monoclonal antibody binding

Group Growth
pattern

MHM6 AC2

Kil

Ki24

J5

Monoclonal antibody
MHM6 AC2

Kil

Group
Ki24

J5

WEW 2
WAN
CHEP
MAK
LIV
MUK
ELI
KYU
WEW I

Single cells
Single cells
Single cells
Single cells
Single cells
Single cells
Single cells
Single cells
Single cells

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

+++
+++
+++
+++
+++
+++
+++
+++
+++

I
I
I
I
I
I
I
I
I

Single cells
Single cells
Single cells
Small clumps
Single cells
Small clumps
Small clumps
Small clumps
Small clumps

LAT
TOL
MON
OUS
Ls32
Ls92
PUY
LOU
BOC

Single cells
Single cells
Single cells
Large clumps
Large clumps
Large clumps
Large clumps
Large clumps
Large clumps

0
0
0

0
0
0

0
0

+
+++
+
++
+
+++

+++
+++
+++
+++
+++
+++
+++
++
+

I
I

+
++
++
++
+
+

0
0
0
0

Single cells
Single cells
Small clumps
Large clumps
Large clumps
Large clumps
Large clumps
Large clumps
Large clumps

+++
+++
+++ +++
+
+
+++ +++
+++ +++ +
+++ 0
+++ ++
++
++
0
+
+++ ++
+++ 0
+
++
++
+++ 0
+
+++ +++ +++ 0

Large clumps

+++ +++ + +/ ++/ 0
+++ +++

All
Large clumps
patients

++
++
+
0

++

+++
++
+++
++
+++
++
+++

+++ +++ + +/ + +/ 0
+++ +++

II

II
II
II
II
II

II

0
0
0
0
0

+
0
0
0
0
0
0

+++
+++
+++
+
+++
++
+++
++
+++
+++ ++
+
+++ +++
++ + ++
+
+++ +++ +++
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0

0
0
0
0

0
0
0

0
0

I
I
I
II
II
II
II
II
II

I
I
II
II

III
III
III
III
III

Table 2. Endemic and sporadic BL cells differ in their immunogenicity to NK cells, and to allospecific cytotoxic T cells
Cell
line type

Patient

Group

NK
activation

Susceptibility
to NK cells

Allo
activation

Susceptibility
to alIo-killing

Endemic
BL

WEWI
WEW2
WAN

BL<LCL
BL«LCL
BL=LCL
BL<LCL
BL=LCL
BL=LCL
BL=LCL
BL=LCL

BL«LCL
BL«LCL
BL«LCL
BL«LCL
ND
ND
BL<LCL
BL<LCL

BL<LCL
BL«LCL
BL<LCL
BL<LCL
ND
ND
BL<LCL
BL<LCL

BL=LCL
ND
ND
BL<LCL
BL>LCL
BL>LCL
BL=LCL
BL>LCL
BL=LCL

BL«LCL
ND
ND
BL>LCL
BL>LCL
BL<LCL
BL<LCL
BL>LCL
BL<LCL

BL«LCL
ND
ND
BL>LCL
BL=LCL
BL<LCL
BL<LCL
BL>LCL
BL=LCL

Sporadic
BL

MAK

1
1
1
1

CHEP
LIV
MUK
ELI

1
1
2
2

BL«LCL
BL«LCL
BL«LCL
ND
ND
BL«LCL
BL=LCL
BL<I«LCL

LAT
TOL
MON
OUS
PUY
Ls32
Ls92
Lou
BOC

1
1
2
2
2
3
3
3
3

BL<LCL
ND
ND
BL<LCL
BL=LCL
BL=LCL
BL=LCL
BL=LCL
BL=LCL

with Kil, AC2 and MHM6. These lines
were classified as group 2.
Within 20 in vitro passages, a number of
lines were seen to change both in morphology and in phenotype: 6/9 endemic
BL acquired a group 2 phenotype, and began to grow in small clumps, individual
cells being less uniformly spherical. This
growth pattern was quite distinct from that
of the sporadic lines in group 2. Group 2
sporadic lines grew as large tight clumps,
and although this growth pattern remained
unaltered, with subsequent passage they
lost their reactivity with J5, thus acquiring
a group 3 phenotype, which was more similar to that ofLCL.
Differences in growth pattern, and in
quantitative expression of the monoclonal
antibodies MHM6, AC2 and Kil, suggest
that the stable group 2 into which the endemic group 1 BL lines progress, is probably distinct from the unstable group 2 in
which sporadic BL can arise. Thus, BL appears to arise in at least two separate B cell
subsets; endemic BL is restricted to just one
of these subsets, while sporadic BL may
arise in a range of B cell differentiation
states.
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C. Immunological Analysis of Endemic
and Sporadic BL Lines
Endemic and sporadic cell lines in groups
1, 2 and 3 are being characterized in terms
of their performance in a number of immunological assays (Table 2). First, in their
ability to induce "activated NK" cells, and
in their susceptibility to "activated NK"
cell-mediated cytolysis. Induction of "activated NK" cells was achieved after 4-6
days of co culture of y-irradiated BL or LCL
cells, with unfractionated mononuclear
cells from seronegative donors, at a low responder: stimulator ratio of 4: 1. Effector
cells were harvested and tested for killer activity against chromium-labelled target
cells (Table 2).
Cell lines in group 1, either sporadic or
endemic, were poor inducers of activated
NK cell activity in comparison with LCL,
or with sporadic BL lines in group 2 or
group 3. Only 1/4 endemic lines which had
progressed into group 2 was capable of inducing NK cell activity which was comparable to that induced by LCL. There was
little difference in the sensitivity of cell

lines in anyone group, and LCL to NK
cell-mediated cytolysis.
Second, the BL lines were tested for their
ability to induce alloantigen-specific cytotoxic T cells (C1L) , and for their susceptibility to lysis by these allospecific Cli. Allospecific CTL were induced by 9-10 days
coculture of y-irradiated BL or LCL cells,
at a responder: stimulator ratio of 40: 1. T
cells were isolated by rosetting with sheep
red blood cells, and soon after, a T cell
growth factor-dependent cell line was established. These effector cells were tested in
5-h chromium release assays, against HLAmatched and mismatched target cell lines.
All seven endemic lines tested were poor
inducers of allospecific CTL activity in
comparison with the autologous LCL: BL
< LCL, two pairs (group 2); BL« LCL,
four pairs (two in group 1, and two in group
2). One sporadic line in group 1 was tested,
and this line was a very poor inducer of allospecific C1L. However, the activity of
sporadic lines in groups 2 and 3 was more
comparable to that of LCL: BL < LCL,3/

6 pairs; BL < LCL 3/6 pairs. Generally the
susceptibility of each line to allospecific
cytotoxicity reflected its capacity for alloactivation.
Currently, the susceptibility of these lymphoma lines to EB virus-specific T cell-mediated cytotoxicity is being tested. The outgrowth of virus-infected tumour cells in BL
may be due, either to a failure of the patient's immune responses, or to a lack of
sensitivity of the tumour cells to cell-mediated immune lysis. The latter hypothesis
may be important in endemic cases of BL,
while a depressed immune response may
be a factor in most sporadic cases. Further
studies of the immune responses of BL patients are required to answer these questions.
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Herpesvirus HVMA: A New Representative in tbe Group of tbe
EBV-like B-Lympbotropic Herpesviruses of Primates *
B. A. Lapin, V. V. Timanovskaya, and L. A. Yakovleva

Isolation of EBV from an African baby with
malignant lymphoma in 1964 was followed
by a series of investigations resulting in the
establishment of antibodies to viral capsid
antigen (VCA EBV) in blood sera of different Mrican and Asian monkey species
[1-7].
Detection of VCA EBV antibodies that
did not differ in different lymphotropic
herpesviruses, as was established later, resulted in the notion that EBV was a ubiquitous virus and that monkeys could serve as
a natural reservoir of the virus being the
source of human infection.
B-lymphotropic herpesvirus HVP, antigenically and biologically related but not
identical to EBV and sharing only 40%
DNA homology with the latter, was isolated in our laboratory in 1973-1974 from
lymphomatous hamadryas baboons [8-14].
Isolation of the virus HVP has been the
basis for the idea on the existence of a family of the EBV-like B-lymphotropic herpesviruses of primates (human beings and
different Old World monkey species). This
idea has been confirmed by subsequent isolations of lymphotropic herpesviruses of
chimpanzees [15], orangoutangs [16], gorillas [17], vervets [18], and macaques
[19] by other investigators. The above
viruses were produced in lymphoid cell suspension cultures established both from normal and (rarely) from sick monkeys with
malignant lymphoma. It can be suggested

*

Institute of Experimental Pathology and Therapy, USSR Academy of Medical Sciences,
Sukhumi, USSR
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that EBV-like B-Iymphotropic herpesvirus
would be revealed in other representatives
of the Old World primates.
The present report describes isolation of
a new lymphotropic herpesvirus of M. arctoides produced by lymphoid cell culture
MAL-I, which has been established from
M. arctoides peripheral blood lymphocytes.
A large number of cytoplasmatic IgM
were detected in MAL-I culture cells. This
meant it was impossible to investigate them
in an indirect immunofluorescent test using
polyspecific anti-Ig-FITC conjugate. Antigens crossreacting with EA and VCA HVP
were identified in MAL-l cells by a direct
immunofluorescence test using labeled
FITC globulins of anti-VCA + EA + HVPpositive serum of hamadryas baboons. The
percentage of EA + VeA + cells in MAL-I
culture varied depending on the period after passage (> 1%-4%). The maximum of
antigen-positive cells was noted 48-72 h after the passage (Fig. 1).
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Electronmicroscopic investigation of ultrathin sections of MAL-I cells has revealed
herpesvirus particles. Molecularbiological
investigations have shown moderate DNA
homology of the isolated virus with the
DNA of baboon herpesvirus (30%) and the
DNA of the Epstein-Barr virus (20%).
Thus, the group of B-Iymphotropic herpesviruses has been replenished with a new
virus of M. arctoides monkeys, which has
been named HVMA (herpesvirus M. arctoides).
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Tumors Induced in Hairless Mice by DNA from Human Malignant
Cells
F. L. Kisseljov 1, L. Z. Topol!, A. G. Tatosyan 1, N. G. Nalbandyan 1, E. S. Revasova 1
and M. Grofova 2

The development of a transfection technique which is based on the transfer of foreign genetic material into permissive cells
allows one to isolate and identify the transformed genes in tumors of different etiology [1]. The results which have been obtained in the last few years lead to the conclusion that primary effects in human tumors during their progression are connected with the activation of different
genetic elements, among which oncogenes
may play an important role [2]. The main
aim of this work is the elaboration of an experimental model for the analysis of
human tumors and human genome DNA
fragments which participate in the process
of malignant cell transformation.
The following human cell lines adapted
for growth in vitro were analyzed: osteosarcoma U-393 OS; sinovial sarcoma
U-4 SS; malignant glioma U-25 I MG [3, 4];
fibrosarcoma B-6 FS [5], and bladder carcinoma T24 [6]. Two primary human tumors were also included: stomach carcinoma; and testis carcinoma. DNA from
tumors and cells was isolated by the
SDS-phenol extraction method. The transfection of high molecular weight DNA was
made according to well-known methods [7].
For the selection of transformed clones we
used two methods: cultivation in vitro as
described by Wigler et al. [8]; and a second
method including the injection of the whole
pool of transfected cells in hairless mice

1 Cancer Research Center, Moscow, USSR
2 Cancer Research Institute, Bratislava
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(2 X 106 cells per mouse) on the seventh day

after transfection before any indication of
morphological changes in cell phenotype.
As a result, we obtained around 30 DNA
preparations from the foci of transformed
cells and hairless mice tumors which were
analyzed by the blot hybridization technique in the presence of Alu sequences, as a
marker of human genome [9, 10]. Among
these DNA preparations including T 24
DNA (which was used as a positive control), only ten were Alu positive and were
used for further rounds of transfection.
These Alu-positive DNA were again transfected in NIH 3T3 cells with further implantation in hairless mice. Results presented in Table I show that these DNA-induced tumors appeared in mice after a
shorter period of time in comparison with
the first round. The development of tumors
having biologically inactive DNA in further
cycles of transfection may be connected
with the high background of spontaneous
transformation observed in the clone of
NIH 3T3 cells used for experiments.
The analysis of Alu sequences in DNA of
murine tumors shows that after EcoRI
digestion, discrete bands of human genome
were obtained. The pattern of these fragments, which arose after implantation of
NIH 3T3 cells transfected with DNA from
the malignant glioma cell line U-251 MG,
was different after each round of transfection (Fig. I a, lanes I, 2, 3). So, after the
second cycle, Alu sequences are associated
with the bands of 3.2 megadaltons and after the third cycle 4.0 and 4.5 megadaltons.
It indicates that, during DNA transfers
from donor to recipient cells, structural re-

Table 1. Analysis of tumors in hairless mice, occurring after implantation of NIH 3T3 cells transfected
with various human DNA
Number

I
2
3
4
5
6
7
8
9
10

DNA origin

Osteosarcoma
Osteosarcoma
Sinovial sarcoma
Malignant glioma
Fibrosarcoma
Bladder carcinoma
Stomach carcinoma
Testis carcinoma
Normal stomach
tissue
NIH 31'3 cells

Material

U-393 OS
U-20S
U-4SS
U-251 MG
B-6 FS
T24
SC
TC87

First round

Second round

Third round

Tumor Alu
appear- seance
quences
(days)

Tumor Alu
appear- seance
quences
(days)

Tumor Alu
appear- seance
quences
(days)

35
35
33
34
20
15
35
72

+
+
+
+
+
+
+

22
15
12
12

+
+

N.T.a
N.T.

20
18

+
+

80

a N.T. not tested

arrangements of human genetic material
may occur.
For tumors induced by U-4 SS DNA after the second round of transfection and
EcoRI DNA digestion, the main Alu band
occurred at 4.5 megadaltons and diffuse
low molecular weight bands were also visible (Fig. I a, lane 5). It is necessary to note
that in tumors which developed after the
first round, cell transfectants of the B-6 FS
cell line A lu-specific sequences occurred as
discrete bands at 13.7 and 4.5 megadaltons
(Fig. 1 a, lane 8) although it is well known
that, for the first round of transfectants, the
diffuse distribution of A lu sequences is
more typical [11].
Earlier it was shown that transformation
of NIH 31'3 cells with DNA from tumors of
different origin, including human bladder
carcinoma, was accompanied by the transfer of the ras oncogene family and it was
suggested that these genes may qualify as
transforming genes of these tumors [12-14].
Therefore, the ras gene was chosen for
analysis of the murine tumor genome. The
results of these experiments are presented
in Fig. 1 b. In all cases we observe hybridization with ras-specific probe and at the
same time the main hybridizing fragments

have the same mobilities as Alu fragments
which testify to the human origin of these
ras-specific sequences. Some additional
bands which do not comigrate with Alu
fragments where also observed. We suggest
that they may represent either independent
human ras sequences which are not linked
with neighboring A lu sequences, or endogenous ras gene, for example, the 8.0
megadaltons fragment, which is also detected in NIH 31'3 cells (Fig. 1 b, lane 9).
Densitometric scanning of autoradiograms
of Ha-ras blots shows that, in every round
of transfection, both the increase and decrease of integrated material may have occurred (it is well documented for the
second and third rounds in U-251 MG
cells).
In summary, we can conclude that the
transfection of the DNA from human tumor cell lines U-25 I MG, U-4 OS, and B-6
FS in NIH 31'3 cells with further implantation of these cells in hairless mice
was accompanied by transfer of'discrete regions of human genome which contains ras
oncogene and highly repeated A lu sequences, both of which may undergo structural and qualitative changes, including
amplification.
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Fig. 18, b. Comparative analysis of hairless mice
tumor genomes induced by implantation of
NIH 31'3 cells transfected with various human
DNA. a with Alu-specific probe, b with Ha-rasspecific probe. Human DNA for transfection was
isolated from: 1, 2, 3 U-251 MG (malignant
glioma) cell line (first, second, and third round of
transfection, respectively), 4 testis carcinoma
(first round); 5 U-4 SS (sinovial sarcoma) cell
line (second round); 6 kidney of hairless mice; 7
tumor of hairless mice, induced by spontaneously transformed NIH 31'3 cells; 8 B-6 FS
(fibrosarcoma) cell line (first round); 9 NIH 31'3
cells
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A.

Introduction

Human T cell leukemia virus (HTLV) is the
name by which we have designated a family of related retroviruses from humans.
HTLV type I (HTLV-I) is the name we gave
the first human retrovirus isolate. HTLV-I
is endemic at low rates in different parts of
the world, including southern Japan, the
Caribbean, South and Central America, the
southeastern United States, and especially
in Africa. Seroepidemiologic studies show
that HTLV-I is the primary etiologic agent
of an aggressive form of adult T cell leukemia/lymphoma (ATLL). Infection with
HTLV-I in vivo occurs preferentially with
OKT4+ T cells and results in immortalization of the infected cells as well as abrogation of various immune functions of the
infected cells, in keeping with its role in the
etiology of ATLL. A second related but distinct virus, HTLV type II (HTLV-II), was
identified by us in collaboration with D.
Golde and colleagues after type I, in material from a patient with hairy cell leukemia. HTLV-II shares many features with
HTLV-I, including in vitro transforming activity, but it has been isolated only rarely
and has not yet been associated with any
disease. A third virus, HTLV type III
(HTLV-III), has been isolated many times
from individuals who have acquired im-

*

Laboratory of Tumor Cell Biology, Developmental Therapeutics Program, Division of
Cancer Treatment, National Cancer Institute,

Bethesda, MD 20205, USA

munodeficiency syndrome (AIDS) or are at
risk for this disease. HTLV-III shares some
antigenic cross-reactivity with I and II, as
well as some general features, including an
OKT4+ T cell tropism. The virus is more
highly infectious than I or II, however, and
has so far shown only cytopathic and not
immortalizing effects. Seroepidemiologic
data show that HTLV-III is the cause of
AIDS.
B. HTLV-I and Adult T Cell Leukemia/
Lymphoma
The first human retrovirus isolates were obtained from malignant T cell lines established with the use of T cell growth factor (TCGF), a protein present in the media
of peripheral blood cells stimulated with
phytohemagglutinin [1, 27, 40]. The T cell
lines were established from black patients
in the United States with what were diagnosed as unusually aggressive variants of
cutaneous T cell lymphoma [28, 29, 35].
The virus, which we called H1LV-I, has
typical retrovirus morphology (Fig. 1) and,
like other retroviruses, contains both a reverse transcriptase and high-molecularweight polyadenylated genomic RNA.
HTLV-I was shown to be unique by the criteria of protein serology [14, 37, 38] and
nucleic acid hybridization [35], and to be
exogenous to man [35]. Transmission is
horizontal and does not occur genetically
[9,54].
The isolation ofHTLV-I made it possible
to make antibodies to the viral proteins.
These antibodies were then used to test
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HTLV-I

Fig. 1. Electron microscopy of H1LV-I, II, and
III. Shown are budding (panels a), immature
(panels b), and mature (panels c) virions of the
three types of H1LV. The bar in 3 b equals
lOOnm

serum samples for the presence of HILV-I.
Most persons in the United States were
negative for this virus, including patients
with many types of leukemia and lymphoma. HTLV-I was detected in a small
fraction of persons from the United States
with cutaneous T cell leukemia or lymphoma, most of whom were blacks in the
southeastern United States or of Caribbean
origin [4, 30]. Even most of these patients
were negative.
Two regions of the world were identified,
however, in which there were endemic diseases which clinically resembled those from
which the first two isolates of HTLV-I were
obtained. These regions were the Caribbean [5] and southwestern Japan [51]. The
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disease in the Caribbean was called
lymphosarcoma cell leukemia, and that in
Japan was called adult T cell leukemia;
both were found to be closely associated
with the presence of HTLV-I by seroepidemiology [3, 13, 39]. Both diseases are
now regarded as the same clinical entity,
and are collectively called adult T cell
leukemia/lymphoma (ATLL).
Similar results have been reported by investigators in Japan, who also isolated retroviruses from ATLL cell lines [25, 54].
These retroviruses are now known to be
isolates of HLTV-I [52]. Sporadic occurrences of both HTLV-I and ATLL have
been noted in many other areas of the
world [10], and most recently parts of
Africa have also been shown to be endemic
[43].
As is true for the naturally occurring animal leukemia viruses, only a small fraction
of HTLV-I-infected people develop leukemia [50]. It thus appears as though other

Table 1. Relatedness of
HTLV-I, II, and III

Property

Subgroup of HTLV

1. General infectivity
2. Particular tropism
3. RTsize
4. RT divalent cation
5. Major core
6. Common envelope epitope
7. Common p24 epitope
8. Nucleic acid homology to I
(stringent)
9. Nucleic acid homology to I
(moderate stringency)
10. Homology to other retroviruses
11. pX
12. Produces giant multinucleated cells
13. African origin

factors, such as the host immune response,
age at exposure, virus dose, or route of infection, may be important factors in determining the end result of infection.
C. In Vitro Biological Effects of HTLV-I
HTLV-I was first shown by Miyoshi et al. to
transform T cells [26], but the target cells
were not shown to be initially free of virus.
Subsequently, transformation was achieved
using target T cells shown to be HTLV-I
negative [31, 32].
HTLV-I is tropic for T cells of the OKT4+
phenotype both in vivo [9] and in vitro [19,
31, 32]. Transmission is achieved easily by
co-cultivation with killed virus-producing
cells, but only with difficulty when cell-free
virus is used. The infected cells take on
many of the properties of transformed
ATLL cells, including altered morphology,
increased growth rate, the tendency to grow
in clumps, reduced dependence on TCGF,
expression of high levels of the TCGP receptor and HLA-Dr antigens on the cell
surface, and (usually) immortalization in
culture [22, 23, 31, 32]. In vitro transformation by HTLV-I seems to be much more
rapid and efficient than leukemogenesis in
vitro.
Infection with HTLV-I of functional T
cells results in the loss of some or all of
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their immune functions. For example, a T
cell line which was cytotoxic for autologous
tumor cells was established from one (rare)
long-term survivor of ATLL [22]. These
cells were themselves infectable with
HTLV-I, and one clone of infected cells was
shown to have lost the ability to kill its target cells. Instead, the cell would stop dividing and die when presented with the target
[23]. Various other functional losses after
infection with HlLV-I have been reported
in addition [24, 34]. HTLV-I also infects
bone marrow cells in vitro, giving rise to T
cell lines of different phenotypes, including
OKT4+'f8-, OKT418+, and OKT4-S-.
D.

HTLV-II

HlLV-II was originally isolated from a patient with hairy cell leukemia [16].
Although it shares antigenic determinants
of the major gag protein, p24, and the envelope proteins [16, IS] of HTLV-I, it is
readily distinguishable by both protein
serology [17] and nucleic acid hybridization
[36]. It has many common biochemical
properties with HTLV-I (see Table 1), including the ability to transform T cells in
vitro and to mediate a loss of immune functions [34]. It has been isolated only twice,
and in spite of its biological activity in vitro
it is not clear at this time with what disease,
if any, it is associated.
319

AM015A
(HTLV II)

A 23-3
(HTLV I)

ACH-1
(HTLV I)

3:
E-:
co III

a:

£O(/)

w

( (

(

°
0

((

coEUi
(/)(/)
( I

co E ....
III
(/)
Il..
I (

coEUi
(/)(/)
I I

co
E

coEti

AMC-1
(HTLV (bl

.

-I
-_ -o_a:
CO ... .c ... oE
.0 III X III 0 co
X (/) 'it w m

(/)(/)

I I

(/)

(

=3:
COOO- c:: co co- OOE
E .5 Ui 0. E.o Ui
co
(/)I Il..~ (/)X Il.. .5
Im
I(rr I I I I I
=3:
COOO-c:: co-;E.5tio. E.oti ~~
(/)IIl..~ (/)XIl..
Im
I~"""" III I I
-:::
=I
co 00 c:: co 00E.5 Q E.!c::ti-g E
(/)r~ (/)X:Z:1l.. :z:~
I (
l 11 ( 1 I

-co
-... -E.5
(/)I
00

8!.
I

co -

-...
EO
.cUI
(/)XIl..
I II

5'§]1

-- - --

co
E
(/)
I

I I

-co
00

E.5
(/):::t:
I (

--

gag

2

3

4

5

Fig.2. Genomes and restriction maps ofH1LV~I
and II. lMOl5A is an example ofH1LV~II, l233 and lCH-l are examples of H1LV-l , and lMC1 is H1LV-Ib. Genomic regions corresponding to
L1R, gag, pol, env, and pX are drawn to scale according to the published nucleotide sequence of
an H1LV~I isolate. Two BgIII sites in the 5' end
of lMOl5A are not shown

E.

Genomes ofHTLV-I and HTLV-II

The genome ofH1LV-I has been completely sequenced [45]. H1LV-I contains two
large terminal repeat (L1R) sequences, in
common with other retroviruses, which
contain transcriptional control signals.
There are fairly typical gag, pol, and env
genes, although the gag gene seems to code
for three proteins rather than four. In addition, there is an extensive stretch of DNA
3' to the env gene, which contains several
potential open reading frames capable of
coding for proteins. This is called the pX
region, and does not seem to be necessary
for viral replication. It may be important in
cell transformation, as discussed below, but
it is not a cell-derived one gene, since it has
no homology with host cell DNA. The
structure of the H1LV-I genome is shown
in Fig. 2.
The H1LV-II genome also contains a pX
region, and has the same gene order as
H1LV-I [46]. Heteroduplex analyses using
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relaxed hybridization conditions indicate
that the two viruses are at least distantly related over the length of their genomes. The
3' portion of pX region seems to be the
most closely conserved part of the genome.
The HTLV-II pX has been recently sequenced [23], and the 3' part of this sequence has a large open reading frame
which has the coding potential for a protein
of at least 38 kilodaltons. The close homology with the analogous region of the
HTLV-I genome suggests that the product
for which these regions code is important
for the biological activity of these viruses.
The env gene sequence of H1LV-II has
also been recently reported [47], and it also
shows significant homology with the
H1LV-I env gene, except for the extreme 3'
and 5' termini. The L1Rs of the two viruses
are markedly different over most of their
length [49], but small regions near the RNA
cap site, the primer binding site, and a 21base pair sequence present at four copies in
the HTLV-II L1R and three copies in the
HTLV-I L1R are highly homologous. These
last sequences could represent RNA transcriptional enhancers.
How do HTLV-I and II transform T
cells? One puzzling aspect of the molecular
biology of HTLV-I and II is that although
transformation of infected cells is rapid, the
viral genome does not contain a typical
(i.e., cell-derived) one gene. Moreover,

leukemogenesis appears to be relatively inefficient and to involve a long latent period,
as with the chronic animal leukemia
VIruses.
A second puzzling feature of transformation is that the proviral' integration site in
fresh leukemic blood cells, leukemic cell
lines, and cord blood T cell lines transformed in vitro is nearly always mono- or
oligoclonal [23, 53-55], suggesting that only a few of the infected cells become transformed. There does not, however, seem to
be a preferential integration site common
to different leukemic patients or cell lines
[53, 55], suggesting that a specific integration site is not required for transformation,
and that the viral genome itself contains all
the necessary information.
What is the reason for these apparent
paradoxes? It has been shown that the activities of the H1LV-I and II RNA polymerase promoters are strongly influenced by
the cell type in which they are present [6,
48], and are far more active in T cells than
in other cells. Activity is higher in cells already infected with H1LV than in uninfected cells. This has been interpreted as indicative of the presence of a trans-acting
factor present in HTLV-infected cells,
which strongly activates the H1LV promoter. Sodroski et al. [48] suggest that this
factor may in fact be the pX product. If this
were the case, and ifit had the ability to affect the promoters of cellular genes necessary for T cell function and growth, it could
help to explain both rapid transformation
by H1LV without the requirement for a
specific integration site and a cytopathic or
dysfunctional effect on infected T cells. It
does not explain, however, the monoclonality of transformed cell populations with
respect to the viral integration site.
F. HTLV-I1I and AIDS

Acquired immunodeficiency syndrome
(AIDS) is a recently recognized, generally
fatal disease involving helper T cell depletion and multiple opportunistic infections
and/ or malignancies. It is prevalent among
certain high-risk groups, including promiscuous homosexuals, intravenous drug
abusers, hemophiliacs, Haitians, and in-

fants born to members of high-risk groups.
Because epidemiologic data suggested involvement of a transmissible agent and because of the involvement of OKT4 + T cells
in the disease, it seemed possible that an
H1LV-like retrovirus might be involved.
Essex et al. reported the presence of an
antibody present in a large percentage of
AIDS victims and high-risk populations
which reacted against a cell surface protein
ofHTLV-I-infected cells [7,8].
Recently, we reported on a cell line permissive for the growth of a retrovirus from
AIDS and pre-AIDS patients [33]. More
than 90 isolates from this group of viruses
have been obtained [11; P. Markham et aI.,
in preparation]. Based on morphology, biochemical properties of reverse transcriptase
[33], antigenic determinants of env and gag
proteins [44], and demonstration of distant
but significant nucleic acid homology in the
gag-pol region, this new virus is distantly
related to H1LV-I and II, and has been
designated H1LV-III. A more detailed
characterization of H1LV-III is given by
Wong-Staal et al. (this volume).
The distant relatedness of these viruses
suggests that the antibody activity described by Essex and his colleagues reflected crossreactivity of H1LV-I antigen with
antibodies to H1LV-III. We have isolated
H1LV-III from a majority of pre-AIDS patients and a large number of actual AIDS
patients [11], but isolation from the normal
population is rare. Almost all AIDS and
pre-AIDS patients have antibodies to
H1LV-III [42]. A typical Western blot is
shown in Fig. 3. The major reactivity is
against a 41K protein, which is probably
the env antigen of HTLV-III. The most recent data show that the prevalence of such
antibodies in these patients is virtually
100% [41]. The association is so striking as
to overwhelmingly suggest that this virus is
the cause of AIDS. Recent evidence indicates that the virus called ALV or IDAV,
detected previously by Barre-Sinoussi et al.
[2], is a member of the same HTLV subgroup.
These accumulated data indicate that
there is a group of related human retroviruses with disparate effects on the
same target cell, the OKT4+ T cell. It will
be interesting to see whether there are
321

A
1, 2' :3 4,

,9

1

C

:2

1 2
..

66
51-

4131-

2,4 -

Fig. 3. Analysis of sera for antibodies to H1LvIII by Western blot. A, Sera from AIDS patients;
B sera from lymphadenopathy patients; C a
positive and a negative serum from homosexual
subjects. Numbers refer to the molecular weight
in kilodaltons

other similar viruses that have yet to be discovered. The identification of the present
members of this group gives us opportunities to study T cell biology, as well
as the potential to intervene in certain now
fatal (and at least in the case of AIDS, increasingly prevalent) Tcell diseases.
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A.

Introduction

Human T cell leukemia/lymphoma virus
(HTLV) , a name originally used to designate a retrovirus associated with a form of
mature T cell malignancy, namely adult T
cell leukemia (ATL), now stands for a family of human retroviruses isolated in nature,
which preferentially infect a subset of T
lymphocytes [20]. In addition to their common cell tropism, viruses of this family
share other biological, physiochemical, and
biochemical properties. However, one major difference in the biological properties of
these viruses is directly reflected in their
different disease spectrums and transforming capabilities. The virus associated with
AIL, renamed HILV-I, transforms T cells
efficiently in culture. A second virus,
HILV-II, which was obtained initially from
culture T cells of a patient with hairy cell
leukemia, also has the capacity to transform T cells in vitro. A third virus subgroup, HTLV-III, lacks transforming activity but is instead highly cytopathic.
HILV-III has been unambiguously shown
to be the etiological agent of the acquired
immunodeficiency syndrome (AIDS) [4, 9,
11, 12].

Almost all exogenous, pathogenic animal
retroviruses belong to one of two categor-
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ies: the chronic leukemia viruses are replication competent, require a long latency
period for disease induction, and lack
transforming activity in vitro. Their
genomes contain only the three structural
genes (gag, pol, and env) that are necessary
for virus replication. The acute leukemia or
sarcoma viruses are usually replication defective, induce disease rapidly in vivo, and
transform appropriate target cells efficiently in vitro. They also carry a cell-derived gene which codes for a product
necessary for the initiation and usually also
maintenance of the transformed phenotype. Mem bers of the HTLV family form a
third distinct category. They are replication
competent, their genomes containing all three
replicative genes. In addition, HTLV-I and
HILV-II contain nucleotide sequences between the env gene and the 3' LTR which
contain a long open reading frame (LOR).
The LOR sequences are not derived from
conserved cellular genes, in contrast to retroviral oncogenes. Even though HTLV-I appears to induce AIL only after long latency
periods, along with HILV-II it can transfrom T lymphocytes rapidly and efficiently
in vitro. The LOR product of HILV-I and
HILV-II is believed to be important in
initiating transformation by these viruses.
The definition of a LOR gene of HILV-III
is less clear. Other retroviruses that fit into
this category are the distantly related bovine leukemia virus (BLV) and a simian
retrovirus (STLV-I), which is closely related
to HTLV-I. Table 1 summarizes comparisons of leukemogenic/transforming properties of viruses in these three categories.

Table 1. Properties of the
three classes of leukemia
viruses
Disease induction
Presence of one genes
Presence of gene coding for
nonvirion structural
protein
Clonality of tumor cells
Provirus integration site
Transformation in vitro
Mechanism of action

B. The Genomes ofHTLV-I
andHTLV-II
The complete nucleotide sequence of one
isolate of H1LV-I [13] and partial sequences of other HTLV-I isolates (unpublished) as well as one ofHTLV-II [7, 16,
18] have been determined. Sorp.e unusual
features in common among HTLV-II and
the several nearly identical isolates of
H1LV-I have been revealed by these studies. First, the long terminal repeat (LTR) is
unusually long compared with other retroviruses, with the extra length attributed
to the Rand U5 sequences. Second, a long,
noncoding sequence with multiple-stop codons separates the gag and pol genes.
Third, there is a region of about 1.6 kb between the carboxy terminus of the env gene
and 3' LTR, which contains several open
reading frames. This region, initially referred to as the pX region [13], is not closely homologous to cellular sequences of vertebrate cells [1] and therefore is not a typical retroviral oncogene. Deletions and substitutions within the first 0.6 kb of pX
found in a variant, HTLV-Ib, obtained
from an African A11.. patient did not affect
the transforming capacity of this virus [6 a]
(unpublished work with L. Ratner). Comparison of the pX of H11..V-I and that of
H1LV-II revealed that the first 0.6 kb is
nonconserved, but the following 1.0 kb is
highly conserved, and contains a single long
open reading frame, LOR [7, 14]. Splice
acceptor consensus sequences are present 5' to LOR, which does not initiate with
the ATG codon [7]. Therefore, the LOR
protein product is likely to be a fused pro-

Acute

Chronic

(HlLV/BLV)

Rapid
Yes
Yes

Slow
No
No

Slow
No
Yes

Polyclonal
Random
Yes
trans

Monoclonal
Specific
No
cis

Monoclonal
Random
Yes
(trans)

tein containing amino acid residues coded
by gag or env. The H11..V-I LOR sequence
predicts a protein product of at least 38 kd.
Sera of patients positive for HTLV-I recognize a 40- to 42-kd protein expressed in all
HTLV-transformed cells, including nonproducer cells that do not synthesize virus or
virion structural proteins. Amino acid analysis of cyanogen bromide cleavage fragments of this protein suggests that it is
coded at least in part by the LOR sequences
[8]. Sequence analysis of the BLV genome
also reveals the presence of an open reading frame similar in size to HTLV-I LOR
in the corresponding region [10].
C. Possible Mechanism of
Transformation and Leukemogenesis
by HTLV-I and HTLV-II
Cells infected by HTLV-I and HTLV-II in
vitro are initially polyclonal and go
through a growth crisis within 4-6 weeks.
Predominantly clonal cells then emerge as
immortalized cells (unpublished data). Often, these cells become independent of T
cell growth factor (TCGF) and their morphology resembles that of the primary leukemic cells [3]. Although the transformed
cells are clonal, the site of provirus integration is variable in different clones. The
lack of a conserved integration site suggests
that these viruses act by a trans-mechanism
in cellular transformation, i.e., a diffusible
viral protein product is directly involved.
By analyzing expression of different viral
structural proteins at different time intervals after infection and clones of trans327
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formed cells containing defective proviruses, we have ruled out the expression of
gag, pol, and env proteins as a prerequisite
for the initiation of transformation (unpublished data). The only remaining candidate is the LOR protein, especially in view
of the high degree of conservation of this
gene between the two transforming HlLVs.
Studies on the promoter-enhancer activity
of L1Rs of H1LV-I and HlLV-II showed
that transcription of LTR-linked genes is elevated manifold in infected cells, indicating
a trans-acting transcriptional activation
phenomenon via a viral protein [17]. There
is indirect evidence that the LOR protein is
responsible for this enhancing activity.
Based on these studies, one can construct a
model in which the LOR protein can also
regulate cellular promoter-enhancer function at distant sites and the cellular genes
regulated are associated with T cell proliferation. Therefore, the mechanism of
transformation by H1LV is more similar to
certain DNA tumor viruses than to other
retroviruses. Several genes have already
been identified that are activated by infection with H1LV-I and H1LV-U, and all
these have been linked to T cell proliferation (Fig. 1). Therefore, it is possible to
test directly whether the LOR protein binds
328

Fig. 1. Transcriptional activation of
viral and cellular genes by the LOR
protein: A model for the mechanism
of transformation by H1LV

to the enhancer-promoter sequences of
these genes.
Unlike the in vitro-transformed cells,
fresh All cells frequently contain no detectable viral mRNA or proteins, including
LOR [2]. In addition, although each of
these All cell samples is monoclonal, the
integration sites of these proviruses vary. So
the virus does not seem to function in cis or
trans in maintaining the leukemic state. We
speculate a two-stage leukemogenesis
event, with the early stage being analogous
to the in vitro transformation process, resulting in immortalization and enhanced
proliferation of the infected cells. This in
tum increases the chance of a mutation or
gene rearrangement which leads to the progression of the disease. At this late stage,
the virus has done its damage and is no
longer needed.
D. Molecular Biology of the HTLV-III,
the Etiological Agent of AIDS
A novel member of the HlLV family designated as H1LV-1I1 has recently been identified as the etiological agent of AIDS, a disease characterized by depletion of the
OKT4 + helper T cells (Gallo et aI., this

volume). We have cloned the genomes of
several isolates ofHTLV-III [5, 15]. Nucleotide sequence analysis of two of these
clones revealed many structural similarities
to H1LV-I and H1LV-II, particularly in the
presence of extra, non-cell derived genes ..
Recent experiments have indicated that
HTLV-III infected cells contained factors
that activate transcription of HTLV-III
L1R-linked genes [19], suggesting that
the HTLV-III has a similar gene in transacting transcriptional activation. Either
HTLV-III "LOR" activates a different set
of cellular genes from LOR of H1LV-I
or -II to account for the cytopathic, rather
than immortalizing, effect of the virus, or
H1LV-III has a transforming activity which
is masked by its profound cytopathic effect.
The HTLV-III genome is completely exogenous and does not carry a conserved
cellular gene. Integrated provirus can be
detected in infected cell cultures as well as
peripheral blood lymphocytes and lymph
node tissue of AIDS and pre-AIDS patients
[15]. The infected cells are polyclonal with
respect to provirus integration, as expected
for a virus that induces cell death rather
than clonal expansion of the target cells.
Furthermore, a large amount of unintegrated viral DNA persists in both the long-term
cultured cells and patient tissues [15], a feature that seems to be characteristic of other
cytopathic retroviruses. We also found that
very few (less than 1 in 100) cells were infected in a population of lymphocytes from
AIDS and pre-AIDS patients, and virus information is not detectable in several
Kaposi tumor tissues examined. These results suggest that HTLV-III does not have a
direct role in the proliferation of lymphocytes in lymphadenopathy of pre-AIDS
patients or in the clonal expansion of endothelial cells of Kaposi tumors. These are
secondary syndromes that develop as a
consequence of the depletion or impaired
function of the helper-inducer T-Iymphocytes infected by HTLV-III.
One salient feature emerging from analyses of the genomes of different HTLV-III
isolates is the extent of polymorphism
among different isolates. So far, all isolates
can be distinguishable from each other
based on the analyses with five or six restriction enzymes. There is a whole spec-

trum with respect to the degree of similarity
among different isolates. An isolate from a
Haitian patient has practically no correspondence of restriction enzyme sites except in the L1R regions [6 b] and probably
represents one end of the spectrum. This
degree of genetic diversity is not seen with
different HTLV-I and HTLV-II isolates,
and may be due to immunoselection or to
the highly replicative nature of HTLV-III
as opposed to the cryptic state of the
HTLV-I and HTLV-II proviruses in vivo. It
will be important to determine whether
changes in the HTLV-III genomes cluster
in any particular regions and whether they
are significant enough to alter the immunological reactivities of the different isolates.
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The Molecular Biology of Human T Cell Leukemia Virus and its
Roles in Leukemogenesis of Adult T Cell Leukemia *
M. Yoshida and M. Seiki

A. Introduction

these characterizations, we use the term
H1LV-I for the virus previously reported as
A1LY. H1LV is exogenous for humans [5,
10], distinct from known animal retroviruses [6, 7], and is closely associated
with A1L [2,5, 11]. In this chapter, we summarize our studies on the mechanism of
leukemogenesis of A1L and identification
of the viral proteins.

Adult T cell leukemia (A1L) is a unique T
cell malignancy proposed by Takatsuki and
his colleagues [ 1]; it is endemic in the
south-western part of Japan [1, 2] and has
been found in the Caribbean [3]. Human T
cell leukemia virus (H1LV) was isolated by
Gallo and his colleagues [4] from a patient
with cutaneous T cell lymphoma, and subsequently adult T cell leukemia virus
(A1LY) was isolated by us [5]. We have
molecularly cloned the provirus genome [6]
and determined the total nucleotide sequence of the A1LV provirus genome [7].
Based on the structural analysis, we recently reported that A1LV and H1LV type
I are the same virus species [8, 9]. After

*

B. HTLV Plays Causative Roles in ATL
Development
Structural analysis of H1LV genome [7]
showed that it contains gag, pol, en v, and
an extra sequence of pX which can code for
some proteins (Fig. 1). Since none of them
showed sequence homology with uninfected human DNA, it was concluded that
H1LV has no typical one gene derived from
a cellular sequence [7]. Thus, the following
question was raised: is H1LV involved directly in leukemogenesis of A1L?

Department of Viral Oncology, Cancer Institute, Kami-Ikebukuro, Toshima-ku, Tokyo
170,Japan
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and boxes at the ends are LTR.
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and those below the genome have
actually been identified in H1LVinfected cells

331

z

I~

~

z ~

0

4IIIi
t-f 1-1
~:

-<

>--

It !l

a ~

· 1
k:'

'Ie ~

r...

~

z

~

tc :z

I:GI Z I

....

To solve this question, we surveyed the
provirus integration in fresh tumor cells of
122 cases of ATL. Only fresh tumor cells
were used in this study. Cellular DNA
isolated from fresh lymphocytes was digested with EcoR!, which does not cleave the
proviral genome, and analyzed by the blotting procedure. By this assay, the provirus
sequence integrated monoclonally was detected as a discrete band. All 122 patients
with typical ATL were infected with HTLV
and the provirus sequences were detected
as one or two discrete bands as shown in
Fig.2 [12]. These results clearly indicate
that the leukemic cells were monoclonal,
originating from a single cell infected with
HTLV, because integration of HTLV genome in nonleukemic cell DNA was random [13, 14]. The monoclonal expansion of
infected cells as tumor cells in all 122 cases
strongly suggests that HTLV directly infects
the target cell which becomes leukemic,
thus implying that HTLV has causative
roles in ATL development [12, 13]. If viral
involvement was indirect, for example, mediated by one or more fact.ors released by
infected cells, some cases should have leukemic cells in which the provirus genome is
absent or is integrated at multiple sites.
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Fig. 2. Detection of HTLV
provirus sequences in fresh
leukemic cell DNA. Lymphocyte DNA samples from
ATL patients were digested
with EcoRI, which does not
cleave the provirus sequence, and subjected to
blotting analysis. 3 2 P_Ia_
beled DNA of cloned
HTLV-I was used as a representative probe in this
analysis

C. No Specific Integration Site
in Leukemic Cell DNA

As described, HTLV plays causative roles in
ATL development [12, 13], although the virus has no typical one gene [7]. Consequently, one of the most probable mechanisms of ATL leukemogenesis was insertional mutagenesis in which the proviruses
are integrated into a few specific loci on the
chromosomal DNA and then activate an
adjacent cellular one gene [15].
In order to test this possibility, cellular
sequences of fresh leukemic cells of a patient which were flanked to the integrated
provirus were cloned and used as probes to
detect DNA rearrangements induced by
provirus integration at the same locus in
other patients. Two sets of probes were
isolated from independent patients and
each set of the probes could detect an approximately 30 kilobases region of cellular
DNA. These probes detected rearranged
DNA fragments in the control DNA from
which the probes were isolated, but did not
detect such rearranged fragments in the
other 35 ATL patients [16]. These observations indicate that HTLV has no common site for integration into leukemic cell
DNA.
We further analyzed the specificity of
provirus integration at the chromosomal
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level by using the human X mouse somatic
cell hybrid strategy. The hybrid cells were
analyzed for two probes isolated from
cellular flanking sequences as described
and it was found that one probe cosegregated with chromosome 7 and the other
cosegregated with chromosome 17 [16].
Thus, the absence of a common integration
site for H1LV was confirmed at the chromosomal level. These results do not support the simple activation of a specific
cellular onc gene by H1LV L1R.
D. Identification and Characterization
of env Gene Products
The absence of a common integration site
in primary tumor cells [16] does not support a cis-acting function of the integrated
proviruses. Thus, proteins coded by H1LV
genome are suspected to be involved in
A1L development as trans-acting factors.
The identification and characterization of
the viral proteins are also important to establish the systems for diagnosis and prevention of H1LV infection.
Monospecific antiserum against the synthetic peptide which is the COOH terminus
of the predicted env gene product was used

-p2OE

Fig. 3. Identification of env .
gene products. Decapeptide
ofthe COOH terminus of
the predicted env polypeptide (top) was synthesized and antiserum was
prepared in a rabbit. MT-2
cells were labeled with cysteine 35S for 1 h with (B) or
without (A) tunicamycin
treatment and extracts were
treated with: normal human serum (lane a); serum
from an A1L patient (lane
b); normal rabbit serum
(lane c); and anti-env-C
peptide (lane d). Pulselabeled MT-2 cells (lane e)
were chased with excess
cold cysteine (lane j) and
both cell extracts were
treated with anti-env-C
peptide

to identity the products. This antiserum detected a protein of 62 kilodaltons in H1LVproducing cell lines [17, 18] (Fig. 3). When
the cell lines were pretreated with tunicamycin, the same antiserum detected 46
kilodaltons protein as a major band instead
of 62 kilodaltons. These results indicate
that the env gene product is 46 kilodaltons
which is then glycosylated into gp62. To
test the possible processing of gp62, the
pulse-labeled (lane e) cells were chased
with cold cysteine (lane f). Antiserum
against the peptide now detected a protein
of 20 kilodaltons. Thus, the COOH terminal portion of gp62 was processed into 20
kilodaltons protein (p20E) [18].
For detection of the other matured env
gene product derived from the NH2 terminal half of gp62, we produced a hybrid protein composed of the env polypeptide and
fi-galactosidase in Escherichia coli as follows. Two fragments of H1LV env gene
were inserted into expression vectors
pORFI and pORF2, respectively [19]. E.
coli transformed with these plasmids produced new proteins with expected sizes as
much as 10%-20% of the total proteins [20].
The hybrid proteins produced were found
to cross-react with sera from A1L patients,
indicating that these hybrid proteins con333

served antigenic sites in the native env gene
products. Using antiserum against these env
p-galactosidases, two diffuse bands of gp46
and gp62 were identified as env gene products [18]. In summary, the env gene codes
for 46 kilodaltons precursor which is glycosylated into gp62, and the gp62 is further
processed into gp46 and p20E. The proteins
so far identified and the gene locations are
summarized in Fig. I [17, 18].
Finally, we have recently established an
EIA system for diagnosis of H1LV infection, detecting en v-specific antibodies in
human sera [20]. Since these hybrid proteins can be produced on a large scale and
are free from any possible contamination
by human proteins, the system should be
widely useful.
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HTLV-I Antibodies Associated with Cutaneous T Cell Lymphoma

in Denmark *
G. Lange Wantzin, C. Saxinger, and K. Thomsen

A. Introduction

B. Materials and Methods

The first isolation and clfaracterization of a
human retrovirus was done by Gallo and
co-workers from patients with aggressive
cases of adult T cell leukemia/lymphoma
in the United States [15, 16]. This virus,
named human T cell leukemia/lymphoma
virus (HTLV-I) is a T cell-tropic retrovirus
[8, 9], initially found sporadically among
United States cases of adult T cellieukemias and lymphomas (ATLL) with cutaneous
manifestations resembling aggressive variants of mycosis fungoides. Subsequently,
HTLV-I was specifically linked to adult T
cell malignancies in Japan and the Caribbean [8]. A second human retrovirus,
HTLV-II, which is related to but distinct
from all previous HTLV-I isolates, was
identified and isolated from a patient with
hairy cell leukemia [12]. Recently, a third
retrovirus, HTLV-III has been isolated and
is a probable etiologic agent in the acquired immune deficiency syndrome
(AIDS) [4-7].
In early studies, HTLV-I was identified
in less than 1% of cutaneous T cell lymphoma (CTCL) patients and therefore was
not considered a likely agent in these
malignancies [8]. Because of several clinical
similarities between CTCL and the HTLVpositive ATLL cases, we have used a more
sensitive indirect ELISA microtest for
HTLV antibodies [19] for the presence of
HTLV antibodies in patients with CTCL.

A total of 167 serum samples from 104 patients were studied. Of these, 68 patients
had CTCL. There were 5 with Sezary syndrome, 4 with mycosis fungoides tumor
stage (MFIII), 15 with mycosis fungoides
plaque stage, diagnostic histology (MFII),
40 with mycosis fungoides plaque stage,
nondiagnostic histology (MFI), and 4 with
lymphomatoid papulosis. The remaining
control group of 36 contained patients with
skin infiltrates of non-T cell malignancies
as well as cutaneous infiltrates of benign T
cells.
An ELISA assay for detection of HTLV
antibodies in human sera has been developed and presented in detail earlier [19].
An additional confirmatory neutralization
test was used, also described earlier in detail [19]. A suppression of the ELISA value
by 50% in the sample exposed to the unlabeled anti-HTLV, relative to a standard
normal human serum, was considered positive, indicated by + (confirmatory result
for the presence ofanti-HTLV).

* Laboratory of Tumor Cell Biology, National
Institutes of Health, Bethesda,
20205, USA
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C. Results and Comments
Of the 68 patients with CTCL, 10 patients
were found to be HTLV antibody positive
although with low titers [21]. The distribution of these HTLV antibody-positive patients among the different subgroups of
CTCL is given in Table 1. The data demonstrate that positive HTLV antibody sera
were found in the earliest prediagnostic
stage, MFI, where tumor cells are not rec335

Table 1. Number of HTLV antibody-positive
sera from 68 patients with cutaneous T celllymphoma
Diagnosis

Sezary syndrome
Mycosis fungoides (tumor stage)
Mycosis fungoides (plaque stage,
diagnostic histology)
Mycosis fungoides (plaque stage,
nondiagnostic histology)
Lymphomatoid pap ulosis
Total

HTLV
antibodypositive

0/5
2/4
0/15
7/40
114
10/68

ognizable in the plaque lesions as well as
the later stages, MFIII, where tumor cells
are histologically diagnosed and skin
lesions have progressed to tumor stage. Of
interest, one of the four patients with lymphomatoid papulosis had positive HTLV
antibody sera. (Lymphomatoid papulosis is
characterized by remittent hemorrhagic
papules on the skin that in 10% of cases
may progress to malignancy.) Sequential
studies of at least I year were performed on
six of the patients and, to summarize,
HTLV antibody status remained constant
throughout this period during which three
of the patients changed from relapse to remission stages. In the control group consisting of 31 non-CTCL patients and 5 CTCL
family members, all but 1 were negative in
the ELISA assay for HTLV-I antibody. The
positive patient had Kaposi's sarcoma.
Since the discovery, isolation, and
characterization of HTLV-I in the United
States, a series of epidemiologic studies
have identified a particular form of aggressive T cell malignancies: adult T cell
leukemias/lymphomas which are closely
related to HTLV-I infection in different
parts of the world [1-3, 10, 11, 13, 14, 17,
18, 20, 22, 23]. Other, much less aggressive
Tcelllymphomas or CTCL include mycosis
fungoides, Sezary syndrome, and lymphomatoid papulosis which in past studies
were HTLV negative with rare exceptions
336

[8]. However, by more sensitive serum antibody assay [19] and a careful subtyping of
patients with CTCL, we have found that
positive HTLV-I antibody sera are found in
cases of CTCL, including the very early
clinically and nonhistologically confirmed
stages, at an overall rate (15%) not previously reported or generally expected. The
detection of relatively low HTLV-I antibody titers in the CTCL diseases may be
explained by a restricted level of virus replication, an earlier transitory infectious
stage, or only partial cross-reactivity with
HTLV-I proteins used in the assay, i.e., a virus closely related to, but immunologically
distinct from HTLV-I may be involved. In
summary, the present data suggest that exposure to HTLV-I or a related virus exists
in Denmark, that an elevated frequency of
low titer antibody occurs in some cases of
CTCL in the early histologically nondiagnostic (plaque) stage and also in later
malignant stages, and finally that the presence of antibody is independent of the
clinical status of these patients, if they are
in remission or relapse.
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Presence of Antibodies to the Human T-Cell Leukemia Virus
HTLV I in German Patients with Symptoms of AIDS *
D. Wernicke, M. Born, K. von der Helm, and F. Deinhardt

A.

Introduction

The incidence of the acquired immune deficiency syndrome (AIDS) in North
America has increased steadily since 1979.
This syndrome has been recognized mainly
in male homosexuals in the Western hemisphere, in intravenous drug users, and occasionally in hemophiliacs and inhabitants
of some tropical areas (Caribbean, Central
Africa).
The human T-cell leukemia virus H1LV I
is a type-C retrovirus isolated in North
America initially from a patient with a
malignant variant form of mycosis fungoides [1] and independently in Japan from
a patient with T-cell leukemia [2]. Many
additional isolates have since been identified, primarily from patients with clinical
manifestations of adult T-cell leukemialymphoma (A1LL).
H1LV II, which is also associated with
T-cell malignancies, has so far only been
isolated once from a patient with hairy-cell
leukemia [3]. A newly discovered subgroup
of the human T-cell leukemia virus family,
designated HTLV III, has been described
recently [4, 5]. The virus has been isolated
in North America and France from more
than one-third of patients with AIDS or the
lymphadenopathy syndrome.
Antibodies to H1LV III have been found
in 90%-100% of American AIDS patients;
antibodies against HTLV I had been found

* Max von Pettenkofer-Institute of the University of Munich, FRO
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in about 30% of North and Middle American AIDS patients [6].
During a study of the presence of HTLV
I in the Federal Republic of Germany we
examined serum samples of patients from
Munich with symptoms of AIDS (11 sera)
or the lymphadenopathy syndrome (LAS)
(20 sera) for the presence of antibodies to
viral antigens of HTLV 1.
B. Material and Methods
1.

Cells and Virus Purification

HTLV-I-producing MT-2 cells, which have
a OKr+ phenotype [7], were donated by
Dr. Hinuma. The cells were grown in RPMI
1640 medium supplemented with 10% fetal
calf serum. Culture fluids were harvested
daily and concentrated at 40000 g for 12 h.
Virus pellets were resuspended in 0.02 M
Tris hydrochloride (pH 7.5), 0.1 M NaCl,
and I mM ethylenediaminetetraacetate
(EDTA), and were further purified by
sucrose gradient centrifugation. Fractions
with a density of 1.14-1.17 g/cm 3 were
pooled and subjected to a second run of
density gradient centrifugation, from which
fractions were pooled in a range of density
corresponding to 1.15-1.16 g/cml.
II. Enzyme-Linked Immunoadsorbent
Assay
Sera were screened by enzyme-linked immunoadsorbent assay (ELISA) for antibodies to antigens derived from virus prep-

arations of MT-2 cells. Briefly, microtiter
plates were coated overnight at room temperature with aliquots of sonified, highly
purified virus in 0.1 M carbonate buffer,
pH 9.5. The plates were rinsed with phosphate-buffered saline (PBS) and incubated
with 200 JA-llwell swine skin gelatin (Sigma)
at a concentration of 5 mg/ml for 1 h at
room temperature. Aliquots of test sera,
diluted I: 100 with PBS containing 3%
Tween 20 and 2% sheep serum, were added
in duplicates and incubated for 2 h at room
temperature. The plates were washed once
with swine skin gelatin, twice with PBS +
Tween 20, and three times with PBS.
Peroxidase-conjugated
rabbit
immunoglobulin against human IgG (gamma-chains) in PBS + Tween 20, containing
2 % sheep serum, were then added and incubated for 2-4 h at room temperature. After thorough washing, 100 JA-I substrate solution (0.001 % H 2 0 2 and O.l % orthophenylenediamine in 0.1 M phosphate buffer,
pH 6.0) was added to each well. The reaction was allowed to proceed for 10 min at
37°C in the dark and then stopped by addition of 100 JA-I 1 N HClIwell. Absorbance
of each well was determined at 486 nm.
Specimens with a threefold higher absorbance than negative control sera were
further analyzed in the radioimmunoassay.
III.

Immunoprecipitation

MT-2 cells were harvested and exposed to
[35 S]cysteine (100 JA-Ci/mI; specific activity
1000 Ci/mmo1, Amersham, Buckinghamshire, England) for 3-5 h. A soluble celllysate was obtained after disruption with lysis
buffer (0.01 M Tris hydrochloride, pH 7.5,
0.05 M NaCl, 0.5% Triton X-IOO, 0.5%
Table 1. Results of ELISA
and immunoprecipitation
examinations

ELISA
Total sera tested
Sera positive
I mmunoprecipitation
Total sera tested
Sera positive

sodium deoxycholate, 0.1 % sodium dodecyl sulfate) and centrifuged for 15 min at
18000 g. Aliquots of the lysate supernatant
were reacted with 8-12 JA-I patient's sera
preabsorbed with protein A beads. Immunoprecipitates were eluted in electrophoresis sample buffer by boiling for
3 min and analyzed in a 12.5% acrylamide
resolving gel with 3.5% stacking gel according to Laemmli [8]. Dried gels were exposed to Kodak x-Om at film with an intensifying screen.

C.

Results

Two different procedures have been used to
survey serum samples for evidence of exposure to H1LV I. These include [1] an enzyme immunoassay (ELISA), with highly
purified virus as antigen, and (2) radioimmunoassays with the use of solubilized
[35S] cysteine-labeled MT-2 cells.
1. Five of the 31 patient's sera tested by
ELISA were positive for antibodies against
viral antigens of H1LV I with a factor of
more than 3 over the negative control
(Table 1). None of the 34 sera from healthy
donors contained detectable antibodies
against H1LV I. The five positive sera were
further examined in the radioimmunoassay.
2. Three of the five sera which showed a
positive reaction in the ELISA precipitated
the viral envelope antigen gp68 (Fig. 1,
lanes 2-4); one serum of the three also precipitated p28 (lane 3). Also samples from
ELISA-negative patients were reacted in
the radioimmunoassay and none showed a
positive reaction for H1LV I (data not
shown).
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Fig. 1. Immunoprecipitation of radio labeled
H1LV-III-producing MT-2
cells. Lanes 1-5, ELISApositive patient sera; lane 6,
positive reference serum
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D. Discussion
We describe here the presence of antibodies to HlLV I in five of 31 sera from
patients with AIDS or LAS. Two of the
five sera showing a positive reaction in
the ELISA possibly represent false-positive
results, probably due to nonspecific fractions with protein contaminations of the
antigen preparation. Our results are compatible with the finding that 20%-30% of
AIDS patients from North America are
positive for antibodies to HTLVI. Not all of
the 31 patients tested here were suffering
from a clearly diagnosed AIDS, but all belonged to high-risk groups. Eleven patients
had symptoms specific for AIDS, including
opportunistic infections, Kaposi sarcoma,
and altered immunological status; 20 patients suffered from lymphadenopathy syndrome (LAS). The three sera which were able
to precipitate HTLV I gp68, as well as the
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two sera found positive only in the ELISA,
came from typical AIDS patients.
Recently the detection of HTLV III
as the probable cause of AIDS has been reported [4, 5]. HTLV III is a member of the
HlLV family with antigens related to but
distinguishable from HTLV I and II. Our
findings that some sera from AIDS patients
react with antigens from HTLV I are compatible with the reports of Schupbach et al.
and Sarngadharan et al. [9, 10] that AIDS
sera with high titers against envelope antigens of HlLV III frequently also recognize
the HTLV I envelope antigen.
The gp68 of HTLV I recognized by our
three positive sera is known to be a precursor to the viral gp46 envelope protein,
which is antigenically related to the gp41 of
HTLV III. We thus assume that at least our
three positive sera might have high titer
antibodies against envelope antigens of
HlLV III which cross-react with the enve-

lope antigens of H1LV I. Our results suggest that at least some of the AIDS patients
in the Federal Republic of Germany became infected with a member of the H1LV I
group and produced antibodies against it.

Postscript. During the preparation of this
manuscript, we tested sera from AIDS patients for antibodies against H1LV III antigens. Seventy percent of these sera were
positive for Anti-H1LV III antibodies, two
sera also showing a reactivity against H1LV
I antigens.
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Roles of HTLV-I p19 and Natural Antibody to HTLV-I
in Host Immune Responses
T. Aoki 1, C. Hamada 2, S. Ohno 1, H. Miyakoshi 1, Y. Kaneko 3, M. Robert-Guroff4,
R. C. Ting 5, and R. C. Gallo 4

A.

Introduction

Since the discovery of human T cell leukemia/lymphoma virus type I (H1LV-I)
[5], the immune status of H1LV-I-infected
hosts, including patients with adult T cell
leukemia (ATL) , has not yet been sufficiently investigated [2-4]. As the first step
in this kind of study, we have studied the
nonspecific activity of peripheral mononuclear cells (PMNC) from A1L patients
and seropositive H1LV-I carriers and the
role of H1LV-I pI9 antigen and H1LVI-producing cell surface antigens in the host
immune responses to H1LV-I.
B.

Nonspecific Immunity

In A1L patients, the spontaneous DNA
synthesis of PMNC increased significantly
whereas the mitogen- (PHA, staph age lysate = SPL, or Con-A)-induced DNA synthesis and NK activity of PMNC against
human myeloid K562 cells dropped
tremendously (Table 1). In most seroposi-

1 Research Division, Shinrakuen Hospital, 1-27
Nishiariakecho, Niigata 950-21, Japan
2 Department of Virology, Niigata University
School of Medicine, 1 Asahimachi, Niigata
951, Japan
3 Pharmaceutical Department, Ajinomoto Company, 1-5-8 Kyobashi, Chuoku, Tokyo 104, Japan
4 Laboratory of Tumor Cell Biology, National
Cancer Institute, NIH, Bethesda, Md, USA
5 Department of Cell Biology, Biotech Research
Laboratory, Rockville, Md, USA
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tive healthy H1LV-I carriers, the spontaneous DNA synthesis of PMNC relatively
increased, but the mitogen-induced DNA
synthesis and NK activity were within the
normal range. Of course, PMNC from
seronegative healthy persons showed completely normal reactions for these functions. These results indicate that PMNC
from A1L patients were abnormally
changed in all their nonspecific functions
tested by both H1LV-I infection and malignant transformation, and that PMNC from
H1LV-I carriers showed partial dysfunction, but maintained some functions at
normal levels. Thus, it may be concluded
that PMNC from H1LV-I carriers were enhanced only in spontaneous DNA synthesis
by H1LV-I infection, and that the other
functions remained almost normal in
H1LV-I infection without malignant transformation.
C.

Specific Immunity

By means of immunofluorescence mIcroscopy (IFM) and immunoelectron microscopy (IEM) using viable H1LV-I-producing cells, the presence of H1LV-I pl9
on both the cell surface and the viral envelope was observed as spots or small sectors
by reaction with mouse monoclonal antibody to H1LV-I pl9 [1, 2]. This expression
of H1LV-I pI9 was quite specific for
H1LV-I-producing cells. In the light of the
presence ofH1LV-I pI9 in the periphery of
acetone-fixed H1LV-I-producing cells as
shown by IFM and on the surface of both
the virions and H1LV-I-producing cells by

Table 1. DNA synthesis
and natural killer (NK)
activity of peripheral
mononuclear cells (PMNC)
from patients with adult
T cell leukemia (ATL)
and from seropositive or
seronegative healthy persons

Table 2. Antibody-dependent cellular cytotoxicity by
peripheral mononuclear
cells from patients with
adult Tcellieukemia (ATL)
and from seropositive or
seronegative healthy persons

PMNCdonors

NK
activity

DNA synthesis
Mitogen-induced

Spontaneous

ATL patients
Seropositive
carriers
Seronegative
healthy persons

Lowered
Normal

Heightened
Heightened

Negative
Normal

Normal

Normal

Normal

Attacker cell
donors

Antibody
to
HTLV-I

Cytolysis
HTLV-Iproducing
cells

HTLV-I-nonproducing
cells

Cultured Fresh

Cultured Fresh

AIL patients

+

Seropositive
carriers
Seronegative
healthy persons

+

+

+

+

IEM, it seems most likely that HTLV-I pl9
is an internal antigen of HTLV-I with part
of its structure protruding from the viral
and cellular membrane. Accordingly, this
antigen might be involved in the surface
immune reaction of HTLV-I-producing
cells. However, the mouse monoclonal antibody to H1LV-I pl9 did not induce antibody-dependent
cellular
cytotoxicity
(ADCC) with PMNC from either seropositive H1LV-I carriers or seronegative
healthy donors. This monoclonal antibody
also failed to induce complement-dependent cytotoxicity (CDC). Therefore,
HTLV-I p19 does not contribute to any
cytotoxicity.
Regardless of the PMNC donors who are
seropositive or seronegative for HTLV-I,
PMNC from healthy donors clearly revealed ADCC against HTI.,V-I-producing
cells in the presence of serum containing
antibodies to H1LV-I-related antigens
(Table 2). No differences in the ADCC effects were detected between the antibodypositive sera from healthy donors and from

A1L patients. By contrast, the PMNC
showed no ADCC in the presence of either
antibody-negative serum or fetal calf
serum. In addition, PMNC from ATL patients revealed extremely low ADCC or
none at all. This may be explained by concluding that; (a) these PMNC became dysfunctional by malignant transformation;
(b) the absolute number of effector cells decreased; and/or (c) the relative number of
effector cells in this assay diminished according to an increase in malignant cells.
Moreover, since cytotoxicity of PMNC was
appreciably lowered by incubation with a
mixture of anti-Leu 7 monoclonal antibody
and rabbit serum as a complement source,
the effector cells of ADCC may be K cells.
Although NK cells also express Leu 7 antigen, NK activity of PMNC did not contribute to this ADCC because of the necessity
ofanti-H1LV-I antibody.
When rabbit serum was added as a complement source to a mixture of antibodypositive serum and cultured HTLV-I-producing cells, CDC distinctly occurred
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Table 3. Complement-dependent cytotoxicity by sera
from patients with adult
T cell leukemia (ATL) and
from seropositive or seronegative healthy persons in
the presence of rabbit
serum as a complement
source

Serum sources

ATL patients
Seropositive carriers
Seronegative healthy
persons

(Table 3). No other complement sources
such as human serum and guinea pig
serum induced CDC. When fresh malignant cells from ATL patients were used as
target cells instead of cultured malignant T
cells, no CDC was recognized at all.
D.

Remarks

Although PMNC from seropositive carriers
were partially dysfunctional in nonspecific
immune activities, they clearly showed
ADCC against cultured HTLV-I-producing
cells in the presence of antibody-positive
serum from either seropositive carriers or
ATL patients, but no ADCC against fresh
malignant T cells from ATL patients. This
suggests that fresh malignant T cells do not
exhibit any HTLV-I-associated antigens on
the surface of these cells, or that the
amount of these antigens may be too small
to induce ADCC. It has been proven that
masked HTLV-I-associated antigens appeared on the cell surface after in vitro culture. The same phenomenon can be adapted to CDC. Thus, in ATL patients or seropositive carriers, malignant T cells can
grow constantly without any interference
by ADCC and/or CDC. Even the injection
of rabbit serum as a complement source
may not induce CDC for the same reason.
Is there any difference in the quality of
antibodies in sera from ATL patients and
HTLV-I carriers? According to the results
of the Western blot method using disrupted
HTLV-I and cell extracts as antigens, the
titer of antibody to p68-70 ofHTLV-I-producing cells appeared to be slightly lower
in sera from healthy seropositive carriers
than in sera from ATL patients (Miyakoshi
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Cytolysis
HTLV-Iproducing cells

HTLV-I-nonproducing cells

Cultured Fresh

Cultured Fresh

+
+
+

and Aoki 1984). However, this difference in
antibodies of sera does not provide any
definite evidence to explain why ATL develops in some seropositive carriers or why
carriers can prevent ATL development. The
mechanisms of ATL in HTLV-I-infected
hosts should be a central problem of future
studies.
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Antibodies to Human T-Cell Leukemia Virus-Membrane Antigens
in Macaques with Malignant Lymphoma
P.J.KankP·2, T.Homma 1, T.H.Lee 1 , N. W.KingJr.2, R.D.Hunt 2, and M.Essex 1

A. Introduction
Gallo and co-workers first described human T-cell leukemia virus (HTLV), a type
C retrovirus isolated from an aggressive
case of cutaneous T-cell lymphoma [27, 28].
Cases of adult T-cell leukemia/lymphoma
(A1LL) , a unique mature T-cell malignancy, have also yielded numerous other
isolates of H1LV [23, 7, 17, 35, 10, 29].
ATLL is seen at increased levels in southwestern Japan and the Caribbean, where
seroepidemiologic studies have linked this
tumor with H1LV type I. In such endemic
regions, natural antibodies can be demonstrated in 4%-37% of the healthy adults
whereas more than 90% of patients with
ATLL have antibodies to HTLV (11, 31, 1,
32, 5, 20]. The prevalence of H1LV antibodies in healthy individuals is less than
1% in nonendemic areas [12, 6, 5, 20, 3, 4].
Miyoshi and his colleagues set the precedent for the nonhuman primate studies
in 1982, when they demonstrated the presence of antibodies to HTLV in Japanese
macaques (Macaca fuscata) by fixed-cell
immunofluorescence [24]. Numerous studies since that time have identified antibodies to HTLV in other species of the
genus Macaca as well as many Mrican Old
World primates. However, serological surveys by several investigators have not de-

1 Department of Cancer Biology, Harvard
School of Public Health, Boston, MA
2 New England Regional Primate Research
Center, Harvard Medical School, Southborough, MA

tected antibodies in New World primates or
prosimians (lower primates) [24, 8, 14, 16,
34,25,9].
Macaque studies have shown rates of
seropositivity ranging from 9% to 44% in
healthy individuals [8, 14, 16, 34, 25, 9]. Familial clustering and an age dependence on
the presence ofHILV antibodies have been
demonstrated [25, 9]. Studies in Indonesia
and Japan with wild-caught Macaca fascicularis and Macaca fuscata, respectively,
show geographic clustering of seropositive
individuals [8, 9, 25]. However, the geographic clustering of seropositive macaques
in Japan does not appear to correlate to
that seen in human populations [25,9], suggesting that these closely related viruses
have arisen independently. The studies to
date have been conducted on apparently
healthy macaques and there has been no
disease or malignancy previously linked
with this HTLV-related agent.
B. Methods
Serum samples from three species of captive macaques at the New England Regional Primate Research Center (NERPRC),
Southborough, MA, were collected. In addition to sera from healthy macaques,
serum samples from animals with the diagnosis of lymphoma or lymphoproliferative disorder (LPD) were included in this
survey [13] (Table 1). These included: (a)
Macaca jascicularis, the cynomologus macaque, 31 healthy controls and 5 with
malignant lymphoma; (b) Macaca mulatta,
the rhesus macaque, 30 healthy controls
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Table 1. Serum samples from three species of captive macaques at the NERPRC

M. jascieularis M 10 yrs
M. jascieularis F 9 + yrs
M. fascieularis F 11 yrs
M. mulatta M 12 yrs
M. mulatta F. 9 yrs
M. mulatta FlO yrs
M. mulatta F 9 + yrs
M. mulatta F 4 yrs
M. eyclopis F 4 yrs
M.
M.
M.
M.

eyclopis F 4 yrs
eyclopis F 3 yrs
eye/opis F 7 yrs
mulatta F 4 yrs

Diagnosis

Principle sites

Cell type

ML
ML
ML
ML
ML
ML
ML
ML
LPD

Mandible
Retro-orbital
Generalized
Generalized
Generalized
Intestine
Generalized
Generalized
Salivary gland, kidney,
bone marrow
Kidney
Pancreas, kidney
Bone marrow
Lung, salivary gland, kidney,
bone marrow, bladder, muscle

Undifferentiated
Undifferentiated
Lymphocytic
Lymphoblastic
Lymphoblastic
Lymphoblastic
Histiocytic
Lymphoblastic
Lymphocytic

LPD
LPD
LPD
LPD

Lymphocytic
Lymphocytic
Lymphocytic
Lymphocytic

M, male; F, female; ML, malignant lymphoma; LPD, lymphoproliferative disorder

Table 2. Antibodies to H1LV-MA in macaques
Health status

Cynomologus
macaque
M fascieularis

Rhesus macaque Taiwanese macaque
M. mulatta
M. eyclopis

Total

Healthy
Lymphoproliferative
disorder
Malignant lymphoma

2/30 (6.7%)

1131 (3.2%)
III (100%)

5175 (6.7%)
4/5 (80%)

3/3 (100%)

4/5 (80%)

2114 (14.3%)
3/4 (75%)

7/8 (87.5%)

(), percentage of seropositive macaques. Difference between healthy and malignant lymphoma/
lymphoproliferative disorder significant at P< 9.42 x 10--9, Fisher's exact statistic

and 5 with lymphoma and 1 with LPD; and
(c) Maeaea eye/opis, the Taiwanese macaque, 14 healthy controls and 4 cases of
LPD.
Reports of spontaneous lymphoid malignancies in macaques are not common [26,
22]. There have been instances where multiple cases of lymphoma have occurred
over a brief time interval, at least suggestive of a transmissible agent [15,33, 19].
Malignant lymphoma and 1ym phoproliferative disorders have been observed in
macaques at this colony over the past 12
years, and these malignancies are believed
to be part of the macaque immunodeficiency syndrome previously described
[15, 18]. A type change from C to D retrovirus has been isolated from macaques at this
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facility with this syndrome [2]; however,
none of the macaques in this study were
positive for the type D-New England virus.
Complete autopsies were performed on all
cases of lymphoma or LPD. Lymphoma
cases varied in organ distribution, cell
type, and degree of metastasis. LPD has been
described, and is characterized by mature
lymphocytic aggregates in the liver, pancreas kidney, and bone marrow [18].
The method for detecting antibodies to
membrane antigens of H1LV-infected cells
(HJLV-MA) has been described [3, 4, 20].
Antibodies to two glycoproteins, gp61 and
gp45, encoded by the env gene ofH1LVare
detected in this assay. In addition, representative serum samples were subjected
to radioimmunoprecipitation and sodium

Table 3. Presence of antibodies to HTLV-specific proteins a
Class of serum

Human immunofluorescent antibody +, ATLL case
Human immunofluorescent antibody Macaque malignant lymphoma/lymphoproliferative
disorder immunofluorescent antibody +
Macaque healthy immunofluorescent antibody +
Macaque healthy immunofluorescent antibody a

gag

env

gp6I

gp45

p24

pI9

+

+

+

+

+

+

+

+

+

+

+

+

Determined by radioimmunoprecipitation and SDS-PAGE of Hut 102 cell lysate

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) as described earlier [20, 3, 4]. Whole-cell lysate of Hut 102
cells was used as the antigenic source since
the major env and gag proteins have been
established in this line.
C.

Results

Table 2 gives the results of the indirect immunofluorescence assays in three species of
macaques. Two of 30 healthy M. fascicularis had antibodies to HTLV-MA,
whereas 3 of 3 macaques with malignant
lymphoma were seropositive. Of 31 healthy
M. mulatta only 1 macaque was seropositive in contrast to 4 of 5 with malignant
lymphoma and 1 seropositive macaque
with LPD. Of 14 healthy M. cyclopis, 2 macaques were seropositive whereas 3 of 4
with LPD had antibodies to HTLV-MA. In
total, 11 of 13 macaques with malignant
lymphoma or LPD were seropositive as
compared with 5 of 75 healthy controls
(P < 9.42 X 10-9, Fisher's exact test).
Table 3 indicates the HTLV-specific proteins immunoprecipitated by various sera
analyzed. Human reference serum positive
for antibody to HTLV-MA immunoprecipitates four major H1LV-specific proteins,
with sizes of 19000 (pI9), 24000 (p24),
45 000 (gp45), and 61 000 daltons (gp61), as
has been described previously [20, 3, 4].
These proteins were not precipitated by human reference-negative serum. Immunofluorescent antibody-positive serum from a
macaque with malignant lymphoma also

immunoprecipitated the same HTLV-specific proteins. Similarly, an immunofluorescent antibody-positive serum from a
healthy macaque precipitated the same size
proteins. These same sera when subjected
to lentil-lectin chromatography precipitated two proteins presumed to be gp45 and
gp6I, migrating at the expected position for
the env-gene-encoded proteins, and these
were not precipitated by immunofluorescent-negative macaque sera.
D. Discussion and Conclusions
Studies of the seroepidemiology and viralrelated proteins of HTLV in humans conducted by our laboratory and others illustrate many common features with the
non human primate studies. Macaque sera
positive for antibodies to HTLV-MA recognize the same two HTLV-specific proteins,
gp61 and gp45, most frequently recognized
by human HTLV-MA-positive sera. Lee
and co-workers have shown these to be surface glycoproteins and at least in part encoded by the env gene [20]. A high proportion of human antibodies reactive to
H1LV-I-infected cells also react to HTLV-II
C3-44/MO cells on membrane immunofluorescence and radioimmunoprecipitation. The HTLV-II gp67 is in part encoded
by the env gene and comparison of the deduced NH2 terminus amino acid sequences
of type I and type II shows 65 % homology
in the first 40 amino acids. Thus, despite
apparent divergence between two members
of the HTLV family the major env gene
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products show conservation in their deduced amino acid sequence and this is
compatible with their serologic cross-reactivity [21]. It is therefore not unlikely that
the simian member of the H1LV family
might also show such conservation in its
env gene products.
There is strong evidence that H1LV plays
an etiologic role in its association with
ATLL [6, 7, 35, 30]. Seroepidemiologic
studies in people have shown that virtually
all individuals with this tumor also have
antibody to HTLV whereas the prevalence
of seropositive healthy individuals is significantly lower. We have observed a similar pattern in the seroepidemiology of macaque lymphoma and lymphoproliferative
disorder. Malignant lymphoma is not a
common tumor of macaques; however, the
incidence of this tumor at this particular
colony has been high compared with nonlymphoid malignancies. Furthermore, successful transmission of malignant lymphoma from two of the macaques included
in this study has been recently reported
[15]. Our results indicate that an agent
similar to HTLV type I is present in this
colony, where it appears that the presence
of antibodies to HTLV is associated with increased risk for the development of lymphoproliferative disorders or malignancies.
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Normal Regulators of Growth and Differentiation and the Reversal
of Malignancy in Leukemia
L.Sachs 1

A. Cloning and Clonal Differentiation
of Nonnal Hematopoietic Cells in Culture
The cloning and clonal differentiation of
normal hematopoietic cells in culture made
it possible to study the controls that regulate growth (multiplication) and differentiation of different hematopoietic cell
types; see [63-68J. We first showed [17, 59],
as was then confirmed by others [4J, that
normal mouse myeloid precursor cells cultured with a feeder layer of other cell types
can form clones of granulocytes and macrophages in culture. We also found that the
formation of these clones is due to secretion.
by cells of the feeder layer of specific inducers that induce the formation of clones
and the differentiation of cells in these
clones to macrophages or granulocytes in
mice [26, 59, 60J and in humans [57]. After
we first detected their presence in culture
supernatants [26, 60J, these protein inducers have been referred to by a number
of names and I shall use the name macrophage and granulocyte inducers (MGI)
(Table 1). These proteins can be produced
and secreted by various normal <U,1d malignant cells in culture and in vivo [63]. Their
production can be induced by a variety of
compounds [10, 12, 41, 80J and some cells
produce these proteins constitutively [1, 26,
31, 34, 71]. MGI are a family of proteins
that exist in a number of molecular forms
that have different biologic activities. This
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cell culture approach has led to the cloning
and isolation of growth factors for all the
different types of hematopoietic cells, including different types oflymphocytes.
B. Nonnal Growth- and DifferentiationInducing Proteins
The famjly of MGI proteins include some
proteins that induce cell growth (multiplication) and others that induce differentiation. Those that induce growth, which
are also required for normal cell viability,
we now call MGI-l. These include proteins
that induce the formation of macrophage
clones (MGI-IM) [26, 48, 71], granulocyte
clones (MGI-I G) [26, 48, 54J, or both types
of clones (MGI-IGM) [6, 31, 34J. MGI-l
has previously been referred to as mashran
gm [27], colony-stimulating factor (CSF)
[5IJ, colony-stimulating activity (CSA) [IJ,
and MGI [31] (Table 1). The existence of an
antibody that does not react with all forms
of MGI-IM or MGI-IG has shown that
there can be different antigenic sites on
molecules that belong to the same form of
MGI-I [47, 48]. The other main type of
MGI, which we now call MGI-2 [33, 48,
66], induces the differentiation of myeloid
precursor cells, either leukemic [14] or normal [33, 66], without inducing colony formation. This differentiation-inducing protein [13, 14] has also been referred to as
MGI [14], D factor [49, 82J, and GM-DF
[5]. It has been suggested that there are different forms of MGI-2 for differentiation to
macrophages or granulocytes [33]. The regulation ofMGI-l and MGI-2 appears to be
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Table 1. In vitro cloning and clonal differentiation of normal hematopoietic cells
Cloning and differentiation in liquid medium (mast cells and granulocytes) [17]
Cloning and differentiation in agar (macrophages) [59]
Inducer for cloning and differentiation secreted by cells [59]
Inducer in conditioned medium from cells (for marcrophages and granulocytes) [26, 60]
Different inducer for macrophage and granulocyte clones [26]
Cloning and differentiation of macro phages and granulocytes in methylcellulose [26]
Confirmation of cloning and differentiation in agar [4]
Production of inducer for cloning by some leukemic cells [56]
Cloning and differentiation of human cells [57,58]
Protein inducer of differentiation that does not induce cloning [13]
Terminology used for proteins that induce cloning and differentiation of normal macrophages
and granulocytes
Mashran gm [27]
Colony-stimulating factor (CSF) [51]
Colony-stimulating activity (CSA) [1]
Macrophage and granulocyte inducers (MOl) [31 J
MGI-l (= mashran gm, CSF, CSA) for cloning; MGI-2 (= D factor, DF) for differentiation [33, 44,
48,66]

under the control of different genes [1OJ.
Differentiation-inducing protein MGI-2,
but not growth-inducing protein MGI-I,
is a DNA-binding protein [79].
These macrophage and granulocyte inducers can be proteins or glycoproteins, depending on the cells in which they are pro:duced, and the presence of carbohydrates
does not appear to be necessary for their
biologic activity [31 J. Their molecular
weights are mostly around 23 000 or multiples of this number [48, 55, 64, 65], and
MGI-2 activity is more sensitive to proteolytic enzymes and high temperature than
MGI-l activity [31]. MGI-2 has a shorter
half-life in serum than MGI-I [43]. The
ready separability of the different forms of
MGI seems to depend on the cells from
which they are derived [48]. FUdher studies
should determine whether different forms
of MGI are derived from a common precursor, and whether tumor cells with the
appropriate gene rearrangements, and
possibly even normal cells under certain
conditions, may produce hybrid molecules
of different forms of MGI, including hybrid
molecules with MGI-l and MGI-2 activity
[33].
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C. Control of Growth and Differentiation
in Leukemia

Normal myeloid precursor cells isolated
from bone marrow [37J require an external
source of MGI-I for cell viability and
growth. There are, however, myeloid leukemic cells that no longer require MGI-I
for viability and growth, so that these leukemic cells can then multiply in the absence ofMGI-1 [64,66]. This gives the leukemic cells a growth advantage over the
normal cells when there is a limiting
amount of MGI-l. Starting with a decreased requirement for MGI-l, this
eventually leads to a complete loss of this
requirement. Other myeloid leukemic cells
constitutively produce their own MGI-l
[54, 56] and these leukemic cells also have a
growth advantage compared with normal
cells that require an external source of
MGI-I (Fig. I). A change in the requirement of MGI-I for growth, either a partial
or complete loss of this requirement, or the
constitutive production of MGI-I, thus
both give a growth advantage to leukemic
cells.
The existence of myelQid leukemic cells
that either no longer require MGI-I for viability and growth or constitutively produce their own MGI-I, raises the question

Type .of
myeloid
cells

Requirement of MGI-l

Normal

External source

for growth

Decrease
Leukemic

Fig. 1. Differences in
MGI-I requirement for
growth in normal and leukemic myeloid cells

• no requirement
or

Const itu tive

whether these leukemic cells can still be induced to differentiate to mature cells by the
normal differentiation-inducing protein
MGI-2. This question has been answered
by showing that there are clones of myeloid
leukemic cells that no longer require MGII for growth, but can still be induced to differentiate normally to mature macrophages
and granulocytes by MGI-2 via the normal
sequence of gene expression; see [64-68].
These mature cells are then no longer
malignant in vivo [11, 43, 47]. Injection of
these myeloid leukemic cells into embryos
has shown that after such injection the
leukemic cells can participate in hematopoietic differentiation in apparently
healthy adult animals [18,78].
Injection of MGI-2 into animals, or in
vivo induction of MGI-2 by a compound
that induces the production of this differentiation-inducing protein, results in an inhibition of leukemia development in animals
with such leukemic cells [43, 47]. There are
also myeloid leukemic cells that constitutively produce their own MGI-l and that
can be induced to differentiate by MGI-2.
Our results indicate that induction of normal differentiation in myeloid leukemic
cells by MGI-2 can be an approach to therapy based on the induction of normal differentiation in malignant cells [14, 40, 43,
46, 47, 57]. There are various forms of
MGI-2 which differ in their ability to induce differentiation in different clones of
myeloid leukemic cells [40, 43, 46, 47].

production

Leukemic clones that can be induced to
differentiate to mature cells by MGI-2 have
been found in different strains of mice [5,
14, 15, 25, 28, 38]. They are referred to as
MGI+D+ (MGI+ to indicate that they can
be induced to differentiate by MGI-2; D+
for differentiation to mature cells).
MGI+D+ leukemic cells have specific chromosome changes compared with normal
cells [2, 19]. These chromosome changes
thus seem to involve changes in genes other
than those involved in the induction of normal differentiation. There are other clones
of myeloid leukemic cells that can also
grow without adding MGI-I, but that are
either partly (MGI+D-) or almost completely (MGI-D-) blocked in their ability
to be induced to differentiate by MGI-2
[15, 21, 23, 28, 48, 69, 70]. These differentiation-defective clones have specific chromosome changes compared with MGI+D+
cells [2, 19].
There are a variety of compounds, other
than MGI-2, that can induce differentiation
in MGI+D+ clones. Not all these compounds are active on the same MGI+D+
clone, and they do not all induce the same
differentiation-associated properties. The
inducers include certain steroids, lectins,
polycyclic hydrocarbons, tumor promoters,
lipopolysaccharides, X-irradia tion, and
compounds used in cancer chemotherapy
[42,64].
The existence of clonal differences in the
ability of X-irradiation and cancer
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chemotherapeutic chemicals to induce differentiation may help to explain differences
in response to therapy in different individuals [64]. As a result of these experiments,
we have suggested that it may be possible
to introduce a form of therapy based on induction of differentiation [14, 40, 42, 43, 57,
63-65]. This would include prescreening in
culture to select for the most effective compounds, and using these compounds for a
low dose chemotherapy protocol aimed at
inducing cell differentiation [42]. Since different myeloid leukemic clones respond
differently to MGI-2 and other compounds,
such differences will also occur in leukemic
cells from different patients. Based on these
suggestions [63, 64], some encouraging
clinical results have been obtained with the
use of low dose cytosine arabinoside [3, 24,
52].
D. Alternative Pathways of
Differentiation

Some of the compounds that induce differentiation in susceptible clones of MGI-D+
leukemic cells, including lipopolysaccharide, phorbol ester tumor promoters such
as 12-0-tetradecanoylphorbol-13-acetate
(TPA), and nitrosoguanide, can induce the
production of MGI-2 in these clones. These
compounds thus induce differentiation by
inducing in the leukemic cells the endogenous production of the normal differentiation-inducing protein MGI-2 [10, 41, 80].
Other compounds such as the steroid dexamethasone, can induce differentiation in
MGI+D+ clones without inducing MGI-2
[10]. This steroid induces differentiation by
other pathways of gene expression than
MGI-2 [7, 38]. The same applies to
dimethylsulfoxide (DMSO).
Induction of differentiation in some
myeloid leukemic clones requires combined treatment with different compounds
[30, 39, 41, 74, 75]. In these cases, one compound induces changes not induced by the
other, so that the combined treatment results in new gene expression. This complementation of gene expression can occur
both at the level of mRNA production and
mRNA translation [22]. With the appropriate combination of compounds, we have
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been able to induce all our MGI-D- leukemic clones for some differentiation-associated properties [74, 75]. It will be interesting to determine whether the same
applies to differentiation of erythroleukemic cells [16, 50]. It is possible that all
myeloid leukemic cells no longer susceptible to the normal differentiation-inducing
protein MGI-2 by itself, can be induced to
differentiate by choosing the appropriate
combination of compounds to give the required complementation. This can include
the use of hormones such as steroids [35,
36], or insulin [73, 74], and different
nonphysiologic compounds [64], with or
without MGI-2.
E. Coupling of Growth and Differentiation in Normal Cells

We have developed a simple procedure for
isolating normal myeloid precursor cells
from the bone marrow [37]. Incubation of
isolated normal myeloid precursors with
MGI-l, either MGI-IM or MGI-IG [48],
induces the viability and growth of these
normal precursors, and results in cell differentiation to macrophages or granulocytes,
even without adding the differentiation-inducing protein MGI-2. The incubation of
normal myeloid precursors with MGI-l also results in the induction ofMGI-2 [33,44,
45, 66]. This induction of MGI-2 can be detected as early as 6 h after the addition of
MGI-l [44]. This induction of MGI-2 by
MGI-l can thus account for the induction
of differentiation after adding MGI-! to the
normal cells. The induction of differentiation-inducing protein MGI-2 by growthinducing protein MGI-! thus appears to be
an effective control mechanism for coupling growth and differentiation in the normal cells.
It has been shown that the receptor for
epidermal growth factor has tyrosine-specific protein kinase activity [76]. This has also been found for receptors for other
growth factors such as insulin [29] and presumably also applies to the receptor for the
myeloid cell growth-inducing protein MGI1. The myeloid differentiation-inducing
protein MGI-2, but not MGI-l, can bind to
cellular DNA [79]. This shows that growth

and differentiation in normal myeloid cells
are coupled by induction of a differentiation-inducing, DNA-binding protein by
a growth-inducing protein. This mechanism
for coupling growth and differentiation
may also apply to other types of cells. Differences in the time of the switch-on of the
differentiation inducer would produce differences in the amount of multiplication
before differentiation. The platelet-derived
growth factor is structurally related to the
simian sarcoma virus oncogene sis [9, 77]. It
will be interesting to determine whether
MGI-I and MGI-2 are structurally related
to any of the known oncogenes.
The multiplication of normal cells is regulated at two control points. The first control is that which requires MGI-I to produce more cells that can then differentiate
by the MGI-2 induced by MGI-l. The second control is the stopping of cell multiplication that occurs as part of the program of
terminal differentiation to mature cells induced by MGI-2. There is thus a coupling
of growth and differentiation in normal
cells at both these points.

leukemic cell that constitutively produces
its own MGI-I and can also show this lack
of induction of MGI-2 by MGI-I, so that
the cells do not differentiate [72]. The absence of induction of MGI-2 by MGI-I
therefore uncouples growth and differentiation in these leukemic cells. The lack of
requirement of MGI-I for growth and the
absence of induction of the differentiationinducing protein MGI-2 by the growth-inducing protein MGI-I, are thus mechanisms that uncouple growth and differentiation in MGI+D+ leukemic cells [44, 45,
66, 72].
In leukemic cells with constitutive production of MGI-I, changes in specific components of the culture medium can result in
an autoinduction of differentiation owing
to the restoration of the induction of MGI2 by MGI-I, which then restores the normal coupling of growth and differentiation
(Fig. 2). These changes in the culture medium include the use of mouse or rat serum
instead of horse or calf serum, serum-free
medium, and removal of transferrin from
serum-free medium [72]. Autoinduction of
differentiation in this type of leukemic cell
may also occur under certain conditions in

F. Uncoupling of Growth and Differentiation in Leukemia

VIVO.

As pointed out already, there are MGI+D+
clones of myeloid leukemic cells that no
longer require MGI-I for growth, but can
still be induced to differentiate normally by
MGI-2. These leukemic cells have thus uncoupled the normal requirement for growth
from the normal requirement for differentiation. Experiments on the properties of
these cells after induction of differentiation
by MGI-2 have shown that the normal requirement for MGI-I for cell viability and
growth is restored in the differentiating leukemic cells [13, 44, 45]. MGI-I added to
normal myeloid precursors induces the
production of MGI-2, so that the cells can
then differentiate by the endogenously produced MGI-2. However, in these leukemic
cells, MGI-I did not induce the production
of MGI-2 even though, like normal cells,
they again required MGI-I for viability
and growth. There was therefore no induction of differentiation after adding
MGI-I [44, 45]. There is another type of

This coupling of growth and differentiation in normal cells is regulated at two
control points. The uncoupling of growth
and differentiation in MGI+D+ leukemic
cells is at the first control point, but the
coupling at the second control in normal
cells, between the induction of differentiation by MGI-2 and the stopping of
multiplication in the mature cells, is maintained. There are differentiation-defective
MGI+D- leukemic cells, that, like the
MGI+D+ leukemic cells, no longer require
addition of MGI-I for growth. However, in
these cells MGI-2 induces only a partial
differentiation, mature cells are not produced, and the cells do not stop multiplying. In addition to uncoupling growth and
differentiation at the first control point,
MGI+D-Ieukemic cells thus show a second
uncoupling between the initiation of differentiation by MGI-2 and the stopping of cell
multiplication that occurs as part of the
normal program of terminal differentiation.
It has been suggested that leukemia originates by uncoupling the first control and
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that uncoupling of the second control then
results in a further evolution of leukemia
[64,66].
G. Constitutive Gene Expression
in Malignancy

Since there are leukemic cells which, unlike
normal myeloblasts, no longer require
MGI-I for cell viability and growth, the
molecular changes required for viability
and growth that have to be induced in the
normal cells are constitutive in these leukemic cells. This also applies to leukemic
cells that constitutively produce their own
MGI-l. This suggests that the origin of
myeloid leukemia can be due to a change
from an induced to a constitutive expression of genes that control cell viability and
growth [64, 66].
Studies on changes in the synthesis of
specific proteins in normal myeloblasts,
MGI+D+, MGI+D-, and MGI-D-Ieukemic
clones at different times after adding MGII and MGI-2, using two-dimensional gel
electrophoresis [32], have directly shown
that there have been changes from inducible to constitutive gene expression in
the leukemic cells. The results also indicate
a relationship between constitutive gene
expression and uncoupling of the induction
of differentiation by MGI-2 and the stopping of multiplication in the mature cells.
The results indicate that changes from an
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induced to a constitutive expression of certain genes are associated with the uncoupling of growth and differentiation, both at
the control which requires MGI-I to produce more cells and at the control of the
stopping of cell multiplication that occurs
in the formation of mature cells.
The protein changes during the growth
and differentiation of normal myeloblasts
seem to be induced by MGI-I and MGI-2
as a series of parallel multiple pathways of
gene expression [32]. It can be assumed
that the normal developmental program
that couples growth and differentiation in
normal cells requires synchronous initiation and progression of these multiple parallel pathways. The presence of constitutive
gene expression for some pathways can be
expected to produce asynchrony in the
coordination required for the normal
development program. Depending on the
pathways involved, this asynchrony could
then result in an uncoupling of the controls
for growth and differentiation and produce
different blocks in the ability to be induced
for the differentiation process and to terminate it.
We have been able to treat MGI-D-Ieukemic cells so as to induce the reversion of
specific proteins from the constitutive to
the nonconstitutive state. This reversion
was then associated with a gain of inducibility by MGI-2 for various differentiationassociated properties. Reversion from the

constitutive to the nonconstitutive state in
these cells thus restored the synchrony required for induction of differentiation [75J.
The suggestion derived from these results
(32, 64, 66J is, therefore, that myeloid leukemia originates by a change that produces
certain constitutive pathways of gene expression, so that cells no longer require
MGI-I for growth or constitutively produce
MGI-I without inducing MGI-2. These leukemic cells can, however, still be induced to
differentiate normally by MGI-2 added
exogenously or induced in the cells in other
ways. The differentiation program induced
by MGI-2 can thus proceed normally when
it is uncoupled from the growth program
induced by MGI-l. This can be followed by
constitutive expression of other pathways,
resulting in the uncoupling of other controls and an asynchrony that interferes with
the normal program of terminal differentiation. These second changes then result in
the further evolution of leukemia [66].
H. Reversal of Malignancy by Induction
of Differentiation in Various Types
of Tumors
These conclusions on the origin and evolution of myeloid leukemia may be applicable to malignant tumors derived from
other types of cells whose viability, growth,
and differentiation are induced by other
physiologic inducers. Identification of the
physiologic inducers of growth and differentiation for different cell types would be a
crucial requirement in extending these conclusions to those other tumors. However,
even in the absence of such identifications,
it appears likely that teratocarcinoma cells
[8, 53J may be comparable to MGI+D+
myeloid leukemic cells. The presence of
fetal proteins in certain tumors may also be
due to constitutive gene expression in the
tumor of a protein that is induced by the
physiologic inducer during the developmental program in the normal fetus [66J.
There are probably a variety of tumors in
which: (a) the original malignancy has a
normal differentiation program and the
cells are malignant because of uncoupling
of the requirement for growth from the requirement for differentiation by changing
the gene expression required for growth

from inducible to constitutive; and (b)
where the further evolution of the tumor
results from changes from inducible to
constitutive of other pathways of gene expression that produce asynchrony in the
normal differentiation program, so that
mature nondividing cells are not formed by
the physiologic inducer of differentiation.
However, even these tumors may still be induced to differentiate to form nonmalignant cells by treatment with compounds that can reverse the constitutive to
the nonconstitutive state or induce the differentiation program by other pathways. In
some tumors, such as sarcomas, reversal of
malignancy can be obtained by specific
changes in the karyotype [20, 61-63, 81].
But the stopping of cell division in mature
cells by inducing differentiation induces a
reversion of malignancy by bypassing the
genetic changes that produce the malignant
phenotype.
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A.

Introduction

Haemopoietic stem cells are derived early
in embryogenesis, are relatively few in
number, but persist throughout adult life
by virtue of their ability to undergo self-renewal. This ability to undergo self-renewal
is a characteristic and essential property of
stem cells: in the absence of self-renewal
the haemopoietic system would rapidly decline, while excessive and persistent self-renewal (in the absence of death or differentiation) would lead to a dramatic reduction
in the production of mature cells and an increase in primitive cells, i.e. a leukaemia
[24, 35]. It follows, then, that an investigation of self-renewal and differentiation is
an over-riding problem in the understanding of growth control in normal tissues as
well as the lack of growth control which occurs during tumourigenesis. In this context,
the role of tissue and cell lineage-restricted
growth factors and of oncogenes (and their
products) is assuming more and more importance [16, 48]. In this communication,
the role of one such growth factor (haemopoietic cell growth factor), the stromal cell
milieu, and the src oncogene are discussed
in relation to self-renewal and differentiation ofhaemopoietic cells.
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B. The Role of the Marrow Stroma
in Haemopoiesis

Haemopoietic cell development in the
adult occurs mainly in the bone marrow,
where the developing blood cells are found
in intimate association with a stromal cell
network [26, 49]. Evidence indicates that
the stromal cells supply the extracellular
matrix and cell-cell interactions necessary
for the proliferation of stem cells [40J as
well as their differentiation and development into the various myeloid lineages.
For example, the stromal cells present in
long-term marrow cultures produce factors
which specifically (and reversibly) stimulate or inhibit DNA synthesis in CFU-S [46,
53, 54]: thus, changes in the respective concentrations of these opposing activities act
to modulate proliferative activity of the
stem cells. However, within the long-term
cultures (and in marrow in vivo), the population size of stem cells is strictly controlled,
such that in normal steady state conditions
the number of CFU-S remains fairly constant [45]. This control can operate at two
levels. First, at the level of stem cell proliferation where an increased demand for
CFU-S (following partial ablation with
cytotoxic chemicals) is met by increased
proliferative activity [19, 52] (associated
with increased production of the CFU-S
"stimulator" alluded to earlier). Second, at
the level of stem cell differentiation, a process which is an enigma at present, but
which generates a series of lineage-restricted progenitor cells such as granulocyte/
macrophage colony-forming cells (GMCFC), erythroid colony forming cells
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(BFU-E) and so on. Most, ifnot all, of these
committed progenitor cells can be recognised by their ability to undergo clonal expansion in soft gel systems to produce
colonies containing mature cells of the appropriate cell lineages [13, 28]. The development of the cells within these soft gel systems requires the continuous presence of
appropriate growth factors such as granulocyte/macrophage colony-stimulating factor
(GM-CSF),
burst-promoting
activity
(BPA), etc. However, the development of
the progenitor cells in long-term marrow
cultures occurs in association with the marrow stromal cells and does not require the
presence of added stimulatory molecules
[12,50].
Indeed, it is difficult to detect the presence of molecules such as GM-CSF or BPA
in medium conditioned by the growth of
marrow stromal cells in vitro, and for this
reason we believe that such molecules are
normally produced by the stromal cells and
stimulate progenitor cells locally, where an
effective concentration of the growth factor
can be maintained [14, 18, 37, 51]. In other
words, the haemopoietic system may be
best viewed as consisting of a series of
stromal cell niches facilitating stem cell
proliferation/differentiation or promoting
progenitor cell development. This view is
supported by our observation that specific
stromal cell-haemopoietic cell interactions
occur during erythroid cell development
and that similar but different stromal
cell-haemopoietic cell interactions occur
during granulocyte development [1, 2, 11].
The net result of these complex interactions
is the maintenance of homeostasis such that
for everyone CFU-S there are about ten
progenitor cells and for every one GMCFC, there are between 500 and 1000 mature cells being produced. These ratios are
highly consistent and are found both in
marrow in vivo and in long-term cultures
in vitro. Obviously, an increase or a decrease in the self-renewal probability of the
stem cells may have a profound effect upon
the production of mature cells - leading
either to an aplasia or a hyperplasia.
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c. The Role of Growth Factors
in Self-Renewal
Several haemopoietic growth factors have
now been purified to homogeneity, partial
amino acid sequence determined and, in at
least two cases, molecularly cloned [8, 10,
20, 29, 33, 42, 55] and A. W. Burgess, personal communication). One of these growth
factors is GM-CSF, purified from mouse
lung cell-conditioned medium. This factor
stimulates the development of GM-CFC to
produce colonies in vitro containing neutrophils and macrophages [8]. In this case,
however, little or no self-renewal occurs:
after several days' growth, the GM-CFC
give rise to colonies containing only mature
cells [4, 7, 30]. Because of this, it was once
thought that GM-CSF was a lineage-restricted regulatory molecule. Recently,
however, it has been shown that multipotential stem cells can also respond to this
molecule, which acts as a proliferative signal as well as facilitating differentiation of
the multipotential cells to lineage-restricted
progenitor cells [31]. Thus, GM-CSF may
have a wider range of "target" cells than
initially thought. Despite this, there is no
evidence that GM-CSF is acting as a selfrenewal stimulus for multipotential cells or
GM-CFC; rather, it appears to be involved
in facilitating development of the stem and
progenitor cells in the absence of self-renewal. A similar role can also be ascribed
to the molecule which selectively stimulates
granulocyte development from the GMCFC [29, 33] (so-called granulocyte colonystimulating factor, or G-CSF) and to the
molecule which preferentially stimulates
macrophage development from the GMCFC [42] (macrophage colony- stimulating
factor, M-CSF or CSF-l). Similarly, the
hormone erythropoietin (which acts on the
terminal stages of erythropoiesis) has so far
not been shown to act as a self-renewal-inducing molecule (E. Spooncer, unpublished
work). Consequently, the role oflineage-restricted regulatory molecules seems to be
one of facilitating development rather than
self-renewal.
In contrast to this is the action of the
molecule which we have recently purified
to homogeneity from WEHI-3 cell-conditioned medium. This molecule, which we

term haemopoietic cell growth factor [4] (or
HCGF) is a glycoprotein of
25 kilodaltons with a polypeptide core of 15 kilodaltons, and is almost certainly the same
molecule as that known as IL-3, BPA, PSF,
mast cell growth factor or multi-CSF [9, 22,
23, 32, 36, 56].
The widespread interest in this molecule
arises from the observation that it can "immortalise" granulocyte precursor cells and
mast cells, i.e. it will allow such cells to selfrenew continuously in vitro [IS, 21, 44]. It
will also promote proliferation and self-renewal of CFU-S in short-term liquid culture [27, 47] and L. Dorssers, personal
communication), as well as proliferation
and development of multipotential stem
cells and the various types of myeloid committed progenitor cells [4]. In other words,
HCGF appears to be a "master control"
molecule influencing the earliest stages of
haemopoiesis. This does not mean that the
lineage-restricted molecules (such as CSF-I
and erythropoietin) do not have a role to
play in haemopoietic cell development.
Rather, they may best be seen as the "fine
tuners" in the system, modulating cell production to meet the demand existing at any
one time.
Of major interest is that, unlike the molecules such as GM-CSF, M-CSF, G-CSF
and erythropoietin, HCGF cannot be detected in the serum of mice, although it is
readily produced in vitro from lectin-stimulated T cells [9]. Our proposition is that the
in vivo production of this molecule is probably very stringently controlled, being normally produced only in areas where self-renewal is required. Obviously, excessive or
systemic production of HCGF may be expected to have a dramatic effect on haemopoiesis. Indeed, it could be that the WEHI3 leukaemic cells (a potent source of
HCGp) are leukaemic by virtue of their
ability to produce HCGF and are thus
"autostimulated" for self-renewal.
r-.J

interactions and diffusible regulatory molecules (growth factors). The products of
certain oncogenes, i.e. the oncogenes associated with leukaemic transformation
such as abl, myc, myb, erb, presumably alter
this balance in such a way that increased
self-renewal occurs at the expense of differentiation [6]. How they do this is unclear,
although the evolutionary conservation of
cellular oncogenes suggests an important
role for their products in normal cell growth
and differentiation [17,38,43].
Recently, we have been investigating the
effects of the src oncogene (which codes for
a product called pp60 s,<), an oncogene
which is associated with the production of
sarcomas in chickens [5]. Using molecular
recombination techniques, the avian src
has been placed under the influence of an
amphotropic murine virus promoter sequence [3], and this virus, src (MoMuLV),
has been used to infect murine long-term
marrow cultures [7, 41]. The effect was dramatic.
1.

Little change was seen in the gross morphology or organisation of the stromal elements for several weeks. However, the cultures were infected with the src (MoMuLV)
between 5 and 8 weeks after initiation of
the cultures - a time at which little proliferative activity is occurring in the stromal
cells, hence to initial lack of effect is not
unexpected. However, within 8-10 weeks
after infection there occurred a progressive
overgrowth of "transformed" fibroblasts
and macrophages which, at later times in
culture, were released from the adherent
layer and were found admixed with
haemopoietic cells in the growth medium
[7].
II.

D. Enhanced Self-Renewal in Response
to the src Oncogene
From the previous discussion, it is clear
that the maintenance of homeostasis requires a delicate balance between cell-cell

Effects on the Stroma

Effects on Haemopoietic Cells

Following infection with src (MoMuLV)
there was a progressive increase in the concentration and in the absolute number of
stem cells (CFU-S) and committed progenitor cells (GM-CFC) released into the
growth medium. The increases in the con365
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Fig. 1. Schematic illustration of the influence of
src (MoMuLV) infection of long-term cultures on
the development expansion ofhaemopoietic cells

centration of CFU-S and GM-CFC (which
are 50-100 times the level seen in the control) reflected an absolute increase of 10-20
times the number seen in the corresponding control cultures. At the same time, however, the number of mature haemopoietic
cells produced fell dramatically. In control
cultures, between 400 and 1000 mature
cells were present per GM-CFC. In infected cultures, on the other hand, the level of
mature cells progressively declined to reach
a level of about 5-10 mature cells per GMCFC [7]. In other words, src (MoMuLV) infection of long-term marrow cultures led to
an inversion of the developmental hierarchies seen during normal haemopoiesis.
The effects are schematically described in
Fig. I.
III. Are the Haemopoietic Cells
Leukaemic?
Notwithstanding the effects seen on developmental transitions described earlier,
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we repeatedly found that (irrespective of
the time since infection) injection of the
cells into immunocompromised or potentially lethally irradiated recipients did not
lead to the development .of a leukaemia [7,
41]. In fact, the spleen colonies produced
from the CFU-S present in src (MoMuLV)infected cultures were normal in all aspects
examined, the cells would protect mice
from the effects of a lethal dose of radiation, and the reconstituted animals lived a
normal life span without the emergence of
leukaemic disease [41]. In these reconstituted animals a slight anaemia was occasionally observed, but no evidence of a gross
block in differentiation was seen - as happened in the original src (MoMuLV)-infected long-term cultures. We conclude,
therefore, that the haemopoietic cells produced in the src-infected cultures are essentially normal (at least in terms of differentiation ability) and the developmental
block seen in the infected long-term culture
is due primarily to an effect of src on the
supportive stromal cell elements.
IV. Infection with src (MoMuLV)
is Associated with Changes in the SelfRenewal Capacity of Haemopoietic Cells
While the CFU-S in the src-infected cultures are apparently normal in their ability
to produce spleen colonies and to reconstitute irradiated mice, we did detect a profound change in their self-renewal ability.
For example, when normal CFU-S are serially transferred in vivo in irradiated recipients, they rapidly lose their ability to
produce more CFU-S or to reconstitute
haemopoiesis in such mice, after the second
or third transfer [25, 34, 39]. Similarly, if
normal CFU-S are serially passaged in vitro on the irradiated stromal cell layer of a
long-term marrow culture, they likewise
rapidly lose their ability to self-renew and
establish haemopoiesis [34].
CFU-S from the src (MoMuLV)-infected
cultures, however, can be repeatedly passaged in vivo or in vitro without any apparent decline in their ability to produce
CFU-S or to establish apparently normal
haemopoiesis. Thus, these data argue that
while the cells are not leukaemic, they have
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Fig. 2. Scheme of serial recloning of cells from
src (MoMuLV)-infected long-term cultures in the
GM-CFC and CFC-mix assay conditions. The
primary colonies grown from the long-term cultured cells are replated into fresh medium at
7-day intervals

been changed or selected in some way for
the characteristic of extended self-renewal
ability in situations which are unfavourable
for self-renewal of normal stem cells [7, 41].
This ability to undergo extended self-renewal is found not only for the CFU-S, in
association with the stroma of marrow cultures, but also for cells which form colonies
in soft gel media in vitro in the absence of
stroma [7, 41]. For example, when normal
cells are plated in a c1onogenic assay system developed for the growth of GM-CFC,
using HCGF as the stimulus for development, little or no self-renewal occurs and
the cells undergo terminal maturation [4, 7,
41]. When similar studies were performed
using cells from src-infected cultures, we
found that after 7 or 14 days' growth the
developing colonies contained not only mature cells, but a high proportion of blast
cells as well [7, 41]. When these cells were
replated in fresh agar gels, they produced

more colonies which in tum could be replated again. Thus far, we have continued
this replating for at least ten serial passages
and have obtained a potential cumulative
colony increase of up to 1018 colony-forming cells (Fig. 2). Of some importance is
that this serial recloning in the absence of
stromal cells can only be performed in the
presence of HCGF - the lineage-restricted
molecules such as CSF-l do not facilitate
this self-renewal [41]. From these data,
therefore, we can conclude: (a) that src
(MoMuLV) infection of long-term cultures
has in some way given rise to a population
of HCGF-responsive cells with considerably enhanced self-renewal ability; and (b)
that this increased self-renewal ability is a
property intrinsic to the haemopoietic cells,
since the enhanced replating ability occurs
in the absence of stroma provided that the
cells are supplied with an exogenous supply
of HCGF.
V. Increased Self-Renewal
of Multipotential Stem Cells In Vitro
in the Absence of Stroma
The colonies developing in the agar culture
system described previously have been
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analysed for their developmental potential.
To do this, colony cells at various transfer
numbers, i.e. between one and ten serial in
vitro reclonings, were plated in growth
medium facilitating the development of
multipotential cells [41]. We consistently
found that in these conditions, between
30% and 50% of the colonies produced contained cells of more than one myeloid lineage, including erythroid cells. It seems,
then, that the serial recloning ability of the
cells in vitro (in a GM-CFC assay system)
is associated with self-renewal of multipotential stem cells (CFC-mix). However,
when these mixed myeloid colonies were
tested for their ability to undergo further
serial recloning in vitro, the results were
uniformly poor (Fig. 2). From these data,
we conclude that the self-renewal observed
is in part a reflection of the differentiation
pressure imposed by the different culture
conditions. The results are schematically
described in Fig. 2 [41].

VI. The Development of Continuously
Growing, Multipotential Stem Cell Lines
Individual colonies developing in the GMCFC assay system (Fig. 2) were picked out
and the cells resuspended in Fischer's
medium supplemented with 20% horse
serum and WEHI-3 cell-conditioned medium (lO% vol/vol) as a source of HCGF. Of
75 individual colonies isolated in this way,
all grew and formed continuously growing
cell lines in liquid culture. The growth of

ability. Furthermore, the FDC/Mxl cells
"infiltrate" the marrow stromal cells and
form foci of haemopoiesis. As these foci
grow and develop, mature granulocytes
and (in appropriate conditions) mature red
cells are produced for many months. In this
respect, therefore, the FDC/Mx I cells are
like normal stem cells which also have the
ability to infiltrate marrow stromal cell
layers
and
establish
haemopoiesis
(E. Spooncer and T. M. Dexter, to be published). Thus far, these detailed studies
have only been performed with one clone
of cells, FDC/MxI. However, preliminary
data suggests that this retention of stem cell
character applies to all the clones isolated.
Furthermore, injection of the cells in vivo
has thus far not given rise to any leukaemias. Thus, the original infection of the
long-term cultures with src (MoMuLV) has
led to the eventual development of continuously growing, nonleukaemic, multipotential stem cell lines which require the
presence of HCGF for their growth in
liquid cultures, but where the HCGF can
be replaced by marrow stromal cells. These
cells should provide a powerful system for
investigating the processes of self-renewal
and differentiation in normal haemopoiesis
and leukaemogenesis.
VII.

The Role of the src Oncogene

Infection of long-term marrow cultures
with other "helper" or rapidly transforming
RNA tumour viruses has not led to the effects observed after infection with the src

these cells was absolutely dependent upon

(MoMuLV) virus [6]. Therefore, it seems

HCGF; in its absence, the cells died. The
cell lines produced have a primitive morphology and resemble other growth factordependent cell lines (FDC-P). However, all
the clones so far examined possess an
ability to produce mixed myeloid colonies
(erythroid cells plus one other lineage)
when plated in soft agar. A more detailed
examination of one clone FDC/Mxl has
demonstrated that the cells will grow in the
absence of HCGF provided they are cultured on a marrow stromal cell layer
(E. Spooncer and T. M. Dexter, in preparation). In this respect, the cells are unlike
other FDC-P cells, which do not retain this

reasonable to conclude that the haemopoietic changes and generation of HCGFdependent multipotential stem cell lines is
directly or indirectly associated with src
gene expression. Indeed, previous results
have clearly demonstrated high levels of
pp60 src, measured by its kinase activity, in
both the adherent (mainly stromal) and in
the nonadherent (mainly haemopoietic)
cell populations of infected long-term cultures [7]. However, the continuously growing cell lines do not produce infectious src
(MoMuLV) nor do they express high levels
of src kinase activity (J. Wyke and A.
Stoker, personal communication), although
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such cells clearly have an extended capacity for self-renewal compared with their
normal counterparts. Thus, the role of
pp60 src remains an enigma. Obviously several possibilities are raised by this finding.
First, that src (MoMuLV) infection of the
long-term cultures "selected" for cells with
a greater self-renewal ability. If this is the
case, however, it is difficult to understand
how the phenotype is maintained after prolonged growth in vitro in the absence of
stroma. Other possible explanations include "hit and run" events, initial expression and subsequent repression of pp60 src,
or the integration of provirus adjacent to
some important regulatory gene. However,
these must be highly frequent events to account for the ease with which src
(MoMuLV)-infected
cultures
undergo
transformation and the ease with which
continuously growing multipotential stem
cell lines can be established from such cultures. These possibilities are being explored
at present. Nonetheless, the effects observed indicate the complex events which
determine self-renewal of the stem cells, the
importance of the cellular environment, of
the different growth factors and the effects
that oncogene expression can have on these
processes.
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Coordinated Expression of c-myc Gene and a Multigenic Set
May Modulate the Malignant Phenotype in Human Haemopoietic
Cell Lines *
J. Harel, N. Hanania, D. Shaool, D. Zeliszewski, and M. Castagna

A. Introduction
We previously showed that about 2000 non
repeated DNA sequences of 3 Kbs each,
designated as tumor-activated DNA (TaDNA), are transcriptionally activated in human neoplasias [1, 2]. A growing body evidence supports the concept that oncogenic
transformation may depend on abnormal
activation of cellular oncogenes (see general reviews [3, 4]), resulting in gene amplification, chromosomal rearrangements [5], or
point mutations [6] and possibly involving
cooperative oncogenes [7].
The aim of the present study was to
search for possible correlations between tumor-activated DNA (TaDNA) activation
and abnormal activation of oncogenes. For
that purpose, we investigated the effects of
various differentiation inducers in three
lines of malignant hemopoietic cells
characterized by translocation and/or abnormal expression of c-myc.
B. Cell Cultures and Treatment with
Different Inducers

Raji and Namalwa cells (two Burkitt's lymphoma-derived lines), Epstein-Barr virus
(EBV)-immortalized normal lymphocytes,
the Priess cells, and HL-60 cells (a myeloid
leukemia-derived cell line) were grown in
suspension in conditions already described
[1, 2]. They were seeded at cell concentra-

*

Institut Gustave-Roussy, 39-53, Rue Camille
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tions of 2.5-3 X 105 cells/ml, treated with
different inducers 24 h after seeding, and
collected 24 h later for measuring the levels
of TaDNA or myc-transcripts, or at different times for analysis of cell multiplication and differentiation. The HEL cells
(normal skin fibroblasts) were cultured in
monolayers and treated before attaining
confluence. We used various agents known
to be efficient differentiation inducers for
HL-60 cells: DMSO, retinoic acid, mezerein, TPA [8, 9] and teleocidin [10]. Phorbol
esters induce macrophage characteristics
whereas DMSO or retinoic acid favor the
appearance of granulocytic or megakaryocytic cells [8, 9]. TPA is of particular interest
because this potent tumor promoter for
skin cancer can modulate cell phenotypes
in opposite directions, depending on the
cell line studied [9]. In particular, TPA can
induce various different markers in Burkitt's lymphoma lines or, in normal cells,
provoke pleiotropic changes which mimic
those associated with oncogenic conversion. A chemical analog of TP A, 4a-phorbol-12,13-didecanoate (4a-PDD) which is
almost devoid of activity [10] was used as
control.
I.

Hybridizations Liquid

Cellular RNA and Raji cell DNA were prepared as described [l]. A single-stranded
DNA fraction, greatly enriched in transcribing sequences, was labeled with 125 1,
and depleted of sequences shared with
Priess cells by successive cycles of hybridization with RNA from Priess and Raji cells,

both cells proliferating with similar growth
rates [11]. Centrifugations in cesium sulfate
gradients allowed the separation of DNARNA hybrids from nonhybridized DNA sequences [1, 2].
II.

C.

Results

1.

Cell Differentiation

When treated with potent inducers like
TPA in the range of 15-20 nM, 80%-90%
of the HL-60 cells became attached to the
plastic support and the activities of two
enzymatic markers (an esterase and an acid
phosphatase) ' were increased four- to sixfold. The same treatment in Raji or Namalwa cells caused a significant decrease in the
amounts of two antigenic markers (cALL
and HLAdr) of the lymphoid precursor
cells.
II.

Cell Multiplication

Similar growth rates, at least for 48 h after
seeding, were observed in all hemopoietic
cell lines studied. Low concentrations (1520 nM) of TPA, mezerein, or teleocidin
caused an almost complete arrest of multiplication of malignant cells, but did not
affect that of Priess cells. Greater concentrations of DMSO (1.3% = 60 nM) and retinoic acid (0.1-1 1lM), which are known to
induce the differentiation of ID...-60 cells,
resulted in a 50%-55% reduction in the
multiplication rates. In control assays, 4aPDD (10-100 nM) had no effect on cell
differentiation and growth rates.

1/4

1J16

1

2
3

4

Dot Blot Hybridizations

Dot blot hybridizations were performed
following Thomas [12]. The c-myc probe,
consisting of a cloned 1.5 kilobases Sac I restriction fragment containing most of the
two exons (plasmid obtained from Dr. D.
Stehelin) was nick-translated as described
by Maniatis et al. [13] with 32P-Iabeled
dCTP (NEN) (3000 Ci/mmol) to obtain
specific activities In the range of
5-8 X 108 cpmlllg.

1

a

~mYc

5

b
1
2

3
4

5

Fig. 1 a, h. Dot blot hybridizations showing the
level of c-myc RNA in HL-60 cells treated with
various agents. From left to right, the dots contained decreasing amounts (by half) of total
cellular RNA: 2.5 Ilg, 1.25 Ilg, etc. Row 1: no
treatment; row 2: 15 nM mezerein; row 3: 20 nM
4a-PDD; row 4: 20 nM teleocidin; row 5: I J.l.M
retinoic acid. a the blots were prehybridized
overnight at 42°C in 50% formamide (v/v),
0.75 M NaCI-0.075 Na-citrate-0.05 M Na-phosphate buffer pH 6.5, containing 125 J.l.g/ml sonicated, denatured salmon sperm DNA and 0.02%
each of bovine serum albumin, FicoU, and polyvinylpyrrolidone. They were thereafter hybridized for 24 h with the c-myc-specific probe
(106 cpm/ml) in the same medium, b internal
controls: the same blots were dehybridized (by
boiling 30 min in 0.015 M NaCl, 0.0015 M Nacitrate, 0.1 % SDS) and rehybridized with ,B-actinspecific recombinant DNA probe (obtained from
Dr. A.J. Mirty, Institut Pasteur, Paris)

III.

Effects on TaDNA Transcripts

The percentages of TaDNA forming DNARNA hybrids at saturation levels, with an
excess of total RNA from the various treated or untreated cells are summarized in
Table 1. It is clear that, in malignant cells,
the various differentiation inducers caused
a roughly dose~dependent reduction in the
population of TaDNA transcripts. It was also noticed that a tenfold higher concentration of mezerein than 1PA is required to
373

Table 1. Summary of
TaDNA-RNA hybridization
data

Chemical
agent

Concen- Percentage TaDNA hybridized a to RNA
tration
from
Malignant cells

None
4a-PDD

TPA

Teleocidin
Mezerein

Retinoic
acid
DMSO
a

20nM
3nM
16nM
50nM
160nM
1.6!JM
4nM
20nM
15nM
150nM
1.5 IlM
400nM
1 IlM
IOIlM
60mM

Effects on c-myc RNA

The treatment of HL-60 cells with optimal
amounts of each differentiation inducer resulted in a drastic reduction (at least tenfold) in the level of c-myc RNA (Fig. 1).
This reduction in the level of c-myc RNA
was also found in Namalwa cells treated
with TPA whereas this level was not modi374

HL-60

Raji

Namalwa

74±3
70
51
10.5

81±5
76
44.5
14

76±4
73
46
15.5

48
13
68
11.5
9
40
12

Priess
5± 1.5

31
40.5
58
85

HEL
5±2

42.5
58

42.5
13
28.5
45
22.5
35

16

The percentages indicated are those obtained by the use of SI
nuclease at apparent saturation levels [1, 2]. In some crucial experiments, isopyknic centrifugation (in cesium sulfate gradient) confirmed that the Sl nuclease-resistant molecules exclusively consisted of DNA-RNA duplexes [1, 2]

obtain the same level of inhibition of
TaDNA activity, although these agents are
equipotent differentiation inducers. On the
contrary, in normal cells TPA treatment
caused the occurrence of RNA species,
hybridizable up to 85% of the Raji cell
TaDNA, in a dose- dependent manner,
whereas only 4%-5% of the latter could
form hybrids with RNA from untreated
normal cells. At much higher concentrations, mezerein and retinoic acid produced
partial enhancing effects.
IV.

Normal cells

fied in Priess cells treated with higher
amounts of TPA (not shown). We have established with an actin gene-specific probe
that none of the agents studied caused a
significant reduction in the level of actinspecific RNA.
D. Conclusions

We have shown that the treatment of three
distinct malignant cell lines, characterized
by translocation and/or abnormal acti.vation of the c-myc gene, with several
chemically unrelated differentiation inducers, produces a drastic reduction in the
levels of both d-myc RNA and TaDNA-specific RNA. This cannot be simply due to the
cell growth inhibition caused by the differentiation inducers, for several reasons, in
particular because the majority of TaDNA
sequences, which were silent in normal
lymphoid cells and in normal fibroblasts,

both growing exponentially, became transcriptionally active within 24 h of treatment
with lPA which did not change their proliferation rates. These opposite effects of
lPA suggest that this agent (and probably
other agents as well) may operate either as
a tumor promoter or a differentiation inducer through a common control mechanism of the TaDNA transcripts. Finally, our
results suggest that TaDNA corresponds to
a multigenic set which modulates the
malignant phenotype, possibly in cooperation with c-myc or other oncogenes implicated in the initiation and genotypic
maintenance of cancer. If one considers
that TaDNA corresponds to a common genomic domain consisting of many distinct
transcription units which are coordinated
in their activation or regulation, it is unlikely, although not impossible, that the unique
role of this domain is to control the cancer
phenotype. The same is true for cellular oncogenes and, in fact, recent data support
the hypothesis of normal functions for oncogens. This is the case for c-myc which appears to be involved in control of the cell
cycle (for example see [14]). It is tempting
to assume that TaDNA is normally implicated at early stages of embryogenesis or
in the regulation of certain differentiation
pathways. Further advances in the understanding of TaDNA must await the con-

struction of a library of TaDNA sequences
which is under way in our laboratory.
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Proliferation In Vivo and In Vitro of Haemopoietic Progenitor Cells
Induced by AF -1, a New ras-Containing Retrovirus
G. R. Johnson 1, W. Ostertag 2 , and N. A. Nicola 1

A.

Introduction

Many studies have been performed on the
effects of murine retrovirus infection upon
the haematopoietic system. In some instances following a variable period after in
vivo infection transplantable tumours or
continuous cell lines have been developed
[1,2]. The cell lines appear to proliferate independently of haemopoietic growth factors, although the possibility remains that
the transformed cells are able to produce
their own growth factors. In most cases of
transformation of haemopoietic cells and
production of continuous cell lines by retroviruses the target cell for viral transformation remains unknown.
Although several in vitro infection systems have been developed [3, 4], these contain both haemopoietic and non-haemopoietic cells and thus make the interpretation of target cell type impossible. The present experiments were performed to answer
some of these questions using a newly
isolated murine retrovirus AF-l. AF-I is a
replication defective retrovirus derived
from passage of cloned F-MuLV through
newborn BALB/c mice [5]. It contains a ras
oncogene related to that of Ha-ras [5]. Infected animals develop a rapid splenomegI Developmental Haematopoiesis Laboratory,
Walter and Eliza Hall Institute of Medical Research, P. O. Royal Melbourne Hsopital, 3050,
Melbourne, Australia
2 Heinrich-Pette-Institut fur Experimentelle
Virologie und Immunologie an der UniversiHit
Hamburg, Martinistrasse 52, 2000 Hamburg
20,FRG
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aly, associated with increased levels of
splenic haemopoietic progenitor cells and a
histiocytosis [5]. Cell lines derived from
.AF-I-infected spleen cells are capable of
producing G-CSF and GM-CSF but not
multi-CSF (IL-3) (W. Ostertag, G. W. Johnson, unpublished observations).
B.

Results

I. Growth of "Factor-Independent
Colonies" from AF-I-Infected Spleen
and Bone Marrow

DBA mice were infected with AF-I and 14
days later spleen and bone marrow cells
were cultured in semisolid agar medium
[6]. Cells in half of the cultures were stimulated by the addition of pokeweed mitogenstimulated spleen-ceIl-conditioned medium
(SCM) [7]. When scored at 7 days, the frequency and distribution of colony types in
stimulated infected bone marrow cultures
did not differ significantly from control
non-infected cultures. Infected spleen-cell
cultures when stimulated contained an approximately tenfold higher frequency of
colonies than control cultures. Cultures of
infected spleen or bone marrow cells without stimulus displayed cell dose-dependent
"factor-independent" colony formation.
Thus with spleen cells cultured at 1, 2 and
4 X 105 cells, 0, 7 ± I and 56 ± 2 colonies
were obtained (control cultures of 1 X 105
cells stimulated with SCM contained 121
± 19 colonies) including macrophage,
neutrophil, erythroid and multipotential
colonies (see Table 1). Sequential "factorindependent" colonies were removed from

Table 1. Colony types producing cell lines

Colony
source

Bone
marrow

Spleen

Number of
colonies
transferred
Macrophage
Neutrophil-macrophage
Macrophage-blast-mast
Erythroid-macrophage
Macrophage-erythroid blast
Macrophage
Neutrophil-macrophage
Neutrophil
Blast
N europhil-macrophageerythroid
Neutrophil-macrophageblast-mast

Number of
colonies with
proliferating
cells

24
20
1
2
2

9
0
0

29
12
1
1
2

14
4
0
0
0

2

1

3

o·

Colonies isolated from 7-day cultures of 1 X 105 cells obtained from
CBA or DBA mice infected with AF-I 14 days previously. Proliferation of colony cells determined at 14 days and in all cases consisted
of elongated adherent cells

spleen and bone marrow cultures and half
of each colony was recultured in 200 III
medium to determine the ability for continued proliferation of colony cells. The remaining cells from each colony were
smeared and stained to determine colony
morphology. The results of one experiment
are shown in Table 1. Continued proliferation of colony cells was observed from
macrophage and neutrophil-macrophage
colonies and occasional multipotential
colonies (Table 1). After 14 days, medium
from wells containing proliferating colony
cells was assayed and found to contain no
detectable OM-CSF, O-CSF or multi-CSF.
Cells continued to proliferate until the experiment was terminated at 8 weeks after
initial colony-cell transfer and at no stage
were any haemopoietic growth factors detected in supernatants from the proliferating cells. Cells from all factor-independent
colonies induced foci in cocultures with indicator fibroblasts, indicating the presence
of virus.
II. Effect of AF-1 on Single Haemopoietic
Progenitor Cells
To determine whether the effect of AF-I on
haemopoietic progenitor cells was direct or

indirect single cells obtained from fractions
highly enriched for colony-forming cells
and purified from CBA fetal liver as described previously [8] were cultured in
microtitre wells in the presence of virus.
The results of these experiments are shown
in Table 2. Single cells were transferred to
wells containing medium alone or SCM,
SCM plus AF-I and AF-l alone. When
scored 7 days later, as expected no cells
were present in medium-alone controls and
over 20% of wells with SCM contained proliferating cells. The addition of the supernatant containing dialyzed AF-l to SCM
cultures markedly inhibited proliferation.
AF-l supernatant alone was able to induce
limited proliferation from single cells but
after 14 days all proliferation had ceased in
these wells (Table 2).
C.

Discussion

Mice infected with AF-I show marked
splenomegaly and elevation of splenic haematopoietic progenitor cells. The present
experiments suggest that this may in part
be a direct proliferative effect of the virus
complex upon progenitor cells. However, a
more significant effect, at least during the
377

Table 2. Effect of AF-I on single haemopoietic progenitor cells
Addition to well

Medium

SCM

SCM+AF-I AF-l

Proliferating clones per number of single cells
transferred
Cell number per clone at 7 days (range)

0/120

27/119

9/96

6/95

0

9-560

2-16

4-74

Single cells from progenitor-cell-enriched fraction (CFC fraction, see [8]) micromanipulated into
200 fll medium alone or containing SCM and/or AF-l

early stages of infection, may be mediated
by the activation of accessory-cell-derived
haemopoietic growth factor synthesis. This
would be in agreement with the observation of cell-number-dependent colony formation in spleen or bone marrow cultures
from which SCM was omitted. The non-linearity of colony formation coupled with the
fact that less than 50% of the colonies contained cells capable of further proliferation
suggests that non-proliferating cells are
producing the stimuli required for proliferation.
The continued proliferation of colony
cells from macrophage and neutrophilmacrophage colonies suggests that granulocyte-macrophage progenitor cells (GMCFC) may be the primary target cell for
AF-I-induced transformation. The presence of virus-inducing fibroblast transformation in all "factor-independent" colonies
probably indicates that all cells can be infected with AF-l. Furthermore, the continued proliferation of cells from one multipotential colony (containing neutrophils,
macrophages, blast cells and mast cells) together with the association of proliferation
with macrophage differentiation may suggest that infection of all cell types can occur, but that commitment to macrophage
differentiation may be important for transformation and continued proliferation of
cells.
Although accessory cells probably playa
role in AF-I-induced haemopoietic proliferation the experiments with single cells
suggest that the AF-I viral complex itself
may be able to induce limited proliferation
directly. Further experiments with more
purified viral preparations are required to
clarity this point although in the experiments reported here the viral supernatants
378

were passaged through membranes to exclude molecules of less than 300 000 daltons and were shown to be negative for
haemopoietic growth factors by bioassay.
This latter treatment is important as most
fibroblasts used for the maintenance of
cloned virus preparations produce growth
factors [9] (G. R. Johnson and W. Ostertag,
unpublished observations).
In summary, the experiments reported
here suggest that the AF-I virus complex is
able to induce haemopoietic-cell proliferation by both direct and indirect means
and that factor-independent cell proliferation may be related to macrophage differentiation. Further experiments are required
to determine the role of the AF-l ras gene
on these processes.
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Cloning and Expression of the Gene for Murine GranulocyteMacrophage Colony-Stimulating Factor
N. M. Gough 1, J. Gough 1, D. Metcalf2, A. Kelso 2, D. Grail 1 , N. A. Nicola 2
and A. R. Dunn 1

A. Introduction
It has become apparent from studies in vitro that the survival, proliferation and differentiation of progenitor cells and functional activation of the various mature cell
types of the haemopoietic system are controlled by a group of glycoprotein regulators, notably erythropoietin, T cell growth
factor (IL2) and the colony-stimulating factors (CSFs) [1, 2]. Four CSFs with distinct
biochemical and biological properties have
been purified: M-CSF is a selective proliferative stimulus for macrophages [3];
G-CSF for granulocytes [4]; GM-CSF for
both granulocytes and macrophages [5];
while multi-CSF (also known as interleukin-3 [6], burst-promoting activity [7], P
cell-stimulating factor [8], mast cell growth
factor [9] and haemopoietic cell growth factor [10]) stimulates the proliferation not only of neutrophilic granulocytes and macrophages, but also eosinophils, megakaryocytes, erythroid and mast cells. GM-CSF
synthesized by mouse lung tissue is a glycoprotein of molecular weight 23000 [5] and
is required continuously for the in vitro
proliferation of progenitor cells of granulocytes and macrophages, controls the irreversible commitment of these progenitors
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to the formation of mature granulocytes
and macrophages [11] and regulates the
functional activity of the mature end cells.
Although it has been possible to purifY all
four CSFs, detailed analysis of many
aspects of the biology and biochemistry of
these factors has been hampered by the
limited quantities available. This problem
can be largely circumvented by molecular
cloning of the corresponding gene sequences and by using the cloned gene sequence to direct the synthesis of the corresponding factor. We have previously
isolated cDNA clones containing partial
copies of the GM-CSF mRNA from mouse
lung [12]. In this paper we report the isolation of a cDNA clone which contains all
of the information required to direct the
synthesis of biologically active GM-CSF in
simian COS cells [13].
B.

Results

Cloning of Murine GM-CSF
cDNA Sequences

1.

We have recently isolated two cDNA clones
complementary to the GM-CSF mRNA
from the lungs of endotoxin-treated mice
[12]. The structure of this mRNA is illustrated in Fig. l. We have previously
shown by Northern blot analysis that this
mRNA is approximately 1200 nucleotides
in length [12], of which 100-200
nucleotides are presumably contributed by
the poly (A) tail. Nucleotide sequence
analysis of the two cDNA clones (pGM37
and pGM38 in Fig. 1) complementary to

S'UT
100bp

L-..J

Mature
protein

p
~I
~I

3'UT

______________

______

Poly A
~lpGM38

~IPGM37

Fig. 1. Map of the murine GM-CSF mRNA.
The region of the mRNA encoding the mature protein is shown as a thick line, the untranslated regions are designated by UT and
the putative precursor peptide by P. The regions contained within clones pGM37,
pGM38 and pGM3.2 are indicated with bars

1---------------41 pGM3'2

Ilelle Val Thr ArgProTrpLysHis Val GluAlaIleLysGl uAlaLeuAsnLeuLeu

20

AspAspMetPro Val ThrLeuAsnGluGluValGluVal ValSerAsnGluPheSerPhe

40

LysLysLeuThrCysValGlnThrArgLeuLysIlePheGluGlnGlyLeuArgGlyAsn

60

PheThr LysLeuLysGly AlaLeuAsnMet Thr AlaSerTyrTyrGln ThrTyrCysPro

80

ProThrProGluThrAspCysGluThrGlnValThrThrTyrAlaAspPheIleAspSer 100
LeuLysThr ~eLeuThrAspIleProPheGluCysLysLysProSerGlnLys
Gly

Fig.2. Predicted amino acid sequence of murine
GM-CSF. The sequence presented is of the mature protein and is that predicted by nucleotide
sequence analysis [12] of clones pGM37 and
pGM38. Owing to a nucleotide sequence difference between the two clones, residue 116 could
be either glycine or serine [12]

this mRNA indicated that the 3' untranslated region of the mRNA is 319 nucleotides
in length and the region encoding the mature protein is 354 nucleotides, leaving
some 350 nucleotides for the putative NH2
terminal signal peptide and the 5' untranslated region [12]. The amino acid sequence of GM-CSF deduced from the nucleotide sequence of the mRNA is given in
Fig. 2, starting with the first amino acid of
the mature protein [14]. The protein is
predicted to be 118 amino acids in length,
with a molecular weight of 13 500. The
cDNA sequence in clone pGM37 extends
about 20 nucleotides 5' to the region encoding the mature protein, into the region encoding the signal peptide, but does not extend to the translational initiation codon.
As a prelude to the direct expression of
the cloned GM-CSF gene sequence in cell
culture, we needed to isolate a cDNA clone
containing the entire coding region of the
GM-CSF mRNA, including the translation-

118

al initiation codon. In order to isolate more
GM-CSF cDNA clones we have made use
of a cloned T lymphocyte line, LB3 [15], in
which the synthesis of high levels of GMCSF mRNA is inducible by concanavalin A
(see Fig. 2 in reference [12]). We estimate
the abundance of GM-CSF mRNA in conA-stimulated LB3 RNA to be at least two
orders of magnitude greater than in lung
RNA. We therefore constructed a library of
cDNA clones complementary to con-Astimulated LB3 RNA, and screened this
library for GM-CSF clones by colony
hybridization using a fragment of DNA
from pGM38 as a probe. Of 24 GM-CSF
cDNA clones purified and examined, one
(pGM3.2) appears to contain a substantial,
if not complete, copy of the GM-CSF
mRNA. The region of GM-CSF mRNA
contained in this clone, determined by
mapping the location of various restriction
endonuclease sites, is illustrated in Fig. 1.
II. Direct Expression ofGM-CSF
in COS Cells
In order to be able to express eukaryotic
cDNA sequences in cell culture, we have
constructed a vector (pJL) which utilizes
the late promoter of the simian virus SV40
to transcribe inserted DNA sequences
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(Fig. 3). The vector contains the {3-lactamase gene and origin of DNA replication
from the bacterial plasmid pAT153 [16], the
SV40 origin of DNA replication and T antigen coding sequences [17] and a "multicloning site" adjacent to the SV40 late
promoter. This multicloning site contains
cleavage sites for several restriction endonucleases suitable for insertion of foreign
DNA sequences: EcoRI, Bam HI, Sac I,
XbaI, SalI and Sma!. When introduced into cultured simian cells, such as CVl or
COS [13], this vector is able to replicate and
to transcribe any DNA sequence inserted at
the multicloning site. Provided that translational start and stop codons are included,
the inserted sequence will be translated.

Fig. 3. Map of the expression vector pJL. The region derived from pATI53 [16] is indicated by an
open segment, that from SV40 [17] by stippling
and the multic10ning site is filled in

Table 1. Colony formation
by mouse bone marrow
cells stimulated with medium from pGM3.2-transfected COS cells·

Total number
of colonies

33
23
24

The cDNA sequence of clone pGM3.2
has been installed in the multicloning site
of pJL with the GM-CSF coding region in
the same orientation as transcription from
the late promoter. This recombinant was
introduced into COS cells essentially as described by Dana and Sompayrac [18] and
the culture medium assayed for GM-CSF
activity 48 h after transfection. As negative
controls, COS cells were also transfected
with pJL DNA alone or with two different
recombinant plasmids containing incomplete copies of the GM-CSF mRNA;
COS cells which received no DNA were also assayed for GM-CSF activity. The various conditioned media were assayed for
GM-CSF activity using both the FD cell
line, which is absolutely dependent upon
the presence of either GM-CSF or multiCSF for growth (A. Hapel, personal communications) and the 32D CL3 cell line
[19], which is responsive only to multi-CSF.
As shown in Fig. 4, the medium for COS
cells transfected with pGM3.2 DNA was
able to support the growth of FD cells
whereas media from all of the negative
controls were completely inactive. As expected, the medium from pGM3.2-transfected COS cells was inactive on 32D CL3
cells (not shown), indicating that the active
factor was GM-CSF rather than multi-CSF.
The medium from pGM3.2-transfected
COS cells also stimulated the formation of
morphologically identifiable granulocyte
and macrophage colonies in agar cultures
containing bone marrow cells (Table I) [5],
the ratio of the three colony types being
characteristic of GM-CSF at these concentrations [20]. The full range of biological ac-

Colony type (%)
Granulocyte

Mixed granuloMacrocyte macrophage phage

15

19
27
17

27

17

66
46
66

• Medium from three separate cultures of COS cells transfected with
pGM3.2 DNA were assayed in agar cultures containing 75 000
C57BL/6 bone marrow cells [5]
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Fig.4. Stimulation of cellular proliferation in suspension cultures ofFD cells
by medium from DNA-transfected COS
cells. Clone pGM3.2 DNA is indicated
with full circles and vector DNA (pJL),
two clones containing partial copies of the
GM CSF mRNA and COS cells which received no DNA are indicated with open
circles; 5-j..t1 volumes of conditioned medium were assayed in serial dilutions in
15- j..tl cultures containing 300 FD cells.
Each point is the mean cell count from
duplicate cultures after 2 days of incubation
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tivities of the factor specified by this cloned
gene is currently being assessed.

C. Conclusion
The molecular cloning of genes encoding
the various haemopoietic growth regulators
should allow the resolution of many outstanding questions and also bring to light
hitherto unappreciated problems. By nucleotide sequence analysis of cloned gene sequences, the complete amino acid sequences of murine GM-CSF [12] and multi-CSF [21, 22] have been deduced - a goal
that was essentially unattainable by conventional biochemical approaches. Comparison of these two sequences has now
raised further intriguing issues. As we have
previously discussed [12], neither the primary amino acid sequences nor the predicted secondary structures of these two
factors show any significant homology, despite the similar activities that they display
in stimulating the growth of granulocyte
and macrophage colonies from committed
progenitor cells. It should now be possible

to study in more detail the interaction between these two factors and their receptors,
since we can now produce both GM-CSF
(this paper) and multi-CSF (N. M. Gough,
unpublished work) in a clonally pure form
upon introduction of the cloned gene sequences into COS cells. Moreover, by in vitro mutagenesis and expression of the mutated gene sequences it should be possible
to dissect the active site (or sites) of the
molecules and to ask whether their various
activities are determined by the same or
different active sites.
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Partial Characterization of Murine Haematopoietic Cell Growth
FactormRNA
G.J.Cowlingl, L.Healy2, and T.M.Dexter 2

Specific regulatory molecules are required
for the growth and development of haematopoietic cells in vitro. Some of these
molecular species appear to have a broad
specificity, being able to promote the proliferation and differentiation of multipotential cells, as well as megakaryocytic,
erythroid and granulocytic progenitor cells.
Haematopoietic cell growth factor (HCGF)
is a glycoprotein of molecular weight
28 500 which is produced constitutively by
WElll-3b myelomonocytic leukaemic cells
and stimulated lymphoid cell populations
in vitro [1]. Comparative studies [2] have
shown that HCGF may share most, if not
all, of the biochemical and biological
properties of factors described variously as

1 Searle Research and Development, Lane End
Road, High Wycombe, Bucks HP12 4HL, UK
2 Paterson Laboratories, Christie Hospital and
Holt Radium Institute, Manchester, UK

interleukin-3 (lL3) [3], burst-promoting activity (BPA) [4], mast cell growth factor
(MCGF) [5], multicolony-stimulating factor
(multi-CSF) [1], P cell-stimulating factor
[6J, histamine-producing cell-stimulating
factor [7] and Thy-I-inducing activity [8].

Fig. 1. Published murine lL3 sequence [3]. Coding sequence is indicated by brackets. Oligonucleotide probes, complementary to mRNA sequences, were synthesized for those areas in
boxes. Probe (121-138) (shown below) contains
codon degeneracies and corresponds to the NH 2terminus sequence of mature IL3. Such degeneracies were included to increase the probability of detecting homologous human sequences. In subsequent RNA blot experiments,
an equimolor mixture of these probes was
labelled using T4 polynucleotide kinase and
[32P]-labelled y-ATP
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Fig.2. Sucrose density gradient of WEHI-3b
mRNA showing fractions that give HCGF activity when translated in Xenopus oocytes and
hybridized to IL3 probes. Total RNA was prepared by cell lysis in 10 mM ribonucleoside-vanadyl complexes as RNase inhibitor
and phenol extraction. Further purification involved oligo-dT-cel1ulose chromatography. RNA
was applied to exponential 15%-50% sucrose
gradients and centrifuged at 37 000 rpm for 18 h
at 15°C (SW41). The gradients were fractionated
using an Isco UV monitor. Following ethanol
precipitation, RNA from each fraction was redissolved in water (0.1 mg/ml) prior to microinjection into Xenopus oocytes. Secreted HCGF activity was measured using the factor-dependent
cell (FDC-P) assay and shown in the hatched
area. RNA from each fraction was also treated
with glyoxal, separated by electrophoresis on
0.8% agarose gels and transferred to nitrocellulose. RNA blots were prehybridized in 6 X SSC,
0.1 % SDS, 5 X Denharts for 48 h at 45°C before
the addition of labeled probes for a further 48 h
at 45°C. The filter was washed in 6 X sse for
10 min at 25 °C and 20 min at 45°C

Recently cDNA sequences for IL3 [3] and
MCGF [5] have been shown to be identical
(Fig. 1).
Prior to cloning and expressing the
cDNA gene for HCGP in Escherichia colz~
we have partially characterized the mRNA
which codes for·· HCGP by translation of
mRNA size classes in Xenopus oocytes and
RNA blot analysis using oligonucleotide
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- + fraction no.

probes to IL3 gene sequences (Fig. 2). We
have also attempted to identifY putative
human IL3 sequences in mRNA isolated
from mitogen-stimulated, lymphocyte-enriched buffY coat cells (Pig. 3).
We concluded that a 15 S mRNA species
isolated from WEHI-3b cells is capable of
coding for HCGF. Identical fractions contain a mRNA, 1100 nucleotides long, which
hybridizes with murine IL3 oligonucleotide
probes. These results suggest that the
cDNA gene for HCGP is identical to those
of IL3 and MCGF. Biological results indicate that IL3 and HCGP are the same. Recombinant IL3 (monkey COS cells/SV40
vector) displays almost identical biological
behaviour to purified HCGP (T. M. Dexter,
unpublished work).
In experiments designed to detect human
IL3 sequences, oligonucleotide probes to
the NH2 terminus protein sequence of murine IL3 failed to hybridize to human
mRNA isolated from mitogen-stimulated
lymphocytes. Using the same experimental
conditions and oligonucleotide probes of
the same size and composition, IFN-y and
IL2 messenger RNA species of the correct
size were observed. The failure of these experiments may be due to the lack of
homologous sequences or its low abundance in human mRNA prepared by this
mitogen regime. Cloning of the complete
HCGP gene may facilitate the detection of
human sequences on a genomic level.
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Fig.3. RNA blot analysis of mRNA from:
WEHI-3 cells; human buffy coat cells; and
Mazerein/PHA-stimulated human buffy coat
cells. Human mononuclear cells were isolated
from buffY coats by Ficoll-Hypaque gradients.
Cultures containing 5 X 106 mononuclear cells
per millilitre in RPMI 1640 medium containing
1% fetal calf serum were treated with Mazerein
(50 ng/ml) for 3 h at 37°C; PHA was then added
at a concentration of 10 fJ.g/ml. The mean IFN-y
titre per induction was 3.91og1o IU/ml after 24 h
at 37°C
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A.

Introduction

Interleukin-2 (IL-2 or T cell growth factor)
is a 14,500 daltons glycoprotein critically
involved in the development of a normal
human immune response [1, 2J. Recently,
cDNA for this lymphokine has been
isolated and expressed in both prokaryotic
and eukaryotic cells [3-5J. Further, the human IL-2 gene has been cloned, sequenced
[6], and localized to chromosome 4. As with
other polypeptide hormones, IL-2 exerts its
biologic effects through binding to specific
high affinity membrane receptors [7]. However, neither IL-2 nor IL-2 receptors are
produced by resting T cells [7, 8]. Following
exposure to antigen, T cells binding antigen
enter a program of cellular activation leading to de novo synthesis and secretion of
IL-2 and expression of IL-2 receptors. The
interaction of IL-2 with its cellular receptor
then triggers cellular proliferation, resulting
in the growth and development of helper,
suppressor, and cytotoxic T cells. Thus, induction of IL-2 receptor expression is a
principal mechanism by which the specificity and magnitude of the human immune
response is regulated. While IL-2 receptors
are not present in most human leukemic T
cell lines, these receptors are uniformly expressed in large numbers in adult T cell

leukemia (A1L) cells infected with human
T cell leukemia/lymphoma virus-I (H1LV1) [9]. Though unproven, it is possible that
these receptors are involved in the malignant growth of these leukemic cells.
We have previously demonstrated that
monoclonal anti-Tac antibody, prepared by
Uchiyama, Broder and Waldmann [10],
recognizes the human IL-2 receptor
[11-13]. We have characterized the IL-2 receptor on normal activated T cells as a
and
densely
glycosylated,
sulfated,
phosphorylated structure containing intrachain disulfide bonds with an apparent
Mr= 55000 [12]. These receptors are composed of a peptide precursor (apparent
M r =33 000) which is cotranslationally processed by N-linked glycosylation to two intermediate forms (apparent Mr= 35000
and 37 000). Following export to the Golgi
apparatus, these intermediate precursors
undergo further posttranslational processing, involving the addition of O-linked
carbohydrate, sialic acid, sulfate, and phosphate. We now describe the molecular
cloning, sequencing, and expression of
eDNA corresponding to the human IL-2
receptor isolated from H1LV-I-transformed HUT 102B2 cells.
B. Materials and Methods

* The Metabolism Branch, the Laboratory of
Pathology, and the Laboratory of Genetics,
National Cancer Institute, National Institutes
of Health, Bethesda, MD and E. I. duPont de
Nemours and Co., Glenolden, PA
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H1LV-I-infected HUT 102B2 cells were
used as a source of IL-2 receptor protein
and RNA. mRNA was prepared from these
cells using guanidine isothiocyanate and
isopyknic centrifugation in cesium chloride
followed by selection of poly(A +) mRNA

with oligo( d1)-cellulose. Using approximately 5 ~g HUT 102B2 mRNA, a cDNA
library was constructed in A gtlO according
to the method of St. John, except that sizefractionated double-stranded cDNA was
purified by absorption to glass silica mesh.
The resultant cDNA library contained
2.4 X 106 recombinant phage clones with inserts ranging in size from 500 base pairs to
several kilobases. Following amplification,
200 000 phage clones were screened by
Benton-Davis plaque hybridization [14]
with a 17 nucleotide synthetic probe based
on the protein sequence of the receptor (see
Sect. C). Candidate clones were evaluated
by selective hybridization of mRNA [15]
and complete sequencing using the dideoxy
chain termination method of Sanger and
Coulson in M13 bacteriophage [16]. DNA
sequence data were analyzed and compared on an IBM system 370 using the program described by Queen and Korn. cDNA
were expressed by ligating each into the
EcoRl site of pcEXV-l (generously provided by Dr. James Miller and Dr. Ron Germain, NIH). This vector places the cDNA
inserts under the control of the early SV40
promoter and enhancer sequences. These
constructs were subsequently transfected
into COS-l cells by calcium phosphate precipitation and evaluated for IL-2 receptor
expression 48-72 h later in binding assays
with purified radiolabeled IL-2 and antiTac. Analysis of genomic DNA and mRNA
in varying cell lines was performed as previously described [17, 18].

c.

Results and Discussion

I. Purification of the Human IL-2
Receptor

The IL-2 receptor was purified from NP-40
detergent extracts of HUT 102B2 cells by
immunoaffinity chromatography with antiTac antibody. The extract was first passed
over a control UPC 10 monoclonal antibody column and then over the anti-Tac
column. Following serial washes at varying
ionic strengths, the receptor was eluted
with 2.5% acetic acid. Following lyophilization, the receptor was found to retain
biologic activity (capacity to bind IL-2) and

was > 95% pure as judged by silver staining of SDS-polyacrylamide gels. The sequence of the NH2 terminal 29 amino acids
was determined by gas phase microsequencing (100-250 pmol per analysis) and
selected positions identified or confirmed
by sequencing receptor biosynthetically
labeled with radioactive amino acids
(Table 1).

II. Molecular Cloning of cDNA Corresponding to the Human IL-2 Receptor
Based on the protein sequence, an oligonucleotide probe 17 nucleotides in length
with 64-fold degeneracy was synthesized
(Table 2). This oligonucleotide probe was
used to screen 200000 recombinant phages
from the amplified HUT 102B2 cDNA
library. Following sequential screening, 11
candidate phage clones containing cDNA
inserts which hybridized to the l7mer were
identified (Fig. 1). Clone 2 (900 base pairs),
clone 3 (2400 base pairs), and clone 4 (1600
base pairs) were chosen for further analysis
and sub cloned into pBR322. Each of these
clones was evaluated for the capacity to
hybridize selectively to mRNA which,
when translated and immunoprecipitated,
would produce the primary translation
product of the IL-2 receptor. As shown in
Fig. 2, each of the three clones, but not
pBR327 nor filters without DNA, selectively hybridized to IL-2 receptor mRNA.
These data suggested the association of
these cDNA with the human IL-2 receptor.
Each of the inserts or appropriate restriction fragments from clones 2, 3, and 4
were subcloned into M13 bacteriophage
and the complete DNA sequence determined. A complete listing of these sequences is reported in reference [19]. Each
of the sequences contained a long open
reading frame, including a region of 87
nucleotides which coded for the 29 NH2
terminal amino acids determined by protein sequencing; thus, their relationship to
the IL-2 receptor was confirmed. However,
comparison of the sequences of clone 3 and
4 revealed that clone 4 lacked a 216 base
pairs segment within the protein coding region which was present in clone 3. Further,
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this segment was flanked on either side by
the sequence TICCAGGT, indicative of a
typical mRNA donor and acceptor splicing
site [20]. Thus, the presence of this internally truncated cDNA suggested that an
alternate pathway of mRNA processing existed for the IL-2 receptor. Since the predicted protein from the spliced cDNA
(clone 4) was 72 amino acids shorter than
that encoded by the unspliced cDNA
(clone 3), but otherwise identical, it was unclear which cDNA corresponded to the true
IL-2 receptor mRNA. To address this issue,
the cDNA inserts from clone 3 and 4 were
ligated into an expression vector pcEXV-l
which contains SV40 promoter and enhancer sequences. Plasmids with the cDNA
in the correct orientation were then transfected into COS-l cells by calcium phosphate precipitation and analyzed for directed synthesis of the IL-2 receptor. As shown
in Fig. 3, radiolabeled binding of IL-2 and
anti-Tac occurred only when the unspliced
cDNA was transfected (clone 3). Further,
cell surface iodination and immunoprecipitation with anti-Tac confirmed the presence

Fig. 1. DNA from 12 recombinant A gtlO phage
clones selected in serial screening with the 17mer
were restricted with EcoRl, electrophoresed on a
1% agarose gel, transferred to nitrocellulose, and
probed with the 17mer. Inserts from 11 of the 12
phage clones hybridized to the 17mer, however,
two negative phage clones (N28, N29) which
contained 1 kilo base inserts did not hybridize.
Phage clones 2, 3, and 4 were chosen for further
analysis as they were representative of the
smallest and two largest cDNA insert

of the M r = 50 000 receptor characteristic of
HUT 102B2 cells. In contrast, the spliced
cDNA, while effectively transcribed, did
not result in the production of receptors
capable of binding either IL-2 or anti-Tac.
These data raise the possibility that IL-2 receptor expression may not only be regulated at the level of initiation of transcription, but also at a posttranscriptional step involving splicing of this internal segment.

Table 1. NH, terminal amino acid sequence of the human IL-2 receptor"
1
2
3
4
5
7
8
9
10
11
6
glutamic-leucine-cysteine-aspartic-aspartic-aspartic-proline-proline-g1utamic-isoleucine-proline12
13
14
15
16
17
18
19
20
21
histidine-alanine-threonine-phenylalanine-lysine-alanine-methionine-alanine-tyrosine-lysine22
23
24
25
26
27
28
29
glutamic-glycine-threonine-methionine-Ieucine-asparagine-cysteine-glutamic
a

The human IL-2 receptor from HUT 102B2 was sequenced by automated Edman degradation on a
gas phase sequencer followed by analysis of samples by high liquid chromatography. The positions
of leucine, cysteine, aspartic acid, proline, and methionine were determined or confirmed by
sequencing of receptor biosynthetically labeled with the respective radioactive amino acid

Table 2. Nucleotide sequence of the synthetic
oligonucleotide probes
complementary to mRNA
corresponding to amino
acids 3-8"

390

G-G-AIG-G-G-AI G-T-C-AI G-T-C-AI G-T-C-AI G-C-A
G-G-C/T-G-G-A/G-T-C-A/G-T-C-A/G-T-C-A/G-C-A
a

(Pool 1)
(Pool 2)

Since the 17 nucleotide sequence for amino acids 3-8 was 64-fold
degenerate, the oligonucleotides were synthesized in two separate
pools each containing 32 species. Following end-labeling with ATP
32p and polynucleotide kinase, both pools identified two mRNA in
Northern blotting experiments and thus Benton-Davis screening of
the cDNA library was performed with a mixture of both pools

N N
11

2

3

4

13 14

20 21

23 28; 30 27 29

•

•

-Primary
tra nsla i 0 111
produc

I

Fig. 2. Selective hybridization ofIL-2 receptor
mRNA. The cDNA inserts
of phage clones 2, 3, and 4
were subcloned into the
EcoRI site ofpBR322. Approximately 5 ~g plasmid
DNA containing these inserts or pBR327 were
linearized with SaIl and
bound to nitrocellulose.
Nitrocellulose filters were
then hybridized with HUT
l02B2 mRNA and mRNA
selectively retained was
eluted and translated in a
wheat germ lysate cell-free
translation system. Translations were immunoprecipitated with an antiIL-2 receptor heteroantibody and analyzed by
SDS-PAGE. As shown,
clones 2, 3, and 4, but not
pBR327 nor filters lacking
DNA, selectively hybridized to mRNA which when
translated generated the
same primary translation
product as obtained with
HUT 102B2 mRNA. (This
figure appears in reference
(19] and is presented with
the permission of the publishers of Nature.)
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Fig. 3a, b. DNA from pcEXV-I expression vector constructs containing clone 3 and clone 4
cDNA inserts in the proper orientation or
pBR322 were transfected into COS-I cells by calcium phosphate precipitation as described [19].
Specific binding of a purified radiolabeled
JURKAT IL-2 and b purified radiolabeled antiTac was measured after 48 h of culture

III. Southern and Northern Blotting
Studies of the IL-2 Receptor
Southern blots of EcoRI-restricted genomic
DNA probed with an IL-2 receptor cDNA
suggested the presence of a single structural
gene rather than a multiple gene family for
the human IL-2 receptor (Fig. 4). Digests
with Bam HI and HindIII also revealed
simple patterns of bands, supporting a
single gene for this receptor. These data
however do not exclude a recent gene
duplication event with preservation of
these restriction endonuclease sites.
Northern blot analysis of mRNA expression from several cellular sources demonstrated the presence of two differently sized
mRNA. As shown in Fig. 5, two mRNA are
present in HTLV-l-transformed HUT
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102B2 cells. Also, transformation of B cells
with HTLV-I resulted in the expression of
IL-2 receptor mRNA production [19]. In
general, acute lymphocytic leukemic T cells
do not display IL-2 receptors. Consistent
with this observation, JURKAT acute lymphocytic leukemic T cells do not contain
detectable IL-2 receptor mRNA. However,
we have previously reported that IL-2 receptor expression is induced in JURKAT
and HSB-2 leukemic T cells following
stimulation with PHA and phorbal myristate acetate (PMA) [21]. As shown in Fig. 5,
PHA and PMA induction of JURKAT leukemic cells resulted in IL-2 receptor mRNA
expression. In other studies not shown,
neither non-T cells nor resting T cells contain mRNA for the IL-2 receptor. Induction
of purified T cells with PHA, PMA, or
combinations of these agents results in the
expression of the two major mRNA species
identical in size to those present in HUT
l02B2 cells.
Further study of the molecular basis for
the difference in size of the two mRNA has
revealed that use of different polyadenylation signal sequences is involved. A
proximal AATAAA sequence is apparently
disregarded to generate the large mRNA

28s~

7.5Kb5"BKb-

18s-

!5.6Kb -

4.7Kb-

ii'

-:

ABC
Fig.4. Southern blot analysis of human genomic
DNA restricted with EcoRI probed with 32p_
labeled IL-2 receptor eDNA containing 937
bases from the 5' end of the mRNA. DNA were
isolated from human placenta (lane A) and human tonsil (lanes B and C). More recent blots also indicate the presence of a 10 kilobases band in
EcoRl digests seen faintly in the autoradiogram.
(This figure appears in reference [19] and is presented with the permission of the publishers of
Nature.)

Fig. 5. Northern blot ofIL-2 receptor mRNA expression in HUT 102B2 cells, JURKAT leukemic
T cells, and JURKAT leukemic T cells induced
for 18 h with PHA (1 Jlg/ml) and PMA (50 ng/
ml); 10 Jlg oligo(d1)-selected mRNA was electrophoresed in each lane and blots were brobed
with nick-translated IL-2 receptor eDNA. Migration of 28 Sand 18 S ribosomal RNA is indicated

(3500 nucleotides) while the smaller mRNA
(1500 nucleotides) is produced when the

IV. Analysis of the Primary Structure
of the Human IL-2 Receptor

proximal polyadenylation signal sequence
is utilized [19J. Both mRNA appear functional since size separation of HUT 102B2
mRNA on a methylmercuric hydroxide gel,
translation of mRNA from different slices
of the gel, and immunoprecipitation of the
resultant proteins demonstrate the primary
translation product for the receptor from
fractions corresponding to both the small
and large mRNA.

The complete amino acid sequence of the
IL-2 receptor was deduced from the cDNA
sequence [19]. The receptor is composed of
272 amino acids, including a signal peptide
of 21 amino acids. The length of the signal
peptide has been confirmed preliminarily
by sequencing the primary translation
product after labeling with methionine 35S
(W. J. Leonard, S. Rudikoff, and W. C.
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Greene, unpublished work). The protein
contains 13 cysteine residues, suggesting
potentially extensive intrachain disulfide
bonding, confirmed in immunoprecipitates
electrophoresed under reducing and nonreducing conditions [12]. Two potential
N-linked glycosylation sites are present and
multiple potential O-linked glycosylation
sites are located in a region we believe to
occur immediately extractoplasmic to the
cell membrane. In pulse-chase labeling
studies of the protein performed with and
without tunicamycin, we have demonstrated two N-linked precursor forms and
thus suggest that both N-glycosylation sites
are utilized [12]. Further, we have provided
evidence for O-linked glycosylation occurring in the Golgi apparatus [12, 22]. Hydrophobicity analysis suggests the presence
of a single transmembrane domain near the
COOH terminus and a short intracytoplasmic domain (13 amino acids). The intracytoplasmic domain contains several basic amino acids which form a charge cluster
and presumably serves as a cytoplasmic
anchoring region. Further, a serine and
threonine residue are present within the
putative intracytoplasmic domain and
could serve as potential phosphate acceptor
sites. We have previously demonstrated
that this receptor IS constitutively
phosphorylated [22].
A second moderately hydrophobic region exists within the protein, but is removed in the spliced form of the receptor.
It is unlikely that this region represents a
second transmembrane crossing as this
would result in the N-linked glycosylation
sites occurring within the cytoplasm which
would be without precedent. However, this
region could represent a loop into the
membrane. Alternatively, this segment may
be involved in the binding of IL-2 which is
unexpectedly rich in hydrophobic residues.
In view of the exceedingly short intracytoplasmic tail predicted by the DNA
sequence, it seems unlikely that signal
transduction by the receptor involves an
enzymatic activity of this domain. In immunoprecipitates labeled with methionine
35
5, we have previously observed coprecipitation of two larger proteins (M r = 113 000
and 180000). These proteins appear to be
located on the inner face of the membrane
394

as they are not glycosylated nor labeled
with cell surface iodination techniques.
However, each is constitutively phosphorylated. It is possible, though unproven, that
these proteins form a receptor complex
with the IL-2 receptor and thus might be
involved in signal transduction following
IL-2 binding.
The availability of cDNA probes to the
IL-2 receptor hopefully will aid in studies
relating to IL-2 receptor structure, function,
and regulation. Further, these cDNA
should be useful in further defining the intriguing relationship between HTLV-I-induced transformation of T cells and expression ofIL-2 receptors.
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Purification of Normal Human T-Cell Growth Factor to Molecular
Homogeneity *
S. G. Lindner, R. Rahman, M. G. Sarngadharan, and R. C. Gallo

T-cell growth factor (TCGF), also called interleukin-2, supports proliferation of lectinor antigen-activated T cells. It was originally discovered in the conditioned media
of phytohemagglutinin-stimulated peripheral blood lymphocyte (PBL) cultures [1, 2].
It is also produced by some leukemic cell
lines (e.g., lurkat) after stimulation and,
constitutively, by certain retrovirus-infected
neoplastic T-cell lines [3]. TCGF produced
by normal human PBL cultures has been
purified to molecular homogeneity by biochemical means using a multistep procedure.
First, the lymphocyte-conditioned media
(Ly-CM) were concentrated 40-fold by diafiltration using the Millipore Pellicon Cas-

*

Laboratory of Tumor Cell Biology, National
Cancer Institute, National Institutes of Health,
Bethesda, Md., USA

sette system. The filter used was the polysulfate filter PTGC (10 000 NMWL).
Serum-containing media were further processed by anion-exchange chromatography: the concentrate was loaded onto
a diethylaminoethyl-(DEAE)-sepharose column and eluted with an NaCI gradient
in Tris buffer. TCGF activity of the collected fractions was determined in a
[3H] thymidine incorporation assay using a
cloned TCGF-dependent mouse-cell line
(ClLL). When starting with serum-free
media anion-exchange chromatography
was unnecessary.
In the next step Ly-CM concentrate or
the active fractions of the DEAE-sepharose
column, respectively, were adsorbed to
controlled-pore glass (Electronucleonics).
After overnight incubation in roller bottles
the glass beads were packed into a column,
washed with phosphate-buffered saline
(PBS-Dulbecco) and Tris buffer, and eluted
with Tris buffer containing tetramethyl-

Table 1. Purification ofTCGF from lymphocyte-conditioned media
Purification
step

Volume
(ml)

Ly-CM
1475.0
(concentrate)
CPG-eluate
1 310.0
HPLC-step I
350.0
HPLC-final
2.8

TCGF
titer

Total activity
(arbitrary
units)

Total
protein
(mg)

4390

6.48 X 106

501.0

3760
7406
1 752000

4.93 X 106
2.59x 106
4.91 x 106

85.0
7.9
0.089

Specific
activity
(unit/mg)

Fold
purification

%
Recovery

12.9x 103

1.0

100.0

57.9 X 103
328.0x 103
55 168.0x 103

4.5
25.4
4277.0

76.0
40.0
75.8

The TCGF titer was determined by serial dilutions in a PH] thymidine incorporation assay. For calculation of the total activity of the different steps (see text) the titers were multiplied by the respective
volumes
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ammonium chloride. After extensive dialyzation against Tris buffer fractions were assayed for TCGP activity.
Active fractions ofthe controlled-pore glass
step were acidified with trifluoroacetic acid
(TFA) and loaded onto a reverse-phase highperformance liquid chromatography (RPHPLC) column. The column was washed with
30% and 50% aqueous acetonitrile acidified
with TFA; then it was eluted with 65% aqueous
acetonitrile. To remove remaining impurities the eluate was diluted twofold with
water and reloaded onto RP-HPLC. In the
final step the column was washed with 40%
aqueous acetonitrile and then developed
with a gradient between 40% and 65%
aqueous acetonitrile. The effluent was
monitored by measuring the absorbance at
214 nm. TCGP eluted as a single peak at
60% aqueous acetonitrile.

The degree of purification of the different steps and the recovery are shown in
Table 1. Molecular homogeneity of the
purified TCGP was proved by determination of the NH2 -terminal amino acid sequence by Edman degradation using a
microprocedure [4]. Pure TCGP was able to
support the long-term growth of human
and murine Tcells.
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Purification to Apparent Homogeneity and Biochemical
Characterization of Human Pluripotent Hematopoietic ColonyStimulating Factor *
K. Welte, E. Platzer, J. L. Gabrilove, L. Lu, E. Levi, A. Polivka, R. Mertelsmann
and M. A. S. Moore

A.

Introduction

Colony-stimulating factors (CSFs) are a
family of hematopoietic growth factors required for the proliferation and differentiation of hematopoietic progenitor cells [I,
2]. In the human system, purification to
homogeneity and biochemical characterization has only been reported for macrophage-active CSF (CSF-l) [3]. However,
there are many reports about highly purified human granulocyte-macrophage CSFs
(e.g. [4-7]), but not about pluripotent human CSF.
Assays are available to detect human
clonogenic precursors that give rise to cells
of the erythroid, granulocytic, megakaryocytic, macrophage, colony-forming unit
granulocytes, erythrocytes, macrophages,
and megakaryocytes, CFU-GEMM, and
possibly lymphoid lineages [8-10]. CSFs
with activities on these pluripotential progenitor cells (pluripotent CSF) are produced by mitogen- or antigen-activated
T-lymphocytes [11] and by human tumorcell lines [12] or HTLV-transformed lymphoid cells [13].
We report in this paper the purification
to homogeneity and biochemical charac-
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New York, NY 10021
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terization of a human pluripotent CSF,
produced and released by the human bladder carcinoma-cell line 5637.

B. Assay Systems
Granulocyte-macrophage-CSF (GM -CSF),
granulocyte-macrophage-erythrocyte-megakaryocyte-CSF (GEMM-CSF), and early
erythroid burst-forming unit (BFU-E) activities were tested on low-density, T-celldepleted, nonadherent human bone marrow cells as described [14-15] and detailed
in another paper by Platzer et al. in this
volume. For assay of differentiation induction, the method of Metcalf [16] was
used, whereby pluripotent CSF was added
to cultures of the murine myelomonocytic
WEHI-3B (D +) or the human promyelocytic HL-60 leukemic cells and scored for
differentiation on day 7 and 14 respectively.
As shown in the Results, a single protein
stimulates colony formation by CFUGEMM, BFU-E, and CFU-GM progenitor
cells. We termed this protein "pluripotent
CSF" or "pluripoietin". Due to the low
numbers of mixed colonies per dish attainable in this assay system, titration of test
samples for determination of pluripotent
CSF activity presented difficulties in quantitation. Therefore, we used the GM-CSF
assay as described [14, 15] to measure the
GM-CSF aspect of the pluripotent CSF in
the samples that supported growth ofCFUGEMM and BFU-E for calculating the specific activities throughout the purification
procedure.

Table 1. Purification of human pluripotent CSF
Total
activity
(units)"
Conditioned media (20 L)
DE 52 ion exchange chromatography
AcA 54 gel filtration
HPLC reverse phase
a

b

12
5

x 106
x 106

3.1 X 106
0.74 x 106

Total
protein
(mg)
2000
300
13.2
0.005

Specific
activity
(units/mg)

Purification Yield
(-fold)

(%)

6000
16700

P

100
42

235000
1.5 x 108

14 b
9000 b

26
6.2

Units of activity in the GM-CSF assay in agar, as tested on low-density normal human bone marrow cells
Estimate of -fold purification based on starting activity from one selected peak of DE 52

C. Purification of Pluripotent CSF
The human bladder carcinoma-cell line
5637 has been reported to produce constitutively a GM-CSF [17] and GEMMCSF [12]. The cells were cultured in RPMI
1640 supplemented with
glutamine
(2 mM), antibiotics, and 10% fetal calf
serum (FCS). For production of pluripotent
CSF used for purification cells were kept
for 48-72 h in medium containing low
serum (0.2% FCS). The conditioned medium from low-serum-containing cultures
was harvested and used for purification.
The first three steps of purification involved
ammonium sulfate precipitation (80% saturation), anion-exchange chromatography
[diethylaminoethanol
(DEAE)-cellulose,
DE 52, Whatman, Clifton, NJ], and gel filtration (AcA 54 Ultrogel, LKB Products,
Inc., Rockland, MD) (Table 1). These steps
were used because they were highly effective for other cytokines, notably Interleukin 2 [18] and B-cell-differentiating
factor [19] and have been described in detail elsewhere [18]. Pluripotent CSF eluted
from the DE 52 cellulose column between
0.075 and 0.1 M NaCI in 0.05 M Tris/HCI,
pH 7.8, and from the AcA 54 column with a
single peak at around 32 000 molecular
weight. The final step involved chromatography on a reverse-phase high-performance liquid chromatography (HPLC)
column (uBondapak C 18, Waters) and a
Waters HPLC system using I-propanol as
organic solvent (20%-50% I-propanol
gradient in 2 h) and a buffer system con-

taining 0.9 M acetic acid and 0.2 M pyridine, pH 4.0. Pluripotent CSF activity eluted as a single peak at 42% I-propanol. The
purification schedule with degree of purification of pluripotent CSF as measured by
GM-CSF activity, protein content, specific
activity, and yield is detailed in Table 1. We
obtained a specific activity of 1.5 X 108 U /
mg protein.
D. Biochemical Characterization
of Pluripotent CSF
The final preparation obtained after HPLC
was analyzed on a 15% sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) gel [20] followed by the sensitive silver staining technique (Biorad Lab.,
Rockville Centre, NY; Fig. 1). Only one
protein band with a molecular weight of
18000 was seen under reducing (5% 2-mercaptoethanol; Fig. 1) and nonreducing (not
shown) conditions. After electrophoresis
under nonreducing conditions, a parallel
gel was sliced into 2-mm sections and proteins eluted from each slice into phosphate
buffer. Pluripotent CSF was found to be localized in the slice number corresponding
to 18 000 molecular weight (Fig. 1). Reelectrophoresis of the protein in the active
slice-fraction with SDS-PAGE under reducing conditions revealed again a protein
band of 18 000 molecular weight (not
shown).
The purified pluripotent CSF was also
subjected to isoelectrofocusing analysis in
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an IEF column (LKB 8100) [18] using ampholines with a pH range of 3.5-10.
Pluripotent CSF was localized in one fraction with a pH of 5.5 (Table 2).

f t t t

25.7 181.4 14,3 12.3 X 'O~

~

~ ~ +

E.

Fig. 1. SDS-PAGE. The pluripotent CSF eluted

from the HPLC column (peak fraction) was lyophilized and treated with 1% SDS in 0.065 M
Tris/HCI, pH 6.8, and 20% glycerol, under reducing conditions (5% 2-mercaptoethanol) for
1 h at 37°C and then applied to a 15% polyacrylamide gel [20]. After electrophoresis, the
proteins were visualized by the silver staining
technique (upper panel). Treatment of pluripotent CSF under nonreducing conditions and
subsequent electrophoresis gave the same results.
For elution of biological activity pluripotent CSF
was treated as above (nonreducing conditions)
and after electrophoresis under the same conditions the gel was sliced into 2-mm sections and
proteins from each slice were eluted into phosphate buffer (20 mM, pH 7.2). After 18 h eluted
proteins were assayed for pluripotent activity
(lower panel; GM-CSF activity, black columns).
The following marker proteins (arrows) were
used: ovalbumin (molecular weight, 43 000),
chymotrypsinogen (molecular weight, 25 700),
lactoglobulin (molecular weight, 18400), lysozyme (molecular weight, 14300), and cytochrome C (molecular weight, 12300)

Table 2. Biochemical characteristics of human

pluripotent CSF
Molecular weight
(AcA 54 gel filtration)
Molecular weight (SDS-Page)
Isoelectric point
pH stability
Binding to concanavalin A-agarose
400

32000
18000
5.5
2-9
No

Biological Activity of Pluripotent CSF

Fifty units of GM-CSF activity of pluripotent CSF (1.8 X 10-11 M) supported the
half-maximal cloning of CFV-GM, while
500 Vlml was needed to support the cloning of human CFV-GEMM and BFV-E. In
addition pluripotent CSF at a concentration of between 500 and 1000 Vlml was
capable of inducing differentiation of the
leukemic cell lines HL-60 and WEHI3B (D +). A detailed biological characterization of pluripotent CSF is described in
the paper by Platzer et al. in this volume.

F.

Discussion

The protein described in this paper is capable of stimulating the in vitro growth of
human mixed colony progenitor cells
(CFV-GEMM), early erythroid progenitor
cells (BFV-E), and granulocyte-macrophage progenitors (CFU-GM) and in addition induces differentiation of the murine
myelomonocytic (WEHI-3B (D + )) and the
human promyelocytic (HL-60) leukemic
cell lines. It has a molecular weight of
18000 and an isoelectric point of 5.5. The
specific activity is 1.5 X 108 Vlmg protein.
The purified protein, shown in Fig. I, and
the pluripotent CSF activity are identical
because: (1) protein and activity eluted in
the same fraction from the HPLC; (2) we
were not able to separate biological activity
and the 18000 molecular weight protein by
using additional HPLC columns (Diphenyl,
C4, Hydroxylapatite) and buffer systems;
(3) identical localization of protein and activity in SDS-PAGE (Fig. 1); (4) high specific activity (1.5 X 108 Vlmg protein;
I V = 3.7 X 10-13 M), which is comparable
to pure murine CSF [21] and human CSF-l
[3]. Therefore, it is very unlikely that
pluripotent CSF activity is not associated
with the 18000 molecular weight protein.

The availability of purified human
pluripotent CSF has important and farreaching implications for the analysis of
human hematopoiesis and possibly for the
understanding and management of clinical
diseases involving hematopoietic derangement or failure.
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Differentiation in Myelodysplastic, Myeloid Leukaemic and Normal
Haemopoietic Cells: A New Approach Exploiting the Synergistic
Interaction Between Differentiation Inducers and DNA Synthesis
Inhibitors *
G. E. Francis, 1. E. T. E. Guimaraes, 1.1. Berney, and M. A. Wing

A.

Introduction

The normal haemopoietic system behaves
as if proliferation and the differentiation
transitions on and between the granulocytic, erythroid and other lineages are
stochastic events governed by probabilities
determined by the levels of growth and differentiation stimuli [1]. Recent studies of
myeloid leukaemic and myelodysplastic
(AML and MDS) cells suggest that, in contrast to cell lines, there is a shift in the balance of probabilities for proliferation and
differentiation rather than a maturation
block at any particular stage [2]. This in
turn suggests that these cells retain many of
the features of normal proliferation and
differentiation and that they will be accessible to the same means of altering the proliferation-differentiation balance as in normal cells. We recently proposed that
physiological and pharmacological agents
which enhance differentiation and maturation in vitro act by two fundamentally
different routes: (a) by hastening progression through various differentiation/maturation steps; and (b) by slowing proliferation by inhibition of DNA synthesis. In order to test this thesis we looked for synergistic interaction between these two groups
of agents. Combinations of differentiationinducing agents (retinoic acid and

* Academic Department of Haematology, Royal
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NW3 2QG, England
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N-methylformamide) with DNA synthesis
inhibitors (6-mercaptopurine, cytosine
arabinoside and aphidicolin) produced a
differentiation-inducing effect on normal,
MDS and AML cells, equivalent to that of
10-, 100- or even WOO-fold higher concentrations of single agents. Myelotoxic effects
in vitro were not synergistic. The use of
these highly synergistic combinations
should greatly enhance the usefulness of
differentiation inducers in the therapy of
MDSandAML.
The myelodysplastic syndromes (MDS)
[3] are a group of closely related disorders
which tend to evolve to acute myeloid leukaemia (AML) [4]. They are characterised
by peripheral blood cytopenias, usually in
association with a hypercellular bone marrow. This suggests a defective maturation
process and there is a detectable maturation delay in vitro [5, 6]. MDS cultures
are reminiscent of those in which the proliferation and differentiation of normal
cells has been partially uncoupled by supplying them with a source of growth stimulus relatively deficient in differentiation-inducing activity [7].
There is no generally effective therapy
available for the MDS [8], but recently
there has been an upsurge of interest in using differentiation-inducing agents in MDS
and also in refractory AML. Retinoic acid,
vitamin D3, butyrate and harringtonine
have all been used in limited clinical trials
[9-14]. Agents which slow DNA synthesis
by a wide variety .of different mechanisms
have an apparently differentiation-inducing action in vitro and there have been
several trials of low dose cytotoxic drug

therapy with varied results, in some cases
suggestive of a cytotoxic action, in others of
differentiation induction [15-18].
The first aim of this study was to determine whether DNA synthesis inhibitors
have or induce differentiation-inducing activity or whether they act by some other
mechanism. One possible mechanism of action is suggested by experimental evidence
for the existence of a differentiation-responsive "window" in the cell cycle in
or around the S-phase in both granulocyte-macrophage and erythroid cells
[19-21]. If DNA synthesis inhibitors act by
extending this window or any other mechanism independent of that involved in differentiation induction by other types of
agent, DNA synthesis inhibitors and these
differentiation inducers would be expected
to interact synergistically. In the context of
MDS this might be most useful because aggravated cytopenia and marrow hypoplasia
is a common complication of therapy with
low dose cytosine arabinoside and other
DNA synthesis inhibitors [16, 17,22].
True differentiation-inducing agents
have the theoretical advantage that
although they inevitably decrease the amplification of the haemopoietic system (i.e.
the total number of cells produced from
each stem cell committed to the differentiation pathway) they should not impair the
stem cell compartment's ability to compensate for this. In contrast, DNA synthesis
inhibitors, whatever their mechanism of action in enhancing differentiation, not only
reduce the amplification of the system directly by slowing proliferation but also,
since they are nonselective, inhibit stem cell
division and thus reduce any possibility for
compensation. That such a compensatory
mechanism may operate in vivo is suggested by the different incidence of hypoplasia
in patients receiving DNA synthesis inhibitors and conventional differentiation inducers.
The ability, demonstrated in this report,
to enhance the differentiation-inducing effect of retinoic acid and N-methylformamide by very low doses of DNA synthesis
inhibitors should prove useful in designing
new and less toxic differentiation induction
therapeutic protocols for the treatment of
MDS patients and of AML patients unsuit-

able for or unresponsive to conventional
AML therapy.
B. Materials and Methods

Marrow aspirates were obtained from three
healthy volunteers, from three patients with
MDS (FAB classification refractory anaemia with excess of blasts (RABB), RABB in
transformation (RAEB- T), chronic myelomonocytic leukaemia (CMML) [1]) and peripheral blood blasts from one patient with
AML (FAB-M4) and another with AML
following MDS. With the exception of the
last patient none had received cytotoxic
therapy.
Differentiation Inducers and DNA
Synthesis Inhibitors

I.

The following freshly prepared stock solutions were used: 10-2 M retinoic acid (All
trans) (Sigma), 0.6 M N-methylformamide
(Aldrich
5 X 10-2 M 6-mercaptopurine
(Wellcome), 10-2 M cytosine arabinoside
(Upjohn), 10-3 M aphidicolin (Sigma).
Diluents were absolute ethanol, tissue culture medium (McCoy's SA, Flow), 0.1 M
NaOH, pyrogen-free water, and propane1,2-diol, respectively. The concentration of
diluent was adjusted to the same level for
all drug concentrations. The final concentration of ethanol was 1: 10 000, of 0.1 M
NaOH 1: 500 and of propane-I,2-diol
1 : 1000 (v Iv).
II.

Semisolid Agar Cultures

A double-layer technique [23] was used.
Target marrow cells (105 cells < 1.077 gl
cm-3 ) and differentiation-inducing agents
were incorporated into 0.3% agar overlayers. Feeder layers contained 106 peripheral blood leucocyteslml and 0.5% agar
and in three experiments performed to exclude the possibility of any effect of drugs
on feeder layer cells and also to ensure the
growth of leukaemic cells, parallel experiments were performed using a cell-free
source of gm-CSA, phytohaemagglutininstimulated leucocyte-conditioned medium
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(5% PHA-LCM). Cultures were incubated
for 7 days in 5% CO 2 in air. For morphological studies overlayers were removed
and stained for nonspecific and chi oro acetate esterase as previously described [7].
III.

Suspension Cultures

Marrow cells « 1.077 g/cm-3 ) were cultured at low concentration (0.5 X 105 cellsl
ml) in order to limit contribution of bone
~a~row derived gm-CSA and thus possible
mdIrect effects; gm-CSA was provided by
5% PHA-LCM.
IV.

Nitroblue Tetrazolium Reduction

Oxygen radical generation in response to
Escherichia coli broth (kindly supplied by
Dr. G. W. Smith) was assessed by reduction
of NBT to produce blue-black formazan
deposits. Suspension culture cells (50 fl.l
containing approximately 106 cells) were
incubated for 15 min at 37°C with 20 !AI E.
coli broth and 100 !AI NBT (0.1 % w Iv in
Hank's balanced salt solution without calci~m, magnesium or phenol red), cytocentnfuged and counterstained (Diffquik).
C.

Results

I. Alterations of the Proliferation-Differentiation Balance of Normal Cells

In the normal granulocyte-macrophage
pathway proliferation and differentiation
can be partially uncoupled and their rates
varied independently [7]. This affects both
the amplification of the system (since it affects the number of cell divisions occurring
before end cell production intervenes) and
also the proportion of mature to immature
cells observed in in vitro systems and
predicted for in vivo steady state conditions. Figure 1 shows the four hypothetical ways in which the proliferation-differentiation balance of normal cells can
vary and the effects on the amplification of
the system and the proportion of mature
cells. Three of the four have been tested experimentally. In a previous study [7] we
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Fig. 1. Since differentiation (D) and proliferation
(P) can be partially uncoupled in normal cells the
amplification of the system (A) can be varied: (1)
by altering the rate at which cells undergo one
or more differentiation/maturation transitions
(h?rizontal lines); or (2) by altering the proliferat~on rate (shown here diagramatically as the
WIdth of the triangles). The proportion of mature
cells (M) predicted for steady state conditions in
vivo (and observed in vitro) also varies

showed that the effect of reducing the differentiation rate without reducing the proliferation rate is increased amplification
and a reduced proportion of mature cells.
The converse of this effect is obtained with
gm-CSA sources rich in differentiation-inducing activity or with pharmacological inducers of differentiation.
The effects of changes in the proliferation
rate cannot be assessed readily with physiological inducers since the proliferation
stimulus also conveys a differentiation
stimulus. Table I shows the effect of reducing the proliferation rate with low levels of
DNA synthesis inhibitor. Although the total number of cells produced decreased,
both the proportion and the absolute number of mature cells (in this example assessed by NBT reduction) were increased.
Modelling experiments based on earlier
work [1] showed that this increase in mature cells is not consistent with a system in
which differentiation and cell division are
completely independent events and the low
level of DNA synthesis has merely decreased the rate of cell division (M. F.
Leaning and G. E. Francis, unpublished
work). It suggests instead some special relationship between proliferation and differFig.2. Synergistic interaction between DNA
synthesis inhibitors (vertical hatching) and differentiation inducers (horizontal hatching) used in
c?mbination (cross hatching) in day 4-6 suspenSIon cultures of normal marrow cells. The increased percentage NBT-reducing cells was due
to an absolute increase in these cells in association with a decrease in the total number of cells
formed. RET retinoic acid; N-MF N-methylformamide; 6-MP 6-mercaptopurine; ARA-C
cytosine arabinoside; APH aphidicolin. The
combination of 2 DNA synthesis inhibitors
(black column) was not synergistic, merely additive
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Table 1. The effect of
DNA-synthesis inhibitors
(day 6 suspension cultures
of normal marrow cells)a

6-Mercaptopurine (M)
Nucleated cells (% control)
NBT-reducing cells (% total)
NBT-reducing cells (% control)

0
100
10
100

10-7 10-6 10-5 10-4
91
77
76
75
24
19
22
36
173
183
167 271

a Similar results were obtained with cytosine arabinoside, aphidicolin, 6-thioguanine and hydroxyurea
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Fig.3. Clone maturity indices (see text for definition) at day 7 based on differential counts of
90-120 consecutive clones in dual esterasestained agar gels; marrow from an MDS
(CMML) patient. Keys as in Fig. 2

entiation (such as the presence of a differentiation-responsive window already mentioned).
In order to test the thesis that DNA synthesis inhibitors enhance differentiation by
a fundamentally different mechanism from
that of the differentiation-inducing agents
we looked for synergistic interactions between DNA synthesis inhibitors (cytosine
arabinoside, 6-mercaptopurine and aphidicolin) and differentiation inducers (retinoic
acid and N-methylformamide). Figure 2
shows the proportions of NBT reducing
cells in day 4-day 6 suspension cultures. In
each case there is evidence for synergistic
interaction between the DNA synthesis inhibitors and the differentiation inducers.
When two DNA synthesis inhibitors were
added (6-mercaptopurine and aphidicolin)
the effects were not synergistic, but merely
additive. Similar results were obtained
from dual esterase staining or proliferative
capacity (assessed in secondary clonal as406
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says) used to monitor cellular maturity in
suspension cultures.
II. Synergistic Differentiation-Inducing
Effects on Myelodysplastic and Leukaemic
Cells
Figure 3 shows clone maturity indices in
semisolid agar cultures at day 7 for a
myelodysplastic marrow. In the absence of
any differentiation-inducing agent the
clone maturity index (defined as the percentage of clones containing mature neutrophils plus the percentage of clones containing mature macrophages divided by the
percentage of clones containing blasts) at
day 7 of culture was equivalent to that seen
at day 4 or 5 for normal marrow cells.
There was a highly synergistic interaction
between N-methylformamide and 6-mercaptopurine such that the clone maturity
index was restored to within the normal
range for day 7. Figure 4 shows synergistic
interactions assessed in suspension cultures
by monitoring the percentage of NBT-redueing or the percentage of mature NSEand CAE-positive cells. The myelotoxic effects assessed by inhibition of colony and
cluster formation in day 7 marrow cultures
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Fig.4. Synergistic interactions were observed with cells from 3 patients with MDS (FAB classes CMML, RAEB-T, RAEB) and 2 patients
with AML (FAB-M4 and post-MDS) in day 4-6 suspension cultures. Cell maturity was assessed by either NBT-reduction or by dual esterase
staining for neutrophils (chloroacetate esterase+; CAE+) and macrophages (nonspecific esterase+; NSE+, the filled portion of each column)

did not show evidence of a synergistic interaction (data not shown).
D.

Discussion

The results show that DNA synthesis inhibitors enhance differentiation by mechanisms which are distinct from those of the
differentiation-inducing agents retinoic
acid and N-methylformamide since these
two groups of agents show synergistic interactions in differentiation induction.
Although maturation appears arrested in
acute myeloid leukaemia and differentiation-defective myeloid cell lines are
plentiful, cells freshly explanted from patients retain many of the features of the
normal proliferation-differentiation balance. The differentiation dose-response
curves for these cells do not provide evidence for a maturation block (i.e. a maturational stage through which the cell cannot pass or can only pass with the aid of
pharmacological differentiation inducers),
but suggest instead that there is a shift in
the probability of undergoing one or more
differentiation transitions [2]. This implies
that the cell is accessible (albeit with reduced sensitivity) to agents which enhance
the differentiation of normal cells.
The differentiation-enhancing effect of
DNA synthesis inhibitors seems unlikely to
be due to any conventional differentiationinducing activity, since agents inhibiting
DNA synthesis by a wide variety of different mechanisms have this effect (e.g. not
only the agents tested in this study but also
hydroxyurea and 6-thioguanine). The results are, however, consistent with the accumulating evidence for the existence of a
differentiation-responsive window in the
cell cycle since DNA synthesis inhibitors
might enhance differentiation by prolonging this window. The effect might simply be
temporal or due to build-up of some receptor or enzyme important in the differentiation process during this period. Whatever the mechanism of interaction the highly synergistic effect observed for myelodysplastic and AML cells suggests that improved differentiation-inducing therapeutic
protocols may be devised on this basis.
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Vitamin D: Myeloid Differentiation and Proliferation
H. P. Koerner, M. D.1

A.

Background

The active metabolite of vitamin D
(l,25(OH)2D3) is a major physiologic regulator of mineral metabolism in humans.
The 1,25(OH)2D3 facilitates calcium absorption from the intestine, acts to mobilize
calcium from bone, and possibly stimulates
renal reabsorption of calcium. In contrast
to the current progress achieved in elucidating the role of 1,25(OH)2D3 in mineral
metabolism, the mechanism of action and
biologic significance of vitamin D metabolites in the hematopoietic system are just
beginning to be studied.
Early reports suggested that vitamin
D-deficient rickets patients frequently had
anemia, extramedullary hematopoiesis,
and mononuclear phagocytes that poorly
performed chemotaxis and phagocytosis. A
murine myeloblastic leukemia cell line
(M-l) was discovered to undergo macrophage-like differentiation in the presence of 1,25(OH)2D3 > 24,25 (OH)2D3 >
25(OH)2D3 [1]. Development of leukemia
was inhibited or the survival time of mice
prolonged after M-I cells were injected into
syngeneic mice and the mice were treated
with 1,25(OH)2D3.

I UCLA School of Medicine, Department of
Medicine, Division of Hematology-Oncology,
11-240 Louis Factor Building, Los Angeles,
California 90024, USA

B. Vitamin D and Differentiation
of HL-60 Cells
Preliminary evidence by Miyaura et al. [9]
suggested that the cells from the human
promyelocytic leukemia line known as HL60 differentiated to granulocytes when cultured with 1,25( OH)2D3. Further studies
by others as well as ourselves showed that
the HL-60 became predominantly macrophage-like after culture with I,25(OH)2D3
[2, 7, 8]. Likewise, we have studied a variant ofHL-60 (HL-60 blast) that is unable to
undergo differentiation [7]. As shown in
Table 1, after 7 days of treatment with as
little as 10-10 M 1,25( OH)2D3, significant
differentiation occurred as measured by
four test parameters of macrophage differentiation. In contrast, the HL-60 blast cells
were unresponsive at each concentration of
1,25( OH)2D3.
Morphological and functional changes
began to be minimally expressed after 7
days with a 1,25(OH)2D3 incubation as
short as 18 h [7]. The differentiation response became more pronounced the longer the hormone remained in the culture
medium, suggesting that the presence of
1,25(OH)2D3 is required and must be
maintained over a long period of time relative to transient events occurring at the
molecular level.
The mechanism by which 1,25(OH)2D3
induces differentiation is unknown. Preliminary evidence by Tanaka et al. [12] implicated the presence of cytosolic
1,25(OH)2D3 receptors in HL-60 and suggested that differentiation may be occurring by a mechanism similar to that of
409

Table 1. Functional and morphologic changes in HL-60 and HL-60 blast cells by vario,us concentrations of 1.25(OH)2D3a
Added
Cell line
concentration of
1,25(OH)2D 3b

NBT
reduction

(M)

(%)

0
10-11
10-10
10-9
10-8
10-7
10-6

a

b
C

d

HL-60
HL-60 blast
HL-60
HL-60 blast
HL-60
HL-60 blast
HL-60
HL-60 blast
HL-60
HL-60 blast
HL-60
HL-60 blast
HL-60
HL-60 blast

Phagocytic
cells

Morphology
Myeloblasts Intermediate Nonspecific
and
to mature
acid
promyeloesterasepositive d
blasts
(%)
(%)
(%)
C

2± 3
0
1O± 2
0
18± 11
0
37± 19
0
64± 13
0
82± 8
3
86± 12
I

(%)
2±2
I

2±3
0
13±7
0
20±7
0
26±4
0
44±9
5
60±3
0

99±2
100
95±3
100
82±5
100
66±9
100
45± 12
100
32±5
96
27±6
100

1±2
0
5±4
0
18±7
0
34±6
0
55±9
0
67±6
4
78± 14
0

2
0
3
0
10
0
25
0
54
0
82
0
98
0

HL-60 and HL-60 blast cells were cultured in the presence or absence of various concentrations of
1.25(OH)2D3. After 7 days cells were assessed for the various differentiation parameters. Cell
viability was> 99%. All data are expressed as the percentage of total cells assayed. At least 200 cells
were assessed for each parameter. The HL-60 cell data represent the mean± standard deviation of
triplicate assays
Basall,25(OH)2D 3 in 10% fetal bovine serum is 1.6 X 10-11 M
Intermediate to mature cells include monocytes and macrophages
Represents the average of two experiments

classical steroid hormone action. We reported the unqualified identification of the
1,25(OH)2D3 receptor in HL-60 cells and
the existence of a positive correlation between 1,25(OH)2D3-induced differentiation and the occurrence of occupied
1,25( OH)2D3 receptors [7].
Aliquots of high salt nuclear extracts,
prepared by first labeling intact HL-60 and
HL-60 blast cells with 3H I ,25( 0 H)2D3 ,
were analyzed by high salt sucrose density gradient centrifugation. As illustrated
in Fig. I a, virtually all of the bound
3H 1,25(OH)2D3 migrated in a single 3.3 S
peak, characteristic of 1,25(OH)2D3 receptors. This peak was completely obliterated by the mercurial reagent, PCMBS
(Fig. I a), indicating dissociation of the
1,25(OH)2D3 hormone-receptor complex.
Finally, to confirm the 3.3 S macromol410

ecule as the 1,25(OH)2D3 receptor, monoclonal antibodies to the 1,25(OH)2D3 receptor were incubated with the nuclear
extract before sedimentation. The monoclonal antibody 4A5A shifted the migration
of the 3.3 S macromolecule to the 7-8 S
position (Fig. I a), a finding consistent with
the sedimentation properties of the hormone-receptor-antibody complex. In contrast, the 8D3 monoclonal antibody is specific for chick intestinal receptor and therefore had no effect on the sedimentation of
this 3.3 S macromolecule (Fig. I a). Figure
1b shows a similar sedimentation pattern
for the nuclear extract derived from HL-60
blast. A PCMBS-dissociable 3.3 S macromolecule that was recognized by 4A5A (but
not 8D3) antibody demonstrated the presence of a small, yet detectable, amount of
1,25(OH)2D3 receptor in HL-60 blast cells.

We measured the specific uptake of
3H 1,25(OH)2D3 into intact HL-60 under
conditions that are normally used to grow
these cells in culture. Figure 2 a demonstrates that 3H 1,25(OH)2D3 uptake by intact HL-60 cells was a specific and saturable process. Accordingly, Scatchard
transformation of these data yielded an

a
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Normal Myeloid Stem Cells

We examined the effect of 1,25(OH)2D3
of
and
two
fluorinated
analogs
1,25(OH)2D3 on differentiation of the normal human myeloid stem cell (GM-CFC)
[6]. We studied the two fluorinated analogs
of 1,25(OH)2D3' known as 24,24-F21,25(OH)2D3
and
26,26,26,27,27,27,1,25(OH)2D3 (26,27-F6-1,25(OH)2D3)' because both compounds are as active or
more active than 1,25(OH)2D3 in calcium
reabsorption and probably have a longer in
vivo half-life than 1,25( 0H)2D3'
We found that the 1,25(OH)2D3 and its
fluorinated analogs markedly induced human myeloid GM-CFC to differentiate to
colonies containing only macrophages. In
the absence of 1,25( 0 H)2D3, normal h uman bone marrow GM-CFC differentiated
to approximately 55% neutrophil, 10% mix,

Fig. 2a, b. Determination of the euqilibrium
dissociation constant of 1,25(OH)2D3 internalization of intact HL-60 cells. Saturation
analysis a was determined by incubating intact cells under normal growth conditions for
4 h with 10% serum along with various concentrations of tritiated 1,25(OH)2D3 in the
presence of or absence of IOO-fold excess
nonradioactive 1,25(OH)2D3' Specific binding was transformed by Scatchard analysis
and the data line-fitted by linear regression, b
to yield Kint = 5.4 nM (abscissa intercept=4000 molecules per cell, r=- 0.71)
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and 25% macrophage colonies. Nearly 95%
of the colonies were composed of only
macrophages in culture plates containing
10-7 _10-8 M I,25(OH)2D3' Some 55% of
the colonies were composed of only monocytes/macrophages in plates containing
10-9 M 1,25(OH)2D3' Similar results were
observed with the fluorinated analogs.
The 1,25( OH)2D3 and fluorinated
analogs (10-7 _10-9 M) increased the absolute number of macrophage colonies,
rather than merely increasing the relative
proportion of macrophage colonies, by
selectively inhibiting granulocytic differentiation of GM-CFC. Plates containing
either 10-7 or 10-8 M 1,25(OH)2D3 developed approximately 75 and 90 macrophage
colonies, respectively per 105 cultured marrow cells. Likewise, plates with 10-9 M
1,25( 0 H)2D3 developed about 65 macrophage colonies per 105 cultured marrow
cells. In contrast, 35 macrophage colonies
per 105 cultured marrow cells developed in
control plates containing no I ,25( 0 H)2D3 .
Similar results were observed with the
fluorinated analogs.
The hypothesis that 1,25( OH)2D3 may be
a possible inducer of differentiation of GMCFC to macrophages is appealing because
of the known ability of I,25(OH)2D3 to
modulate bone resorption. Osteoclasts resorb bone. Evidence suggests that osteoclasts may develop from monocyte/
macrophage cells [4] and one study suggested that 1,25(OH)2D3 may modulate the
number of osteoclasts [5]. Therefore,
1,25(OH)2D3 might modulate bone resorption by inducing GM-CFC to differentiate to monocytes and macrophages and
eventually to osteoclasts. Likewise, in vitro,
the monocytes can directly resorb bone
[10].
Caution must be exercised in the overinterpretation of the data. The plasma concentration of I,25(OH)2D3 in humans is approximately 7.7 X 10-11 M [3]. Our studies
showed that only concentrations >- 10-9 M
1,25( 0 H)2D3 induced significant macrophage differentiation of myeloid progenitor
cells in vitro. Therefore, 1,25(OH)2D3 may
not have a physiologic role in the induction
of differentiation of human myeloid stem
cells to macrophages. Likewise, patients
who received superphysiologic doses of
412

I,25(OH)2D3 have not been reported to
have an increased concentration of blood
monocytes [11]. The true hematopoietic
role of vitamin D metabolites in vivo is unknown and will require careful experimentation.
II.

Leukemic Myeloid Stem Cells

Interest has developed in attempting to induce differentiation of myeloid leukemic
blast cells to functional cells that are no
longer capable of proliferation (Kreffler HP,
1983). It can be shown that 1,25( OH)2D3,
and
26,27-F624,24-F2-l,25( OH)2D3,
1,25(OH)2D3 induce macrophage differentiation ofleukemic myeloid colony-forming
cells (Table 2). The potency of induction of
differentiation of leukemic cells by
I,25(OH)2D3 and the fluorinated analogs
was almost equivalent - concentrations of
10-8 M induced about 90% of CML and
50% of AML myeloid leukemic colonyforming cells to differentiate to colonies
containing macrophage-like cells. These
concentrations of the agents can be
achieved in patients. The CML and AML
control dishes containing no 1,25( OH)2D3,
developed only 30% and 15% macrophage
colonies, respectively. The study suggests
that the myeloid stem cell can be induced
to undergo terminal macrophage differentiation and be removed from the proliferative pool.
D. Effect of 1,25(OH)2 D3 on Maturation
of Human Leukemic Cells in Liquid Culture

We also examined the effect that
1,25(OH)2D3 would have on proliferation
and differentiation in liquid culture of
freshly isolated myeloid leukemic blast
cells from nine patients (Fig. 3). Blast cells
of two patients (1, 2) were at the early
myeloblast MI (French-American-British
classification) stage of development; blast
cells of three patients (3, 4, 5) were at the
myeloblast (M2) stage of differentiation;
blasts from two patients (6, 7) were at the
myelomonoblast stage (M4); cells from patient 8 were CML myeloid blasts and cells
from patient 9 were CML lymphoid blasts.

Table 2. Effects of 1,25(OH)2D3 and fluorinated analogs of 1,25(OH)2D3 on differentiation and proliferation ofleukemic human myeloid colony-forming cells
Cell source

Vitamin D
analog

Chronic myelogenous
leukemia
(4 patients)

1,25(OH)2D3

24,25-F2-1,25(OH)2 D 3

Acute nonlymphocytic 24,24-F2leukemia
1,25(OH)2D3

>

b

o

10-10
10-9
10-8
10-7

Acute nonlymphocytic 1,25(OH)2D3
leukemia
(4 patients)

Chronic myelogenous
leukemia

Colony morphologyb (%)
Concen- No. of
tration
colonies
NM
M
(% of control» N
B
(H)

o

10-10
10-9
10-8
10-7

o

10-10
10-9
10-8

o

10-10
10-9
10-8

100
98±5
11O±6
101±6
76±7
100
103±8
112±8
89±6
80±6

62±6
66±5
42±2
5± 1

100
106±9
109±7
83±5
100
104±8
116±6
85±7

o

12±2
7±3
7±1
6±1
1± I

7± 1
4± I
6± 1
3± 1

0

o

31±2
30±4
52±5
92± 1
100± I

4±1
3±1
3±1
4±3

18±3
17±4
28±3
53±4
60±5

62±6
55±6
38±3

7±1
2±1
5±2
4±1

31±2
43±4
51±4
96±2

12±2
5±2
3±1
1± I

o

18±3
8± 1
26±3
56±4

o

2± 1
4±1
7±1

0
0
0
0
70±5
72±6
53±5
38±6
36±6
0
0
0
0
70±5
84±4
67±3
36±3

Marrow cells were obtained from 4 acute nonlymphocytic leukemia (AML) patients, and peripheral blood cells were obtained from 4 chronic myelogenous leukemia (CML) patients. The low density, nonadherent, mononuclear cells were cultured in the presence of 2.5% T lymphocyte CM
(source of CSF) and various concentrations of 1,25(OH)2D3 and fluorinated analogs of
1,25(OH)2D3' The CMLV and AML cultures contained a mean of 121 ±7, and 31 ±8 (±standard
error) myeloid colonies, respectively
N neutrophilic colonies; NM neutrophil/macrophage mixed colonies; M monocyte/macrophage
colonies; B blast cell colonies

Net cellular proliferation was examined after the blast cells (5 X 105 /ml) from each of
the leukemic patients were exposed for 6
days to 1,25( OH) 2D 3 or culture media

alone (control). The median (range) of day
6 cell counts (x 105 Iml) in flasks contain1,25( OH)2D3,
10-6 M
ing
10-7 M
1,25(OH)2D3' and culture medium alone
(control) was 5 (2-9), 4 (2-8), and 7 (5-9),
respectively. The 1,25(OH)2D3 had an inhibitory effect on cellular proliferation with
the higher concentration of 1,25(OH)2D3
(10-6 M) producing a significant inhibition
of growth as compared with control flasks
(P < 0.05) (Fig. 3).
The 1,25(OH)2D3 induced maturation of
leukemia cell maturation to monocytes,
macrophages, metamyelocytes, and granulocytes. At day 6, the median percentage

of mature myeloid cells in flasks containing
10-7 M and 10-6 M 1,25( 0 H)2D3 or culture
medium alone was 36%, 40%, and 5%, respectively. The percentage of mature
myeloid cells at day 6 of culture was significantly (P < 0.05) higher for the flasks containing 10-6 M 1,25(OH)2D3 as compared
with day 6 control flasks. Macrophages and
granulocytes are able to reduce NBT, but
their immature progenitors can not. We
examined the ability of the leukemic cells
from the nine patients to reduce NBT after
culture with 1,25(OH)2D3 for 6 days
(Fig. 3). The median percentage ofNBT-reducing cells in control, 10-7 M, and 10-6 M
1,25(OH)2D3-containing flasks was 10%,
33%, and 49%, respectively. The number of
NBT-reducing cells was significantly
(P < 0.05) greater in the flasks containing
413
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Fig.3a-d. In vitro study of 1,25(OH)2D3 on
myeloid blast cells from leukemic patients a effect of 1,25(OH)2D3 on proliferation ofleukemic
blast cells, b effect of 1,25(OH)2D3 on morphological maturation of leukemic blast cells; c effect of 1,25(OH)2D3 on NBT reduction by leukemic blast cells; d effect of 1,25(OH)2D3 on
Candida phagocytosis by leukemic blast cells.
Cells were cultured in media containing 0, 10-7 ,
or 10-6 M 1,25(OH)2D3' harvested on day 6, and
viable cell counts, morphology, and function of
the cells were determined

10-6 M 1,25(OH)2D3 as compared with
control flasks.
We examined the ability of the blast cells
from the leukemic patients to phagocytose
Candida after culture with 1,25( OH)2D3 for
6 days (Fig. 3). Median percentage of blasts
cells which phagocytosed Candida in control, 10-7 M, and 10-6 M 1,25(OH)2D3-containing flasks were 5%, 11 %, and 14%, respectively. The percentage of phagocytic
cells was significantly (P < 0.05) increased
in
the
flasks
containing
10-6 M
I,25(OH)2D3 as compared with control
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flasks. This study suggests that high concentrations of 1,25(OH)2D3 can induce terminal differentiation of leukemic cells in
liquid culture.

E. 1,25(OH)2 D3 : In Vivo Myelodysplastic
Study
A group of 18 myelodysplastic patients
were treated with 1,25(OH)2D3 (Table 3).
All patients received weekly escalating
(0.5 ~g) doses of I ,25( 0 H)2D3 until a daily
dose of 2 ~g was reached. The median duration of therapy with I,25(OH)2D3 was 12
weeks (range 4 to > 20 weeks). Tables 3, 4
and Fig. 4 show the results of treatment.
During the study, the peak granulocyte,
macrophage, and platelet blood concentrations increased in most patients as compared with their starting values. As a group,
the peak granulocyte, macrophage, and
platelet values during the study increased
significantly as compared with initial and
final peripheral blood cell levels (Table 3).
In contrast, by the end of the trial, the pe-

Table 3. Preleukemic patients: clinical characteristics and 1,25(OH)2 vitamin D3 therapeutic response
Patient

Age/sex

Time from
Duration
Response
diagnosis to of treatment (weeks)
treatment
(weeks)
(months)

Diagnosis
before
treatment"

End of
treatment

1
2
3
4
5
6
7
8
9
10
11
12

70lF
34/F
5l/M
60/M
59/M
651F
36/F
59/M
66/F
52/M
711M
78/F
74/M
79/M
711M
65/M
801M
611M

4
3
30
11
20
27
10
23
6
7
35
3
18
5
7
5
6
12

RAEB-TR
RAEB
RAEB
RAEB-TR
RAEB-TR
PASA
RAEB
PASA
RAEB
PASA
PASA
RAEB
CMML
RAEB
RAEB
RAEB
RAEB
PASA

AML(M2)
AML(M4)
AML(M2)
AML(M2)
AML(M2)
PASA
RAEB
PASA
RAEB
PASA
RAEB
RAEB
CMML
RAEB
AML(Ml)
AML(Ml)
Death
PASA

13
14
15
16
17
18
a

13
14
12
12
12
12
12
8
15
12
8
12
12
6
10
4
7
>20

Prog
PR; Prog
Prog
MR; Prog
Prog
MR
MR
MR; Prog
MR
S
Prog
S
S
MR
Prog
Prog
Prog
MR

RAEB refractory anemia with excess blasts; RAEB-TR RAEB in transformation; PASA primary acquired sideroblastic anemia; CMML chronic myelomonocytic leukemia; AML acute myelogenous
leukemia with M subclassification according to FAB classification. Prog progression; PR partial response; MR minor response; S stable

Table 4. Treatment of
myelodysplastic patients
with 1,25(OH)2D3a

Median
Granulocytes (per microliter blood)
2300
Start b
3750
Peak
3 110
End
Macrophages (per microliter blood)
50
Start
300
Peak
80
End
3
Platelets (X 10 per microliter blood)
Start
58
105
Peak
65
End
Marrow blasts (%)
10
Start
15
End
Serum calcium (mg/dl)
Start
8.9
10.8
Peak
10.3
End

Range

pc

180-11520
486-29820
96-24480

0.0007
0.0347

3- 8435
43-16898
3-10 200

0.0022
0.1578

12-300
23-610
4-358

0.0003
0.9622

3-20
4-70

0.0068

8.2-10.4
9.7-17.0
9.6-12.4

0.0002
0.0002

a Results represent data from 18 preleukemic patients
b Start, initial value before therapy; peak, highest value during therapy; end, value on last day of therapy
c Wilcoxon signed rank test. Values are compared with baseline
(starting) values and p~0.05 is significant
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ripheral blood cell values were not significantly different than at the initiation of the
trial. Likewise, the percentage of marrow
blasts rose from a median value of 10%
(range 3%-20%) at the initiation of the
study to a median value of 15% (4%-70%)
by the completion of the study.
Patient 2 had a 50% improvement in absolute blood granulocyte, monocyte, and
platelet counts for greater than 5 weeks of
treatment (partial response, Table 3). This
patient, however, developed AML on week
11 of receiving 1,25(OH)2D3. Seven pa416
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tients (4, 6, 7-9, 14, 18) had an improvement of either their absolute granulocyte,
monocyte, or platelet peripheral blood
counts for greater than 4 weeks of treatment (minor response). However, two of
these patients (4, 8), developed AML while
receiving 1,25(OH)2D3' Three patients (10,
12, 13) had no change in granulocyte,
monocyte, or platelet peripheral blood
counts. By the conclusion of the therapeutic
trial, seven patients progressed to AML
with greater than 10% blast cells in the peripheral blood and greater than 30% blast
cells in the bone marrow (Table 3). The
serum calcium increased in each of the patients while receiving 1,25(OH)2 D 3 • The
serum calcium was a median 8.9 mg/ dl
(range 8.2-10.4) prior to therapy; a peak
median 10.8 mg/dl (range 9.7-17) during
therapy; and a median 10.3 mg/ dl (range
9.6-12.4) at the end of study (Table 4,
Fig. 4). Nine patients had serum calcium
levels above 11 mg/ dl, and six of these patients had symptoms ofheperca1cemia.

We attempted to improve the peripheral
blood cytopenia and bone marrow ineffective hematopoiesis in patients with
myelodysplastic syndromes by having the
patients ingest pharmacologic doses of
1,25(OH)2Ds. The in vivo administration
of 1,25(OH)2Ds produced only a very temporary improvement in hematopoietic parameters in a minority of the patients. Patients received 2 ~g/day 1,25(OH)2Ds
which would be expected to produce serum
levels of about 2x 10-10 M 1,25(OH)2Ds.
This dosage of drug induced hypercalcemia
in 6 of 18 patients. However, this concentration of 1,25(OH)2Ds induced only about
20% of HL-60 cells to mature in vitro and
10-9 M 1,25( 0 H)2D3 had only a small effect on maturation in vitro of fresh leukemic blast cells. Severalfold higher concentrations of 1,25(OH)2D3 can not be
given to patients because the drug will precipitate life-threatening hypercalcemia. The
future development of vitamin D analogs
that induce heamtopoietic cell differentiation without hypercalcemia might be
medically useful for selected preleukemic
and leukemic patients. The induction of
differentiation of myeloid leukemic cells to
functional end cells offers an appealing
therapeutic prospect. However, the future
role of biologic modifiers in the treatment
of hematopoietic malignancies remains undefined at this time.
Acknowledgments. I would like to thank Hillary
Merriman and Regina Simon for excellent secretarial assistance and to acknowledge the excellent collaborative studies with Dr. D. Mangelsdorf, Dr. M. Haussler, Dr. H. DeLuca, Dr.
L. Itri, and Dr. A. Norman that made this report
possible. This work was supported in part by

National Institutes of Health grants CA 26038,
CA 3273, CA 33936. The Bruce Fowler Memorial
Fund, and the Jonsson Comprehensive Cancer
Center. Dr. Koeller is a scholar of the Leukemia
Society of America, Incorporated, and has a
Career Development Award from NIH.

References
1. Abe E, Muyayra C, Sakagami H, Takeda M,
Konno K, Yamazaki T, Yoshikil S, Suda T
(1981) Proc Nat! Acad Sci USA 78:4990
-4994
2. Abe E, Miyayra C, Tanaka H et al. (1983)
Proc Nat! Acad Sci 80: 5583
3. Bishop JE, Norman AW, Coburn JW,
Roberts PA, Henry HL (1980) Mineral J
Electrolyte Metabol 3: 181-189
4. Burger EH, Van der Meer JWM, Van de
Gevel JS, Gribnau JC, Thesingh CW, Van
Furth (1982) J Exp Med 156: 1604-1614
5. Holtrop M, Cox K, Clark M, Holick M,
Anast C (1981) Endocrinology 108:2293
-2301
6. Koeller HP, Amatruda T, DeLuca H (1984)
(submitted)
7. Mangelsdorf D, Koeller HP, Donaldson C,
Pike J, Haussler M (1984) J Cell BioI 98:
391-398
8. McCarthy DM, San Miguel JF, Greake HC,
Green PM, Zola H, Catovsky D, Goldman
JM (1983) Leuk Res 7:51-55
9. Miyayra C, Abe E, Kuribayashi T et al.
(1981) Biochem Biophys Res Commun 102:
937-943
10. Mundy D, Altman A, Gonder M, Bandelin J
(1977) Science 196: 1109-1111
11. Norman AW, Johnson RL, Okamura WH
(1979) J BioI Chern 254: 11450-11456
12. Tanaka H, Abe E, Miyayra C, Kuribayashi
T, Konno K, Nishii Y, Suda T (1981) Biochern J 204:713-719

417

Haematology and Blood Transfusion

Vol. 29

Modern Trends in Human Leukemia VI
Edited by Neth, Gallo, Greaves, Janka
© Springer-Verlag Berlin Heidelberg 1985

Biological Activities of a Human Pluripotent Hemopoietic
Colony-Stimulating Factor *
E. Platzer!, K. Welte 2, L. Lu 2, J. L. Gabrilove 2, Y.-P. Yung2, C. F. Nathan 3,
R. Mertelsmann 2, and M. A. S. Moore 2

A. Introduction
As described elsewhere in this volume by
Welte et aI., a human pluripotent hemopoietic colony-stimulating factor (CSF)
was purified to apparent homogeneity
from media conditioned by the human
bladder carcinoma cell line, 5637. The purified material supports colony formation in
vitro from human multipotential (CFUGEMM), early erythroid (BFU-E), granulocyte and monocyte (CFU-G, M) progenitor cells 4 • A murine CSF, Interleukin 3 or
multi-CSP, with similar activities on normal mouse bone marrow [1, 2], has recently
been purified [3] and genetically cloned [4].
Interleukin 3 was originally detected by its
ability to induce 20-alpha-OH-steroid dehydrogenase (20aSDH) in cultured spleen
cells of nulnu mice [5]. Later on it was discovered to have biological activities on a
Supported by NCI grant CA 32516, ACS grant
CH3G, grant PI 10311-1 from the Deutsche Forschungsgemeinschaft, and the Gar Reichman
Foundation
1 Institut f klin. Immunologie, Krankenhausstr.
12, D-8520 Erlangen, FRG
Henry Kaplan Award for the best poster Cellbiological Session
2 Laboratory of Developmental Hematopoiesis,
and Laboratory of Molecular Hematology,
Memorial Sloan-Kettering Cancer Center
3 Laboratory of Cellular Physiology and Immunology, The Rockefeller University, New
York, N.Y. 10021, USA
4 CFU-GEMM, colony-forming unit granulocytes,
erythrocytes,
macrophages,
and
megakaryocytes; BFU-E, burst-forming unit
erythroid; CFU-G, M, colony-forming unit
granulocytes and macrophages
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wide range of hemopoietic cells: progenitor
cells of erythrocytes, megakaryocytes, granulocytes, monocytes and eosinophils, mast
cells and their precursors, and possibly
lymphocytes [2, 6-8]. Since come activities
of Interleukin 3 and pluripotent CSP, or
Pluripoietin, on hemopoietic progenitor
cells appeared similar, we screened for additional biological effects of Pluripoietin.
B. Pluripoietin Supports In Vitro
Development of Precursors of ColonyForming Progenitor Cells
Normal human bone marrow cells taken
from volunteers after informed consent
were separated by density gradient centrifugation on FicoU, adherence to plastic
surfaces and depletion of cells rosetting at
4°C with neuraminidase-treated sheep red
blood cells. When this cell population was
cultured in methy1cellulose as described [9],
Pluripoietin in the absence of phytohemagglutinin-stimulated lymphocyteconditioned medium (PHA-LCM) supported colony formation from CFU-GEMM
and BFU-E, suggesting that pluripotent
CSF acts directly on early progenitor cells,
not via macrophages or T-Iymphocytes as
accessory cells of hematopoiesis. In agar
cultures [10], Pluripoietin induced mostly
neutrophil colonies by day 7, and neutrophil, macrophage, and mixed neutrophil/macrophage colonies as well as
some eosinophil clusters by day 14. Furthermore, Pluripoietin induced the development of immature precursors of colonyforming progenitor cells of granulocytes

and macrophages [II]. This was studied by
incubating low-density, nonadherent, and
T-cell-depleted marrow cells in liquid culture in the presence of Pluripoietin for 7
days prior to agar culture, in a granulocytepotentiating activity (AGPA)-type [121 or
precursor of CFU-G, M progenitor cell
(pre-CFU-c) [131 assay. There are no reports of Interleukin 3 tested in such assays,
but it appears to have a similar effect on
murine stem cells in vitro prior to transplantation [141.
C. Pluripoietin Acts on Mature
'Hemopoietic Cells
Normal human peripheral blood monocytes were isolated by adherence procedures as described [15]. When cultured in
the presence of Pluripoietin from day I
through
4,
monocytesl macrophages
showed marked spreading and an increase
of adherent cell protein, suggesting increased protein synthesis as compared with
untreated controls [IIJ. This effect was not
seen when Pluripoietin was added at day 4
of culture or later, possibly because macrophages produce their own CSF. Pluripoietin did not increase the production of
H2 0 2 -producing enzymes or anti-Toxoplasma activity in macrophages when
added after 3 days of culture [15J. Interleukin 3 was not reported to be active on
macrophages, but its activity in supporting
long-term growth in vitro of natural cytotoxic effector cells [16] and histamine-producing cells [6] may reflect activities on mature hemopoietic cells.
D. Pluripoietin Induces Differentiation
in Leukemic Cell Lines
Differentiation of leukemic cell lines in vitro can be achieved by a variety of
nonphysiologic [e.g., dimethylsulfoxide
(DMSO), phorboldiestersJ and physiologic
(e.g., retinoic acid, vitamin D 3) inducers
[17]. Murine granulocyte-CSF (G-CSF) is
known to be a potent inducer of differentiation of WEHI-3B (D +) murine myelomonocytic leukemia cells, whereas Interleukin 3 lacks this activity (for review,

see [ID. We tested Pluripoietin for leukemia-differentiating activity (GM-DF,
leukemia-differentiating activity for granulocyte and macrophage pathway) in a
clonal assay system described by Metcalf
[18J, using murine WEHI-3B (D + ) and human HL-60 promyelocytic leukemia cell
lines [11]. Quantitation of GM-DF was obtained by incubation of leukemic cells in
agar with serial dilutions of pluripotent
CSF. Pluripoietin had GM-DF activity on
both cell lines. However, HL-60 required
approximately fivefold higher concentrations of Pluripoietin to achieve 50% differentiated, spreading colonies versus undifferentiated tight blast-cell colonies than
did WEHI-3B (D+) [11]. The human leukemia cell line KG 1 (courtesy Dr. H. P.
Koeffier) responded to Pluripoietin with increased colony formation in agar and increased [3H] thymidine incorporation after
24-48 h in suspension culture. This might
indicate that the GM-DF activity of
Pluripoietin reflects the differentiating capacity of leukemia cell lines rather than an
intrinsic property of the factor.

Table 1. Murine mast-cell growth factor activity
of Pluripoietin
Stimulator

ConA-LBRM CM
1:4
1:8
1:16
Medium
Pluripoietin
500 Vlml
250 Vlml
125 Vlml
63 Vlml

[3H] thymi- [3H] thymidine uptake dine uptake
(cpm)
(% max)
5617± 12"
4416±661 a
2987± 70·
164± 64

100
79
53
2.9

344± 87 b
594± 153 b
485±214 c
380± 105 b

6.7
11.5
9.4
7.4

Results are expressed as mean ± I standard deviation of triplicate cultures.
Significance of difference from medium control
cultures (Student's t-test):
" 2 P<O.OOI
b 2 P<O.05
c 2 P<O.1
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Table 2. Biological activities of purified human
Pluripoietin and murine
Interleukin 3

Activity
Clonal growth of
hemopoietic progenitors:
CFU-GEMM
BFU-E
CFU-G,M,GM
CFU-EOS
CFU-MEG
pr~-CFU-c (LlGPA)
Stem-cell multiplication
(CFU-s)
Species cross-reactivityc
Leukemia-differentiating
activity (GM-DF) on:
WEHI-3B (D+)
HL60
[3H] thymidine uptake in cell lines:
KGI
FDC-P2
Murine mast-cell lines
(MCGF activity)
Histamine production
Protein synthesis of
mature macrophages
Induction of20aSDH
Growth of:
Natural cytotoxic cells
Pre-B-cell clones

Pluripoietin a

Interleukin 3 b

+
+
+
+
NT
+

+
+
+
+
+
NT
+

d

±
+
+
+

±

+
+

NT
+

+
NT

d

+

d

+
+

NT

Pluripoietin was tested on human target cells, ifnot noted otherwise
b Interleukin 3 activity on murine target cells, if not noted otherwise.
Data derived from literature, except GM-DF and activity on KG 1
c Activity on bone-marrow-derived colony formation in agar cultures
d No human test system available
NT, not tested
a

E. Pluripoietin Shows Minimal Species
Cross-Reactivity on Murine Cells
Normal mouse bone marrow cells cultured
in agar for 7 days in the presence of saturating concentrations of Pluripoietin
formed approximately 10% of the colonies
supported by WEHI-3B-conditioned media
as a standard source of CSF(s). All colonies
formed in the presence of Pluripoietin were
of similar morphology, not staining for alpha-naphthyl-acetate esterase or Kaplow's
myeloperoxidase; this suggests that only a
subpopulation of murine colony-forming
progenitors is responsive to Pluripoietin.
Weak cross-species activity was also found
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on continuous murine mast-cell lines, established as described from murine longterm bone marrow cultures [19]. Five thousand cells per well of a mast-cell growth
factor (MCGF)-dependent murine mastcell line were incubated for 24 h at 37°C in
96 well plates with serial dilutions of
growth factors and then assayed for
[3H] thymidine uptake as described [20].
The results are given in Table 1 and demonstrate little more than 10% murine
MCGF activity ofPluripoietin as compared
with ConA-LBRM CM (concanavalin-Astimulated conditioned media from LBRM
murine lymphoma line), which was used as
a standard preparation of murine MCGF.

The murine Interleukin-3-dependent cell
line FDC-P2 (courtesy Dr. M. Dexter) did
not respond with increased [3H] thymidine
uptake to concentrations of Pluripoietin as
high as 2000 Vlml (data not shown).

7.

F. Conclusion
8.

Table 2 gives a summary of biological activities of Pluripoietin and Interleukin 3.
Comparison is incomplete, since for some
activities of Interleukin 3 on murine cells
there exist no equivalent human assay systems, as for instance long-term mast-cell
lines. From the results obtained so far, leukemia-differentiating activity is a most remarkable property of Pluripoietin, distinguishing it from murine Interleukin 3,
which lacks this activity [l]. In addition,
Pluripoietin is active on a wide range of
hemopoietic cells, with respect to cell lineage and to their place in the hierarchy of
stem cells to mature cells. The availability
of purified human hemopoietic growth factors should facilitate future studies of compl~x . regulatory mechanisms in hematopOIesIs.
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A T Lymphocyte-Derived Differentiation-Inducing Factor for
Myeloid Leukemia Cells: Purification and Characterization *
I. Olsson, U. Gullberg, M. G. Sarngadharan, and R. C. Gallo

Acute myeloid leukemia (AML) is characterized by an apparent maturation arrest
leading to accumulation of immature cells.
Such cells obviously preserve normally
transient phenotypes. Recent work also indicates that leukemic transformation does
not necessarily lead to an irreversible block
in cell differentiation. Leukemic cell lines
which grow continuously in vitro are useful
systems in the search for normal regulatory
molecules which can act in leukemia. The
promyelocytic HL-60 line [2] is induced into granulocytes and monocytes by incubation with a variety of agents [4]. We have
concentrated our work on mechanisms of
action of "physiologic" inducers of differentiation in leukemia. Nitroblue tetrazolium (NB1) reduction has been used as the
parameter of induced maturation in HL-60
as well as phagocytic capacity, cell surface
antigen expression detected with monoclonal antibodies, nonspecific esterase, and
composition of cytoplasmic granules.
Mitogen-stimulated human mononuclear
blood cells release polypeptide factors
which we call differentiation-inducing factors (DIF) [5, 6]. These induce HL-60 cells
to mature into phagocytizing monocytelike cells, which can reduce NBT. Gel chromatography has showed that mitogenstimulated cells release one or two species
of DIF with apparent molecular weights of
40000 and 25 000, depending on which mitogen was used. At least the 40 000 molecu-

* Lund Hospital, Research Dept. 2, S-22185
Lund

lar weight species of DIF was distinct from
colony-stimulating factor (CSF). It was
subsequently found that the T lymphocyte
leukemic cell line HUT-102, established
from a patient with an adult lymphoma of
mature T cells and which releases the human retrovirus called human T cell leukemia virus (HTLV), is a reliable constitutive producer of DIF [8]. Large-scale production of HUT-102 supernatants can
therefore be employed to obtain enough
starting material for purification ofDIF.
DIF has now been purified more than
10 OOO-foid from HUT-102 conditioned
media utilizing ion exchange chromatography on DEAE-sepharose, gel filtration on
Sephadex G-75, ion exchange chromatography on Mono Q, and reverse-phase
chromatography utilizing the Pharmacia
Pro RPC column. DIF appeared homogeneous on gel filtration with a molecular
weight of approximately 60 000 while
SDS-polyacrylamide gel electrophoresis
revealed a somewhat lower molecular
weight. However, high resolution chromatography on an ion exchange Mono Q
column using the fast pressure liquid chromatography (FPLC) system, which resulted
in substantial purification, also revealed
considerable charge heterogeneity. Thus,
DIF eluted in three separate peaks at an
ionic strength of 0.05-0.1 1 M NaCI pH 8.0.
Chromatofocusing on a Mono P column
confirmed the charge heterogeneity of DIF,
which was eluted in the pH range 5.6-5.9.
Highly purified DIF eluted from the Mono
Q column was also subjected to reversephase chromatography using the Pro RPC
Hr 5110 column with the FPLC system.
423

DIF was eluted with 44% acetonitrile. Substantial purification was achieved in this
step, but it has not yet been possible to
elute DIF with a single protein peak. DIF is
protein in nature as it is destroyed by proteases. It is relatively heat stable, resisting
heating to 60 °C-70 0c. It is not inactivated
by periodate oxidation and shows no affinity to lectins.
DIF acts synergistically with retinoic acid
(RA) to induce maturation not only of HL60, but also of the monoblast-like cell line
U-937 (measured as percentage of cells reducing NB1) [7]. The synergistic effect indicates that DIF and RA act by different
mechanisms to induce differentiation.
Other inducers such as dimethylsulfoxide
(DMSO),
1,25-dihydroxycholeca1ciferol,
actinomycin D, and cAMP-inducing agents
like cholera toxin and PGE 2 act additively
with DIF to induce maturation of HL-60.
The finding of a synergistic effect between
RA and DIF prompted a study on the effects of sequential treatment with these
agents. Both HL-60 and U-937 could be
"primed" for differentiation by treatment
for 10-20 h with low concentrations of RA
followed by exposure to low concentrations
of DIP. Priming with RA for the inducing
effect ofDIF did not depend on the normal
rate of protein synthesis as it occurred even
better in the presence of 1 ~g/ml cycloheximide, a concentration which inhibited
growth completely and protein synthesis by
86%. However, the resulting maturation obtained by addition ofDIF was, as expected,
inhibited by cycloheximide. Our results
suggest that a decrease in synthesis of some
unknown protein or proteins favors maturation of the leukemic cells.
HL-60 cells have a very high self-renewal
capacity. However, some spontaneous
maturation occurs toward granulocytes and
monocytes, which may fit a stochastic
model. If probabilities for commitment to
granulocyte and monocyte are PI and P 2 ,
respectively, the probability for self-renewal will be 1 - (PI + P 2 ). PI is increased
by DMSO and RA. P 2 is increased by DIF,
cAMP agents, phorbol esters, and cholecalciferol. With most inducers, probabilities
for commitment are very high so that selfrenewal is lost and the culture terminated.
The mechanism by which DIF induces
424

maturation into monocyte-like cells is not
known. Since DIF is a polypeptide, it presumably acts through a cell surface receptor. The second messenger is not cAMP,
since the latter was not increased upon addition of DIF and since adenyl cyclase inhibitors did not abolish the effect. The DIF
effect was not blocked by inhibitors of
calmodulin. Furthermore, the DIF effect is
independent of cell proliferation since it occurred equally well in the presence of
polyamine inhibitors or other agents, which
blocked cell proliferation completely. It is
clear that different agents can act by different mechanisms, even to induce more or
less identical end stage cells. Defining the
mechanisms of action of several inducers
may therefore help to identifY regulation of
differentiation in hemopoiesis and leukemia.
The relationship, if any, ofHUT-102-produced DIF to other previously described
lymphokine factors is not yet established.
The highly purified DIF was completely
devoid of CSF activity. This does not rule
out that some CSF may induce differentiation of leukemic cells as described in the
mouse system [1, 3]. The physiochemical
properties ofDIF eliminate its identity with
interleukin-l, -2, or -3. Interferon-y did not
alone induce maturation of HL-60. Furthermore, a neutralizing antibody for interferon-y did not abolish the DIF effect on
HL-60. It is concluded that DIF and interferon-yare separate molecules.
Conclusions

DIF is a polypeptide produced by mitogenstimulated human mononuclear blood cells
and constitutively by certain T lymphocyte
lines such as the HUT-102 line. It induces
maturation of the HL-60 cell line into
monocyte-like cells. DIF is not identical
with CSF, interleukin-l, -2, or -3, or interferon-y. Using supernatants from the
HUT-102 line, it has been purified more
than 10 OOO-foid and its chemical properties have been defined. Its role in hemopoiesis and leukemia now remains to be
determined.
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A Model Scheme of Hematopoietic Cell Differentiation
Based on Multiple Marker Analysis of Leukemia-Lymphomas:
T Cell Lineage
1. Minowada t, H. G. Drexler t, M. Menon 1, H. Rubinstein t, H. Messmore 1, S. Krasnow 1,
J. Takeuchi 2, and A.A. Sandberg 2

A. Introduction

The analysis of human leukocyte di.~eren
tiation antigens has been greatly facIlItated
by studies of leukemia and lymphoma cells
[1]. Because of the two characteristics c~m
mon to both leukemia and lymphoma, I.e.,
single clonal cell population of respe.ctive
hematopoietic cell type and arrested ?Ifferentiation profile in each case, studIes of
multiple marker analysis and in vitro induced cellular differentiation system by a
variety of chemical and natural inducers
have continued to provide steady progress
in this area of knowledge. Furthermore, recent advances in molecular biology relative
to cytogenetic nonrandom abnormalities in
the hematopoietic malignancies provide
further insight into pathophysiology of
these diseases [2].
We have been primarily interested in
characterizing both permanent leukemia
-lymphoma cell lines and fresh uncultured
leukemia-lymphoma cells by means of
multiple marker analysis. At present, we
have a total of 85 proven human leukemia
-lymphoma cell lines and a couple dozen
of their clonal sub lines and mutants in the
laboratory. These lines include T cell, B
cell, lymphoid precursor, myelomonocyte,
erythroid, and histiocytic lineages. Over
675 cases of patients with various types of
Edward 1. Hines, lr. Veterans Administration
Hospital, Hines, Illinois 60141 and Loyola
University Stritch School of Medicine, Maywood, Illinois 60153, USA
2 Roswell Park Memorial Institute, Buffalo,
N.Y. 14263, USA
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hematopoietic malignancies have. also been
studied in the laboratory. DespIte a continuous hope of finding a "tumor-specific"
marker, all of the markers thus far studied
were of normal gene products, except cytogenetic abnormalities [3]. Consequently,
we have been able to propose a hypothetical differentiation scheme of human hematopoietic cells which are assumed to be
reflected by the marker profiles of these
tumor cells [4].
In our earlier studies [5], we were able to
divide such a model scheme ofT cell differentiation into five stages of maturation. The
present report summarizes the results of 30
permanent T cellieukemi~-lymp~oma cell
lines and 58 cases of patIents WIth T cell
malignancies.
B. Material and Methods
I. Cell Lines and Fresh
Leukemia-Lymphomas

A total of 85 factor-independent leukemia
-lymphoma cell lines were maintained .in
RPMI medium 1640 supplemented WIth
5%-10% heat-inactivated fetal calf serum at
37°C. Details of each cell line establishment and characterization have previously been reported [4]. Mononuclear
cells were prepared by Hypaque-Ficoll
gradient centrifugation for the fresh
leukemia-lymphoma study.
II.

Multiple Marker Analysis

Multiple marker analysis of leukemia
-lymphoma has been developed in our

''Bcell$

I

I

I

I

I

I

I

I

I
AI 1 A ( J-5.

I'

BA:^, NU-NI )

HLA -DR i 87/21 .MI-1.

tB&Gcelb-

, - - - - -

1 &-

I

I

1

I

Px/Ohkubo

-

T A U pa"J21-

' HLA Dr,

- - - - -;-----':-----4

I

I

BA-~Y

RPMI 8 4 0 2
CCRF- CEM
DND-41
HPB-ALL
HPB-MLT
~
0
.

I

I

I
I

I

I

I

I

I

'LEUKEMIALLYMPHOMA

-I - - - -

I

I

I

THYMU8 (

I

.- :-

0

I

-----

-

&

1

I

I

I

I

+-----4-----+-----

I JM
CCRF-HSB-2 I
Peer
TALL I
1 MOLT 3,4
1 KE-37
I
I
PIP/lchikawa 1 SKW-3
HOLT-15
KOPT-KI
~
~MOLT-II
~
2
1 A3/Kawakami
I MOLT-I2 -14 1
I
MOLT 16,lf I

-

,

CELL LINES
I

I

MT-l
HUT- 7 8
HUT- I 0 2

I

%$$hj2

I

CSI/PL
C82/TK
MT- 2

I
I

-- + - -- - I

I

I

I
P - - - - I

Fig. 1. T cell differentiation model. Hatched
horizontal bars represent HLA-DR, cALL-Ag,

C. Results and Discussion

TdT, and T-Ag detected by rabbit polyclonal
antibody reagents. FuII horizontal line represents
antigen expression detected by MoAb. Portion of
broken line in the full line indicates that the antigen may not be detectable on all cells within respective differentiation stages. "B cells" and "M
cells" denote certain B cell and myelomonocytic
cell subsets which are cross-reactive with respec-

I. Five Stages of T Ce11 Differentiation

tive MoAb

laboratory [I]. The analysis includes rosette
assay, immunofluorescence assay, enzyme
assay, cytochemical assay, cytogenetic assay, and certain functional assays. In the
present report, in addition to the polyclonal
rabbit antisera to pan-T cell antigens, HLADR antigens, common ALL-associated
antigens, pan-myelomonocytic antigens,
terminal deoxynucleotidyl transferase antigens, EB virus antigens, HTLV antigens,
and immunoglobulin chains, a large battery of murine monoclonal hybridoma antibodies were also used for the immunofluorescence assay.

It is conceivable that the marker profiles of
malignant T cells may be an aberrant expression of these markers, not reflecting
their normal counterparts. However, this
possibility has never been proved with unequivocal experimental evidence. On the
contrary, these marker studies of leukemia
-1ymphomas have been taken as a mirror
image of what normal hematopoietic differentiation should be.
Figure 1 illustrates the five stages of our
T cell differentiation model. The 30 T cell
leukemia-lymphoma cell lines are assigned
into respective T blast stages according to
individual marker profiles. The possible relationship of the T cell differentiation steps
involved in the thymic environment is
shown at the top of the figure. Four conventional markers as determined by polyclonal antibodies (HLA-DR, cALL-Ag,
TdT-Ag, and pan-T-Ag) are the principal
marker combination by which the staging
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Fig. 2. Correlation among T cell malignancies of
ALL or NHL manifestation, stage of differentiation arrest in T cell tumors, and patient's age

was made [ 5 ] . A total of 32 murine monoclonal antibodies (MoAb) is utilized and
their expression along the T cell differentiation is also illustrated in the Fig. 1. It
should be noted that no single MoAb
among them fulfills the requirement of
"pan-T' specificity in the strict sense. Those
which are reported as pan-T MoAb are
found to react with certain B cells ("B
cells"), myelomonocytic cells ("M cells"),
or both. Caution in the use of MoAb and
choice of MoAb panel for a particular purPose is necessary. Furthermore, evidence
for wider cross-reactivity of some MoAb
has been documented. Nevertheless, the
exquisite specificity and unlimited availability of those MoAb would enhance the
importance and significance of multiple
marker analysis for leukemia-lymphoma
diagnosis and for basic hematology
4mmunology research [6- 101.

11. Differentiation Arrest of T Ce11 Tumor
Cells and Ages of Patients
As summarized in Fig. 2, there appears to
be a significant correlation between the age
of individual patients with T cell malignancy and the stage of differentiation arrest
of malignant T cell tumor cells. Reviewing
a total of 33 T cell lines for their donors'
ages, it became apparent that a majority of
T cell lines in T blast I, 11, and I11 Stages
were derived from the patients in a younger
age bracket as opposed to those of T cell
lines in T blast IV and V which were mainly
derived from older patients. This correlation is also related to conventional diagnosis between ALL and non-Hodgkin's
lymphoma (NHL). The upper portion of
Fig. 2 illustrates these observations. Two T
cell lines (MT-2 and C82/TK) are excluded
from the analyses for mean age and age
range owing to the fact that they are in vitro-transformed normal T cells by HTLV
(human T cell leukemia-lymphoma virus)
(marked by triangles in Fig. 2).

Because of the tissue culture environment as a limiting as well as a selection factor, analysis was extended to fresh
uncultured T cell leukemia-lymphomas.
As illustrated to the lower portion of Fig. 2,
a total of 58 cases of patients with T-cell tumor demonstrate essentially the same
features. Neither the reasons for such a discrete differentiation arrest of T cell tumor
cells relative to the host patient's age nor
for the form of clinical manifestation of T
cell tumor (ALL versus NHL) are known at
the present time. The present study
nonetheless may provide further insight into the pathophysiology of hematopoietic
malignancy.
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Changes in Isoenzyme Patterns Expressed by the Erythroleukemia
Cell Lines K-562 and HEL After Induction of Differentiation
H. G.Drexler 1 , K.Otsuka 1, P.l. Martin 2, G. Gaedicke 3 , and l.Minowada 1

A. Introduction
Stable human leukemia-lymphoma cell
lines provide model systems to study the
processes involved in leukemic and normal
cell differentiation [10]. Leukemic cells, arrested at a certain stage of differentiation,
can be triggered to differentiate to functionally and morphologically more mature
cells [7]. Both "fresh" leukemic cells and
cells maintained in long-term culture are
sensitive to in vitro induction of differentiation. Furthermore, cell differentiation is
a novel concept in the treatment of acute
leukemias and several substances such as
low dose Ara-C and the physiologic compound retinoic acid have been shown to act
as differentiating agents in vivo [7].
Two human erythroleukemia cell lines,
K-562 [8] and HEL [9], were used to study
the effects of 12-0-tetradecanoylphorbol13-acetate (TPA) and of a differentiation
inducing factor-(DIF)-containing medium
for induction of differentiation.
B. Materials and Methods
Conditioned medium was prepared by
stimulating cultured lymphocytes of the T
I Hines Veterans Administration Medical Center, Hines, Illinois 60141, and Loyola University of Chicago Stritch School of Medicine,
Maywood, Illinois 60153, USA
2 Fred Hutchinson Cancer Research Center,
Seattle, Washington 98104, VSA
3 VniversiHits-Kinderklinik, Abteilung Paediatrie II, 7900 Vim/Donau, FRO
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cell line HUT-102 with TPA for 5 h. The
TPA-free supernatant from the stimulated
cells (harvested after 48 h) had multiple
biologic activities including the DIP. A
concentration of 5 x 105 cells/ml was incubated in the presence of 10-8 _10-11 M
TPA or of 5%-10% DIF-containing medium in RPMI 1640 medium supplemented
with 5% Fetal Calf Serum at 37°C in 5%
CO 2 humidified atmosphere.
Cells were harvested after 0, 24, 48, 72,
and 96 h and examined for the following
parameters: cell growth and viability by
trypan blue dye exclusion test, morphology
(cytospin preparation stained with Wright
-Giemsa), nitro blue tetrazolium (NB1) reduction test, and main emphasis on isoenzyme patterns of the enzymes carboxylic
esterase (Est, EC 3.1.1.1), acid phosphatase
(acP, EC 3.1.3.2), hexosaminidase (Hex,
j3-N-acetylglucosaminidase, EC 3.2.1.30)
and lactate dehydrogenase (LDH, EC
1.1.1.27). Enzymes were separated into
isoenzymes by isoelectric focusing (IEF) on
horizontal thin layer gels containing 4.8%
polyacrylamide [1]. Isoenzymes were
visualized by histocytochemical staining
techniques as described in detail earlier
[1-3].
C.

Results

I.

Morphology

The most striking alterations in the morphology of the HEL cells during treatment
with TPA was the prominent size change.
HEL cells became larger with more cyto-

Fig. 1. Induction of differ-

entiation ofK-562 with a
differentiation inducing factor (DIF). Esterase isoenzyme profiles ofK-562 at
day 0, 1,2,3, and 4 during
exposure to 2% and 10%
DIF in the medium. Left
side 10% DIF; right side 2%
DIF (top cathode, bottom
anode)

10% DIF

3~

2% OIF

2 1 4 3 2

plasm. Some cells were extremely large
with a tendency to spread out accompanied
by adherence to plastic surfaces and development of pseudopodia. In most cells the
cytoplasm was vacuolated; many multinucleated cells were seen. DIF did not induce such strong cytoplasmic changes, but
enlargement an.d vacuolization of the cytoplasm were also detected. TPA led to
vacuolization and increase of cytoplasm in
K-562. No change of size was found after
exposure to DIF, only larger and more
vacuoles were seen in K-562. K-562 cells
did not show surface adherence or pseudopodia.
II.

NBT Reduction

A maxim urn of 40% of the HEL cells became NBT positive with either 10-9 or
10-10 M TPA or 10% DIP. Maximally, 12%
of the K-562 cells showed positivity with
10-9 MTPA.
III. Cell Growth
TPA was very cytotoxic (for HEL more
than for K-562). DIF was less cytotoxic (for
K-562, no effect on HEL).
IV.

Isoenzymes

1PA and DIF induced the new expression
and a stronger staining intensity of several

Est isoenzymes in K-562 (Fig. 1). A stronger staining intensity and one new Est isoenzyme were seen in HEL with TPA. An Est
isoenzyme which is specific for monocytes
[2] could not be detected in K-562 or HEL
after TPA or DIF treatment. TPA and DIF
increased the intensity of all AcP isoenzymes in K-562, including a tartrate-resistant AcP band [1], whereas no changes in
the AcP profile occurred in HEL. TPA and
DIF (TPA > DIP) led to the new expression of the Hex A isoenzyme, an increase in
the intensity of Hex B, and the loss of Hex I
in K-562. An increase of Hex A was seen in
HEL. One new isoenzyme was induced in
the LDH pattern (LDH 1) in both K-562
and HEL by TPA and by DIP.
D.

Discussion

Phenotypic changes could be induced by
use of the chemical agent TPA and the
physiologic inducer DIF in K-562 and
HEL. Although not identical, the changes
seen after exposure to TPA were similar to
those induced by DIF. Recently, a DIF obtained from the same cell line which we
used (HUT-I02) has been extracted, purified, and characterized [11]. The changes
seen in K-562 were quantitatively and
qualitatively stronger than in HEL when
compared with their original features. HEL
cells differentiated mainly along the
myeloid-macrophage cell lineage (mor431

phological changes, NBT positivity, adherence to plastic surfaces, development of
pseudopodia, and typical isoenzymatic
alterations), but also along the erythroid
cell axis as we detected the expression of
hemoglobin (data not shown). K-562 cells
which appear to be originally arrested at an
earlier stage of differentiation than HEL
cells [4-6] probably differentiated into the
myeloid and erythroid series. A monocytespecific isoenzyme [2] was not found in
K-562 or HEL.
In conclusion, HEL and K-562 represent
cell lines which can be induced by various
agents such as TPA, DIF, hemin (data not
shown), and others to differentiate along
different cell lineages. Therefore, these cell
lines have been termed multipotential stem
cells.
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B Cell Lineage: Part of the Differentiation Program of Human
Pluripotent Stem Cells
I

A.A. Fausert, L. Kanz 2 , B. A. Cooperl, and G. W. Lohr 2

A.

Introduction

In the past, developmental methods for
examining hematopoiesis began to influence concepts of studying hematologic
malignancies. A new approach became
possible with the establishment of cell culture procedures for committed and more
recently for noncommitted hematopoietic
stem cells [1-3]. These primitive progenitors (CFU-GEMM1) derived from human
bone marrow can be identified in culture
by their ability to form colonies containing
different myeloid lineages and T cells of
different phenotypes. The observation of
a common progenitor of myeloid and
lymphoid cells in normal and disturbed
hematopoiesis led to the question whether
B cells are part of the differentiation program of human stem cells. In the present
study, we attempted to induce B cell differentiation of human marrow cells from
healthy volunteers.
B.

Material and Methods

Bone marrow samples were obtained from
four consenting healthy individuals.
I. Prepara tion of Leukocyte-Conditioned
Medium

Conditioned medium was prepared from
Leu-5-positive cells of normal individuals

[4]. Briefly, 106 Leu-5 positive cells were incubated with 1% human serum albumin,
IMDM (Is cove's modified Dulbecco's
medium) and 1% PHA (Wellcome HA 15).
This material, Leu-5-PHA-TCM, was harvested after 4 days of incubation at 37°C in
a humidified atmosphere with 5% CO 2,
II.

Preparation of Cell Suspensions

Mononuclear cells of density less than
1.077 glml were incubated in antibodycoated dishes using Bl , B2 (Coulter Immunology, Hialeah), and BAl (Hybritech) for
20 min at 4°e. The supernatant containing
nonadherent and B cell-depleted cells was
plated as outlined.
III. Colony Assay for Hematopoietic
Progenitors
Mixed hematopoietic colonies (CFUGEMMT) [1-3], erythroid bursts (BFU-E),
and granulocytic colonies (CFU-C) [6]
were grown as previously described.
Nonadherent and B cell-depleted cells were
admixed with IMDM, 30% human plasma,
0.9% methylcellulose, and 5% Leu-5-PHATCM. Erythropoietin (EPO) 1 U Iml (Step
III, Connaught) was added on day 4 of culture. Each dish was examined after an additional 10 days of incubation for the presence of hematopoietic colonies, i.e., BFUE, CFU-C, and CFU-GEMMT.

1 Royal Victoria Hospital, 687, Avenue des Pins
Quest, Montreal, Que. i-l3A IAI, Canada
2 Med. Univ.-Klinik, Hugstetterstr. 55, 7800
Freiburg, FRG
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Table 1. Identification of
pre-B-cells and B-cell-associa ted antigen-positive
cells in multilineage
hematopoietic colonies
(CFU-GEMM1)

Patient

Cytoplasmic
!l

N.H.
K.G.
B.S.
S.c.

4
9

2
5

IV. Examination of Hematopoietic
Colonies for SIg (M + D), B Cell-Associated
Antigen, and Cytoplasmic ~-Positive Cells
Individual colonies (CFU-GEMM1), erythroid bursts (BFU-E), and granulocytic
colonies (CFU-C) were aspirated by micropipe from the cultures and washed in NKH
buffer (5 min, 300 g). Aliquots were transfered onto polY-L-lysine-coated wells on
glass slides. Attached cells were fixed with
glutaraldehyde (0.05 % in 0.1 M phosphate
buffer, pH 7.4) to block Fc receptors and
to preserve cell morphology. Cells were
stained with the monoclonal antibodies
IgM and IgD (Bethesda Research Laboratories), with B1, or with the use of a monoclonal anti-~-chain (Miles Laboratories).
Controls were performed with /32- microglobulin and the sandwich antisera, i.e.,
SAR (swine anti-rabbit) and RAM (rabbit
anti-mouse) [7].

c.

Results

I. Surface Immunoglobulin, B CellAssociated Antigen, and Cytoplasmic
~-Positive Cells in Multilineage
Hematopoietic Colonies
Mixed hematopoietic colonies, erythroid
bursts, and granulocytic colonies were
grown from nonadherent and B cell-depleted marrow cells of four normal individuals
in the presence of a Leu-5-PHA-TCM and
EPO. A total of 211 individual mixed hematopoietic colonies were aspirated from
the cultures and were examined for the coexistence of lymphopoietic progeny, i.e.,
pre-B cells, and B cells. Cytoplasmic ~-,
B1-, and SIg-positive cells could be identi434

CFU-GEMMT
Positive for B cellassociated antigen
Bl/BAI

Analyzed

7/3
1116
3/5

41
74
33
62

8/9

fied in multilineage colonies of each individual (Table 1). The number ofpre-B cells
observed in the mixed colonies examined
ranged from 0 to 45 cells per colony. The
number of B1-positive cells per colony
ranged from 0 to 278 cells (173 + 46,
mean + standard deviation). In contrast,
cells derived from individual BFU-E and
CFU-C colonies did not stain for cytoplasmic ~, B1, or surface immunoglobulins.

D. Discussion
A culture assay for human multiline age hematopoietic progenitors has been established. These primitive precursors form
mixed colonies containing lymphopoietic
and myeloid cells of different lineages.
Recloning experiments of multiline age
colonies indicated that some fulfill criteria
of stem cells [8]. The lymphopoietic component in mixed colonies consisted of T
cells of various phenotypes, i.e., OKT 3,
OKT 4, OKT 8, or E 2-22 [2, 3, 7]. Until recently, B cells could not be observed in
mixed colonies derived from marrow cells
of healthy volunteers. The availability of a
Leu- 5-PHA-TCM facilitated the formation
of mixed colonies containing SIg M + D, B
cell-associated antigen, and cytoplasmic
~-positive cells from normal donors. In the
murine system, cytogenetic evidence for the
coexistence of a pluripotent stem cell
capable of differentiating into myeloid and
lymphoid progeny, including both Band T
lym phocytes has been provided by Abramson et al. [9].
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Differentiation Capacity of Null-AL(L) Cells in Culture *
A. Ganser and D. Hoelzer

A.

Introduction

The cellular phenotype of the blast cells has
remained unclassified in a small percentage
of patients with acute leukemia (AL)
(Greaves et al. 1983). Although markers are
expressed on the cells, these are not sufficiently lineage specific to allow an
unequivocal allocation of these null-AL
cells to one of the defined myeloid and
lymphoid cell lineages. We therefore investigated the differentiation potential of
leukemic blast cells from patients with nullAL cells under in vivo and in vitro culture
conditions to find out whether lineage-specific markers can be induced and whether
differentiation is restricted to a single
lineage or can occur along several lineages.
B.

Patients and Methods

Five patients with newly diagnosed acute
leukemia were selected because of the absence of morphological and immunological
features characteristic of a particular cell
lineage. Peripheral blast cells were separated on a Ficoll-Isopaque (1.077 g/cml)
gradient. For differentiation induction the
blast cells were cultured in vivo within diffusion chambers (DC) implanted into the
peritoneal cavity of host mice preirradiated
with 7.S Gy (Hoelzer et al. 1977). Chamber

contents were harvested after 1, 7, and 14
days of DC culture and investigated for
total and differential cell counts and for the
expression of immunological cell markers.
In three patients the blast cells were cultured in vitro for 1-3 days in BM-86 Wissler medium (Boehringer, Mannheim, West
Germany) supplemented with SO fJ-M
2-mercaptoethanol and 10% heat-inactivated fetal calf serum and incubated at 37°C
in a S% CO 2 humidified atmosphere. During suspension culture the cells were exposed
continuously
to
S nM
12O-tetradecanoylphorbol-13-acetate (TPA)
(Sigma, Munich), or 1 unit/ml porcine
platelet-derived growth factor (PDGF)
(Speywood Laboratories, Nottingham,
England), or 10% medium conditioned by
the Burkitt cell line X-308 (X308-CM)
(Heit et al. 1983), 1 fJ-M retinoic acid (RA)
(Sigma), or 1 mM butyric acid (BA) (Sigma). Appropriate control cultures were set
up in parallel.
Cells attached to poly-I-lysine coated glass
slides (Morich et al. 1983) were analyzed
with a panel of antibodies using an immunoalkaline phosphatase technique. The
monoclonal antibodies used are listed in
Table I. Surface fl was determined by a
polyclonal antibody (Sigma). Cytoplasmic
f1 was detected by a peroxidase-antiperoxidase method.
C. Results and Discussion

* Department of Hematology-Oncology, University ofUlm, Parkstr. 11, D-7900 VIm, FRG
Supported by the Deutsche Forschungsgemeinschaft, SFB 112, Project B3
436

The objective of this study was to determine whether leukemic blast cells of a
null-AL phenotype can differentiate in cul-

Table 1. Monoclonal antibodies used in this study
Selectivity

Designation

Hematopoietic progenitor cells
Common ALLllymphocyte
progenitor associated
T lineage associated
Intrathymic subset
MatureT
Helper T
Suppressor T
B lineage associated

RFB-I
J5
BA-3

plOO
plOO

OKT6
OKT3
OKT4
OKT8
BA-I
BA-2
82H5
B 4.3
B 13.9
VIM-D5
MO-2
VIE-G4
C 17.28
T29/33
B3125
OKIa 1

Ortho
Ortho
Ortho
Ortho
Hybritech
Hybritech
Janowska-Wieczorek, Edmonton
Lansdorp, Amsterdam
Lansdorp, Amsterdam
Knapp, Vienna
Coulter
Glycophorin Knapp, Vienna
Lansdorp, Amsterdam
gp IlIa
Hybritech
p200
Hybritech
p90
Ortho

Granulocytic-monocytic
lineage associated

Erythroid lineage
Megakaryocytic lineage
Pan-leukocyte
Anti-transferrin receptor
HLA-DR "framework"

ture and thereby reveal the cell lineage to
which they are affiliated.
The results of differentiation induction
by in vivo DC culture and in vitro suspension culture are given in Tables 2 and 3. No
lineage-specific marker expression was
found on the cells prior to culture.
The DC culture system, which has previously been shown to support proliferation
and differentiation along the various
myeloid (Hoelzer et al. 1977, 1981) and
lymphoid (Lau et al. 1979) cell lineages,
promoted lymphoid differentiation in two
of five patients with null-AL (patients 1 and
2), leading to the expression of cALLA and
of cyt~, respectively. Differentiation along
the B cell lineage was probably already determined in the original blast cells of both
patients, a supposition supported by the
lack of expression of T cell markers during
culture and recent findings by Korsmeyer
et al. (1983) of rearranged It heavy chain
genes in the blast cells of most patients with
cALLA-negative non-T, non-B ALL. In patient 1, the expression of markers in the in
vitro suspension culture paralleled the re-

Reactive
structure

Source
Bodger, Christchurch
Coulter
Hybritech

p19-29
p62
p76
p30
p24

sults of DC culture, whereas myeloid (B
4.3) (Tetteroo et al. 1984) and stem cell
markers (RFB-l) (Bodger et al. 1982) in addition to the lymphoid markers were induced in the cells of patient 2 only during
suspension culture. In addition, the expression of 82H5, reported as a myeloid but also as a pluripotent stem cell marker
(Janowska-Wieczorek et al. 1984), was
further enhanced, indicating that a common lymphoid-myeloid progenitor might
have been involved in the leukemic process
in this particular case.
In addition to 82H5, during DC culture
the cells of patient 3 sequentially expressed
both lymphoid and myeloid markers, possibly due to sequential proliferation and
maturation of two separate cell populations
along two different lineages, whereas the
cells of patient 4 mainly expressed 82H5
and lymphoid and myeloid markers were
found only on a small number of cells. In
patient 4 the growth pattern in DC culture
was paralleled in suspension culture, where
there was a marked increase in cells reactive with RFB-l and 82H5 and appear437

Table 2. Differentiation induction in diffusion chamber (DC) culture"
Pt

1

2

3

4

5

Days in
culture

Cells/DC
(X 10-5 )

0
7
14
0
7
14
0
7
14
0
7
14
0
7
14

8.3
2.5
2.0
7.5
1.0
0.8
5.5
2.6
8.2
8.0
6.0
5.8
5.1
2.3
2.6

% Positive cells
OKla

BA-l

98
99
79
61
40
41
45
25
24
90
98
98

89
45

BA-2

cALLA cyt JA.

18
29

58
53

82H5

11
3

NT

4

49

4b

73
14

11
8

B13.9

4

44
42
10
97
47

B4.3

60
66
77
15
10
82
9
32
68

17
60

14
5

5
4

3

9
78

42

11

10

25
36

13
2

13

38

" The percentage of blast cells on day 0 were 98% for patient 1; 95% for patient 2; 80% for patient 3;
97% for patient 4; and 99% for patient 5; cells were negative for RFB 1, OKT 6, OKT 3, MO 2,
C 17.28, VIE G4
b 50% cALLA-positive on day 1
NT, not tested

Table 3. Differentiation induction ofnull-AL(L) cells in suspension culture
Pt Days in
culture

Agent

Cells/ml

% Positive cells

(x 10-5 )

OKla BA-l
1 0
3
3
2 0
3
3
4 0
3
3

TPA

TPA

TPA

10.0
8.9
3.6
10.0
11.2
6.6
10.0
11.0
3.0

98
87
91
61
97
72

90
74
93

BA-2

89
50
35

cALLA cyt
59 a
33 a

JA.

RFB 1 82H5

28
3

44
8
18
4

48
90
73

42"
7"
8a
18"

B4.3

NT

44
65
31
38

60
100
100
9
39
55

26
52
8
26

" Weak but positive reaction on mononuclear cells
NT, not tested

ance of small but significant percentages of
cells reactive with anti-cALLA and B 4.3,
consistent with a differentiation arrest at
the level of the lymphoid-myeloid progenitor cell. Finally, in patient 5 only myeloid
markers, of doubtful significance, were
found after DC culture.
438

The exposure of the cells to TPA in patients 1, 2, and 4 increased the percentage
although not the absolute number of cells
carrying myeloid markers (B4.3); however,
the expression of cALLA was not influenced. Only in patient 2 did TPA induce
the de novo expression of RFBI. While

PDGF, X308-CM, and RA did not significantly alter cell growth or marker expression, BA had a profound cytotoxic effect.
Incubation of the cells in glutaraldehyde
prior to cell surface analysis, as used here,
has been shown to increase the sensitivity
of cALLA detection substantially (Kranz et
al. 1984), which could explain the demonstration of cALLA in our studies as opposed to earlier ones. In vitro experiments
have not previously succeeded in inducing
expression of cALLA or cytoplasmic immunoglobulins in null-AL cells (Cossmann
et al. 1982; LeBien et al. 1982; Nadler et al.
1982). The reason for successful induction
of cALLA and cytoplasmic immunoglobulins reported here might be related to the
conditions of the in vivo DC culture system
used and to the differences in the in vitro
suspension cultures, e.g., the different culture media, as well as to differences in the
nature of the cells under investigation.
The induction experiments reported here
reveal the heterogeneity within this group
of unclassified leukemias, with some cases
expressing only lymphoid or myeloid
markers and other cases which, upon culture, simultaneously develop markers of
lymphoid-myeloid progenitor cells as well
as of both lymphoid and myeloid cells.
Since we do not have selective markers for
pluripotent stem cells and their malignant
counterparts, and therefore have to rely on
the behavior of the cells in culture (Greaves
et al. 1983), expression of both lymphoid
and myeloid markers could well imply that
in these cases common lymphoid-myeloid
progenitor cells were involved in the malignant transformation event with subsequent
block of differentiation.
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Evidence of Sternberg-Reed Cells Being Derived
from Activated Lymphocytes
H. Stein 1, J. Gerdes 1, H. Lemke 2, and D. Y. Mason 3

A.

Introduction

The nature and origin of Sternberg-Reed
(SR) cells remains obscure despite numerous studies of this topic. In recent experiments we raised monoclonal antibodies
against the Hodgkin's disease-derived cell
line L428, with the aim of producing reagents specific for SR cells. Three monoclonal antibodies (designated Ki-l, Ki-24,
and Ki-27; Stein et al. 1982, 1983) were obtained in the course of this study, and their
reactivities are detailed in Table 1.
Monoclonal antibody Ki-l differed from
the other two reagents in that it detected a
subpopulation of large cells, preferentially
distributed around the margin of B cell follicles (Stein et al. 1982). This population of
cells does not correspond to any cell type
previously recognized using other monoclonal antibodies. Since the earliest site of
lymph node involvement in Hodgkin's disease is the perifollicular region (as has been
recognized previously from conventional
histology and can also be shown by immunolabelling with Ki-l antibody), we
proposed that this population of Ki-positive cells in normal lymphoid tissue may
represent the physiological counterpart of

1 Institute of Pathology, Klinikum Steglitz, Free
University of Berlin, FRG
2 Institute of Biochemistry, University of Kiel,
FRG
3 Nuffield Department of PathOlogy, John Radcliffe Hospital, Oxford, UK

SR cells. However, it is not clear whether
the subpopulation represents a novel cell
lineage" or simply a differentiation stage
within one or more cell lineages. To study
this question further, the expression of Ki-l
antigen, and also of the antigens detected
by antibodies Ki-24 and Ki-27, was investigated in a wide range of lymphoid tissue
samples, including fetal material and peripheral blood lymphocytes stimulated by a
variety of mitogenic agents.
B. Material and Methods
I.

Cases

Fresh unfixed biopsies of lymphoma and
other tissues were obtained from the Hospital of the University of Kiel Medical School
and the John Radcliffe Hospital, Oxford,
England.
II. Phytohemagglutinin (PHA)Stimulated and Virus-Transformed
Human Peripheral Blood Cells
Cells (1 X 106 per ml) were cultured in the
presence of 0.251lg PHA/ml. Cells were
harvested after 72 h and centrifuged onto
glass slides. HTLV II transformed peripheral blood cells were a gift from Dr.
I. Y. Chen. These cells had been transformed by co-cultivation with irradiated
Mo-T cells, as described elsewhere (Chen
et al. 1983). EBV transformed blood cells
were prepared by in vitro infection as recently described (Moss et al. 1978).
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Table 1. Reactivity of three
monoclonal antibodies
(Ki-l, Ki-24 and Ki-27)
raised against the Hodgkin's disease-derived cell
line L 428

Antibody

Normal lymphoid tissue

L428
cell line

SternbergReed cells

Ki-l

Scattered large perifollicular cells
None, or a very few
scattered cells
Vessels, sinus lining
cells, and no or only
occasional lymphoid cells

+

+

+

+

+

+

Ki-24
Ki-27

III. Immunolabelling of Sections
and Cytocentrifuged Cells
Immunolabelling was performed using
either the alkaline phosphatase: antialkaline phosphatase (APAAP) method (Cordell et al. 1984) or the three-stage immunoperoxidase method (Stein et al. 1982).
C. Results and Discussion
The results obtained are summarized in
Tables 2-5. The non-reactivity of Ki-I antibody with fetal liver, fetal and adult bone
marrow and fetal and postnatal thymus
makes it unlikely that Ki-I-positive cells
found in normal tissue represent precursors
of T, B or monocyte/macrophage origin.
This conclusion is supported by the fact
that the other two SR-cell-associated antigens (Ki-24 and Ki-27) were also absent
from these tissues.
Each of the three SR-cell-associated antigens (Ki-l, Ki-24 and Ki-27) could be induced on peripheral blood lymphocytes by
exposure to PHA or by infection with
HlLVor EBV (Table 3), although the proportion of positive cells differed for each
antigen. Expression of each antigen was
consistently accompanied by the appearance of the activation-associated antigens,
i.e. the IL2 receptor (detected by anti-Tac,
T069 and ACT1).
These findings suggest the possibility that
SR cells may represent activated T lymphocytes. To explore this possibility we analysed
SR cells in situ by staining tissue sections
for T cell and B cell antigens and activation-
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associated antigens using a newly developed
highly sensitive immunalkaline phosphatase
method (the APAAP technique). This analysis revealed that at least some of the SR
cells in the majority of non-Iymphocytepredominant types of Hodgkin's disease express a variety ofT cell antigens (Tl, 13, T4
and TIl). It was also possible to demonstrate
strong staining for IL2 receptor in the majority
of cases. However, a surprising finding was
that a varying proportion of SR cells in
many of these cases expressed B cell antigens, usually associated with T cell antigens
but occasionally alone (Table 4).
These observations provide evidence that
SR cells may indeed be activated T lymphocytes. However the expression of B cell
antigens by SR cells in some cases requires
explanation. One possible hypothesis is
that the anti-B cell antibodies are only specific for this cell lineage when resting
lymphoid cells are analysed, and this specificity may be lost when lymphocytes undergo transformation. Hence activated T cells
may aberrantly express apparently B cellspecific markers.
The expression of B cell-associated antigens in some SR cells (and also the absence
of T cell-associated antigens from cases of
lymphocyte-predominant Hodgkin's disease) prompted us to investigate the possible B cell nature of SR cells in Hodgkin's
disease further. For this purpose we analysed
the expression of J chain, since this molecule has been shown to be a reliable marker
for cells of the B lineage and numerous studies in the past have failed to demonstrate its expression in T lymphoid cells. As shown in
Table 5 and Fig. 1, SR cells in all cases of

Table 2. Antibody Ki-I reactivity in tissue containing myeloid and/or lymphoid precursor cells
Tissue

Ki-I positive

Fetal tissue
Liver (2)"
Bone marrow (2)
Thymus cortex (2)

None
None
None

Postnatal tissue
Liver (6)
Bone marrow (6)
Thymus cortex

None
None
None

" Number of samples are given in parenthesis

Table 3. Antigen profile of
peripheral blood lymphocytes following stimulation
or transformation with
PHA without or with IL2,
H1LVorEBV

Table 4. Patterns of antibody reactivity of Sternberg-Reed cells ofHodgkin's disease established in
35 cases

Table 5. Reactivity of
Sternberg-Reed cells of
Hodgkin's disease for J
chain and granulocyte antigen detected by 3C4 or
C3D-l

Hodgkin's disease of nodular sclerosing,
mixed cellularity and lymphocyte-depleted
types were negative for J chain. However,
SR cells in the majority of cases of lymphocyte-predominant disease of nodular subtype were J chain positive. This is in keeping with a previous report in the literature
(Poppema 1980), in which J chain expression by SR cells was described in a single
case of lymphocyte-predominant Hodgkin's disease.
Our working hypothesis (Table 6) based
upon these results is that Hodgkin's disease
represents the neoplastic proliferation of

Stimulating Ki-27 Ki-24 Ki-l
transforming

1'3

Slg

Tol5 Tac
B4

TU69

82
93
100
95
0

12
10
0
0
100

15
14
NA
0
100

0
98
100
97
15

B4/To15

Tac

1U69

+

+/+/+/-

+/+/+/-

+

+/-

+/-

agent
0
None
3
PHA
PHAplus IL2 15
H1LV
0
EBV
0

0
6
80
98
100

0
15
20
97
100

Ki-l

HLA-DR D/TlI

+
+
+
+

+
+
+

+
+

+

Histological type

Nodular sclerosis
Mixed cellularity
Lymphocyte depletion
Lymphocyte
predominance
(nodular subtype)

No. of
cases
9
8
6
29

------

0
97
100
96
10

J chain

Granulocyte
antigen

0
0
0
22

9
6
4
0

0

5
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Fig. 1. Hodgkin's disease, lymphocyte predominance, nodular subtype immunostained with an
anti-J-chain antiserum. The Sternberg-Reed cells
are strongly positive (APAAP)

activated lymphoid cells, but that the histological type of the disease may be related to
whether these cells are of T cell or B cell
origin. Neoplasms of activated T cells show
the histological appearances of nodular
sclerosing, mixed cellularity and lymphocyte-depleted Hodgkin's disease. In contrast, the more rarely encountered neoplasms of activated B cell give rise to lymphocyte-predominant disease.

Table 6. Putative origin of Sternberg-Reed cells
in Hodgkin's Disease
Origin

Histological appearance

Nodular
Activated T cell ~ Mixed cellularity
Lymphocyte depletion
Activated B cell
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Lymphocyte predominance,
nodular subtype
(J chain positive)
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Production and Characterization of Monoclonal Antibodies Against
the Human Leukemic Cell Line K562 *
B. Micheel, V. Bottger, and S. Hering

A. Introduction
The cell line K562 was originally established from a patient with chronic myeloid
leukemia (CML) in terminal blast crisis [1].
The cells have the potential of self-renewal
and pluripotency to differentiate into progenitors of different blood cells [2]. The aim
of the present paper was to produce monoclonal antibodies which might be useful as
indicators for the earliest differentiation
stages of hematopoiesis and for leukemias
transformed at this stage.
B. Reactivity of Monoclonal Anti-K562
Antibodies with Different Cell Lines
and N onnal Blood Cells
Monoclonal antibodies were produced according to the method of Kohler and Milstein [3] by immunization of BALB/c mice
with K562 cells and fusing the spleen cells
with X63-Ag.8.653 myeloma line. The first
screening by radioimmunobinding assay
resulted in 24/90 hybridomas positive for
K562 cells. Three antibodies were selected
which showed a restricted reactivity pattern
when tested against different cell lines and
normal blood cells (Table 1).
Antibody Y which was specific for K562
cells reacted with 30%-50%, antibody H
with 40%-45%, and antibody C with 60%
-64% of the K562 cells. Cloning exper-

*

Department of Experimental and Clinical Immunology, Central Institute of Cancer Research, Academy of Sciences of the GDR, 1115
Berlin-Buch, Lindenberger Weg 80, GDR

iments with K562 cells showed that stable
cell clones can be established which express
low or high concentrations of the antigen
detected by antibody Y.
C. Reactivity of Monoclonal Anti-K562
Antibodies with Human Leukemic Cells
of Different Origin
The antibodies Y, H, and C were also tested for reactivity with different human leukemic cells (Table 2). According to the tests
summarized in Table 2, antibody Y showed
a selective reactivity to myeloid leukemias.
This reactivity was especially pronounced
in myeloid blast crisis of CML, but not in
the chronic phase or lymphoid blast crisis.
D.

Future Directions

Further experiments are necessary to
clarify whether the antigen detected by
antibody Y is a leukemia-associated antigen or a differentiation antigen present on
a low percentage of bone marrow stem
cells. A comparison with anti-K562 monoclonal antibodies produced by other groups
[4, 5] must also be performed to show
which antibodies detect identical molecular
entities. The practical relevance of the antibodies needs to be proven.
E.

Summary

Of the anti-K562 monoclonal antibodies
produced in our group:
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Table 1. Reactivity of three
monoclonal anti-K562 antibodies against several cell
lines and normal cells of
human origin by radioimmunoassay or fixed-cell immunofluorescence

Table 2. Reactivity of three
monoclonal anti-K562 antibodies against human leukemic cells

Cells

K562
+
HMy2,NC37
Reh, SKW-3
HL-60, Molt-4
Mononuclear blood and bone marrow
cells
Granulocytes
Erythrocytes

+
+, (+)
-, (+)
+

+++
+ +, + + +
+ +, + + +
-, (+)
++

++

(+)

Diagnosis

ZIK-Cl-A/D9 ZIK-CI-A/H5 ZIK-CI-A/C5
(C)
(Y)
(H)

T-ALL, T-CLL
AUL
O-ALL
B-ALL, B-CLL
ANLL
(mainly AML)
CML

0112"
(1)/18
0/3
0/5
8+(4)/15

(4)/7
(10)115
0/1
(4)/5
7 + (3)/11

10111
(7)115
Oil
(2)/5
7 + (1)/9

6+(5)/20

6+(11)119

3+(4)/15

a

Number of positive cases divided by total cases tested, weakly positive cases in parentheses

ZIK-CI-A/D9 (Y) reacted exclusively with
K562 cells and most AML and CML cells
in myeloid blast crisis.
ZIK-CI-B/H5 (H) reacted with K562,
AML, and CML cells, and with normal
granulocytes and some mononuclear cells.
ZIK-CI-A/P5 (C) reacted with K562 cells
and cells of the lymphatic lineage.
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ZIK-CI-A/D9 ZIK-CI-A/H5 ZIK-CI-A/C5
(Y)
(H)
(C)
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Lymphocyte and Lymphoma Receptors Utilized in Differentiation,
in Homing, and in Lymphomagenesis *
I. LWeissman, M_S.McGrath, R.A.Reichert, W.M.Gallatin, S.Ezine, P.Fink,
E. C. Butcher, J. Marian, and H. C. O'Neill

A.

Normal Thymic Maturation

The thymus is believed to be the major, if
not the sole site of differentiation of T lymphocytes [I, 2]. During fetal development
the thymus receives a bolus of precursors of
T cells from the hematopoietic organs,
probably the fetal liver and/or the yolk sac
[3, 4J; these populations subsequently
undergo self-renewal as well as maturation
[5]. In adult life the thymus receives cells
from the bone marrow at a very low level,
but in times of stress, or after irradiation,
there is a massive renewal of cells in the
thymus from bone marrow precursors [2J.
The thymus is divisible into a cortex and
a medulla. The cortex contains about 85 %
of the total lymphocyte population,
whereas the medulla harbors the remaining
15%. The outer cortical region has a layer
of self-renewing blast cells that also gives
rise to the majority if not all of the cells in
the cortex, as well as to a population that
resides in the medulla [1, 6]. The thymus
turns over its lymphoid population (at least
in the cortex and partially in the medulla)
every 3-5 days [1, 2]. Yet the thymus exports only about I % of the cells in the thymus per day at 4 weeks of life, and 0.1 % of
the total thymic content at 6 months of age
[5].
The "conventional wisdom" about thymus maturation is that the cortex contains
functionally immature lymphocytes and
that medullary cells are the functionally
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mature population [7]. Treatment of an animal with cortisone results in disappearance
of the lymphoid cortex, while the medulla
appears to remain intact. The cell types that
are present in the medulla after cortisone
share ~urface phenotypic markers (PNA1o,
H-2Kht, 1L-) with medullary cells in the intact thymus, and it has been assumed that
cortisone-resistant thymocytes = medullary
thymocytes=immunocompetent T cells.
Here we demonstrate that this notion is
wrong, and that what really happens is
more complex.
Peripheral,
recirculating,
immunocompetent T and B lymphocytes bear
cell-surface homing receptors which specify
their adherence to specialized cells lining
high-walled endothelial venules (HEV) in
peripheral lymphoid organs [8]. At least
two independent homing receptors have
been characterized, one for Peyer's patch
HEVand one for lymph node HEV [8]; the
latter contains an epitope detected by the
monoclonal antibody MEL-14 [9]. In contrast to most peripheral lymphocytes, only
2%-5% of thymocytes are capable of homing to the periphery or binding to the HEV
of these peripheral lymphoid organs. The
fluorescence-activated cell sorter profile of
MEL-14-stained thymocytes showed that
about 3% of the cells in the thymus stained
brightly and at levels equivalent to most
peripheral T cells, while about 85% of the
cells stained at 10% of that amount per cell
and the remaining 5%-15% had no detectable stain. Where are these homing-competent thymocytes located? According to
conventional wisdom, they should be in the
medulla.
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Immunohistochemical analysis of thymic
frozen sections reveal, contrary to. conventional wisdom, that the MEL-14hl cells in
the thymus are in the cortex rather than in
the medulla. Do these cells give rise to the
thymus cell migrants? Direct intrathymic
infusion with fluorescein isothiocyanate
labels thymic cells randomly, and allows
detection of thymic emigrants. The cells
that had homed into the lymph nodes or to
the. spleen were at least 80%-85 % MEL14hI, and they came from a population of
cells (that is, the thymus) in which only
1%-3% of the cells stained at such levels.
Since it occurred within 3 h after intrathymic infusion, we concluded that the
cells in the thymus which give rise to the
major p<?pulation of emigrants an~ the
MEL-14hl cortical cells. The MEL-14hl cells
within. the thymus are mainly PNA10 and
H-2Kht, similar to peripheral T cells. (and
medullary cells) [10]. Thus, MEL-14hl thymocytes are cortical in location yet express
the mature T cell phenotype. To test tht:
functional capability of these MEL-14hl
thymic cells we did limiting dilution analysis of thymocytes to test their ability to recognize an MHC class I alloantigen by giving rise to clones of cytolytic T cells. The
overall frequency of thymic cells which can
give rise to allospecific cytolytic clones is
about I: 10 000 cells. In the MEL-14-highest 2% of cells in the thymus it is 1: 600, in
the MEL-14-lowest 50% of cells, less than
1: 100000 [11]. Thus, most of the thymic allospecific. cytolytic T cell precursors are
MEL-14hl cortical cells.
It appears that the cells in the thymus
which are capable of responding to antigen
and are capable of giving rise to thymus
cell migrants are in the cortex rather than
in the medulla. How can we resolve the
paradox that 2-5 days after cortisone treatment the thymus contains only a population of cells restricted to the medulla which
are immunologically competent, which
when put into the bloodstream will home
perfectly well, and which includes precursors of killer cells and of helper cells?
Following cortisone treatment t~e percentage of cells that are MEL-14hl increases
dramatic~lly, but the absolute number of
MEL-I4hl cells only changes s~ightly (10].
We proposed that the MEL-14hl cells in the
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cortex are cortisone-resistant and that most
of the other cells in the thymic cortex are
cortisone-sensitive. In fact, the thymus of
hydrocortisone-treated mice undergoes
massive pyknosis for 1-2 days, but among
the cells in tp.e thymus which survive are
the MEL-14hl subset. By 2 days the surviving MEL-14 cells reside in the med~lla [10].
While it seems likely that MEL-14hl cells in
the cortex account for a significant proportion of the cortisone-resistant cells
which end up in the medulla, we cannot
rule out the possibility that there are some
cortisone-resistant cells in the medulla
which respond to. hydrocortisone by becoming MEL-I4hl and immunologically
competent.
The major set of problems that we have
to solve next about thymus cell maturation
has to do with determination of cells. At
what point in their life history do thymic
lymphocytes (or their precursors) become
determined to express a particular surface
phenotype (e.g., T4 or T8 in man, or L3T4
or Lyt-2 in the mouse)? At what stage(s) do
they rearrange and express the T cell antigen receptor a- and tJ-chain genes? If these
events occur before T cell precursors enter
the thymus, the thymus will be mainly a
selective microenvironment, whereas if
they occur after arriving in the thymus the
thymus could also be involved in generating receptor diversity amongst a population
of noncommitted cells. At what point do
they gain MHC restriction? Self/non-self
discrimination? When do they commit to
function (help, kill, suppress)? For all these
questions we need a way of isolating clones
of pre-T cells to follow their progeny in
terms of each of these various commitments. We think we have found a way
to clone them in vivo. To do this we combine small numbers of bone marrow cells
from mice that are genetically Thy-I.2 with
a large number of bone marrow cells from
mice that are genetically Thy-I.I, and inject
them into lethally irradiated mice. The
Thy-1.2 cells are present in limiting numbers to allow rare thymus-entering cells to
give rise to clonal outgrowths within these
thymuses. We identify such clonal outgrowths by immunohistochemical localization of Thy-1.2 foci in host thymuses 3
weeks to 6 months after injection. In

80%-90% of focal (presumably clonal) repopulations, the focus spans both cortex
and medulla. In 6/85 cases we found a
medulla-only repopulation, and only in
one thymus lobe. The medulla in these
cases contains cells expressing medullary
levels of Thy-I; cortical thymocytes always
have about two to three times the amount
of Thy-l that medullary thymocytes have
[12]. We have one case of cortex-only repopulation. The incidence of single foci
does not change significantly for up to 2
months, and so it appears that a focus, once
established, is self-renewing and unlikely to
be displaced by another. These experiments
show that it is technically feasible to look at
clonogenic populations of cells that enter
the thymus and reconstitute one region vs
another [13]. Thus, it is now feasible to test
in vivo at what stage and in which thymic
microenvironment T cells gain their various
commitments.
B.

Receptor-Mediated Lympbogenesis

How is it possible that a retrovirus injected
into a susceptible mouse strain will give rise
to tumors that arise only in the thymus in a
thym us-dependent fashion and after a
latent period that can last up to 9 months
after injection of the virus? One model that
Baird, McGrath, and Weissman developed
and tested was based on the receptor-mediated leukemogenesis hypothesis [14, 15].
In that model, these noncytopathic retroviruses selectively infect and transform
the subset of those cells within the thymus
that have antigen-specific (and/or growth
factor) receptors directed against the virus.
All clonal progeny of that particular infection and transformation would be cells
having high levels of antigen-specific receptors directed against the envelope glycoproteins of the virus that induced them.
Proliferation of normal T cells is usually
dependent on two events. The first event is
engagement of the T cell antigen-specific
receptor with antigen, followed by transition of the cells from Go to G 1 • At least one
subset of T cells which engage antigen
make a T cell growth factor, TCGF, now
called interleukin 2 (IL-2). As a function of
antigen recognition at least one other sub-

set of T cells express the IL-2 growth factor
receptor, and then proliferate. So proliferation of T lymphocytes depends on antigen
recognition for all cell types, and IL-2 recognition by at least a subset of these cells.
We proposed that retroviruses cause
leukemias by using the normal mitogenic
pathway, so that the virus which binds to
that antigen-specific receptor can both infect the cell and cause it to undergo blastogenesis. Thus, the daughter cells would
continually produce the same virus for
which they have antigen-specific receptors,
and triggering of these antigen-specific receptors would be an essential part of the
mitogenic pathway. By cell-to-cell interaction or virus-cell interaction these
daughter cells would be in a positive feedback loop of proliferation. This was (I
think) the first autocrine hypothesis. Of
course, it is entirely possible that the infected cell is an antigen-presenting cell, and in
that context in vivo there would be a
microen vironment -dependent
malignan t
proliferation of lymphoid cells. We have
performed several experiments to try to test
(or rule out) the hypothesis, which cannot
be explained by any of the cellular oncogene activation models alone (promoter-insertion-mediated oncogene activation, pXmediated oncogene activation, or enhancer-mediated oncogene activation).
More information on these experiments follows:
Is it possible that every T cell lymphoma
in fact is a clone of cells having on their
surface receptors with a high degree of
specificity for the virus that induces the tumor? To test that prediction of the hypothesis we fluoresceinated (or rhodaminated) a
number of leukemogenic retroviruses and
used the FACS to assay the tumors for virus-binding receptors. Of over 40 T lymphomas examined, all bind their inducing
retrovirus, and always with a high degree of
specificity [15-17]. Although the high degree of specificity described here matches
the diversity of antigen receptors, demonstration of specificity alone does not prove
that the binding sites are the T cell receptors.
In a second set of experiments we wanted to determine the relevance of these
kinds of receptors to lymphomagnesis in
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vivo. To study this, we assayed the thymuses of AKR mice (which regularly get
tumors somewhere between 6 and 12
months of age) for binding with these various retroviruses. Very few receptors could
be found in either the neonatal or the preleukemic period. Receptor-positive thymuses could always transfer donor-derived
leukemias to congenic AKR/Thy-l.2 mice,
whereas receptor-negative thymuses could
not. In some cases, during preleukemic
thymic involution the residual cells in the
thymus were 50%-85% virus-binding population. FACS sorting of virus-binding cells
in these cases gave rise to donor-derived
leukemias upon transfer; virus-nonbinding
cells from the same thymuses failed to give
rise to donor-derived leukemia [17]. Whatever these receptors are, they are a clear diagnostic sign for leukemia cells.
Is virus binding required for lymphoma
cell proliferation? We raised a number of
monoclonal antibodies directed against
AKR lymphoma cell surface determinants
to check for those that would block virus
binding. Four antibodies were found that
blocked virus binding. Three of the four
were directed against the Thy-l determinant. The four antibodies that block
virus binding were also anti proliferative;
up to I: 10 000 dilution of them blocked
90% of thymidine incorporation into AKR
lymphoma cells, while antibodies to other
cell surface determinants could not [18J.
Presaturation of the surface of these cells
with high concentrations of purified cognate retrovirus allowed the cells to proliferate in the presence of the blocking antibodies. Other viruses that bind less well to
the cell surface do not protect against the
anti proliferative effect. Antibody inhibition
of proliferation has been shown with KKT2 cells [18] and S49 cells [19]. It is difficult
to explain this finding by any other retrovirus leukemogenesis hypothesis.
C. Are the Virus Receptors on Lymphoma
Cells Antigen Receptors?
Allison was the first to produce a monoclonal antibody that identifies the antigenspecific T cell receptor heterodimer, using a
particular T cell tumor called C6VL [20].
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C6VL is a RadLV-induced tumor. The antiT cell receptor antibody, Mab 124-40, was a
clonotypic antibody; it recognized a variable region determinant on the C6VL T cell
receptor. Mab124-40 - C6VL T cell receptor immune complexes were used to
raise a rabbit antibody, 8177, which recognizes T cell receptors on many different T
cells [21]. To test C6VL-RadLVI C6VL interactions we developed a plate-binding assay in which a microtiter plate is precoated
with dilutions of retrovirus and then cells
are added for binding; the washed plates
are poststained for cells with Rose Bengal.
C6VL cells bind to RadLV/C6VL at high
virus dilutions, to RadLVIVL3 slightly less
well, and to KKT-2 SL (an AKR leukemia
virus) only poorly. The clonotypic antibody
Mab 124-40 significantly blocks binding of
the cells to the plate over a 30-fold dilution
range, as does 8177. Antibodies to H-2Db
determinants on these cells do not block
binding. These experiments indicate that
virus receptors do exist on C6VL cells, and
that the virus receptor is at or near the T
cell antigen-specific receptors for this lymphoma.
We have strong evidence in two other
systems that retrovirus binding is to an
antigen-specific receptor. One of these systems is the B cell lymphoma, called BCLI ,
described by Slavin and Strober [22]. BCLI
is a B cell tumor which expresses high
levels of IgM and low levels of IgD, and
grows in animals as a spleen-dependent tumor [23, 24]. The in vivo BCLI tumor dies
rapidly in vitro as a lymphoid cell suspension, but in vitro it persists in clusters with
I-A + surface-adherent cells. The BCLI lymphocytes produce no retrovirus, but the adherent cells produce high levels of particles
with the classical retrovirus polypeptide
profile. BCLI X NS 1 hybridomas produce
and secrete the BCLI immunoglobulin.
Plate-bound
BCLI
hybridoma
immunoglobulin binds the retrovirus produced by those adherent cells, while other
myeloma immunoglobulins of the same
class do not. Anti-I!, anti-BCLI anti-idiotype, and even anti-gp70 antibodies block
virus binding to this purified immunoglobulin. The anti-idiotype antibodies also
block binding of the virus to the cell. Thus
BCLI is one case in which the virus binding

entity is an immunoglobulin on the cell
surface.
The best example of what appears to be
insertion activation of cellular myc genes is
the avian leukosis system. We expected that
these avian leukosis virus-induced bursal
lymphomas would not have immunoglobulins that bound ALV, but that is probably
wrong. We obtained from J. M. Bishop a
bursal tumor called SC2L, induced by RAV
ALV. Labeled RAV virus binds well to
SC2L cells, and added cold RAV blocks in
the binding as expected. Isolated SC2L
chicken immunoglobulin stuck to a plate
binds labeled RAV, and that binding is
blocked with cold RAV or with Max
Cooper's monoclonal anti-chicken light
chain antibodies. The same antibodies
block RAV binding to SC2L cells, whereas
anti-Ia antibodies do not (Ia is abundant
on Se2L cells). The anti-light chain antibodies also block RAV binding to bursal
lymphomas as they arise in vivo, using
samples provided by G. Gasic and W. Hayward. The large bursal cells which are
abundant in the preleukemic period do not
bind RAV. If one believes that the virus
binding shown has relevance to the
leukemogenic process, these experiments
show that virus binding does not drive preleukemic bursal cell proliferation. Thus, as
in the AKR model, the appearance of cells
bearing high levels of leukemogenic retrovirus receptors heralds the leukemic
state.
Finally, in preliminary experiments we
have done binding studies with HTLV. ATL
cells bind it well, and this binding can be
blocked with cold HTLV. Although we
have evidence that monoclonal antibodies
to a number of T cell determinants do not
inhibit H1LV binding to ATL cells, we
have not completed that analysis and do
not yet have antibodies to the human T cell
receptor heterodimer.
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Quantitative Expression and Function of Differentiation Antigens
on Nonnal and Malignant Lymphoid Cells
E.A. Clark 1, L. M.Rose \ G. Shu \ P.A. Dindorf2, I. D. Bernstein 2, and I.A.Ledbetter 1

A.

Introduction

As lymphocytes differentiate, the expression of certain cell surface polypeptides can
change both quantitatively and q~ali.ta
tively. A classic example of quantItative
variation is murine Thy-l which decreases
over five- to tenfold in density as thymocytes differentiate into mature T cells.
What functions these quantitative variations may play for the most part is not
known. However, variations in Ia antigen
densities can profoundly affect immune responsiveness, and this has been postulated
to playa central role in immunoregulation
[12]. During lymphoid cell activation, the
amount of certain antigens such as CD3
(D) may decrease dramatically [21], while
densities of other antigens may increase
[15]. It has been suggested that IL-2 receptors increase in density after T cell activation as a means of promoting autocrineinduced proliferation [11].
A standard method for analyzing normal
and malignant lymphoid cell phenotypes is
to detect the presence or absence of various
cell surface antigens with monoclonal antibodies (MoAb) and immunofluorescent or
immunoperoxidase methods. A model put
forward by Greaves at the last Wilsede
meeting [7] and by others is that lymphoid
malignancies suffer "maturational arrest"
and that the heterogeneity observed for
lymphoid leukemias and lymphomas re1 Genetic Systems Corporation
2 Pediatric Oncology Program, Fred Hutchinson
Cancer Research Center, Seattle, Washington
98121,USA USA

flects different stages of normal differentiation. The importance of considering
quantitative as well as qualitative differences in leukemia or lymphoma phenotypes has been noted [6, 8J, but not uniformly applied. Recently, quantitative flow
cytometry and two-color immunofluorescence have been used to phenotype normal
lymphocyte populations into more discrete
subsets [14, 16, 17]. Here we present a summary of our structural and functional
studies of lymphocyte surface structures on
normal and malignant Band T cell populations using quantiative two-color flow cytome try.
B. Materials and Methods
I.

Antibodies

The MoAb to B cell-associated antigens
used in this study have been described [2, 4,
13]. They include 2H7 and I F5 specific for
the pan-B cell antigen Bp32; 2C3 anti-fl
chain; d-TA4-1 anti-o chain; HBIOa antiHLA-DR; H616 anti-p76 B cell antigen;
3AC5 anti-p220 pan-leukocyte antigen;
and 24.1 anti-pIOO, CDIO (cALLA) antigen. T cell-specific MoAb described according to the international nomenclature [1, 9]
were G19-4 anti-Tp19-29, CD3; G3-7 antiTp4l, CD7; 9.6 anti-Tp50, CDS (E receptor); 10.2 anti-Tp67, CD2; G19-2 antiTp55, CD4 (Th/0; G 10-1 anti-Tp32, CD8
(Ts/c); and 9.3 anti-Tp44. The antibodies
were purified and conjugated with fluorescein (green) or phycoerythrin (PE) (red) as
described [15, 17J.
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II. Cell, Preparation, Staining, and Flow
Cytometry
Lymphoid cells were p~rified. on .Ficoll
density gradients and staIn.ed wIth dIrectly
conjugated MoAb as de~cnbed [5, 1.1]. ~e
cause only directly conjugated antIbodIes
of high affinity were used, for cell populations of relatively uniform size, fluorescence intensity is a good indicator of antigen density. For two-color flow cytometry,
a FACS IV with a single laser to excite fluorescein or PE was used [15].

c.
I.

Results and Discussion

Normal B Lymphocyte Populations

The quantitative expression of certain B
cell surface polypeptides differs in different
lymphoid tissues. For example, both HLADR and B4 antigens are expressed at higher densities on splenic and tonsillar B cells
than on circulating blood B cells [19, 15].
The pan-B antigen Bp32 is expressed over a
range of densities on tonsillar B cells [15].
Using two-color methods, we have found
that B cells in tonsils can be classified into
three phenotypes: Bp32brigh~ (Bp32 bri)
IgMdulltneg cells, Bp32dullIgMbnIgD- cells,
and Bp32dullIgMbriIgD+ cells. B cells fo.und
in the germinal center of secondary folhcles
are Bp32 briIgMdull/neg while B cells in the
mantle zones are Bp32dullIgMbriIgD+ [16].
B cells expressing Tp67 (Tl. or Lyl) are ?f
great interest since chromc lymphocytIc
leukemias (CLL) are Tp67+ [18] and Lyl + B
cells are elevated in mice with lupus-like
autoimmune disease [10]. Using the sensitive two color systems, we have not been
able definitively to identity Tp67 B cells in
B cell-enriched fractions of cord blood,
adult blood, spleen, tonsils, lymph nodes,
or bone marrow. If Tp67+ B cells are present in normal lymphoid tissues, they are in
quite small numbers, are localized in ce.rtain areas, or are expressed only at certaIn
times in development.
II.

Malignant B Cell Phenotypes

The intensity of antigen expression on
chronic lymphocytic leukemias (CLL) and
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a variety of non-Hodgkin's lymphomas was
evaluated [15]. As summarized in Table 1,
for CLL antigen, densities for Bp32, sIgM,
and HLA-DR vary over roughly a 10- to
25-fold range. The same markers generally
are expressed at higher density and vary
over a 100- to 500-fold range for the more
heterogeneous non-Hodgkin's lymphomas.
The Tp67 antigen in contrast is expressed at
higher density on CLL than lymphomas.
Five of the Bp32+sIgM+ samples (16%) expressed significant but low levels (> 2.0) of
the Tp50 Er marker. In our screen of normal adult lymphoid tissues, we did detect
either Er+ or Tp67+ B cells. Using two-color
analyses with Tp67, Bp32, or HLA-DR as
markers, at least three distinct phenotypes
for CLL were detectable [15].
A small number of non-T, non-B ALL
were screened using two-color IF (Figs. 1
and 2). The most informative combination
for phemotyping cALLA - ALL was
measuring p220 levels versus HLA-DR expression (Fig. 1); . three ~l?-enotypes were
evident:
p220bnDRdull n
(ALL
1);.
p220briDRbn (ALL 2); and p220-DRbn
(ALL 3). The cALLA + ALL generally had
higher levels of HLA-DR and lower levels
of p220 than the cALLA-ALL (Table I!.
Using green-anti-cALLA versus red-antIBp32 or HLA-DR, several phenotyp~s were
detected (Fig. 2). Patient 4's leukemIC cells
were cALLA dullBp32dull/neg and HLADRbri ; patients 5 and 6 both had
cALLAbnBp32dull/neg
leukemic
cells .
However, ALL 5 cells were uniformly DRbn
while ALL 6 cells displayed a range of DR
densities.
These results show that monoclonal
leukemias can be quite heterogeneous in
the patterns of surface antigen intensit~es
they display. Apparently, phenotypes Indicative of more than one stage of dIfferentiation can be expressed. Two major tasks
remain: (a) to relate malignant phenotype
to normal lymphoid cell phenotypes - thus
far we have not been able to identify the
normal cell counterparts of many of our
malignant cell phenotypes;. and (b) to
classity a battery of leukemIas and lymphomas based on two-color phenotypes
and assess the prognostic value of the
classifica tion.

Fig. 1. Quantitative two-color phenotypes of
cALLA - non-T, non-B acute lymphocytic
leukemias. Data of 25000 cells plotted cell number (vertical axis) and log green fluorescence (anti-p220) versus log red fluorescence (anti-DR)
(upper left). About every 4-5 dots represents a
doubli~g offluo-rescence. ALL 1, a leukemia with
p220 bnDR d~ll/bn ~ells; ALL 2, a second leukemia
with p220 bnDR ~n cells; ALL 3, a third leukemia
with p220-DR bn cells

III. Normal T Cells
Two-color cytofluorographic methods have
also been used to phenotype new T cell
populations. We have conjugated a large
panel of MoAb with FITC or PE and tested
a variety of two-color combinations. The
expression of so-called pan-T cell antigens
on CD4+ (T4) T helper/inducer (ThIV cells,

Green anti- p220 vs. Red (] n i H
=

-DR

ALL

ALL2

ALL 3

Fig. 2. Quantitative two-color
phenotypes of cALLA + non-T,
non-B acute lymphocytic leukemias. Left column, green cALLA versus red-Bp32; right column, green
cALLA versus red-HLA-DR. Each
row is a different leukemia. ALL 4,
cALLA dul~p32 dull/nelD R dull/bri
cells; ALL 5, cALLA briBp32 dull/neg
DR bncells ; ALL 6, cALLA bri
Bp32 dull/negDR neg/bn cells
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Table 1. Relative antigen expression on Band T cell malignancies
Condition

No.

CLL

15

Non-Hodgkin's
lymphomas

16

Mean relative fluorescence intensity a (range) using Ab to:
Bp32

SIgM

DR

19.1
(3-49)
80.6
(11-189)

1.8
(1-6)
65.0
(1-451)

81.3
(8-209)
243.3
(19-1154)
19.5
(8-37)
103.3
(36-215)
1.3
(1-2)b
74.5
(54-100)
1.2

ALL
Non-T, B cALLA-

4

1.0

1.0

Non-T, B cALLA +

5

2.6
(1-5)
1.1

1.6
(1-2)

T

10

Normal PBL-B
3
T

15.1
275.3
(246-314) (5-20)
1.0
1.4

cALLA
(COlO)

1.4
(1-2)
54.4
(3-112)

p220

Tp67
(C05)

Tp50
(CO2)

18.5
(2-42)
5.9
(1-23)

2.8
(1-26)
1.5
(1-4)

8.4
(1-17)
1.3
(1-2)
67

Tp19
(CD3)

Tp41
(CD7)

Tp55
(C04)

Tp32
(CD8)

24.1
(1-184)
1.0

4.6
(1-22)

98.7
(2-239)

7.3
(1-31)

10.2
(1-56)

47

93

49

51

179

32.6
(2-63)
11.5
(3-22)

fluorescence intensity is a ratio of brightness of peak of malignant cells/brightness of peak of negative control Ab-stained cells (autofluorescence). For all
experiments, direct IF was used and measured on a F ACS IV cell sorter
bOne Er+sample, DR= 177
a

CD8+ (T8) T cyto-toxic/suppressor (Ts/c)
cells, and Fc receptor+ (Ty) T cells on normal periphery was examined [17]. The panT cell antigens split into four groups: (a)
markers expressed on all CD4 + cells and on
CD8 bri cells, but not on CD8 duil or T ycells CD3 (13), CD5 (Tp67), and 9.3 (Tp44 1);
(b) markers expressed on all CD4 + and
CD8+ cells, but not all Ty cells - CD2 (Er);
(c) markers expressed on all CD8 + and Tt
cells, but not all CD4 + cells - CD7; and (e)
markers expressed on all T cell subsets Tp90. The Th/i' Tc/s' and Ty cell subsets
could be further divided into distinct subpopulations with appropriate two-color
combinations (Rose et al., in preparation).

The Tp32 molecule is thought to play
some role in class I recognition by Tc/s cells
[20]. Recently, we have demonstrated for
the first time that Tp32 molecules physically associate with the class I T cell differentiation antigen Thy,p45 (CDl) on thymocytes [16]. Tp32 appears to be an
alternative structure for ,82-microglobulin
(,82M) and class I molecules since 132M is
not associated with the Tp32-Thy,p45 complex. We believe that Tp32 associates with
different class I molecules during the
course of differentiation and selection I education of cortical thymocytes into mature T
cells. At each stage, it is possible that Tp32
plays an important role in allowing or promoting class I recognition.

IV. T Cell Malignancies

A cknowledgments. This work was supported by
Genetic Systems Corporation and National Institutes of Health Grants CA34199, AI20432, and
CA09351.

A panel of ten T cell ALL displayed a range
of antigen intensities (Table 1). As reflected
by our studies with normal T cells, the most
common or widely distributed marker in
this panel was the CD7 antigen; CD7 also
was consistently expressed at high densities, while many of the other antigens were
expressed at lower levels than detected on
normal T cells.
V. Functions of Bp32 and Tp32
Polypeptides
The functions of most Band T cell surface
antigens are not known; insights into the
functions of these molecules may assist in
helping us understand leukemogenesis better and may help us design new approaches
for diagnosis and therapy. Recently, we
have focused on the functions of the B cellspecific polypeptide Bp32 and the Ts/c-specific polypeptide Tp32, and not solely because we like the number 32 [16]. Monoclonal antibodies to the Bp32 antigen,
either alone or in conjunction with T cell
factors, stimulate B cells to proliferate. The
MoAb act directly on B cells and do not appear to require accessory cells. Anti-I.!
blocks this effect, suggesting that Bp32 may
have to interact with the Ig receptor to activate B cells. Thus, like the CD3 (T3) molecule for T cells, the Bp32 structure plays a
role in B cell activation.
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Development of B Cell Subpopulations in Humans and its
Relevance to Malignancy
G. Janossy 1, F. Caligaris-Cappio 2, M. Bofill 1 , D. Campana 1, 2, and M. Janossa 3

A.

Introduction

B cell lineages are influenced by antigenindependent development and by immune
activation when antigens stimulate the
development of both memory B and plasma cell clones. It is difficult to investigate
the origin of B cell malignancies without
knowing the details of these physiological
events. In 1974, Salmon and Seligmann [1]
suggested that the various types of B
lymphoid malignancies may derive from
normal cells representing different levels of
maturation. In addition, the degree of differentiation which takes place within the
malignant clone also seems to be variable:
some malignant cells, e.g. chronic lymphocytic leukaemia (CLL), are apparently
"fixed" and unable to differentiate further,
while in another disease, e.g. myeloma, the
lymphoid or lymphoplasmacytoid "target
cells" of malignancy differentiate into
plasma cells. In our study we have, therefore, decided to approach the origin of B
lymphoid disorders with a simple approach
by asking the following questions:
1. What are the phenotypic features of B
lymphocytes as they emerge in the normal
bone marrow (BM) during childhood? The
main aim here has been to find an answer
to the question whether B cell populations

1 Department of Immunology, Royal Free Hospital School of Medicine, London, NW32QG
2 Clinica Medica I, University of Turin, Italy
31st Department of Medicine, Semmelweiss
University, Budapest, Hungary

in the BM versus peripheral lymphoid organs have mutually distinctive features.
2. How do B cells develop in the normal
fetus? Do B cells at different sites show distinct phenotypic features? In this part of the
study samples of fetal BM, para-aortic
lymph nodes and spleen have been studied.
3. Can B cell types (and the corresponding B cell malignancies) change their
features when stimulated in vitro?
There have been many previous clues
about the early stages of B cell differentiation both in humans and animals (reviewed in [2, 3]). Small to medium-sized
lymphoid cells with terminal transferase
(TdT) enzyme activity are the likely precursors of larger pre-B cells which synthesize small amounts of cytoplasmic (Cy) fl
heavy chain first, but no light chain [4, 5].
These pre-B cells, in turn, give rise to B
cells with membrane IgM, but no IgD expression, and probably also to a proportion
of IgM+, IgD+ B cells during the next stage
of development [2, 6]. But these latter cells
constitute a mixture: some of them (particularly during secondary responses) appear to return to the BM from the peripheral lymphoid organs [7]. Our aim has been
to establish the reactivity of these cell types
using a wide range of monoclonal antibodies (MoAb) against various non-Ig
membrane antigens.in combination with
the analysis of Ig isotype expression. Thus,
the purpose of the study is to endow the
hypothetical differentiation scheme with
further discriminating reagents. Clearly, Ig
isotype expression alone is not sufficient for
clear discrimination; e.g. mature B cells
lose IgD [6]; IgM+,IgD- cells, without
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further markers, cannot be affiliated to a
given (early or late) maturation stage.

B.

Methods

"Double-marker" methods were used with
green fluorescein (FITC)- and red rhodamine (TRITC)-labelled antibodies in various ~o~binations [4, 8]. For example, the
reactivIty of MoAb was studied on TdT+
cells (labelled with rabbit anti-Td1) and fl +
as well as 0+ B cells (labelled with an antiIgM. and anti-I~D antisera, heavy chain
spec~fic, resrectIvely). The overall proportIOn of fl ,0- and fl +, 0+ cells was also
determined in each sample. In histology
the same double-immunofluorescence technique [8] and immunoperoxidase was used
togeth~r with haematoxylin counterstaining
on sectIOns of frozen biopsies.
~e induction of differentiation changes
USIng 12-0-tetradecanoylphorbol-13-acetate (phorbol ester: TPA) was an empirical
method to assess links between cells expre~sing different phenotypes. The concent~atIOn of TPA in experiments with cell
hnes was 10-7 M and with leukaemic cells
was l.6 X 10-8 M [9, 10].
The samples used were from normal
child BM or regenerating samples taken
from cessation of chemotherapy for AML
or ALL. The fetal tissues were from medi~ally ~pproved abortions. All suspensions,
Inc1u~Ing samples from patients with
chromc lymphocytic (CLL), hairy cell leukaemia (HCL) and blood samples from
normal donors, were separated on Ficoll-Hypaque gradients.

c.

Results

Phenotypic Differences Between
B Cells in the BM and Peripheral
Lymphoid Organs

I.

The MoAb used are shown in Table 1. The
important common feature of Bl, To15,
RFB-4, RFB-6 and Y29/55 is that when
.
'
tested In double-marker combination with
IgM in suspensions of blood and tonsil,
these reagents react with> 92% of IgM+ B
cells. These .are? ther~fore, pan-B reagents
by these cntena. StIll, when these anti462

bodies
. were tested on BM B cells ' a heterogenelty emerged which was related to the
cells' Ig isotype. While the IgM+, IgD+ cells
showed the characteristic pan-B staining
(> 92% IgD+ cells positive) with all these
~ntibodies, the IgM+, IgD- population was,
In contrast, essentially negative with To15,
RFB-4 and RFB-6 and had only about 50%
reactivity with Y29/55. In addition, pre-B
cells and the Tdr BM precursors were also
negative with this set of B reagents (Table
2). These results can be interpreted to indi~ate that membrane antigens appear dur~ng B c~ll development in an orderly fashIOn. B lIS an "early marker" positive on the
whole lineage starting from TdT+ cells [11].
Other markers such as Y29/55 appear halfway through the generation of IgM+ cells
and additional markers To15, RFB-4 and
RFB:6 are e;pressed when IgM+ cells also
acqUIre IgD and become functionally mature B cells. (This confirms previous results
with RFA-2 and RFA-3; [12].)
.There are two additional facts to support
thIS scheme. First, another antibody, AL-l ,
sho~.ed a compl~mentary pattern: strongly
posItIve on TdT and pre-B cells, weaker
on IgM+, IgD- cells, but negative on the
~ature IgD+ B cells of peripheral lymphoid
tIssue (Table 2). Second, the antigens To 15
and RFB-4, albeit absent from the cell
membrane of pre-B and IgM+, IgD- cells,
can be found in the cytoplasm of the same
cells. As Campana et al. [9] have recently
shown, blast cells in fresh cases of common
acute lymphoblastic leukaemia and permanent cell lines of non-T, non-Band preB type (KM3, REH and NALM-6) also
show a cytoplasmic, but no membrane ex.
'
preSSIOn of Tol5 and RFB-4. The interesting additional result is that these lines start
expressing membrane To15 and RFB-4
when incubated with TPA for 48-72 h. It
seems therefore that not only cytoplasmic fl
can change to membrane IgM during B cell
development, but some other molecules also demonstrate a similar sequence of events
[9].
II.

Investigations of Fetal BM

Around the 17th gestational week the BM
contains large numbers (40%) oflymphoid-

Table 1. Antibodies and heterologous antisera used in this study

Name

Monoclonal Ab-s
AL-I
BA-I

Bl
Tol5
RFB4
RFB6
Y29/55
Anti-Tac
SHCL-3

Heterologous antisera
Anti-Hu IgM - F(ab')2
Anti-Hu IgD - F(ab')2
Anti-Ia
Anti-TdT

Source

Reactivity

Species
and class

Molecular
weight

A. M. Lebacq
T. LeBien and
Hybritech (Cat. No. 0452)
Coulter (Cat. No. 6602140)
D.Y. Mason and
Dakopatt (Cat. No. M708)
Royal Free Hospital
Royal Free Hospital
H.K. Forster
Drs. Uchiyama & Waldmann
Dr. G. Schwarting

Pre-B, B
Pre-B, B,
polymorph
Few pre-B, B
B

Rat IgG2
MouselgM

120k
30k

B
B
B
IL-2 receptor
Hairy cell
leukaemia,
monocytes

Mouse IgG1 140 k
Mouse IgG1 180 k
Mouse IgG2
Mouse IgG
Mouse IgG

Goat
Goat
Chicken
Rabbit

Kallestad (Cat. No. 140)
Kallestad (Cat. No. 138-148)
Royal Free Hospital
F. J. Bollum and
Supertech (Cat. No. 004)

Table 2. The reactivity of
pre-B and B cells in the infant (4 samples) and regenerating bone marrow
(4 samples) with B cell-specific Aba

Mouse IgG2" 32k
Mouse IgG 140k

900k
190 k
28+33 k
67 k

Ab

TdT+

Pre-B

sIgm + B cells
sIgD+b
Total

Heterologous antisera
sIgD

<1

<1

33±7

Monoclonal antibodies
AL-l
BA-I
Bl
Tol5
RFB-4
RFB-6
Y29/55

70±5
80±6
1O±2
<1
<1
<1
<1

80±9
98± 1
98± 1
<1
<1
<1
<1

83 ±5
98 +1
97 ±3
24 + lOe
25 ±4 e
23 ±6 e
71.3+3 e

100
53±2
92±3
98± 1
98± 1
94+3
92±4
98±0.5

a Results are expressed as percentage of cells membrane-labelled
with MoAb within the given population. The ranges of these populations in the samples are: Td~ cells 0.5%-12%;pre-B cells (cyJ.l+)
0.1 %-1.5%; sIgM+ B cells 5%-10% ofFicoll-Triosil-separated cells
b These cells also express IgM (sIgM+' IgD+) and represent a subset
(33%±7%) of all sIgM+ cells
e Within the ToI5+, RFB-4+, RFB-6+ and Y29/55+ populations the
following percentages are sIgD+: 91 %, 85%,92% and 57%
d The sIgM+ B cells in the fetal bone marrow at 17-20th gestational
week are largely (>90%) sIgD-, ALl+, BA1+, Bl+, and To15-,
RFB4-, RFB6- (see [13])
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Table 3. B cell subpopulations in the developing human fetus·
Phenotype of relevant cells

Precursor TdT+, IgMTd'l, IgM+, IgD-, TlB IgM+, IgD+, Tl-

Gestational week
Bone marrow
16-22

Spleen
16-22

Lymph node
17-22
16

5-20 (scattered)
70-80
2- 5

<5
10-20
80-90

NT
<10
95
In diffuse
areas >90
In clusters
<5
> 90 (Fig. l)b
In diffuse lymphoid
zone (Fig. 1)

0.1-0.9
T cells IgM-, T1 + (1'3 +, TIl +)

1-2

1%-2.5% of mononuclear cells

In separate T
areas

NT

}

The results shown refer to the percentage of cells within the B lineage (unless otherwise indicated),
determined by the following labelling combinations: TdT/IgM; IgM/IgD; IgM/RFT1 (T1 antigen;
67 k); IgM/UCHTl (1'3 antigen; 19 k); IgM/RFT11 (TIl antigen; 50 k). In the 16-week-old LN
samples only IgM/RFT1 and IgM/UCHT1 combinations were tested
b The clusters are formed around follicular dendritic reticulum cells
a

looking cells. Of these 15%-25% were Tdr+
and a further 5%-10% were cytoplasmic
IgM+ pre-B cells; the majority of B lineage
cells were membrane sIgM+, sIgD- B lymphocytes. It was confirmed in tissue section
that these populations were indeed predominantly negative for To15, RFB-4 and
RFB-6 antigens [13]. Thus, the BM B cells
in the fetus represent "early" types of B
cells, as expected on the basis of findings in
the infant BM (Table 2).
Further studies were performed to identify the T-lineage cells in the fetal BM. Two
antibodies, OKTI-like (UCH-Tl) and
OKTI-like (RFTl) were used, the latter in
double combination with anti-IgM. T cells
(T3+, Tl +) were rare (0.5%-1 %) in 17-weekold fetal BM, and these were IgM- (Table
3). The proportion of RFT1 +, IgM+ doublelabelled cells was very low: 0.1 %-0.9%
amongst the IgM+ population (0.02%
-0.15%) of all BM cells. This contrasts with
the findings observed in fetal lymph nodes
(see Sect. C.IV).
III.

Analysis of Fetal Spleen

In the samples of fetal spleen taken at the
18th gestational week 4-5 times more B
cells were found than T cells. Of all cells,
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4%-6% were IgM+ and another 1%-2%
T3+. The T cell population was clustered
around small blood vessels, and the B cells
formed a loose band of cells at the edge of
the splenic red pulp. No follicular dendritic
reticulum cells were seen.
There were two important findings about
the splenic· B cells. First, these splenic B
cells have clearly shown a "peripheral B
cell" phenotype: 80%-90% were IgM+,
IgD+ and virtually all (> 95%) B cells clearly reacted with MoAb RFB-4, To15 and
RFB-6. On the other hand, we could not
observe significant numbers of IgM+, IgDB cells. This is interesting because in the
adult human (and rat) spleen a clearly visible population of IgM+, IgD- cells is present in the marginal zone [14], but these are
probably mature cells in a relatively late
stage of development. Second, immunohistological techniques were used to identity B
cells expressing T cell-associated markers
such as Tl and only a few (1 %-2% of IgM+
cells) appeared to express the T1 antigen
(Table 3) up to the 23rd week when more
T1 +, IgM+ cells appeared [13].

IV. Analysis of Fetal Lymph Nodes
In the earliest lymph nodes found (at 16th
gestational week) T and B cell areas were

Fig. 1 A, B. B lymphocytes within the primary
lymphoid nodules of fetal lymph nodes (20th
gestational week) show double staining for IgM
(A) and the T cell-associated antigen Tl (B).
These B cells are accumulating around dendritic
reticulum cells [13]. The rare B cells diffusely distributed in the paracortical T area are strongly
IgM+ and Tl- (arrows). This B cell population is
dominant in the fetal spleen (Table 2; [13])

not yet separated. T lymphocytes (TI +, D+)
as well as the IgM+ B cells (30% of lymphocytes) were diffusely mixed. No
TI +, IgM+ double-labelled cells were seen.
In the lymph node samples taken at 18th
week tight clusters of lymphocytes appeared accumulating 100-200 cells around
follicular dendritic cells (FDR cells; identified by RFD-3 antibody) and uniformly
showed a peculiar phenotype. All these
cells
were
IgM+,IgD+
(moderately
strongly), expressed BA-I positivity and
reacted with RFB-4, Tol5 as well as RFB-6
(B cells of peripheral type). In addition, the
B cells in the clusters were invariably TI +
(moderately strongly; Fig. 1) but HLA-DR

pOSItive and D negative. The T lymphocytes (D+, TI +,HLA-DR-, IgM-) were
found in the diffuse lymphoid area and
showed a much stronger TI + staining. Finally, it is important to point out that
within the small B lymphoid follicles no
large germinal centre blasts were seen, and
the BA-l-, weak IgM+, IgD- central population seen in the germinal centres of adult
lymph nodes were absent.
V.

Malignant B Cells

TdT+ cells are present in large proportions
amongst the lymphoid cells of fetal liver
[11, 15] and fetal BM [13, 15]. These cells
lack a number of other B cell markers such
as Y29/55 [16], RFB-6, or show only cytoplasmic, but no membrane expression of
RFB-4 or To15. The phenotypic features of
these Tdr+ cells are similar to the blast cells
seen in common acute lymphoblastic
(cALL) and pre-B ALL [9,11,15-17].
As we recently emphasized [13], the
Tl +, IgM+, IgD+ cells with peripheral B
cell features (Y29/55+, RFB-6+, RFB-4+,
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I..

Fig.2a-c. B-CLL cells after 72 h TPA stimulation develop "hairs" (a x 10 000). Cells in the
control unstimulated B-CLL culture have
smoother surface (b x 6000) and normal B cells
in the presence ofTPA also remain smooth (not
shown; but see [23]). For comparison hairy cell
leukaemia is shown (c X 8000). From [10] with
permission

To15+) which cluster around follicular
dendritic reticulum cells in fetal lymph
nodes (see Sect. C.IV) are very similar, by
phenotypic criteria, to two B cell malignancies: centrocytic lymphoma [18] and
B-type chronic lymphocytic leukaemia (BCLL; [19)). The further distinctive phenotypic features of these malignancies are the
reactivity of TU-33 Mo-Ab with centrocytic
lymphoma and that of TU-l Ab with
B-CLL [18]. Indeed, the normal equivalent
TI +, IgM+ cells in the primary nodules of
normal fetal LN samples are also heterogeneous in respect of TU-33 and TU-I expression [13]. Thus, centrocytic lymphoma
and B-CLL might originate from the TU33 + and TU-l + B cells of primary nodules,
respectively.
The exact origin of hairy cell leukaemia
(BCL) is nevertheless still unknown. This
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disease, in its typical form, is a B cell malignancy with the following features: (a) SmIg
expression and Ig gene rearrangements
[20]; (b) characteristic membrane protrusions and veils; (c) strong cytoplasmic
tartrate-resistant acid phosphatase activity
(TRAP; [21)); (d) reactivity with MoAb to
interleukin-2 receptor (anti-Tac; [20)); and
(e) reactivity with MoAb to SBCL3 antigen, a membrane moiety not expressed by
B-CLL [22]. As the "normal equivalent"
cell of BCL has so far been elusive, we
have investigated whether any known
malignant B cells can be transformed into
BCL. The details will be published elsewhere [23] and the salient observations are
as follows.
First, it has been observed that the expression of TRAP enzyme activity can be
readily induced by TPA in normal tonsil B
cells and their mouse rosetting subset [23]
during a 72-h culture period (60% and 18%
positivity, respectively). A few SBCL3-positive B cells were also generated in the same
cultures (25% and 7%, respectively). Only
very few Tac+ B cells were seen, however,
and these were best generated in 6- or
7-day cultures stimulated by PWM (Ig+
blasts; 5% Tac+). Thus, with the possible

Table 4. TPA-induced changes in B-chronic lymphocytic leukaemia (B-CLL) and hairy cell leukaemia (HCL)"
B-CLL (16 cases), incubated for

HCL (4 cases), incubated for

Oh

72 h with TPA b

Oh

72 h with TPA

A. Morphology

Smallly

Hairy cells c

Hairy cells

More adherent

B. H CL-associated features
SHCL3+ d

3.3±2.l e

(3) 5 ±3 f
(13) 74 ±11
(7) 5.1 ±2.1
(9) 64 ±21
65-85

87±7

44±4

84±4

47±8

60±5

50-70

Phenotype

Anti-Tac+

(15) 4.0±2
(I) 80

Tartrate-resistant
acid phosphatase (mAP)

< 5

C. B-CLL-associated features
M-rbc+ (rosettes)
Tl (p67) antigen
sIg+
Cytoplasmic Ig+

61±8
< 5
33±4
79± 11
1.5, 1,3,65
87±6
80±3 (weak) < 10 (very weak) 22± ..
(12) >50
15±5
<10
(4) < 10

1,2,3,60
< 5
>40

• 16 cases of B-CLL and 4 cases of HCL were studied. There has been no change in the features of
B-CLL and HCL cultures for 72 h without TPA (except a slight decrease in M-rbc rosetting). For
further details see [23]
8
b TPA (l2-0-tetradecanoylphorbol-13-acetate) was used for 72 hat 1.6 X 10- M concentration
c See Fig. 2
d A MoAb from Dr. Schwarting [22]
e Percentage (± standard error) of cells reacting with each marker
f
Numbers in parentheses refer to numbers of cases

exception of membrane irregularities, the
features of HCL are not fully leukaemia
specific. Next, various leukaemias were "induced" by TPA. These included 16 cases of
B-CLL (Tl +, sIgM+, weak), 4 cases of prolymphocytic leukaemia and "mantle zone"
lymphoma (strongly Ig+ positive; TI mostly
negative) and 2 cases of common ALL
(Td~, sIg-).
We have reported previously that TPAinduced B-CLL cells developed membrane
perturbations characteristic of hairy protrusions (Fig. 2; [l0]). Clearly, other "HCLassociated" features could also be observed
in the majority of cases. Of 16 cases, 13 had
> 50% SHCL3+ cells, and 9 showed strong
Tac positivity in 64% + 21 % of activated
B-CLL cells; 60%-85% of cells were TRAP+
(Table 4). These "HCL-like" features on activated B-CLL cells were much stronger

than on any of the TPA-activated normal B
cell populations, including the mouse rosetting subpopulation. Similar HCL-like
features (e.g. membrane irregularities and
SHCL3 positivity) have not been recorded
in the other leukaemias, although cases of
PLL and mantle zone lymphoma did develop Tac positivity (45%-80%; results not
shown, but see [23]). Finally, cases of HCL
(four patients) when activated with TPA,
did not show major phenotypic changes,
and have not developed CLL-like features
[23].
D.

Discussion

The two main findings about emerging B
cells during fetal development are that: (a)
the "early" B cells (pre-B and IgM+, IgD- B)
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Fig. 3. The three main B cell types observed in
the fetus. In the bone marrow pre-B and B cells
are IgM+, IgD-, AL-l + and do not express membrane RFB-4, To15, RFB-6. On the periphery
strongly Ig+ (IgM+, IgD+) cells circulate in blood
and are seen in the spleen while B cells in the
primary nodules in the lymph node show weaker
IgM+ and IgD+ and express T cell-associated
antigen such as Tl and Tii-33. For further details
see also [9, 13]

in fetal bone marrow are different, by a
number of criteria, from peripheral B cells
[9]; and (b) there is a dichotomy amongst
the peripheral B cell populations [13]. This
leads to emphasizing the existence of three
major B cell types in the fetus: one in the
BM, and two in the periphery (Fig. 3). To
this heterogeneity further forms (e.g. germinal centre blasts, and plasma cells) are
added when the individual is exposed to
extrinsic antigens during later life. This
scheme is similar to those presented by
Galton and MacLennan [14] and also indicated by Stein et al. [18] on the basis of
lymphoma heterogeneity. Indeed, the new
findings here support the existence of normal B cells (most probably virgin peripheral B lymphocytes of primary lymphoid
nodules) which express some T cell-associated markers such as Tl and TU-33.
These B cells are also present in adults [19],
but only in smaller numbers, perhaps because they are "diluted out" by other newly
emerging cell types.
The finding of IgM+, Tl + normal B cells
in the primary nodules may explain two
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unrelated puzzling phenomena. First, certain B cell malignancies express T cell-associated features with some regularity. The
Tl antigen on B-CLL, Tl plus TU-33 on
centrocytic lymphoma (Kiel classification;
[18]) are the obvious examples (see
Sect. C.), but T3 as well as TIl molecules
were also seen in a few cases of B-CLL and
B lymphomas, in spite of the fact that these
showed monoclonal (x or A) light chain,
IgM as well as HLA-DR [24-27]. Similarly,
Cawley et al. [28] have emphasized that
HCL were capable of expressing T cell
features (sheep erythrocyte rosetting) during certain stages of disease progression.
The derepression of T cell genes may be
more frequent in the recently identified
TI +, IgM+ cells or their malignant counterparts than in the other B cell subsets.
At least a subgroup of HCL might also
be related to the B-CLL group. This is indicated by the observations of "inducing"
HCL-like features in B-CLL cells with TPA
(Table 4). Taken at face value, these results
and those described by Caligaris-Cappio
[10, 23] show that TPA-induced B-CLL and
HCL both have abnormal membrane
characteristics in terms of "hair" formation,
which is not demonstrated in the equivalent normal cells. In other respects, HCL
appears to be an activated variant of
B-CLL or that of a closely related cell type.
An alternative explanation is that the HCLassociated markers (Tac expression, TRAP
and SHCL3 positivity) are nonspecific
features which appear on unrelated B cell
types. Clearly, more work is needed in this
area, but it is already clear that other B cell
malignancies such as prolymphocytic leukaemia, mantle zone lymphoma and pre-B
ALL (and the corresponding cell lines) do
not develop HCL-like features when induced by TPA [23]. Thus, the CLL-HCL
link has so far appeared to be a rather
special one. The possibility of the
CLL-HCL link is also supported by the
existence ofleukaemias showing circulating
HCL together with B-CLL-like histological
pattern [29, 30].
Second, it has been demonstrated in the
mouse that Ly-l +, IgM+ B cells are also
present and, in the NZB strain, contribute
to autoantibody synthesis [31]. The observation of frequent autoantibody forma-

tion in B-CLL [32] raises the possibility that
in these patients the whole TI +, IgM+ lineage is hyperactive and the monoclonal
malignancy might be just one of the later,
although dramatic, consequences of this
dysregulation. This is an interesting possibility from the point of view of preventing a
malignant disease. Similarly, further studies are necessary to investigate this B cell
population in autoimmune disorders. It
will be interesting to see whether the increased numbers of circulating mouse
rosetting B cells in rheumatoid arthritis [33]
also show the TI +, IgM+ phenotype.
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Genetic Determination of the Cytolytic T Lymphocyte Receptor
Repertoire
L. A. Sherman 1

A.

Introduction

The immune system has evolved a number
of sophisticated molecular mechanisms that
assure the maintenance of a highly diverse
repertoire of lymphocyte receptors. In view
of the vast potential for V region diversity,
the immune system must judiciously
choose specificities that are of greatest value for expression in the lymphocyte receptor repertoire. Indeed, .the. challen~e. to
immunologists no longer lIes m explammg
the generation of diversity, but rather in
understanding the basis for variable region
selection at the genomic level and receptor
selection at the environmental leveL This is,
of course, also the ongoing challenge to the
immune system.
Our interest in understanding the basis
for repertoire selection led us to develop an
experimental system that co~ld be used ,to
assess the influence of a vanety of genetIc,
environmental, and developmental factors
on expression of th e receptor repertoire of
cytolytic T lymphocytes (Cn). This entails
antigenic stimulation of a large number of
cn clones under limiting dilution culture
conditions, followed by identification of the
receptor specificity of each clone by fine
specificity analysis [1-4]. The murine H-2Kb
antigen is uniquely suited to such an approach owing to the availability of a large
number of H-2Kb mutants that provide a
panel of heterologous targets required for
fine specificity analysis.
Department of Immunology, Scripps Clinic
and Research Foundation, La Jolla, California
92037

The results of such an analysis of the
BlO.BR response to H-2Kb is given in Table
1. It is clear that the response against a
single alloantigen is highly diverse. In. this
examination of 78 independently denved
primary cn clones, we observed 34 different receptor specificities, each defined
by a different reactivity pattern (RP) on the
panel of Kb mutants. The existence of such
a large repertoire, coupled with the limited
size of sampling that is feasible, precludes
comparison of repertoires on the basis of
the presence or absence of particular specificities. Fortunately, superimposed on such
diversity is the existence of a small number
of highly recurrent specificities. We believe
these to be analogous to public idiotypes in
antibody responses insofar as they recur
frequently among individuals within an iI?-bred strain and, as such, are phenotypIC
markers for the purpose of repertoire comparisons. Within the B 1O.BR response there
are three specificities which are recurrent,
RP23, RP39, and RP87 [2].
B. The Role of the MHC in Repertoire
Determination

Having established a basis for repertoire
comparison, it is possible to assess the contribution of a particular genetic region to
repertoire expression by perfo:ming a. c?mparable analysis of the genetlcall~ dlstU!ct
murine strain in question. Of partlcular mterest is the role of MHC in altering repertoire expression. There is a vast literature
presenting evidence of the profound effect
of MHC on T cell responsiveness; reviewed
in [5]. The strategy used by the immune
471

Table 1. The BW.BR anti-K b C1L repertoire"
bm9
bmW

bmll
bm8

bml

bm3

bm4

+
+
+
+

+
+

+

+
+
+
+
+
+
+
+

+
+

+
+
+
+

+
+

+
+
+
+

+
+
+

+
+

+
+

1

+
+

+

+

1

11

3
1

1

1

1

1

1
1

5
1

3
12

1
7
I
I

3

+
+

+
+
+

a

+

1

1
2
I

I
2

3
4

1

Each number represents the total number of clones observed which gave the indicated reactivity
pattern (RP) [2]

system to focus on cellular presented antigens is the requirement for MHC-restricted
recognition. The particular alleles recognized are determined by the MHC antigens
expressed by the thymus [5, 6]. Is this predilection for "self' reflected within the receptor repertoire? Other types of MHCdirected effects on T cell responsiveness include tolerance and immune response gene
(IR) phenomenon. Unlike restriction
phenotype, which is a form of positive
selection, both IR and tolerance are manifested as the loss of responsiveness associated with a particular MHC haplotype
and therefore would be reflected as a negative effect on repertoire.
Figure I lists all such recurrent specificities that appear in the H-2Kb-specific response of B1O.BR and B 1O.D2. It may be
seen that each of these MHC-disparate, yet
otherwise genetically identical strains expresses different recurrent specificities. In
order to determine if these differences are
reflective of negative or positive MHCdirected influences we next examined the
repertoire of (BIO.BRXBlO.D2) FI hybrids. These results (Fig. 1) indicate that
some specificities, such as RP47, are maintained within an Fl environment, whereas
472

others, such as RP87 and RP39, are represented at a much reduced level. Therefore,
both positive and negative MHC influences
are apparent.
This discussion has made an important
assumption which is not necessarily warranted. Specifically, we assumed that all
MHC effects are extracellular in origin and
not determined by the MHC genotype of
the T cell, but rather by the MHC phenotype of the environment. If this assumption
is correct, we would anticipate that, having
matured in the identical environment, cells
of either H-2d or H-2k origin should be capable of expressing the identical repertoire.
To test this prediction, we constructed
double chimeras by repopulating lethally
irradiated (BlO.D2xBI0.BR) Fl mice
with a mixture of fetal liver stem cells of
BIO.BR and BIO.D2 origin. At 8 weeks after
reconstruction, individual mice were killed
and their spleen cells divided in half and
treated with either anti-H-2 k or anti-H-2 d
antibodies in the presence of complement.
This procedure provides lymphocytes of
different MHC genotype that have matured
in an identical environment. Each repertoire was independently assessed (Fig. 2).
Unlike the results already described, de-

Fig. 1. Comparison of recurrent specificities exhibited by MHC congeneic
strains and their Fl hybrids. Data represent analysis of over 20 individually
analyzed mice [2]
10

5

~
>Co>

i::I

to

CI"

.....e

5

5

23

R.P.II 4

47

39

64

87

111

810.02

Fig. 2. Analysis of the repertoire ofBlO.D2
and B1O.BR cells obtained from double-radiation chimeras
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Fig.3. Comparison of recurrent
specificities exhibited by 10- to 14day-old neonates [3]
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spite their MHC differences, the repertoires
of both cell types were very similar. Seven
of eight recurrent specificities were comparably expressed by both cell types.
Therefore, the effect of MHC observed in
this system is essentially environmental in
ongm.
Another type of environmental influence
which could be present in the splenic repertoire would be the effect of continual exposure to antigen in the context of selfMHC. This could yield a repertoire skewed
toward self-recognition and would therefore be perceived as an MHC-linked environmental influence. To assess the contribution of post-thymic effects on repertoire
we investigated the neonatal en response
[3]. The rationale for this study is that neonates have experienced far less exposure to
antigen. Indeed, as shown in Fig. 3, B1O.D2
and B1O.BR neonates demonstrate a significant number of repertoire similarities.
In addition, it is clear that some recurrent
specificities are unique to each strain and,
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most significantly, RP39 is umque to
B1O.BR in both the neonate and adult,
whereas RP47 is unique to BIO.D2. These
RP, therefore, represent potential examples
of positive selection in the thymus. Finally,
it should be apparent that, unlike the adult
FI hybrid, in most cases, neonates express
the admixture of both parental (neonatal)
repertoires. This indicates that coexpression
of most parental specificities is permitted in
an FI environment and, therefore, few effects of tolerance are evident inthe neonatal
FI repertoire as judged by the H .. 2K b specificity repertoire. This again suggests that
many of the repertoire features characteristic of the adult may be the result of postthymic effects.

C. The Role of IgH-Linked Genes
in Repertoire Determination
Having observed a profound influence of
MHC on the expressed T cell repertoire, we
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Fig.4. Recurrent specificities representative of
MHC-identical mice with different IgH allotypes. B1O.D2 and CB-20 both express Igh b.
BALB/c expresses Igha

next wished to determine if other poly-

morphic genetic loci affect receptor expression. Inasmuch as numerous laboratories
have reported the presence of Igh-linked
idiotypic determinants on T cell products,
this polymorphic region is an obvious
candidate.
But what about other polymorphic loci? In
order simultaneously to screen the effect of
numerous polymorphic genes on T repertoire expression, we compared the H-2Kbspecific responses of two strains which
share both MHC and Igh yet are otherwise
of independent origin, CB-20 and B 1O.D2
[4]. Both strains are H-2d, Igh b yet CB-20 is
of BALB/c origin and therefore broadly
differs from B10.D2. The results of this

analysis are presented in Fig. 4. It may be
seen that the same recurrent specificities
are observed in both repertoires. This implies the polymorphic differences between
these two genetic backgrounds other than
MHC and IgH are, in general, of little
consequence to the expression of the H-2Kb
specificity repertoire. In contrast, the allotype-congeneic strains CB-20 (Igh b) and
BALB/c (Igha) reveal a large number of
significant repertoire differences. Most
prominent is the decreased expression of
RP47 and RP64 and the increased expression of RP8 in BALB/c. Therefore, allotype-linked genes profoundly influence the
expressed T cell repertoire.
A variety of mechanisms could account
for Igh-linked repertoire differences. To
help narrow down the possibilities, it was
necessary to determine if variable or constant region-linked genes were involved. To
address this question, we took advantage of
two strains in which recombination within
the Igh locus has occurred. BAB-14 has the
same variable region genes as BALBI c
(lgh-ya) yet the constant region is Igh-C b.
CBB 7904 is the reciprocal recombinant,
Igh-yb-C a. The frequency of RP8, RP47,
and RP64 in these strains is given in Fig. 5.
These results suggest the levels of expression of these particular specificities are determined primarily by Igh-Y-linked genes.
Although our data are consistent with
the possibility that T cell receptor Y regions
are linked to Igh-Y, in view of the susceptibility of repertoire to environmental regulatory events it is also possible to explain
these data as a result of immunoregulatory
selection by immunoglobulin variable regions [8, 9]. We are currently distinguishing
between these two possibilities by examining the repertoire of allotype-different cells
originating from double chimeras in which
cells of Igh-ya and Igh-yb type are permitted to mature together.
In conclusion, we have identified two
genetic regions that influence expression of
the T cell receptor repertoire, MHC- and
Igh-Y-linked genes. It is. important to note
that our methods assess only the contributions of polymorphic genetic loci. Accordingly, we would predict that any other
genetic region that participates in receptor
expression is either nonpolymorphic be475

Fig. 5. The effect of recombination within
Igh on expression of recurrent specificities
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tween the BALB/c and BIO backgrounds,
or its polymorphism is of limited consequence to repertoire expression.
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Internal Activity of the Immune System and its Physiologic
Significance
A. Coutinho I, D. Holmberg \ C. Martinez-A. 2, A. de Freitas 1, E.-L. Larsson \
P. Pereira 1,2, and A. Bandeira 1

A.

Introduction

After the introduction of Jerne's network
theory 10 years ago, modern views of the
immune system have been strongly influenced by the ideas of autonomy previously developed by those working on
complex systems such as the brain. This
"new immunology" attempts to describe
the normal immune system as it is, the fundamental characteristics of its organization
and, in the words of Francisco Varela, "the
landscape of its eigen behaviours." Within
this perspective, the study of the internal
activity of the immune system, of the
generation and decay of its cellular and
molecular components, is likely to provide
more relevant information as to the
physiology of immune activity than the
study of immune responses to the injection
of large doses of antigen, as in classical approaches. Obviously, we aim to describe
and understand the basis for this inner life
of the immune system, embedded as it is in
a multitude of molecular components that
constitute the "self' of the individual, and
exposed to the surrounding "noise" of the
environment. We do not use artificial priming with antigen, neither antibodies nor
antiidiotypes as surrogates of antigens in
the induction of immune responses. On the
other hand, the interpretation of such internal activity, as well as any hypothesis on

1 Laboratory of Immunobiology, Department of
Immunology, Pasteur Institute, Paris, France
2 Department of Immunology, Clinica Puerta
de Hierro, Madrid, Spain

the internal mechanisms inducing effector
cells and their specificity, must necessarily
rely on detailed knowledge of lymphocyte
physiology: the mechanisms by which lymphocytes are turned on and turned off, and
how their proliferation and maturation to
effector functions are regulated as well as
the nature of the functionally relevant molecules expressed at the surface of these
cells.
In a meeting on human leukemia, what
we have to say risks being completely out
of place. We neither work with human
cells, nor are we concerned with leukemia.
Moreover, our perspectives and approaches
may well lead us nowhere. The profound
motivation to follow them is our dissatisfaction with current approaches to biologic
systems, particularly within immunology,
and their failure to solve problems (such as
that of cancer and autoimmune pathology)
within classical frameworks of thought
and experimentation. We have provided
detailed references in a previous publication [1].
B. Organizational Closure in the Normal
Immune System
I.

Internal Activity

It has now become clear that the normal

immune system does not need environmental stimulation to be directed into
relatively high levels of activity. This activity can be measured not only at the level
of production and decay of lymphocytes,
but also in the generation of effector cells.
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Thus, germ-free mice maintained on low
molecular weight, chemically defined diets,
possess in their spleens numbers of immunoglobulin-secreting cells that are quite
similar, if not superior, to those found in
the spleens of conventionally bred and infected mice. Interestingly, such mice have
no plasma cells in the lymph nodes, an observation which actually provides a control
for the "antigen-free" state of these mice.
The ontogenic development of "natural
plasma cells" in the spleen of these mice is
perfectly comparable to that of mice born
from normal mothers and bred in an infected environment with a nonnal diet [2]. It
would appear, therefore, that at least
within the spleen compartment, the immune system shows an activity of its own,
which leads to the generation oflarge numbers of high rate immunoglobulin-secreting
cells. Such an environment-independent
activity is also observed in the other lymphocyte compartments. As we have recently shown, normal mice contain in their
spleens activated effector cells of both the
helper and the suppressor type, in roughly the
same numbers as background effector cells
of the B lymphocyte lineage. It is yet to be
determined whether or not such "natural"
generation of effector T cells is truly internal, by studying "antigen-free" mice, but
we think it very likely that this is indeed the
case. It is obvious, however, that even those
carefully maintained animals are not antigen free, as the immune system is in contact with its own antigens and with those
constituting the soma.
II.

A Formal Network of Idiotypes

We have therefore turned experimentally
to the study of the mutual interactions
among the molecular and cellular components of the immune system, as well as
between the immune system and other
molecules found in the internal environment. To this end, we have isolated
large collections of hybridomas, both of B
and T lymphocytes, from newborn untreated animals, aiming at obtaining representative samples of the lymphocytes that have
been activated in the internal environment.
The analysis of these collections has al478

ready provided the first experimental evidence for the existence of a formal idiotypic
network in the developing immune system.
Thus, natural antibodies isolated from a
single newborn mouse show an astonishingly high frequency of mutual reactions,
demonstrating a degree of connectivity and
redundancy in the developing immune system which might be expected on theoretical
grounds as an attribute of stable networks.
We are thus far unable to decide on the
functional relevance of such idiotypic interactions. Experiments are at present
being carried out, trying to analyze these
aspects.
III. Mutual Influence of the T and B Cell
Repertoires
The detailed study of these collections of
naturally activated cells in normal mice has
led us to an interesting conclusion: the
specificity repertoire of background-activated cells is unique to each individual,
even if newborn mice from the same litter
of an inbred cross are compared. On the
other hand, we can of course expect that
the diversity repertoire of individual mice is
submitted to genetic constraints, that is,
limited to the possibilities allowed by gene
families such as immunoglobulins, MHC,
and T cell receptors. Within these potentialities, however, the individuality of
immune systems defined by available repertoires appears to be established somatically by the connectivity between its cellular elements. Bearing in mind such organizational closure and internal activity, we
have paid particular attention to the influences that antibody repertoires might
have on T cell repertoires and the reverse,
that is, the influences that T cell repertoires
of both the helper and cytolytic type (as
well as MHC genes) might have on natural
antibody repertoires. Three clear-cut examples already exist, supporting the existence
of these mutual influences which determine
the specificity of the internal activity of the
immune system.
One such example is already a few years
old. It described the H-2 and immunoglobulin allotype control of a function of the normal immune system which

consists in reproducing increased circulating levels of a given idiotype upon injection
of nanogram amounts of same idiotype.
Since idiotypes that had this property of
"autoreproduction" are consistently found
as natural antibodies in the serum of normal mice, we have concluded that natural
antibody repertoires may well be under the
influence of H-2 and, consequently, are at
least in part selected on the basis of T cell
specificities and activities. We have further
suggested that among natural antibodies
(i.e., products of cells that were internally
activated), a relatively high frequency of
idiotypic profiles resembling MHC products could be expected on the basis of the
predominant anti-H-2 specificities in the T
cell compartment. This hypothesis has been
recently confirmed by isolating natural
idiotypes which are internal images of selfMHC antigens.
As a mirror image of this type of influence, we have also found that helper cell
repertoires, particularly the expression of
idiotypes on clonally distributed receptors,
is controlled not only by MHC-linked
genes, but also by immunoglobulin heavychain genes. We have further shown that
the influence of immunoglobulin genes on
such repertoires is indirect and results from
internal complementarities established between the two repertoires, because helper
cell idiotypic repertoires are profoundly altered in mice deprived from birth of the
antibody IB cell system.
We conclude from all these observations
that a normal immune system is characterized by a high degree of internal activity
which results from mutual specific complementarities between T and B cell repertoires. Effector cells are induced in the internal environment and themselves regulate the levels of activity in the normal
system and determine, within the "noise"
that surrounds the immune system, what
makes sense to it and can therefore perturb
its equilibrium and modify its activity.
C.

The Normality of Autoreactivity

A large body of evidence has accumulated
over the last few years indicating the existence of immune reactivities directed to

other components of the immune system itself. Thus, antibodies, helper cells, and
cytolytic T cells have been shown to recognize idiotypic determinants on other antibodies or on T lymphocytes. Furthermore,
normal autoreactivity of T lymphocytes
that appears to be stimulated by self-I-A
under some conditions, has led to a large
number of descriptions of what is called
autologous MLR. It appears, therefore, that
autoreactivity is a normal component
within the immune system itself, as one
would expect from a complex autonomous
system that is self-organized. For a number
of years, quite independently from these
observations, a considerable number of reports have dealt with the existence in normal individuals of lymphocyte precursors
in the B cell lineage with specificities for
determinants expressed on other proteins
of the "self' internal environment. The
prevalent concept, however, is that in the
absence of effective helper activity which is
thought to be eliminated (T cell tolerance
to self-determinants is a widely accepted
concept), such B cell precursors will not be
induced to antibody formation in the normal immune system. Autoimmunity has invariably been considered as pathologic and
the approaches to its pathogenesis have
been the search for either the abnormal expression (qualitative or quantitative) of a
self-antigen, or the abnormal occurrence of
one or more lymphocyte clones that should
have been "forbidden."
More recently, however, considerable
evidence has accumulated for the existence
of autoreactive antibodies in the pool of
natural circulating immunoglobulin. In the
analysis of natural antibodies in newborn
mice, we have observed that a very large
fraction of these internally induced antibodies show extensive reactions with selfantigens. Other observations in adult individuals, both mice and humans, have led
Avrameas and his collaborators to infer the
invariable presence of autoreactive antibodies in the normal serum of these
species. It follows that the presence of
autoantibodies is not correlated with
autoimmune pathology, a conclusion that
had already been suggested by some
workers in the field of autoimmunity. It becomes important, therefore, to separate the
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physiology from the pathology of autoreac-

tivity, and to evaluate its physiologic relevan(.;e. It also appears to us that the study
of the internal activity of the normal immune system, which is formally more similar to pathologic situations due to autoreactivity, may be more likely to lead us to the
solution of these problems than the study
of immune responses, developed within
systemic strategies and clonal patterns of
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lymphocyte behavior which are definitely
very different from those that can be observed in the normal physiology of the immune system.
Reference
1. Coutinho et al. (1984) Immunol
79: 151-168
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Antigen Presentation by Liposomes
P. Walden, Z. A. Nagy, and J. Klein!

A.

Introduction

T cells respond to foreign antigen only
when the latter is presented on the surface
of an antigen-presenting cell (APC) together with a molecule encoded in the major histocompatibility complex (MHC). The
nature of this antigen presentation is poorly
understood. The difficulty of demonstrating
soluble antigen serologically on the surface
of APC, the finding that in some cases peptides of a certain protein are more antigenic
than the whole molecule [1], the observation that T cells respond to native and denatured antigen equally well irrespective of
which form was used for priming [2], and
the fact that cells can rapidly degrade the
antigen have led to the concept of antigen
processing. According to this hypothesis the
antigen is internalized and structurally altered (possibly enzymatically degraded) by
the APC, and is then redisplayed on the
surface of this cell in association with MHC
molecules. Only antigens thus converted
are recognizable by T cells [3].
To determine whether antigen processing
is necessary for T-cell activation, we constructed liposomes carrying a foreign protein antigen and MHC class II molecules,
and tested whether these liposomes could
activate antigen-specific class II-restricted T
cells in the absence of APC. The results
presented here demonstrate that T cells can
recognize unprocessed, native antigen.

1 Max-Planck-Institut flir Biologie, Abteilung
Immungenetik, Corrensstr. 42, 7400 Tfibingen,
FRG

The protocol used to produce the
liposomes is described in detail elsewhere
[4]. A summary is given in Fig. l. The
liposomes produced by this procedure contain MHC molecules inserted into the lipid
bilayer by their transmembrane portion
and a protein antigen covalently bound
to DPPE (dipalmitoylphosphatidylethanolamin) lipids via a disulfide bond.
B.

Results and Discussion

Table 1 summarizes a series of experiments
that were performed with a lactate dehydrogenase B (LDHB)-specific A b-restricted mouse T-cell clone. Under the conditions when the T cells did not proliferate
to LDHB without adding APC they could
be stimulated by liposomes containing the
antigen and the restriction molecule (A b)
but could not be stimulated by either
liposomes containing only one of these two
components or liposomes with LDHB together with another class II molecule. A
mixture of liposomes carrying the antigen
and liposomes carrying the MHC molecule
or a mixture of A b-containing liposomes
with soluble LDHB were also ineffective.
These results show that the antigen and the
restriction molecule combined in the same
membrane provide a sufficient signal for
the activation of T cells. Thus an APC-dependent processing step is not required for
antigen recognition by T cells. Apparently
the antigenic site seen by the T cell is only
determined by the molecular properties of
the antigen and is not influenced by the
APC.
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Fig. 1. Preparation of liposomes containing class
II molecules and antigen. LPS, lipopolysaccharides; SPDP, N-succinimidyl 3-(2-pyridyldithio)propionate; DDT, dithiothreithol

Two further important observations
could be made in these experiments. First,
the physical properties of the liposome
membrane influence the response dramatically. Liposomes composed of lipids that
form a liquid crystalline bilayer at the incu482

bation temperature (experiments 1, 2) have
a much lower stimulatory capacity than
rigid liposomes composed of lipids that result in a bilayer with a high phase-transition temperature (experiments 3, 4). Thus,
the mobility of the two essential com-

Fig. 3. Effect of antigen density on the induction of
IL-2 by the BIO.A (5R) anticytochrome c T-cell hybridoma line. The liposomes were produced with
DPPE containing varying amounts (0.1 %-100%) of
SPDP-modified DPPE (efficiency of the modification, 1.7%) and Ekmolecules. They were produced
as described and tested for their capacity to induce
IL-2 production by the T-cell hybridoma 4117
(B 1O.A[5R)); Heber-Katzet al.). L~osomescontain
ing E k and cytochrome c (.. ), E and cytochrome
c C~), and cytochrome c (. ) were used. Control
values (cpm) for IL-2 production: feeder cells
(BIO.A), 542±88; antigen (cytochrome c),
2145+348;
feeder
cells
and
antigen,
74680±7384. SPDP-DPPE, SPDP-modified
DPPE
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Table 2. Secondary response of T cells to liposomes containing MHC class II molecules and antigen

(cpm)
Cell line

BIO.D2 aKLH

B6aOVA

B 6 a Insulin

BIO.A a HEL

Responses to
SC+antigen
SC + Con A
SC+CM

179 166± 16 012
299335 ± 18 599
6829± 557

81237±9279
74 790±4 487
1533± 632

184 657± 12 134
161640± 2032
1756± 377

29 479±2 936
158 149±6 271
4196+ 513

Antigen
Liposomes containing
Ad andKLH
Ab andKLH
KLH
Ab and OVA
OVA
Ab and insulin
Insulin
Ak and HEL
Ab and HEL
HEL
Ak and cytochrome c
Ak
Ab
Ad

22721 ± 1 136
172 006± 2916
263412+21 747
247 183± 12841

881

287

1536±

607

3 163±

358

1 198± 402

1413± 280
27 724±4 325
6472± 518

81844± 8074
173661 + 10 420
121 273±9 799
1855± 312
4768± 827
1911± 392
4419± 688
1 178±
5378±

39

4063±

72

41

Mixture ofliposomes containing
Ab + Insulin
Ad + KLH
160 828± 12 074
Ab+OVA
Ak +HEL
Ab + free insulin
Ad + free KLH
28715± 3074
Ab + free OVA
Ak + free HEL
eeee
8398± 1 696

23811± 1059
6776± 978
3343± 697
3324±

582

1095± 289
1546± 344

501O±

512

7236± 973
2090± 711

KLH, keyhole limpet hemocyanin; HEL, hen egg lysozyme; SC, spleen cells; cm, culture medium

Table 1. Proliferative response of the B6 anti LDHB T-cell clone LB-E8/G 11 to liposomes containing

MHC class II molecules and antigen (cpm)
Lipids in the liposomes

DPPC : DOPC: OPPC: SPDP-DPPE
5
1
3
1

DPPE: SPDP-DPPE
1
9

Experiment No.

1

2

3

4

Response to
SC + antigen LDHB
SC + Con A
SC+CM
Antigen LDHB
CM

31296± 3090
286 983±74 058
257± 125
424± 170
315± 137

16 077± 1 141
ND
576± 118
396± 269
582± 127

6496± 200
56 809±3 413
572± 116
1266± 40
637± 177

16 786± 1 822
64 505±3 882
672± 247
514± 247
ND

Liposomes containing
Ab andLDHB
4812± 1252
LDHB
949±
63
Ab
841± 152
ADandLDHB
1050± 649
Mixture of Aband LDHB
ND
Ab and free LDHB
ND
No protein
814± 387

3900± 59
893± 397
1252± 236
1315± 110
750± 242
1266± 182
ND

153 298± 5600 103971 ± 5034
5025± 837
ND
3625± 649
ND
ND
ND
ND
3874± 812
ND
ND
8437+ 978
ND

DPPC, dipalmitoylphosphotidy1choline; DOPC, dioleylphosphatidy1choline; OPPC, oleyl palmitoylphosphatidy1choline; SC, spleen cells; con A, concanavalin A; cm, culture medium; ND, not done
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Fig. 2. Effect of antigen density on proliferative

T-cell response. The liposomes were produced
with DPPE containing different amounts
(5%-100%) of SPDP-modified DPPE and AB
molecules. They were allowed to react with a
large excess of SPDP-coupled LDH and were
purified by sucrose-gradient centrifugation. Control values (cpm) for the response of the clone
E8/01l to: medium, 637± 177; LDHB
1266 ± 40; syngeneic spleen cells 572 ± 116;
spleen cells+LDHB, 6496±200. SPDP-DPPE,
SPDP-modified DPPE

ponents appears to correlate negatively
with the ability of the vesicles to trigger
T cells. This result suggests that cross-linking of T-cell receptors may be a signal for
T-cell activation. Second, the antigen density in the membrane with a constant
amount of MHC molecule exhibits a sharp
optimum (Fig. 2). The finding that high
antigen densities, although increasing the
probability of MHC-antigen interaction,
result in decreased T-cell response, argues
against the hypothesis that the formation of
MHC-antigen complexes is a prerequisite
for T-cell stimulation. Thus T cells may recognize antigen and MHC as separate entities.
That the MHC-antigen ratio in liposomes
was critical for T-cell activation was observed also in other experiments: Fig. 3
shows a titration experiment with a pigeon
cytochrome C specific BIO.A(5R) T-cell
hybridoma as an indicator system. In this
case, liposomes that contain the antigen at
a too high density to activate the T cells in
the presence of the appropriate restriction
element (here Ek) could trigger T cells in
the absence of MHC molecules or in the
presence of an irrelevant MHC molecule.
This finding can be explained by the crosslinking model, namely, by assuming that
483

weak interactions can sum up to reach the
threshold affinity for the initiation of the
response.
The observations reported here can be
generalized as shown by the experiments in
Table 2. Short-term T-cell lines from different mouse strains that were specific for
different antigens were used to test the
liposomes. The findings are basically the
same as those discussed above. With these
polyclonal T-cell populations, we observed
in several instances that liposomes containing only the antigen induced a T-cell response.
In conclusion, our data suggest that the
most important function of APC is to provide a cell surface with the appropriate
density of foreign antigen and MHC molecules for triggering of T cells. Thus the
presence of antigen and MHC on the same

membrane appears to be the only requirement to activate primed T cells. The results
rule out the possibility that extensive processing is necessary to render foreign proteins antigenic for T cells. The question of
possible additional functions of APC, such
as the secretion of nonspecific mediators required for T-cell differentiation, is not addressed by this study.
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Thymic Dendritic Cells Present Blood-Borne Antigens
to Medullary Thymocytes In Vivo:
A Possible Role in the Generation of the T-Cell Repertoire
B.A. KyewskP

A.

Introduction

tween T cells and epithelial cells (thymic
The ~hymus. r~presents a crucial phase in nurse cells, TNC). T-ROS and TNC are obtained as sequential fractions during digest~e dIfferentiatIOn ofT cells, from their earlIest precursor committed to the T-cell lin- tion, thereby making possible a separate
eage i~ the bone marrow, to the full array isolation of distinct complex types. A comof penpheral T-effector cells. Specification parison between these interaction structures revealed the following salient points
o~ T-~ell subse!s, generation of receptor
dIversIty, selectIOn of self-MHC-restricted [25, 13-16, 7]. All three interactions seem
T-cell precursors, and induction of self- to be obligatory steps for T-cell differentiation; their frequency correlates with
tole~ance. are thought to be largely or exof T-cell maturation and is unafontogeny
clusIvely mtrathymic events [24]. How such
complex functional events relate to the fected by the immune status of the animals.
relatively simple structure of the thymus is T-cell-stromal-cell recognition in vivo does
poorly understood. It has become apparent not require syngeneity but occurs between
that the patter~ of T-cell reactivity is select- fully allogeneic partner cells [16]. The T-cell
ed by the enVIronment [6, 26J in which T subsets engaged in stromal-cell interactions
cells .develop rather than being strictly (2%-3% of all thymocytes) are immature in
genetIcally fixed; thus interest has focused surface antigen phenotype and enriched in
on the definition of such selection sites. To cycling cells over unselected thymocytes.
this end direct cell-cell interactions be- When the entry of donor bone marrow
tween c.ells of the T-cell lineage and non- (BM)-derived Thy 1.1 pre-T cells was follymphoId stromal cells in the murine thy- lowed in the thymus of congenic Thy 1.2
mus h~ve bee.n characterized [25, 13, 14]. hosts, they were found to interact first with
macrophages, second with epithelial cells,
~ese mteractIOns preexist in vivo, can be
and
third with dendritic cells, indicating a
Isolated as intact multicellular lymphostromal complexes by differential temporal hierarchy of lymphostromal recdigestion of the thymus, and are thus ognition during T-cell development. These
amenable to analysis in vitro. At least three kinetics do not necessarily imply a colinear
lymphostromal-cell interactions can be maturation sequence since precursor product relationships are not known. By direct
discerned: (I) between T cells and macroof the appearance of donor T
comparison
phages (M4», (2) between T cells and dendritic cells (DC) (both 1 and 2 referred to as cells in lymphostromal-cell complexes after
thymocyte rosettes, T-ROS), and (3) be- isolation in vitro, with the concomitant
localization of donor T cells in situ, M cp...ROS
and
TNC were located to the cortex and
1 Institute for Immunology and Genetics, GerDC-ROS to the medulla (Kyewski, unpubman Cancer Research Centre, 1m Neuenheilished data).
mer Feld 280, 6900 Heidelberg, FRG
Henry Kaplan Award for the best poster ImmuThough the recognition structures
nological Session
governing these interactions are not known,
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Table 1.
Stromal
cell type

Location Expression
ofMHC
antigens
elass
I

II

TIssue
derivation

Antigen
accessibility

Antigen
presentation
capacity

Kinetic Presumptive
order funcion
ofT-cell
interaction

First

Macrophage

Inner
cortex

Yes

No

Bone
marrow

Seeluded

Deficient

Epithelial
cell

Outer
cortex

Yes

Yes

Seeluded

Deficient

Dendritic
cell

Medulla Yes

Yes

Third
pharyngeal pouch
Bone
marrow

Accessible

Highly
efficient

it is surmised from indirect evidence in
radiation chimeras that self-MHC determinants at least in part specify these interactions [6, 26]. Given the observation
that both cortical epithelial cells and
medullary dendritic cells express high
amounts of class II MHC-antigens constitutively in vivo (whereas cortical macrophages were found to be I-A/E negative),
we tested whether non-MHC-antigens may
have access to the thymus and be presented
to maturing thymocytes during their maturation in vivo. This question bears particular relevance to the problem of where developing T cells expressing antigen-specific
receptors are first confronted with nonMHC-self-antigens and where self-tolerance takes place. Recent evidence indicating that tolerance induction is MHC restricted would favor T-cell-accessory-cell
interactions at such sites [8, 18, 19].
B. Results and Discussion
Intrathymic antigen presentation was assayed by co culture of antigen-specific I-Arestricted cloned T-helper cells with purified irradiated thymic lymphostromal-cell
complexes [11, 15]. As antigens we used
myoglobin, L-glutamic acid 6 °-L-alanine 30 L-tyrosine 1o (GA1), and keyhole limpet
hemocyanin (KLH). Proliferation of T cells

Growth and
differentiation
of early thymocytes
Second Selection according to self-MHC
antigens
Third Tolerance induction
via corecognition of
MHC and nonMHC self antigens

was measured 72 h after culture in vitro by
[3H] thymidine uptake. Antigen was either
injected intravascularly (i.v.) before isolation of the stimulator population or
added to the culture in vitro. After injection
of 0.5 mg myoglobin/g body weight i.v. into C57BL/Ka mice, T-ROS copurified with
specific stimulation of I-A b-restricted myoglobin-specific T-helper cells. This antigenspecific stimulation was a property of Thy1.2-negative stromal cells (anti-Thy 1.2
antibody plus complement treatment did
not alter the presentation capacity of
T-ROS) and could be inhibited by more
than 90% after pretreatment of the stimulator population with anti I-A b monoclonal
antibody and complement. Antigen traffic
to the thymus in vivo was dose dependent
within the range of 1.0-0.25 mg myoglobin/ g body weight. Threshold doses for
thymic
and splenic antigen-presenting
cells (APe) required to present antigen
were similar, indicating no significant
seclusion in vivo of APC enclosed in the
T-ROS fraction. Similar results were obtained after injection of KLH (molecular
weight 3 X 106 ) and GAT (molecular
weight, I X 105 ) [15]. When kinetics of antigen persistence in the thymus were measured, antigen-specific stimulation of T
cells was demonstrable up to 48 h after injection i.v. (Fig. IA). The prolonged presence of antigen within the thymus argues
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Fig. 1A-C. A Kinetics of antigen persistence in
the thymus. C57BL/Ka mice were injected with
0.5 mg myoglobin/g body weight i.v. and 15 min
( 0 ) or 48 h ( 0 ) later nonadherent T-ROS were
purified, irradiated, and cocultured with myoglobin-specific cloned T-helper cells (2X 104/
well). T-cell proliferation was measured after
72 h of coculture by [3H]thymidine uptake.
Ci uninjected control; B Cellular characterization of thymic antigen-presenting cells.
C57BL/Ka mice were injected with myoglobin
(see A) and 2 h later T-ROS were isolated, fractionated, and cocultured with specific T-helper
cells. 0 unseparated T-ROS; 0 nonadherent
T-ROS;
adherent T-ROS; C Physiological
turnover of thymic antigen-presenting cells.
Nonadherent T-ROS were isolated from
(C57BL/Ka X C3H/J) F, mice (0), (C57BL/
Ka X C3H/J) F, BM -,C3H/J newborn ( 0 ), and
(Balb/c X C3H/ J) BM-C3H/J newborn (D )
chimeras. Newborn mice were injected with
20 X 106BM cells/day on days 0-4 and tested 2
weeks later. T-ROS were cocultured with cloned
allo-anti I - A ~T-helper cells. Values on abscissa
refer to numbers of stromal cells/well

against a trivial explanation of these results, namely the uptake of antigen by
stromal cells (which were secluded in the
intact organ), after disruption of the tissue
context during the isolation procedure.
Although myoglobin (molecular weight
17 000) is rapidly cleared from the circulation, the APC activity of T-ROS was unchanged when tested 15 min or 12 h after
injection of antigen.
In further defining the cell type(s) responsible for uptake of antigen in vivo and
presentation in vitro we separated T-ROS
stromal cells into adherent and nonadherent fractions. More than 90% of adherent stromal cells are composed of I-A/
E-negative, F 4/80-positive, phagocytic
MGlike cells, whereas the nonadherent
stromal cells contain 50%-80% nonphagocytic F 4/80-negative, I-AIE-positive DClike cells [l, 141. When separately tested for
APC activity after injection of myoglobin
i.v., the nonadherent fraction contained all
functional APC, whereas the adherent-cell
fraction even when pulsed with additional

antigen in vitro remained nonstimulatory
(Fig. IB). Though this separation method
needs further confirmation by enrichment
protocols using strictly lineage-specific surface markers, it was reproducibly found
that depletion of strongly adherent M <P did
not affect the ability of the T-ROS fraction
to present antigen. The lack of class II
MHC-antigen expression on cortical
macrophages forming T-ROS is compatible
with this result. In order to test DCs and
TNes separately for their accessibility and
capacity to present antigen, we turned our
attention to their different embryonic
origins. DCs are strictly bone marrow derived whereas epithelial cells are derived
from the third pharyngeal pouch. Thus,
PI ~ (PI X P 2 ) FI radiation chimeras were
analyzed in which Des were completely replaced by PI-type cells and epithelial cells
remained of the FI type. When antigen
presentation by cells isolated from such
animals was tested 10 weeks after reconstitution with T-helper cells restricted to P2 type I-A antigens, no T-cell proliferation
was measured using either purified T-ROS
(that is bone-marrow-derived stromal cells)
or epithelial cells as stimulators. The latter,
however, expressed class II-MHe-determinants of P2 -type abundantly, as determined by fluorescence microscopy. This
lack of antigen presentation by thymic epithelial cells after injection of myoglobin i.v.
could not be overcome by providing optimal doses of antigen in vitro [15]. This result indicates an intrinsic deficiency of epithelial cells in stimulation of T-helper cells,
rather than a seclusion from antigen in
vivo. It is not clear to date whether the epithelial cells lack the ability to process antigen and/or fail to produce obligatory costimulation factors (e.g., interleukin-l). Interestingly, thymic epithelial cells have
been successfully grafted across allogeneic
barriers without being rejected [21]. Given
the assumption that DCs are responsible
for antigen presentation in the thymus, ~e
further assessed the physiological turnover
of thymic DCs (equivalent here to nonadherent T-ROS). To this end we used nonradiation chimeras. Newborn PI mice were
given multiple injections with FI bone marrow cells at daily intervals. Such animals
establish a stable bone marrow chimerism

which is proportional to the dose of donor
cells injected (Kyewski, unpublished data).
In such "normal" hosts, without prior ablation of bone marrow-derived hemopoietic
lineages, FI-BM-derived cells establish
stem-cell chimerism and replace host cells
during physiological turnover. When nonadherent T-ROS from such FI ~ PI newborn chimeras were co cultured with cloned
T-helper cells restricted to P2 -type I-A antigens, specific proliferation was detected
(Fig. I e). This proliferative response
amounted to about 10%-20% of the magnitude induced by normal FI mice-derived
T-ROS, indicating a significant replacement in the thymus of host-type DCs by
cells of donor origin. The result indicates
that medullary Des, in contrast to cortical
epithelial cells, undergo a constant physiological turnover and replacement by extrathymic Des. Thus, in addition to the
direct entry of blood-borne antigens into
the thymus, circulating antigen-laden-DCs
may contribute to the spectrum of intrathymically presented antigens.
The described results, in concert with
earlier studies on these cell interactions [25,
13-16, 7], indicate a strict compartmentalization of thymic stromal cells with regard
to their accessibility to circulating antigens
and their intrinsic capacity to present these
antigens to T cells. Macrophages and epithelial cells (here isolated by virtue of their
interactions with thymocytes in vivo) seem
to be highly inefficient in presentation of
soluble protein antigens and are presumably secluded from blood-borne antigens
by a vascular blood-cortex barrier. In contrast, presenting DCs are strictly confined
to the medulla, which in turn displays a
vascular architecture permissive to the passage of macromolecules [20]. Thus, an important aspect of cortex/medulla dichotomy with regard to T-cell recognition resides in either the prevention or facilitation
of T-cell encounters with non-MHC antigens in conjunction with self MHC-antigens.
In the following we speculate on the possible roles of the three recognition steps in
the context of the development of the T-cell
repertoire. Pre-T cells probably enter the
thymus at the cortical side of the corticalmedullary junction and first interact with
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Fig. 2. Solid arrows indicate conjectural routes
of intrathymic T-cell migration intercalated by
lymphostromal recognition and selection steps
between thymocytes and macrophages (I), epithelial cells (II), and dendritic cells (III). Dashed
arrows indicate equally possible traffic routes

and proliferate around macrophages in the
inner cortex (Fig. 2). The role of these
macrophages may resemble those in hemopoietic islands in the bone marrow, in
which they support the growth and differentiation of erythropoietic and granulopoietic cell lineages by direct cell-cell contact
[2, 5]. This early stage of thymocyte-accessory-cell interaction may not yet involve
the T-cell receptor for antigen recognition
but may induce its expression. After this
initial M<1>-induced growth and differentiation phase a second interaction with epithelial cells follows in the outer cortex. As
proposed previously, this interaction may
represent the recognition of self-MHC determinants expressed on epithelial cells by
a minor selective set of clonally expressed
T-cell receptors, thus determining the selfMHC restriction of cytotoxic and helper T
cells [6, 26]. If correct, one would predict
that all T cells associated with epithelial
cells should have productively rearranged
T-cell-receptor genes and express membrane-bound T-cell-receptors [12]. In the
absence of non-MHC antigens this recognition step has to be different from the
obligatory corecognition of MHC antigens
and nominal antigens exhibited by mature
T cells [23, 3]. A third type of intercellular
recognition, now in the medulla between
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thymocytes and dendritic cells, displays the
characteristic MHC-restricted recognition
of non-MHC antigens, which enter this
compartment and are presented here to
maturing T cells. By conjecture this site
may constitute a possible microenvironment where self-tolerance is induced. This
proposition receives indirect support from
the recent observation that thymic epithelial cells when grafted across allogeneic
barriers do not induce T-cell tolerance to
their own class II MHC antigens [21]. DCthymocyte interactions would conform to
the prediction that tolerance induction is
MHC restricted [8, 18, 19]. In addition, the
ontogeny of thymocyte-DC interactions
parallels the induction of self-tolerance [17]
(Kyewski, unpublished data). These considerations, however, leave the cellular and
molecular mechanisms of how self-tolerance is induced and maintained completely
unexplained. According to this model, recognition structures on stromal cells select
for complementary receptors on T cells expressed at the respective stage of their interaction. With the advent of monoclonal
antibodies and molecular probes specific
for the T-cell-receptor certain predictions
of this model may be tested [9, 10]. In
the absence of direct evidence for a
precursor-product relationship between
the various interactions, and the unknown
fate of the selected thymocytes, the developmental pathways of T cells still remain
conjectural [22] (Fig. 2).
The outlined results and speculations depict the complexity of intra thymic T-cell
maturation with regard to cell-to-cell communication, compartmentalization, and
directed lymphocyte traffic. The possibly
critical involvement of stromal cells in
growth control of hematopoietic cell lineages has recently been reemphasized [4].
In view of the notion that some forms of
acute T-cell leukemias may represent an arrest in differentiation rather than an irreversible transformation step, the analysis of
the inductive signals responsible for T-cell
growth and differentiation may aid our
understanding of the mechanism of T-cell
leukemogenesis. T-cell transformation, at
least in the murine model, has been shown
to be strictly dependent on an intact thymic
microenvironment.
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A. Introduction
It is becoming increasingly clear that

chemical, physical, and biologic carcinogens are immunosuppressive. Most of
the available information on the immunosuppressive activity of oncogenic
agents concerns adaptive immunity [17].
Recent studies have indicated that exposure of laboratory animals to various
carcinogenic insults affected also certain
expressions of innate, natural immunity
such as natural killer (NK) activity (for review see [2]).
In previous studies, we demonstrated
that the chemical carcinogen dimethylbenzanthracene (DMBA) exerted a severe
suppressive effect on NK activity of mouse
splenocytes [3, 4]. In the present study, we
addressed the following questions:
1. Is the decrease in NK activity of
DMBA-treated mice restricted to the
spleen, or is this decrease also evident in
other lymphocyte-containing compartments? To answer this question, we compared the NK activity of peripheral blood
leukocytes (PBL) from untreated and
DMBA-treated mice. We also performed
adoptive transfer experiments in which we
tested the NK activity of splenocytes from
lethally irradiated recipients reconstituted
with syngeneic bone marrow from either
untreated or from DMBA-treated donors.

1 Departments of Microbiology
2 Biotechnology, The George S. Wise Faculty of
Life Sciences, Tel Aviv University, Tel Aviv, Israel
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2. Is the decrease in NK activity of
DMBA-treated animals due to a functional
defect or is it due to a reduction in the size
of the NK cell population? This was answered in the present study by performing
a flow cytometry analysis of cells expressing asialo-GM-I- (a ganglioside expressed
on the membrane of certain lymphocyte
subpopulations, especially NK cells [7]), in
the spleen ofDMBA-treated animals.
3. Are other cells of the immune system
also affected by DMBA? We have begun to
answer this by performing mixed lymphocyte reactions (MLR) in which lymphocytes
of DMBA-treated animals served as responders.
4. Is the activity of natural antitumor
antibodies (NATA) affected by carcinogen
treatment? We have compared NATA activity of untreated mice with that of
urethane- or DMBA-treated ones.

B. Results
The NKActivity ofPBL from DMBATreated BALB/c Mice
I.

Table I shows that the NK activity of PBL
from DMBA-treated BALB/c mice is considerably lower than that of untreated ageand sex-matched syngeneic controls. These
results indicate that the effect of DMBA on

Table 1. The NK activity
ofPBL from DMBA-treated BALB/c mice

Cytotoxici ty index ± standard deviation a
Effector: target

100: I
50: I
25: I
12.5: I

Untreated controls b

DMBA-treated

1O.0±4.6
7.4±5.1
4.9±4.0
3.4±2.8

C

6.1 ±3.9
4.3±2.7
2.9±2.0
2.0± 1.3

aCt
"tYIn
. d ex = 100 X cpm released in experimental well- spontaneous release
y 0 t OXICI
total cpm incorporated - spontaneous release cpm
Mean cytotoxicity index±standard deviation given by PBL obtained from the tail vein from 30-50 mice tested individually in 3
experiments. YAC-I cells were used as targets
b 8 to lO-week-old females
Age and sex-matched mice were treated intragastrically with 1 mg/
week DMBA (Sigma) dissolved in corn oil; 4 weekly treatments
were given; NK activity was tested 21 days after the last DMBA
treatment
C

NK activity was systemic and not restricted
to the spleen.

suggest that DMBA acts selectively on lymphocyte precursors in the bone marrow.

II. The NK Activity of Splenocytes from
Lethally Irradiated BALBI c Mice
Reconstituted with Bone Marrow Cells
from DMBA-Treated Donors

III. Flow Cytometry Analysis of Splenocytes from DMBA-Treated BALB/c Mice

In this series of experiments, we assayed
the ability of adoptively transferred bone
marrow cells from DMBA-treated mice or
from untreated controls to reconstitute
splenic NK activity of syngeneic BALB/c
mice irradiated with 950 rad. The results
shown in Table 2 indicate that DMBA
treatment, under the experimental conditions utilized in this study, impaired the
ability of bone marrow precursors to reconstitute NK activity in lethally irradiated
recipients.
In order to find out whether or not
DMBA was selectively toxic toward lymphatic cells such as NK cells, we compared
spleen colonies of irradiated mice which received an adoptive transfer of bone marrow
cells either from DMBA-treated mice or
from untreated controls. We detected no
qualitative or quantitative differences between the two groups. DMBA also failed to
affect the ability of bone marrow cells to
produce colonies in soft agar. These results

The percentage of Thy-I, Lyt-l, Lyt-2, and
asialo-GM-I-positive cells in the spleen of
untreated or DMBA-treated animals was
determined by flow cytometry using commercially available fluorescently tagged
antibodies. The results presented in Table 3
indicate that the percentage of the total T
cell population and the two major T cell
subpopulations were not affected by
DMBA. The percentage of asialo-GMI-positive NK cells was however drastically
reduced. It should be remembered that the
size of the spleen in DMBA-treated mice
was reduced by about 50% [4]. The absolute
number of T cells in the spleen was therefore reduced by the same factor whereas
that of asialo-GM-I-positive cells was reduced by a much larger factor. These results suggest that DMBA was selectively
toxic toward asialo-GM-I-positive cells
with NK activity. However, sorting of
asialo GM-I positive cells originating in
spleens or PBL of control or DMBA-treated
animals (results not shown) indicated that
the decreased NK activity observed in the
493

Table 2. The NK activity of

Cytotoxicity index± standard deviation
(% of nonirradiated controls)"

splenocytes from lethally irradiated BALB/c mice reconstituted with bone marrow cells from untreated or
DMBA-treated donors
Effector: target
100 : 1
50 : 1
25 : 1
12.5: I

Source of bone marrow cells b
Untreated donors
DMBA-treated
78
81
84

45
51

85

52

58

" See footnote" Table 1. The NK activity of splenocytes from nonirradiated, untreated controls was taken as the 100% baseline. The
values represent the percentage activity (given by the indicated
group) of such controls. The cytotoxicity index given by the NK
cells of the control group ranged from 14 at an effector: target ratio
of 12.5 : 1 to 32 at an effector: target ratio of 100: 1. Average values
of 12 experiments
b 8 to lO-week old female BALB/c mice were irradiated with 950 rad
and reconstituted intravenously the same day with 5 X 106 bone
marrow cells either from donors treated with 6 mg DMBA (1 mgl
week see footnote CTable I) or from age and sex-matched untreated
donors. NK activity was assayed I month after irradiation and cell
transfer. YAC-I cells served as targets

Table 3. Flow cytometry of

Splenocytes from DMBA-treated mice"
(% of untreated controls)b

splenocytes from DMBAtreated BALBI c mice
Marker

3mgDMBA

6mgDMBA

Thy-ld
Lyt-I d
Lyt-2 d
Asialo-GM-I

106± 13 (5)C
88± 4 (3)
92± 10 (3)
48± 18 (3)

97± 8(5)C
94± 13 (3)
90± 9 (3)
41 ±30 (3)

e

Splenocyte suspensions were freed of erythrocytes by osmotic shock
and then passed through nylon wool columns. The nonadherent
fraction was used
b The percentage of marker-positive cells in spleens of untreated controls was taken as the 100% baseline. Nonadherent splenocytes of
such untreated controls contained 62% Thy-I-positive cells, 72%
Lyt-I-positive cells, 21 % Lyt-2-positive cells, and 4.4% asialo-GMI-positive cells
c Numbers in parentheses indicate the number of experiments
performed. A pool of spleens from 3-4 mice was tested in each experiment. The mice were tested 2-4 weeks after the last DMBA
treatment (see footnote c to Table 1)
d Cells were directly stained with FITC-conjugated monoclonal antibody directed against the appropriate marker
e Cells were first treated with rabbit IgG directed against asialoGM-I and then stained with FITC-conjugated affinity-purified goat
antibody against rabbit IgG
a
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Table 4. The ability of
splenocytes from DMBAtreated BALB/c mice to respond to alloantigens· in
one-way mixed lymphocyte
reactions

Treatment

Average b
stimulation
index

(% of
untreated
controls)

None
3mgDMBA
6mgDMBA

24.5± 13.3
ll.l± 7.4
9.6± 6.3

100

9.6± 5.1
3.6± 1.3

100

2.1 ± 0.4

22

None
Irradiation + adoptive transfer c
of bone marrow cells from
untreated donors
Irradiation + adoptive transfer
of bone marrow cells from
DMBA-treated donors
a

b

C

45
39
37

C3H/eB cells (H-2 k) served as stimulators. Stimulator cells were
treated with mitomycine C

Stimulation index = _c-,-p_m_l_·n_a_ll_o......g'--..en_e_ic_M_L_R_
cpm in syngeneic MLR
An average of8-l2 experiments is presented
For details see footnote b Table 2

latter mice was due to a reduction in the
size of the NK cell population rather than
to a functional defect of these cells.
IV. The Ability ofT Cells from DMBATreated BALB/c Mice to Respond
in the Mixed Lymphocyte Reaction
As we have seen, the marker analysis of
splenic T cells of DMBA-treated mice
showed no difference between the treated
mice and untreated controls. We carried
out experiments to find out whether
DMBA, while not affecting the number of
T cell populations, had some effects on
their responder function in MLR. The results of assays in which splenocytes from
DMBA-treated or from untreated BALB/c
(H-2 d) mice were allowed to react against
C3HI eB(H-2~ antigens, are given in Table
4. It was shown that DMBA administration
reduced the ability of BALB/c mice to respond to the assayed alloantigens by an
average of 50%.
Adoptive transfer experiments in which
bone marrow from untreated or from
DMBA-treated animals was transferred to
lethally irradiated recipients were performed. The results of these experiments

indicated (Table 4) that bone marrow precursors were also affected by D MBA in
their capacity to reconstitute MLR responder activity.
V. Lymphoma-Reactive Natural Antibodies in Untreated and in CarcinogenTreated BALB/c Mice
In a previous study [19] we found that sera
from young normal BALB/c mice contain
IgM antibodies able to mediate complement-dependent lysis of certain syngeneic
or allogeneic tumor target cells. The titer of
such naturally occurring antitumor antibodies (NATA) was found to increase with
aging.
A longitudinal serologic study comparing
the cytotoxicity potential of NATA from
normal and from urethane-treated BALB/c
mice was performed. It was found that
urethane-treated mice that did not develop
primary lung adenomas within the duration of the experiment had significantly
lower NATA titers against the L5178-Y
lymphoma than urethane-treated animals
that developed lung adenomas. This difference was evident in two independent experiments. The results suggested that the
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Table 5. The binding pattern of naturally occurring lymphoma-reactive antibodies
Binding index of indicated monoclonal a

Lymphomas

Lymphatic cells

Nonlymphatic normal

a

1.67

1.80

3.88

2.2

1.91

L5178-Y
Eb
Esb
YAC-I

+++

+++

++

RLc3'1

++
+
++
+

++
+++
+++
+++
+++
+
+

++
+++
+++
++
+
+
+

Bone marrow
Thymocytes
Splenocytes
Peritoneal macrophages
Embryonic fibroblasts
Erythrocytes (MRBC)
Bromelain-treated
MRBC

+++
+++
+

-

+++
+
++

+
+
+

+
+++
++

+
+
+++

+
++

The binding pattern was established by calculating the binding index (BI). This is the ratio between
the binding (cpm) to the indicated cell of the tested monoclonal and the nonspecific binding of the
radioactive reagent. + + + BI = > 10; + + BI = 5-10; + BI = 1.5-5; - BI = < 1.5

lower antibody activity of the urethanetreated mice that did not develop tumors
existed even before exposure to the carcinogenic insult. The results of preliminary
experiments suggest that a similar situation
also exists with DMBA carcinogenesis.
These findings raise the possibility that certain populations could be segregated according to their natural antibody profile into those individuals which will develop primary tumors within a certain period if exposed to a subthreshold amount of carcinogen, and those which will not. Furthermore, the results indicated that these
naturally occurring lymphoma-reactive
antibodies may play a biologic role in the
development of certain primary tumors.
In order to study these antibodies and
the antigens they react with, we prepared
hybridomas from lymphocytes of LPSstimulated, but otherwise untreated BALB/c
mice. These hybridomas were screened
for secretion of antibodies which bind to
L5178-Y lymphoma cells. Some binding
characteristics of five of the L5178-Y lymphoma-reactive natural monoclonals are
given in Table 5. It can be seen that two of
the five natural hybridomas secrete antibodies which bind primarily to lymphoid
tissues.
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C. Discussion
Natural defense mechanisms are considered by several investigators to be the
first line of defense against developing neoplasia [10]. If this is indeed the case, then
suppression of such defense mechanisms,
for example by cancer-inducing agents,
might enhance the proliferation and progression of transformed cells toward a fully
fledged malignancy. There are numerous
investigations showing that exposure to
cancer-inducing agents such as chemicals
[4], irradiation [8, 15], or hormones [12]
causes a depression in one or more of the
expressions of natural immunity.
The major part of the present study is an
extension of previous findings, showing
that the chemical carcinogen DMBA causes
a severe suppression of NK activity shortly
after administration and long before the
appearance of palpable tumors [4]. In this
study, we demonstrated that the effect is
systemic and that bone marrow precursors
are affected. The results also proved that
the decreased NK activity was due to a
selective toxic effect toward NK precursors
and perhaps also to mature NK (asialoGM-I-positive cells), but not due to a
functional defect of such cells. We do not

know, as yet, if the NK deficiency of
DMBA-treated mice contributes toward tumor development.
The mode of induction of naturally
occurring-antibodies, their physiologic role,
and the mechanisms regulating their levels
and functions are largely unknown.
It seems that the repertoire of naturally
occurring antibodies is rather large, equaling perhaps that of adaptively induced
antibodies. Among the epitopes recognized
by naturally occurring antibodies are many
expressed on normal cells [6, 21], on malignant cells [13, 14], or on various oncoviruses [9, 16]. None of these epitopes is restricted to these cells or viruses. However,
even in this situation, naturally reacting
antibodies directed against epitopes expressed on malignant cells could function
as regulators of the progression of malignancy. This could occur at several levels by
various mechanisms such as binding to and
neutralization of oncogenic viruses [1, 11],
opsonizing transformed or nascent malignant cells, lysing them by complement activation, or arming of naturally occurring Fc
receptor-positive killer immunocytes [18,
20]. It is also possible that natural antibodies may enhance tumor growth and
development by direct or indirect mechanisms [5]. Our previous studies suggested
that certain lymphoma-reactive natural
antibodies may playa role in chemical car.
.
cmogenesls.
The characterization of these antibodies
is an essential prerequisite in order to establish the physiologic function of such
antibodies and the role they play in controlling primary tumor development. Establishing hybridomas secreting tumor-reactive antibodies is the first step toward this
goal.
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Genes and Antigens Controlling Tumor Metastases *
L. Eisenbach and M. Feldman

A. Introduction
The generation of met~stases by n~oplastic
cells constitutes the mam problem m tumor
malignancy. Metastasis is a mult~step pr~
cess in which each of the sequentIal steps IS
controlled by different properties of the disseminating tumor cells. The host's capacity
to recognize metastatic, as against nonmetastatic, cells of the tumor cell population could exert a controlling effect on each
of the stages culminating in the progressive
growth of metastases. Recognition of cel!surface antigenic epitopes on metastatIc
cells via T lymphocytes would be restricted
by cell-surface class I glycoproteins coded
by the major histocompatibility c?mplex
(MHC). In mice, such glycoprotems are
coded by the H-2D and H-2K genes of the
MHC, and differences in their expression
on metastatic, as distinct from nonmetastatic, cells of a given tumor could therefore
elicit different T cell effector responses,
which would then determine the fate of the
disseminating tumor cells. The feasibility of
an MHC control of the metastatic process
attracted us during investigations of the
unique properties of a metastatic carcinoma originated in a C57BL (H -2~
mouse, the 3LL Lewis lung carcinoma. Fo~
lowing transplantation in syngeneic ammals, the 3LL carcinoma generates spontaneous lung metastases while growing locally at any site of transplantation. Ho~
ever, this tumor differs from all normal
. . tIssues and from many other tumors III Its ca-

*

Department of Cell Biology, The Weizmann
Institute of Science, Rehovot 76100, Israel

pacity to grow in allogeneic recipients. Yet,
metastases were generated only when the
tumor grew in syngeneic animals [1]. The
allograft response elicited by the local tumor could not arrest the local growth, but
was sufficiently powerful to prevent the
growth of metastatic lung nodules. Subsequent experiments indicated that the
spontaneous lung metastases behaved as
"secondary" grafts, being rejected by.the
alloreactive T cells that had been ehclted
by the local graft [2]. When the .3~L cells
were injected intravenously to sImIlar allogeneic mice, lung tumors ~eveloped as
"primary" grafts and these dId grow. progressively [2]. It thus appeared that III an
allogeneic recipient the local t~mor can resist an immune response, whIch prevents
the growth of its spontaneous lung metastases. This raised the question as to whether
an immune response elicited by the. g~ow
ing local tumor in syngeneic reCIpIents
could similarly prevent t~e progres~lOn ~f
spontaneous metastases III syngeneIC ammals and whether the probability of forming metastases by ind~vid?al tumo~ cells
grown in syngeneic mIce IS. a func~IOn ?f
their immunogenic propertIes, whIch. III
turn might be a function of the expreSSIOn
of the restricting class I MHC antIgens on
the neoplastic cells.
B. The Relative Expression of H-2Kb/
H-2Db on Clones of the 3LL Tumor
is Correlated with Their Metastatic
Competence
Our approach to the question as to whether
differences in the expression of H-2Db ver499

Table 1. Metastases and H-2 expression of 3LL subclones
Clone

Percent positive cells a
Gain 8

Gain 4

A9A5
A9FH5
A9FJ1
A9C3
A9E2
A9G3
A9H3
A9H6
A9J2
A9FAI
A9FA6
A9FIl
A9FJ2
A9FJ3
3LLFI6
A9E6
A9L2
A9FE2
3LLFA5
3LLFLl
A9FG6
A9FJ4
3LLFA3
3LLFB4
3LLFCI
3LLFC6
3LLFL5
3LLFL6
3LLFM2

Kb

Db

Kb

Db

1±0
2±2
3±1
11±3
13±6
1O±6
14±4
16±5
16±6
22±6
16±4
9±3
14±0
18±7
23±5
11±6
14±0
5±2
9±9
14±8
7±3
7±3
2±0
8±7
6±0
7±2
2±3
4±4
4±3

1± 0
2± 3
4± 1
25± 6
28± 8
31± 10
26± 11
53± 15
37± 9
37±1O
37± 0
21± 8
65± 0
50±1O
30± 3
47± 2
69± 0
23+16
51±20
35±1O
43± 17
29± 9
41±1O
45±1O
87± 0
32± 15
42± 13
26± 6
28± 7

5± 0
6± 4
13± 2
33± 6
43± 9
35±1O
30± 4
40± 13
53± 10
45± 2
43± 8
35± 9
47± 0
44±16
61± 11
34± 9
42± 0
14± 6
25± 9
30±41
15± 7
14± 7
11± 6
15± 7
22± 0
11± 8
9± 6
6± 5
19± 8

5± 0
8± 3
15± 2
60±15
55± 18
54± 16
42± 9
67± 14
73±14
55± 12
70± 4
47±12
87± 0
75± 18
61± 6
84± 8
89± 0
45± 16
63± 13
57± 13
71±23
56± 19
56± 18
61± 10
96± 0
47± 17
62± 12
52±13
72± 8

Ratio Kb/D b

Lung weight (mg)b

Gain 4 Gain 8

Mean

Range

1.0
1.0
0.75
0.44
0.46
0.32
0.54
0.30
0.43
0.59
0.43
0.43
0.22
0.36
0.70
0.24
0.20
0.22
0.18
0.40
0.16
0.24
0.05
0.18
0.07
0.13
0.05
0.15
0.14

243± 58
217± 35
230± 62
233± 25
220± 41
229± 27
224± 21
236± 91
218± 28
192± 28
208± 14
201 ± 18
236± 30
214± 31
219± 39
259± 73
284± 23
367±300
31O±188
294± 159
429±395
451 ±361
437±347
947 ± 243
641 ±220
492±224
567±387
662±367
518-191

126- 361
163- 271
187- 378
195- 273
172- 278
180- 263
178- 237
174- 478
185- 264
145- 227
182- 224
180- 239
193- 273
183- 278
173- 290
215- 458
252- 320
233-1159
204- 767
185- 588
205-1311
168-1355
175-1226
662-1409
486-1073
336-1226
193-1290
233-1158
236- 735

1.0
0.75
0.87
0.55
0.78
0.65
0.71
0.60
0.73
0.82
0.61
0.74
0.54
0.59
1.0
0.40
0.47
0.31
0.40
0.53
0.21
0.25
0.20
0.25
0.23
0.23
0.15
0.12
0.26

Tumor cells 2-4 X 106 were incubated at 4°C for 30 min in purified anti-K b (28-13-3) monoclonal
antibody or anti-D b (28-14-8) antibody, washed twice in phosphate-buffered saline with 1% bovine
serum albumin and 0.2% sodium azide, and reincubated in fluorescein isothiocyanate-1abeled rabbit anti-mouse Ig. Fluorescence-activated cell sorter II analysis was performed with photomultiplier
tube set at 550 V
b In 10 C57BL/6J male mice, 105 cells were inoculated i.f.p. When the primary tumors reached 8 mm
in diameter tumor-bearing legs were amputated. Metastatic load was determined 30 days after
amputation

a

SUS

H-2Kb glycoproteins (the class I anti-

gens of the mouse MHC) control the metastatic potency of 3LL cells was triggered by
earlier experiments in our laboratory. In
these we aimed at determining the minimum genetic identities between the tumor
strain of origin and the host's phenotype
that are required for the generation of me500

tastases. We found that identities at the
H -2Db gene and the non-MHC background
are sufficient for metastasis formation,
whereas the H-2K phenotype of the recipient was completely irrelevant [1]. It then
turned out that identity at the H-2Kb was
unnecessary, because the 3LL tumor hardly
expressed the H-2Kb on its cell surface [3].

Table 2. The effect of interferon and retinoic acid on MHC cell surface expression and metastasis
Treatment

Antibody binding (cpmll04 cells)"

Spontaneous
metastases:
Lungwt
(mg±SD)

Anti-Kb
28-13-3

Anti-K b
20-8-4

Anti-Db
28-14-8

Kb_Db
(28-13-3/
28-14-8)

13 028± 1022
23 854± 1214
12518± 853

25529± 402
55 141±4 342
22 276± 1 524

17 224± 1441
77 424±2 218
48537± 983

0.76
0.31
0.26

249± 66
41O±205
519±270

261O± 123
5329± 327
1958± 73

3300± 211
6500± 259
2800± 322

13200± 459
44 OOO± 1320
12800± 924

0.20
0.12
0.15

536± 176
794±236
620± 178

A9 clone

Interferon
Retinoic acid
Di22 clone

Interferon
Retinoic acid

Treatment was performed with 105 tissue culture-propagated cells transferred to 100-mm petri dishes
in 10 ml Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum (FCS), 1%
glutamine, 1% sodium pyruvate, 1% nonessential amino acids, and 1% antibiotics in the presence of
100 units/ml interferon (a and p, 107 units/mg) or 10--6 mol/liter retinoic acid. The cells were grown
to confluency (1 week), with twice-weekly changes of growth medium
a Direct radioimmunoassay:
106 living cells were incubated with 50 III 125I-Iabeled antibody,
0.1-1.5 Ilg protein A-Sepharose-purified (28-14-8 and 20-8-4), or 0.5-7.5 Ilg semipurified antibody
(28-13-3). Binding was done for 1 h at 4°C in a 300-lll final volume of phosphate-buffered saline
(PBS), 5% FCS, after which plates (24 wells) were washed four times in PBS-FCS and cells were
collected into tubes and monitored in a gamma counter. The saturation values of a dose-dependence curve are given

The question which thus arose was whether
the absence of H-2Kb expression concomitant with the presence of H-2Db determined the metastatic potency of the tumor
cell population. To answer this question we
cloned 3LL cells in soft agar and tested the
metastatic potency of individual clones. We
found that the clones differ in their capacity to generate spontaneous lung metastases
when grown intrafootpad (i.f.p.) in syngeneic animals. As previously demonstrated
for other tumors [4], this tumor cell population varied in the metastatic potency of its
individual cells. To test whether there is a
correlation between the metastatic properties of individual clones and the expression
of MHC genes, we used monoclonal antibodies 28-13-3 and 20-8-4, which identify
H-2Kb molecules, and antibody 28-14-8,
which identifies H-2Db molecules [5]. We
analyzed 30 clones by direct radioimmunoassay and with the fluorescence-activated
cell sorter. We found (Table 1) that the lower
the H-2K bl H-2Db ratio, the higher was the
metastatic potential o/the cloned cells [6].

C. Induced Alterations of H-2K/H-2D
Ratio Alters the Metastatic Phenotype

To examine whether the relative expression
of class I antigens of the MHC was causally
related to its metastatic phenotype, we attempted to alter the H-2K b/H-2D b ratio,
and then to test whether such alteration
will change the metastatic potency of the
cells. For this purpose we treated in vitrocloned tumor cells with either interferon
a+f3 (a stimulator ofH-2 synthesis) or with
retinoic acid. Cells of two clones were used
in these experiments: The low metastatic
A9 clone that expresses both the H-2K and
the H-2D glycoproteins, and the highmetastatic DI22 clone that expresses the
H-2Db molecules but lacks H-2Kb expression. It was found that interferon caused an
increase in both K and D expression of
both A9 and DI22 cells, yet the net increase in H-2Db expression was significantly higher than that of H-2Kb expression, thus lowering the H-2K/H-2D ratio
(Table 2). These changes were associated
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Fig. 1 a-f. Effect of interferons on cell surface
expression of H-2K band H-2D b alloantigens of
clones A9 and DI22. Quantities of 2 X 105 tissue
culture-propagated cells were transferred to 100mm petri dishes in 10 ml Dulbecco's modified
Eagle's medium supplemented with 10% fetal
calf serum, I % glutamine, I % sodium pyruvate,
I % nonessential amino acids, and I % antibiotics.
The cells were grown for 5 days in the presence
of no interferon (a, d); interferon a + f3 500 units/
mI, 107 units/mg (b, e); or y-interferon
100 units/mI, 12 X 107 units/mg (c, f). Cells were
treated with monoclonal antibody 28-13-3 (antiK ,), 20-8-4 (anti-K bD b, reacts mainly with K b
molecules), or 28-14-8 (anti-D') and analyzed by
the FACS II

with a significant increase in the metastatic
load produced by both the A9 clone and
the DI22 clone. Treatment with retinoic
acid did not affect H-2K expression, but increased significantly H-2Db production,
lowering the H-2K/H-2D ratio even further. This again increased the metastatic
load produced by Dl22 cells, and converted the low metastatic A9 clone to a
high metastatic phenotype (Table 2).
Thus far we have not found a chemical
signal which would cause an increase in the
H-2K/H-2D ratio and thereby effect a decrease in the metastatic potency of the cells.
Very recent experiments with y-interferon
have indicated that this interferon is more
effective than interferon a + {3 in induction
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of the cell surface expression of H-2Db and,
especially, of H-2Kl5 molecules on A9 and
DI22 tumor cells (Fig. 1). While testing for
spontaneous lung metastases we observed
no changes in the low metastatic phenotype
of A9 clone and a reduction in the number
of metastatic nodules formed by the high
metastatic DI22 clone.
D. The Relative Expression of H-2K/H-2D
Molecules is Correlated with the
Immunogenic Properties of the Cloned Cell
Populations

We then considered whether the low
H-2K/H-2D ratio determines a metastatic
phenotype because it confers a low immunogenic potency on the neoplastic cells.
I. Growth and Metastasis in Allogeneic
Recipients

As stated above, the parental3LL cell population, manifesting a low H-2K/H-2D
ratio, can grow across H-2 barriers
although metastases are not formed in allogeneic mice. We also tested whether the
nonmetastatic A9 clone (K+D+) and the
DI22 clone (K-D+) differed in their capacity to grow in allogeneic recipients. Whereas
the DI22 grew locally without generating
metastases in BALB/c (H-2 d) and C3H (H-2~

mice, the nonmetastatic A9 clone was
rejected by allogeneic recipients [7]. The
metastatic potential in syngeneic mice was
thus correlated with the immunogenic effect determining growth in allogeneic mice.
II. Growth and Metastasis in Congenic
Recipients
Clone A9 behaves as a regular incompatible immunogenic allograft in allogeneic
mice. To test whether the class I antigens
alone on the A9 clone could elicit rejection
of the grafted tumor, 105 A9 or Dl22 cells
were inoculated to groups of H-2-recombinant mice on a C57BL/1O background [7]. We used BlO.HTG (KdD b),
BlO.D2 (KdDd), and BlO.A(4R) (KkDb)
mice. Clone A9 (KbDb) grew in 9110
B1O.HTG mice at a slower rate than in
C57BL/6J mice. Only partial and slow
growth was observed in BIO.D2 mice (51
11), and the A9 clone grew in only one of
nine mice of the BlO.A(4R) strain. In contrast, Dl22 grew in C57BL/6J and in the
three recombinant strains at a similar rate.
Testing for metastases, we found that DI22
metastasized in
C57BL/6J
(KbDb),
BlO.HTG (KdD b), and BlO.A(4R) (KkDb),
but not in BIO.D2 (KdDd) mice. The Kb_
positive A9 cells grew partially in recombinant mice, while D 122 grew progressively and metastases were rejected only in BIO.D2 (D d) mice. Thus, the higher
immunogenic effect of clone A9, compared
with the DI22 clone, is a function of an immune response elicited by the H-2K determinant.
III. Clone A9, Unlike Clone DI22, is
Immunogenic in Syngeneic Mice
In view of the differences in growth pattern
of A9 and D 122 clones in allogeneic and
H-2-recombinant mice [7], we asked
whether the higher immunogenicity of the
A9 clone was also effective in the syngeneic host, and whether this could account
for the inability of the A9 clone to metastasize. C57BL/6J mice were immunized by
three intraperitoneal injections of 107 irradiated A9, D122, or 3LL cells at I-week

intervals. Ten days after the last injection,
immunized mice and controls were challenged by A9 or DI22 cells. We found that
immunization by A9 cells significantly
slowed the growth rate of a second A9 tumor but did not affect the growth rate of
the metastatic Dl22 tumor. Immunization
by clone Dl22 or by 3LL did not retard the
growth of a second A9 or DI22 tumor.
Similar results were obtained when mice
were intradermally immunized with living
A9 or DI22 cells.

IV. Cytotoxic Activity of Lymphocytes
Sensitized In Vivo to A9 and Dl22 Tumor
Cells
Following the in vivo observations, we tested the cytotoxic T lymphocyte (CTL) responses evoked by cells of A9 and D 122
clones in syngeneic hosts. C57BL/6J mice
received 5 X 104 or 105 A9 or DI22 tumor
cells by intradermal injection. At 12 days
after the immunization, spleen cells were
removed and stimulated in vitro for 5 days
on mono layers of irradiated and mitomycin
C-treated A9 or DI22 cells. The cytotoxic
activity of these spleen cells was assayed
against A9 and DI22 target cells in a 16-h
indium-Ill release assay. Figure 2 demonstrates that A9 induced high levels of cytotoxic activity, which was manifested against
A9 cells and to a lesser extent against D 122
target cells. D 122 cells induced a lymphocyte population that manifested low cytotoxic activity against D 122 or A9 target
cells. Thus, the in vitro interaction of immune lymphocytes with nonmetastatic A9
cells led to the destruction of the tumor
cells, whereas lymphocytes interacting with
D 122 cells were significantly less efficient
in destroying the tumor cells.
E. Molecular Nature of MHC Gene
Products in 3LL Clones

Low metastatic clones such as A9 were
shown to bind anti-H-2Kb and anti-H-2D b
antibodies, while high metastatic clones
such as D122 bound only H-2Db antibodies
(Table 2). We tested the molecular similarity of the MHC glycoproteins to H-2b
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Fig.2A-D. Correlation of H-2K
gene expression on 3LL clones
with ability to stimulate cytotoxicity and susceptibility to cell-mediated cytolysis. C57BL/6J mice
were immunized intradermally
with 5 X 104 A9 cells (e-e),
I X 105 A9 cells (0-0), 5 X 104
DI22 cells (.--.), or I X 105
DI22 cells (0-0). On day 12,
spleens were removed and lymphocytes were restimulated in vitro
on irradiated and mitomycintreated A9 or Dl22 cells. IndiumIll-labeled A9 (B, D) or Dl22 (A,
C) cells reacted with these lymphocytes in a 16-h assay
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molecules of C57BL/6J spleens. Immunoprecipitation of 125 1 cell surface-labeled
and 35S-methionine-labeled extracts of A9
and D 122 clones showed a strict correlation
between synthesis and cell surface expression. In D122 and in the parenta13LL cells,
but not in A9, synthesis of Kb molecules
was suppressed [6]. The 45K proteins precipitated by anti-H-2 b serum or monoclonal anti-H-2K b (from clone A9) were
similar in migration to molecules precipitated from C57BL/6J splenocytes, and
a 12K ,B2-microglobulin molecule was coprecipitated. Separation on lentil-lectin
Sepharose showed that most of the H-2bencoded proteins were in their glycosylated
form [6]. To obtain a better understanding
of the transcriptional level of the K gene
suppression in metastatic clones, we used
Northern blot hybridization to analyze the
mRNA from clones A9, DI22, and 3LL as
compared to liver mRNA and RNA extracted
from metastatic and nonmetastatic clones
of another metastatic tumor, the T10 sarcoma (T1O sarcoma is an Fl (H-2 b XH-2 k)
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tumor that expresses only D end products
of the MHC). We used four probes: (a) a
genomic K b, 5' region probe, H8Pst8 [8];
(b) a cDNA, H-2~ 3' re}ion probe, pH2IIa
[9]; (c) a cDNA, H-2, 5' region probe,
pH2III [9]; and (d) a human HLA-B9
cDNA probe. All these probes hybridize to
both K and D end transcripts. Figure 3
shows that the normal H-2 transcript of 2
kb that is expressed in the liver is also expressed at a high level in clone A9 and in
the 3LL line. A lower level of transcription
of the 2-kb mRNA is observed in clone
D122 and in the TIO sarcoma clones, as
both Dl22 and all T10 clones lack expression of K end products. Besides the normal
2-kb transcripts, an abnormal RNA of
5.5-6 kb was observed in all tumor clones
[10]. This transcript hybridized to the three
5' region probes but not to the 3' region
probe. The origin of this large RNA is not
yet known, but it may result from the insertion of a foreign DNA into the H-2K
gene of the tumors. In this event the large
RNA could represent a transcript contain-
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ing H-2 sequences plus other sequences,
and this could explain the inactivation of
the H -2K gene.
Southern blot analysis, although very
complex, revealed new fragments hybridizing to the H-2 probes when the genomic
DNA from tumor clones was digested with
EcoRI, BamHI, XbaI, or SStI and compared with liver DNA of the same mouse

Fig.3a-d. Transcription of MHC class I genes
in tumor clones. Northern hybridization performed with poly(A)+ RNAs from 3LL carcinoma and TID sarcoma. 1, A9, low metastatic,
3LL; 2, 0122, high metastatic, 3LL; 3, 3LL, parental; 4, liver; 5, IC9, nonmetastatic, TIO; 6, 06
moderately metastatic, TID; 7, IB9, high metastatic, TlO; 8, IE7, high metastatic, TlO; 9 and 10,
1'8, T40, parental TlO. Probes used: a H8PSt8, b
H-2IIa, c H-2III, and d PDPOI
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Fig.4A-C. Expression of c-mye and
cjos one genes in 3LL clones. Poly-
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strains (C57BL for 3LL clones and Fl for
TlO clones). Differences were also observed
between clones A9 and D122. The possibility that a mutation or insertion in H-2K
genes might result in the loss of expression
of an H-2 molecule, giving rise to clones insensitive to the host immune system, is
investigated.
F. The Metastatic Phenotype Might
Represent a Lower Level of Molecular
Differentiation: Expression of c-/os Gene
The co-expression of the two class I antigens, which characterizes the low or nonmetastatic clones of 3LL, also characterizes
most nucleated normal somatic cells,
whereas both early embryonal cells and
nondifferentiated teratocarcinoma cells
lack expression of H-2 molecules. Do other
gene products of the metastatic versus the
nonmetastatic phenotypes signity differences in state of differentiation? Of particular interest from this viewpoint is the
fos gene. Expression of c-fos, the cellular
counterpart of the FBJ osteosarcoma viral
one gene, was shown to correlate with the
induction of differentiation in human
506

m)'C

adenylated mRNA was selected on
oligo-dT cellulose and electrophoresed
on formaldehyde-agarose gels. RNA
was then transferred onto nitrocellulose filters which were subsequently
hybridized with a 32P-Iabeled nicktranslated c-mye probe, washed, and
exposed to x-ray film. The same blot
was cleaned of the c-mye probe and
rehybridized to a/os probe. 1, mRNA
from low metastatic A9 clone; 2,
mRNA from high metastatic DI22
clone; 3, mRNA from parental 3LL
line. a Hybridization t%s, blots exposed for I day; b hybridization t%s,
blots exposed for 3 days; c hybridization to mye, blots exposed for I day

myeloid leukemia line WEHI-3B [11].
Transfection of F9 teratocarcinoma cells by
a cloned fos gene was shown by Muller and
Wagner to induce differentiation of teratocarcinoma cells to endoderm-like cells [12].
In a recent study of the organization and
expression of one genes in metastatic and
nonmetastatic clones we observed that the
cjos proto-one gene is expressed in the low
metastatic clone A9 at high levels, while the
high metastatic clone Dl22 does not contain cjos-related m-RNA (Fig. 4). A low
level of c-fos transcription was also observed in parental 3LL cells. Expansion of
these results showed that other low metastatic 3LL clones also expressed c-fos. In addition, we found that the c-mye oncogene
was amplified 60-fold in all 3LL clones.
Thus, the level ofc-mye mRNA is very high
in A9 and D122 clones, as well as in the parental 3LL line. Figure 4 demonstrates, using the same Northern blot, that while
c-mye is expressed in all three cell types,
clos is expressed mainly in the low metastatic A9 clone.
Is the expression offos gene product and
a full expression of H-2K and H-2D gene
products an indication of a more differentiated state of the A9 low metastatic clone

than of the metastatic D 122 clone, and is
such a differentiation step crucial in the
control of metastatic spread by the host?
We are currently investigating these questions.
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A.

Introduction

Killer cells can be analyzed in the context
of human leukemia in three different ways:
1. The cytotoxic potential of nonleukemic
cells found in a leukemic sample can be
analyzed.
2. The leukemic cells can serve as targets
for cytotoxic cells.
3. Leukemias can represent transformants
of killer cells. In the following we will
summarize in brief our results on these
separate topics.
B.

Materials and Methods

Leukemic cells from peripheral blood,
classified by morphology, cytochemistry,
and immunologic markers, w~re .us~d
either fresh or after storage In lIqUId
nitrogen. Analysis with monoclonal antibodies (MoAb) was done in indirect immunofluorescence and cytotoxicity was
studied by chromium release.
C.

Results and Discussion

In chronic lymphocytic leukemia (eLL),
the deficiency of the immune system appears to be of utmost i~po~tance. for the
outcome of the disease, SInce InfectIOns and
secondary malignancies are major causes of

*
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death. When the nonleukemic cells were
isolated from peripheral blood samples of
eLL patients, the natural killer (NK) cell
activity was found to be profoundly defective in a large portion of patients [I]. At
the cellular level, this might be explained:
(a) by the presence of functionally defective
mature effector cells; or (b) by the absence
of the effector cells. Using the MoAb HNKI [2] which detects mostly early inactive
NK cells plus some active NK cells, ~nd the
MoAb VEP13 [3] which detects actIve NK
effector cells only, we found that in patients
with defective NK cell activity the VEPI3+
cells were absent while the HNK-I + cells
were increased [4] (Fig. I a). We suggest
that there might be a block in differentiation of the NK cells in eLL, which results in accumulation of precursor cells.
In analyzing acute leukemia cells as target cells, we were able to demonstrate that
the cell-mediated killing of these cells can
be greatly enhanced by a short preincubation with actinomycin D [5]. The allogeneic effector cells responsible for this lysis could either be T cells, monocytes, or
NK cells. Using the MoAb VEP13, we were
able to demonstrate the NK cell nature of
the effector cells [6] (Fig. 1 b). The results
point to a possible cooperation of cytostatic
drug and the immune syst~m an~ ~~rth~r
studies will have to test thIS possIbIlIty In
autologous combinations.
We have developed a system that allo~s
for measurement exclusively of cytOtoxIC
monocytes against tumor cells in a. shortterm (7 h) assay with whole penpheral
blood mononuclear cells [7]. For the analysis of clonal killer monocytes, we used cells
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from acute monoblastic leukemia (AMoL)
patients and we found that AMoL cells can
exert high cytotoxicity which is linked to
the expression of a MoAb-defined cell surface marker (63D3) [8, 9] (Fig. 1 c). In conclusion, analysis of killer cells in leukemia

can increase our understanding of the normal regulation of these important effector
cells of the immune system and at the same
time it can provide information useful for
the management of the disease and for designing new therapeutic strategies.
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Influence of Colchicine and Cytochalasin B on Pinocytosis,
Phagocytosis, and Antibody-Dependent Cell-Mediated Cytotoxicity
A. Piasek 1 and P. Obt<;tkowski 2

A.

Introduction

The cytoskeleton is an organelle of eukaryotic cells engaged in organization and external and internal cell movements, e.g.,
endocytosis. Our previous experiments
proved that colchicine (an antitubular
drug) and cytochalasin B (cyt B, an antimicrofilament agent) have significant influence on the development of the process [8,
9]. Reports on the inhibiting effect of the
development of antibody-dependent cellmediated cytotoxicity (ADCC) are inconsistent. The aim of the present work was to
examine the influence of colchicine and cyt
B on the development and mutual dependence of pinocytosis, phagocytosis, and
cytotoxic effect.
Peritoneal resident cells (PRC) isolated
from Swiss mice were used as effector cells
in our experiments. Macrophages constituted 60%-80% of this cell population. PRC at
a concentration of4x 106/ ml were incubated 2 h in MEM in 37°C, 5% CO 2 with addition of: (a) colchicine 10-6 M; (b) cyt B
4 f..lg/m1; and (c) pure medium (control).
B.

Pinocytosis

concentration of 3 mg/ml was added to the
culture. After 90 min incubation. the cells
were centrifuged, washed five times and
after sonication in the presence of 0.05%
Triton X-IOO, HRP was determined according to Karnowsky's method [4].

C.

Phagocytosis

After 2 h of incubation as described, opsonized sheep red blood cells (SRBC) were
added to the effector cell culture. The cultures were incubated "under" standard
conditions for 90 min. The cells were centrifuged and supernatants were collected
for determination of released hemoglobin
(Hb). Nonphagocytized erythrocytes were
removed by means of double lysis with
0.5 M NH4 CI solution. After additional
washing with PBS, the cells were sonicated
in the presence of 0.05% Triton X-IOO. The
Hb content in homogenates was determined as a measure of the effectiveness of
phagocytosis. Phagocytosis was also examined using 51Cr-Iabeled SRBC and measuring the radioactivity of the effector cells at
the end of the experiment. Phagocytosis
was also confirmed by morphological observations.

After 2 h of incubation, 0.5 ml MEM containing horseradish peroxidase (HRP) at a
D.
1 Department of Histology and Embryology, Institute of Biostructure, Medical School, Chalubiilskiego 5, 02-044 Warsaw, Poland
2 Department of Medicine, Institute of Haematology, Chocimska 5, 00-957 Warsaw, Poland

ADCC

In supernatants collected from PRC cultures
with opsonized SRBC, Hb was determined according to a modified Karnowsky's method. When 51Cr-Iabeled
SRBC were used as the target cells, the
511

radioactivity of the SlCr released was determined in a gamma scintillation counter.
Full details of this assay procedure are described elsewhere [11, 12].
E.

Medium

Number of Percentage
of control
SRBC
destroyed by ratio
1 X 106 PRC

MEM
MEM + colchicine
MEM+cytB

4212000
4085000
385000

Results and Discussion

We have observed that cyt B and colchicine
decreased pinocytosis of HRP by PRC by
more than 30% (Table 1). In the case of
colchicine treatment, phagocytosis was inhibited similarly to pinocytosis, but the
process was completely stopped by cyt B
(Table 2).
The results of endocytized Hb determination were identical with the determination by the isotope method. Analogously,
ADCC activity was found to be identical
with both methods (Hb or SlCr). PRC
colchicine treatment had no influence on
the development of ADCC, but cyt B treatment almost completely stopped the reaction (Table 3). The literature shows that a
cytotoxic effect may be caused by enzymes
[1, 2, 5-7]. This role is ascribed to lysosomal hydrolases released to the environment

Table 1. Influence of colchicine and cyt B on
pinocytosis
Medium

Number of
Percentage
endocytized of control
HRP(ng/mg ratio
protein)

MEM
MEM + colchicine
MEM+cytB

3300
2125
2046

100%
64%
62%

Table 2. Influence of colchicine and cyt B on
phagocytosis
Medium

Number of
Percentage
phagocytized of control
SRBCI
ratio
106 PRC

MEM
MEM + colchicine
MEM+cytB

2 112000
100%
1221000
58%
Undetermined -
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Table 3. Influence of colchicine and cyt B on
ADCC

100%
97%
9%

or to the enzymes producing oxygen radicals (superoxide) and hydrogen peroxide.
It is considered that endo- and exocytosis
are in constant dynamic balance. In both
processes, the same cellular organelles: actin microfilaments and microtubules, take
part. It was suggested in this and other
work that the strong inhibition of pinocytosis and phagocytosis after microtubule
destruction with colchicine might be connected with the strong decrease of enzyme
release.
The effect of this should be a decrease in
ADCC activity. In our work, PRC colchicine treatment had no influence on the reaction. The second possibility concerning
the role of oxygen radicals seems to be inadequate to explain the ADCC mechanism.
There are reports on monocytes unable to
produce hydrogen peroxide and oxygen
radicals that show strong activity in ADCC
[3]. Cyt B in the concentrations examined
causes disorganization of movement in the
cell membrane. The effect of this is capping
inhibition on the lymphocyte surface [10].
The destruction of actin microfilaments
caused almost complete inhibition of
ADCCby PRC.
It is known that the cell movements and
the movements of the cell membrane elements are connected with actin microfilaments. So it is possible that the specific configurations of these elements in the cell
membranes of the PRC, together with
hydrophobic domains that lyse the membranes of the target cells, are responsible
for the PRC cytotoxic effect in ADCC. This
mechanism would be similar to that of
complement action during formation of the
membrane attack complex.
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In Vivo Studies with Covalent Conjugates of Cobra Venom Factor
and Monoclonal Antibodies to Human Tumors

c. -W. VogeP, S. D. Wilkie i., and A. C. Morgan

2

A.

B. Materials and Methods

Introduction

Cobra venom factor (CVF) is a nontoxic
glycoprotein with Mr'" 140000, obtained
from cobra venom. CVF is a functional
analog of C3b, the activated form of the
third component of complement. Like C3b,
CVF forms in serum with factor B of the
alternative complement pathway an enzyme, the C3/C5 convertase [1]. The CVFdependent enzyme is very stable and resistant to inactivation by control proteins.
Therefore, once the enzyme is formed, it
continuously activates C3 and C5.
We have previously shown that covalent
conjugates of CVF with monoclonal antibodies to human tumor antigens are nontoxic by themselves, but elicit specific killing of antigen-positive tumor cells in the
presence of serum complement in vitro [2].
We now wish to report our results of initial
in vivo studies. We investigated the stability, the pharmacokinetics, and the tumorsuppressive activity of conjugates of CVF
with the 9.2.27 murine monoclonal antibody to a human 250000 daltons glycoprotein melanoma antigen [3].

CVF was purified from lyophilized Naja
naja siamensis venom (Miami Serpentarium Laboratories) by sequential column
chromatography [4]. Covalent conjugates
of CVF with the 9.2.27 monoclonal antibody were prepared as described [2] with
three different heterobifunctional crosslinking reagents:
N-succinimidyl-3-(2pyridyldithio) propionate (SPD P) (Pharmacia), m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) (Pierce), and iodoacetyl-N-hydroxysuccinimide ester (IAHS)
(Fig. 1). IAHS was synthesized according to
[5] with some modifications as described
[6]. Prior to the coupling, CVF was radiolabeled with 125 1 using immobilized
chloramine-T (Pierce). For the pharmacokinetic studies, three female BALB/c mice
each were injected i.v. with approximately
300 ~g radiolabeled conjugates. At time intervals as indicated, the animals were bled
and plasma samples were counted for
radioactivity. Aliquots of the plasma samples were also subjected to 3%-9% gradient
polyacrylamide gel electrophoresis in the
presence of SDS with subsequent autoradiography.

1 Departments of Biochemistry and Medicine,
and Vincent T. Lombardi Cancer Center,
Georgetown University, Washington, DC
20007, USA
2 Monoclonal Antibody IHybridoma Section,
Biological Response Modifiers Program,
National Cancer Institute, Frederick Cancer
Research Facility, Frederick, Maryland 21701,
USA

C. Results
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I. Pharmacokinetics and In Vivo Stability
of Monoclonal Antibody-CVF Conjugates

Figure 2 shows a semilogarithmic plot of
the elimination of the conjugates from
mouse plasma. After an initial distribution
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Fig. 1. Structures of the heterobifunctional cross-linking reagents
and the resulting intermolecular
cross-links. SPDP-linked conjugates contain a disulfide bond in
the intermolecular cross-link while
MBS-linked and lARS-linked conjugates contain a thioether
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phase of approximately 3 h, the SPDPlinked conjugates and lARS-linked conjugates showed first-order elimination kinetics with plasma half-times of23.5 and 25 h,
respectively. In contrast, approximately
75% of the MBS-linked conjugates had
been removed from the circulation within
the first hour and continued to be eliminated with a half-time of 3.5 h. The fast removal of the MBS-linked conjugates was confirmed by the analysis of plasma samples
by gradient gel electrophoresis and autoradiography. As shown in Fig. 3, MBSlinked conjugates were hardly detectable
10 h after injection while SPDP-linked and
lARS-linked conjugates were still present

after 4 days. In addition, the higher oligomeric forms of the MBS-linked conjugates
seemed to be preferentially removed.
Figure 3 also reveals that SPDP-linked
conjugates underwent some degradation, as
evidenced by an increasing amount of unconjugated CVF. However, this degradation was slow and the majority of the
conjugates remained intact. A rather unexpected behavior was observed for the
lARS-linked conjugates. As evident from
Fig. 3, the IAHS-linked conjugates exhibited in plasma a higher apparent molecular
weight, suggesting a covalent interaction
with plasma proteins.
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100

Fig. 2. Kinetics of elimination of9.2.27
antibody-CVF conjugates from mouse
plasma. Animals were bled at time intervals as indicated and plasma samples
were counted for radioactivity (squares
IAHS-linked conjugates; circles SPDPlinked conjugates; triangles MBS-linked
conjugates)
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II. Tumor-Suppressive Activity of Monoclonal Antibody-CVF Conjugates
Outbred nude mice with intraperitoneal
transplants of human melanoma cells were
used as a first model system to investigate
the tumor-suppressive activity of monoclonal antibody-CVF conjugates. Mice
were injected with 5 X 107 FEMX MET II
cells. The animals received on the same day
a single i.p. injection of 100 I-lg unconjugated 9.2.27 antibody or of SPDP-linked
9.2.27-CVF conjugates. Tumor growth, as
evidenced by ascites formation, was delayed for approximately 2 weeks in animals
treated with the 9.2.27-CVF conjugates
compared with control animals treated
with saline. The treatment with unconjugated 9.2.27 antibody was without effect.

D. Discussion
We synthesized covalent conjugates of the
9.2.27 monoclonal antibody with CVF, employing three different heterobifunctional
516

cross-linking reagents. The stability and
pharmacokinetics of these conjugates were
investigated in mice. All three conjugates
were, to a variable extent, stable in the
circulation. Only the SPDP-linked conjugates, which contained a disulfide bond
in the intermolecular cross-link, showed
some degradation which is believed to occur by disulfide exchange or reductive
cleavage (compare Fig. 1). However, the
extent of this degradation does not preclude SPDP as a cross-linker for in vivo
studies. MBS-linked conjugates were far
more rapidly eliminated from the circulation than the two other conjugates. While
the mechanism for this different kinetic behavior is not known, we believe that the
hydrophobic nature of the MBS molecule
may be responsible. lARS-linked conjugates exhibited an interaction with plasma proteins, as demonstrated by their higher apparent molecular weight in plasma.
This interaction with plasma proteins,
which was also observed in vitro [7], must
be covalent since it was resistant to boiling
for 5 min in the presence of SDS. We are

I ....
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Fig. 3. Electrophoretic analysis of monoclonal
antibody-CVF conjugates after injection into
BALB/c mice. Shown is an autoradiogram of a .
3%-9% gradient gel. Control lanes (marked C)
show the injected material which contained dimeric, trim eric, and some higher oligomeric conjugates as well as small amounts of unconjugated
CVF and antibody. Note that only CVF was
radiolabeled

currently investigating whether unreacted
lABS groups remaining on the conjugates
after the coupling reaction bind to plasma
proteins containing free sulfhydryl groups
or whe't her nascent C3b binds to the IAHSlinked conjugates through its reactive
thioester.
Two important conclusions can be derived from our studies. First, stable conjugates of monoclonal antibodies with CVF
exhibiting reasonable plasma half-times
can be made. This finding now allows immunotherapeutic studies to be performed
with such conjugates. Second, the nature of
the heterobifunctional cross-linking reagent
used for the synthesis of monoclonal antibody-CVF conjugates influences the pharmacokinetic behavior of the conjugates
and, therefore, may have major impact on
their distribution and immunotherapeutic
effects.

C

25, 48
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We also performed an immunotherapeutic experiment in nude mice with intraperitoneally growing human melanomas.
A single dose of 100 ~g monoclonal
antibody-CVF conjugates caused a significant delay of tumor growth after injection
of a rather substantial inoculation of 5 x 107
melanoma cells. This promising result justifies further investigations of monoclonal
antibody-CVF conjugates as potential
agents for immunotherapy of cancer.
Acknowledgments. We thank Miss Alice H. Grier
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was supported by NIH grant CA 35525 to
C.-W,V,
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Monoblastic leukemia see
Leukemia
Monoclonal antibodies
174,181,190,445,455,
508,514
-, conjugates with
CVF 514
-, in bone marrow transplantation 35
Multidrug induction treatment 172
Multigene-carcinogenesis 14
Multilineage hematopoietic
colonies 434
Murine retrovirus 3611MSV 282
Myc 226,254,261,266,
270,282,372
-, RNA 374
Myelodysplasia 61, 402
Myeloid leukemia 446
see also Leukemia
Myelolactoferrin index 183
NIH 3T3 cells 18, 273,
278,314
NK cells 201,493, 509
Nucleotide sequence 270
Nutrition support, children 139
One-genes 10, 149, 152,
155,224,228,261,269,
273,282,285,368,506
-, amplification 257
p15E-RT 204
Papillomavirus 307
Parenteral nutrition 142
Phagocytosis 511

PhI-chromosome 151,
154,257
Phorbolester 436
Phosphatase 302
Phosphotyrosin Proteins 300
Plasminogen activator 198
Platelet transfusion 132
Pluripoietin 400, 420
-, colony-stimulating factor 399,419
-, stem cells 434
Primate 345
Progenitor cells 377
Prognostic factors
-, in leukemia 49, 63, 80,
88, 197
Promotor 306
Prophylaxis 121
Protein
- energy malnutrition 138
- cinase 298
- purification 396
- -, of pluripotent
CSF 399
Proto-one genes 10
-, activated 13
57
Ras 273
-,oncogene 20,161
RBC transfusion 102
-, leukocytes free 104
Receptors 389
Recombinant DNA 381
RAEB

Reversion of malignancy 359
Regulatory elements 221
Regulatory genes 232, 237
Regulin 303
Repertoires 473,478
Retroviruses 269,290,
345,376
-, human 317
-, receptor 452
Self-renewal 364
Self tolerance 3,487
Sepsis 110
Seroepidemiology 336,
348
Serum markers 210
Shock 110
single-gen carcinogenesis 13
Sis 156
Splenocytes 493
Stem cells 163,368
Sternberg-Reed cells
-, origin of 441
Steroid receptors 220
Stromal progenitor
cells 168
Survival
-, long term in ANL 46
Synergy 406
T-cell 317,396,459
-, depletion 35, 43
-, differentiation 277, 486
-, growth factor 396
-, lines 428

-, lymphoma 336
-,receptor 450,473
-, repertoire 4, 473
-, stimulation 483
Therapy cancer
-, empiric antimicrobial 112
Thym 1 277
Thymus 450
T-lymphocyte 277, 424
Transfection 274,314
Transformation 377
Translational control 302
Translocation 263
Transplantation see Bone
marrow transplantation
Treatment
-, leukemia 79
-, multidrug 64
-, results (childhood AML
chemotherapy) 83
-, tolerance 141
Trimetrexate 93
Tumor promotor 306
Ultrastructural cytochemistry 174
Uncoupling normal controls 357
Urokinase 198
Vaccine 3
v-erbB 295
Vitamin D 409
Xiphophorus
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