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Preface

Wir fiihlen, daf3 selbst, wenn alle méglichen wissenschaftlichen Fragen
beantwortet sind, unsere Lebensprobleme noch garnicht beriihrt sind.

Ludwig Wittgenstein,
Tractus logico-philosophicus (1921),
Annalen der Naturphilosophie

In June 1982, physicans and scientists met in Wilsede for the fifth
time to discuss origin and treatment of leukemia.

Lectures and discussions of the meeting closely demonstrated that
leukemia can be considered a perfect model for the studies of biolo-
gy and treatment of cancer in general. The Wilsede meeting has
confirmed that cancer is a multifactorial disease in which oncogenes,
regulator proteins, the immunsystem, viruses and chemical noxes
play important roles. The development of new revolutionary tech-
niques in biological research yielded important insights into the
causes of leukemia which are also promising to develop new ways
. for the treatment of cancer patients.

I am indepted to the chairmen organizing a stimulating and ex-
citing program which included all the present and future aspects of
human leukemia.

I am grateful to all participating scientists, the supporting stuff
and the Wilsede people for making this meeting both scientifically
excellent as well as humanly warm and unforgettable. Last but not
least, it must be emphazised that the “Verein Naturschutzpark Lii-
neburger Heide” and Dr. h.c. Alfred Toepfer are responsible for
saving this peaceful place for us.

Hamburg, February 1982 Rolf Neth
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Coffee break and lectures in “De Emmenhoff”.

Middle left, Wellcome of Dr. h.c. Alfred Toepfer

Down left, Melvin Greaves starting his Stohlman lecture
Down right, Donall Thomas giving his Stohlman lecture
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Personal and scientific discussions in Wilsede, June 1982

(Fotos: Regina Vélz, Cetric Parkin)
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Immunobiology of Lymphoid Malignancy

M. F. Greaves

A. Introduction

The study of ‘membrane markers’ in hu-
man leukaemia has now been in progress
for a decade. Starting from the initial ob-
servation of L. Borella and colleagues at St.
Judes on the sub-types of ALL [1] a wealth
of data has accumulated particularly over
the past few years with the introduction of
monoclonal antibodies. Now is perhaps a
good time to appraise the impact of these
efforts and the implications for future re-
search on leukaemia.

As Seligmann, Kersey, myself and others
have emphasised on many occasions, the
single most fruitful product of this activity
has been the appreciation of how the cellu-
lar heterogeneity of lymphoid leukaemia
and lymphoma mirrors stages of normal
differentiation. This clearly arises as a
consequence of three salient features of
haemopoietic malignancy: the restricted or
clonal origin [2], the imposition of matu-
ration arrest, and the broad conservation or
fidelity of a qualitatively normal phenotype
[3].

The immunological and enzymatic defi-
nition of leukaemic cell phenotypes in re-
lation to their normal counterparts has
direct relevance to clinical problems of dif-
ferential diagnosis, patient monitoring and
variable prognosis [4]. Immunological
features of ALL subgroups for example are
linked to known prognostic features (e.g.
high white cell count in T-ALL) and not
surprisingly, therefore, show a strong corre-
lation with the outcome of chemotherapy
[1, 4-6]. Combinations of markers (e.g. cell
surface antigens and nuclear terminal

transferase [7]) offer the possibility of moni-
toring leukaemia and detecting residual,
minimal or re-emerging extramedullary
disease (i.e. CNS or testis).

The application of a panel of monoclonal
antibodies has been routinely applied in
my own laboratory for a national im-
munodiagnostic service over a number of
years. It is difficult to determine precisely
how useful such a service is; however, I
estimate that the phenotypic data are es-
sential in something like 15% of cases and
are useful or supporting in many more
(perhaps the majority). All of this is clear
and undisputed; I would rather emphasise
the broader and more substantial impact
which I believe these studies should have.

Firstly, they provide a rational, biologi-
cal framework for attempts to improve the
efficacy of therapy either by more selective
or ‘tailored’ allocation of particular regimes
to defined leukaemic subgroups or by ex-
ploiting the biological information to de-
sign new or more radical strategies, e.g.
monoclonal antibody elimination of leu-
kaemic cells, selective enzyme inhibition.
Secondly, they provide an essential frame-
work for pursuing the molecular basis of
haemopoietic malignancy. Since cellular
oncogenes (or their viral homologues) are
probably limited in number and have some
important function in regulating normal
differentiation and/or proliferation, it is of
some importance to search for these genes
and the expression and function of their
products in the context of particular leu-
kaemic subtypes and their normal counter-
parts; this is indeed already happening (sece
papers by F. Wong-Staal and M. A. Lane
in this volume).



Some of the above points can be em-
phasised with reference to the biology of
ALL.

B. Heterogeneity and Origins of ALL

Acute lymphoblastic leukaemia can be
dissected in a number of subgroups with
exclusive, composite phenotypes, which
correlate with prognosis [4]. More recently,
the use of monoclonal antibodies and im-
munoglobulin gene probes and the study of
maturation induction in vitro has further
elucidated the nature of ALL cells. It is
now clear that ALL consists of two broad

Table 1. Biological features of two ALL sub-

types
B precursor- T precursor-
ALL ALL
Dominant  TdT~ TdT*
phenotype* HLA-DR* HLA-DR~
T- T
B* B~
cALL* cALL~
Hex-I" Hex-1-
Ig genes ux x/d No or minimal
re-arr.” re-arr.
Growth Low High
fraction
Karyotype Hyperdiploidy Pseudodiploidy
common common
Likely Bone marrow  Marrow or
cellular B-lineage pro-  thymic (sub-
origin genitor or stem  capsular) T-
cell lineage progeni-
tor or stem cell
Diagnostic  Common ALL T-ALL
subtypes Pre-B ALL
Null-ALL
Alternative AUL T-NHL
diagnoses  Ph'TALL
NHL (rare)

* Serologically defined cell surface antigens
or intracellular enzymes — terminal deoxy-
nucleotidyl transferase and hexosaminidase
isoenzyme I (plus charge variants of other acid
lysosomal hydrolases: [42])

Ig genes (e.g. V, D, J, u heavy chain) re-ar-
ranged from germ line configuration [41]

subtypes, both of which originate in lym-
phocyte progenitors (Table 1); one is ‘pre-
T’ or equivalent to thymic precursors of
mature T cells; the other, more common,
variant is ‘pre-B’ or equivalent to B-cell
progenitors and precursors in bone mar-
row. Within these two categories subtypes
can be defined which broadly reflect
sequential stages of maturation within the
‘early’ compartments of these two distinct
cell lineages [8—10).

Detailed studies on the antigenic pheno-
types of these leukaemias provide no evi-
dence for qualitatively aberrant gene ex-
pression or for a progenitor cell shared by
and exclusive to the T and B lineages. Thus,
ALL cells do not express glycophorin [11]
or other restricted non-lymphoid markers;
neither do they show concurrent expression
on single cells or within a single leukaemic
clone of markers unique to T and B cells.
The ‘pre-T" and ‘pre-B’ categories are also
consistent features and although individual
markers may change in relapse [12] there is
no shift between these two subtypes during
malignant progression in individual pa-
tients [3]. Normal counterparts of the ALL
subtypes with qualitatively similar pheno-
types (excluding karyotype) can be found
in bone marrow [9, 13] and thymus [8, 10].

It is of some interest to note that whereas
malignancies of lymphocyte precursors oc-

“cur predominantly in children and young

patients, malignancies of mature lymphoid
cells (leukaemia, lymphoma, myeloma) are
almost exclusively adult diseases [13a]; one
interpretation of this correlation and the
similarly striking age associations of other
cancers (e.g. neural tumours versus epi-
thelial carcinomas) is that they are a re-
flection of cell populations (stem cells?) at
risk through proliferative demand at vari-
ous stages of early development or during
prolonged function (and turnover) in adult
life.

The simplest interpretation of this de-
scriptive data is therefore that ALL can
originate in progenitor cells of either the T-
or B-cell lineage and invariably suffers
from the imposition of maturation arrest
with the conservation of phenotype ‘ap-
propriate’ for the particular stage of dif-
ferentition in which the leukaemic cells be-

come frozen or stabilised. Whilst I believe
this general conclusion to be manifestly



therapy revert to CGL [18]. It is important
to note that whereas B-cell progenitor ALL
(e.g. common ALL) is curable with chemo-
therapy, blast crises manifest in this cellular
compartment are not, although as expected
they may achieve short-term remissions
with steroids [19]. This sharp distinction
provides an excellent example of the im-
portance of “target cell” biology for under-
standing clinical outcome and developing
appropriate alternative therapeutic strate-
gies (e.g. marrow transplants for Ph'-posi-
tive leukaemia).
4. ALL of either B or T progenitor type
may not be diagnosed haematologically as
ALL. Thus the majority of those rare
(~5%) acute leukaemias which haematol-
ogists consider to be acute undifferentiated
leukaemia are usually identifiable as ALL
subtypes or more rarely as immature my-
eloid cells [4, 20]. Paediatric cases diag-
nosed as non-Hodgkin lymphoma may also
belong or at least be very closely related to
the two major subtypes of ALL. Converse-
ly, not all cases diagnosed as ALL may be
bona fide ALL. Thus, B-ALL is probably a
misnomer; this relatively mature B-cell leu-
kaemia probably represents a rapidly dis-
seminating lymphoma [4, 21]. Rare cases of
newborn acute leukaemia diagnosed as
ALL may in fact be ‘cryptic’ eryth-
roleukaemias as assessed by studies with
monoclonal antibodies including anti-
glycophorin [11, 22].
5. The maturation arrest imposed in ALL
may be reversible, at least partially in vitro.
Thus, some T-ALL cell lines can be in-
duced by phorbol ester (TPA) to irrevers-
ibly modulate their composite phenotype
from that of an immature or thymic variety
to that of a mature T-cell subset [23, 24].
We and others have also been able to
modulate the expression of TdT and cell
surface antigen in B-cell progenitor ALL,
although in our experience Ig synthesis
cannot be induced in Ig~ ALL despite the
presence of re-arranged u chain genes. Our
interpretation of this is that in leukaemia
and in normal B-cell differentiation these
recombinational genetic events are inef-
ficient, with most clones failing to achieve a
productive or functional re-arrangement.
The observation that maturation arrest
in ALL is reversible as demonstrated pre-
viously with other leukaemias (e.g. Friend

6

virus erythroleukaemia and myeloid leu-
kaemia in rodents, avian erythroleukaemia
and in some human leukaemic cell lines,
e.g. HL-60, K562) carries the important
corollary that maturation arrest, a central
“lesion” in acute leukaemia, is a regulatory
defect which, although having a genetic, in-
heritable basis, is reversible in its pheno-
typic consequences.

C. Is the Conservation of Phenotype
Telling Us Anything Interesting
About Leukaemic Cells?

It could be argued that since malignancy
involves rare genetic events, it is to be ex-
pected that these will not have catastrophic
effects on a cell’s pattern of gene expression
and that the broad fidelity of phenotype
observed in ALL is (a) just what we would
expect, and (b) boring and of no relevance
or even downright misleading with respect
to the central issue of what distinguishes a
leukaemic cell from normal. Furthermore,
it can always be that the ‘critical’ gene
products in leukaemia are not those which
we rather arbitrarily elect to study (so far)
and that a more appropriate screen would
reveal distinct, qualitative and consistent
differences between leukaemic cells and
their normal counterparts. These are not
unreasonable views and I am surprised that
they are not made more often.

I have favoured a different view initially
because it was more interesting and sub-
sequently because I believe it is supported
by data. That is that the expression of
qualitatively normal phenotype or pattern
of gene expression is an integral and es-
sential feature of most if not all leukaemias
and other malignancies. Qualitative abnor-
malities (e.g. new or lost antigens, altered
glycolipids, altered drug recognition) may
occur and indeed have some selective ad-
vantage with malignant progression and
treatment; however, they need not be con-
sidered as essential components of the
malignant state. In the context of ALL,
therefore, and as suggested some years ago
[25, 26] a qualitatively normal lymphoid.
progenitor cell phenotype which is normally
only transiently expressed on proliferating
cells is quite compatible with leukaemic



Table 2. Structure, genetics and function of ALL-associated membrane proteins identified by mono-

clonal antibodies

Monoclonal antibody (ref’)

J-5(31] BA-2[34] DA-2[39] OKT9 OKT10[37] OKT11[38]
[14, 37]
Structural
features:

General Single Single Twonon-  Twos-s Single Single
polypeptide polypeptide covalently linked poly- polypeptide polypeptide
~ 100K ~ 24K linked poly- peptides ~ 40K ~ 40K
[32, 33] peptides 28K ~ 90K [37, 38]

(B), 33K (o) [14,37]
+ intra-

cellular

30K pp

(HLA-DR)

Glycosy- + s + + + +

lated

pl 5.2 3(33] 7.3 ¢ [35] a: 5, 3[36] 5.0 3[28]

g7

Peripheral (p) p p Lt Lt 1

or integral (I),

transmem-

brane (t)

Genetics:
(chromosomal ? 12° 6 3129] 4>
control)
Function: ? ? Cell Transferrin  ? Receptor for
interactions receptor [14] sheep ery-
NK ‘target’? throcytes®
(30] [38]

® Mean value; multiple spots observed with variable positions reflecting allelic polymorphism
* Katz, Povey and Greaves, unpublished observations

¢ Natural, physiological function unknown

cell behaviour and only requires that the
genetic change provoking clonal selection
effectively uncouples proliferation from
maturation.

This view accords with recent molecular
studies which reveal the central role of nor-
mal genes (c-onc) or their inserted viral
(v-onc) homologues which may facilitate
clonal advantage via amplification or ex-
cessive promotion ([27] and various papers
in this volume). There is no evidence to
date that qualitatively altered gene prod-
ucts are involved!. Much emphasis there-

! An important example of such an alteration
has however recently been reported [43]

fore rests on quantitative aspects of c-onc
expression. Even this phenotypic dis-
tinction between leukaemic and normal
cells could be small or perhaps only evident
in the time frame, i.e. equivalent normal
cells may express similar levels of c-onc
gene products but only transiently.

D. Epilogue

Several of the ALL-associated membrane
antigens have now been biochemically
characterised and their control mapped
to particular chromosomes (Table 2).

7



Whether any of these proteins has any im-
portant regulatory role in differentiation or
are even c-onc gene products is at present
unknown. One of these structures does
have a definite function. The monclonal
antibody OKT9 identifies the transferrin
receptor [14]; this observation has enabled
rapid progress to be made in the biochemi-
cal studies of this receptor [28] and also
facilitated the mapping of controlling (pre-
sumably structural) genes to chromosome 3
[29]. We have also suggested that the trans-
ferrin receptor may serve as a common ‘tar-
get’ structure on malignant and normal
cells for so-called natural killer (NK) cells
[30].

There are still many gaps in our under-
standing of lymphoid malignancy and of
normal lymphopoiesis. Compared with
myelopoiesis for example (see paper by
Metcalf in this volume) we have little in-
sight into soluble regulators of early lym-
phocyte development. Despite these limi-
tations lymphoid malignancy in humans
provides, I believe, an excellent example of
a disease whose molecular, cellular and
clinical complexity can be best understood
in relationship to normal cellular differen-
tiation.
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Bone Marrow Transplantation in Leukemia

E. D. Thomas

A. Introduction

Studies in the mid-1950s using rodent mod-
els led to recognition that living bone mar-
row cells could be transplanted from one
animal to another (reviewed in [18]). The
clinical applications for replacement of
marrow damaged by disease or its therapy
were immediately apparent. However, more
than a decade of research was required
before the principles of transplantation
biology, human tissue typing, and the sup-
portive care of the patient without marrow
function were sufficiently established for
marrow grafting for therapeutic purposes
to become a realistic clinical modality.

The underlying concept of marrow trans-
plantation is to destroy malignant cells
without regard for marrow toxicity with
restoration of marrow function by trans-
plantation of normal marrow cells. The
goal is to achieve a maximum anticancer
effect without the limitations imposed by
the marrow toxicity which characterizes
most therapeutic agents.

B. Allogeneic Marrow Transplants

I. Rationale for Chemoradiotherapy

In early studies of patients with acute leu-
kemia in end-stage relapse, it was con-
sidered necessary to administer total body
irradiation (TBI) as quickly as possible in
the hope that a marrow graft would be
functional before the patient died of prob-
lems related to marrow failure. Accord-
ingly, 1000-rad TBI was administered over
a period of approximately 4 h [19]. The TBI

caused the sudden destruction of large
numbers of leukemic cells, resulting in
acute toxic reactions. To spread the de-
struction of leukemic cells over a longer
time period and to kill more leukemic cells,
the Seattle team initiated the use of a large
dose of cyclophosphamide before the TBI
[20]. The basic regimen consisted of cyclo-
phosphamide 60 mg/kg body wt. on each
of 2 days followed 3 days later by the ad-
ministration of 1000-rad TBI. There is now
an extensive experience with this regimen
in a number of marrow transplant centers.
The greatest experience has been with an
allogeneic marrow graft from an HLA-
identical sibling given within 24 h after the
TBI. The clinical experience in Seattle with
this basic regimen, in some patients com-
bined with additional chemotherapeutic
agents, is summarized.

II. Transplantation for Acute Leukemia
in End-Stage Relapse

Fifty-four patients with acute non-
lymphoblastic leukemia (ANL) and 46 pa-
tients with acute lymphoblastic leukemia
(ALL) were given cyclophosphamide
60 mg/kgx2, 1000 rad TBI, and marrow
from HLA-identical siblings [20]. There
were many early deaths from advanced ill-
ness and subsequent deaths from graft-ver-
sus-host disease (GVHD), opportunistic in-
fection, and recurrence of leukemia. How-
ever, six patients with ANL and seven pa-
tients with ALL are alive in unmaintained
remission 6-10 years later. Although the
fraction of long-term survivors is low, these
patients are unique in that no other form of
therapy has resulted in prolonged unmain-
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tained disease-free survival in relapsed pa-
tients. Actuarial analysis demonstrates a
flat long-term disease-free plateau and pro-
vides evidence that these patients are cured
of the disease.

III. Transplantation for ANL
in First Remission

Since some patients in the end stage of
the disease could be cured by combined
chemoradiotherapy and allogeneic marrow
transplantation, we initiated studies of mar-
row grafting in patients with ANL in first
remission [21]. When these studies were be-
gun, there were almost no reports describ-
ing median remission durations longer than
1 year. It seemed ethically acceptable
therefore to carry out these studies in these
patients. The first group of 19 patients was
reported 3 years ago, and three additional
patients were transplanted while that re-
port was in press. Twelve of these 22 (55%)
are alive in unmaintained remission 4-6
years after transplantation. Only one pa-
tient has significant chronic GVHD with a
Karnofsky score of 80%.

IV. Transplantation for ALL in Second
or Subsequent Remission

Patients with ALL who relapse have a grim
prognosis. Subsequent remissions can fre-
quently be induced but tend to be short in
duration. We initiated a study for patients
with ALL in second or subsequent remis-
sion in order to carry out the marrow graft
when the patient was in good condition
and when the possibility of cure might be
increased because of the minimal burden of
leukemic cells in the body [22]. Of the first
22 patients, the median remission duration
after grafting was 1 year, and six patients
became long-term survivors. The apparent
cure rate of 27% is a significant achieve-
ment, but we were disappointed by the fact
that leukemia recurred in eight of these pa-
tients. A Kaplan-Meier analysis indicated
that 60% of these patients would suffer a re-
lapse of leukemia if other causes of death
were eliminated. In a subsequent study it
was shown that marrow transplantation in
remission was superior to chemotherapy
for patients with ALL who have relapsed at
least once [11].
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V. Transplantation for Chronic Myeloge-
nous Leukemia (CML) in Blast Crisis

Our initial efforts to carry out marrow
transplantation in patients in blast crisis af-
ter failure of chemotherapy were un-
successful [6]. Of 12 patients, only one had
a remission beyond 1 year, and he died at
16 months of recurrent leukemia. In the
more recent series of patients in which the
marrow graft was undertaken before com-
bination chemotherapy had been admin-
istered, the results have improved ([7] and
unpublished). These studies involved the
usual two doses of cyclophosphamide fol-
lowed by fractionated irradiation, either
1200 rad or 1575 rad. Eight of 22 patients
are alive in remission from 4 to 48 months
after grafting.

VI. Transplantation for CML in
Chronic Phase

CML in chronic phase is not actually a
“chronic” disease. The median survival
time is 2 or 3 years, and there are no cures
by conventional therapy. We began studies
of this disease in a series of 12 patients who
had cytogenetically normal identical twins
to serve as marrow donors [8]. Dimethyl
myeleran, 5 mg/kg, was administered be-
fore the regimen of cyclophosphamide and
1000-rad TBI. One patient died of an inter-
stitial pneumonia, one died of cytogenetic
relapse and subsequent blast crisis, and two
are living and well but have had recurrence
of the Philadelphia chromosome. Eight pa-
tients are living, well, and cytogenetically
normal 24-68 months after transplan-
tation.

Encouraged by an apparent ability to
eradicate the abnormal clone of leukemic
cells in most patients, we began a study of
marrow grafting for patients with CML in
chronic phase with HLA-identical siblings
as donors [7]. The first three patients were
prepared with cyclophosphamide followed
by 1000-rad TBI, and one patient is living
and well 35 months later. Two patients
died early, one of interstitial pneumonia
and one of GVHD.

The current study for CML patients in
chronic phase consists of the two doses of
cyclophosphamide followed by 200-rad ir-
radiation on each of 6 days; patients are



then randomized to receive methotrexate
or cyclosporine for prevention of GVHD.
Thirteen patients have been entered on the
study. Four died of interstitial pneumonia,
and nine are living with a graft and without
the Philadelphia chromosome 5-20 months
after grafting. A preliminary report from
the Toronto marrow transplant team de-
scribes 11 patients with CML in the ac-
celerated phase [12]. The preparative regi-
men usually included cytosine arabinoside
(100 mg/m? per dayX35), cyclophospha-
mide (60 mg/kg per dayXx2), and 500-rad
TBI. Seven patients were alive without the
Philadelphia chromosome 2-26 months af-
ter grafting. Another preliminary report
from the UCLA marrow transplant team
described five patients with CML in
chronic or accelerated phase prepared with
the two doses of cyclophosphamide and
1000-rad TBI and given HLA-identical
sibling marrow [4]. All five were alive
and without the Philadelphia chromosome
6—15 months posttransplant. Although a
longer follow- up period will be necessary,
it appears that more than half of the pa-
tients with CML can be cured of the dis-
ease but that some patients will die early of
complications of the transplant procedure.

VII. Recurrence of Leukemia

The recurrence of leukemia after marrow
transplantation for patients with ANL in
first remission is a relatively minor problem
since only 10% of these patients are des-
tined to have a recurrence as determined
by an actuarial analysis. The long-term sur-
vival and apparent cure rate is 50%—60%.
For all other types of leukemia, when re-
lapse has occurred at least once, whether
the patient is transplanted in remission or
in relapse, recurrence of leukemia has been
observed in approximately 60% of the pa-
tients. The long-term disease-free survival
and apparent cure rate is approximately
10%-30% (1, 3, 91.

Seven cases of recurrence of leukemia in
the donor-type cells have been reported
(reviewed in [16]). Two of these recurrences
were an immunoblastic lymphosarcoma
type, one associated with Epstein-Barr
viruses. The other occurrences have been of
the original leukemic type, including both
ALL and ANL. In a study of recurrent leu-

kemia in patients with a donor of opposite
sex, the Seattle group has recognized three
recurrences in donor cells among 54 such
transplants. Thus, it appears that approxi-
mately 5% of the recurrences may be ex-
pected to be in the donor-type cells. The
mechanism of these recurrences in donor-
type cells is, of course, unknown. Present
speculations suggest that some type of
transfection may be involved.

VIII. Acute GVHD

Acute GVHD involves the skin, the liver,
and the gut as target organs and is associat-
ed with severe immunodeficiency [18]. Ap-
proximately 60% of the patients receiving a
marrow transplant from an HLA-identical
sibling and treated postgrafting with
methotrexate will show no evidence of
GVHD or only grade I GVHD. Forty per-
cent will have more severe GVHD with
multiple organ involvement. Treatment of
acute GVHD has been attempted with
prednisone, antithymocyte globulin, cyc-
losporine, cyclophosphamide, and various
monoclonal antibodies. The response to
treatment is variable and unpredictable.

IX. Chronic GVHD

About one-third of the patients who live
beyond 100 days postgrafting will display
some evidence of chronic GVHD. Chronic
GVHD typically presents a scleroderma-
like involvement of the skin associated with
sicca. Chronic GVHD may also involve the
liver or the gut. About 80% of the patients
with chronic GVHD will respond to ther-
apy with azathioprine and prednisone or
cyclophosphamide and prednisone [17].

X. Opportunistic Infections

Patients with a marrow graft from an HLA-
identical sibling are profoundly immuno-
deficient in the first 100 days after grafting,
and 1 year is required for full recovery of
immunologic function [14]. The presence of
GVHD, either acute or chronic, is associ-
ated with further suppression of immune
function. During the period of immunode-
ficiency, patients are susceptible to infec-
tion with a broad range of bacterial, viral,
and fungal infections [13].
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XI. Graft Versus Leukemia

It has long been known from studies in ro-
dents that an allogeneic graft may have an
antileukemic effect [2]. With better survival
of patients with GVHD, it has now been
possible to show that the presence of
GVHD indicates a lower incidence of re-
currence of leukemia after grafting [23].

XII. Cyclosporine

Cyclosporine is a fungus-derived antibiotic
with profound immunosuppressive proper-
ties without marrow toxicity. Preliminary
and uncontrolled trials of this agent indi-
cate that it is of value in preventing GVHD
and in treating established GVHD [15]. A
prospective trial has been underway in
Seattle for past 1% years. Patients are ran-
domized to treatment with cyclosporine af-
ter grafting in comparison to the standard
postgrafting methotrexate regimen. With
some 60 patients entered into the study, the
survival curve of the two groups is not sta-
tistically significantly different.

XIII. Monoclonal Antibodies

Many monoclonal antibodies which react
with various epitopes on the surface of T
cells are now available. Since GVHD is
presumed to be mediated by T cells, it is
reasonable to attempt to prevent GVHD by
in vitro treatment of the donor marrow
with monoclonal anti-T cell antibodies as
well as the in vivo administration of these
antibodies for the treatment of established
GVHD. Although the use of monoclonal
antibodies is being studied in many mar-
row transplant centers, definitive reports
have not yet appeared.

XIV. Haploidentical Marrow Donors

The Seattle Marrow Transplant Team be-
gan 5 years ago a cautious exploration of
family-member donors with one HLA hap-
lotype genetically identical with the patient
and the other HLA haplotype phenotypi-
cally identical at two of the three major
HLA loci [5]. Some 80 patients with leuke-
mia have now been transplanted from do-
nors of this type and, overall, the results
are much more a reflection of the type and
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stage of the disease than of the transplant
donor.

XYV. Unrelated Donors

Three years ago the Seattle Transplant
Team carried out a transplant for a patient
with ALL using a totally unrelated donor
[10]. The transplant was successful, and the
recipient had no GVHD. This case illus-
trated the feasibility of using as a donor a
completely unrelated individual.

C. Summary

Marrow grafting is now an established
treatment for patients under the age of 50
with acute leukemia and a suitable marrow
donor. For all patients who have relapsed
at least once, marrow grafting offers the
possibility of cure of approximately
20%-30% of these patients, which cannot
be achieved by any other regimen yet re-
ported. Although still somewhat contro-
versial, it appears that marrow grafting is
also the treatment of choice for younger pa-
tients with ANL in first remission since ap-
proximately 50%—60% of these patients can
be cured. The problems associated with
marrow grafting are largely those of failure
to eradicate the malignant disease and of
transplantation immunobiology. Progress is
being made on solving these problems, and
the ever-increasing number of marrow
transplant centers involved in the study of
these problems promises rapid progress in
this field.
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Nucleotide Metabolism and Enzyme Inhibitors
in Thymic Acute Lymphoblastic Leukaemia *

A. V. Hoffbrand, D. D. F. Ma, and H. G. Prentice

A. Introduction

It is now clear that not only the immuno-
logical but also the biochemical character-
istics of leukaemia cells are similar to those
of the normal cells from which they arise.
This has been most clearly established for
the lymphoid malignancies and par-
ticularly in thymic-derived acute lym-
phoblastic leukaemia (Thy-ALL). Close
similarities between Thy-ALL leukaemic
blast cells and early cortical thymocytes in
surface membrane antigen phenotype, in
terminal deoxyribonucleotidyl transferase
(TdT) content and in pattern of purine en-
zymes have recently been established [5].
These findings have helped to establish the
exact cell of origin of Thy-ALL and made
possible its diagnosis by single cell analysis
in bone marrow or extra medullary sites.
They have also led to the treatment of this
disease with 2’deoxycoformycin (dCF), a
specific inhibitor of the purine degradative
enzyme, adenosine deaminase (ADA). Part
of the stimulus to this research into the bio-
chemistry of the thymus and the treatment
of Thy-ALL with dCF has arisen from ob-
servations on children with severe defects
of immune development due to congenital
deficiency of ADA or of a second purine
degradative enzyme, purine nucleoside
phosphorylase (PNP). Lack of these en-
zymes causes absence of T- and B-lym-
phocytes or of T-lymphocytes respectively
but other functions of the body, including
haemopoiesis are largely unaffected.

* Supported in part
Clothworkers’
Research Fund

by grants from the
Foundation and Leukaemia

B. Purine Enzyme Patterns:
Normal Tissues and Established
Cell Lines

Studies in rats [1}] and more recently in hu-
mans [12] have shown that the activities of
several enzymes involved in purine metab-
olism differ widely between different lym-
phocyte subpopulations, both between B
and T cells and in the B- and T-cell lin-
eages, according to the degree of differen-
tiation of the cell studied. ADA is con-
cerned with the degradation of deoxy-
adenosine and adenosine to deoxyinosine
and inosine respectively. It is present in all
tissues, but its activity is highest in cortical
thymocytes and decreases as T cells ma-
ture. In humans, the earliest cortical
thymocytes (early cortical blasts or “pro-
thymocytes”) have the highest level of all,
whereas in rats, immature cortical thymo-
cytes and bone marrow prothymocytes
have lower levels than the majority of
thymic cortical cells. ADA activity in both
humans and rats is higher in mature T cells
than in B cells.

PNP is a consecutive enzyme with ADA
in purine degradation, breaking down de-
oxyinosine and inosine to hypoxanthine,
and also deoxyguanosine, guanosine and
xanthosine to xanthine. In rat lymphocyte
populations, a reciprocal relationship exists
between ADA and PNP, since cortical thy-
mocytes have high ADA and low PNP
levels whereas medullary thymocytes and
circulating T cells have high PNP and low
ADA levels. Human thymocytes show a
similar reciprocal relationship except in
prothymocytes which have high PNP as
well as high ADA levels.
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A third enzyme, 5’-nucleotidase, exists
on the surface of lymphocytes which is cap-
able of degrading deoxynucleoside mono-
phosphates to the corresponding deoxy-
nucleosides. The exact biological function
of this ectoenzyme is unclear. The activity
amongst T-cell subpopulations in humans
closely parallel that of PNP, being low in
cortical thymocytes and higher in mature T
cells [12]. 5’NT activity is, however, sub-
stantially greater on the surface of B- than
T-lymphocytes and among mature T-lym-
phocytes; the activity is greater on T sup-
pressor (OKT8™) cells than on T helper
(OKT4") cells [15]. Although 5NT has
been found low in the lymphocytes of
patients with congenital agammaglobulin-
aemia, this is thought to be more a result of
the lack of B cells than a cause of the con-
dition. The activity of a recently described
endonucleotidase [2] among different
lymphoid populations is as yet unknown.

Other enzymes concerned in deoxy-
nucleotide degradation are also more active
in B cells than T cells. These include ecto-
ATPase and thymidine phosphorylase.
Moreover, studies with established cell
lines have shown that immature T cells are
unable to functionally compartmentalise
thymine nucleotides into a degradative as
well as a synthetic compartment, whereas
other cell types have a degradative com-
partment for deoxynucleotides as well as
a synthetic compartment destined to be in-
corporated in DNA [22]. Recent studies
with established cell lines also show that as
cells mature in B-cell development from
c-ALL through pre-B-ALL to mature B
cells, so the ability to degrade DNA pre-
cursors increases [23]. PHA-transformed
T-lymphocytes, normal human bone mar-
row cells and myeloid cell lines all also
have substantial degradative compart-
ments. Virtually all the thymine nucleo-
tides in Thy-ALL lines, and presumably
in early thymocytes (although this has not
been studied directly) are destined to be
incorporated into DNA, however. This is
thought to be due to the operation of a
highly efficient multi-enzyme complex in
Thy-ALL cells, synthesising thymine nu-
cleotides and providing dTTP at the DNA
replication fork without leakage of distal
precursors to a degradative compartment.
Such efficient complexes are likely to
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operate in supplying the other three
deoxynucleoside triphosphates (dNTP),
deoxyadenosine- (dA-), deoxyguanosine-
(dG-) and deoxycytidine- (dC-) TP. Thus,
Thy-ALL and normal thymic cortical cells
have low levels of deoxyribonucleoside-
and deoxyribonucleotide-degrading en-
zymes except for ADA. They also lack a
degradative compartment for syphoning off
excess deoxyribonucleotides. They are,
therefore, peculiarly prone to dATP or
dGTP toxicity if ADA of PNP are absent or
inhibited, when excess amounts of dATP or
dGTP respectively are built up.

C. Terminal Deoxynucleotidyl
Transferase

This unusual DNA polymerase, like ADA,
is present in high concentrations in pro-
thymocytes and cortical thymocytes. It is
absent from mature T cells. The only other
normal cells containing TdT are a small
proportion of bone marrow cells and these
have been shown to exhibit the phenotype
of c-ALL or pre-B-ALL [7], which have
both been identified as early B cells be-
cause of the gene rearrangements they
show. Thus TdT is a marker of early cells in
the B- or T-cell lineages. The normal func-
tion of TdT is unknown, although it has
been suggested to play a role in generation
of immune diversity by altering the base
composition of DNA. The optimum sub-
strate for TdT is dGTP and Ma et al. [13]
have recently speculated that in early
thymocytes, TdT may polymerise excess
dGTP or other dNTP to make single-
stranded DNA polymers which if not incor-
porated into double-stranded DNA may be
subsequently degraded with release of po-
tentially toxic intracellular concentrations
of the corresponding deoxynucleosides and
deoxynucleotides.

D. ADA and PNP Deficiencies:
Mechanisms of Cell Death

Children born with ADA deficiency show
lack of T- and B-cell development. The
lack of B cells may be due to absence of
both suppressor and helper T cells needed



for B-cell maturation. The main mecha-
nism by which ADA deficiency is toxic is
thought to be dATP accumulation, due to
failure of degradation of deoxyadenosine,
with consequent allosteric inhibition of
ribonucleotide reductase and failure of sup-
ply of the other three deoxynucleoside
triphosphates with consequent cessation of
DNA replication. Additional toxicity may
be due to inhibition of S-adenosyl me-
thionine (SAM) mediated methylation re-
actions because of inhibition of S-adenosyl
homocysteine hydrolase by excess de-
oxyadenosine. Lowered ATP and raised
cyclic AMP levels have also been found in
ADA-deficient tissues and these may in-
hibit a wide variety of reactions in both
replicating and non-replicating cells (see [6]
for review). Most recently, Fox etal. [3]
have shown that the combination of de-
oxyadenosine and ADA inhibition by
erythro-9-(3-(2-hydroxynosyl)) adenosine
leads to arrest of Thy-ALL lines in vitro in
the G, phase of the cell cycle. This was as-
sociated with a rise in dATP in the G,
phase, and this and the cell arrest could be
prevented by deoxycytidine. Non-dividing
T cells are also killed [8]. They have sub-
sequently postulated that this may be due
to incorporation of accumulated deoxy-
adenosine into the poly (A) tail of RNA
with interference in the processing, transfer
and transcription of messenger RNA [10].

PNP deficiency causes a much more
selective lack of T cells with relative spar-
ing of B cells and their function. Toxicity is
thought to be mainly due to dGTP ac-
cumulation (at a later stage of T-cell matu-
ration than in ADA deficiency) with inhi-
bition of ribonucleotide reductase.

E. Enzyme Patterns in Leukaemic
Cells

The pattern of purine enzymes and TdT in
leukaemic cells shows a remarkably close
similarity to the normal counterparts of
these cells. Thus, Thy-ALL blasts, like ear-
ly cortical thymocytes have, in general,
high levels of ADA and TdT but lower
concentrations of PNP and 5'NT [20]. On
the other hand, more mature T-cell
tumours (e.g. T-cell CLL, Sezary cells and
T-prolymphocytic leukaemia) are TdT

negative, have only moderately high ADA
activity and show higher PNP and 5'NT
levels than in Thy-ALL [14]. Although the
normal bone marrow precursor cells from
which AML and c-ALL arise have not been
isolated in sufficient numbers and purity
for biochemical analysis, it seems probable
that the purine enzyme pattern and TdT
content of blast cells in AML and c-ALL
reproduce those of early bone marrow my-
eloid and lymphoid progenitors respective-
ly, AML typically being TdT negative with
moderately raised ADA, PNP and 5NT
and c-ALL being TdT positive with ADA
lower, PNP and 5’NT higher than in Thy-
ALL.

Nucleoside incorporation studies in blast
cells of Thy-ALL have shown a pattern dis-
tinct from the blast cells in other types of
acute leukaemia. Incorporation of de-
oxycytidine is raised and of thymidine low,
so that the ratio of uptake of deoxycytidine
to thymidine is higher in Thy-ALL than in
c-ALL or AML blasts [17]. The levels of
all four deoxynucleoside triphosphates
(dNTP) are also usually considerably high-
er in Thy-ALL than in other acute leu-
kaemias. This may partly be due to the
larger number of cells in cycle in Thy-ALL,
but the particularly high levels of dNTP
suggest that this may also be due to greater
synthetic and less degradative capacity of
Thy-ALL blasts for deoxyribonucleotides.
Normal thymocytes also show high concen-
trations of the ANTP [16].

F. Deoxycoformycin Therapy

The known dependence of early thy-
mocytes on ADA led to the development of
a specific ADA inhibitor 2’deoxycofor-
mycin (dCF) as a potential immuno-
suppresstve agent and for the treatment of
thymic-derived tumours. A number of
groups in the United Kingdom and the
United States have used dCF to treat Thy-
ALL and found the drug to be effective in
obtaining a remission in the majority of
cases, even those resistant to other forms
of chemotherapy. In our own experience, a
remission was obtained in 7 of 12 patients
using a 5-day course of the drug at
0.25mg/ kg each day. Two cases proved
resistant and in three a partial remission
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was obtained with one or two courses [18].
Patients with other T-cell tumours, e.g.
T-prolymphocytic leukaemia and mycosis
fungoides have also responded to dCF
whereas cases of c-ALL and AML have, in
our hands, proved resistant. Others, how-
ever, have obtained responses in c-ALL [4]
and even in B-cell CLL [9].

The mechanism of cell killing has been
analysed by serial biochemical studies.
Blast cell death more closely correlates with
dATP rise than with S-adenosyl homocys-
teine hydrolase inhibition [19]. Indeed, a
predictive test for response based on the
degree of dATP rise in blasts incubated
with dCF and deoxyadenosine in vitro has
been devised [18, 21].

G. Side Effects

The effects of dCF therapy in Thy-ALL on
tissues other than the leukaemic cells could
not have been predicted from observations
on ADA-deficient children. Iritis, hepatic
abnormalities, haemolysis (in 9 of 17 pa-
tients studied by Prentice etal. [18]), cen-
tral nervous system toxicities and renal ab-
normalities including renal tubular necrosis
have all been described. The mechanisms
for these toxicities are not clear. Reduced
red cell ATP concentrations have been
demonstrated and postulated to lead to
haemolysis. Interference with cyclic AMP
and SAM-mediated reactions are further
possibilities. Hyperuricaemia was a prob-
lem in early studies, but since the use of al-
lopurinol this has been prevented.

H. In Vitro Removal of Thy-ALL
Blasts

The selectivity of dCF therapy for Thy-
ALL with sparing of haemopoiesis has
aroused interest in the possibility of using
dCF in vitro to remove selectively residual
Thy-ALL blasts from bone marrow prior to
autologous bone marrow transplantation.
However, studies in cell lines have shown
that ADA inhibition alone in vitro does not
lead to death of T cells or other cell types.
On the other hand, deoxyadenosine is toxic

22

to cells in vitro and T cells are susceptible
at lower concentrations than B cells or
other cell types. Studies of the combination
of dCF (10°M) and deoxyadenosine
(10™M) have shown toxicity to Thy-ALL
lines in vitro with considerable selectivity,
growth of c-ALL, B- and myeloid cell lines
being far less inhibited [11].

The use of the combination of dCF and
deoxyadenosine in vitro for selective killing
of residual Thy-ALL blasts prior to autolo-
gous bone marrow transplantation has not
yet been used because of the long incu-
bation period necessary to achieve sub-
stantial cell killing. For established Thy-
ALL cell lines, 72 h incubation at 37°C is
needed to achieve over 80% cell death and
studies of blast cells from individual pa-
tients with Thy-ALL have shown a simi-
larly long incubation period to be necessary
(Ma, Sylwestrowicz and Hoffbrand, unpub-
lished observations).

It is not considered practical to maintain
bone marrow in culture at 37 °C in vitro for
3 days free from contamination and with
sufficient preservation of normal haemo-
poietic stem cells to ensure successful en-
graftment.

1. Conclusion

Many of the biochemical features of Thy-
ALL reproduce those of early cortical thy-
mocytes, and result in Thy-ALL blast cells
being exquisitely dependent on adenosine
deaminase to degrade deoxyadenosine.
These observations have led to the use of
deoxycoformycin, a specific ADA inhibitor,
in treatment of Thy-ALL. Further studies
of the biochemical make-up of the blast
cells in different types of leukaemia, par-
ticularly of the organisation of DNA and
RNA synthesis and degradation, are need-
ed in order to improve the design of
chemotherapy with antimetabolite and
other drugs in these diseases.
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A. Introduction

Terminal deoxynucleotidyl transferase
(TdT) is a unique DNA synthetic enzyme
whose expression in normal cells is re-
stricted to subsets of primitive lymphocytes,
and among neoplastic cells is found only in
the blast cells of some forms of acute leu-
kemia and diffuse lymphoma [1-5]. This
polymerase has achieved increasing at-
tention over the last several years from
both basic biologists and physicians caring
for patients with malignant hematologic
disease. For biologists it has emerged as a
useful biochemical marker for subsets of
pre-B and pre-T cells, and has played an
important role in studies aimed at dissect-
ing the ontogeny of the lymphoid system [6,
7]. In clinical medicine, blast cell TdT as-
says have been shown to be useful in the
subclassification of acute leukemias and
diffuse lymphomas, and TdT status has
been used to assign patients to therapeuti-
cally meaningful categories [8, 9].

Although the existence of this enzyme
has been known for over 20 years, the func-
tion it subserves in the cells in which it is
found is presently unknown. Its strict limi-
tation in normal animals to lymphoid cells
during the early phases of their differen-
tiation suggests that it may play a critical
role in this process. Presumably TdT sub-
serves a similar role in leukemia cells,
although the process of differentiation is it-
self disturbed. Whatever its role might be,

* Supported in part by the Irving Mann Medical
Oncology Research Endowment Fund and an
American Cancer Society Institutional Seed
Grant to Boston University
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we asked whether inhibition of TdT in leu-
kemic cells might constitute a lethal event
to such cells. We therefore began a study to
find a specific TdT inhibitor. With such a
probe one would be able to examine a vari-
ety of cellular processes and functions in
TdT-positive cells, and gain insight into the
role of this enzyme in both normal and
malignant cells.

B. In Vitro Inhibition of TdT Catalysis

We began our search for TdT inhibitors by
screening a series of 6-anilinouracil deri-
vates for their ability to inhibit TdT cataly-
sis as measured in a standard biochemical
reaction. This series of compounds was se-
lected for our initial screen because of the
work of Wright, Baril, and Brown [10] with
one such compound, 6-butylanilinouracil,
which they showed to be a specific inhibi-
tor of HeLa cell DNA polymerase a. The
other constitutive HeLa cell polymerases,
polymerases B and y, were not inhibited.
Furthermore, this compound, in a range of
concentrations which were inhibitory to in
vitro enzyme catalysis, also strongly in-
hibited cell proliferation in nonsynchro-
nous HeLa cell cultures in a dose-depen-
dent fashion. Similar data on growth inhi-
bition were also generated with KB cells
lines. We thus proceeded to test related
analogues for their effect on TdT.

Fifteen uracil analogues were studied.
Each was employed at 200 umolar final
concentration in 1% DMSO (required for
solubility) in our standard TdT biochemi-
cal assay [1]. Control TdT reactions were
also run in the presence of 1% DMSO. Two



Table 1. Effect of uracil

Designator  Name nmoles analogues on TdT ac-
*H-dGMP tivity
inc.

Control 1.22

GW-9E 6-anilinouracil 1.21

GW-7B 6-(benzylamino)uracil 1.03

GW-7C 6-(phenetylamino)uracil 131

GW-11D 6-(p-butylanilino)uracil 1.12

GW-22E 6-(p-hydroxyanilino)uracil 1.21

GW-16C 6-(p-acetamidobenzylamino)uracil 1.43

GW-18B 6-(cyclohexylamino)uracil 1.31

GW-20B 6-(cyclohexylmethylamino)uracil 1.33

GW-18E 6-(n~-pentylamino)uracil 1.20

GW-22A 6-(iso-pentylamino)uracil 1.21

GW-17B 6-(3’,4'-trimethyleneanilino)uracil 1.23

GW-28A 6-(d-naphthylamino)uracil 1.24

GW-33E 5-(p-methoxybenzyl)-6-aminouracil 1.20

GW-17E 6-(p-methoxyanilino)uracil 051

GW-18C 6-(p-aminoanilino)uracil 0.69

compounds, designated GW-17E and GW-
18C, showed significant inhibition in this
screen (Table 1).
- This inhibition by GW-17E and GW-
18C was specific for TdT. Data for rep-
resentative experiments involving poly-
merases a, 8, and y are shown in Table 2.
Both compounds inhibited TdT in a dose-
dependent manner (Fig. 1). Avian myelo-
blastosis virus reverse transcriptase was not
inhibited by either GW-17E or GW-18C.
The general structure of compounds
GW-17E and GW-18C are shown Fig. 2.
For compound 17E the R denotes a

Table 2. Specificity of inhibition of TdT by GW-
17E and GW-18C

Enzyme CPM SH-dNMP incorporated
Control +17E +18C
TdT 12,130 4,900 3,100
Pol a 15,040 15,217 15,417
Pol B 5,221 5,492 5,218
Pol y 7,490 7,223 7,165

Effect of 400 umolar inhibitor on activity of
homogeneously purified human leukemic TdT
and HeLa cell DNA polymerases. TdT, pol a,
pol B, and pol y were assayed as previously de-
scribed [10, 11]

methoxy substitution; for 18C the R de-
notes an amino substitution. Para position
substitutions are critical for inhibitory ac-
tivity. Moving the methoxy or amino group
to another position on the aniline ring re-
sults in loss of inhibitory activity.

In these preliminary studies inhibition
was neither initiator dependent nor sub-
strate dependent: it occurred with both
oligo(dA) and single-stranded DNA as ini-
tiators and with dGTP and TTP as sub-
strates. The TdT used in these experiments
was purified (using ion-exchange and affin-
ity chromatography [12]) from both calf

% Control Activity

101

1 1 1

1 1 1 I
100 200 300 400

Inhibitor Concentration (uM)

Fig. 1. Inhibition of TdT by 6-(p-methoxy-
anilino)uracil (GW-17E) and 6-(p-aminoani-
lino)uracil (GW-18C)
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Fig. 2. General structure of compounds GW-
17E and GW-18C. For 17E the R denotes a
methoxy substitution, and for 18C the R denotes
an amino substitution

thymus gland and human leukemia cells.
Formal inhibition studies to determine the
nature of the inhibition (competitive versus
noncompetitive K; values) are in progress.

C. Effect of GW-17E and GW-18C on
Cell Proliferation

We next attempted to extend these ob-
servations to additional TdT-positive and
TdT-negative cell lines. We studied 30 cell
lines initiated from patients with various
forms of acute leukemia and maintained at
Roswell Park Memorial Institute. Twenty-
one lines were TdT positive, nine were TdT
negative. However, the requirement for 1%
DMSO for the solubility of GW-17E and
GW-18C turned out to be toxic for these
cell lines: control cultures grew with ex-
treme variability in the presence of 1%
DMSO, making the interpretation of in-
hibitor effects impossible.

Table 3. Effect of GW-17E and GW-18C on cell
proliferation

Cell Source TdT Growth
line status
HeLa Human Negative Unchanged
L1210 Murine Negative Unchanged
LE-4 Murine Positive ~ Markedly
inhibited
HPB-ALL® Human Positive  Control cul-
IM? Human Positive  tures fail to
growin 1%
DMSO

® The data noted for the two human leukemia

cell lines are representative of all 30 lines stud-
ied
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Work in progress now is directed at the
development of compounds related to GW-
17E and GW-18C, which are both inhibi-
tory and water soluble. One such com-
pound, designated 20-DN (Fig. 3), has
been identified. At 100 pmolar concentra-
tion this compound inhibits TdT in vitro by
85% of control, while polymerases a, §, and
y are not inhibited, even at 500 pmolar con-
centration.

(0]
Na N
|\ I CHg
&5
0° \n NH
H H 2

Fig. 3. Structure of compound GW-20DN

It should be possible to determine, using
a panel of human and animal TdT-positive
and TdT-negative cell lines, whether the re-
sults we have seen with HelLa, L1210, and
EL-4 cells are general and related to TdT
states, and not restricted to the lines studied
to date.

D. Conclusion

The physiologic function of TdT in cells in
which it is expressed, either leukemic or
normal, is presently unknown. Its strict
limitation in normal animals to lymphoid
cells during the early phases of their differ-
entiation suggests that it may play a critical
role in this process. Presumably TdT sub-
serves a similar role in leukemia cells,
although the process of differentiation in
these cells is itself disturbed. Whatever its
role might be, we have asked whether inhi-
bition of TdT in leukemic cells might con-
stitute a lethal event to such cells. Our pre-
liminary data on growth inhibition by GW-
17E and GW-18C of a murine TdT-posi-
tive cell line suggests that this may indeed
be the case.

The development of potent and specific
TdT inhibitors will provide a critical tool in
the dissection of the biological role of TdT.
Such compounds may be of therapeutic use



in TdT-positive malignant states as defini-
tive or adjunctive therapy, or possibly in
the in vitro destruction of TdT-positive
malignant cells in bone marrow prior to
autologous grafting. Although TdT-positive
normal cells, in addition to TdT-positive
malignant cells, might be eliminated by
therapy of this short, the fact that pluripo-
tent stem cells are TdT negative suggests
that the normal TdT-positive cell com-
partment would therefore be renewable.
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Poly(A)-polymerase Levels in Leukemia

M. Papamichail, T. Trangas, N. Courtis, C. Ioannides, H. Cosmidou, G. A. Pangalis,

and C. M. Tsiapalis

A. Introduction

Formation of individual functional mRNA
sequences in eukaryotic cells requires many
steps in addition to transcription. These in-
clude RNA splicing, base modification,
polyadenylation-de-adenylation, transport
from nucleus to cytoplasm, and assembly
into the polyribosomes. A number of recent
reports indicate that various control mech-
anisms may operate in these several steps
of mRNA maturation before its translation
[1]. Elucidation of such control mechanisms
concerning eukaryotic gene expression in
addition to its biological interest may be
clinically useful in lymphoid malignancies.
Polyadenylation of the 3’-hydroxyl end
of HnRNA and mRNA could theoretically
be regulated by poly(A)-polymerase [2, 3].
To clarify the possible involvement of this
enzyme in mRNA maturation and stabili-
zation we have carried out measurements
of poly(A)-polymerase in various human
leukemias. We found that acute leukemias
have higher enzyme levels than those ob-
served in chronic lymphocytic leukemias.

B. Results

As can be seen in Table 1 peripheral blood
lymphocyte soluble cell extracts from pa-
tients with acute leukemia have higher
poly(A)-polymerase activity than that ob-
served in lymphocytes from chronic lym-
phocytic leukemia patients. The mean po-
lymerase unit per milligram soluble protein
in 30 cases of chronic lymphocytic leu-
kemia was 7.03 whereas in acute leukemic
cases it was 49.25. This difference of en-
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zyme levels is statistically significant.
Among the acute leukemias acute myelo-

‘blastic leukemia seems to have the highest

enzyme levels. However, more cases must
be studied to substantiate this conclusion.
Peripheral blood lymphocytes from normal
donors have very low enzyme activity. The
polyadenylation reaction showed an abso-
lute requirement for divalent -cations
(Mn?** being better than Mg?*) and exoge-
nous initiator. There were no significant
differences observed in the level of
poly(A)-polymerase initiated with oligo (A)
(Axs) or poly(A)(Asgs) with soluble extracts
from acute and chronic leukemic patients.
The oligo(A)-initiated polymerase activity
from all soluble cell extracts shows linear
incorporation of AMP for 1h. In contrast
the poly(A)-initiated polymerase activity

Table 1. Poly (A)-polymerase levels in various
leukemias

Diagnosis Enzyme units
(nmol/h)/mg

Chronic lymphocytic 703+ 8.17°

leukemia [30]*

Acute leukemias [14]° 49.251+39.03°

Normal peripheral blood 273+ 2.67°

lymphocytes [7]

* Numbers in parentheses indicate the number
of cases studied

b Level of significance 99% (mean+ SEM)

¢ Acute leukemias include nine acute lym-
phoblastic leukemias (ALL), two acute
myeloblastic leukemias (AML), and three
chronic granulocytic leukemias (CGL) in blast
crisis



from both acute and chronic leukemic solu-
ble cell extracts shows linear incorporation
of AMP for more than 1 h with an apparent
initial lag phase. All enzyme assays may be
carried out at protein concentrations of
crude cell extract between 1 and 3 mg/ml.
Preliminary data in our laboratory indicate
differences in the mol.wt. of the enzyme be-
tween the acute and chronic cases. Also in
acute leukemias the poly(A)-polymerase
consists of two enzyme species whereas in
the chronic leukemic cases only one of
these can be detected (as reported else-
where).

C. Conclusions

The results of this study indicate that pe-
ripheral blood lymphocytes of patients suf-
fering from acute leukemia have higher
poly(A)-polymerase activity than lym-
phocytes from CLL patients. Of the acute
leukemias, the highest levels of the enzyme
were observed in AML cases. However,
more cases must be tested to prove this.
There is evidence that polyadenylation
of HnRNA and mRNA is an early post-
transcriptional process presumably me-
diated by poly(A)polymerase. It has also
been suggested that poly(A) confers sta-
bility and consequently enhances trans-
lational efficiency of some mRNAs [4, 5, 6].

It could be assumed that high poly(A)po-
lymerase levels result in increased poly(A)
content of mMRNA and HnRNA. Therefore,
the observed high levels of poly(A)polyme-
rase in rapidly proliferating acute leukemic
cells, which have increased translational
needs, possibly correlate with a longer life-
time of mRNA. The opposite occurs in
CLL.

Elucidation of mRNA adenylation by
poly(A)-polymerase and the subsequent
functional lifetime of mRNA in various
types of leukemia may shed light in under-
standing better the cellular basis of cell
proliferation and have some clinical signifi-
cance in lymphoid malignancies.
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Short-term Therapy for Acute Myelogenous Leukaemia
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H. Thomas, and J. Amess

A. Introduction

It has now been repeatedly demonstrated
that it is possible to achieve complete re-
mission (CR) in the majority of younger
adults with acute myelogenous leukaemia
(AML) [4, 5, 7, 11, 12], and that approxi-
mately one-fifth of patients in whom this is
achieved will continue well without re-
currence for many years [2, 6, 8, 10]. These
observations have naturally stimulated
considerable research in to how these
achievements may be translated into cure
being probable for the majority rather than
possible for the minority. In general, the
trend has been to increase the quantity of
initial therapy to the limits of bone marrow
tolerance, which has been considerably ex-
tended by the availability of platelet con-
centrates and powerful broad spectrum
antibiotics. In 1978 such an approach was
introduced at St. Bartholomew’s Hospital.
In the light of there being no convincing
evidence that maintenance therapy pro-
longed remission following very intensive
initial treatment, and some (evidence) to
the contrary [3, 9], it was decided to limit
the duration of the programme to approxi-
mately 6 months by terminating all therapy
after a maximum of six cycles of ad-
riamycin (adria), cytosine arabinoside
(araC) and 6-thioguanine (6-TG) given at
approximately 3 weekly intervals.

Preliminary results were reported in
April 1982 [1] and this report constitutes a
follow-up of 98 patients under the age of
sixty.
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B. Materials and Methods

1. Patients

Ninety-eight consecutive patients aged
15-60 with newly diagnosed AML com-
menced treatment at St. Bartholomew’s
Hospital between April 1978 and Novem-
ber 1981 and form the basis of this report
(Table 1).

Table 1. Pre-treatment clinical details; n=98

M:F52:47

Blast count
X 10°/litre

Platelet count
X 10°/litre

Range 0-392 8 —386

Mean 28 74

Median 5 42

F-A-B Classification

M 1 2 3 4 5 6 Total
39 19 9 21 5 6 99

IL. Treatment (Table 2)

Two combinations of adria, araC and 6-TG
were employed sequentially between April
1978 and June 1980. The initial combi-
nation was the least intensive (B-IX) and
modified in favour of the next (B-X) be-
cause inadequate aplasia was induced. This
was abandoned because of unacceptable
early mortality and B-IX re-instituted. The
finding that the duration of remission was
significantly longer in patients surviving to
enter CR with B-X, and improvements in



Table 2. Details of treatment programmes

months, patients being observed sub-
sequently without therapy prior to relapse.

Drug Dose  Days  Cycles If an HLA identical donor was available,
(mg/m?) chemoradiotherapy followed by allogeneic
BIX bone marrow transplantation was per-
- formed (Dr. RL Powles) at the completion
Adriamycin 50 ) 142 of chemotherapy. Such patients have been
50 1 344 excluded from the analysis from the time of
25 2 3+4 transplantation.
50 1+2 5+6
Cytosine 200 1-5 1-6 C. Results
arabinoside
Complete remission (CR) was achieved in
6-Thioguanine 200 1-5 1-6 56/98 patients with the initial therapy and
in a further three after the addition of high-
B-X dose araC to give an overall complete re-
mission rate of 59/98 (60%) (Table 3). The
Adriamycin 25 2,3 1-6 reasons for failing to enter CR are shown in
. Table 4. No patient with a presenting blast
Cytosine 200 1-7 142 cell count in excess of 100X 10°/liter en-
arabinoside 1-5 3-6 tered CR.
6-Thioguanine 200 -7 1+2
1-5 - Table 3. Frequency of complete remission
B-Xb B-IX B-X B-XB Total
Doses of all three drugs the same as B-X; araC ~ 30/37 11/27 18/34 59/98

given by continous intravenous infusion; araC
and 6-TG given for 7 days in all cycles

supportive care led to the introduction of
an intensification of B-X to B-Xb.

The majority of patients treated between
July 1980 and November 1981 received this
modification of the B-X programme,
whereby adria was given on the 1st and
2nd days (total dose 75 mg), araC was
given by continuous intravenous infusion,
and araC and 6-TG were continued for 7
days in all cycles. Four patients received
adria on the first 2 days with araC at
100-150 mg/m? per day by continuous in-
fusion for 10 days without 6-TG. AraC at a
dose of 2 Gm/m? twice daily (given over
3 h) for 6 days was substituted for one con-
solidation course in three patients. For the
purpose of this analysis, primarily con-
cerned with determining whether there was
an advantage in treating patients with
chemotherapy including 7 days of araC as
opposed to 5, all these patiens are con-
sidered together. A maximum of six cycles
was prescribed over approximately 6

B-IX vs B-X P=0.01; B-IX vs B-Xb P=0.01;
B-X vs B-Xb n.s.

Table 4. Reasons for failure to achieve remission

B-IX B-X B-Xb Total

Resistant 2 7 5 14
leukaemia

Fatal infection 1 3 6 10
Haemorrhagic 3 3 1 7
death

Other | 3 4 8
Withdrawn -~ - 3 3
Total 7 16 19 42

Table 5. Proportion of patients receiving total
planned therapy

B-IX B-X B-XB

23/30 8/11 5/15

B-IX vs B-Xb P=0.01; B-X vs B-Xb P=0.05
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Only 36/59 patients entering complete
remission completed six cycles of therapy,
the proportion being significantly lowest
(P<0.01) for patients receiving the most
intensive programme (B-Xb) (Table 5). Al-
so the mean time to completion of three
cycles of therapy was significantly longer
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for B-Xb (90 days) than B-IX (86 days,
P=0.01) or B-X (75 days, P=0.05).
Twenty-one patients have continued in
first unmaintained CR between 6 months
and 4 years with a median follow-up of 18
months (Fig. 1). Thirty-eight have relapsed,
one has died of septicaemia without re-

¥ Bone marrow transplant
®Dying in first remission

Cumulative % in remission

0 1 2

YEARS

patients aged 15 — 60 years

Fig. 1. Duration of first complete remission

3 4

SBH/ICRF June 1982

* Bone marrow transplant

100 ® Dying in first remission
B—X n=11
c 80 £ ti 1l 1
K]
£
- 60
£
® L wiB_Xbn=15
2 40
@
=]
g B—-1X n=30
(@) 1 1 | 1]
20 I
1 1 ]
0 1 2

Years
Patients aged 15—60 years

SBH/ICRF June 1982

Fig. 2. Duration of first complete remission. Influence of treatment programme

32



100

80

* Bone marrow transplant
#8Dying in remission
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40

7 Days n=23

Cumulative % in remission

20
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patients aged 15 ~ 60 years

5 Days n=30

3 4

SBH/ICRF June 1982

Fig. 3. Disease-free survival. Influence of initial therapy. araC: 7 days vs 5 days

100

80

60

40

Cumulative % surviving

20

0 1 2

YEARS
patients aged 15 — 60 years

Fig.4. Overall survival

lapse, and bone marrow transplantation
was performed in five, all of whom have
continued in remission but who have been
excluded from the analysis from that time.
The median duration of remission was 1
year. It was significantly longer for patients

* Bone marrow transplant

i aad ) 1 1

n=98

3 4

SBH/ICRF June 1982

receiving B-X than those receiving either
B-IX or B-XDb (not an entirely homogenous
group) (Fig. 2). All three patients receiving
B-Xb who proceeded to high-dose araC
prior to entering complete remission have
relapsed at 4, 8% and 9 months. Compari-
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son of the duration of remission of patients
entering complete remission with a treat-
ment programme contining 5 days araC
and 50 mg/m?® of adria in the first two
cycles with those receiving one containing
7 days araC with 75 mg/m? of adria in di-
vided doses reveals a significant advantage
for the latter group (P < 0.05, Fig. 3) '

The overall disease-free survival curve
for all 98 patients commencing treatment in
all of the studies in shown in Fig. 4.

D. Discussion

The complete remission rate for adults un-
der 60 years of age treated at St.
Bartholomew’s Hospital has risen modestly
from 43% (1974—-1978) to 60% in the period
1978-1982, being highest in the group re-
ceiving the least intensive programme. Re-
ducing the duration of therapy to approxi-
mately 6 months has not been associated
with a reduction in the median duration of
remission, nor in the proportion without re-
lapse at 3 years. On the contrary, the cur-
rent analysis shows a statistical advantage
for patients receiving short-term therapy
over those treated in previous studies at St.
Bartholomew’s Hospital. This is, however,
the group treated most recently and ob-
viously late relapses may occur. It is unlike-
ly, however, that the results will be worse
than those achieved previously, at least jus-
tifying the further investigation of short-
term therapy. Comparison of the duration
of remission attained with B-IX, X, and Xb
shows an advantage for B-X over both the
others in spite of the fact that B-Xb was
nominally more intensive than B-X. There
are several possible explanations for this. It
may be that the very long remission dura-
tion of patients receiving B-X was a statisti-
cal fluke, in part a reflection of the small
number of patients, Two other alternatives
are possible. First, the premature termina-
tion of B-Xb prevented many patients re-
ceiving adequate therapy. Second, resistant
leukaemia was allowed to develop by the
prolonged intercycle time.

The fact that an advantage may be dem-
onstrated for the 7 (or more) -day sched-
ules, but not for those in which araC was
given by continuous infusion, may be vari-
ously interpreted. It seems most likely that
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this paradoxical result is a reflection of the
fact that 200 mg/m?* araC when given by
twice daily bolus injection for 7 days in
combination with adria and 6-TG is just
tolerable for six cycles at 3—4 weekly in-
tervals, but intolerable when given by in-
fusion. It may therefore be inferred that if
the schedule of administration of choice is
a 7-day continuous infusion, the daily dose
of araC must be reduced, or the other drugs
omitted.

None of these results demonstrates that
there is no place for maintenance chemo-
therapy for AML, but the relapse-free pat-
tern suggests that it may be superfluous for
at least a proportion. The results of other
studies also suggesting that the intensity of
the initial and immediate post-remission
therapy, whether chemotherapy or chemo-
therapy with radiotherapy and bone mar-
row transplantation, persuade us to pursue
this direction of research.
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Multicentre Pilot Study for Therapy of Acute Lymphoblastic
and Acute Undifferentiated Leukemia in Adults*

D. Hoelzer, E. Thiel, H. Loffler, H. Bodenstein, T. Biichner, and D. Messerer,
for the German Multicentre ALL/AUL Study Group

In 1978 a study group was formed in the
Federal Republic of Germany for the treat-
ment of acute lymphoblastic leukemia
(ALL) und acute undifferentiated leukemia
(AUL) in adults. A modified form of an in-
tensive induction and consolidation re-
gimen successful in children with ALL [1]
was used. The objective was to determine
whether a prolonged remission induction
and the addition of the drugs cyclo-
phosphamide, cytosine-arabinoside and
6-mercaptopurine to the more conventional
drugs for induction therapy of ALL, vin-
cristine, prednisone, daunorubicin and
L-asparaginase would improve the long-
term results. It was hoped that a large num-
ber of hospitals would participate and that,
with a sufficient number of patients uni-
formly treated, it would be possible to de-
termine prognostic factors and to identify
risk groups. This report concerns the design
of the study, the toxicity of the therapeutic
regimen and the first results.

I. Design of Study

In this multicentre, prospective, non-ran-
domised study, patients between 15 and 65
years of age with ALL or AUL were treated
according to the protocol. Excluded from
the study were patients with previous in-
tensive chemotherapy or severe pre-exist-
ing somatic or psychiatric disease.

* Supported by the Bundesministerium fiir

Forschung und Technologie, Foérderungs
Nr. 01 ZW 450
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IL. Diagnostic

The aim was to have central diagnosis for
all participating insitutes including mor-
phology and cytochemistry, cell surface
marker studies and determination of ter-
minal deoxynucleotidyl transferase (TdT).
This central execution of the diagnostic re-
quired a considerable amount of organis-
ation and expense and could thus be only
partially achieved during the pilot study.

The morphological diagnosis was made
on the basis of Giemsa staining of blood
and bone marrow smears and the cy-
tochemical reactions PAS, peroxidase,
naphthyl acetate esterase. To avoid delay,
therapy was commenced according to the
diagnosis made locally and, in addition,
blood and bone marrow smears were
stained and reviewed in one centre (H.
Loffler, Kiel). Considered as ALL were
cases with PAS-positive blasts and as AUL
cases with blasts negative in all cytochemi-
cal reactions and without signs of granulo-
poietic differentiation [2].

The immunological diagnosis by cell sur-
face marker analysis of blood and bone
marrow cells was made in Munich (E.
Thiel) for all participating institutions. Ac-
cording to methods already described [3],
ALL should be classified into subtypes (c-
ALL, c¢/T-ALL, pre-T-ALL, T-ALL,
B-ALL) and morphological AUL identified
either as a subtype of ALL, as unclassifi-
able “Null”-ALL or possibly as myeloid or
erythroid leukemia. Furthermore, the en-
zyme terminal deoxynucleotidyl transferase
was determined centrally by a biochemical
and immunofluorescence assay (H. Bo-
denstein, Hannover).



III. Therapy

The treatment comprises induction therapy
with CNS-prophylaxis, consolidation ther-
apy and continuous maintenance therapy
over 2 years. The 8-week induction regime
(Fig. 1) consists of two phases: Phase ]
prednisone, 60 mg/m? p.o., days 1-28, vin-
cristine 1.5 mg/m? i.v. weekly, days 1, 8, 15,
22, daunorubicin 25 mg/m? iv. weekly,
days 1, 8, 15, 22, L-asparaginase 5,000 u/m?
1.v., days 1-14; Phase 2, cyclophosphamide
650 mg/m? 1.v., days 29, 43, 57, cytosine-
arabinoside 75 mg/m? i.v. for 4 days X 4,
days 31, 38, 45, 52, 6-mercaptopurine
60 mg/m? p.o., days 29-57. The CNS-
prophylaxis, following achievement of com-
plete remission, consists of methotrexate
10 mg/m? i.th., days, 31, 38, 45, 52 and
CNS-irradiation with 24 Gy. A 6-week con-
solidation course (Fig.2) is given after 3
months similar to the induction regime but
with dexamethasone and adriamycin in-
stead of prednisone and daunorubicin and

without L-asparaginase. Maintenance ther-
apy comprises 6-mercaptopurine 60 mg/m?
p.o. daily and methotrexate 20 mg/m? p.o.
or i.v. weekly for a period of 2 years.
Patients with a leucocyte count over
25,000 cells/ul and/or large tumour masses
may receive a pre-phase therapy with vin-
cristine and prednisone. A 1- to 2-week in-
terval may be inserted between phase 1 and
phase 2 of the induction therapy when the
blood values or the clinical status require it.
Since it was expected that drug toxicity
would be higher for adolescents and adults
than for children, the induction therapy of
the West Berlin scheme was modified by
reducing L-asparaginase in dose and dura-
tion and the other drugs in dose. In the
consolidation therapy, L-asparaginase was
omitted altogether as was also the in-
trathecal methotrexate and the dose re-
duced for the other drugs. Furthermore, in
view of the greater risk of bleeding, par-
ticularly of cerebral haemorrhage, in pa-
tients over 35 years, it was recommended
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Fig. 1. Induction therapy
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that in the induction therapy L-asparagi-
nase should only be started when platelets
were above 50,000/l following the initial
therapy. In addition, the dose of drugs in
phase 2 was reduced to 2/3 in patients of
this age group.

IV. Statistical Evaluation

Collection of data and its statistical evalua-
tion was carried out at the Biometrical
Centre for Therapy Studies (D. Messerer
and T. Zwingers) in Munich. To assess
therapeutic results, bone marrow samples
were taken after phase 1 and phase 2 of the
induction therapy (Fig. 1). Complete re-
mission (CR) rate was the percentage of
patients in complete remission after phase
2 of induction therapy, remission duration
was timed from the first M, or M, bone
marrow to relapse, death or last follow-up
in CR and survival time from diagnosis to
death or last follow-up. The Kaplan-Meier
[4] method was used to calculate curves for
remission duration and survival time.

V. Recruitment of Patients

Participation in the therapy study was open
to all hospitals in the Federal Republic of
Germany that had sufficient experience in
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the treatment of malignant disease and the
means to provide adequate supportive
therapy. The pilot study started in October
1978 and closed at the end of June 1981.
During this time, 170 patients from 25 hos-
pitals were recruited, 162 of whom were eli-
gible. The closing date for this analysis was
May 30, 1982.

The main phase was activated on July 1,
1981, and up to May 30, 1982, 101 ad-
ditional patients accrued but are not con-

.sidered in this evaluation.

A. Results

A complete remission was attained by
71.8% (126/162) of the patients, a partial
remission by 3.7% and 18.5% were failures

Table 1. Results of induction therapy

CR PR F
Total 77.8% 3.7% 18.5%
(126) ©6) (30)
Age =351 81.0%  3.3% 15.7%
>351. 68.3%  4.9% 26.8%
Diagnosis ALL 71.3%  4.1% 18.6%
AUL 78.5% 32% 18.5%
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(Table 1). The complete remission rate for
patients under 35 years was 81.0%, for
those over 35 years 68.3%. Regarding the
morphological and cytochemical diagnosis
of ALL or AUL, there was no difference
between the remission rates of 77.3% and
78.5%. The median duration of remission
for the 126 patients who reached CR was
20 months (confidence limits, 19-21
months). The median survival time for all
145 patients who completed the induction
therapy was 31 months. For the 126 pa-
tients with CR, the median survival time
(Fig. 3) has not yet been reached (last ob-
servation 43 months); for the non-re-

Table 2. Toxicity during induction therapy

Moderate Severe

Infection 17% 9%
Sepsis 1% 5%
Haemorrhage 6% 6%
Stomatitis 1% -

Gastrointestinal side effects 9% 2%
Hepatotoxicity 11% 2%
Pulmonary toxicity 1% 1%
Cardiotoxicity 1% -

Neurotoxicity 8% 1%
Psychosis (steroid) 3% -

Other 7% 6%

sponders (without death during the in-
duction period) the median was 9 montbhs.

L. Toxicity

The frequency of moderate and severe
toxicity is given in Table 2. The most com-
mon complications were infection, includ-
ing sepsis, and haemorrhage. Gas-
trointestinal side effects and hepatotoxicity
were most probably drug related as well as
the neurotoxicity induced by vincristine.
Pulmonary toxicity and cardiotoxicity were
seldom observed. Seventeen (10.5%) of the
162 patients died during induction therapy.
The most frequent causes of death were
haemorrhage, particularly cerebral and
gastrointestinal, and resistant infections,
particularly pneumonia and sepsis. Death
occurred mainly (15/17) in phase 1 and
correspondingly seldom (2/17) in phase 2
of the induction therapy.

B. Discussion

The observation time for this study was too
short to provide any conclusive information
on the long-term results of the intensified
induction and consolidation regimen. How-
ever, a reasonable number of 170 ALL/
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AUL patients could be recruited and to-
gether with the 101 patients from the first
11 months of the main phase study a total
of 271 patients entered the trial, which is a
substantial proportion of patients with that
disease in the Federal Republic of Ger-
many.

The success of the intensified induction
regime is demonstrated by the complete re-
mission rate of 77.8%, which is relatively
high compared to other multicentre trials
(literature summarised by Esterhay et al.
[5]), especially when the large number of
participating institutes is considered. A bet-
ter response rate was seen for younger pa-
tients as in other trials. However, except for
hepatomegaly, no other clinical and
laboratory features had any statistically sig-
nificant influence on the achievement of
complete remission. Also for the mor-
phologically defined acute lymphoblastic
and acute undifferentiated leukaemia the
CR rate was very similar.

The protocol seems tolerable with regard
to toxicity and manageable even in patients
over 35-65 years. The main complications
were, as in other studies, bleeding and in-
fection. Pulmonary toxicity and cardio-
toxicity were seldom seen, the latter prob-
ably because of the low dosage of daunoru-
bicin. The frequency of death during in-
duction is of a similar order as in other
adult ALL trials, and the main causes of
death were bleeding and infection. Since
only two patients died during the intensive
phase 2 of the induction therapy with the
drugs cyclophosphamide, cytosine-arabino-
side and 6-mercaptopurine, whereas the
majority of patients died in phasel, it
seems reasonable to assume that death was
due not only to drug toxicity but also to the
advanced stage of the disease.

Regarding the long-term results, the
median remission duration (MRD) of 20
months (confidence limits, 19—21 months)
is one of the longest observed in large trials
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[5], apart from the superior results in a
monocentric study where the very intensive
L10/L10M protocol was used [6]. The sur-
vival time for the complete responders re-
flects the MRD. Preliminary analysis gave
as possible prognostic factors: the time
needed to achieve CR (i.e. the number of
therapy courses required), age, initial
leucocyte count and the immunological
subtype. The observation time was, how-
ever, as yet too short to provide a reliable
assessment of their significance.
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A. Introduction

Major progress in the treatment of acute
myelogenous leukemia (AML) has oc-
curred during the past decade. Advances in
chemotherapy and supportive care have
been associated with an increase in the
complete remission rate of patients under
the age of 60 with AML from 35%-55% [35,
7] to approximately 75% [2, 9, 16]. More
importantly, the median duration of com-
plete remission and the percentage of pa-
tients in long-term continuous complete re-
mission has steadily improved. This has re-
sulted from postinduction combination
chemotherapy [10, 13, 18, 20] or chemo-
radiotherapy and transplantation of mar-
row from histocompatible siblings [4, 15,
21]. In 1976 the VAPA protocol was initi-
ated to specifically improve the duration of
complete remission for children and adults
(< 50 years) with AML. In 1980 we report-
ed encouraging results obtained with this
approach [12, 22}, and this report is an up-
date of the study.

B. Materials and Methods

1. Patients

One hundred and seven consecutive, pre-
viously untreated patients less than 50
years of age were evaluated and entered

* Supported in part by Grants CA 22719, CA
17700, and CA 17979, National Institutes of
Health, Bethesda, Maryland, USA

onto this study between February 1976 and
October 1979. The diagnosis of AML was
based on morphologic examination of bone
marrow and a study of histochemical
stains.

II. Treatment

Remission was induced with two courses of
vincristine, adriamycin, prednisolone, and
cytosine asrabinoside (araC). Patients
achieving complete remission were treated
with intensive sequential combination
chemotherapy for 14 months. This phase of
therapy was divided into four sequences
of drug combinations: adriamycin/araC,
adriamycin/azacytidine, prednisolone/vin-
cristine/mercaptopurine/methotrexate, and
araC. Central nervous system prophylaxis
was not included but surveillance lumbar
punctures were performed throughout re-
mission. Details of the treatment protocol
have previously been published [22].

II1. Statistical Analysis

The duration of survival was measured
from the time of initial therapy while the
duration of remission extended from the
time bone marrow remission was con-
firmed. Kaplan-Meier analyses were per-
formed for survival and continuous com-
plete remission. Statistical tests on this dis-
tribution were made with the log-rank test
[14]. Deaths during remission were treated
as relapses and withdrawals were con-
sidered up until the time they were elec-
tively removed from the protocol.
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C. Results

I. Induction of Remission

The results of remission induction therapy
are presented in Table 1. Rates of complete
remission were similar for children and
adults and did not differ significantly ac-
cording to morphologic subtype of AML
(data not shown).

II. Duration of Remission

Among the 75 complete responders there
have been eight withdrawals for reasons in-
cluding nonhematopoietic drug toxicity,
bone marrow transplantation, and physi-
cian-patient desire to discontinue therapy.
There have been two deaths during re-
mission in the adult group. A total of 34 pa-
tients have relapsed. Eight of 19 pediatric
relapses have occurred in the central ner-
vous system (CNS). In contrast, only one of
the relapses in the adult group occurred in
the CNS (Table 1).

Figure 1 is a Kaplan-Meier plot of the
probability of remaining in continuous
complete remission (CCR). The median
follow-up period for patients less than age
18 is 41 months and 52% remain in CCR at
38 months. For patients age 18-50 the
median follow-up period is 33 months, and

Table 1. VAPA update as of 1 April 1982

Age Age

0-17 18-50
No. entered 61 46
No. of complete 45 (74%) 30 (65%)
remissions
Withdrawals 5 3
Deaths in remission 0 2
Total relapses 19 15
CNS 8 1
Bone marrow 10 13
Myeloblastoma 1 1
Completed therapy 26 15
Relapses of therapy 5 5
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there is a 42% probability of CCR at 36
months but this decreases to 14% at 51
months. This late fall in the adult curve is a
reflection of the small number of adults at
risk beyond 3 years and two late relapses.

III. Cessation of Treatment

Twenty-six patients less than 18 years of
age have completed therapy and only 5 of
these 26 patients have relapsed (median
follow-up time after cessation is 21+
months). Fifteen adults have completed
treatment and five have relapsed (median
follow-up after cessation is 18 + months).

IV. Overall Survival

Figure 2 is a Kaplan-Meier plot of the
probability of survival for all patients: the
median survival remains undefined for pa-
tients less than 18 years of age and the
median survival for patients 18—-50 years of
age is 16.5 months.

V. Prognostic Factors

Factors that may have influenced the dura-
tion of remission were analyzed using the
log-rank test. These factors included white
blood count at the time of diagnosis, age,
sex, morphologic subtype of AML, and the
number of courses of therapy required to
induce a complete remission. The mono-
cytic subtype was the only presenting fea-
ture that correlated significantly with re-
mission duration. Patients less than 18
years of age with monocytic leukemia had
shorter lengths of complete remission

(P=0.007).

VI. Central Nervous System Relapse

Seven of the eight children with primary
CNS relapse were asymptomatic. All eight
children had bone marrow relapses 2 weeks
to 5 months after CNS relapse. The mono-
cytic subtype was associated with a high
risk for primary CNS relapse (P =0.07).

VII Toxicity

Toxic manifestations during the intensive
sequential chemotherapy phase were lim-
ited primarily to nausea, vomiting, and fe-



CONTINUOUS COMPLETE REMISSION BY AGE

1.0

0.8

0.6

PROBABILITY

0.4 -
0.2 - Therapy
Stopped 18-50 Fig. 1. Kaplan-Meier plot of proba-
0 I 1 ! 1 L J bility of CCR. The vertical bars repre-
0 12 24 36 48 60 72  sent two standard deviation confi-
MONTHS dence limits

VAPA SURVIVAL BY AGE

PROBABILITY

0 1 1 1 i 1 J Fig. 2. Kaplan-Meier plot of proba-
0 12 24 36 48 60 72  bility of survival for all patients
MONTHS (n=107)
AGE ALIVE DEAD TOTAL MEDIAN
® O0-17 YRS 31 30 6l UNDEF
O 18-50 YRS 15 31 46 16.5

ver (or infection) associated with granulo-
cytopenia. The average hospital time dur-
ing this phase of therapy was approximate-
ly 60 days. After 1978, patients received
continuous subcutaneous infusions of araC
outside the hospital by means of a portable
infusion pump (autosyringe) instead of
continuous intravenous infusion as inpa-
tients. Three of 75 patients followed in re-
mission developed adriamycin cardio-
myopathy, with one fatality in this group.
There was one death during remission sec-
ondary to pneumonia during a period of
granulocytopenia. There was a 5% inci-
dence of reversible cholestatic liver disease
observed during the maintenance phase.

D. Discussion

In this study, 70% of patients with AML en-
tered complete remission. This result is
consistent with the experience of others
who have employed a combination of cyto-
sine arabinoside and an anthracycline with
or without vincristine and prednisolone.
The goal of our study was to improve dura-
tions of complete remission by specifically
addressing the problem of relapse. The
VAPA protocol included 14 months of in-
tensive sequential chemotherapy after re-
mission was achieved. The programm was
designed to maximize leukemic cytore-
duction and to circumvent the problem of
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the development of drug resistance by leu-
kemia cells [19].

The overall data appear very encourag-
ing. In the pediatric group, the probability
of CCR is 56% at 2 years, and only one re-
lapse has been observed beyond this time.
Twenty-six of 45 children who entered
complete remission had therapy electively
stopped at 14 months in CCR and 21 of
these patients remain in remission. These
results are significantly better from those
reported in other chemotherapy trials for
childhood AML [2, 6, 8].

For adults between 18 and 50 years of
age, the median duration of remission was
28 months, which is substantially longer
than previously achieved with most other
chemotherapy protocols [1, 11]. There have
been, however, two late relapses (after 3
years of CCR) in the adult group. Due to
the small number of patients at risk beyond
3 years, one cannot predict with certainty
the percentage of adults who will remain in
long-term remission. Preliminary results of
other intensive chemotherapy programms
for adults with AML support our treatment
approach [3, 17].

The central nervous system was the ini-
tial site of leukemic relapse in 8 of 19 chil-
dren. In contrast, only one adult experi-
enced a CNS failure amongst 15 adult re-
lapses. Primary CNS relapse has been re-
ported to account for 10%—-15% of the re-
lapses in both children and adults with
AML [8, 24]. The VAPA protocol did not
incude CNS prophylaxis, but cytosine
arabinoside penetrates into the CSF when
administered by continuous intravenous or
subcutaneous infusion [23]. The high inci-
dence of primary CNS relapse in children
indicated that continuous araC infusions at
a dose of 200 mg/m? per day were not ef-
fective for CNS prophylaxis. There were
many more children than adults with
monocytic leukemia in our study and this
may have contributed to the higher CNS
relapse rate observed in the younger group.
In our new AML study patients less than 18
years of age receive intrathecal chemo-
therapy for CNS prophylaxis.

The VAPA experience indicates that
AML, especially in children, can be con-
trolled and hopefully cured by chemo-
therapy alone in many patients. The only
other therapy that appears to maintain long
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durations of remission for patients with
AML is chemoradiotherapy followed by al-
logeneic bone marrow transplantation per-
formed early in the first remission. This ap-
proach is currently limited to patients with
a histocompatible sibling. With continued
advances in supportive care, chemo-
therapy, and bone marrow transplantation,
long-term control of AML in the majority
of cases is a reasonable goal in the near fu-
ture.
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Recently the treatment programs for child-
hood acute myeloid leukemia (AML) have
become more effective, not only in achiev-
ing a higher percentage of induction re-
sponses but also in the improvement of
duration of the first remission [7, 9, 12]. Be-
cause AML in children is rare — about 80
new cases per year are expected in West
Germany and West Berlin — it is necessary
to cooperate in multicenter trials to gain
experience and to establish the value of
new therapies.

A. Patients and Methods

Between December 1978 and May 1982,
138 children aged less than 17 years with
AML entered the protocol of the childhood
AML study BFM 78, which is a cooperative
prospective trial of 31 German hospitals.

The initial treatment consists of an in-
duction regimen (Fig. 1) with two intensive
4-week cycles, which resembles in design
the West Berlin ALL Protocol [8]. Before
starting the protocol reduction of the cell
‘mass in patients with high leukocyte counts
is attempted by using low doses of 6-thi-
oguanine (6-TG) per os and cytosine
arabinoside (ara-C) i.v. daily. Prednisone
therapy should not be started as long as the
danger of severe bleeding exists.

Seven different drugs and prophylactic
irradiation to the skull are given over a
period of 2% months, with a recovery peri-

* Supported by the Minister for Research and
Technology of the Federal Republic of Ger-
many
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od of 1-2 weeks between phase 1 and 2.
Maintenance therapy lasts for 2 years.
6-TG (40 mg/m? per os) is given daily and
ara-C (40 mg/m? s.c.) every 4 weeks for 4
days and in addition adriamycin (Adr)
(25 mg/m? i.v.) every 8 weeks but only in
the first year. The diagnosis AML is based
upon the morphological and cytochemical
criteria of the FAB classification [2].
Patients who failed to achieve complete
remission (CR) after the induction regimen
were classified as nonresponders. Relapse
was diagnosed on appearence of more than
5% of blasts in the bone marrow or of leu-
kemic cells at any other site. Methods of

Table 1. Characteristics of 138 protocol patients

of the AML therapy study

n (%)
Total 138
Boys 73 (53)
Initial CNS involvement 10 (8)
Initial extraordinary organ 26 (19)
manifestation
Liver = 5 cm below costal 33 (249
margin
Spleen = 5 cm below costal 36 (27)
margin
Leukocyte count 28 (21
< 5x10°/liter
Leukocyte count 31 (23)
>100 X 10°%/liter
Platelet count <10x10%liter 16 (12)
Platelet count 10 — 20 10%/liter 23 (17)
Hemoglobin <60 g/liter 18 (13)
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Fig. 1. Induction regimen of the cooperative AML study BFM-78

statistical analysis were the life table algor-
ithm [5] and Cox’s regression model [4].
Date of analysis was 1 May 1982.

Patient characteristics are given in
Table 1. The median age is 9.8 years. Initial
extraordinary organ manifestations were
mainly skin involvement or infiltration of
the tonsils, submandibular glands, or testes.
The classification according to the FAB cri-
teria is:

M1 acute myelo- (AMBL): 64 (46%)
and blastic leukemia
M2

M3 acute promyelo- (APL): 6 (4%)
cytic leukemia

M4 acute myelo- (AMML): 37 (27%)
mMonocytic
leukemia

M5 acute mono- (AMOL): 28 (20%)
blastic-monocytic
leukemia

M6 acute erythro-  (EL): 3 (2%)
leukemia

B. Results

The results after 41 months are shown in
Table 2. Seventy-eight percent of the chil-
dren achieved CR during induction regi-
men in median after 43 days. Thirteen chil-
dren died of cerebral bleeding within the
first 12 days, two of them before onset
of therapy. Five more patients died of ther-
apy complications or infections and six
children died later on in remission. Twelve
patients (9%) were classified as non-
responders; two of them achieved CR after
starting maintenance therapy. For sites of
relapses see Table 2. Twenty-four of the to-
tal of 33 relapses occurred in the bone mar-
row only. There was only one isolated CNS
relapse.

Sixty-seven children have been in con-
tinuous complete remission (CCR) for
1-41 months. In addition, two children
have been in first remission for 2 years,
although further treatment was refused af-
ter the induction regimen. The life table
analysis indicates that the probability for
CCR for the total group of 138 patients af-
ter 41 months is 0.40+0.05 (Fig. 2). The
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probability of CCR for the remission group
(nonresponders and early deaths during in-
duction therapy are excluded) is 0.57 = 0.07
after 41 months. Death during remission
induction as well as poor response to ther-
apy occurred more frequently in AMML
and AMOL patients. Long-term results are
not significantly different among these sub-
groups.

The analysis of risk factors indicates that
fatal hemorrhage is more common in

AMOL patients than in other subgroups
(descriptive P value =0.009). The analysis
of hemostasiological factors in 34 patients
showed that the plasminogen levels were
low in those five patients who died of early
cerebral bleeding, whereas the other pa-
tients had normal plasminogen levels [11].
In general the risk of relapse is not predict-
able. Only in the subgroup of AMML do
initial extraordinary organ manifestation
(P=0.03) and high initial leukocyte count

Table 2. Treatment results in 138 patients of the AML therapy study BFM-78

n
Patients 138
Death before onset of therapy 2
Death during induction therapy
Bleeding 11
Infection 3
Therapy 2
Nonresponders 12
Complete remission achieved 108 (78%) Relapse sites
. - BM (bone marrow) 24
Death in remission 6 CNS 1
Relapses 33 Testes 1
In CC 41 h 6 Skin 2
n CCR (1 - 41 month) 7 BM/CNS 3
Alive 79 BM/testes 2

e
&)
1

CUMULATIVE PROPORTION IN CCR

MAY 1, 1882

0.0 T
0 1

2 3 YEARS

Fig. 2. Probability of continuous complete remission; /, last patient of the group; —, total group (n,
138; 67 in CCR). - - -+ , remission group (n, 108; 67 in CCR); patients who died in the first remission

were censored at the date of expiry

48



(P=0.01) correlate with increased risk of
relapse.

C. Discussion and Conclusions

The preliminary results of the German
AML study BFM 78 make the following
conclusions possible:

1. A prolonged intensive induction therapy
using seven drugs and preventive cranial ir-
radiation produces a high proportion of re-
mission (78%) in childhood AML and — in
combination with a continuous mainte-
nance therapy over a period of 2 years — a
57% rate of CCR after 3.5 years.

2. The results of the German AML study
are in general comparable to those of the
VAPA-10 study in Boston, concerning only
the children [12]. However, the localization
of recurrences is markedly different. In the
BFM study only 1/33 relapses was an
isolated CNS infiltration (in a patient with
initial CNS involvement) compared to 7/14
in the VAPA-10 study (children only).
Therefore we conclude that prophylactic
cranial irradiation has become a very im-
portant factor in childhood AML, since the
duration of the remission period has been
prolonged considerably.

3. In contrast to childhood ALL, high ini-
tial leukocyte counts generally do not seem
to be a risk factor for recurrences with
BFM therapy. Only the combination of
AMML with large tumor mass, which is
more frequent in this subgroup than in the
others, indicates a high risk of relapse.

4. It is remarkable that the portion of chil-
dren with AMOL in the BFM study (20%)
is higher than in adults. Sultan etal. [10]
found 31/250 adult patients with AMOL
(12%) and Economopoulos et al. [6] 8/75
(11%). So far only few data exist on the per-
centage of AMOL patients in childhood
AML. The range is 9%-16% ([1, 3]; Wein-
stein, personal communication at Wilsede
Joint Meeting 1982).

There are no reports of other pediatric
groups about early fatal bleeding in AMOL
subtype. Chessels et al. [3] found that early
death from leukostasis occurred in AMML
and AMOL patients. In the VAPA-10 study
the reason for the low incidence of fatal

cerebral bleeding (1/61) might be the ef-
fectiveness of therapy with hydroxyurea be-
fore starting the protocol. Our analysis of
hemostasiological factors has shown a low
plasminogen level even before onset of
bleeding in those children who died of ce-
rebral hemorrhages. Future efforts should
be directed toward avoiding this compli-
cation in AML children, especially in those
with AMOL.

5. In general the results of the German
AML study as well as the data of the
VAPA-10 study support the hope that
childhood AML will no longer be an in-
curable disease if treated with suitable ag-
gressive chemotherapy programs.
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Acute Myeloid Leukaemia in Childhood:

Treatment in the United Kingdom

J. M. Chessells, C. A. Sieff, and A. Rankin

Childhood acute myeloid leukaemia
(AML) is rare. The annual incidence rate,
based on the Manchester Children’s

Tumour Register [1], is 5.1 cases per 10°
children under 15 years of age, thus ap-
proximating 60—70 new cases per annum in
the United Kingdom. At the Hospital for
Sick Children, Gt. Ormond Street (HSC),
an average of eight to ten new cases of
AML are referred per annum.

A. Treatment Before 1975

Figure 1 shows the survival of all patients
treated in two consecutive periods at the
HSC. Before 1972 patients received a vari-
ety of drugs; between 1972 and 1975
daunorubicin and cytosine arabinoside
(araC) were used in induction, CNS
prophylaxis was given with intrathecal
chemotherapy and treatment continued
with 6-mercaptopurine or thioguanine for 2
years. There was no improvement in medi-
an survival but three patients remain in re-
mission over 8 years from diagnosis.

B. The MRC UKAML Trial

Between 1975 and 1979 patients at the
HSC were entered into the first Medical
Research Council (MRC) trial for child-
hood myeloid leukaemia (UKAML). The
design of this multicentre trial is shown in
Fig. 2. Induction chemotherapy was fol-
lowed by consolidation and CNS prophy-
laxis. At first patients were randomized to
receive either no further treatment after

consolidation, or immunotherapy. Im-
munotherapy consisted of BCG and ir-
radiated allogeneic blast cells; one dose of
0.2 ml containing BCG and 2.5X 107 blast
cells was given intradermally each month
for four doses. Subsequently a third arm
was introduced, comprising 2 years mainte-
nance chemotherapy with daily oral thi-
oguanine and weekly subcutaneous araC.

1. Remission Induction

One hundred and fifty-eight patients were
entered from centres throughout the Unit-
ed Kingdom. One hundred and five of
these (66%) achieved remission after a
median of three courses of chemotherapy.
The cause of failure to achieve remission
was analysed as suggested by Preisler [2].
Using his criteria 35 patients would be
classified as class I or II failures who by im-
plication might have benefited from more

“intensive chemotherapy. Early deaths (type

V failures) accounted for 13 failures; six of
these were associated with haemorrhage
with or without disseminated intravascular
coagulation, six with leucostasis and only
one with infection. :

Analysis of response to initial chemo-
therapy in relation to FAB class as de-

Table 1. UKAML response to induction accord-
ing to FAB class

Ml M2 M3 M4 M5 M6

No. 20 60 8 34 26 9
CR 13 46 2 25 17 1
Prop. 0.65 076 025 0.73 065 0.1
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Fig. 1. Life table analysis of survival in children with AML treated in two consecutive periods at the
HSC. Numbers in brackets indicate number still alive/total number

scribed by Bennett et al. [3] (Table 1) shows
that the worse response is in M; AML, be-
cause of death from haemorrhage, and in
M AML because of failure to respond to
chemotherapy. The deaths from leucostasis
occurred in patients with M, and M; AML.
The overall remission rate was lowest (52%)
in patients with initial leucocyte counts in
excess of 100 10%/litre and highest (72%)
in those with counts under 10X 10%/litre.

I1. Consolidation

Consolidation chemotherapy comprised six
courses of adriamycin, araC, thioguanine
and vincristine and six doses of intrathecal
araC. Cranial irradiation was not given.

INDUCTION CONSOLIDATION
(ITCA50X6)
TR
Ara ¢ 100 444 Ara ¢ 100
6100 [ | 6100 [ ]
VCRL5 ¥ VCRL5

{MAX X6) {6 COURSES)
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The overall incidence of CNS relapse was
low with CNS relapse as a first event occur-
ring in only three patients. Seventeen pa-
tients (11%) relapsed during this consoli-
dation phase so that the overall number of
patients available for randomization was 88
(56%). Four of these patients were not ran-
domized, receiving transplantation or
alternative chemotherapy, and have been
withdrawn from subsequent analysis.

I11. Further Treatment

The outcome in patients receiving no
further therapy, immunotherapy and main-
tenance treatment is shown in Fig. 3.
Although these results may appear to show

FURTHER TREATMENT

/NIL

———» |MMUNOTHERAPY

\ TGICA

Fig. 2. Design of the MRC
UKAML trial 1975-1979
(Drug dosages in mg/m?

X 2yrs.
y surface area)
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Fig. 3. MRC UKAML trial. Comparison of first remission duration in patients receiving chemo-
therapy, immunotherapy or no further treatment
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an overall advantage for chemotherapy, the
comparison with patients randomized later
does not show this effect and it appears that
continued chemotherapy is at most of mar-
ginal benefit.

Analysis of results in terms of leucocyte
count at presentation (Fig.4) shows no
consistent relationship but analysis of FAB
class and survival (Fig. 5) suggests that pa-
tients with M; AML and M, AML may
have a better prognosis than the other sub-
types. There was no marked influence of
age Or SEX ON Prognosis.

IV. Conclusions

This trial illustrates the difficulties arising
in accruing patients with a rare disease for
a randomized trial. In retrospect, as ex-
pected, immunotherapy proved of no ben-
efit in maintaining disease-free survival
and long-term chemotherapy was of mar-
ginal, if any, benefit.
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V. Bone Marrow Transplantation (BMT)
in First Remission

During the latter years of this trial BMT
had become increasingly accepted as treat-
ment for AML in first remission. A com-
parison of patients at the HSC with AML
achieving stable remission and treated with
chemotherapy compared with patients re-
ferred to the Royal Marsden Hospital for -
BMT in first remission has shown a clear
benefit in favour of transplantation [4].

However, a major limitation of this form
of treatment, in view of the small family
size in the United Kingdom, is the limited
number of patients with suitable donors.
Less than one-quarter of children with
AML seen at the HSC have HLA-DR iden-
tical donors.

C. The Eighth AML (Paediatric) Trial

Since there is little evidence that childhood
AML is different from adult AML, from
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Fig. 6. Design of the MRC eighth AML (paediatric) trial opened May 1980

1980 onwards children have been entered
into the ongoing MRC multicentre trial for
adult AML. An outline of this protocol is
given in Fig. 6. Remission induction is
based on the DAT protocol described by
Rees and his colleagues at Cambridge [5].
It might be expected that this more in-
tensive regime with 12-hourly araC and
thioguanine would produce a higher re-
mission rate than seen in UKAML, and so
far 79% of the 48 children entered have
achieved remission. Patients in remission
receive two further courses of DAT and are
then randomized to further consolidation
or to start maintenance. All receive chemo-
therapy for approximately 1 year. Patients
with a suitable donor receive BMT in first
remission, but so far only four patients
have been transplanted.

D. Conclusions

The major obstacle to treatment of AML is
bone marrow relapse. At present BMT is
only available to the minority of patients
with HLA-DR identical donors. It remains
to be seen whether more intensive in-
duction and consolidation will increase the
proportion of patients achieving disease-
free survival or whether developments in

BMT will enable this form of treatment to
be offered to a larger number of children.
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Interferon in Acute Myelogenous Leukaemia: A Preliminary Report

A.Z.S. Rohatiner, F. Balkwill, and T. A. Lister

A. Introduction

Interferon has been shown to have an anti-
proliferative effect on leukaemic blast cells
in vitro [1, 3, 4]. In short-term liquid cul-
ture, 50% inhibition of growth is achieved
at IFN-a concentrations of 10 units/ml us-
ing myeloblasts derived from patients with
acute myelogenous leukaemia (AML) [5].
Pharmacokinetic studies in patients receiv-
ing IFN-a by continuous intravenous in-
fusion (i.v.i) have shown that it is possible
to achieve serum concentrations of 10°
units/ml at daily doses greater than
30 % 10° units/m? [6].

A phase II study of IFN-a is currently in
progress at St. Bartholomew’s Hospital, to
determine whether an anti-proliferative ef-
fect can be demonstrated in patients with
acute myelogenous leukaemia.

B. Patients and Methods

I. Patients

Fifteen patients with acute myelogenous
leukaemia, aged between 31 and 63, are in-
cluded in this analysis. All had either re-
lapsed following conventional chemo-
therapy or had demonstrated resistance to
therapy comprising adriamycin, cytosine
arabinoside and 6-thioguanine. Four pa-
tients died whilst receiving IFN-a (two of
septicaemia, one of pneumonia and one of
cerebral haemorrhage) and are therefore
inevaluable.
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1. Interferon

IFN-a from a Namalwa lymphoblastoid
cell line (Wellcome Research Laboratories)
had a specific activity ranging from
2.59x 107 to 2.13 X 102 units/mg protein.

III. Dosage and Schedule

Between 50 and 200 X 10° units/m? of IFN-
a were administered continuously for 5,7 or
10 days. Details of dosage and schedule are
shown in Table 1.

Table 1. Dosage and schedule

Daily IFN-a dose  Duration of in- No. of

(X 10° units/m?)  fusion (days) patients
50 10 3

100 7 10

200 5 2

Total 15

IV. In Vitro Study
Bone marrow and peripheral blood
myeloblasts from patients who sub-

sequently received IFN-a were cultured
with IFN-a at concentrations of 10, 102, 103
and 10* units/ml. Growth was assessed at 3
days by viable cell counts under phase-con-
trast microscopy and uptake of tritiated
thymidine.



% | in control

Interferon concentrations (units/ml)

Table 2. Growth inhibitory
effect of IFN-a on myelo-

cell numbers
10 10? 10°

104 blasts in short-term liquid

culture
Median 6.2 217 58.3 79.8
Range 0-18.3 16-334 216-725 31.0-88.0
% | in thym- Interferon concentrations (units/ml)
idine incorpo-
ration 10 102 103 10
Median 10.8 25.3 55.6 68.4
Range 0-16.3 37-36.2 17.0-581 332-85.0
V. Interferon Assay m? per day became disorientated and had

Serum IFN-a concentrations were mea-
sured by reduction of RNA synthesis in V3

cells [2] challenged with Semliki forest vi-

Trus.

C. Results
1. Anti-proliferative Effect

1. In Vitro

With increasing interferon concentrations,
the degree of growth inhibition increased,
50% inhibition being observed at an IFN-a
concentration of 10% units/ml (Table 2).

2. Clinical Response

Five patients showed no evidence of re-
sponse. In four patients there was a marked
fall in the number of circulating leukaemic
blasts but no change in the degree of bone
marrow infiltration. In two patients clear-
ing of blasts from the peripheral blood was
associated with a decrease in the degree of
bone marrow infiltration to less than 5%
blasts.

IL. Clinical Toxicity

All patients became pyrexial and described
symptoms of influenza. Eight patients com-
plained of headache and two of nausea and
vomiting. Six patients became drowsy and
this symptom persisted for up to a week af-
ter the end of the infusion. Two patients re-
ceiving IFN-a at a dose of 200 X 10°units/

grand mal fits. In view of this unacceptable
CNS toxicity, which was associated with se-
vere biochemical disturbances (see below),
subsequent patients received 100X 10°
units/m? per day.

II1. Haematological and Biochemical
Toxicity

All patients became neutropenic and
thrombocytopenic. Biochemical evidence
of hepatic dysfunction, i.e. transient ele-
vations of alkaline phosphatase and trans-
aminases (SGOT) were observed in 10 out
of 11 patients. Reversible hyperkalaemia
and hypocalcaemia occurred in two pa-
tients receiving 200 X 10° units/m?.

IV. Serum IFN-« Levels

Peak serum concentrations greater than 10°
units/ml were achieved in all patients stud-
ied.

D. Discussion

Fifteen patients with acute myelogenous
leukaemia received IFN-a at doses with re-
sulted in serum concentrations that are in-
hibitory to myeloblasts in vitro. The clinical
toxicity, cytopenia and hepatic dysfunction
have previously been described [6].
Myeloblasts from all 15 patients showed
evidence of growth inhibition in vitro at
IFN-a concentrations which were sub-
sequently acieved in the serum. This was
not paralleled in vivo, only 2 of 11 evalu-
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able patients showing any decrease in the
degree of bone marrow infiltration. There
was thus no correlation between the in vi-
tro findings and clinical response.

These preliminary results suggest that
IFN-a may have some activity in acute
myelogenous leukaemia, and further pa-
tients are being entered into the study.
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Human Interferon-Beta in the Treatment

of Non-Hodgkin Lymphoma *

W. Siegert, D. Huhn, H. Theml, U. Fink, P. Kaudew1tz G. Riethmiiller,

and W. Wilmanns

A. Introduction

Interferon has potent antiviral, anti-
proliferative, and immunomodulating
properties [9, 10]. Leukocyte and fibroblast
interferon have been applied in the treat-
ment of human malignancies. Due to the
limited availability of interferon, only small
numbers of patients have been treated so
far. According to the literature a total of
106 patients with malignant lymphomas
have been treated, including five patients
with Hodgkin’s disease, 65 patients with
multiple myeloma, nine patients with acute
lymphatic leukemia, 14 patients with
chronic lymphatic leukemia, nine patients
with nodular poorly differentiated lympho-
cytic non-Hodgkin lymphoma, and four
patients with diffuse histiocytic non-Hodg-
kin lymphoma. Eight of the 106 patients
achieved complete remission and 56
showed partial regression [1, 2, 4, 5, 7, 8,
12-15].

A relatively good response was observed
with non-Hodgkin lymphoma of favorable
prognosis, with 15 partial regressions and
two complete remissions out of 23 patients.
These results encouraged us to study the ef-
fect of fibroblast interferon (Hu-IFN-beta)
in patients with non-Hodgkin lymphoma of
low-grade malignancy. We describe our re-
sults obtained with ten patients. Prelimi-
nary results have been reported recently

[6].

* This study was supported by the Bundesmini-
sterium fir Technologie und Raumfahrt,
Bonn, FRG

B. Materials and Methods

Partially purified human fibroblast in-
terferon was produced by Dr. Rentschler
GmbH und Co., D 7958 Laupheim, Fed-
eral Republic of Germany. It was supplied
in lyophilized form at a specific activity of
2.5%10° IU/mg protein. Freshly dissolved
material was applied by intravenous infu-
sion over a period of 30—60 min.

Between October 1980 and August 1981
ten patients entered the study. Their di-
agnoses were designated according to the
Kiel classification [11]. All patients were in
advanced stages of their disease, with cy-
tostatic and radiation pretreatment. Such
treatment was omitted for at least 1 month
prior to interferon application.

C. Treatment Evaluation

Physical examinations took place at weekly
intervals; spleen size and lymph node in-
dex were recorded. The development of the
disease was documented by chest roent-
genograms, CT scans, and bone marrow
histology. Response was evaluated accord-
ing to the criteria suggested by the Inter-
national Union Against Cancer [7].

D. Dosage Schedule

Patients received induction therapy with
45%10°1U 1iv. daily for 4 weeks and
thereafter 9X 108 IU i.v. daily for 2 weeks.
After this dose increment consolidation
therapy was started, with 4.5x 108 IU i.v. 3
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Table 1. Results of treat-

n Result after ment of ten patients with
: : — advanced non-Hodgkin
Induction and increment Consolidation lymphoma
CR PR SD PD CR PR PD
CLL 1 - - - 1 - - -
PCLL 1 - - - 1 - - -
IC 4 - - 2 2 - -2
CcC 1 - - - 1 - - -
CB/CC 3 - - 2 1 1 1 -
Total 10 - - 4 6 1 1 2

CLL, chronic lymphatic

lymphoma; PCLL, prolymphocytic leu-

kemia; IC, immunocytoma; CC, centrocytic lymphoma; CB/CC, cen-
troblastic/centrocytic lymphoma; CR, complete remission; PR, par-
tial remission; SD, stable disease; PD, progressive disease

times per week. Interferon treatment was
abandoned when patients fulfilled the cri-
teria for progressive disease [7].

E. Results and Discussion

Ten patients with advanced non-Hodgkin
lymphoma of low malignancy were treated
with Hu-IFN-beta. One patient had chron-
ic lymphatic leukemia, one patient had
prolymphocytic leukemia, four patients
had lymphoplasmocytoid immunocytoma,
one patient had centrocytic lymphoma, and
three had centroblastic/centrocytic lym-
phoma. All patients were pretreated with
chemotherapy and in some cases with ir-
radiation. The outcome of the treatment is
summarized in Table 1. During induction
and increment therapy six out of ten pa-
tients had progressive disease and four out
of ten had stable disease; two of the latter
developed progressive disease after 1 and 3
months of consolidation therapy, respec-
tively.

In one patient with centroblastic/centro-
cytic lymphoma, preexisting minimal bone
marrow infiltration disappeared, as evi-
denced by biopsies on both iliac crests. We
rated this response as complete remission.
In a second patient with centroblastic/cen-
trocytic lymphoma, bone marrow involve-
ment disappeared, while the lymph node
enlargement remained constant. We rated
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this response as partial remission. It is pos-
sible that we missed small nodular lym-
phatic infiltrates in the bone marrow.
Therefore these two cases of good response
based solely involvement must be viewed
with reservation.

All patients experienced the known re-
versible interferon side effects: fever, chills,
malaise, fatigue, and headache. Some pa-
tients showed a reversible drop of absolute
granulocyte counts.

These results, namely the achievement of
only one partial remission and one ques-
tionable complete remission out of ten pa-
tients are rather disappointing, particularly
when compared with the promising data of
Merigan et al. {13] and Gutterman et al. [7].
The reasons for these discrepancies are un-
known. The differences may in part be due
to the use of IFN-beta instead of IFN-al-
pha [3]. The poor response of the patients
described in this study cannot be explained
by a lack of stimulation of natural cyto-
toxicity or by the production of antibodies
to interferon. All patients responded with a
significant increase of NK-cell activity with
peak values 1-7 days after interferon ad-
ministration and a subsequent drop during
prolonged interferon application. No pa-
tient developed antibodies against in-
terferon.

We can conclude that IFN-beta certainly
does not cause rapid effective tumor re-
gression. It may exert a moderate response
or a stabilization of the disease.
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In the early seventies, overall survival in
patients with childhood non-Hodgkin’s
lymphomas (NHL) was less than 30% at 5
years. The majority of long-term survivors
were patients with very limited disease.
Subsequently a dramatic improvement in
the end results of therapy for children with
NHL has been reported. The best overall
disease-free survival curves were reported
by Wollner and her colleagues using the
LSA,L, protocol [4]. In 1978 we adopted
this protocol for treatment of childhood
NHL in our group. Independently of the
stage of disease all children were treated in
the same way. At the same time a study
was started to evaluate the efficacy of the
LSA,L, protocol only for patients with
high-risk acute lymphoblastic leukemia.

A. Materials and Methods

I. Non-Hodgkin’s Lymphoma

From January 1978 to December 1981, a
total of 44 consecutive previously untreated
children with NHL were treated with the
LSA,L, protocol [4]. No patients were ex-
cluded from this therapy.

1. Staging

Prior to the initiation of therapy the stage
of disease was assigned according to the
Wollner staging system [4]. Retrospectively
the patients were restaged according to the

* A Report from the Working Group for Pedi-
atric Hematology and Oncology of the GDR
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staging system used by Murphy et al. [3].
The primary location of tumor and the
stage for the 44 children on study are
shown in Table 1. Stage IV NHL was de-
fined as less than 25% replacement of the
marrow cells by blast cells. ALL was de-
fined by complete or at least more than
25% replacement of the marrow with blasts.

2. Histology

Histology confirmation was obtained in all
cases except one. In the 44th patient the di-
agnosis was established by a typical
mediastinal presentation. Cases were classi-
fied according to the Kiel classification [1].

3. Treatment

Children with high-risk ALL and NHL ali
received the same cytostatic therapy ac-

Table 1. Stage and location of primary tumor

Primary No.
sites of
pts 1 II m  1v

Stage

Intra- 16 - 7 9 -
abdominal

Mediastinal 16 - - 14 2
Peripheral- 4 1 1 1 1
nodal

Naso- 4 1 3 - -
pharyngeal

Extranodal 4 1 1 2 -
Total 44 3 12 26 3




Table 2. ALL therapy study LSA,L,: patient
characteristics and results

n % CCR (after

42 months)

ALL patients 82 100  0.389%0.06
Sex:

- Boys 49 60 0.427%0.08
Girls 33 40 0.325%0.09
Age:
2-10yrs 49 60 0.440*0.08
<2 and >10 yrs 33 40 0.329£0.09
Thymic mass:

Negative 55 67 0.394%0.08
Positive 27 33 0.370%0.09
WBC:

<50x%10°/mm? 29 35 0.402%0.10
>50% 10°/mm?® 53 65 0.375%0.07
CNS involvement:

Negative 74 90 0.4171%0.06
Positive 8 10 -
E-Rosettes:

Negative 30 57 0.377£0.10
Positive 23 43 0.413%0.10
Acid phosphatase:

Negative 57 71  0.374+0.07
Positive 23 29 0.432%0.10

cording to the LSA,L, protocol {4]. Lapa-
rotomy was done in all NHL children with
their primaries in the abdomen. In eight
children the intra-abdominal tumor had
been completely resected primarily. Eight
children had presented with nonresectable
tumor. Thirty-five of 44 children received
radiation therapy to the involved field. The
dose range varied from 11 to 45 Gy. In
cases of widespread abdominal disease the
whole abdomen was treated to 20 Gy, and
second-look laparotomy in the 4th to 5Sth
week of the induction phase was per-
formed. Thirty-five children (stages 1I-1V)
achieving a complete remission received
prophylactic treatment of the CNS (10
MTX only, 14 cranial irradiation with
18 Gy and MTX, 11 radiogold intrathecal
and MTX).

II. High-Risk Acute Lymphoblastic
Leukemia

Eighty-two consecutive children with high-
risk acute lymphoblastic leukemia were en-
tered into the nonrandomized LSA,L,
study between January 1978 and April
1981. Patient characteristics are given in
Table 2. Children with non-Hodgkin’s lym-
phomas who had 25% or more tumor cells
in the bone marrow were included.

The criteria for high-risk factors were de-
fined as:

1. Leukocyte counts of 50,000 per/mm?®
and more.

2. Mediastinal mass.

3. T-ALL (blast cells from spontaneous ro-
settes wich sheep erythrocytes).

4. Positive acid phosphatase reaction of the
blast cells.

5. CNS leukemia at diagnosis.

As CNS prevention therapy all children
received combined intrathecal injections of
methotrexate and prednisolone during in-
duction and consolidation therapy and
periodically throughout the continuation
treatment. In addition, 30 children received
preventive cranial irradiation (18 Gy) and
34 received intrathecal application of mac-
rocolloidal radiogold (range 1.5-6.5 mCi).

B. Definitions

Complete remission (CR) is defined by the
absence of all symptoms and signs of lym-
phoma. The duration of CR is the time
from the end of the induction phase and
the first sign of relapse. Children who died
during remission are considered to be
therapeutic failures and counted as re-
lapses. Calculation of actuarial estimates of
remission has been performed by the Life
Table Method [2].

C. Results and Conclusions

I. Non-Hodgkin’s Lymphoma
Forty of the 44 children could be evaluated

for their response to induction therapy.

Four patients were still not in remission at
the cut-off date (31 December 1981). The
complete remission frequency was 35 out of
40 (88%). The overall actuarial estimate of
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disease-free survival for complete re-
sponders is 73.6% (Fig. 1). Children with
stage I and II disease had significantly su-
pertor disease-free survival than did chil-
dren with stages III-IV (Fig. 2). The influ-
ence of histological type and the location of
the primary tumor on the outcome of treat-
ment is shown in Figs. 3 and 4.

I1. High Risk Acute Lymphoblastic
Leukemia

The results are summarized in Fig. 5 and
Table 2. Seventy of the 82 (85%) attained
complete remission after 4 weeks of ther-
apy. Twelve children died during the in-
duction phase. Another three children died
during maintenance therapy. The cumula-
tive proportion in continuous complete re-
mission 1s 0.39 (SD =0.06) (Fig. 5). ALL re-
lapses [31] occurred during the first 2 years,
12 of them' concerning patients with WBC
above 100,000/mm?®. Patients with thymic
involvement did no worse than those who
had no mediastinal mass. Five of eight chil-
dren with initial CNS involvement died
during induction therapy phase or re-
lapsed. CNS relapses occurred only in the
radiogold group (8 of 34).
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We found the LSA,L, protocol was high-
ly effective for children with lymphoblastic
lymphoma (73% relapse-free survival), but
inferior (39% relapse-free survival) for pa-
tients with high-risk lymphoblastic leu-
kemia.

Patients with stage I or II NHL have
similar survival rates irrespective of treat-
ment with the LSA,L, protocol or less-ag-
gressive therapy. A less-aggressive treat-
ment should be used for these children to
avoid therapeutic complications and late
sequelae.
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Clinical and Epidemiological Observations
on Acute Lymphoblastic Leukemia Subtypes
at the Sheba Medical Center, Israel

B. Ramot, I. Ben-Bassat, A. Many, G. Kende, Y. Neuman, F. Brok-Simoni,

and E. Rosenthal

A. Introduction

Childhood lymphoproliferative disorders
have multifactorial etiologies, in which en-
vironmental and genetic factors play a maj-
or role in determining the age distribution,
clinical presentation, and course of the dis-
ease. Most of the data, however, are in-
direct. The gradual appearance of the 3-5
years age peak of common ALL in devel-
oped countries and its absence in develop-
ing countries and the marked decrease in
the incidence of alpha heavy chain disease
in Israel are two examples of changes in
patterns of disease that can be attributed to
environmental factors.

As Israel is a relatively small country
with a heterogeneous population, good
medical facilities, and central cancer regis-
try, it lends itself for such studies. Further-
more, the Gaza Strip is an ideal region for
such studies as marked improvement in so-
cioeconomic status has occurred there dur-
ing the past decade. Most probably related
to these socioeconomic changes is a de-
crease in the frequency of Burkitt’s lym-
phoma with a concomitant rise in acute
leukemia [1].

The present communication is a sum-
mary of our experience of acute lym-
phoblastic leukemia (ALL) subtypes be-
tween 1978 and 1981 — a period when cell
markers were routinely performed in our
center [2].

B. Patient Characteristics and Results

Fifty-two patients will ALL were diagnosed
and treated in our center and 49 of them

could be classified. Thirty were Arabs from
the Gaza Strip and 19 were Jews; 42 were
children below the age of 16 and seven
were adults. The markers used to classify
the patients and the distribution into sub-
types are presented in Table 1. In both eth-
nic groups 30% of the patiens were T-cell
ALL and two-thirds had poor risk clinical
criteria [3]. The subdivision of the cases ac-
cording to number of risk factors is given in
Table 2.

Table 1. Immunological subtypes of the ALL
patients

T-cell
Definite 13 E*; mediastinal mass 7/13
Probable 3  E~; mediastinal mass 3/3;
high ADA
16
Non-B, Non-T
Common ALL 10 E7;slg™; CALLA™
Pre-B 4 E~;slgT;clg™
Null 5 E7;slgT; clg™; CALLA™
Partially 14 E7;slg™
characterized
33

Table 2. Distribution of patients according to
risk factors

Risk factors® 0 1 2 3 4

No. of patients 17 9 12 10 1

* 1, WBC>50x 10%/liter; 2, Age<2> 10 years;
3, Mediastinal tumor; 4, T-cell ALL; 5, CNS
leukemia
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Fig. 1. Treatment protocol for high-risk and other types of ALL and generalized lymphosarcoma

Since 1975, we have used, in addition to
the standard immunological markers,
adenosine deaminase (ADA) levels as a
marker of T-cell ALL [4, 5]. In the present
series of patients significant differences
in the ADA activity between T-cell ALL
and non-B, non-T ALL were confirmed:
448+ 6.3 vs 243+32pumol/h per 10°
cells; P<0.0005. However, the activity of
the second purine metabolism enzyme, nu-
cleoside phosphorylase (NP), was not
found to differ between the two groups [6].

Our previous observation that Arab chil-
dren with acute leukemia succumbed
within 2 years [3], and the fact that the fre-
quency of acute leukemia among them
rose, prompted us to set up a more aggres-
sive protocol for the treatment of poor-risk
patients. The details of this protocol are
given in Fig. 1. Sixteen children with high-
risk leukemia were treated by this protocol
— all attained a complete remission, but
four relapsed and died of their disease dur-
ing the Ist year and one died of an unre-
lated cause. Eleven patients have been in
continuous complete remission for 8-55
months. When we analyzed our high-risk
patients according to various prognostic
factors such as ethnic group, age, initial
white cell count, mediastinal tumor, T-cell
markers, it was found that out of the seven
patients with high ADA four died, while
none of the eight patients with ADA levels
below the mean of the group (40 pmol/h
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per 10% cells) died of the disease. So it
seems from our preliminary data that ADA
is an independent risk factor and should be
studied in a larger group of high-risk ALL
patients [7].

C. Conclusions

Our experience from the Sheba Medical
Center would indicate the following: a de-
crease in the incidence of Burkitt’s lym-
phoma and the increase in ALL in the
Gaza Strip Arab children seen in the past
decade is most likely due to the socioeco-
nomic development in the Gaza Strip. The
present incidence of ALL in this area is
about 4 in 100,000 which is similar to that
reported from developed countries. More-
over, in this population the minimal esti-
mate of the frequency of T-cell ALL is 30%,
which is significantly higher than in West-
ern populations but similar to the observed
frequencies in American blacks [8]. How-
ever, while in the American blacks the high
frequency of T-cell ALL is relative as there
is a low incidence of non-T, non-B ALL in
the Gaza Strip Arabs, the incidence of ALL
is similar to developed countries and so it
seems that there is an absolute increase in
T-cell ALL.

A similar incidence of T-cell ALL was
found in Jews but as we have no country-
wide data, no epidemiological conclusions



can be drawn at the present time on the fre-
quency of T-cell ALL in the Jewish popu-
lation. Such an epidemiological study is
ongoing.

As most of our patients are in the high-
risk category, we had to introduce an ag-
gressive and intensive chemotherapy pro-
tocol. Using this protocol 60% of our pa-
tients are in remission — results as good as
seen in low-risk cases [3]. ADA activity ap-
pears to be an independent risk factor so it
would be of great importance to obtain ad-
ditional data on other populations.
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The Clinical Pharmacology of Cytosine Arabinoside

M. L. Slevin, E. M. Piall, G. W. Aherne, A. Johnston, and T. A. Lister

A. Introduction

There is now little doubt that a proportion
of patients with adult acute myelogenous
leukaemia will achieve long-term survival
and possibly cure with combination
chemotherapy.  Cytosine  arabinoside
(araC) is one of the most important drugs
used in the treatment of this disease. De-
spite extensive clinical experience over the
past 15 years, the schedule of administra-
tion remains controversial. These studies
were conducted in an attempt to provide a
greater understanding of the effect of both
the schedule and route of administration
on the clinical pharmacology of araC.

The S phase specificity of araC has led
most workers to administer it by continu-
ous intravenous infusion. The potential
therapeutic advantages of this schedule
have to be balanced against the dis-
advantages of hospitalisation and the medi-
cal and nursing supervision required to
maintain continuous intravenous therapy.
Some investigators have therefore used
subcutaneous bolus injection of araC as a
practical alternative to intravenous infusion
{1, 12]. The rationale for this was based on
the convenience to the patients and the
suggestion that following subcutaneous
bolus injection araC declined with a half-
life of several hours [4]. Methodological
problems made this report difficult to as-
sess, and a study was therefore conducted
to compare the pharmacokinetics of sub-
cutaneous bolus araC with intravenous
bolus and intravenous infusion [13].
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Continuous subcutaneous infusion has
been successfully used for continuous ad-
ministration of insulin [10] and desferrioxa-
mine [7], and this route was examined as
another alternative to intravenous infusion.

The recent use of massive doses of araC
has resulted in a surprisingly high remis-
sion rate in patients with acute leukaemia
resistant to araC in conventional doses, and
may provide a means of overcoming such
resistance [3, 8]. The prophylaxis and treat-
ment of central nervous system leukaemia
usually requires intrathecal chemotherapy.
Patients with neoplastic meningitis may,
however, have significant abnormalities of
flow which can prevent the even distri-
bution of cytotoxic drugs administered by
the lumbar route and may also contribute
towards neurotoxicity [5]. Repeated lumbar
punctures are often extremely unpleasant
for patients. It would clearly be to the ad-
vantage of the patient if it were possible to
produce prolonged cytotoxic levels of araC
in the CSF with the same intravenous ther-
apy used to control the systemic disease.
Ho etal. [6] and Canellos et al. [2] have
demonstrated that araC crosses the blood-
brain barrier during continuous intra-
venous infusion of conventional doses. It
seemed likely that the use of high doses of
araC would result in greater CSF araC con-
centrations than conventional dose in-
fusions, and that these might therefore be
useful therapeutically in the treatment of
central nervous system leukaemia. The re-
lationship between CSF and plasma levels
of araC during high-dose intravenous in-
fusions was therefore studied.



B. Materials and Methods

Patients with acute leukaemia and high-
grade non-Hodgkin’s lymphoma receiving
remission induction or consolidation ther-
apy have been studied. Plasma and CSF
araC concentrations were measured using a
specific and sensitive radioimmunoassay

C. Results

1. Subcutaneous Bolus araC

The results of this study showed that sub-
cutaneous bolus araC was rapidly absorbed
and then declined with a half-life similar to
that of intravenous bolus injection. Plasma

[9]. araC concentrations following a sub-
104
L -8 [ntravenous bolus
@——@ Subcutaneous bolus 4 10*
10° Owe—0 |ntravenous infusion
ARA Cin nmol/|
Plasma |
ng/mi
10?
- 102
10!
- 10]
100 3 I 2 Iy ) 2 I

TIME IN HOURS

Fig. 1. Mean plasma concentrations (+SD) after intravenous bolus, subcutaneous bolus, and intra-

venous infusion of araC in five patients
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Fig. 2. Mean plasma concentrations tSD in six patients treated with araC 100 mg/m? by intravenous

and subcutaneous infusion over 12 h
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Fig. 4. Mean plasma and CSF levels of araC (£SD) in five patients during an intravenous infusion of

1 g/m? araCover 1 h

cutaneous bolus were greater than those
following intravenous bolus only during
the first new hours, and within 5 plasma
araC concentrations were only 10% of
steady state infusion levels (Fig. 1).

I1. Subcutaneous Infusion of araC

It was demonstrated that subcutaneous in-
fusion of araC was equivalent to intra-
venous infusion, and that the time to
achieve a plateau, the steady state levels,
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and the area under the curve were similar
for both methods of administration (Fig. 2).
There was no local excoriation.

IIL. High-Dose araC

The relationship between CSF and plasma
levels of araC during high-dose infusions
was studied. These studies demonstrated
that significant concentrations of araC are
found in the CSF during therapy with
high-dose araC and that levels are similar
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Fig. 7. CSF levels of araC following injection of araC (50 mg/m?) into an Ommaya reservoir

during both 1- and 3-h infusion (Figs. 3, 4).
However, the peak plasma concentrations
were much greater during the shorter in-
fusions, resulting in a CSF: plasma araC
ratio of only 0.03 compared to a ratio of
0.12 during the 3-h infusion. The plasma
and CSF araC concentrations during in-
fusions of 3 g/m? were proportionately
higher than those found during infusions of
1 g/m? (Fig.5). Following completion of
the infusions, CSF araC levels declined
much more slowly than those in plasma
with a half-life in excess of 2 h.

The studies conducted in the patient with
an Ommaya reservoir (Fig. 6) showed
rapid equilibration between plasma and
CSF araC, and suggested that araC crossed
the blood-brain barrier as effectively dur-
ing high-dose infusions as at conventional
dosage. The CSF concentrations of araC
following 50 mg/m? injected into an Om-
maya reservoir are shown in Fig. 7. The
peak concentrations are several hundred
times greater than those found in the CSF
during high-dose intravenous therapy, but
shortly after 24 h the concentrations have
fallen below 100 ng/ml.
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D. Discussion

These studies demonstrate that it is not
possible to achieve steady state plasma
levels of araC comparable to intravenous
infusion with the same total dose given by
twice or thrice daily subcutaneous bolus in-
jection. Recent data from the CALGB [11],
however, showed a significantly longer
duration of remission in those patients with
acute myelogenous leukaemia who re-
ceived subcutaneous bolus rather than in-
travenous bolus maintenance. This suggests
that even relatively minor differences be-
tween intravenous and subcutaneous bolus
araC might significantly affect patient out-
come.

Subcutaneous infusion of araC was well
tolerated by the patients without local dis-
comfort or excoriation. It is a feasible
alternative, and is comparable to intra-
venous infusion. It allows the patients the
advantages of out-patient therapy whilst
preserving their venous access.

It is likely that in patients treated with
high-dose araC at a dose of 3 g/m? given as
a short infusion repeated 12-hourly, CSF



levels > 100 ng/ml would be maintained al-
most continuously. CSF araC concentra-
tions during high-dose therapy are there-
fore greater than those found in the plasma
of patients treated with continuous intra-
venous infusion at a dose of 200 mg/m?
over 24 h. These data suggest that high-
dose araC should provide effective therapy
for central nervous system leukaemia, and
overcome any potential maldistribution of
araC in the CSF of patients with leukaemic
meningitis.

The central nervous system toxicity as-
sociated with high-dose araC cannot be ex-
plained in terms of the peak levels achieved
in the CSF, as these are considerably lower
than those found following intrathecal
araC administration. The CNS toxicity is
thus most probably related to the pro-
longed exposure to relatively high CNS
concentrations of araC that occur during
this therapy.

The most effective schedules of araC ad-
ministration for both systemic disease and
central nervous system leukaemia remain
unknown. It is hoped that a greater under-
standing of the clinical pharmacology will
help in the design of studies intended to
answer these questions.
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Enhancement of the Cell-Mediated Lysis
of Fresh Human Leukemia Cells by Cytostatic Drugs

J. Erhardt, B. Emmerich, H. Theml, G. Riethmiiller, and H. W. L. Ziegler-Heitbrock

A. Summary

The in vitro lysis of human leukemia cells
by human natural killer cells was enhanced
by pretreatment of the leukemia cells with
two different cytostatic drugs, which by
themselves do not cause lysis of the tumor
cells within the time limits of the in vitro
assay. Actinomycin D induced this higher
susceptibility in four of eight leukemic sam-
ples, Cisplatin in three of four samples. Us-
ing Actinomycin D pretreatment, no en-
hanced lysis was seen with lymphocytes
and PHA-lymphoblast targets from healthy
donors nor with leukemia cell lines. Our re-
sults indicate that a larger fraction of leu-
kemia cells than previously detectable can
be recognized and destroyed by spontane-
ous killer cells.

B. Introduction

Attempts to increase the cell-mediated kill-
ing of leukemia cells in the past have fo-
cused on the activation of the killer cells
[2, 4, 7, 8]. Various studies have shown that
the killing of cell lines by cytotoxic cells or
antibody plus complement can be modulat-
ed by cytostatic drug and hormone treat-
ment of the target cells [1, 3, 5, 6]. To our
knowledge, fresh human tumor material
has not yet been tested with this approach.
Therefore we tried to manipulate the sus-
ceptibility of the leukemic cells with cy-
tostatic drugs, which by themselves do not
kill the tumor cells under the conditions
used herein.
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C. Material and Methods

Peripheral blood leukemia cells (more than
80% blasts) and mononuclear cells from
healthy donors were isolated by density
gradient separation and used either directly
or stored in liquid nitrogen in the presence
of dimethyl sulfoxide. The leukemia cells
were incubated with actinomycin D (ActD)
or Cisplatin for 2h, followed by labeling
with *'Cr in the presence of the respective
drugs for 1% h. The leukemia targets were
then admixed in microtiter plates with se-
rial dilutions of B-interferon-treated mono-
nuclear cells obtained from healthy donors.

The killing exerted by the mononuclear
cells was assessed after 6 h of incubation by
counting the *!Cr released into the super-
natant. Representative values of specific re-
lease were taken from the linear portion of
the titration curve.

" D. Results and Discussion

Leukemia cells from eight patients with
various types of acute leukemia were
pretreated with ActD and then used as tar-
gets in a cytotoxic assay (Table 1). With
this approach four of eight leukemias
showed an enhanced specific release in-
duced by ActD, including one case where
even IFN-activated killers were ineffective
(Exp. 11). As a second drug Cisplatin was
tested on four different leukemic samples.
Lysis by natural killer cells could be en-
hanced in three of four cases tested, in-
dicating that other drugs besides ActD are
able to increase susceptibility of fresh acute
leukemia cells for cell-mediated lysis.



Table 1. Effect of actinomycin D and Cisplatin on cell-mediated lysis of leukemia cells

Target cell Exp. Donor E:T *!Cr-release 31Cr-release
No. of

effector —ActD +ActD ActD —Cis- +Cis- Cisplatin

cells (ug/ml)y  platin platin  (pg/ml)
VG*(ALL) 2 ER 40:1 130 379 02
RI®* (CML-BC) g8 JO* 40:1 130 360 1.0
SC*(AML) 10 FU®* 37:1 114 230 02
STR®*(ALL) 11 WA 25:1 - 17 150 0.2
SU*(CML-BC) 12 HB 40:1 203 185 05
HU*®(AML) 13 ZI 40:1 127 155 0.2
MI* (AML) 14 ME®* 35:1 - 05 25 02
RD*(AML) 15 JO* 30:1 -102 -105 0.2
KR*(CML-BC) C1 ZW* 25:1 0.4 8.8 100
VG*(ALL) c2  JO* 50:1 2.7 16.4 10
RI*(CML-BC) C3 MA* 12:1 37 114 100
SC* (AML) Cl  Zw= 25:1 -12 -74 100

The same treatment induced no cell mediated lysis from lymphocytes and PHA-lymphoblast targets
in five experiments. SDs were usually less than 5% release. Release from two leukemic cell lines
(K562, Molt4) was decreased by ActD treatment (two experiments) E : T = effector to target ratio

* N, stored before use

In five experiments leukemia cells were
not enhanced in their lysability. In three
cases no lysis was obtained, which may be
explained by a failure of the effector cells to
bind to the leukemia targets. In two other
instances interferon-activated killers me-
diated some lysis of leukemia cells, which
could not be further increased by pretreat-
ment with ActD. The level of the lysis
achieved in these experiments might rep-
resent the entire fraction of leukemia cells
susceptible to NK cell mediated lysis.

We found the enhancing effect to be re-
stricted to fresh tumor cells, as leukemia
cell lines were lysed to a lower degree,
while in lymphocyte and lymphoblast tar-
gets no lysis was induced when treated with
ActD (data not shown). More normal tar-
gets, however, will have to be tested to
claim tumor specificity of the effect. Never-
theless our findings warrant similar studies
employing autologous killer and leukemia
cells.
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Secretion of Plasminogen Activators
by Human Myeloid Leukemic Cells:
Modulation and Therapeutic Correlations

E. L. Wilson, P. Jacobs, and E. B. Dowdle

Plasminogen activator (PA) synthesis and
release are inducible cellular functions
[1-7] that are subject to modulation by
hormones, drugs, and other pharmacologi-
cal compounds which act at a genetic level.
Normal granulocytes synthesize PA [8, 9]
and it is known that human cells release,
plasminogen activators of two distinct im-
munochemical types — one similar to uroki-
nase and the other similar to tissue activa-
tor [10—13].

In view of these facts we felt that it would
be of interest to determine whether acute
myeloid leukemic (AML) cells released PA
and, if so, whether enzyme type and modu-
lability could usefully be correlated with
clinical or prognostic features in an given
case. Since the anti-inflammatory steroid,
dexamethasone, and the tumor promoter,
tetradecanoyl phorbol acetate (TPA), are
able to influence PA release by other cells
[1,2,9, 14-19], these were used in the pres-
ent experiments.

The results of this study show that leu-
kemic cells secrete both types of PA and
that patients with AML whose cells re-
leased only tissue plasminogen activator
did not respond to combination chemo-
therapy [20]. Both dexamethasone and
TPA could stimulate or inhibit secretion of
both forms of enzyme, and PA secretion
should prove a sensitive means of monitor-
ing the responses of AML cells to biologi-
cally active compounds [21].

A. Methods

Heparinized blood samples were obtained
from 18 normal and 69 patients with AML.
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Cells were isolated by centrifugation on a
Ficoll-Hypaque cushion [20] and resus-
pended in RPMI containing 3% fetal calf
serum to give 4X10° cells/ml. The ap-
propriate concentration of TPA or dexa-
methasone was added and the dishes were
incubated for 24 h at 37°C in a humid at-
mosphere of 5% CO, in air. At the end of
this period the medium was harvested by
centrifugation and replaced with fresh
medium containing compounds at the
same concentration as before. At the end of
the second period of incubation the medi-
um was collected and the samples (harvest
fluids) were stored at —80 °C for analysis of
PA activity. PA was assayed by measuring
the plasminogen-dependent release of solu-
ble radioactive fibrin degradation peptides
from insoluble '?°I-labeled fibrin-coated
Linbro multiwell plates as previously de-
scribed [22]. Molecular species of plasmin-
ogen activators were identified by elec-
trophoretic and immunochemical pro-
cedures as previously described [10].

B. Results and Discussion

Fibrinolytic activity .released by normal
and leukemic cells in culture was invariably
and completely plasminogen dependent
[20].

I. PA Type and Response to Chemotherapy

Electrophoretic and immunochemical
analyses showed that, whereas normal neu-
trophils invariably released only the uroki-
nase-type of enzyme, cells from 14/69 pa-



Table 1. Correlation between clinical outcome and molecular species of plasminogen activator re-

leased by cultured cells of 69 patients with AML

Therapy Group Response Nature of plasminogen activator Totals
TA UK TA and UK Unknown
Combination A Assessment completed
chemotherapy Complete remission 0 21 3 2 26
No remission 7 5 0 1 13
(Subtotals) @) (26)  (3) 3) (39)
B Died before assessment 3 10 1 2 16
Palliative/ = C 4 7 1 2 14
alternate
therapy
Totals 14 43 5 7 69

TA, tissue activator; UK, urokinase

tients with AML secreted tissue activator,
cells from 43 patients secreted the uroki-
nase-type enzyme, and cells from five pa-
tients secreted a mixture of urokinase and
the tissue-type enzymes. Cells isolated from
seven patients with AML secreted too little
enzyme for the activator to be identified
with certainty (Table 1).

The tendency for approximately 20% of
AML patients to have cells that released
tissue activator was apparent in each of the
three major therapeutic subdivisions in
Table 1. Thus, blasts from 4/14 patients
who received palliative therapy; from 3/16
patients who were treated with standard
combination chemotherapy but who died
before evaluation could be completed; and
from 7/39 patients in whom results of ther-
apy could be assessed released tissue ac-
tivator. If one considers only the 39 patients
in whom therapeutic responses could be
evaluated, a satisfactory remission was in-
duced in 83% (24/29) of patients whose
cells released the urokinase-type enzyme.
In contradistinction, none of the seven pa-
tients whose cells released tissue activator
alone entered remission. In this limited se-
ries, therefore, there was a significant corre-
lation (¥*=17.8; P<0.001) between the re-
lease of tissue activator alone and a poor

response to the cytotoxic regimen that was
used [20].

II. Effects of Dexamethasone and TPA on
PA Release

In 35/45 cases, 1077 M dexamethasone in-
hibited PA secretion by at least 25%. Pro-
nounced inhibition (greater than 75%) was
observed in 26/45 cases. In 6/45 cases the
steroid stimulated enzyme production
(greater than 140% of control), and in 4/45
cases no effect on enzyme secretion was ob-
served. The fact than the rate of PA release
by cells from 41/45 patients with AML was
modulated by 1077 M dexamethasone im-
plies that most AML cells possessed re-
ceptors for this steroid [21].

Dexamethasone has generally been ob-
served to inhibit PA synthesis by cells cul-
tured in vitro [1, 2, 9, 18, 24], and Roblin
[19] has recently suggested that synthesis of
the urokinase-type enzyme is suppressed
by dexamethasone whereas cellular release
of tissue PA is resistant to regulation by
glucocorticoids. Our observations with leu-
kemic cells show that release of both types
of PA were susceptible to either stimulation
or inhibition by dexamethasone [21]. The
cell type rather than the enzyme species
may therefore be the determinant of de-
xamethasone responsiveness and, unlike
other cell types studied, certain AML cells
show stimulation of PA secretion in re-
sponse to this glucocorticoid.
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The effects of TPA on the secretion of
PA by AML cells varied considerably.
When added at 1ng/ml the compound
caused profound inhibition (greater than
75%) of enzyme release in 20/41 cases and
stimulated in 8/41 cases. As found with de-
xamethasone both species of PA could be
inhibited or stimulated by TPA. The effects
of both TPA and dexamethasone were in-
hibitable by actinomycin D and hence re-
quired the transcription of new mRNA
[21].
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Bone Marrow Transplantation in West Germany
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A. Introduction

Bone marrow transplantations (BMT) are
being performed in West Germany, the
United States, and other European coun-
tries with increasing frequency. The first al-
logeneic BMT in Germany was done in
Munich 1975 in a patient with severe aplas-
tic anemia. Since then 128 BMTs have been
registered by the German Group for BMT,
which consists of four active transplan-
tation centers: Essen, Munich, Tiibingen,
and Ulm. All these transplantation units
are not independent institutions, but are in-
tegrated into medical or pediatric depart-
ments of university hospitals. Thus all
groups treat patients with hematological
neoplasias or bone marrow failure in the
conventional way as well.

The German Group for BMT organizes
regular plenary meetings, stimulates com-
mon study protocols, and organizes the as-
signment of patients from one center to
another according to actual capacity. We
present the Tiibingen experience here, with
discussion of the clinical management, re-
sults, and experimental approaches.

B. Patients and Methods

Thirty-three BMTs were performed in
Tubingen between August 1976 and May
1982. Seven patients suffered from severe
aplastic anemia, 25 patients were trans-

* With the support of the Deutsche Forschungs-
gemeinschaft, DFG Forschergruppe ,,Leuké-
mieforschung®, Wa 139/11-139/13-5

planted for acute leukemia, and one pa-
tient was transplanted for chronic myelo-
cytic leukemia in the chronic phase. The
first three leukemia patients transplanted in
Tubingen in 1976/1977 were in the end
stage of their disease and resistant to con-
ventional chemotherapy. All patients died
in the early posttransplant period from
persisting leukemia or leukemia-related
complications. In October 1979 we decid-
ed, as the first group in Germany, to per-
form BMT in patients with leukemia only
in remission. This decision was based on
the Seattle experience with this procedure
[5, 6]. Since that time we have transplanted
22 leukemic patients in remission. Di-
agnoses and remission status are shown in
Table 1.

The age range of the patients was be-
tween 3 and 35 years. The donors were
identical twins in two cases; the others were
siblings with HLA-A, B, C, D and Dy
identity, with one exception, a positive
MLC. In eight cases there was an ABO in-
compatibility, requiring a plasma exchange
in one case with a very high isoagglutinin
titer; in the other cases buffy coat prep-
arations were grafted. All patients were

Table 1. Bone marrow transplantation in pa-
tients with leukemia in remission (n=22). Di-
agnoses and remission status

L II. III. remission
AML 6 6 1
ALL 5 2
AUL 1
CML 1 (chronic phase)
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' Fig. 1. Protocol for uroprotection with Mesna to prevent cyclophosphamide-induced cystitis

treated under gnotobiotic conditions in
Laminar airflow units and received Bac-
trim prophylaxis for pneumocystis. The
conditioning regimen consisted of 60 mg/
kg cyclophosphamide on days -5 and —4.
Under strict uroprotection with Mesna, ac-
cording to the protocol outlined in Fig. 1,
with shortened application intervals [1] no
hematuria occurred.

Total body irradiation was performed on
day O before marrow infusion, with a 10-
MeV linear accelerator at a dose rate of
0.07 Gy/min up to a midline dose of
10 Gy. The lung dose was limited to 8 Gy
by satellite technique. Patient No. 16
received a fractionated irradiation with
7X2 Gy on consecutive days. The bone
marrow aspiration was performed accord-
ing to the technique of Thomas and Storb
[4]. In our first marrow transplantation we
were impressed by striking megaloblastic
abnormalities in the newly engrafted mar-
row, independent of methotrexate. We
found severely decreased levels of folic acid
in the early posttransplant phase in spite of
regular oral substitution, presumably due
to diminished absorption caused by the
radiation-induced damage to the intestine
in the light of the low storage capacity for
this vitamin. In view of this experience we
give a consequent intravenous substitution
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of folic acid as a part of our hyperali-
mentation protocol.

GvHD Prophylaxis by Preincubation with
AHTCG

In addition to this general procedure we
have investigated in Tibingen, in close
cooperation with the Munich group of Drs.
Thierfelder and Rodt, the prophylaxis of
graft-versus-host-disease (GvHD) by pre-
incubation of the aspirated marrow suspen-
sion with rabbit anti-human-T-cell-globu-
lin (AHTCG) for depletion of GvH re-
active cells before the marrow infusion.
The experimental data and the theoretical
background have been published by the
Munich group [3].

Until May 1982 we performed this pre-
incubation in 17 patients. The metho-
trexate regimen was carried out after the
marrow graft in the usual way.

C. Results

The patient characteristics and clinical out-
come of 22 leukemic patients transplanted
in remission can be seen from Table 2. All
patients had a documented take. There
were no serious complications in the early
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Table 2. Clinical data, course, and present status of 22 leukemia patients transplanted in remission

Pat. Age Diagnosis Blood Marrow GvH Complications Cause of death Survival
No. (years)/  remission group of incubation  Acute/chronic in days
sex patient/ with ATCG Grade from
donor +/- 31.5.82
7 11M ALL 2nd A/A - twins MTX leukencephalopathia 961
8 6 M AML 2nd 0/0 + I/11e Relapse day 691 testes 919
10 1I9F AUL Ist 0/0 + Interstitial pneumonia Interstitial pneumonia 65t
11 25F AML Ist B/0 + I° II° Bronchopneumonia, Herpes zoster pneumonia 213 §
herpes zoster gen. cGvH
12 27F AML Ist A/A + I/11° II/HI°  Obstruct. ventil. disorder, CMYV, pneumonia 420+
bronchopneumonia, herpes cGvH
simplex stomatitis
14 12F AML 2nd A/A + Candida pneumonia, zoster 592
segm., pericardial effusion
16 IM ALL 3rd A/0 + I° e Pulmonary aspergillus, Lung bleeding 312 ¢
herpes zoster segm.
17 16 M AML Ist A/B + Interstitial pneumonia Interstitial pneumonia 33§
18 3IM ALL 2nd A/0 + I° 392
19 29M AML Ist A/A - Ire CMYV hepatitis 377
20 14F ALL 2nd A/A - twins 338
21 IsM AML 2nd A’A + Relapse day 112, Cerebral hemorraghia 123
pulmonary aspergillus
22 10M ALL 2nd 0/0 + I° 268
23 34 M AML 2nd 0/A - Interstitial pneumonia Interstitial pneumonia 86 F
24 17M AML 2nd 0/B + 205
25 17M ALL 3rd 0/A - e IIre c¢GvH and liver insufficiency Sepsis cGVH 78 ¢
26 2IM AML Ist A/0 + Ie 1II° c¢GvH and liver insufficiency, 93¢
herpes simplex stomatitis
27 26F AML Ist A/0 + 135
28 I5F CML 0/0 + 114
chronic phase
29 24F AML 3rd B/B I° I° Hepatitis (7) 86
30 20F AML 2nd A/A Hepatitis B, herpes simplex 44
stomatitis
32 25F ALL 2nd 0/0 9
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Fig. 2. Time interval from transplan-
tation to documentation of bone mar-

posttransplant period or deaths related to
the transplant procedure. No interference
of the AHTCG preincubation with the
bone marrow take was observed (Fig. 2). In
the later posttransplant period nine pa-
tients have died so far. The actuarial sur-
vival rate after 1 year is 55%. Major compli-
cations were infections, chronic GvHD,
and a combination of both. The causes
leading to death in these nine patients can
be seen in Table 3. Only two out of 21 pa-
tients had a leukemic relapse more than 50
days posttransplant. Patient No. 8 devel-
oped a testicular relapse on day 691. In pa-
tient No.21, who was transplanted for
AML in second remission after rather short
duration of the first remission, rapidly pro-
gressing bone marrow failure was the first
evidence for a relapse, which was diag-
nosed on day 112. The patient died in
overt leukemia from cerebral hemorrhage.
Acute GvHD was not a major clinical
problem. We assume that this was due to
the AHTCG preincubation: Out of the 16
patients at risk, only one, who was grafted
with preincubated marrow cells, had a

Table 3. Causes of death after allogeneic bone
marrow transplantation in patients with leu-
kemia in remission (9/22 patients)

n

Chron. GvHD with infectious complications 5
Interstitial pneumonia 2
Viral encephalitis 1
Leukemic relapse 1

84

20 day row take

clinical relevant acute GvHD (grade 3). A
transient skin rash with later slight increase
in liver enzymes and without intestinal
symptoms was observed in 8 out of the 16
patients at risk.

In contrast major problems were caused
in our series by chronic GvHD. We ob-
served this syndrome in six patients, in five
after engraftment of preincubation marrow.
We were able to favorably influence the
clinical symptoms by prednisolone/azathi-
oprine treatment, but five patients with
chronic GVHD died from infectious com-
plications due to the severe immuno-
deficiency caused by this disease. Of par-
ticular interest was an obstructive venti-
lation disorder which occurred in two pa-
tients after the onset of chronic GvHD.
Treatment with corticosteroids, antibiotics,
and adequate broncholytic measures did
not prevent progression. Both patients de-
veloped recurrent pneumothorax as a later
complication. Progressive respiratory fail-
ure and subsequent overwhelming infec-
tions were fatal in both cases. Interstitial
pneumonia as typical complication in the
later posttransplant period occurred in five
patients, in only two cases without associ-
ation of chronic GVHD. This was due to cy-
tomegalovirus and varicella-zoster virus re-
spectively and of an unidentified etiology
in three cases.

We conclude from our experience that
preincubation with the Munich AHTCG
reduces morbidity and mortality of acute
GvHD but does not prevent chronic
GvHD. So in our opinion it is a logical
consequence to combine this procedure



with other methods to control immune re-
actions or induce tolerance. In this direc-
tion we have initiated a protocol to com-
bine AHTCG preincubation with cyclo-
sporin A treatment.

In the context of these objectives of im-
proving the control of the potentially life-
threatening GvH reaction, improvement of
the diagnostic tools and a better patho-
physiological understanding of this condi-
tion are important. Since 2 years Miller in
our group has been supplementing the
histological estimation carried out by F. R.
Kriiger (Cologne) by immunohistological
analysis with monoclonal antibodies [2]. Tt
is too early to draw definite conclusions,
but the preliminary results can be summa-
rized insofar that in GvH reactions lym-
phoid infiltrates consist of mature T cells,
that there is a focal or generalized appear-
ance of Ia-like antigens on keratinocytes,
and that there is a partial reduction of Lan-
gerhans cells.

D. Conclusion

The impact of BMT on the treatment of
acute leukemias and chronic myelocytic
leukemia cannot yet be estimated defi-
nitely. We think that with the increased
rate of complete remissions in adult AML
by the improvement of induction regimens
in the past years and the limited results in

I,II - Induction
Il : Consolidation

conventional maintenance therapy for re-
maining in continuous remission, BMT in
first remission should be considered a treat-
ment strategy with curative potential in pa-
tients with histocompatible sibling donors
under the age of 35 years. In a common
protocol with the Ulm group we treat our
AML patients according to a regimen
which integrates BMT for those patients
with an available donor (Fig. 3). This pro-
tocol has also been taken up by other non
transplanting members of the South Ger-
man Hemoblastosis Group. In ALL we re-
commend transplantation in adults still in
second remission in addition to high-risk
patients.

The indication for BMT in children has
been widely discussed in the German BFM
Study Group, with the conclusion that
transplantation in AML in first remission is
not generally acceptable. Children with
ALL, besides rare cases of B-ALL, should
be transplanted in second remission. In
CML in adults and children risk factors
must be evaluated for an individual deci-
sion.

The four German centers have an annual
transplantation capacity now of about
10-15 each. Two other groups are in prep-
aration. The future will show if this capaci-
ty is sufficient when, we hope, favorable
long-term results are produced and the po-
tential - complications of GvHD and in-
terstitial pneumonia can be prevented or
treated effectively.

Iv Maintenance
BMT. Bone marrow transplantation
a)
I I i i <
_ b)
1 2 3 4 5 6 1 8% 9 1
weeks
BMT
___________________________________________ Fig. 3. Schematic outline of
- the present protocol for
v J/ adult patients with acute
—i| nonlymphoblastic leukemia
2 B3 % 1 1% T 8B 1 20 2 2 14 achieving complete remis-

sion
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A. Introduction

Following the use of Cyclosporin A (CSA)
in patients with established acute graft ver-
sus host disease (GVHD) [1] we initiated a
study of CSA to prevent GVHD, because it
seemed probable that it would be more ef-
fective in this role than for reversing the es-
tablished process. We initially reported the
results of 20 patients who had received
matched allogeneic sibling bone marrow
transplants and prophylactic CSA for lon-
ger than 3 months, only one of whom died
of GVHD [2].

B. Present Study

Eighty-four patients with acute leukaemia
in remission or early relapse or chronic
granulocytic leukaemia in the chronic
phase have been included in this study,
60 of whom have had follow-up for at least
1 year. All received a matched transplant
from an HLA/MLC compatible sibling
after conditioning with cyclophosphamide
(1.8 g/m? intravenously on two consec-
utive days) (68 patients) or melphalan
(85-100mg/mg? i.v. as a single dose) (nine
patients) followed 36 h later by total body
irradiation (TBI) of 10 Gy from a single co-
balt®® source at approximately 0.03 Gy/
min. Seven patients were conditioned with
melphalan alone (180-250 mg/m? i.v. as a
single dose). Marrow was infused from the
sibling donor 24 h after the irradiation or
2—-4 days after melphalan alone. The pa-
tients were nursed in protective isolation
(for approximately 4 weeks until reconsti-
tution) and given therapeutic antibiotics,

platelets and granulocyte transfusions as
required. The CSA was given intramus-
cularly 25 mg/kg per day (in two 12 hourly
doses) starting 24 h before the infusion of
the marrow and continuing for 5 days.
From the 6th day, i.e. 4 days after bone
marrow transplantation, the drug was ad-
ministered orally and continued for 6
months at a dose of 12.5 mg/kg per day in
two divided doses. This dose was reduced
by 50% if the blood urea rose above
20 mmol/litre or there was other unaccept-
able toxicity and was further reduced if the
urea continued to rise. Part way through
the study the protocol was changed and pa-
tients received oral CSA at a dose of 12.5 or
37.5 mg/kg per day for the first 5 days in-
stead of the intramuscular preparation. The
intramuscular route was reinstarted after 23
patients.

C. Results

A retrospective analysis of 26 patients re-
ceiving methotrexate as prophylaxis against
GVHD showed that 46% of the patients de-
veloped acute GVHD and 27% of the pa-
tients died of the problem. Of the 84 pa-
tients receiving CSA, only three (4%) have
died of acute GVHD. However, there was a
significant incidence (37%) of biopsy prov-
en acute skin GVHD occurring at the time
after grafting when we previously saw fatal
GVHD. However, all but three of these pa-
tients had resolution of their skin disorder,
some of whom received treatment with
high-dose methylprednisolone. We do not
now feel justified in conducting a con-
trolled trial of CSA versus no treatment to
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establish the exact role of this drug in pre-
venting GVHD because the incidence of
fatal acute GVHD in our series is so low.
However, the Seattle Transplant Group has
at present a study comparing CSA with
methotrexate following bone marrow trans-
plantation. Although such studies are criti-
cal for deciding the best treatment for these
patients they alone cannot define the exact
role of CSA in preventing GVHD in man,
because there has not been a study of
methotrexate versus no treatment in man.

That there is an effect of CSA on acute
GVHD can be established indirectly from
our four patients who, after bone marrow
transplants and subsequent relapses, were
given high-dose melphalan (180-200 mg/
m? as a single infusion) followed by a mar-
row transplant from the same donor as the
original transplant. None of these patients
had developed acute GVHD when given
CSA during the initial period after their
first transplant. They were not given the
drug after the second transplant and two
developed acute GVHD (days 20, 44), one
of whom died.

The effect of stopping CSA after 6
months also indicates the influence of the
drug on preventing acute GVHD. In our
previous methotrexate study, where the
drug was given for 102 days after trans-
plant, we did not see the development of
acute GVHD longer than 52 days after
transplantation. Thirty-eight of the 60 pa-
tients in the present study have had their
CSA stopped approximately 6 months after
transplant and these patients have been fol-
lowed-up for at least a year from transplan-
tation. Twenty-one of these patients sub-
sequently developed acute GVHD, chronic
GVHD or a rash that mimicked the syn-
drome but was not proven histiologically.
The timing of these problems occurs as if
the patients had received a bone marrow
transplant at the time of stopping CSA.
Thirteen of these patients were restarted on
CSA and seven received azathioprine and
prednisolone (some received both treat-
ment regimens). At present 26 of the 38 pa-
tients are alive (16 on no treatment) and 12
have died: nine of relapsed leukaemia and
three of infection. It is clear that, unlike pa-
tients who have received methotrexate after
bone marrow transplantation and then de-
veloped acute GVHD where we see little
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clinical benefit from CSA, patients who
have previously received prolonged CSA
respond well to re-introduction of the CSA.

D. Mismatched Bone Marrow
Transplantation

Following the encouraging results of CSA
in matched transplants we embarked upon
a study using family member donors who
had a varying degree of MHC antigenic
mismatch.

Thirty-five patients aged 4-45 years with
acute leukaemia have been given al-
logeneic mismatched bone marrow trans-
plants over a period of 3 years. One donor
was a two haplotype mismatch; one dif-
fered from the recipient at the D locus only
because of BD recombination and the re-
maining 33 were genotypically one haplo-
type matches, although more than half of
these shared some or all antigens on the
mismatched haplotype. In all but one in-
stance there was a positive mixed lympho-
cyte reaction between donor and recipient.
Thirty-one patients were conditioned with
cyclophosphamide and TBI as for matched
transplants, and four were conditioned with
high-dose melphalan (240 mg/m?) only.
Patients received intramuscular or oral
CSA for the first 5 days from the day before
transplantation followed by oral CSA for 6
months as above. Seven of the first eight
patients developed a leaky vascular syn-
drome (see below) and so a new protocol
with the addition of methotrexate during
the first 6 days after transplant was devised.
The rationale for this has been discussed
elsewhere [3]. Fifteen patients received this
new protocol — no advantage was seen to
accrue from it and five patients had fail-
ure of graft take and required regrafting.
Thereafter patients reverted to the original
protocol and received CSA alone (four of
whom were conditioned with melphalan
without TBI). Preliminary results are that
of the 16 patients conditioned with TBI fol-
lowed by CSA alone, six remain alive, two
have died of leukaemia and two of in-
fections and the remaining six have died of
the syndrome involving leaky vascular en-
dothelium, usually resulting in fatal pul-
monary oedema with or without a con-
current viral infection. Of the 15 patients



conditioned with TBI followed by CSA
plus methotrexate, five are alive, one of
whom has relapsed. Ten have died, one of
leukaemia, one of acute GVHD, one of a
failure of graft take followed by infection
and the remaining seven with the leaky
vascular endothelial problem with or with-
out a concurrent viral infection.

Engraftment using mismatched marrow
has been established in three of four pa-
tients receiving conditioning, with mel-
phalan alone. The fourth has required re-
grafting and is too early to assess. GVHD
has not been a major problem and this
study will continue.

Pulmonary oedema secondary to leaky
vascular endothelium has complicated our
mismatched bone marrow transplant pro-
gramme. Approximately 40% of the pa-
tients have died of this syndrome and there
have been severe fluid balance problems in
many of the remaining patients, par-
ticularly during the first 30 days after trans-
plant. A similar syndrome occurred in an
occasional patient following a matched
transplant (less than 10%) and its possible
aetiology has been discussed elsewhere [3].
There is an increased incidence of viral in-
fections in our mismatched bone marrow
transplant patients, but it is difficult to as-
sess the significance of these and their pos-
sible role in the leaky vascular problem.
Many more patients will be required in this
study to determine the nature of these
problems, but we may be able to improve
results by empirical methods. The major
prognostic factor for success in mismatched
bone marrow transplants appears to be age.
Of the 20 patients over the age of 20 who
were transplanted, only five remain alive;
one of these has relapsed and two are
within 30 days of transplant and too early

to assess. Fifteen patients under the age of
20 have received mismatched transplan-
tations and eight are alive and in remission
(40% actuarial plateau), the longest at 2%,
years after transplantation.

E. Summary

One hundred and nineteen patients with
leukaemia have received CSA as prophy-
laxis against acute GVHD following sibling
MHC matched (84) or family member mis-
matched bone marrow transplants (35).
Four recipients of matched transplants
(3%) died of acute GVHD, a marked im-
provement on our previous results using
methotrexate (26 patients; 27% died of
GVHD). Thirty-five patients received mis-
matched transplants, 15 were under the age
of 20 years and eight are alive and in re-
mission, the longest survivor being one at
2%, years after transplant.
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Autologous Bone Marrow Transplantation

in Acute Leukemia and Non-Hodgkin’s Lymphoma:

A Phase I Study of 4-Hydroperoxycyclophosphamide (4HC)
Incubation of Marrow prior to Cryopreservation *

H. Kaizer, P. Tutschka, R. Stuart, M. Korbling, H. Braine, R. Saral, M. Colvin,

and G. Santos

The presence of occult tumor cells in re-
mission marrow is the initial obstacle to the
use of autologous bone marrow transplan-
tation in acute leukemia. In vitro treatment
of tumor-marrow mixture, with heterolo-
gous antiserum and complement, has been
shown to be capable of eliminating all
clonogenic tumor in a number of animal
models, and this approach forms the basis
for a number of ongoing clinical trials [1].
An alternative procedure, utilizing in vitro
drug treatment of marrow, was first investi-
gated at The Johns Hopkins Oncology
Center using 4-hydroperoxycyclophospha-
mide (4HC). In aqueous solution, this con-
gener of cyclophosphamide (CY) has the
same alkylating and cytotoxic effects and
the same immunoreactive products as the
microsomally activated parent compound.
The initial studies of this approach uti-
lized a model of acute myelogenous leu-
kemia (AML) in the Lewis-Brown Norway
(LBN) hydrid rat and involved the inocu-
lation of lethally irradiated rats with mar-
row tumor cell mixtures which had been
treated with various doses of 4HC. These
expeniments revealed a dose-dependent
clearing of tumor cells [2]. Since the LBN-
AML model displays an unusual sensitivity
to the anti-tumor effects of CY, a model of
AML in the Wistar-Furth (WFU) rat,
which is not as sensitive to CY as the LBN
model, has recently been studied. Despite
the relative in vivo insensitivity of the
WFU model, similar results have been

* These studies were supported by the National
Institutes of Health (NIH) grants CA 15396,
CA 16783 and a grant from the W. W. Smith
Charitable Trust
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obtained in treating marrow tumor cell
mixtures with varying concentrations of
4HC. Complete elimination of tumor cells
has been achieved at concentrations of
60-80 nM/ml (18-24 ug/ml) of 4HC. In-
creasing the concentration of 4HC beyond
80 nM/ml resulted in the death of a high
fraction of the rats due to marrow failure
[3].

We have begun a two-phase study for
patients with acute leukemia, either lym-
phoblastic (ALL) or nonlymphoblastic
(ANLL), using 4HC treatment of marrow.
The goal of the first phase of this study,
which is still ongoing, is to determine the
maximal concentration of 4HC that can be
used for in vitro treatment and still achieve
hematologic recovery. The goal the second
phase of the study will be to determine if
treatment with 4HC will eliminate all
clonogenic tumor.

Thus far, a total of 20 patients with acute
leukemia and five patients with non-Hodg-
kin’s lymphoma have been treated on this
study as shown in Table 1. This is a dose
escalation study. Remission marrow is har-
vested and aliquoted into a treated and a
reserve fraction. The latter is intended for
use only if the patient shows no evidence of
hematologic recovery after reinfusion of the
treated marrow. The pretransplant cy-
toreductive regimen for ALL and NHL in-
volves CY and total body irradiation. This
differs from the regimen used in ANLL
which uses CY and busulfan. Both these
preparative regimens have been previously
described [4]. Although the morbidity of
the procedure is significant, only 1 of the 25
patients has had a transplant-related death.
All of the other patients have been dis-



Table 1. Phase I-4HC study
patients to July 1, 1982

Conc. of 4HC ALL ANLL NHL % inhibition of CFU-C
40 pg/ml 4 0 1 73
60 pg/ml 2 2 3 85
80 pg/ml 3 3 0 97

100 pg/ml 5 1 I 100

charged from the hospital in good clinical
condition (the average post-transplant stay
has been 35 days) and have been able to re-
sume normal activity. Table 1 also shows
the degree of inhibition of granulocyte and
macrophage colony forming cells (CFU-C)
observed as a consequence of 4HC incu-
bation. Despite the high degree of inhi-
bition, essentially no CFU-C detected after
incubation at the higher 4HC concentra-
tions, hematologic recovery has been satis-
factory in all patients except the one who
died of a transplant-related complication
(veno-occlusive disease of the liver) too
early to evaluate for hematologic recovery.
Among the 24 patients evaluable for tumor
status, nine remain in remission. Most of
those have relatively short observation
times, although one ALL and one ANLL
patient have been in complete remission
for over 15 months. While the disease-free
status of those patients contributes to our
evaluation of the therapeutic efficacy of
4HC incubation, the ultimate test will be
on data collected in the phase II part of the

study. This cannot be instituted until the
maximal concentration of 4HC is establish-
ed.
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One major obstacle to the successful appli-
cation of allogeneic bone marrow trans-
plantation is the occurrence of immuno-
logic complications when donor and recipi-
ent are not monozygous twins and express
differences in their histocompatibility
properties. Even after transplantation of
HLA-identical and MLC-negative marrow
grafts the occurrence of graft versus host
disease (GVHD) cannot be excluded due to
genetic differences not detected by present
histocompatibility typing techniques. In the
past, several experimental approaches have
been designed to eliminate the GvH-re-
active cell populations in the donor marrow
by incubating the graft in vitro with specific
antibody preparations whose stem cell
toxicity had been absorbed by various tis-
sues, in particular non-T-lymphocytes.
Pretreatment of donor spleen marrow with
absorbed anti-T cell antisera suppressed
GvHD in over 90% of H-2 incompatible
semiallogeneic mice preirradiated with
900 R [1]. Also monoclonal Anti-Th-1 anti-
bodies have been effective in preventing
GvH reactions in incompatible murine
combinations [2]. A suppressing effect of
GVvHD by incubation with T-cell-specific
antibodies could also be shown in a canine
model transferring incompatible DLA
homozygous marrow to DLA heterozygous
lethally irradiated littermates [3]. Since
then an anti-T-cell globulin for human cells
with comparable serological characteristics
has been developed [4]. The present report
describes the effect of an incubation treat-
ment with anti-T-cell globulin in 28 cases
of bone marrow transplantation in acute
leukemias.
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The production and serologic characteri-
zation of anti-human-T-cell globulin
(ATCG) was described elsewhere [5, 6].
ATCG was highly active against T-lym-
phocytes but did not crossreact with hemo-
poietic progenitors in the CFU-c test and
the diffusion chamber test. Twenty-eight
patients with acute leukemia were
transplanted between February 1978 and
May 1982 with bone marrow of HLA-com-
patible siblings. Twelve patients were
transplanted by members of the Munich
Cooperative Group of Bone Marrow
Transplantation. These patients received a
conditioning regimen including a com-
bined chemotherapy and 1000-rad total
body irradiation (TBI) applied by two op-
posite °°Co sources. In nine cases the
chemotherapy included BCNU, cytosine
arabinoside, and cyclophosphamide; in
three additional cases BCNU was omitted
from the protocol. Sixteen patients were
transplanted by members of the Tiibin-
gen Cooperative Group of Bone Marrow
Transplantation, where they received a
conditioning treatment with cyclophospha-
mide and 1000-rad TBI applied by a linear
accelerator. In these cases the lungs were
shielded to a reduced dose of 800 rad.

The pretransplant status and the treat-
ment protocols before BMT of the de-
scribed 28 patients are shown in Table 1.
Seven of the patients were transplanted af-
ter the second relapse, three patients after
the first, one patient after the third, and
one patient after the fourth relapse. Fifteen
patients were transplanted in remission.
Five patients had acute lymphoblastic leu-
kemia (ALL). Fourteen had acute myelo-



Table 1. Characteristics of 28 leukemic patients
receiving ATCG-incubated marrow grafts

Leukemia status  1st 2nd 3rd 4th® Total®
Relapse 37 1 1 12
Remission 7 6 2 15
Chronic phase I
Type of leukemia

Acute myeloid leukemia (AML) 14
Acute lymphoblastic leukemia (ALL) 10
Chronic myeloid leukemia (CML) 1
Erythroleukemia 1
Acute undifferentiated leukemia (AUL) 2
Treatment before BMT

BCNU, araC, Cy, TBI-950R" 9
AraC, TBI-950R"* 3
Cy, TBI-1000R ¢ 16

* Number of patients

® Total body irradiation 950 R, performed with
2 X %°Co sources

¢ Total body irradiation 1000 R performed with
a linear accelerator, lungs shielded to 800 R

geneous leukemia (AML). Two other pa-
tients suffered from an erythroleukemia
and an acute undifferentiated leukemia
(AUL), respectively. One patient was
transplanted during the chronic phase of
chronic myeloid leukemia (CML).

In vitro treatment of the bone marrow
was performed as follows: After prep-
aration of bone marrow from the donor, it
was first separated from erythrocytes and

reduced to a smaller volume, followed by
incubation with ATCG. In 11 cases, the
marrow was separated using a Hemonetics
cell separator. In 15 cases, the marrow was
reduced by these techniques to about
300 ml. Two marrow preparations were left
unconcentrated. In all cases the marrow
was then incubated with ATCG in a final
dilution of 1:200 (0.05 mg/ml) for 30 min
at 4°C under gentle agitation. After incu-
bation, the marrow cells were infused with-
out further delay. An average of 6.1 (cell
separator), 4.1 (buffy coat), and 3.5 (no sep-
aration) X 10® nucleated cells/kg body wt.
were transferred. Details are shown in
Table 2. In all cases the incubated cells
were tolerated without severe side effects.
Symptoms seen in some of these cases, like
frequent pulse or transient fever, have also
been described for transplantations without
incubation.

Documentation of marrow engraftment
and incidence of GvHD after incubation
with ATCG are shown in Table 3. In gen-
eral, engraftment and recovery of bone
marrow functions after incubation treat-
ment seemed to be not different from that
in other transplantations. Engraftment was
documented by bone marrow cellularity
and rise of peripheral blood cell counts.
Eleven of the 28 patients were sex mis-
matched, five showed major ABO blood
group incompatibility, two were HLA-D
different from the donor, and in two others
the HLA-D compatibility was unclear.
Twenty-six of the 28 patients showed an
engraftment between days 12 and 26 post-
transplantation, indicated by a rise in the

Table 2. In vitro treatment of bone marrow with ATCG

Concentration Number of Volume® Nucleated cells®© Incubation

of bone marrow patients with ATCG*
Total Per kg body wt.
(X 10°% (X% 10%)

Hemonetics 11 310 25.8 6.1

cell separator :

Buffy coat 15 321 214 4.1 1:200

. : 4°C, 30 min.
preparation
No. concentration 2 1210 23.6 35

* Total of 28 patients
b Mean values
¢ Final incubation concentration
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peripheral granulocyte counts to values
over 500/mm?. This range does not mark-
edly differ from other groups undergoing
BMT without marrow incubation treat-
ment. Two patients did not receive a suf-
ficient engraftment. One of these patients
was one-way HLA-D different and died
very early on day 21 with septicemia. In the
other case, the HLA-D compatibility could
not be clearly documented. This patient al-
so showed persisting leukemia at autopsy,
factors that may have prevented a sus-
tained engraftment.

In nine out of 28 cases clinically manifest
GvH reactions were detected. In five cases
GvHD was restricted to skin reactions
grade I-II. The skin reactions occurred be-
tween day 11 and day 16, persisting for
8—14 days, except two cases with delayed
regression. A sixth case showed a grade I
liver reaction in addition. In two cases
more severe mainly chronic GVHD of skin
and liver, reaching grade II-III, was seen.
In a third case the course was complicated
by manifestation of GvHD on the gut
(grade III). Although these patients re-
sponded well to a treatment with cor-
ticosteroids, chronic GvHD could not be
completely suppressed and all three pa-
tients died later from infections. Table 4
summarizes the survival an final outcome
of the transplanted patients. Two patients
died without sustained engraftment on day
20 and day 34 after transplantation of
lethal infections. Six patients had a leu-
kemic relapse and died because of this
complication between day 106 and 500
posttransplantation. All six patients were

cases transplanted after relapse. Three pa-
tients died of infections and interstitial
pneumonitis (IP). In one case the IP was
caused by infection with Preumocytis
carinii. None of the patients with IP
showed any sign of GvHD. Two patients
died of other infections during persisting
chronic GvHD. One patient is alive with a
testicular relapse. Ten of the 28 patients are
alive in complete remission between day 15
and day 26 posttransplantation.

So far our human studies have con-
cerned almost only HLA identical MLC
nonreactive leukemic siblings, a situation
with a still relatively high probabilitiy for
GvHD. In sex-different patients (11 out of
the 28 patients reported here) bone marrow
has been reported to cause GvHD more
frequently [7]. Sex difference appears to in-
fluence GvHD also in dogs [8]. The formal
proof that ATCG prevents GvHD in
MHC-identical patients requires, of course,
a greater number of patients than have
been listed in this report and should be
confirmed in a randomized study. So far
our data indicate that ATCG did not in-
terfere with hemopoietic engraftment at di-
lutions known to be toxic for T cells. The
encouraging results in several MHC in-
compatible animal models should provide
impetus for elucidating chances and limi-
tations of such an approach in situations
with some degree of MHC incompatibility.
Recent mouse experiments have shown in
highly H-2 incompatible combinations that
an effect of ATCG on GvHD may be
further duplicated by addition of comple-
ment during in vitro incubation [2, 9].

Table 3. Donor-recipient differences, engraftment, and occurrence of GVHD in 28 patients receiving

ATCG-incubated marrow grafts

Donor-recipient differences (No. of patients)
HLA-D®2/28

Major blood group 5/28 Minor blood group 6/28

Sex 11/28

Engraftment

BM recovery 26/28 No. take 2/28

Day posttransplant 173 Range (days) 12 - 26

GvHD (No. of patients)
Clinical grade
I-116/28"

Clinical grade
111 3/28

Clinical grade
IV 0/28

* Questionable in two other cases
® No histological confirmation in one case
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Table 4. Fatal complications and survival in 28 patients after transplantation of ATCG-incubated

marrow grafts

Patients died
Cause of death No.of  Survival time (relapse)®

patients
No engraftment 2 20, 34
Leukemic relapse 6 106 (83), 126 (112), 198(123), 215(181), 233(168), 500 (482)
Interstitial pneumonitis 5 33, 38, 39, 64,71
and infection
Acute GVHD - -
Infection during 3 95,211, 420
chronic GvHD
Other 1 312
Patients surviving
Leukemia type Status Survival time*® Outcome®
ALL 3rd relapse >1511 CR
AML 2nd remission > 859 Testicular relapse
AML Ist remission > 570 CR
AML 2nd relapse > 532 CR
ALL 4th relapse > 511 CR
ALL 2nd remission > 332 CR
ALL 2nd remission > 208 CR
AML 2nd remission > 145 CR
AML Ist remission > 75 CR
CML Chronic phase > 54 CR
AML 3rd remission > 26 CR

* Days posttransplantation
® CR, Complete remission

References

. Rodt H, Thierfelder S, Eulitz M (1974) Anti-
lymphocytic antibodies and marrow trans-
plantation. III. Effect of heterologous anti-
brain antibodies on acute secondary disease
in mice. Eur J Immunol 4:25

. Thierfelder S, Hoffmann-Fezer G, Rodt H,
Doxiadis I, Eulitz M, Kummer U (to be pub-
lished) Antilymphocytic antibodies and mar-
row transplantation. VI. No immunosup-
pression in vivo after infection of monoclonal
antibodies which blocked GvHR and hu-
moral antibody formation in vitro. Transplan-
tation

. Kolb HJ, Bodenberger U, Rodt H, Rieder I,
Netzel B, Grosse-Wilde H, Scholz S, Thier-
felder S (1980) Bone marrow transplantation
in DLA-haploidentical canine littermates.
Fractionated total body irradiation (FTBI)
and in vitro treatment of the marrow graft

with anti-T-cell globulin (ATCG). In: Thier-
felder S, Rodt H, Kolb HJ (eds) Immuno-
biology of bone marrow transplantation.
Springer, Berlin Heidelberg New York p 61

. Rodt H, Thierfelder S, Thiel E, Gotze D, Net-

zel B, Huhn D, Eulitz M (1975) Identification
and quantitation of human T-cell antigen by
antisera purified from antibodies crossreact-
ing with hemopoietic progenitors and other
blood cells. Immunogenetics 2:411

. Rodt H, Thierfelder S, Netzel B, Kolb HJ,

Thiel E, Niethammer D, Haas RJ (1977) Spe-
cific absorbed anti-thymocyte globulin for
incubation treatment in human marrow trans-
plantation. Transplant Proc 9: 187

. Rodt H, Netzel B, Kolb HJ, Janka G, Rieder

I, Beloradsky B, Haas RJ, Thierfelder S
(1979) Antibody treatment of marrow grafts
in vitro: A principle for prevention of graft-
versus-host disease. In: Baum S, Ledney GD
(eds) Experimental hematology today. Sprin-
ger, Berlin Heidelberg New York, p 197

95



7.

96

Kolb HJ, Rieder I, Grosse-Wilde H, Bo-
denberger U, Scholz S, Kolb H, Schiffer E,
Thierfelder S (1979) Graft-versus-host disease
(GvHD) following marrow graft from DLA-
matched canine littermates. Transplant Proc
11:507

Storb R, Weiden PL, Prentice R, Buchner
CD, Clift RA, Einstein AB, Fefer A, Johnson

FL, Lerner KG, Neiman PE, Sanders JE,
Thomas ED (1977) Aplastic anemia (AA)
treated by allogeneic marrow transplantation:

The Seattle Experience. Transplant Proc
9:181

. Rodt H, Thierfelder S, Kummer U (1982)

Suppression of GvHD by monoclonal
antisera. Exp Hematol 10, Suppl 10: 107



Haematology and Blood Transfusion Vol. 28
Modern Trends in Human Leukemia V
Edited by Neth, Gallo, Greaves, Moore, Winkler
© Springer-Verlag Berlin Heidelberg 1983

Graft-Versus-Host Disease: Inmunobiological Aspects *

P. J. Tutschka

Graft-versus-host disease continues to be a
major problem in clinical allogeneic bone
marrow transplantation. Despite great ef-
forts to describe the disease clinically, his-
topathologically and immunologically we
are far from wunderstanding the im-
munobiology of graft-versus-host disease
and transplantation tolerance, preventing
us from developing rational clinical
strategies to overcome this stumbling block.

In allogeneic bone marrow transplan-
tation the lymphohematopoietic system of
an adult, fully immunocompetent donor in-
dividual is transferred into a recipient that
has been rendered immunologically in-
competent, and the new graft is expected to
survive, to function in an immunologically
competent way yet to incorporate the trans-
plantation antigens of the host into the al-
ready established repertoire of self, thus
achieving a state of specific immunologic
tolerance against the host [1-3]. Amazingly
enough, such a seemingly impossible task
can be achieved, and stable, immunologi-
cally competent yet specifically host-allo-
antigen tolerant chimeric states are reached
in clinical and experimental bone marrow
transplantation. However, in the majority
of cases the complex and poorly under-
stood process of “tolerization” is disturbed
and the desired goal not achieved, resulting
in the syndromes of acute and chronic
graft-versus-host disease. Thus, despite al-
most 2 decades of clinical bone marrow
transplantation, graft-versus-host disease in
its acute and chronic form continues to be
the major complication in marrow trans-

* These studies were supported by the National
Institutes of Health (NIH) grants CA 15396

plantation and a challenge for the clinician
and the immunobiologist alike [4-7].

Graft-versus-host disease, to use a very
simplistic operational definition, is con-
sidered to be the result of immuno-
competent T-lymphocytes of donor origin
that attack certain target organs of the host
[8, 9]. Simonsen [10] and later Billingham
[11] were the first to identify the require-
ments for a graft-versus-host reaction, a
view that, at least superficially, is still valid
for its practical implications:

1. The graft must contain immunologically
competent cells.

2. The host must possess important trans-
plantation isoantigens that are lacking in
the graft donor, so that the host appears
foreign to it and is therefore capable of
stimulating it antigenically.

3. The host itself must be incapable of
mounting an effective immunological re-
action against the graft, i.e., the graft
must have some security of tenure.

Based on that concept intensive research
of more than 2 decades has attempted to
establish the immunobiology of graft-ver-
sus-host reactions (GVHR), graft-versus-
host disease (GVHD), and transplantation
tolerance. In summary, the following state-
ments were made:

1. The strength and kinetics of GVHR and
GVHD are positively correlated with the
degree of histoincompatibility.

2. The primary lesions of GVHD are the
result of T-cell mediated cytotoxicity to
target cells caused by the small, im-
munocompetent postthymic lymphocytes
in the donor marrow inoculum.
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3. GVHR and GVHD are self-terminating
immunologic events through deletion of
host-responsive clones of donor cells.
Quite in accordance with these pos-

tulates were the results of intensive re-

search into the immunobiology of marrow
grafting that showed that the magnitude
and kinetics of the graft-versus-host re-
actions (GVHR) were correlated with the
degree of histoincompatibility between
donor and recipient [1]. Transplantation
tolerance, evolving after the resolution of
graft-versus-host reactions and disease and
characterized by immunologic unreactivity
of donor cells toward host, but not third
party alloantigens [3], developed rarely, in
particular in mismatched donor-recipient
combinations, and when it developed it
was the result of a deletion or irreversible

inactivation of specific clones of donor im-

munocompetent cells that were reactive

against host alloantigens [7].

However, over the years several dis-
concerting observations [12, 13] were re-
ported that cast some doubt on the validity
of a concept that seemed so well founded
by a plethora of experimental and clinical
data. Recipients of marrow grafts that were
mismatched not in major but minor his-
tocompatibility antigens displayed graft-
versus-host reactions and disease that were
virtually indistinguishable in magnitude
from those seen in major mismatches, a
finding observed in humans, dogs, and ro-
dents [14-17]. Even recipients of syngeneic
grafts were described that showed graft-
versus-host disease [18—21]. Furthermore,
animals that were inbred and presumably
of 1identical histocompatibility makeup
showed marked differences in the incidence
and severity of GVHD when grafted with
marrow from the same histoincompatible
inbred donor strain, some animals dis-
played no signs of GVHD clinically and
histologically while others showed fatal
GVHD [22]. Moreover, germ-free murine
recipients of histoincompatible marrow
showed no GVHD but developed the dis-
ease after intentional contamination with
certain microorganisms [23, 24], suggesting
that GVHD was not solely dependent on
the degree of histoincompatibility between
donor and host but rather required a trig-
ger, most probably a mircoorganism.
Viruses, in particular herpes type virus, a
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common complicating factor in clinical
GVHD [19-29], have been incriminated in
this trigger process, a postulate supported
by the circumstantial evidence that GVHD
could developed after a long lag period (up
to 70 days in humans) and long after a
seemingly complete and functioning lym-
phohemapoietic graft had been established
[4, 8, 12]. These findings, seemingly incon-
sistent with the classical concept, led us to
hypothesize that the complex immunologi-
cal situation post-marrow grafting was not
only dependent on the immunogenetically
determined killer cells but on a coun-
terforce of suppressor cells [3, 30, 31], that
the magnitude and kinetics of the cytotoxic
response were not determined by the anti-
geneic difference but by the magnitude of a
suppressor cell response developing to-
gether with the cytotoxic cells. Transplan-
tation tolerance, then, would not be seen as
the result of a clonal deletion of alloantigen
responsive cells but rather as a delicate bal-
ance between cytotoxic and suppressor
cells whereby ultimately the suppressor cell
arm gains preponderance, resulting in the
stable, tolerant chimera [30-32].

Over the past several years we were in-
deed able to show that the specific im-
munologic tolerance seen in stable
chimeras was maintained by alloantigen-
specific suppressor cells [33]. This sup-
pressor cell system has been rather ex-
tensively characterized in our rat bone
marrow transplant model. Histoincompat-
ible (mismatched at the Rt 1 locus) bone
marrow allografts were established in
lethally irradiated rats. At various times af-
ter transplantation lymphoid cells were
harvested, subjected to mixed lymphocyte
cultures, and assayed for immunological
tolerance and for suppressor cells in vitro
and 1n vivo. Alloantigen nonspecific sup-
pressor cells appeared in the chimera 40
days after grafting, coinciding with the res-
olution of graft-versus-host disease. When
specific tolerance was finally achieved in
vivo and in vitro, a process that required
between 100 and 250 days, the nonspecific
suppressor cells were replaced by nylon
wool adherent T-lymphocytes that specifi-
cally suppressed host alloantigen responses
and could adoptively transfer the sup-
pression of GVHD, suggesting that indeed
the balance called operational tolerance



was actively maintained by specific sup-
pressor cells. Specific tolerance in the
chimeras was maintained during the 2
years of follow-up; however, the numbers
of suppressor cells declined until they could
no longer be demonstrated in vitro. A com-
plete clonal deletion of host-reactive cells,
though, of either alloresponsive clones or
suppressive clones, did not occur. Restimu-
lation of suppressor cells was possible with
host antigen either by adoptive transfer or
by inoculation of chimeric animals, sug-
gesting that a clonal reduction had taken
place in the long-term chimera which was
followed by an induced expansion of sup-
pressor cells clones [34].

The above described experiments sug-
gested that alloreactive clones of cytotoxic
cells were present in chimeras, but oper-
ationally not expressed, a postulate sup-
ported by the results of fractionation
studies. Spleen cells from long-term com-
plete and stable chimeras that were specifi-
cally tolerant to host alloantigens in vivo
and in vitro were passed through nylon
wool columns. The nylon wool nonadher-
ent cells were then stimulated with host
type stimulator lymphocytes and regained
their ability to proliferate and develop spe-
cific cytotoxic effector cells [34].

In summary, these data seemed to indi-
cate that induction of transplantation toler-
ance required a complex process of killer
and suppressor cell interactions ultimately
resulting in the incorporation of previously
“foreign” antigens into the repertoire of
“self”.

It was conceivable to assume that not on-
ly transplantation tolerance but also toler-
ance against self was the result of a similar
mechanism. This meant that in an adult or-
ganism autoreactive potential killer cells
were present which were prevented from
proliferating by the action of autoreactive
thymus-dependent suppressor cells, which
like in the long-term allogeneic chimera
were present in a clonally reduced state.

If that were the case there should be cir-
cumstances under which a true autoaggres-
sion against transplantation antigens would
occur, where a syngeneic or autologous
reaction could be demonstrated that was
neither clinically nor histologically dis-
tinguishable from a graft-versus-host re-
action.

Such heretic thoughts have been ex-
pressed before. Cohen et al. reported about
autosensitization in vitro [35], Parkman
etal. [36] identified a subpopulation of
lymphocytes in human peripheral blood
cytotoxic to autologous fibroblasts and
later explained the lack of autoreactivity in
murine spleen cells by the concomitant
presence of suppressor and cytotoxic lym-
phocytes, a view supported by the studies
of L’age- Stehr and Diamantstein [37].
Gozes etal. finally induced a “syngeneic
GVHR” in popliteal lymph nodes by
spleen cells of old C57 B1/6 mice [38].

Clinically severe graft-versus-host dis-
ease has been described repeatedly in re-
cipients of syngeneic bone marrow grafts
[18-21]. Although apparently a rare oc-
currence in clinical transplantation, the re-
ports suggested that “syngeneic GVHD”
was neither an oddity nor the result of a
transfusion accident (e.g., the infusion of an
unirradiated blood product). Moreover, the
factual presence of a “syngeneic GVHD”
suggested that such a situation could be ex-
plored to understand better the nature of
self-tolerance and disease states where self-
tolerance was disturbed.

The bone marrow inoculum to be
transplanted into a syngeneic, lethally ir-
radiated recipient should contain autoreac-
tive cytotoxic as well as autoreactive sup-
pressor cells. Removal of suppressor cells
by appropriate separation techniques prior
to marrow infusion should result in syn-
geneic GVHD. Indeed, when suppressor
cells were removed by either nylon wool
fractionation or chemoseparation with 4-
hydroxyperoxyclyclophosphamide we were
able to create even syngeneic GVHD in
lethally irradiated rat recipients [39, 40].

Acute graft-versus-host disease, then,
could be seen as a disturbance of the toleri-
zation process where either the cytotoxic ef-
fector arm is enhanced or the suppressor
arm is either diminished or absent, leading
to the observed injuries.

Chronic GVHD, in contrast, appears to
present as an even more complex im-
munobiological situation. Rats with chron-
ic GVHD, when evaluated immunologi-
cally, show an immunodeficiency, primar-
ily of the T-cell arm, resulting in prolonged
survival of third party skin grafts, depres-
sion of the antibody response to sheep red
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blood cells, and impairment of the prolifer-
ative response of lymphocytes to alloanti-
gens of host and third party strains. When
assaying for suppressor cells we found that
spleen and peripheral blood contained
abundant numbers of alloantigen nonspe-
cific suppressor T-lymphocytes that sup-
pressed proliferative responses of original
donor type to original host and third party
alloantigens [41-45]). Adding such spleen
cells to normal donor marrow inocula prior
to transfer into secondary hosts not only
prevented the development of acute
GVHD but led to the rapid establishment
of chronic GVHD clinically and histologi-
cally within 4 weeks after cell transfer.
Speculating that nonspecific suppressor
cells were causally involved in the patho-
genesis of chronic GVHD, we harvested
nonspecific suppressor T-cells from the
spleens of healthy bone marrow chimeras
early (48 days) after transplant and added
them to normal donor marrow inocula pri-
or to transfer into secondary hosts. Again,
acute GVHD was prevented, but chronic
GVHD developed within 4 weeks. Finally,
we implanted thymuses from rats with
chronic GVHD into normal rats that were
lethally irradiated and reconstituted with
donor type marrow immediately before
thymus implantation. Those animals not
only developed acute GVHD but also
chronic GVHD within the first 4 weeks of
marrow grafting [22, 34, 44, 45].

Thus chronic GVHD, at least in the rat
model, again seemed to represent an im-
balance of immunologically active cells,
but unlike acute GVHD, not a relative or
absolute decrease in the number of allo-
antigen-specific suppressor cells, but rather
an increase in the number of alloantigen
nonspecific suppressor cells under the in-
fluence of a malfunctioning thymus.

These concepts developed in animal
models have been examined in the clinical
bone marrow transplant situation, and
some new strategies for the prevention and
treatment of GVHD have been suggested.
Patients who received an allogeneic bone
marrow transplant, engrafted successfully,
and have no evidence of GVHD, do indeed
show suppressor T cells specific for host
alloantigens [46]. Patients with acute
GVHD lack those suppressor cells, whereas
patients with chronic GVHD show large
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numbers of alloantigen nonspecific sup-
pressor cells [46, 47].

Attempts to engineer the immunobio-
logical situation after marrow transplan-
tation and to facilitate the development of
specific suppressor cells are encouraging.
An agent of particular interest for this task
is cyclosporin A, a fungal polypeptide that
in vitro prevents the maturation of cyto-
toxic effector cells yet permits the devel-
opment of suppressor effector cells [48, 49].
After very successful animal studies [49,
50], this agent is now used clinically to pre-
vent acute GVHD. A pilot study performed
in our institution has shown that this prom-
ising agent indeed prevented clinically se-
vere GVHD in a majority of patients [51].
However, the study has also identified side
effects of the new agent leading to clinically
relevant complications, in particular, renal
failure.

It is hoped that a better understanding of
the pharmacology of this agent will lead to
an improved utilization of the agent clini-
cally, as well as further our understanding
of transplantation tolerance in the recipi-
ent, thus widening the clinical applicability
of bone marrow transplantation.
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T-Cell Phenotypes in Mixed Leukocyte Reactions
and After Bone Marrow Transplantation:
Are Ia-Antigen on T-Cells a Marker for GvH Reactions?

K. Stiinkel, C. Bender-Gotze, B. Netzel, and E. Thiel

A. Introduction

Bone marrow transplantation (BMT) offers
an alternative in the treatment of lethal
blood disorders. Cells of the restored
lymphoid system are then of donor origin.
There is a high incidence of lethal in-
fections (approx. 25%) during the first 4
months following BMT, presumably due to
a pronounced cellular and humoral im-
munological deficiency [6, 16]. Graft-ver-
sus-host disease (GvHD) is also a major
problem associated with BMT. Both acute
and chronic forms of GvHD are charac-
terized by severe combined immuno-
incompetence. Although the pathophysio-
logical mechanism at the cellular level re-
mains largely unresolved, it is widely ac-
cepted that alloreactive T cells are involved
in the appearance of GvHD [7, 13, 14].
There is also evidence that disturbances in
the regulatory pathways between T-cell
subclasses may result, at least partially, in
immunodeficiencies and GvHD [11, 12]. In
addition, it has been described that Ia anti-
gens on T-cell blasts occur after allogeneic
and mitogenic activation [8). Therefore, it is
not surprising that in disorders related to
T-cell subsets the appearance of la-anti-
gens was observed [11].

Thus, the appearance of Ia-like de-
terminants on activated human T cells may
provide a marker for monitoring T-lym-
phocyte reactions in vitro and in vivo.
Therefore, the 1a antigen may be diagnosti-
cally relevant for the recognition and moni-
toring of GvH following BM grafting. To
study the relevance of the Ia marker on T
cells, we investigated peripheral blood of
nine recipients of marrow allografts and the

102

progress of T-cell reconstitution, as well as
the distribution patterns of the T-helper
and the T-suppressor cells.

B. Methods

1. Patients

The study was performed on nine patients
following bone marrow transplantation for
acute leukemia (four patients) and aplastic
anemia (five patients). Of the nine patients
one had chronic GvHD and one had acute
GvVvHD, which contributed to mortality. No
evidence of acute or chronic GvHD was
documented in sex patients. Two other pa-
tients died of non-GvHD problems. Of the
four patients with acute leukemia two
(S.M. and K.M.) received an engraftment
of bone marrow of HLA-MLC matched
siblings preincubated with anti-T-cell
globulin (ATCG) (for details see Rodt et al.
[13]) and one (F.M.) with anti-cALL
globulin (AcALLG) treated autologues
bone marrow (for details see Netzel et al.
[9D). In addition, a 4-month-old baby
(K.A.M.) was studied, who developed an
acute GvH reaction following blood ex-
changes from its mother. Two patients with
acute lymphatic leukemia who were in an
early phase of remission were included to
examine Ia expression on T cells.

IL. Isolation of Lymphocytes and
Stimulation Assays

Membrane marker analysis and cultures
for mixed leukocyte reaction (MLC) were
performed with the total mononuclear frac-



tion of the Ficoll-Hypaque gradient iso-
lated peripheral blood cells; 0.5 X 10°/ml in
a 1:1 ratio of responder: irradiated
(3000 rad) stimulator cells were cultured in
RPMI 1640 with 10% human AB serum.

II1. Polyclonal and Monoclonal Antibodies
Used for Surface Marker Analysis

Polyclonal antisera directed against human
Ia-like antigens were purchased from Al-
pha Gamma Labs (Sierra Madre, United
States). The reagents OKT3, OKT4, OKTS5,
OKT6, OKT8, OKT9, OKT10, and OKMI
(generous gifts of Dres. G. Goldstein and
P. C. Kung, Raritan, United States) have
been previously characterized in detail [10].
The second antibody for indirect im-
munofluoresence was a goat anti-mouse
IgG-FITC and a goat anti-rabbit IgG-
TRITC (Tago Inc.,, Burlingame, United
States).

C. Results

The mixed leukocyte culture (MLC) was
used as a test in vitro system for the in vivo
GvVH reaction which sometimes occurs as a
consequence of BMT. The comparison of
*H-thymidine uptake and Ia-expression in
a kinetic study correlates in that only in the
HLA-MLC different situation does a high
proliferation (cpm) and a high percentage
of Ia-positive cells occur (as much as 60%).
In addition, *H-thymidine labeling indices
and la-antigen expression in MLC were
compared in a family whose members
varied in LD determinants to various de-
grees. Depending on the extent of the LD
difference, distinct stimulation indices
(STI) and blast cell counts were obtained.
Simultaneous determinations of Ja-positive
cells by immunofluorescence revealed a
good correlation of the number of positive
cells and the STI (data not shown).
Additional phenotypical characterization
by monoclonal antibodies of the OKT ser-
ies in MLC using OKT10 and OKT9 (both
thymic associated, but not T-lineage spe-
cific) and OKT6 (intrathymic) showed a
great increase (=90%) of T10™ cells on days
6-7 including all blasts and even small
cells. In contrast, OKT9 reactive cells are
maximally expressed at day 5 (up to 45% of

the blast cells). No blast or small cell was
found to be positive with OKT6. Using the
functional defined antibodies OKT4,
OKTS, and OKTS, only the proportion of
OKT4 and OKT8 positive cells was slight-
ly augmented. Generally, the ratio of
OKT5:0KT4 and OKT8:0KT4 was
stable (data not shown).

Table 1 presents the data of a continuous
study (patient S.M.) up to 434 days follow-
ing BMT. A remarkable observation was
that this patient, who was without any
GvHD, displayed a high number of T cells
expressing la antigens. Even after 434 days
9% of Ia-presenting T cells were found. The
same observation was made in three other
patients free of GvHD (Fig. 1) during a
period of 105 days following BMT. A nor-
mal situation (except in patient K.C., per-
haps due to a virus infection) was found in
the blood of three patients 2% years or
more after BMT compared with healthy
controls (Table 2, Fig. 1).

In patients with GvH reactions no con-
trary results were obtained concerning the
percentage of Ia expression (Fig. 1), even in
the cases with an acute reaction. On the
basis of the findings in MLC, one would
expect this high percentage of Ia-positive
cells in this group of patients.

Within 4 months of transplantation the
percentage of T cells (OKT3") in patients
S.M. and J. C. had already reached normal
values. The T-cell reconstitution in patient
K.M. (data not shown) and F. M. (Table 2)
remained retarded when compared with
S.M. It is very likely that within the next 1
or 2 months the relative T-cell count would
be normalized.

Regarding the T-cell subpopulations,
time-dependent changes in the percentage
of OKT4" and OKT8" lymphocytes were
observed post-BMT (Table 2). Shortly after
marrow engrafting (less than 2 months) the
OKTS5 and OKT8 subset was two times
greater than normal (both are markers for
suppressor/cytotoxic T cells, although
OKT8 binds to about 5% more lym-
phocytes than OKT5), whereas the OKT4-
helper/inducer subset was only 50% of that
found in normal blood (patient S.M.). As
soon as 2 months following BMT the
T4:T5 ratio was approximately 1:1 (pa-
tients S.M. and F.M.). This ratio sub-
sequently returned to its normal state of
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Table 1. Antigenic pattern

Days OKT3 T4 T5 T8 Ti0O Ia shown by the mononuclear
after BMT — cells of an 8-year-old child
% positive cells (S.M.) at various times after
bone marrow transplan-
8 44 39 tation; clinically no evi-
14 65 57 34 dence of GvH activity
20 54 58 21
28 51 20 37 45 68 29
42 52 30 38 50 58 26
70 61 56 21®
82 56 31 34 59 33
335 52 30 22 26 46 11®
434 49 32 17 24 92
NP* (n=6) 65+10 40+8 18+7 23+8 14%5 13+4

* T3+Ia=double membrane marker analysis
® Controls

2:1 (S.M.). It has also observed that the
percentage of OKT8 was increased and of-
ten much higher than that obtained with
OKTS5. This was most apparent when the
T4:T5 ratiowas 1: 1.

In patients with GvHD the ratio of
OKT4:OKTS5: OKT8-positive cells was
not the same as in non-GvHD patients.

Even after 15 months B. G., who had a mild
form of a chronic GvHD, still showed an
equal percentage of T4:T5 carrying cells,
while OKT4" cells were within the normal
range. After 2 months of receiving chemo-
therapy the T-cell count (OKT3™) was de-
creased, as were all subsets. Interestingly,
this was similar to a post-BMT situation

Table2. T cells and T-cell

Patient OKT3 T4 15 18 subpopulations present in
— bone marrow transplant pa-
% positive cells tients at various times after
transplantation
< 2 years after BMT
S.M. 28 days after BMT 51 20 37 45
42 days after BMT 52 30 38 50
82 days after BMT 56 31 34
335 days after BMT 52 30. 22 26
434 days after BMT 49 32 17 24
FM. 58 days after BMT 21 12 14 22
J.C. (acute GvH)
122 days after BMT 61 12 52 60
B.G. (chronic GvH)
15 months after BMT 66 43 45 64
17 months after BMT 49 18 31 48
> 2 years after BMT
H.R. 2% years after BMT 76 56 26 59
K.C. 4 yearsafter BMT 54 30 18 26
M.C. 6% years after BMT 57 36 26 28
NP* (n=6) 65+10 408 18+7 23%8
* Controls
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Fig. 1. Ta-like antigen expression on T cells of patients with and without GvH reaction (up to 2 years

after BMT) compared with normal

(S.M.,, day 28). Patient J.C., who had an
acute GvH reaction, demonstrated a simi-
lar situation 122 days after BMT, but with a
very low T4 cell count (12%) and a very
high T5*/ T8*-cell count (52%/60%).

Very low or negative results were ob-
tained using OKT6 and OKT9. OKTI10
reacted in all cases studied with a remark-
able increased percentage, both with or
without GVHD.

D. Discussion

Mixed leukocyte cultures are a possible in
vitro test system which, within certain
limits, may be comparable to BMT-in-
duced GvHD. We were able to demon-
strate newly appearing antigenic deter-
minants of T-cell blasts after allogeneic
HLA-different activation by means of a
panel of monoclonal antibodies and Ia-like
specific antisera. These new determinants
are recognized by the OKTI10, the OKT9,
or the Ia antibodies. In HLA-identical or
autologous cultures no blasts nor any ad-
ditional Ia and OKTI10/T9-positive cells
were found.

In contrast to the in vitro data as well as
data recently published by Reinherz et al.

[12] and De Bruin et al. [5], we found re-
markably high percentages of Ia antigen
carrying T-lymphocytes independent of the
occurrence of GvH reactions. Therefore, no
difference was found between patients with
or without GvHD, which is in agreement
with Atkinson et al. [1]. However, a time-
dependent reduction in the expression of Ia
antigens on the chimeric T cells toward
normalization was observed in non-GvHD
patients. We also found that approximately
50% of T cells from two ALL, early
postchemotherapeutic remissive patients
expressed Ia determinants and about 70%
of T cells of an autologous graft.

We conclude that the demonstration of
Ja-like antigens in a given period of time
following BMT is due to an activation
caused by the reconstitution of bone mar-
row and other lymphoid tissues. An addi-
tional possibility for the explanation of our
results could be the fact that Ja-antigens
appear on T-cells not only after allogeneic
stimulation but also after stimulation with
other antigens (viral) and mitogens, ob-
served in vitro and in vivo. Thus, the ex-
pression of Ia does not seem to be a suit-
able marker for the detection of GvH re-
actions that arise during the early stages
following BMT.
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The detection of a substantial portion
of OKTI10 binding cells is probably not
related to immature T-lymphocytes as
presumed by De Bruin etal. [5]. The re-
sults in MLC and in combined staining
with OKT10+OKT3 or OKT10+OKM1
(OKMI reacts with monocytes [4] and most
NK subsets [15]) in samples of some pa-
tients indicate that the presence of this anti-
gen could be caused by activation (data not
shown). With this combined staining we
found that most of the OKMI1™ cells also
reacted with OKT10. This seems to be
reasonable with regard to our results on ac-
tivated monocytes with OKT10 [3]. The re-
maining percentage of T10™ cells was com-
parable to the T-cell fraction, which was
stained by anti-Ia antisera.

The imbalance in T-lymphocyte subsets
in the early stages after BMT or in patients
with GVHD was also confirmed by other
investigators [1, 2, 5]. But in contrast to
Reinherz et al. [12], we cannot support the
view that acute GvHD 1s predominated by
cells of helper/inducer phenotype (TH;),
defined by heteroantisera.
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“Model” Experiments with Toxin-Conjugated Antibodies

in Mice and Rats

P. E. Thorpe, S. I. Detre, D. W. Mason, A. J. Cumber, and W. C. Ross

A. Introduction

The advent of cell fusion techniques for
producing monoclonal antibodies has
stimulated world-wide effort in the search
for antibodies with specificity for neoplastic
cells. In parallel, a number of laboratories
have attempted to devise ways of attaching
cytotoxic agents to antibodies with the aim
of generating potent anticancer agents from
monoclonal antibodies that exhibit suf-
ficient specificity for cancer cells.

The most successful ploy for arming anti-
body molecules has been to couple them to
highly poisonous toxins such as abrin, from
the jequirity bean, and ricin, from the cas-
tor bean. Abrin and ricin are glycoproteins
comprising two polypeptide subunits, A
and B, joined by a disulphide bond. The
B-chain binds to galactose-containing mol-
ecules which are to be found on most cell
surfaces and the A-chain is believed to pen-
etrate the plasma membrane or the mem-
brane of an endocytic vesicle and kill the
cell by damaging ribosomes (reviewed in

(1D.

B. Anti-tumour Effects of Antibody-
Abrin and Antibody-Gelonin Con-
jugates

In the first series of experiments, Thy j-ex-
pressing lymphoma cells growing in mice
or in tissue culture were attacked with the
F(ab’}, fragment of monoclonal anti-Thy ;
antibody (IgG,,) coupled to abrin. The
antibody-toxin conjugate and a control
conjugate made with the F(ab’), fragment of
normal murine IgG,, were prepared using

a mixed anhydride derivative of chloram-
bucil as the coupling agent as described
previously [2]. The simplest conjugates,
consisting of one molecule of F(ab’), and
one of abrin, were purified. No loss in the
binding capacity of the anti-Thy, j-abrin to
antigens upon AKR-A and BW5147 lym-
phoma cells was apparent from indirect im-
munofluorescence analysis in 100 mM lac-
tose [3].

In vitro, the anti-Thy, j-abrin conjugate
was a very effective and moderately specific
cytotoxic agent for AKR-A and BW5147
cells (Fig. 1). Treatment of the cells with
the conjugate at 2.5X 107! M sufficed to
reduce their capacity to incorporate *H-leu-
cine into protein by 50%. The cytotoxic ac-
tion of the conjugate upon BW5147 cells
was similar in potency to that of un-
conjugated abrin, whereas with AKR-A
cells the native toxin was about tenfold
more effective. The cytotoxic effect of the
conjugate was specific, as shown by the
comparative ineffectiveness of the control
conjugate which reduced the leucine in-
corporation of the BW5147 and AKR-A
cells by 50% at 2.5x 10 M and 5 X 107 M
respectively.

The therapeutic value of anti-Thy -
abrin was assessed against AKR-A and
BW5147 cells growing in T-cell-deprived
CBA mice. The Thy, ; antigen expressed by
the lymphoma cells is not found in CBA
mice and so it constituted a tumour-specific
antigen in this model system. When 10°
AKR-A cells were injected intraperi-
toneally, they grew progressively, ini-
tially as an ascitic tumour, and killed the
mice between 18 and 21 days later. Treat-
ment of the mice with 1.5 pmol anti-Thy ;-
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Fig. 1. The cytotoxic effects of abrin alone (O)
and of conjugates with the F(ab’); fragments of
monoclonal anti-Thy;; antibody (@) or of nor-
mal mouse IgG2. (A) upon AKR-A and
BW5147 cells in tissue culture. The cells were
treated for 1 h at 37°C with abrin or the con-
jugates and then were washed and 23 h later
1 uCi *H-leucine was added to the cultures. The
SH-leucine incorporated during a 24 h period is
expressed as a percentage of that in untreated
cultures. Vertical lines represent one standard
deviation on the geometric mean of triplicate de-
terminations. Treatment of the cells with un-
conjugated anti-Thyj 1 F(ab’)2 at concentrations
as high as 1077 M did not alter their rate of leu-
cine incorporation

abrin administered intraperitoneally 1 day
after the lymphoma cells extended the
median survival time of the animals by 5.5
days (Fig. 2). Neither 1.5 pmol anti-Thy, ;
F(ab’), alone, nor abrin at a dose cor-
responding to half the LDs,, prolonged the
survival time of the animals. Experiments
in which graded numbers of untreated
AKR-A cells were injected intraperi-
toneally into T-cell-deprived mice estab-
lished that an extension in median survival
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time of 5.5 days was approximately that
which resulted from a 100-fold reduction in
the number of tumour cells injected, sug-
gesting that the anti-Thy; j-abrin conjugate
had eradicated 99% of the lymphoma cells.
This deduction was supported by the find-
ing in a further experiment that 40% of ani-
mals which received 10° tumour cells (equi-
valent to 100 lethal doses, since about ten
cells are needed to kill an animal) were
cured by their treatment with the conju-
gate. However, when the conjugate was ad-
ministered intravenously rather than in-
traperitoneally, no anti-tumour action was
observed, as was also the case when es-
tablished subcutaneous tumours were at-
tacked. Thus the therapeutic activity of the
conjugate was disappointing and was only
apparent when small numbers of tumour
cells were attacked with conjugate deliv-
ered directly to the site of tumour growth.
The problem with conjugates containing
intact toxins is that they are highly poison-
ous to animals, probably because they bind
non-specifically to cells through the galac-
tose-binding site on the B-chain of the
toxin moiety. This has the important cor-
ollary that conjugates injected in-
travenously might be expected to form
semi-stable complexes with glycoproteins
free in the plasma or upon the surface of
erythrocytes. This could delay the diffusion

of the conjugate out of the bloodstream, a

notion consonant with the observation
above that intravenously administered
conjugate was ineffective. One way around
these problems is to link antibodies directly
to the isolated toxin A-chain. Alternatively,
use could be made of one of the virtually
non-poisonous inhibitors distributed wide-
ly in the plant kingdom whose action upon
eukaryotic ribosomes is apparently identi-
cal to that of ricin A-chain (reviewed in
[4]). One such inhibitor is gelonin, from the
seeds of Gelonium multifluorum [5].
Accordingly, monoclonal anti-Thy,
antibody was coupled to gelonin, using the
SPDP reagent which introduces a disul-
phide linkage between the two protein mol-
ecules [6]. The conjugate was, however, on-
ly weakly cytotoxic to AKR-A or BW5147
cells in tissue culture, a concentration of
107 M being needed to reduce the leucine
incorporation of the cells by half. This re-
sult contrasts with the extremely potent and
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Fig. 2. Prolongation of survival of immunologically deficient CBA mice bearing a Thy.-expressing
lymphoma following the administration of anti-Thy; F(ab’)>-abrin. The mice were injected in-
traperitoneally with 10° AKR-A lymphoma cells and 1 day later received an intraperitoneal injection
of 1.5 pmol anti-Thy.; F(ab’)>abrin (——— ), 1.5 pmol of unconjugated anti-Thy; ; F(ab’); (-) or
0.15 pmol of unconjugated abrin (———-). The mice were rendered T-cell deficient by a procedure of
thymectomy, whole body irradiation and reconstitution with normal CBA bone marrow

specific inhibitory action of the same conju-
gate upon resting AKR T-lymphocytes in
tissue culture [6] and typifies the variable
effectiveness of conjugates containing toxin
A-chain that has been observed in many
laboratories (reviewed in [7, 8]). Neverthe-
less, when injected intraperitoneally at dose
levels of 700 pmol (corresponding to less
than 1/50 of the minimal lethal dose for
free gelonin) the conjugate prolonged by 1
week the median survival time of CBA
mice bearing intraperitoneal AKR-A lym-
phoma cells.

Several factors could operate in animals
to prevent antibody-toxin conjugates from
exerting anti-tumour activity of a potency
and selectivity predicted by in vitro exper-
iments. Firstly, intact abrin and ricin, ricin
A-chain and gelonin are glycoproteins con-
taining mannose and N-acetyl glucosamine
residues and, by analogy with similar mol-
ecules, are expected to be withdrawn from
the blood circulation by the reticuloen-
dothelial system which is equipped with
receptors for these sugars [9, 10]. Secondly,
it could be that the chemical linkage used
to form the conjugate breaks down in ani-
mals; there is evidence that disulphide link-

ages are prone to cleavage by reduction or
disulphide exchange with thiol-containing
molecules [11]. Lastly, it is not known how
easily conjugates diffuse out of the blood-
stream to their intended site of action. Un-
til the importance of these factors is as-
sessed and countermeasures devised to
those which prove problematical, the po-.
tential of antibody-toxin conjugates as anti-
cancer agents will remain undetermined.

C. Selective Killing of Malignant Cells
in Leukaemic Bone Marrow in Vitro

The treatment of leukaemia patients with
high-dose chemotherapy, total body ir-
radiation and allogeneic bone marrow
transplantation runs the risk of provoking
life-threatening graft-versus-host reactions
and rejection of the marrow graft. These
problems would not arise if the patient’s
own bone marrow, extracted before radio-
chemotherapy, could be treated with an
antibody-toxin conjugate to destroy the
malignant cells which had infiltrated it and
then injected back into the patient on com-
pletion of the treatment.
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To explore this possibility, we adopted a
model system in which a mixture of 10° or
10* rat T-cell leukaemia cells and 107 bone
marrow cells was incubated with a conju-
gate of ricin and the monoclonal antibody,
W3/25, washed and injected into 650-rad-
irradiated PVG rats [12, 13]. The W3/25
antigen is expressed by the leukaemic cells
and by rat T-helper cells, macrophages and
thymocytes but is absent from bone mar-
row stem cells. Toxicity to haematopoietic
stem cells was blocked by including lactose
in the incubation mixture to antagonise the
non-specific binding of the conjugate via its
ricin moiety to galactose residues upon
their cell surface. The lactose also reduced
the quantity of conjugate that bound to
erythrocytes and other cells in the inocu-
lum to the level where no signs of toxin-
poisoning were seen in the recipient ani-
mals.

The bone marrow was acquired from the
PVG 1-a strain of rat which is congenic with
PVG except that the immunoglobulin light
chain genes are derived from the DA strain
which expresses the 1-a allotype rather
than the 1-b allotype of PVG rats. The sur-
vival of haematopoietic stem cells in the
leukaemic marrow inoculum treated with
the conjugate was measured from their
ability to compete with the residual stem
cells in the irradiated rat and thus produce
B-lymphocytes that expressed the donor
(1-a) allotype. As shown in Table 1, there

was good, although not complete, preser-
vation of haematopoietic stem cell activity
in leukaemic marrow treated with W3/25-
ricin at 2.1 pg ricin/ml for 1h at 37°C in
100 mM lactose. The 1-a chimaerism was
between 30% and 46% as compared with
61%—68% in the recipients of untreated
marrow cells.

None of the animals that received inoc-
ula of 10° leukaemic cells incubated with
the conjugate developed leukaemia and, of
three recipients of 10* leukaemic cells, only
one did so. Since about ten cells are needed
to induce leukamia, it can be calculated
that the conjugate had destroyed 99.9% of
the malignant cells in the marrow inocu-
lum. This conclusion was supported by
other experiments in which animals inject-
ed with 10® conjugate-treated leukaemic
cells were found to develop disease 8-10
days later than recipients of 10° untreated
cells and at the same time as recipients of
10° untreated cells. Neither treatment of
leukaemic cells in 100 mM lactose with
W3/25 antibody alone at 20 ug/ml nor
with a control conjugate made with an ir-
relevant monoclonal antibody, MRC OXS8,
delayed the appearance of leukaemia in the
recipients.

It 1s concluded that antibodies linked to
intact toxins or, as used by Krolick and his
colleagues [14], to ricin A-chain, potentially
could be used to destroy malignant cells in
autologous bone marrow grafts in man.

Table 1. In mixtures of leukaemic cells and bone marrow cells the malignant cells are specifically

killed by the antibody-ricin conjugate

Cells injected Incubation No. of Day of appearance % B-Cell
conditions recipients of leukaemia chimaerism
10° Leuk. + 10" BM Med. 3 16, 17, 18 -
Med. + con,j. 3 >67,>67, >67 34.0,37.5, 38.7
10* Leuk.+ 10" BM Med. 3 16, 16, 16, -
Med. + conj. 3 36, > 67, > 67 -30.6,46.5
10 BM only Med. 3 - 61.4,66.2,67.8

Med., Dulbecco’s phosphate buffered saline containing CaCl,, MgCl, and supplemented with
100 mM lactose; conj., W3/25-ricin (M;350,000) at a concentration of 2.1 pg ricin/ml and 10 pg I1gG/
ml. Day of appearance of leukaemia: number of days which elapse after injecting the leukaemic mar-
row cells before the animal’s WBC reached 2x 10* mm™. Other details are given by Thorpe [12] and

Mason [13].
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Therapy for human leukemia is currently
limited by toxicity of chemoradiotherapy to
normal bone marrow stem cells. This limi-
tation can be circumvented by the prior re-
moval and subsequent reinfusion of autolo-
gous bone marrow [1, 2]. In order for suc-
cessful engraftment to occur, reinfused
bone marrow must be pruged of leukemic
cells ex vivo while the viability of stem cells
remains intact. Monoclonal antibodies
have the potential of providing this selec-
tive destructive effect.

~ During the past several years our labora-
tory has produced and characterized a
panel of monoclonal antibodies recogniz-
ing cell surface molecules primarily ex-
pressed on leukemic cells and B cells [3-7].
We now present preliminary experiments
designed to test the feasibility of using
monoclonal antibodies BA-1, BA-2, and
BA-3 (anti-CALLA) for the ex vivo elimin-
ation of leukemic cells in autologous bone
marrow transplantation.

A. Materials and Methods

1. Antibodies and Complement

The production, utilization, and characteri-
zation of monoclonal antibodies BA-1, BA-
2, and BA-3 have been previously de-
scribed in detail [3, 4, 7]. Baby rabbit com-

* Supported in part by Grants CA31685,
CA25097, CA21737, CA23021, and AM24027
from the NIH, and by a Grant from the Uni-
versity of Minnesota Graduate School. T.W.L.
was the recipient of New Investigator Award
CA28526 from the NCI
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plement was obtained from Pel-Freez Bio-
logicals (Rogers, AR).

2. Source of Cells

The established leukemic cell lines
NALM-6 (pre-B ALL), REH (non-T, non-
B ALL), and KOPN-1 (pre-B ALL) were
provided by Dr. Jun Minowada, Buffalo,
NY, Fresh leukemic cells were obtained
from patients seen on the Pediatric Oncolo-
gy service at the University of Minnesota.
Leukemic cells obtained from bone mar-
row were separated on Ficoll-Hypaque
density gradients and cryopreserved in
liquid nitrogen as previously described [8].
Normal bone marrow obtained from adult
volunteers was separated on Ficoll-Hy-
paque density gradients.

3. Stem Cell Assays

Bone marrow stem cell assays to detect
CFU-GEMM, CFU-GM, CFU-E, and
BFU-E were conducted as previously de-
scribed [9].

4. Cytotoxicity Assays

Cytotoxicity assays utilizing complement-
dependent cytolysis were conducted by try-
pan blue exclusion [10], or chromium (**Cr)
release. Target cells were labeled with sodi-
um chromate for 1 h at 37°C, washed 3
times, and admixed with normal bone mar-
row to yield a final leukemic cell/bone
marrow cell ratio of 1:10, 1:100, or
1:1000. All cell mixtures were adjusted to
5% 107 cells (leukemic and normal) per
milliliter in RPMI 5% human serum albu-



min. The various mixtures were then in-
cubated with monoclonal antibodies BA-1,
BA-2, and BA-3, all at a final ascitic fluid
dilution of 1:100, and corresponding to
1-10 pg antibody protein per milliliter of
cells. Baby rabbit complement was added
to a final dilution of 1:6. A negative con-
trol consisted of substituting control ascitic
fluid for the monoclonal antibodies. All cell
populations were incubated in triplicate in
12X 75 Falcon polystyrene tubes for 1 h at
37°C on a rocker platform. The cells were
then centrifuged out and a volume of
supernatant was removed from all tubes for
quantitation of *!Cr-release. Maximum re-
lease was accomplished by lysing the **Cr-
labeled leukemic cell/bone marrow cell
mixtures with 0.5% NP-40. Percent specific
*1Cr-release was then determined using the
following equation:

(Exper. - Cont./Max. — Cont.) X 100.

B. Results and Discussion

Table 1 outlines the general characteristics
of monoclonal antibodies BA-1, BA-2, and

BA-3. The three antibodies recognize dis-
tinct cell surface molecules; BA-1 recogniz-
ing a 30K dalton protein (LeBien, et al.,
unpublished), BA-2 recognizing a 24K dal-
ton protein [4], and BA-3 recognizing the
100K dalton glycoprotein common acute
lymphoblastic leukemia antigen (CALLA)
[7]. All three antibodies fix rabbit comple-
ment and effectively lyse target cells ex-
pressing the individual antigens in vitro. A
prominent characteristic of BA-1 and BA-2
is their inability, in the presence of rabbit
complement, to inhibited the growth of
bone marrow stem cells (CFU-GEMM,
CFU-GM, BFU-E, and CFU-E) in vitro
[11, 12]. Using rabbit heteroantisera and
monoclonal antibody J-5, CALLA has
been shown to be absent from bone mar-
row stem cells [13-15]. Similar results
have been obtained with the anti-CALLA
monoclonal antibody BA-3 (Ash et al., un-
published). The three antibodies also bind
to leukemic cells from the majority of pa-
tients with non-T ALL [16]. Thus, BA-I,
BA-2, and BA-3 are excellent candidates
for elimination of leukemic cells in autolo-
gous bone marrow transplantation.

Table 1. General characteristics of BA-1, BA-2, and BA-3

Antibody Ig class Antigen detected  Complement Binding to  Binding to
fixation stemcells  non-T ALL®

BA-1 M p30(?) + - 80%

BA-2 G3 p24 + - 75%

BA-3 G2b gpl00/CALLA + - 70%

* Percentage of cases which were positive

Table 2. Monoclonal antibodies BA-1, BA-2, BA-3, and complement do not inhibit the growth of hu-

man hematopoietic stem cells*®

Treatment® CFU-GEMM CFU-GM BFU-E CFU-E

Bone marrow alone 10.7+£15 28514 428+59 138+ 17
Bone marrow +complement 99+1.3 30.0+3.5 35 42 69+ 9
Bone marrow + BA-1, BA-2, BA-3, 11.3%+1.2 33 +2.1 405+3.7 85+ 14

and complement

* The four types of human hematopoietic stem cell colonies (CFU-GEMM, CFU-GM, BFU-E,
CFU-E) were assayed in vitro using standard techniques. Data are expressed as the number of
colonies per 10° cells plated from a single, normal bone marrow donor

® All three bone marrow groups were incubated for 1 h at 37° on a rocker platform prior to plating
for the individual stem cell assays. BA-1, BA-2, and BA-3 were used at a final dilution of 1 : 100.
Rabbit complement was used at a final dilution of 1 : 6
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Prior to utilizing BA-1, BA-2, and BA-3
for the ex vivo elimination of leukemic cells
in autologous bone marrow transplan-
tation, a series of experiments were under-
taken to define the optimal conditions for
their in vitro use.

As mentioned above, we had previously
shown that when used individually with
rabbit complement, neither BA-1, BA-2,
nor BA-3 inhibited bone marrow stem cell
growth in vitro. Thus, the first question we
asked was whether BA-1, BA-2, and BA-3
together (antibody cocktail) inhibited stem
cell growth. The results of one such exper-
iment are shown in Table 2. The results
clearly indicate that incubation of normal
bone marrow with antibody cocktail plus
rabbit complement did not inhibit the
growth of CFU-GEMM, CFU-GM, and
BFU-E. There was some suppression of
CFU-E, but this also occurred with com-
plement alone, suggesting that the effect
was not antibody dependent.

We then asked whether antibody cock-
tail plus rabbit complement was more ef-
fective than any single antibody at lysing
target cells. The results obtained with four
individual target cells are shown in Fig. 1.
It is apparent that the antibody cocktail
plus rabbit complement effectively lysed all
four targets. These targets included the cell
lines NALM-6 and REH, and leukemic
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cytolysis of leukemic cells. @, BA-1 +
complement; O, BA-2 + complement;
B, BA-3 + complement; [J, BA-1, BA-
2, BA-3 + complement

-5 -6

cells from two newly diagnosed ALL pa-
tients, AB and CK. Particularly noteworthy
were the results obtained with leukemic
cells from patient AB. Bone marrow from
this patient had approximately 80% malig-
nant cells by morphology. Immunologic
phenotyping demonstrated 60% BA-1*
cells, 60% BA-2" cells, and 20% BA-3* cells.
The results show that treatment with the
antibody cocktail lysed more cells than
treatment with any single antibody. Most
importantly, treatment with the antibody
cocktail appeared to lyse all the mor-
phologically malignant cells. Also, in no in-
stance did the antibody cocktail result in
less effective killing than any single anti-
body, thereby eliminating the possibility
that use of the antibody cocktail would lead
to steric hindrance of antibody binding at
the cell surface. The data presented in
Fig. 1 are based on analysis of cytotoxicity
by trypan blue exclusion. Similar results
were obtained using *'Cr-release.

The next series of experiments were de-
signed to determine if the BA-1, BA-2, and
BA-3 antibody cocktail could effectively
kill small numbers of leukemic cells in nor-
mal bone marrow. Table 3 summarizes the
results of four preliminary experiments us-
ing three different leukemic cell lines.
These experiments were conducted by in-
cubating bone marrow for 1 h at 37°C. In



data not shown, these conditions were
found to be optimal for lysis of leukemic
cells. The antibody cocktail was highly ef-
fective at eliminating °'Cr-labeled leu-
kemic cells in the presence of a 10-fold,
100-fold, or 1000-fold excess of normal
bone marrow cells. In some instances we
were not able to effectively lyse all *!Cr-
labeled leukemic cells (experiments 1 and
2). The reasons for this are not immediately
apparent but may be explainable on the
basis of variability inherent within the
31Cr-release assay.

Table 3. In vitro cytodestruction of leukemic
cells in human bone marrow using BA-1, BA-2,
and BA-3, and complement

% leukemic cells

Cell line® 10 1 0.1
REH

Exp.No. 1 100*® 100 94.6

Exp. No. 2 99.8 100 97.9
NALM-6

Exp. No. 1 100 100 100
KOPN-1

Exp. No. 1 100 100 100

* REH=99% BA-1*, 50% BA-2" (weak), 95%
BA-3*; NALM-6=75% BA-17, 99% BA-2*,
98% BA-3*; KOPN-1=60% BA-1*, 50% BA-
2%,99% BA-3*

® Values expressed as % specific °*Cr-release us-
ing BA-1,2,3,and C

The experiments reported herein rep-
resent our initial efforts at optimizing the
conditions necessary for the ex vivo elimi-
nation of residual leukemic cells with the
BA-1, BA-2, and BA-3 antibody cocktail.
Our decision to use all three antibodies is
based on their binding to non-T ALL, and
their inability to inhibit the in vitro growth
of bone marrow stem cells in the presence
of rabbit complement. Furthermore, we do
not currently know whether the cell surface
molecules recognized by BA-1, BA-2, and
BA-3 are expressed on the clonogenic cell
in any given case of ALL. An in vitro assay
for the clonogenic ALL cell has recently
been developed [17] and should assist in
addressing the issue of the surface pheno-

type. For these reasons, we feel that the
three antibodies together may be more ef-
fective than any single antibody alone.

We have recently initiated a phase I
clinical trial to test the efficacy of the BA-1,
BA-2, BA-3 antibody cocktail plus comple-
ment for the ex vivo elimination of leu-
kemic cells in autologous bone marrow
transplantation. Similar trials are underway
using the J-5 anti-CALLA monoclonal
antibody [18] and the anti-Leu 1 mono-
clonal antibody [19]. Hopefully, these trials
will result in improved therapeutic results
in patients who are currently not suc-
cessfully treated with conventional chemo-
therapy.
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A. Introduction

Monoclonal antibodies which are specific
for surface antigens of leukemic cells have
become useful diagnostic reagents and
have been used to dissect the heterogeneity
of leukemia in man [1, 2]. In addition, it is
apparent that large quantities of homoge-
neous antibody which primarily react with
leukemic cells may become useful thera-
peutic reagents. Previous trials of sero-
therapy with various monoclonal anti-
bodies in patients with multiply relapsed
acute lymphoblastic leukemia (ALL) or
lymphoma have demonstrated that in-
travenously administered antibody can
rapidly bind to tumor cells in peripheral
blood and bone marrow and that relatively
large numbers of malignant cells can be
eliminated in vivo [3-6]. In one patient
with B-cell lymphoma, a complete remis-
sion was achieved following intravenous
infusion of monoclonal anti-idiotype anti-
body [7]. In general, however, these studies
have not produced clinically significant re-
sponses and have clearly identified several
specific factors such as presence of serum-
blocking factors, antigenic modulation, and
inefficiency of natural effector mechanisms,
which limit the therapeutic activity of
monoclonal antibody in vivo (reviewed in

[8D)
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One approach which circumvents several
of the obstacles to effective serotherapy in
vivo is the utilization of monoclonal anti-
body in vitro. Thus, in a controlled in vitro
environment, extracellular blocking factors
can be removed, incubation with mono-
clonal antibody at 4°C can effectively in-
hibit antigenic modulation, and multiple
treatments with heterologous complement
can be used to ensure the lysis of all tumor
cells. In addition, potential cross reactivity
of monoclonal antibodies with non-
hematopoietic tissues can be avoided. A
previous report has presented our prelimi-
nary experience with the use of the J5
monoclonal antibody and rabbit comple-
ment to treat bone marrow in vitro to re-
move residual leukemic cells prior to
autologous transplantation [9]. This report
summarizes the current results of this clini-
cal study.

B. Methods
1. J5 Monoclonal Antibody

The method for generation and characteri-
zation of J5 monoclonal antibody specific
for the common acute lymphoblastic leu-
kemia antigen (CALLA) has been de-
scribed previously [10]. J5 antibody (mu-
rine IgG2A) is reactive with leukemic cells
from 80% of patients with non-T cell ALL
and 40% of patients with chronic myelo-
cytic leukemia in blast crisis. In addition,
lymphoma cells from almost all patients
with B-cell nodular poorly differentiated
lymphocytic lymphoma and Burkitt’s lym-
phoma, and 45% of patients with T-cell
lymphoblastic lymphoma, are reactive with
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J5 antibody [11]. Within normal bone mar-
row, approximately 1% of cells also express
CALLA, but previous studies have shown
that these normal CALLA-positive cells are
not myeloid precursor cells (CFU-C, BFU-
E, CFU-E, and CFU-G/E) [12].

More recent studies have indicated that
CALLA is expressed during early lym-
phoid cell differentiation, but it appears
that the earliest lymphoid stem cells do not
express this antigen [13]. In addition to he-
matopoietic cells, it has been demonstrated
that J5 antibody is reactive with various
nonhematopoietic tissues including cells
from renal glomerulus and proximal tu-
bules [14]. Recently, it has also been found
that J5 antibody is reactive with cultured fi-
broblasts from normal bone marrow (J.
Ritz, unpublished observation) as well as
cell lines established from various solid
tumors (H. Lazarus, personal communi-
cation). These findings are of particular im-
portance for the therapeutic application of
CALLA-specific antibodies since these nor-
mal cells would also be potential targets for
antibody-directed therapy.

Our method for obtaining large quanti-
ties of purified J5 monoclonal antibody and
our method for in vitro treatment of bone
marrow have been previously described [9,
15, 16]. Briefly, J5 antibody was obtained
aseptically from ascitic fluid of Balb/c mice
that had been primed with pristane fol-
lowed by intraperitoneal inoculation of J5
hybridoma cells. Bone marrow was har-
vested from anterior and posterior iliac
crests under general anesthesia, and
mononuclear cells were isolated using dis-
continuous Ficoll-Hypaque density gradi-
ents. Bone marrow cells were then treated
three times with J5 antibody and rabbit
complement and cryopreserved in the va-
por phase of liquid nitrogen in media con-
taining 10% DMSO and 90% autologous
seurm. Prior to infusion, cryopreserved
marrow was rapidly thawed and cells were
diluted in medium which contained
DNAase to prevent clumping.

C. Results

1. Clinical Protocol

All patients with ALL who had relapsed
following standard chemotherapy and
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whose leukemic cells expressed the com-
mon ALL antigen (CALLA) were con-
sidered eligible for the protocol that is out-
lined in Fig. 1. Patients who had normal
identical twins or histocompatible siblings
were ineligible for this study and received
either syngeneic or allogeneic bone marrow
transplantation. In addition, patients in
whom a complete remission could not be
induced with chemotherapy alone were ex-
cluded.

Following induction of second or sub-
sequent remission, patients received in-
tensive chemotherapy with the following
agents: VM-26, cytosine arabinoside
(araC), and L-asparaginase (Fig.1). CNS
repropylaxis with intrathecal araC and hy-
drocortisone was also adminstered at that
time. After recovery from intensification,
patients underwent bone marrow harvest
under general anesthesia. Mononuclear
cells were isolated and treated three times
with J5 antibody and rabbit complement
prior to cryopreservation. A separate ali-
quot of marrow was also cryopreserved
without antibody treatment. These cells
constituted a “back-up marrow” which
could be used in the event that antibody-
treated marrow failed to engraft but was
not used in any of our patients. In patients
1, 2, and 3, “back-up marrow” was har-
vested separately just prior to intensifi-
cation and cryopreserved without antibody
treatment.

One day after marrow harvest, patients
began receiving ablative treatment consist-
ing of VM-26, araC, cyclophosphamide,
and total body irradiation (TBI) (Fig. I).
Approximately 12h after TBI, cryopre-
served marrow which had previously been
treated in vitro was rapidly thawed and re-
infused through a central venous catheter.
Patients did not receive any additional
chemotherapy.

Thus far, six patients have been treated
under this protocol and have been followed
for more than 4 months. The clinical his-
tory of these patients and their current
status i1s summarized in Table 1. Patient 1
had relapsed in bone marrow 20 months af-
ter elective cessation of therapy and now
continues in unmaintained remission 20
months after autologous transplantation.
Patient 2 had relapsed in both testes 2
months after completion of chemotherapy.



Relapse-ALL
l CALLA-positive phenotype
Remission reinduction

No histocompatible donor

Intensification
Day 1 3 7 10
VM-26 200 mg/m? IV X X X X
araC 300 mg/m?2 IV X X X X
L-asparaginase 25,000 IlU/m? IM X X
araC40mgIT X X X X
{ Hydrocortisone 15 mg IT X X X X
/
Bone marrow harvest » | J5 treatment
Cryopreservation
Ablative treatment Day 1 2 3 4 5 6 7 8 9
VM-26 200 mg/ m? IV X X
araC 500 mg/m?/24 h IV Sl
Cyclophosphamide 60 mg/kg IV X X
v TBI (850R) X
[ Autologous bone marrow transplantation lﬁ > X -

Fig. 1. Clinical protocol for autologous transplantation with J5 antibody and complement-treated

bone marrow

Bone marrow at that time contained 7%
lymphoblasts. He continues in unmain-
tained remission 18 months after autolo-
gous bone marrow transplantation. Patient
3 first relapsed in the CNS while receiving
systemic chemotherapy and later relapsed
in the bone marrow as well. A second bone
marrow remission was difficult to achieve
and was only attained after 4 months of in-
tensive chemotherapy. He relapsed with

CALLA-positive lymphoblasts 7 weeks af-
ter transplantation. Patient 4 relapsed in
the bone marrow 3 months after initial di-
agnosis. He tolerated the ablative regimen
well but subsequently developed interstitial
pneumonitis, which was probably second-
ary to cytomegalovirus infection and ex-
pired 3 months after transplantation. Pneu-
monitis was also complicated by intrapul-
monary hemorrhage secondary to persis-

Table 1. Clinical characteristics of patients treated with autologous bone marrow transplantation

Patient  Age Sex Initial Duration of Relapse site Postautologous
WBC/mm? 1st remission transplant status
1 10 M 2,000 50 months BM CR 20 months
2 5 M 150,000 32 months Testes CR 18 months
3 3 M 22,000 15 months BM/CNS Rel 7 weeks
4 4 M 31,000 2 months BM Exp 3 months
in remission
5 14 M 98,000 29 months BM /testes 5 months
6 11 M 5,900 7 years BM/CNS/ 4 months
testes

119



tent thrombocytopenia. At autopsy, there
was no evidence of leukemic relapse. Pa-
tient 5 was transplanted in third remission.
He first relapsed in the bone marrow 30
months after initial diagnosis. and sub-
sequently continued on chemotherapy for
an additional 4 years until therapy was
electively stopped. Testicular relapse with
CALLA-positive cells occurred 8 months
later. Morphologic examination of bone
marrow at this time demonstrated 3% blasts
but immunofluorescence analysis of puri-
fied mononuclear cells demonstrated 19%
CALLA-positive cells. He was subse-
quently entered onto our protocol and con-
tinues in remission 5 months after trans-
plantation. Patient 6 received chemo-
therapy for 5 years after initial diagnosis
but relapsed simultaneously in the bone
marrow, CNS, and testes 2 years after elec-
tive cessation of therapy. Following re-
induction of a second complete remission,
he received the intensification and ablative
therapy outlined in Fig. 1. He continues in
remission 4 months after autologous trans-
plantation.

I1. Hematopoietic Reconstitution

Hematopoietic engraftment in six patients
following autologous transplantation with
J5-treated bone marrow is summarized in
Table 2. In patient 1, the first evidence of
marrow engraftment was seen 11 days after
marrow infusion, and subsequent recovery
of granulocytes, reticulocytes, and platelets
occurred promptly. In patient 2, the first
evidence of marrow engraftment was seen 9
days after transplant, but subsequent he-

matopoietic recovery occurred slowly. Al-
though complete recovery did eventually
occur, severe thrombocytopenia persisted
for 3 months.

In patient 3, hematopoietic reconsti-
tution proceeded gradually after marrow
infusion, but bone marrow relapse became
evident before complete recovery of pe-
ripheral counts had occurred. Seven weeks
posttransplant, bone marrow aspirate dem-
onstrated engraftment of granulocytic,
erythroid, and megakaryocytic precursors
but also contained approximately 40%
CALLA-positive lymphoblasts. Patient 4
exhibited prompt recovery of granulocytes
but reconstitution of both platelets and re-
ticulocytes was much slower. Although
megakryocytes were present in bone mar-
row aspirates and at autopsy, circulating
platelet counts remained < 20,000 mm?3.

Patients 5 and 6 have been followed for
relatively short periods, but hematopoietic
recovery in both of these patients appears
to be comparable to that seen in previous
patients.

II1. Immunologic Reconstitution

The appearance of B cells in peripheral
blood and bone marrow was detected by
reactivity with monoclonal antibody Bl
which identifies a unique antigen expressed
by normal B cells [17]. In patients 1 and 2,
serum immunoglobulin levels gradually in-
creased following the appearance of Bl-
positive cells.

In all six patients, T-lymphocytes were
the first cells to engraft following transplan-
tation. These cells expressed T3, T10 [18],
and Ia antigens [19]. Although T cells from

Day S/P transplant

Table 2. Hematopoietic re-
covery following autolo-

Patient 1 2 3

gous bone marrow trans-

Hematologic

1st granulocyte ' 11 9 9
Granulocytes >1000/mm?® 49 78 54
Platelets >25,000/mm?3 22 92 -
Reticulocytes > 0.9% 22 36 25
Immunologic

B cells (B1+) 63 128 -
T cells (T3+, T10+,Ia+) 11 9 10

4 5 6 plantation
11 10 10
56 43 63
- 62 49
69 45 47
61 45 64
12 9 11
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peripheral blood normally express T3 anti-
gen, both T10 and Ia antigens are normally
expressed only after cell activation [20, 21].
Both T4 cells (T-inducer phenotype) and
T8 cells (T-suppressor phenotype) were
present, but the relative percentage of these
cells in peripheral blood varied during en-
graftment. In almost all patients, the T4/T8
ratio of circulating T cells was abnormally
low. In patients who initially had normal
percentages of T4-positive cells (patients 1
and 5), peripheral T cells also later became
predominantly T8 positive. The number of
T cells which were Ia positive gradually de-
creased during the first 4 months following
engraftment. Expression of T10 antigen
also gradually decreased following engraft-
ment but persisted much longer. At no time
during engraftment was T6 antigen ex-
pressed by peripheral blood cells.

D. Discussion

Autologous bone marrow transplantation
has previously been used in patients with
various malignant diseases in an effort to
circumvent marrow toxicity and to allow
the administration of otherwise lethal doses
of chemotherapy. Unfortunately, in most
patients with solid tumors, higher doses of
chemotherapy have not resulted in more
effective eradication of malignant cells. In
contrast, it has been demonstrated that leu-
kemia and lymphoma cells can be eradicat-
ed with intensive chemotherapy and total
body irradiation (TBI) even when these
tumors are resistant to conventional doses
of chemotherapy. This has led to the suc-
cessful treatment of acute leukemia with
ablative chemotherapy and TBI in con-
junction with bone marrow transplantation
from identical twins or allogeneic histo-
compatible siblings [22—-25]. Unfortunately,
the utilization of ablative therapy in leu-
kemia is restricted to approximately 40% of
patients who have normal histocompatible
marrow donors, and autologous marrow
transplantation is limited by the fact that
residual leukemia is present in the patient’s
marrow, even during complete remission,
Previous studies have attempted to cir-
cumvent this problem through the use of
physical separation techniques [26] or treat-
ment with conventional rabbit heteroan-

tisera [27, 28] to eliminate leukemic cells
prior to autologous transplantation. High-
titer monoclonal antibodies which activate
complement and specifically react with leu-
kemic cells and not with hematopoietic
stem cells are potentially very useful re-
agents which can be used to eliminate
small numbers of leukemic cells in the
presence of a large excess of normal mar-
row. The utilization of these reagents in vi-
tro may therefore allow the application of
autologous bone marrow transplantation to
patients who do not otherwise have histo-
compatible donors.

In the present study, six patients with re-
lapsed ALL received ablative therapy with
VM-26, araC, cyclophosphamide, and TBI
followed by infusion of autologous remis-
sion bone marrow which had been treated
in vitro with J5 antibody and rabbit com-
plement to remove residual leukemic cells.
Hematopoietic engraftment with J5-treated
bone marrow occurred in all six patients.
Reconstitution of B cells and immuno-
globulin production occurred after recon-
stitution of myeloid cells. Since all of our
patients have engrafted with J5 antibody-
treated bone marrow and two patients have
been in unmaintained remission for more
than 18 months, our study suggests that this
approach may be a feasible alternative to
conventional chemotherapy in patients
with relapsed ALL. Treatment of addi-
tional patients and longer follow-up pe-
riods will be necessary to determine if in
vitro antibody treatment is a clinically ef-
fective therapeutic modality.
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Immunological Classification of Acute Lymphatic Leukemia

P.-M. Chen and C.-K. Ho

Lymphocytes have conventionally been
classified as T, B, and null cells, based on
their characteristic surface membrane
markers. Such membrane features can be
revealed by rosette assays and by im-
munofluorescence using heterologous and/
or monoclonal antibodies. Studies of these
characteristics can provide important in-
sight into the differentiation scheme of nor-
mal lymphocytes and can be applied to the
classification of leukemic cells. This is a
preliminary report on the studies of im-
munological markers of leukemic cells
from acute lymphocytic leukemia (ALL)
patients in an attempt to classify these cells
into specific subtypes and to correlate these
membrane features with prognostic and
pathogenic characteristics.

Leukemic cells from 54 patients could be
classified into eight subtypes, based on im-

munological phenotypic criteria as listed in
Table 1. The percent distribution of the dif-
ferent subtypes were: null (0%), Ia (17%),
cALL (52%), pre-B (4%), B (4%), defective
B (8%), pre-T (4%), early T (8%), and T1
(5%). There were no apparent differences
among the cALL, Ia, and the various types
of B-ALL in clinical findings and in gen-
eral, Ia, cALL, pre-B, and defective B pa-
tients had higher remission rates and better
responses to chemotherapy while the others
had poorer prognosis and higher incidences
of drug resistance as reported elsewhere [2].

There has been some controversy over
the classification criteria of our non-T non-
B cells and pre-T ALL. Our standard cri-
teria for non-T non-B (null, Ia, cALL) cells
are those proposed by Chessells et al. [3]
and Brouet and Seligmann [1], and our
definition for pre-T cells is based on reac-

Table 1. Identification of ALL leukemic cells by surface marker analysis

Type Subtype Ia cALL OKT9 10 11A S33 WT1 SIg® Cmlg E(h/c) EA/
EAC
Monoclonal antibodies
Non-T, Null - - - - - - _ — - - —
non-B Ia + - - +/- - - — - - - -
cALL + + - +/- - - - - - - _
B Pre-B + +/- - - - - - - + - _
Def B + — - - - — - - _ _ +
Bl + - - - - - - + - - +
T Pre-T +/- +/- — + +/- + + — — — —
Early T +/- - + + +/- +/- + - - - -
Tl - - - + + + + - - + -

* Slg, surface immunoglobulin; Cmlg, cytoplasmic immunoglobulin; E(h/c), hot/cold E rosette;

EA/EAC, EA and EAC rosettes
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Table 2. Percentage of T-ALL leukemic cells reactive to a selected panel of monoclonal antibodies

and other assays

Case Subtype E(h/c) OKT3 9 10 I11A S33 WTI1 SIg cALL Ia Thymic
No. mass
Monoclonal antibodies

I® pre-T 0/5 7 0 9% 92 9% 99 0 0 94 -

2 pre-T 0/1 0 0 4 3 63 95 0 32 0 +

3 early T  0/2 1 78 99 99 99 99 0 0 0 -

4 eartly T  0/3 3 45 90 3 99 99 0 9 0 +

5 early T  0/3 3 79 90 7 7 99 0 0 9 +

6 early T  0/2 2 72 9 NT NT NT 0 0 0 +

7 T1 40/96 NT NT NT NT NT NT 0 0 0 +

8 T1 20/58 20 NT NT 32 23 NT 0 2 8 +

9 T1 31/81 81 NT NT 18 33 23 1 7 4 +

NT, not tested

* Based on our previous classification criteria (see text for description), cases 1 and 5 were diagnosed
as Ia subtype; case 2 was CALL and cases 3, 4, and 6 were null subtype

tivity to OKTI10 but not to other OKT
monoclonal antibodies as reported by
Reinherz et al. [4). However, further anal-
ysis with additional monoclonal antibodies
OKTI11A, S33, and WT1 have shown that
(1) at least some of our non-T non-B cases
can be reclassified into the T-cell category
and (2) pre-T and early T subtypes of ALL
can be better defined with the aid of
OKTI11A, S33, and WTI. Together with
OKT9/10, this panel of monoclonal anti-
bodies defines pre-T ALL as OKT97/10*
and OKT11A*/S33*/WT1* while early
T-ALL can be distinguished as OKT9*/10*
and OKTI11A*/S33%/WT1*+ (Table 2).
Based on these new criteria, all of our null-
ALL, one of cALL, and two of our Ia-ALL
have been reclassified as either pre-T or
early T-ALL as shown in Table 2. Our data
thus suggest that OKT11A, S33, and WT1
monoclonal antibodies should be included
in the OKT regiment for the phenotypic
studies of T and stem (non-T non-B) cell
subtypes. Furthermore, the characteristic
markers of the “null” cell subtype should
be reexamined or the term “null cell” be
abandoned.

In conclusion, we have been able to
classify 54 acute lymphocytic leukemic
cases into eight subtypes based on surface
marker analysis and a panel of monoclonal

antibodies. Our preliminary data have cast-
ed some doubts on the immunological
classification criteria of some subtypes of
ALL. Furthermore, we have shown that the
use of monoclonal antibodies OKTI1I1A,
S33, and WT1 may be very useful in defin-
ing pre-T and early T subtypes of ALL and
in differentiating between stem cells and
pre-T cells. Attempts are in progress to
further substantiate these suggestions.
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Multimarker Analysis of Childhood

Acute Lymphoblastic Leukemia (ALL):

Heterogeneity of Cellular Phenotypes

and Clinical Relevance of Immunological Defined ALL Subclasses *

I. Thoene and H. Kabisch

A. Introduction

The comparative study of normal and leu-
kemic cells by means of immunological
phenotyping has provided insights into the
origin of the malignant cell clones and the
putative “target” cells of malignant trans-
formation. The similarity found between
normal and leukemic cell phenotypes sug-
gests that leukemic blasts represent lym-
phoid cells which are arrested at a given
stage along the individual differentiation
pathway [4].

In the majority of childhood ALL (ca.
70%) the blasts exhibit the composite cellu-
lar phenotype of normal lymphoid bone
marrow precursor cells: they are positive
for the “common” ALL antigen (CALLA)
and the HLA-DR/Ia antigen complex and
express the nuclear enzyme terminal trans-
ferase (TdT) [5). In approximately 20% of
“common” ALL cases the cells additionally
show small amounts of cytoplasmic mu
chains [13], thus reflecting the phenotype of
normal bone marrow pre-B cells [7]. There-
fore during childhood this cell type prob-
ably represents a main candidate for leu-
kemic transformation. Other childhood
ALL subclasses are T-ALL (ca. 20%) and
the rare B-ALL (1%-2%). In 10%-20% of
ALL the origin of the blasts is unknown
(U-ALL). It has been documented in sever-
al studies that the biological heterogeneity
of leukemic cells is linked to a remarkable
clinical heterogeneity. Thus T-ALL is usu-
ally associated with a higher initial blast

* Supported by the Kind-Philipp-Stiftung and
the Werner-Otto-Stiftung, Hamburg
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count than “common” ALL. A possible ex-
planation for the latter finding could be a
different site of proliferation of malignant
clonogenic cells (bone marrow in “com-
mon” ALL versus thymus in T-ALL).
Prognostically the immunological pheno-
type is not an independent parameter since
it is linked to other important clinical
features (e.g., tumor load). However, the
enormous importance of leukemic cell
phenotyping for our understanding of the
biology of malignant cells, for the improve-
ment of diagnosis, and for a better defi-
nition of patients with high-, standard-, or
low-risk disease is undoubted.

In the following we report on our ex-
periences with leukemic cell phenotyping.
The main aims of this study were (a) to
investigate the heterogeneity of ALL
subclasses with special emphasis on the
U-ALL subclass and (b) to analyze the
prognostic value of ALL subtyping.

B. Materials and Methods

Leukemic cells were derived from
heparinized bone marrow and blood sam-
ples of children with previously untreated
ALL. All patients have been treated in a
cooperative study (COALL 80) according
to the Hamburger protocol ALL V/79,
which is a less aggressive modification of
the West Berlin Study Programm BFM 76/
79 [14]. In all cases diagnosis had been con-
firmed by conventional morphological and
cytochemical methods. Immunological
multimarker analyses was performed using
the following reagents: an extensively ab-
sorbed rabbit antiserum against non-B —



non-T ALL cells was used for the detection
of the “common” ALL antigen. Later in
the study this serum was replaced by
monoclonal antibodies J-5 [11] and VIL-A
1 [10]. A cytotoxic heteroantiserum against
T-cell antigen (anti-HUTLA) was prepared
in rabbits which were immunized with
thymic cells from children undergoing car-
diac surgery. After absorption with normal
and leukemic B cells this antiserum exclu-
sively reacted with thymocytes and T-cell
leukemias. Membrane immunoglobulin
(Ig) was detected with commercial FITC-
labelled polyvalent F(ab}, rabbit anti-hu-
man Ig antiserum.

For TdT detection an affinity-purified
rabbit anti-calf TdT antiserum was used
([2]); BRL, United Kingdom). Monoclonal
antibody DA2 recognizes a framework
structure of the HLA-DR/Ia antigen com-
plex [3] whereas monoclonal antibody Y
29/55 reacts with an epitope restricted to
cells of B lineage [6].

Monoclonal antibodies BA1 [1] and BA2
[8] detected determinants highly specific for
cells of lymphoid origin. Furthermore
mononclonal antibodies from the OKT ser-
ies (ORTHO, New Jersey) namely OKT3,
OKT4, OKT6, and OKTS, were used. The
E rosette assay was performed with neu-
raminidase-treated sheep red blood cells
according to standard procedures. Binding
of peanut (Arachis hypogaea) lectin was
studied using TRITC-labelled affinity-puri-
fied peanut agglutinin (MILES) [12].

C. Results and Discussion

I. Heterogeneity of Phenotypes

In a prospective clinical study between
1979 and 1981 the blast from 54 children
with previously untreated ALL were classi-
fied by immunological marker analysis.
Table 1 shows the marker profile of the
four ALL subclasses detected in this study.
In 34 cases the blasts showed the typical
phenotype of “common” ALL cells, ie.,
CALLA +Ia+TdT+. In three cases a con-
siderable number of cells (over 30%) were
positive for B-cell specific markers: Ig or
Y29/55. These findings indicate a partial
differentiation of the blasts along the B-cell
differentiation pathway and can be ex-
plained by the fact that ca. 20% of “com-

mon” ALL are pre-B cell leukemias [13].
The absence of T-cell markers in “com-
mon” ALL and recent results from Ig gene
rearrangement studies [9] in ALL cells may
suggest that a higher proportion of “com-
mon” ALL is derived from transformed
pre-B cells. In our study ten cases could be
identified as T-cell malignancies (seven
T-ALL, three T-NHL). In every case the
blasts were HUTLA positive and HLA-
DR /Ia negative, whereas only one case was
CALLA positive. Using the E rosette assay,
anti-TdT, and the monoclonal antibodies
of the OKT series a remarkable heteroge-
neity within this ALL subclass was detect-
able; e.g., in five of ten cases the T blasts
did not bind sheep red blood cells; one of
seven cases was TdT negative, and only
three of eight reacted with OKT antibodies.
The one patient with B-ALL showed blasts
with monotypic surface Ig composed of mu
and kappa chains.

Nine patients had blasts which were un-
classifiable with the marker panel used in
this study. However, as is shown in Table 1,
the so called acute “unclassifiable” leu-
kemias U-ALL do not represent a homoge-
neous subclass. The exact delineation of
U-ALL cells is of utmost clinical impor-
tance in that some U-ALL may be of
myeloic origin and need a different treat-
ment. For this reason we used among other
markers the monoclonal antibodies BAI
and BA2 and a plant lectin — the peanut ag-
glutinin — in an attempt to further dissect
this subclass.The results are shown in
Table 2. Per definitionem all cases are
negative for B- and T-cell markers and
CALLA.

The following different U-ALL pheno-
types could be identified: (1) la—TdT—; (2)
Ia+TdT-; (3) Ia+ TdT-BA1-BA2+; (4)
Ia+BA1+BA2+; (5) la+TdT-BAl+
BA2+; and (6) la—TdT-BAI1-BA2-.
Two out of five cases were positive for
peanut lectin receptors. One of these cases
(F.H.) was negative for all other markers.
Of special value in the subclassification of
U-ALL are the antibodies BA1 and BA2 in
that these antibodies recognize de-
terminants which are highly restricted to
lymphoid lineage cells. However, the many
questions concerning the origin and clinical
features of U-ALL subclasses can only be
answered in a larger study.
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Table 1. Reactivity of ALL

n (%) “Common” ALL T-ALL/NHL B-ALL U-ALL blasts of 54 children with
different markers
34 (62.9) 10 (18.5) 1(1.9) 9(16.7)
Anti-CALLA  34/34 1710 0/1 0/9
Anti-TdT 20/21 6/7 0/1 3/9
Anti-Ia 34/34 0/10 1/1 5/9
Anti-Ig 2/34 0/10 1/1 0/9
Y29/55 1/13 0/8 1/1 0/7
Anti-HuTLA 0/34 10/10 0/1 0/9
SRBC 0/34 5/10 0/1 0/5
OKT3 0/21 0/7 0/1 0/5
OKT4 0/21 3/8 n.t. 0/5
OKT6 0/21 3/8 n.t. 0/5
OKTS8 0/21 3/8 n.t. 0/5

I1. All Subclasses and Response to
Treatment

Table 3 shows the clinical data in relation
to the immunological ALL subclasses of
the 54 children included in the prospective
study. The most striking differences be-
tween the different subclasses are (a) a
higher mean age in U-ALL and T-ALL/
NHL, (b) a predominance of males in
T-ALL/NHL and U-ALL, (c) a higher
mean platelet count in T-ALL/NHL, and
(d) a lower mean WBC in “common” ALL.
The two patients with mediastinal mass
both had T-NHL. High-risk and low-risk
patients were defined on the basis of initial

WBC (high-risk WBC over 25X 10%/liter).
Children with high-risk disease received a
reinforced reinduction therapy. As shown
in Table 4 relapses occurred in all ALL
subclasses. With respect to the patient frac-
tions in first CCR a life table analysis re-
vealed no significant difference between
the only immunologically defined ALL
subclasses. A remarkablely worse outcome
showed patients with T-NHL but not those
with T-ALL. These data confirm the find-
ing of the BFM study group that with in-
tensified treatment programs the T-ALL
shows no worse prognosis than non-T ALL.
However, on the basis of the immunologi-
cal subtype and initial WBC count we were

Table 2. Reactivity of U-ALL cells with a selected marker panel

Patient Age (years) Sex CALLA Smlig HuTLA Ia TdT BA1 BA2 PNA
1.S.H. 16 m - - -
22ER. '13 m - - -
3. GA. 8 m - _ _
4.G.C. 10 m - - -
5.HK. 18 m - - - +
6. R.M. 10 f - - - + -
7.B.S. 11 f - - - + + -
8.C.C 1.5 f - - - + +
9.S.P. 19 f - - - + +
10. H.R. 11 f - - - -
11. V.G. 8 m - - - + - (+)
12. HM. 1 m - - - + + - + -
13. C.G. 12 m - - - + - + + -
14 R.R. 9 m - - — + + +
15. H.F. 7 m - ~ - — - - - +
16. Y.B. 12 m — — — +
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Table 3. Clinical details of

n “Common” T-ALL/ B-ALL U-ALL : :
immunologically  defined
ALL NHL ALL subclasses
34 10 1 9
Age (mean) 4.5 6 11 9
< 2years 1 1 1
> 10 years 4 4 4
Sex
m/f 16/18 9/1 0/1 6/3
Platelet count (mean) 32 111 134 60
(x10%/1)
HK (1/1) 21 26.5 38 28
WBC (X 10°/1) (mean) 5.9 10.2 5.8 10.2
<25 29 6 1 5
>25 5 4 4
CNS involvement 2 2 0 0
at diagnosis
Mediastinal mass 0 2 0 0
at diagnosis
) ) Table4. Immunologically
ALL subclass Relapse frequency (cumulative proportion defined ALL subtypes and
in first CCR) response to treatment.
. ) Modified from Winkler
High-risk Low-risk Total et al. [15]
“Common” ALL 2/ 5 (0.6) 1729 (0.97) 3/34 (0.91)
T-ALL 0/ 4 (1.0) 1/ 3 (0.67) 17 7 (0.86)
T-NHL 2/ 3 (0.33)
B-ALL 1/ 1 (0.0) 171 (0.0)
U-ALL 1/ 4 (0.75) 1/ 5 (0.80) 2/ 9 (0.78)
3/13 (0.77) 4/38 (0.89) 9/54 (0.84)

able to define a patient fraction with a
cumulative proportion in first complete
clinical remission CCR of 0.97: these pa-
tients had “common” ALL and less than
25x10° WBC/liter. The cumulative pro-
portion in first CCR of patients with “com-
mon” ALL and over 25X 10° WBC/liter,
T-ALL/NHL, B-ALL, or U-ALL taken as
one group is, at 0.68, significantly lower
(P <0.05). From the results of this study it
is concluded that for further approaches to
individualized therapy programs (i.e., re-

duction of ineffective toxicity) immunologi-
cal phenotyping is a powerful tool for the
identification of patients with high- and
low-risk disease.
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Morphological and Cytochemical Features
of Adult T-Cell Lymphoma-Leukaemia

A. D. Crockard, M. O’Brien, D. Robinson, J. Tavares de Castro, E. Matutes,

and D. Catovsky

A. Introduction

T-cell malignancies may be recognised in
several distinctive forms: T-lymphoblastic
leukaemia and lymphoblastic lymphoma
which are proliferations of immature T
cells, and a heterogeneous group of pro-
liferative disorders with a mature T-cell
phenotype, T-chronic lymphocytic leu-
kaemia, T-prolymphocytic leukaemia and
the cutaneous T-cell ' lymphomas [1].
Within this spectrum of diseases, a dis-
tinctive T-cell leukaemia-lymphoma affect-
ing black adults of West Indian/Caribbean
origin has been recognised by our group [2]
and designated adult T-cell leukaemia-
lymphoma (ATLL). The salient features of
the disease include its occurrence in black
West Indians, the presence of high titres of
antibody against the p 24 structural core
protein of human T-cell leukaemia-lym-
phoma virus (HTLV), severe hy-
percalcaemia without bone lesions, lym-
phadenopathy, high WBC and short sur-
vival. Immunologically the malignant cells
are of mature post-thymic phenotype (E+,
TdT-, OKT3+, OKT6-), and in those
cases tested with OKT4 and OKT8 mono-
clonal antibodies, of helper/inducer pheno-
type (OKT4+, OKT8-).

In this communication we describe the
light (LM) and electron microscopic (EM)
morphological and cytochemical features
of the malignant T cells in this condition.

B. Materials and Methods

Peripheral blood (PB) and/or bone marrow
(BM) films from six adult T-cell lym-

phoma-leukaemia patients were stained
with May-Griinwald Giemsa and exam-
ined under LM. For EM analysis, PB and
BM cells were fixed in 3% glutaraldehyde
and embedded in Araldite. Ultrathin sec-
tions stained with uranyl acetate and lead
citrate were then viewed through a Zeiss 10
electron microscope. The following cy-
tochemical reactions: acid phosphatase,
a-naphthyl acetate esterase (ANAE), p-
glucuronidase, B-glucosaminidase and pe-
riodic acid schiff (PAS) were performed on
PB and BM films, as described previously

[3].

C. Results

I. LM Morphology

Atypical lymphoid cells from PB and BM
displayed marked variation in size, maturity
and nuclear outline. A high nuclear/cyto-
plasmic ratio was a consistent finding in the
neoplastic cells irrespective of size, which
varied from that of a small lymphocyte to
that of a large blast. Most cells appeared
mature (chromatin condensed), although
small populations of cells of blastic appear-
ance (prominent nucleoli) were also identi-
fied. A characteristic feature of the malig-
nant cells was that of nuclear irregularity
(Fig. 1). Folded, notched or lobulated nu-
clei, similar in some instances to those of
Sezary cells, were also observed.

II. EM Morphology

The most striking features of the malignant
cells in this condition were the irregularities
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of nuclear outline (Fig.2). These ranged
from notchings or indentations of the nu-
cleus to complex convoluted or lobulated
profiles, in some instances resembling the
‘cerebriform’ nuclei of Sezary cells. Nuclear
chromatin was peripherally condensed in
the majority of cells, although blast-like

132

Fig. 1. LM morphology of
atypical lymphoid cells

cells with little heterochromatin and large
nucleoli were present in small numbers in
most cases and were predominant in one
patient. Active Golgi zones, presence of
electron-dense granules (often clustered)
and bundles of fibrils (in two patients) were
notable cytoplastic features.

Fig. 2. EM morphology of
atypical lymphoid cells.
X 5500



III. Cytochemistry

The majority of atypical lymphoid cells dis-
played positive acid hydrolase reactivity.
Although acid phosphatase reactions were
positive (tartrate sensitive) in the majority
of cells (>70%) in all cases, the intensity
and nature of the reaction product was
variable. This ranged from weak diffuse
positivity in one case to strong multigranu-
lar reactivity in another (Fig.3). Positive
ANAE reactions were observed in most
(>80%) malignant cells. The reaction pat-
tern was dot-like (single or several discrete
granules of reaction product) in the vast
majority of cells; occasional cells with weak
scattered granular positivity were also not-
ed. B-Glucuronidase reactions were similar
to those of acid phosphatase, most cells dis-

Table 1. Cytochemical features of ATLL cells

Acid phos- ANAE B-glucur- B-glucos- PAS
phatase onidase  aminidase
x/+ t/+ x/+ + —/+

Reaction intensity: — negative; * weak; +strong

playing moderately strong granular posi-
tivity. The strongest cytochemical reactions
were observed for p-glucosaminidase.
Virtually all (>95%) ATLL cells displayed
strong multigranular positivity (Fig. 4).
Cells from three cases were stained with
PAS; in two cases all atypical lymphoid
cells were negative; in the remaining case
granules or blocks of intensely stained ma-
terial were observed in >80% of cells.

Fig. 3. Acid phosphatase
reaction in ATLL cells (cy-
tocentrifuge preparation)

Fig. 4. f-glucosaminidase
reaction in ATLL cells
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A cytochemical reaction profile of the
atypical lymphoid cells in ATLL is shown
in Table 1.

D. Discussion

ATLL first described in Japanese patients
{4, 5] has more recently been identified in
several different racial groups [2, 6—8]. The
LM and EM morphological features of the
atypical lymphoid cells from PB, BM and
lymph nodes in our six West Indian/Carib-
bean patients bear a close resemblance to
those of the Japanese cases [9, 10}
pleomorphic cells with marked nuclear ir-
regularities and condensed heterochro-
matin, and clustered electron-dense gran-
ules. The cytochemical profile of the malig-
nant cells in our patients is consistent
with that of a T-lymphoproliferative dis-
order [3]. The acid phosphatase and ANAE
reactions are similar to those described in
the Japanese cases [11], with the exception
that the acid phosphatase reaction was tar-
trate sensitive in all our cases but tartrate
resistant in the series of Usui et al. [11].

The close similarity in clinical, immuno-
logical, morphological and cytochemical
features of ATLL as described in different
racial groups (Table 2) is intriguing and
may be significant in view of the associ-
ation of HTLV with this disease [12, 13].

Table 2. Similarities between adult T-cell Iym-
phoma-leukaemia in Japanese and West Indian
blacks

Morphology
Membrane phenotype
Lymph node histology
High incidence of hypercalcaemia

Poor prognosis (< 1 year)

Geographical clustering (Southern Japan,
Caribbean basin)

} of the neoplastic T cells
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Activities and Specificities of N-Acetylneuraminyltransferases

in Leukemic Cells *

W. Augener, G. Brittinger, W. E. C. M. Schiphorst, and D. H. van den Eijnden

Recently, interest in glycosyltransferases
has increased due to the finding that differ-
entiation and neoplastic transformation of
cells may be accompanied by alterations in
the composition and metabolism of cellular
glycoconjugates. Previous studies using lac-
tose as exogenous acceptor have shown ap-
parent differences in the expression of
the activities of fucosyl- and N-acetyl-
neuraminyltransferases in various leukemic
cells arrested at different stages of cell
maturation [1].

The aim of this study was to determine
the activities and linkage specifities of dif-
ferent N-acetylneuraminyltransferases in
various leukemic and normal cell popu-
lations. Normal and leukemic cells were
isolated from human blood by differential
and/or gradient centrifugation and charac-
terized by surface membrane marker
analysis as described recently [1].

N-acetylneuraminyl(NeuAc)-transferase
activites were assayed in cell lysates by
measuring the transfer of [**C]NeuAc from
CMP-[*“C]NeuAc to different exogenous
glycoprotein acceptors. The reaction mix-
ture for the standard N-acetylneur-
aminyltransferase assay contained 50 pl
lysate (10® sonicated cells or platelets/ml
of 0.05 M HEPES-buffer, pH 6.8, contain-
ing 0.1% Triton X-100), 100 ul acceptor gly-
coprotein solution (2 mg asialo-a,-acid gly-
coprotein/acceptor sequence: Gal-f1,4-Glc
NAc-oligosaccharide glycoprotein, 1mg

* Dedicated to Prof. Dr. K. D. Bock on the oc-
casion of his 60th birthday

asialo-ovine submaxillary mucin/acceptor
sequence: GalNAc-Ser/Thr or 0.7 mg asia-
lo-afuco-porcine submaxillary mucin/ac-
ceptor sequence: Gal-f1,3-GalNAc-Ser/
Thr in 100 ul of 0.05 M HEPES-buffer,
pH6.8), and 2148 pmol/25u CMP-
[*4C]NeuAc (CFB 165:50 uCi/ml, spec.
activity 291 mCi/mmol, Amersham Buch-
ler) in a total reaction volume of 220 ul
The reaction mixture was made 10 mM
with MgCl, and the final concentration of
Triton X-100 was 0.023%. After incubation
from 0 to 3h at 37°C in a shaking water
bath, aliquots of 25 pl of the reaction mix-
ture were immediately subjected to high-
voltage paper electrophoresis for 70 min at
2000 V in 0.05 M sodium tetraborate buf-
fer, pH 9.0, according to Roseman [2], to
separate the neuraminylated exogenous
glycoprotein acceptors. The paper was cut
and the radioactivity due to [**C] NeuAc
was determined by scintillation counting.
N-acetylneuraminyltransferase  activities
toward exogenous glycoprotein acceptors
were expressed as transfer of pmol NeuAc/
(hxXmg lysate  protein).  N-acetyl-
neuraminyltransferase activity toward en-
dogenous acceptors of the lysates was
found to be negligible.

The linkage specificity of the CMP-Neu-
Ac: B-galactosyl [1, 4] N-acetylglucosami-
nide N-acetylneuraminyltransferase was es-
tablishd after transfer of NeuAc from
CMP-NeuAc to the terminal [*H] galactose
residues of asialo-a,-acid [*H] Gal glyco-
protein using a micromethodology based
on methylation and hydrolysis of the neur-
aminylated product, followed by analysis of
the emerging trimethyl-[*H] galactosides, as
described recently [3].
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Table 1. Activity and speci-

Cell type Activity Linkage specificity ficity of -galactosyl(1,4)N-
(pmol/h X mg acetylglucosaminide-N-ace-
lysate protein) tylneuraminyltransferase in

human normal T- and

Normal T-lymphocytes B-lymphocytes,  platelets,

(>94% E-R positive) and various leukemic cells

252 52 a(2,6) (exogenous acceptor: asialo

257 94 a(2,6) a,-acid glycoprotein)

473 110 a(2,6)

Normal B-lymphocytes

(>91% EAC-R positive)

253 78 a(2.6)

258 68 a(2,6)

478 110 a (2,6)

Normal platelets

467 1425 @ (2,6) and a (2,3)

526 2373 a(2,6) and a (2,3)

Normal leukocytes

466 <30 Not detectable

Cell lines

D.G.-75 840 a(2,6)

MOLT-4 198 a(2,6)

K-562 62 a (2,6)

Leukemic cells

281 (AML) 59 a(2,6)

400 (AML) 37 a(2,6)

408 (non-T/non-B ALL) <30 Not done

433 (non-T/non-B ALL) <30 Not done

249 (T-ALL) 280 a(2,6)

183 (CLL) 709 a(2,6)

274 (IC) 194 a (2,6)

379 (CLL) 320 a (2,6)

431 (CLL) 268 a(2,6)

432 (CC) 115 a (2,6)

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia;
CLL, chronic lymphocytic leukemia (B-cell type); IC, leukemic im-
munocytic non-Hodgkin lymphoma (LP immunocytoma); CC, leu-

kemic centrocytic non-Hodgkin lymphoma

A. Serum Type of Glycoprotein
N-Acetylneuraminyltransferase

As shown in Tablel N-acetylneur-
aminyltransferase activity toward asialo-
a,-acid glycoprotein was low in both isolat-
ed normal T- and B-lymphocytes, whereas
the transferase activity of various leukemic
and culture cell line cells varied from al-
most not detectable to high.
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Leukemic myeloid (No.281 and 400)
and non-T/non-B lymphoid cells (No. 408
and 433) as well as K-562 cells were appar-
ently arrested at an early stage of differen-
tiation and displayed low levels of activity,
whereas T-lymphoblasts (No. 249) and the
MOLT-4 cells (Thy-ALL) were further de-
veloped along the T-cell lineage and trans-
ferred 280 and 198 pmol NeuAc/(hXmg
lysate protein), respectively. Neoplastic



B-lymphocytes and the D.G.-75 cells (B-
lymphoblasts) were further developed
along the B-cell lineage, showing varying
levels of activity of N-acetylneuraminyl-
transferase of the serum glycoprotein type.

When analyzed for the linkage specificity
of this N-acetylneuraminyltransferase it ap-
peared that the leukemic and culture cell
line cells as well as normal T- and B-lym-
phocytes exclusively transferred NeuAc to
position C-6 of the terminal [*H] galactose
residues of asialo-a,-acid[*H]Gal glyco-
protein, indicating that these cells only ex-
pressed a2,6-N-acetylneuraminyltransfer-
ase activity.

However, normal platelets displayed in
addition to high a2,6- also high a2,3-N-
acetylneuraminyltransferase activity.

B. Mucin Type of Glycoprotein
N-Acetylneuraminyltransferase

When tested with asialo-ovine sub-
maxillary mucin (GalNAc-Ser/Thr) and
asialo-afuco-porcine submaxillary mucin
(Gal-p1,3-GalNAc-Ser/Thr) as exogenous
glycoprotein acceptors, neither the various
leukemic cells nor normal T- and B-lym-
phocytes revealed significant activities
[<30 pmol NeuAc/(h X mg lysate protein)]
of N-acetylneuraminyltransferases of the
mucin glycoprotein type.

C. Discussion

Transfer of NeuAc to the labeled terminal
[*H] galactosyl units of the acceptor mol-
ecule asialo-a; acid [*H] Gal glycoprotein
can involve the positions C-2, C-3, C-4, and
C-6, depending on the specificity of the
CMP-NeuAc: p-galactosyl (1,4)N-acetyl-
glucosaminide (a2,2-, a2,3-, a2,4- or a2,6-)
N-acetylneuraminyltransferase  involved.
Our data establish a2,6-N-acetylneur-
aminyltransferase as the only N-acetylneur-
aminyltransferase of that type in various
leukemic cells and normal lymphocytes.
Leukemic non-T/non-B lymphoid cells
were almost devoid of this enzyme activity
whereas leukemic T and B cells apparently
further developed along the T- or B-cell

lineages varied from low activity, as found
in normal T- and B-lymphocytes, to high
activity, indicating that the expression of
a2,6-N-acetylneuraminyltransferase activ-
ity occurs concomitantly with the differen-
tiation of lymphoid cells. However, no evi-
dence was found for an additional a2,3-
N-acetylneuraminyltransferase which had
been detected in fetal calf liver and in hu-
man placenta [4], giving rise to speculations
on the possible existence in leukemic cells
of an oncofetal a2,3-N-acetylneuraminyl-
transferase. Only platelets displayed a2,3-
N-acetylneuraminyltransferase activity in
addition to high a2,6-N-acetylneuraminyl-
transferase activity. These data establish
CMP-NeuAc: p-galactosyl (1,4) N-acetyl-
glucosaminide  a2,3-N-acetylneuraminyl-
transferase as a marker enzyme for human
platelets.

Using lectins such as soybean agglutinin
(specificity: GalNAc), peanut agglutinin
(specificity: Gal-B1,3-GalNAc), and lobster
agglutinin (specificity: NeuAc), changes in
the carbohydrate moieties of surface gly-
coconjugates concomitant with differen-
tiation of lymphocytes have been demon-
strated, reflecting alterations in the ex-
pression of cellular glycosyltransferases.
During the process of cell maturation the
surface lectin-binding sites exposing ter-
minal GalNAc or Gal-81,3-GalNAc units
are masked by NeuAc residues. However,
our experiments did not reveal any activi-
ties of N-acetylneuraminyltransferases of
the mucin glycoprotein type (acceptor
specificity: GalNAc or Gal-f1,3-GalNAc)
in lysates of normal lymphocytes and of
various leukemic cells arrested at different
stages of maturation.

Since the expression of a2,6-N-acetyl-
neuraminyltransferase activity of the serum
glycoprotein type occurs concomitantly
with the differentiation of lymphocytes,
masking of the described lectin-binding
sites on the surface of lymphocyte seems
not to be due to direct chemical linkage of
NeuAc to either terminal GalNAc or Gal-
p1,3-GalNAc units, but rather to a charge
or steric effect of NeuAc residues linked to
Gal-B1,4-GlcNAc units by a2,6-N-acetyl-
neuraminyltransferase of the serum glyco-
protein type.
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WT1: A Monoclonal Antibody Reactive with T-ALL

but not with Other Leukemias

W.J. M. Tax, M. F. Greaves, H. M. Willems, H. F. M. Leeuwenberg, P. J. A. Capel,

and R. A. P. Koene

A. Introduction

There is ample evidence that the different
leukemias represent clonal derivatives of
cells “frozen” in a specific state of differen-
tiation or maturation [1]. The hybridoma
technology introduced by Kohler and Mil-
stein [2] has permitted the production of
monoclonal antibodies directed against dif-
ferentiation antigens. Such antibodies can
contribute considerably to our insight into
hemopoietic differentiation and malig-
nancy.

Acute lymphoblastic leukemias (ALL)
can be subdivided into four subgroups ac-
cording to membrane markers [3]. In a ma-
jority of cases, leukemic cells carry is the
common ALL antigen (CALLA), which
can be demonstrated with conventional
antiserum or with the monoclonal antibody
J-5 [4]. The cells from T-ALL patients are
reactive with conventional antithymocyte
antisera. The rare variant of B-ALL is
characterized by the presence of surface
immunoglobulin. When the leukemic cells
have lymphoid morphology but lack these
three markers, the classification “null
ALL” has been suggested [3]. The T-ALL
subgroup is heterogeneous. Most, but not
all, cases are positive for E-rosetting, and
sometimes both CALLA and thymocyte
antigens are expressed [5, 6]. It would be
useful if a monoclonal antibody were avail-
able which reacts with all T cells and is
T-lineage specific. The antibodies from the
OKT series are either not T-cell specific
(OKT9, OKTIO0) or not reactive with the
immature T phenotype which is found in
the majority of T-ALL cases [7]. Even
OKTI11A, reactive with the E-rosette re-

ceptor [8], is not ideal since it fails to label
those T-ALL which are E-rosette negative.

We have produced a monoclonal anti-
body, termed WT1, which is specific for
human thymocytes and T-lymphocytes [9].
This antibody reacts with all thymocytes
including the large, terminal deoxy-
nucleotidyl transferase (TdT) positive
blasts (Tax, Janossy et al., manuscript in
preparation). The reactivity of WT1 with
this putative prothymocyte population
raised the possibility that this antibody
might be useful for the diagnosis of T-ALL,
especially the immature (E-rosette nega-
tive) cases. WT1 was therefore tested on a
panel of human cell lines of different
phenotypes, and on a broad panel of leu-
kemic cells. The results obtained indicate
that WT1 is specific for cells of the T lin-
eage and is useful for the diagnosis of
T-ALL.

B. Materials and Methods

The characteristics of all cell lines used in
this study (except Jurkat) have been sum-
marized by Minowada [10]. Jurkat is an
E-rosette positive leukemic T-cell line [11].
Cells were cultured with 5% CO, in RPMI-
1640 medium (Dutch modification, con-
taining both HEPES and sodium bicarbon-
ate) supplemented with 7.5%—15% heat-
inactivated fetal calf serum, 2 mM gluta-
mine, 1 mM sodium pyruvate, and gen-
tamicin (50 pg/ml). Blood and marrow
samples from leukemic patients were sent
to ILCR.F., London, from hospitals
throughout the United Kingdom. Prelimi-
nary data on the production and specificity
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of monoclonal antibody WT1 have been
reported previously [9]. Hybridoma cells
were injected into pristane-treated Balb/C
mice and antibody was purified from the
ascites by ammonium sulfate precipitation
and protein A-Sepharose chromatography.
Reactivity of cells with antibody WT1 was
evaluated by indirect immunofluorescence
using F(ab’), goat antimouse IgG anti-
bodies labeled with fluorescein. E rosettes
were formed by incubating lymphoid cells
for 1h at 4°C with aminoethylisothiou-
ronium-treated sheep erythrocytes [12].

C. Results and Discussion

When monoclonal antibody WTT1 is tested
on human cell lines, only cells with T
phenotype are reactive (Table 1). Impor-
tantly, the antibody also binds to cells with
an immature T phenotype like HSB-2 and
CEM, which do not form E rosettes.

WT1 appears to be T-lineage specific
when tested on leukemic cells (Table 2). All
T-ALL, including several cases which are
E-rosette negative, react with WT1, but the
other types of leukemia do not react. How-
ever, in some cases of myeloid leukemias
and one case of erythroleukemia, a weak
staining was observed. The optimal di-
agnostic approach for T-ALL would prob-
ably be to combine the membrane staining
by WT1 with staining of the nuclei by anti-
serum against TdT [13].

In conclusion, WT1 appears to be a use-
ful monoclonal antibody for diagnosis and

Table 1. Reactivity of monoclonal antibody
WT1 with human cell lines
Cell line Origin® Reac-
tivity
CCRF-CEM T-ALL +
CCRF-HSB-2 T-ALL +
JURKAT T-ALL +
CCRF-SB Normal B -
RPMI 1788 Normal B® -
DAUDI BL -
REH CALL -
NALM-1 CML-BC (Ph?)

* BL, Burkitt’s lymphoma; CML-BC (Ph?),
chronic myeloid leukemia in blast crisis, posi-
tive for Philadelphia chromosome

® Transformed in vitro with Epstein-Barr virus
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Table 2. Reactivity of monoclonal
WT]1 with leukemic cells

antibody

Leukemia/diagnosis WTI1 binding
+ _
Acute lymphoblastic leukemia
Common ALL 0 43
Null ALL 0 5
B-ALL 0 1
T-ALL 8 0
Possible T-ALL® 7 0
Mature lymphoid leukemias
T-Sezary 0 1
T-LCL® 0 2
B-CLL, PLL, lymphoma 0 20
Myeloid leukemias
CML 0
CMML 0 1
AML 2d 17
CML-BC (M) 1§ 8
E-L 14 3

* Possible T-ALL (all diagnosed as ALL): Four
cases: DR™, TdT*, E-, Ig~, cALL", other T
antigens™; One case: DR™, TdT*, E-, Ig7,
cALL", other T antigens™; One case: DR7,
TdT~, E7, IG™, cALL", other T antigens™; One
case: DR*, TdT*, cALL-, E/T11*, other T
antigens~,

® T-lymphosarcoma cell leukemia (“helper”

phenotype)
¢ TdT~ “myeloid” blast crisis

¢ Weak staining

monitoring of T-ALL. Furthermore, the
antibody is cytotoxic (IgG2a), and incu-
bation of bone marrow cells with WT1 and
rabbit complement did not affect the out-
growth of myeloid or erythroid committed
progenitor cells (CFU-GM and BFU-E, re-
spectively: 9 and Th. de Witte, personal
communication). WT1 might therefore also
be useful for the in vitro elimination of
T-ALL blasts from bone marrow. This
would render autologous bone marrow
transplantation feasible as treatment for
T-ALL.
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Dysfunctional Glucocorticoid Receptors in Acute Leukemia *

R. Bell, A. Lillquist, S. Cotter, S. Sallan, and R. McCaffrey

A. Introduction

The obligatory role of specific cytoplasmic
receptors as mediators of steroid hormone
action is well established. In lymphoid cell
culture systems the development or glu-
cocorticoid resistance is almost always due
to a mutation to a receptor negative state
[1]. Therefore, if the assumption is that glu-
cocorticoid-induced remission in leukemia
is by a direct effect on leukemic blast cells,
one would predict that the presence of ab-
sence of blast cell glucocorticoid receptors
would be a major determinant or clinical
steroid sensitivity. However, receptor
quantization has not correlated with steroid
responsiveness [2—5], and in particular,
high receptor numbers are not uniformly
associated with responsive disease [6].

We have speculated that this lack of con-
cordance between receptor status and clini-
cal outcome may be due to the presence of
glucocorticoid binding macromolecules
which are physiologically nonfunctional in
those leukemias which are glucocorticoid
resistant. To test this hypothesis, we have
studied certain biochemical and biophysi-
cal characteristics of glucocorticoid binders
in normal and leukemia cells, to determine
if such dysfunctional binding macro-
molecules exist, and to establish their rela-
tionship to therapeutic outcome.

* Supported by Grant CA288818 from the Na-
tional Institutes of Health and the Irving
Mann Medical Oncology Research Endow-
ment Fund
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B. Materials and Methods

I. Celis and Tissues
1. Normal Tissues

Thymus, spleen, and lymph node from 3-5
day old calves were obtained at a local
slaughter house. Bone marrow mononu-
clear cells were harvested from 12-week-old
BALB/C mice. Human thymus was ob-
tained from a 7-year-old child undergoing
cardiac surgery. Human peripheral blood
lymphocytes were harvested on LSM from
CPD anticoagulated whole blood from nor-
mal adults [8].

2. Leukemia Cells — Humans

Seventy-eight patients with acute leukemia
were studied, 73 at first presentation prior
to any therapy, and five at first relapse pri-
or to attempting reinduction therapy. No
patient had received steroid medication
within 2 weeks of study. Thirty-five had
acute lymphoblastic leukemia (ALL) (31
new cases, 4 relapses), 25 had acute myelo-
genous leukemia (AML) (24 new cases, 1
relapse), and 18 had the blast crisis of
chronic myelogenous leukemia (CML).
The patients ranged in age from 3 years to
72 years. Samples with less than 75% blast
cells were not studied. Blast cells were har-
vested from EDTA-anticoagulated venous
blood (61 patients), bone marrow aspirate
(11 patients), or both (six patients).

3. Leukemia Cells — Animals

Cells and tissues from 38 domestic cats and
21 dogs with lymphoblastic leukemia —



lymphoma were studied at the Angell
Memorial Hospital, Boston, MA. All ani-
mals were newly diagnosed and none had
received therapy prior to study. Blast cells
were harvested from EDTA-anticoagulated
LSM-sedimented venous blood or marrow
(18 animals) or from histologically involved
nodes (41 animals). Twenty-four of these
animals were treated with single agent
prednisone 2mg/kg p.o. X14 days and
their response evaluated by standard clini-
cal criteria.

I1. Analytical Procedures

The cytosol preparation and labeling pro-
cedures used were modified from the
broken cell labeling system of Sakaue and
Thompson [7], as previously described [8].
The analytical procedures have been de-
scribed in detail [8].

C. Results

1. Normal Tissues

*H-Triamcinolone acetonide labeled glu-
cocorticoid receptors in normal lymphoid
tissues can be resolved into two com-
ponents by DEAE chromatography: Peak I
elutes at 0.04 M salt and peak II at 0.22 M
salt. Figure 1 A shows the elution profile of
labeled receptors from human peripheral
blood lymphocytes. By glycerol gradient
centrifugation peak I is 3.5S and peak II
8.5S. Peak I binds to DNA while peak II
has negligible binding. After heat acti-
vation peak II alters its coefficient of sedi-
mentation to 3.5S, changes its elution posi-
tion to 0.04 M salt (peak I area) on DEAE
chromatography, and acquires affinity for

Table 1. Glucocorticoid binders in human acute
leukemia
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Fig. 1A-F. DEAE chromatography of H-TA
labeled glucocorticoid receptors from unheated
and heated cytosols. A represents the chro-
matogram obtained from human peripheral
blood mononuclear cells; B the chromatogram
obtained after heating this cytosol (20°C for
20 min); C the chromatogram derived from a
case of childhood AML with abnormal single
peak pattern; D the chromatogram obtained af-
ter heating of this cytosol before DEAE chroma-
tography; E the chromatogram obtained from a
case of childhood ALL; F the chromatogram ob-
tained after heating of this cytosol

DNA (Fig. 2A). The DEAE elution profile
of labeled receptor from peripheral blood
lymphocytes which had been heated at
20 °C for 30 min is shown in Fig. 1 B.

2. Human Leukemia

In 48 of 78 cases of human leukemias, blast
cell *H-TA binding macromolecules had
characteristics identical to those found in

Table 2. Glucocorticoid binders in animal lym-
phobilastic disease

DEAE ALL AML CML Total DEAE pattern Re- Non-re- Total

chromatography : sponders  sponders
Normal

Normal - two peak 29 15 4 48 Peak I - peak IT 9 9 18

Abnormal - single 6 10 14 30 Abnormal

peak Single peak 0 6 6

Total 35 25 18 78 Total 9 15 24

143



"

o

*

=

a

o

W

Z

3

o)

=

o

=

g

x

3k

- -4
'r M T .2

FRACTION NUMBER

normal tissues (Fig. 1E, F). The receptors
from the remaining samples were abnormal
(Table 1). The abnormality (30 cases) was
the presence of only a single DEAE species
eluting in the peak I area (Fig. 1C, D),
which was 2.5S and failed to bind to DNA
with or without activation (Fig. 2B). In two
experiments, leukemic cells with the nor-
mal DEAE pattern were mixed in a one-to-
one ratio with cells showing the abnormal
single peak pattern. The binders main-
tained their identities in this experiment:
the “mixed” chromatogram showed peak I
and peak II in an additive ratio, suggesting
that the single peak pattern is not a product
of the labeling or analytic procedures (data
not shown).

3. Animal Lymphoblastic Disease

Abnormal  3H-triamcinolone  binding
macromolecules of the sort seen in human
leukemia were identified in the blast cells
of 13 of 59 (22%) cats and dogs with this
disease; the remaining 46 animals had nor-
* mal receptors by our criteria. To data, in a
prospective blind study 24 aminals (18 with
normal receptor patterns, 6 with abnormal
glucocorticoid binders) have been treated
with prednisone, 2 mg/kg per day X 14
days p.o. None of the six animals with ab-
normal binders responded, whereas 9 of

the 18 with normal receptor characteristics
did (Table 2).
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Fig. 2A, B. DNA cellulose chromato-
graphy of peak I material from heated
cytosols. A The elution from DNA
cellulose of heat-activated peak I com-
plexes from a case of childhood ALL
with the normal tissue DEAE pattern.
B The elution from DNA cellulose of
heated peak I material from a case of
childhood AML with the abnormal
single peak pattern

K, HPO, MOLARITY

D. Discussion

The 78 human leukemic samples we stud-
ied by these techniques segregated into two
groups: those with normal tissue binder
characteristics (48 cases) and those with
abnormal binders (30 cases). Normal and
abnormal patterns were noted in all three
acute leukemia variants (Table 1). Simi-
larly, abnormal binders were found in the
blast cells of 13 of 59 domestic animals with
lymphoblastic leukemia-lymphoma. In the
abnormal cases, the 3H-TA labeled binders
eluted as a single species from DEAE in the
peak I (0.04 M salt) region. The abnormal
single peak material did not bind to DNA
cellulose, whereas the affinity of peak I ma-
terial for DNA cellulose was normal in
cases in which the initial DEAE profiles
were normal. In four of four cases studied,
the abnormal single peak DEAE patterns
had peak I-peak II S values identical to
those of normal tissues (3.5S and 8.5S,
respectively). Thus, while the abnormal
single peak material cannot be distin-
guished from normal peak I complexes by
DEAE chromatography alone, further
characterization on DNA cellulose and gly-
cerol gradients clearly differentiates be-
tween the two forms.

Our speculation is that leukemias with
abnormal binder characteristics may be in-
capable of responding to glucocorticoid



therapy. The 78 patients in our series all re-
ceived multiple agent chemotherapy, and
we have therefore made no attempt to
correlate clinical outcome with receptor
characteristics. In the animal study, none
of six animals with abnormal binder
characteristics responded. Thus, the abnor-
malities we have identified to date may
provide a biochemical basis for one form of
glucocorticoid resistance. Other defects in
receptor physiology are now being sought.
The establishment of a clearly defined re-
sponder phenotype for glucocorticoid re-
ceptors in leukemia cells would permit re-
striction of the use of glucocorticoids to
those patients in whom such receptors
could be identified, thus eliminating un-
necessary exposure to what may some-
times be serious systemic glucocorticoid
toxicity. The ability to unequivocally iden-
tify physiologically functional receptors
would also allow a rational pursuit of a de-
tailed molecular investigation of the mech-
anisms involved in steroid-induced re-
missions in leukemia.
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Glucocorticoid-Induced Lysis of Various Subsets

of Acute Lymphoblastic Leukemia

N. Galili and U. Galili

A. Introduction

Glucocorticoids are regularly employed in
the therapeutic regimes of hematologic
malignancies. In attempting to understand
partially the therapeutic effect of these hor-
mones, the in vitro cortisol-induced lysis of
leukemic cells was studied. In previous
studies [2], we have shown that the viability
of malignant cells from chronic and acute
myeloid leukemias was not affected by 20 h
incubation with 107 M cortisol. Chronic
lymphatic leukemic cells, however, were
readily lysed by cortisol. The cells of acute
lymphoblastic leukemia (ALL) patients
were divided into two groups; those that
were resistant to lysis and those that were
sensitive. The purpose of the present study
was to correlate sensitivity to cortisol-in-
duced lysis to the phenotype of the ALL
cells as defined by monoclonal antibodies
and rosetting capacity.

B. Materials and Methods

Thirty-nine patients with ALL were stud-
ied. These included new cases at presen-
tation and relapse patients. Most cells were
isolated from bone marrow samples, but
in several cases in which there were greater
than 80% blast cells in the peripheral
blood, blood lymphocytes were analyzed.

I. Cell Sensitivity to Glucocorticoids

Briefly, aliquots of 0.2 ml cells (108cells/ml)
were incubated in flat bottom microwells
(Cooke) for 20h at 37°C in a humidi-
fied CO,-air (5% : 95%) atmosphere with
107 M cortisol (Ikapharm, Israel). Since a
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variable proportion of the cells incubated
with the glucocorticoids was lysed within
20 h, the amount of cells lysed was assessed
by determining the concentration of the
remaining viable cells (Trypan-blue ex-
clusion test) in a hemocytometer with a
magnification of 400. Their percentage
(% lysis) was calculated according to the
formula: (a-b)/a X 100, where “a” is the
concentration of viable cells in the wells
containing medium without steroids and
“b” equals the concentration of viable cells
in wells containing the drug.

I1. Phenotyping of the ALL Cells

The ALL cells were phenotyped using a
variety of monoclonal antibodies (see list
below) in an indirect immunofluorescent
assay and E-rosettes. If the cells typed
“common” ALL, they were then examined
for the presence of intracytoplasmic IgM
(cold acetone-fixed cytospin preparations
stained with rabbit antithuman IgM-FITC)
to determine whether the cells were of the
pre-B phenotype. All cells were also tested
with an affinity purified antiterminal de-
oxynucleotidyl transferase.

Monoclonal antibodies:

J-5 (anti-common ALL [4])

DA-2 (anti-HLA-DR [1])

S33 (anti T cell; produced by Peter Beverly,
ICRF, London)

WT-1 (anti T cell [5)).

Cells reacting with either or both S33
and WT-1 are referred to as T cells. Cells
that react with DA-2 are noted Ia* and
those reacting with J-5 are noted J-57.
Greater than 20% staining is considered
positive for the particular antigen.
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Fig. 1. Cortisol-induced lysis of leukemic cells of various ALL types

C. Results and Discussion

The leukemic cells from 22 patients with
common ALL (J-5%, Ia*, T~, E") were
found to be resistant to lysis following incu-
bation with 1075 M cortisol. In contrast, the
cells from ten patients with pre-B leukemia
(J-57 Ia* cIgM™ T~ E7) were readily lysed
by cortisol (Fig. 1). Cells from five patients
with early or pre-T leukemia (J-57 Ia~ T+
E~) were similarly sensitive to cortisol-in-
duced lysis, whereas cells from three pa-
tients with a more mature T-cell phenotype
(J-5-1a~ T* E*) were found to be resistant.

Normal cell populations have been
shown to differ in their steroid sensitivity
[2]. The buman prothymocyte subpopu-
lation was easily lysed by cortisol whereas
the thymocytes and peripheral blood lym-
phocytes were resistant. Interestingly, im-
munologically activated T-lymphocytes
were also found to be sensitive to steroid-
induced lysis [3]. Normal bone marrow and
polymorphonuclear cells were completely
resistant. The steroid sensitivity of the
T-ALL cells parallels that of their normal
counterparts according to their differenta-

tion state. The sensitivity of the pre-B ALL
versus the resistance of the cALL cells may
likewise be attributed to a differentiation
state related phenomena.

The in vivo relavence of this in vitro as-
say 1s currently under study. It is suggested
that use of this assay may allow for a more
efficient use of the steroids in the treatment
of leukemic malignancies.
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Epidemiology of HTLV-Associated Leukemia

W. A. Blattner, D. W. Blayney, E. S. Jaffe, M. Robert-Guroff, V. S. Kalyanaraman,

and R. C. Gallo

A. Introduction

Type-C retroviruses have long been im-
plicated in the etiology of leukemia and
lymphoma in various animal species. Ani-
mal models exist for exogenous, horizontal,
transmission of these naturally occurring
RNA tumor viruses in animals and are es-
pecially well characterized for cat, cow, and
some other species [21]. Human T-cell leu-
kemia-lymphoma virus (HTLV) is the first
type-C retrovirus consistently isolated and
associated with specific human malig-
nancies. It is distinct from previously iden-
tified animal retroviruses by molecular [15]
and immunologic studies [10, 16, 17]. It is
an exogenous virus that must be acquired
by infection (i.e., not transmitted in the
germ line), since HTLV proviral sequences
are present in DNA of neoplastic T cells,
but not in DNA of nonneoplastic B cells
from the same patient [7] or in normal tis-
sues [15].

In this report we summarize clinical and
epidemiologic features which suggest that
HTLV is etiologically linked to certain
malignancies. Our data demonstrate that
HTLV is associated with cases of mature
T-cell leukemia-lymphoma with common
clinical features. These cases tend to cluster
in a restricted distribution where HTLV in-
fection is prevalent. Occasional patients
from virus nonendemic areas probably ac-
quired HTLV infection prior to developing
their T-cell leukemia-lymphoma through
travel into HTLV endemic areas and close
contact with residents in these areas.
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B. Materials and Methods

Samples from various patient and normal
populations were submitted as frozen or
lyophilized serum or plasma. The clinical
and pathologic diagnoses were as recorded
by the submitting investigator except for
certain cases where pathologic material was
reviewed by one of us (E.J.). Serum anti-
bodies to a disrupted whole virus prep-
aration were detected by a modification to
the technique previously reported [14].
Natural antibody to the major core protein
p24 of HTLV was detected by a radio-
immune precipitation (RIP) as previously
described [9].

C. Clinical and Pathologic Features

The majority of cases from which HTLV
has been isolated, or in which HTLV anti-
bodies have been detected, share many
common features. Summarized in Table 1
are the clinical and pathologic character-
istics of HTLV-positive cases from the
Western Hemisphere and elsewhere (de-
tails of HTLV-positive cases from Japan
are not included in this report). In all cases
in the series, and in cases from Japan [11,
18], HTLV has an association with lym-
phoma or leukemia of mature differen-
tiated T cells. In current immunopathologic
nomenclature, the broad category of malig-
nancies of mature T cells includes T-cell
chronic lymphocytic leukemia, cutaneous
T-cell lymphomas (CTCL) (mycosis fun-
goides/Sezary syndrome), peripheral T-cell
lymphoma, lymphosarcoma cell leukemia
(T-LCL), and adult T-cell leukemia-lym-



phoma (ATL). As shown in Table 1, HTLV
is most commonly associated with periph-
eral T-cell lymphomas (classification in the
working formulation [1] as large cell, dif-
fuse mixed, or immunoblastic cell type),
TLCL, and ATL. Although two of these

Fig. 1. a Posterior auricular lymph node from
case 16. An admixture of small and large atypi-
cal lymphoid cells is present. Hematoxylin and
eosin, X430. b Plain skull radiograph for case 16.
Multiple small lytic lesions are present through-
out the calvarium

cases were classified as CTCL, this associ-
ation is rare since they are the only two out
of over 200 cases from the United States,
England, and western Europe that were
positive for HTLV serum antibodies.

As 1s evident from Table 1, the his-
topathologic diagnoses given vary consider-
ably. There are, however, certain morpho-
logic features shared by most of these
tumors. The tissues show diffuse prolifer-
ation of a pleomorphic population of
lymphoid cells (Fig. 1a). The cells tend to
vary considerably both in size and shape.
In most cases, cells from all points in the
spectrum are present in equal proportions,
and such cases are designated as diffuse,
mixed cell type by both the Rappaport
classification and the working formulation
[1]. In other cases, one large lymphoid cell
type predominates, and such cases are des-
ignated as diffuse large cell, or diffuse large
cell, immunoblastic lymphoma, based on
the characteristics of the proliferating cells.
An inflammatory background is normally
not evident.

The histopathologic features described
above are similar to those seen with certain
other peripheral T-cell lymphomas not as-
sociated with HTLV. Thus, there are no
specific pathologic features that can be rec-
ognized at this point as indicating an
HTLV-associated leukemia/lymphoma.

Similarly, there is quite a spectrum in the
clinical presentation of cases, which may
present as lymphoma, leukemia, or lym-
phoma with leukemic involvement. Some
cases appear associated with fulminant and
rapidly progressive disease, whereas others
have a much more indolent and chronic
clinical course. Thus, the exact relationship
of HTLV to a specific clinical entity is far
from established. Therefore, systematic sur-
veys in HTLV-endemic and nonendemic
areas, with special attention to precise im-
munologic classification of malignant cells,
will be needed to clarify these relationships
further. In addition the recent observation
of antibody-negative, antigen-positive cases
of CTCL (C. Saxinger, personal communi-
cation) point to a need for caution in defin-
ing virus-disease relationships. Ultimately
“molecular” epidemiologic studies of de-
fined disease categories will need to be
undertaken before final conclusions can be
drawn.
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o Table 1. Features of HTLV-associated T-cell malignancies

S
Case  Patient Age/sex Race®  Place of Diagnosis Clinical signs® Hyper- WBC x 10°  Evidence for HTLV
No. birth calcemia  3/liter
Virus Antibody to
isolation HTLV
1 CR. 28/M B Alabama PIeomorphic CTCL:® L,D,O + 7.1 + +
2 MJ. 50/M w Massachusetts  Sezary syndrome* L,D - 5.2 + +
3 M.O. 32/M W Washington T-hairy cell leukemia® S,H + 2.9 + +
State
4 PL. 29/F B Florida T-malignant lymphoma, L,S,H + 9.3 N.P. +
diffuse mixed cell type®
5 ET. 38/M B Virginia T-lymphoblastic leukemia L, H + 235 N.P. +
6 W.A. 24/M B Georgia T-malignant lymphoma, L,D - 5.8 + +
diffuse mixed cell type®
7 JN. 76/M Aleut Alaska Malignant lymphoma S,D - 4.2 N.P. +
diffuse large cell type©
8 M.B. 64/F B St. Lucia T-malignant lymphoma, L,S,H,D - 435 + N.P.
diffuse mixed cell type®
9 ML 32/F B Granada T-malignant lymphoma L,S,H,D,0 - 40 + +
diffuse mixed cell type®
10 CM. 31/F B St. Vincent T-lymphosarcoma cell L -+ 39 N.P. +
leukemia (ATL)
11 J.T. 21/F B Trinidad T-malignant lymphoma, L,S,H,D A + 31 N.P. +
diffuse large cell type
(ATL)
12 M.H. 49/F B Jamaica T-malignant lymphoma L,S + 17 N.P. +
diffuse large cell type
(ATL)
13 EL. 41/F B Barbados T-chronic lymphocytic L,O - 40 N.P. +
leukemia (ATL)
14 M.W. 54/F B West Indies T-immunoblastic leukemia + 57 N.P. +

(ATL)
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15 SW. 45/F B Guyana T-malignant lymphoma L + 67 N.P. +

immunoblastic type (ATL)

16 JS. 33/M W Ecuador T-malignant lymphoma L,H O + 20 N.P. +
diffuse mixed cell type®

17 UK. 45/M W Israel T-malignant lymphoma L,S,H,D,O + 18 + +
diffuse large cell type®

* W, Caucasian; B, black; Aleut, Aleutian Indian

® L, lymphnode involvement; S, splenomegaly; H, hepatomegaly; D, skin involvement; A, ascities; O, osteolytic bone lesions

° Pathology material reviewed by E.J. (ATL) cases reviewed by Daniel Catovsky, Hammersmith Hospital, London, and although called other diagnoses as noted,
represent cases with features of adult T-cell leukemia — lymphoma



One of the striking features of these cases
[4], as well as ATL cases from Japan {20], is
the frequent occurrence of idiopathic hy-
percalcemia. In some cases (Fig. 1b) radio-
graphs show multiple lytic bone lesions
mimicking multiple myeloma or metastatic
solid tumors. In these cases, no lymphoma
cells are seen in association with these
lesions but rather osteoclast activity and re-
active granulation tissue. This pathologic
feature may be a reflection of HTLV-ac-
tivated lymphokine production, although
for cases 4, 16, and 17, the lymphokine,
osteoclast activating factor (OAF) was not
detectable in bioassay [3]. A variety of
lymphokines are produced by HTLV-in-
fected cell lines in vitro, suggesting that in-
tegration of proviral DNA results in de-
repression of host genes including those for
various lymphokines [8]. Viral-associated
cases with hypercalcemia provide a con-
venient setting to test this model.

D. Disease Associations and
Case Clusters

To evaluate the relationship of HTLV in-
fection and disease, sera from over 900
cases of adult and childhood malignancies
from diverse geographic areas have been
tested for HTLV antibodies [6]. As shown
in Table 2, only 55 of 914 were positive.
None of the nonlymphoreticular neoplasms
were positive, indicating that HTLV is
probably trophic for cells of the lympho-
reticular compartment. The bulk of the

positives were from patients with definite
T-cell malignancies. The remaining nine
were from patients with lymphoid and/or
myeloid leukemias from Japan. Since some
of these cases come from the viral endemic
area and/or in some cases have been ex-
tensively transfused, the etiologic signifi-
cance of this association remains to be es-
tablished.

HTLV is most closely associated with
ATL diagnosed in Japan, and 29 of the 34
patients in this series were positive [6].
Among cases of T-Cell non-Hodgkin’s lym-
phoma (T-NHL), 6 of 12 from Japan were
also positive. These positive T-NHL cases
appear to share features with cases from
the United States and elsewhere as record-
ed in Table 1. The eight cases of HTLV-
positive ATL from the Caribbean region
(cases 8—15 in Table 1 in this series) con-
firm the propensity for geographic clusters
of HTLV-associated cases to share clinical
and pathologic features [2, 4].

Studies of normal populations provide a
model for examining the role of HTLV as
an etiologic agent. The detection of HTLV
antibodies in relatives of cases is of interest
since it may reflect the infectivity of HTLV.
In Table 3 we summarize the data on mem-
bers in nine families of HTLV-positive
malignancies. Exept for one family from
Japan in which four of eight members were
antibody positive, in all other cases only
one first-degree relative was found to be
positive. The fact that both spouses and
blood relatives were positive leads us to
suspect horizontal rather than vertical

Table 2. HTLV-specific antibodies in lymphoid and nonlymphoid malignancy

Disease Number positive/number tested by country of origin
United States or Europe West Indies Japan Total
T-lymphocytic 9/338¢ 8/9 29/34 46/381
Unclassified and
B-lymphocytic 07258 0/3 4/43 4/304
Myeloid 0/108 072 5727 57137
Nonlymphoreticular 0/86 N.T. N.T. 0/86

* Cases 16 and 17 in Table 1, although born in Ecuador and Israel respectively, are included here
since they were detected as part of a survey of T-cell cases at the National Institute of Health,

Bethesda, Maryland, United States
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Table 3. HTLV-specific

Individuals Number positive/number tested by country antibodies in normals
tested of origin
United States ~ West Indies Japan
or Europe
Relatives of
HTLYV cases 1/8 3/16 13/31
Random donors 4/1120° 12/337 39/404*
9/509°

Three of the positives were in blacks from a sample of 130 normals

from Georgia. The remaining positive was from a black woman
from a sample of 158 normal blood bank donors in Washington,

DC
ATL-nonendemic area of Japan
ATL-endemic area of Japan

transmission. Since relatives of these cases
shared a common environment, prospec-
tive follow-up of exposed relatives of newly
diagnosed HTLV-positive cases should
help clarify the mode of HTLV transmis-
sion [19].

Limited surveys of donors from popu-
lations in the United States, western Eu-
rope, Japan, and the Caribbean (Table 3)
demonstrate that HTLV infection in the
general population is limited. Among study
subjects from the United States and Europe
only three had HTLV antibodies. The three
positives were from a sample of specimens
submitted to the Georgia State Health De-
partment serology reference laboratory.
Many of the United States-born cases of
HTLV leukemia-lymphoma, as well as the
normal people with HTLV antibodies, are
blacks from the southeast United States.
This geographic and racial clustering sug-
gests that HTLV infection may have a re-
stricted distribution and/or racial pre-
dilection. Further analysis of other popu-
lations in this region as well as surveys in
other areas of the United States should
clarify this relationship [3]. In Japan, sera
from ATL nonendemic regions were HTLV
antibody negative, while a low prevalence
of virus antibody positives was seen in the
ATL endemic region of Kyushu (Robert-
Guroff etal., unpublished observations).
Similarly a population-based survey of nor-
mals in the Caribbean revealed a low
prevalence of HTLV-positive serology [2].

E. HTLYV Infection and Adult T-cell
Malignancy

The frustrating failures of virologists in the
past to demonstrate and isolate a uniquely
human type-C RNA tumor virus etiologi-
cally linked with leukemia or lymphoma
has led to the belief that retroviruses play
no role in these or other human malig-
nancies. Human T-cell leukemia-lym-
phoma virus (HTLV) is the first human
virus of this class consistently identified
in association with a specific type of hu-
man leukemia-lymphoma [5, 12, 13]. The
epidemiologic data summarized here dem-
onstrate that HTLV is associated with sev-
eral malignancies of the T cell, but not
solid tumors or other hematopoietic tumors
[6]. Although the role of HTLV as an etio-
logic agent is not established, it is striking
that the distribution of cases is limited to a
relatively narrow spectrum of mature T-cell
leukemia-lymphoma cases with common
features.

In further support of the notion that
HTLYV and T-cell leukemia-lymphoma are
related is the limited distribution of HTLV
infection in the general population.
Although most dramatic in Japan, where
HTLV seropositivity appears geographi-
cally associated with clusters of ATL [11,
18], a similar pattern is emerging in the
Caribbean [2, 4] and more recently in the
southeastern United States blacks [3]. In
two cases from the United States (case 2,
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MJ, case 3, M.O.) both the clinical and
epidemiologic features were distinct from
the bulk of other cases. Both patients, how-
ever, had histories of travel to and close
contact with persons in viral endemic areas.
These exceptions to the rule provide
further evidence for a virus-disease rela-
tionship since it is likely that their HTLV
infection was acquired in viral endemic
regions. Studies of migrants into HTLV
endemic regions may prove especially in-
formative in further delineating etiologic
relationships.

In summary, we postulate that HTLV,
unlike other putative tumor viruses, is not
widespread in distribution but rather is
limited to certain regions of the world and
within limited areas of some countries (e.g.,
southwestern Japan). In at least three areas,
Japan, the Caribbean, and the southeastern
United States, HTLV-associated disease is
a mature adult T-cell leukemia-lymphoma.
Identification of cases in some other areas
of the world suggests that a similar pattern
of virus prevalence and disease occurrence
will emerge. Thus, although further studies
will be needed to establish a causal rela-
tionship, the story thus far is similar to that
of the retrovirus association with leukemia-
lymphoma in animals in which satisfaction
of Koch’s postulates has established an
etiologic role for C-type retroviruses.
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Current Prospects for Clinical Care of Acute Leukemia

E. S. Henderson

Current therapy for acute leukemia can be
chosen from among three proven methods
and one most promising but preliminary
method of treatment: chemotherapy, radi-
ation therapy, bone marrow transplan-
tation, and the up and coming modality of
specific immunotherapy. Chemotherapy
clearly remains the standard against which
all newer treatments must be measured.
Bone marrow transplantation relies upon
chemotherapy and radiation for maximum
effect but has become the treatment of
choice for carefully specified patient popu-
lations at specific times during their illness.
Specific immunotherapy (IT) has emerged
from the ashes of earlier, and largely cata-
strophic, trials of nonspecific immunoactive
substances to its present state, in which spe-
cific reagents not only have potential of
their own, but can broaden the scope of
bone marrow transplantation through the
removal of specific cell populations from
the donor cell pool.

Within these modalities exist numerous
options, the most important of which are
listed in Table 1. These include oral and i.v.
chemotherapies at several levels of intensi-
ty and complexity, bone marrow allografts
of several levels of risk and effectiveness,
several forms of immunologically active
agents: drugs, antisera, and monoclonal
antibodies; and ancillary measures up to
and including total body irradiation.

In parallel, the means of identifying dif-
ferent classes of leukemia have been devel-
oped along the lines indicated in Table 2.
In the process it has become apparent that
in terms of the success of therapy the
leukemias range from the very responsive,
usually curable common ALL with normal
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chromosome constitutants and minimal
evidence for T- or B-cell differentiation
(CALLA+, T—, Clg— und SMIg—, normal
or hyper-diploid) on the one hand, to
Burkitt-like leukemia (TdT-, SMIg+, L3

Table 1. Options for treatment of acute leu-
kemia

Chemotherapy p.o., i.v.

Vincristine, prednisone

Vincristine, prednisone, daunorubicin (or ad-
riamycin), asparaginase

Methotrexate, asparaginase

Standard dose araC

Standard dose AraC,

anthracycline + thioguanine

High-dose araC, asparaginase

High-dose araC, anthracycline
Mercaptopurine, methotrexate
High-dose cyclophosphamide
Intermediate-dose methotrexate

IT methotrexate + araC + hydrocortisone

Bone marrow transplant

Isograft

Allograft, HLA and DR identical
Allograft, haplotype identical
Allograft, unmatched, T depleted
Autograft,]Jeukemia cell depleted

Ancillary treatment
Antibiotic prophylaxis
Heparin prophylaxis

Cranial irradiation 18 — 24 Gy

Immunotherapy
Levamisole
Anti-CALLA
Anti T cell (4)
Anti-TdT




Table 2. Identification of different classes of leukemia

Usually curable:

Common ALL, children, hyperdiploid, Ph 1-, CALLA +, sIg and CTg-, CSF-, L, or L,

Occasionally curable:

AML, children, normal karyotype, no prior treatment, M, , M,
AML, adult, normal karyotype, no prior treatment, M,, M,
Common ALL, adult, hyperdiploid, Phl-, CALLA + SlIg and clg-,L, or L,

APL

Significant palliation and ultimate relapse:
T-cell ALL

AML, adult, abnl, karyotype, no prior Ry
AMoL

ALL, common CALLA+,Ph 1+

ALL, common (pre-B variant) CALLA +, Smlg —, Cylg+

Very refractory to rx:

Blastic crisis, lymphoid

Blastic crisis myeloid

B-cell ALL, Smlg+, L, Ia+
Pre-leukemia progressing to AML

AML, AMML, AEL following prior radiation exposure and/or cytotoxic chemotherapy

morphology, =+ 14q-), myeloid blast crisis
(TdT+, SMIg—, Cylg—, Ph 1+ or + +),
and other secondary leukemias on the
other, with all other types falling some-
where in between the two extremes. A third
component of the problem includes patient
factors such as race, sex, age, the avail-
ability of stem cell donors, and past medi-
cal history. On the general level, it is the re-
sponsibility of the leukemia therapist to se-
lect the appropriate therapeutic options for
each combination of leukemic and patient
subtype, so as to maximize the likelihood of
response, while keeping the risk of acute,
chronic, and delayed toxicities to an ac-
ceptable minimum.

The current oncological-hematological
literature 1s replete with examples of com-
bined modality treatments including bone
marrow transplantation. This volume in-
cludes a number of examples (e.g., the
papers by Creutzig et al., Hoelzer et al,,
Thomas et al., Weinstein et al., and Zintl et
al.) and also methods of segregating pa-
tients into known prognostically significant
categories (e.g., the paper by Chen et al.
and the overview by Greaves). Taken to-
gether one can draw the following
generalities concerning treatment (Table 3).

The most sensitive class of disease and the
form with the best prospect of cure is com-
mon ALL in childhood. These individuals
usually achieve remission with the combi-
nation of vincristine plus prednisone, and
are kept in hematological remission with
mercaptopurine plus methotrexate. Menin-
geal and gonadal involvement are frequent
in common ALL; CNS prophylaxis must
be given in all such cases, and there is evi-
dence accumulating that the use of inter-
mediate-dose methotrexate infusions will
further reduce the risk of CNS leukemia
and eradicate gonadal leukemia as well.

Common ALL is curable also in a small
segment of adults, but appears overall
more resistent to both induction and main-
tenance treatment. The addition of as-
paraginase and either daunorubicin or
adriamycin are required for best response
during remission induction. In both chil-
dren and adults with uncomplicated com-
mon ALL bone marrow transplants should
be reserved for patients who are in early re-
lapse or who have been reinduced into a
second remission, since with initial drug
treatment many patients will be cured.

The strategy for good risk AML, AMML,
and APL, i.e., those patients without an-
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Table 3. Treatment preferences

Leukemia

Initial presentation

Remission induction

Treatment in CR

First relapse

Remission induction

Treatment in CR

Common ALL, child VCR+P MP, MTX, V, P, CNS XRT+MTX or VCR, P, ASN, ANT Allogeneic BMT or
MD-MTX autograft with
Common ALL, adult VCR, P, ASN, ANT XRT+Maint IT-MTX or MD-MTX VCR, P, ASN, ANT CALLA treatment
or MTX, ASN, VCR, P
Common ALL, Pre-B VCR, P, ASN, ANT TBI, CPA, BMT Allogeneic
T-Cell ALL VCR, P, ASN, ANT, AraC, CPA TBI,CPA, BMT Allogeneic
B-cell ALL VCR, P, ANT, ASN, AraC, CPA TBI, CPA BMT Allogeneic
AUL VCR, P, ANT, ASN, AraC, CPA TBI, CPA, BMT Allogeneic
Good-risk AML AraC, ANT,= TG T HIDAC, AraC, ANT* TG (intensive, 6 months)
antibiotics (CNS prophylaxis in children)
APL AraC, ANT,+ TG+ HIDAC, AraC, ANT, = TG
antibiotics, heparin (intensive, 6 months)
AMML, EL AraC, ANT+ TG+ VPI6, AraC, ANT, = TG HIDAC, ANT CPA, TBI BMT
+ HIDAC (intensive 6 months)
AMOL VCR, P; AraC, ANT,+ TG, AraC, ANT, TG, intensive IT-MTX + heparin
antibiotics, Leukapheresis PRN
Secondary AML HIDAC TBI, CPA, BMT
CML, Blast crisis, VCR, P; HIDAC TBI, CPA, BMT, or MTX
lymphoid
CML, Blast crisis, HIDAC TBI, CPA, BMT

myeloid

AraC, cytarabine; HIDAC, high-dose cytarabine; ASN, asparaginase; ANT, anthracyclene (daunorubicin, adriamycin); CPA, cyclophosphamide; MP, 6-mer-
captopurine; MTX, methotrexate; IT, intrathecal; MD-MTX, intermediate-dose MTX; TG, 6-thioguanine; BMT, bone marrow transplantation; VCR, vin-

cristine; VP16, etoposide



tecedent bone marrow disease or cytotoxic
treatment and without major cytogenetic
abnormalities  (excepting translocation
15:17) is in many ways analogous to that
for common ALL. Patients are induced in-
to remission, in this case with araC + an-
thracycline (7 +3 or 10+ 3) or ara—C+ an-
thracycline + thioguanine  (TAD), and
given limited but intensive maintenance
therapy. No additional therapy will be re-
quired by as many as 30% of responders.
For those who relapse a second remission
may be achieved by the same drugs, follow-

(albeit transiently) these formerly re-
fractory secondary leukemias (see Table 4).
Although remissions to date have been
brief, they may permit these individuals to
be successful recipients of bone marrow
from normal donors, or of autologous mar-
row from which malignant cells have been
eradicated (Ritz et al., Rodt et al., Kersey
et al., McCaffrey et al., this volume).

The harnessing of the new techniques of
immunodiagnostics and monoclonal anti-
body production have led to remarkable
clinical results in leukemia and lymphoma

Table 4. Treatment of sec-

Treatment No.of No.of No.of Duration Reference ondary leukemias® with
patients CR PR (months) of high-dose cytarabine (HID-
response IC)
HIDAC 10 6 2 1-4+ [6]
HIDAC+ 14 9 2 - (1]
asparaginase

* Includes acute leukemia developing in patients diagnosed and
treated for CML, polycythemia  vera, and preleukemic (myelo-

dysplastic) syndromes

ing which allogeneic bone marrow trans-
plantation is performed if a suitable donor
is available and if the patient is 40 years of
age or less.

For patients with other varieties of acute
leukemia, who can be induced into remis-
sion but rarely remain there, e.g., T-cell
ALL, pre-B-cell ALL, Ph 1+ ALL (or
AML), and patients with very high blast
cell counts, transplantation should be per-
formed where possible early in the first re-
mission using the most appropriate avail-
able resources and techniques.

Until recently, there was little to offer in-
dividuals who developed acute leukemia in
marrows previously injured by other malig-
nancy, radiation, or cytotoxic drugs. Pa-
tients with lymphoid blastic crisis of CML
would occasional remit with vincris-
tine+ prednisone, but for the majority,
with myeloid secondary acute leukemias,
treatment was fruitless. The use of high-
dose cytarabine introduced by Rudnick et
al. [7] and further evaluated by several
groups [1-3] has been recently shown by
Preisler and co-workers and Capizzi [1, 6]
to be remarkably effective in controlling

([4]}, Ritz et al., Levy et al.,, Kersey et al,,
this volume). Although of recent vintage
the effects of antibodies or antisera in vivo,
and in vitro in conjunction with autograft-
ing, have been so successful that larger
trials to confirm and extend these ap-
proaches are mandatory. The pursuit of
alternative methods of eliminating tumor
cells on the one hand or T-effector T cells
on the other in order to broaden the appli-
cation of autografting and allografting for
the management of malignancy ([5], San-
tos, Redt, this volume) are also of high pri-
ority.

The ultimate goal for the clinician is to
have available a treatment for every type of
leukemia in every clinical setting, and a
rapid, reliable assay to determine which
treatments are required. Progress is being
made in this direction ([6], Izzaguira,
McCaffrey, this volume). For the present
choices must in the main rely on gener-
alities drawn from clinical experience, but
progress in assaying and classifying leu-
kemia has been so rapid as to encourage
great optimism for the management of
acute leukemia in the immediate future.
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Viral Oncogenes and Cellular Prototypes *
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A. Summary

The structural hallmark of retroviral trans-
forming onc genes is a specific RNA se-
quence that is unrelated to the essential re-
troviral genes but closely related to certain
cellular prototypes termed proto-onc genes.
Two types of onc genes have been dis-
tinguished. Type I are onc genes which uti-
lize elements of specific sequences only to
encode a transforming protein. Type II onc
genes are hybrids which utilize essential
viral (typically gag) and specific RNA se-
quences to encode transforming proteins.
Comparisons between viral onc genes and
cellular proto-onc genes are reviewed in the
light of two competing models for proto-
onc function: the quantitative model, which
holds that viral onc genes and cellular
proto-onc genes are functionally the same
and that transformation is the result of en-
hanced dosage of a cellular proto-onc gene;
and the qualitative model, which holds that
they are different. Structural comparisons
between viral onc genes and cellular pro-
totypes have demonstrated extensive se-
quence homologies in the primary struc-
tures of the specific sequences. However,
qualitative differences exist in the structure
and organization of viral onc genes and
cellular prototypes. These include dif-
ferences in promoters, minor differences in
the primary structure of shared sequences,
and absolute differences such as in the

* This work was supported by NIH research
Grant no., CA 11426 from the National Can-
cer Institute

presence of sequences which are unique to
viral onc genes or to corresponding cellular
genetic units. For example, type II hybrid
onc genes of retroviruses share only their
specific but not their gag-related elements
with the cell, and cellular proto-onc genes
are interrupted by sequences of non-
homology relative to viral onc genes. In ad-
dition, proto-onc gene units may include
unique cellular coding sequences not
shared with viral onc genes. There is cir-
cumstantial evidence that some proto-onc
genes are potentially oncogenic after acti-
vation (quantitative model) or modification
(qualitative model). Activated by an adja-
cently integrated retroviral promotor, the
cellular prototype of the onc gene of the
avian acute leukemia virus MC29 was pro-
posed to cause lymphoma and activated by
ligation with viral promoter sequences two
proto-onc DNAs, those of Moloney and
Harvey sarcoma viruses, were found to
transform mouse 3T3 cell lines. Mutations
presumably conferred 3T3 cell-transform-
ing ability to the proto-onc gene of Harvey
sarcoma virus that has been isolated from a
human bladder carcinoma cell line. In no
case has an unaltered proto-onc as yet been
shown to be necessary and sufficient for
carcinogenesis. Despite this and structural
differences between viral onc genes and
cellular proto-onc genes, we cannot at pres-
ent conclusively distinguish between the
quantitative and the qualitative models be-
cause a genetic and functional definition of
most viral onc genes and of all cellular pro-
totypes of viral onc genes are not as yet
available.
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B. Definition of onc Genes

Over 15 transforming onc genes have been
identified in retroviruses since the dis-
covery of the src gene of Rous Sarcoma vi-
rus (RSV) in 1970 [3, 8]. The only known
function of onc genes is neoplastic trans-
formation of normal cells to cancer cells.
The structural hallmark of all retroviral onc
genes is a specific RNA sequence that is
unrelated to the three essential virion
genes, gag, pol, and env. Thus, onc genes

are not essential for retroviruses and in-
stead may be viewed as molecular para-
sites. Retroviruses with onc genes are inevi-
tably and immediately oncogenic in sus-
ceptible cells or animals. However, re-
troviruses with onc genes are rare and ap-
pear only sporadically in natural cancers
[13, 37]. The majority of naturally occur-
ring retroviruses lack onc genes and are
therefore not directly oncogenic. Re-
troviruses without onc genes carry the three
essential virion genes gag, pol, and env and

Type I onc genes
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Fig. 1. Genetic structures of oncogenic avian retroviruses with two different types of onc genes:
Type I onc genes utilize specific sequences unrelated to the three essential virion genes gag, pol, and
env [8] to encode transforming proteins. Type II or hybrid onc genes utilize specific and virion genes,
typically gag-related sequences, to encode transforming proteins. Boxes indicate the mass of viral
RNA:s in kilobases (kb) and segments with in boxes indicate map locations in kilobases of complete or
partial (4) complements of gag and env, of the onc-specific sequences (hatched boxes) and of the non-
coding regulatory sequences at the 5’ and 3’ end of viral RNAs. Dotted lines indicate that borders be-
tween genetic elements are uncertain. The three-letter code for onc-specific RNA sequences extends
the one used previously by the authors: src represents the onc-specific RNA sequences of Rous sar-
coma virus (RSV); fsv is that of Fujinami sarcoma virus (FSV); mcv that of the myelocytomotosis vi-
rus (MC29); and amv that of the Avian myeloblastosis virus (AMYV), which is shared by erythro-
blastosis virus E26 [3, 4]. Recently, a different nomenclature has been proposed by others, i.e., myc
(=mcv), myb (=amv), fps (=/f5v) [40]. Lines and numbers under the boxes symbolize the complexities
in kilodaltons of the precursors (Pr) for viral structural proteins and of the transformation-specific
polyproteins (p). For E26 (*) a complete genetic map is not yet available. X and Y represent unidenti-
fied genetic elements of E26 [4]. The protein product of AMV (**) has only been identified in cell-free
translation assays (Lee and Duesberg, unpublished), and the size of p30 is deduced from the proviral
DNA sequence [29]. The size of the p94 protein of MC29 is deduced from the proviral DNA sequence
(Papas et al., this volume) and is at variance with the p110 value reported previously [3]
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are found primarily as nonpathogenic
parasites which are transmitted horizon-
tally, congenitally, or through the germ line
in many animal species. However, certain
animals, and, as recently shown, man (Gal-
lo etal., this volume), which carry such
viruses turn viremic and develop leukemias
and other forms of cancer after long latent
periods. Because of their association with
leukemias these viruses are often referred
to as leukemia viruses [3, 8, 13, 37, 40].

Only one viral onc gene, the src gene of
RSV, is genetically defined by classical de-
letion and recombination analysis [3, 8].
The onc genes of all other retroviruses are
associated with defective viruses which lack
functional complements of all (or most) es-
sential virion genes. Thus onc deletions of
defective viruses are not functionally de-
tectable and recombinants cannot readily
be distinguished for lack of secondary
markers. Consequently all viral onc genes
except for src are not genetically defined.

Nevertheless, on the basis of structural
and product analyses, two types of onc
genes have been distinguished: Type I onc
genes utilize their specific sequences and
viral regulatory sequences to produce
unique transforming proteins unrelated to
other viral gene products (Fig. 1). Type II
onc genes are hybrids containing specific
sequences and elements of essential virion
genes (typically from the gag gene, which
encodes the core proteins of retroviruses).
Together these elements encode hybrid-
transforming proteins, which are the basis
for the definition of hybrid onc genes
(Fig. 1) [21]. Examples of type I onc genes
in the avian tumor virus group are the src
gene of RSV, which encodes a p60 protein
(protein of 60,000 daltons) with an associat-
ed kinase function, and the amv gene of
avian myeloblastosis virus (AMV), which
probably encodes a p30 protein (Fig. 1)
[29]. Type II onc genes are encoded by de-
fective viruses like the acute leukemia
viruses MC29 and E26 and like Fujinami
sarcoma virus (FSV). The type II onc genes
of these viruses encode gag-related,
nonstructural, and probably transforming
proteins p94 (MC29), pl35(E26), and
pl40(FSV) (Fig. 1).

To date onc genes have not been found
in any other group of viruses, such as DNA
tumor viruses, which when oncogenic ap-

pear to transform with essential virion
genes [8]. Genes with exclusive oncogenic
function have also not been identified in
normal cells. However, genes with onco-
genic potential have been isolated from
cancer cells (see below).

C. The Qualitative and the
Quantitative Model

Retroviruses with onc genes represent a
paradox among viruses in that they appear
only rarely in nature and there is no evi-
dence for horizontal spread. Explanations
were offered by the oncogene [15] and pro-
tovirus [36] hypotheses which stated that
prototypes of onc genes exist in some latent
form in normal cells and may be induced
and transduced by retroviruses without onc
genes. The original oncogene hypothesis
was formulated in 1969, based on sero-
epidemiological evidence. Since reverse
transcriptase and infectious proviral DNA
[37, 40] had not yet been discovered, the
hypothesis could not conclusively define
the nature of cellular oncogenes and pos-
sible mechanisms of transduction by re-
troviruses. This was first attempted by the
protovirus hypothesis [36] and sub-
sequently by a revised oncogene hypothesis
[36a].

Using onc-specific hybridization probes
to test this hypothesis, DNA sequences re-
lated to viral onc genes have been found in
normal animal cells [12, 30, 33]. Some of
these sequences, termed proto-onc genes,
were shown to be highly conserved in dif-
ferent animal species including drosophila
[3la, 32, 34]. However, the function of
proto-onc genes is unknown and proto-onc
genes, like most viral onc genes, have not as
yet been genetically defined. Therefore ef-
forts to elucidate the relationship between
proto-onc genes and viral onc genes Is, at
this time, limited mainly to structural
analyses. Analysis of functional relation-
ships has to await genetic definition and
functional identification of gene products.

There are two competing views of the
role of proto-onc genes in normal cells: the
quantitative model, which postulates that
viral onc genes and cellular prototypes are
the same and the transformation is due to
enhaced gene dosage as a consequence of
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virus infection [1, 2] and the qualitative
-model, which holds that viral onc genes and
cellular prototypes are functionally dif-
ferent [3, 8, 10]. The quantitative model
sees normal cells as potential cancer cells
with switched off onc genes. The qualitative
model postulates mutational change and
possibly deletions of the coding sequence to
convert a cellular gene into a viral onc, or
possibly a non-viral cancer gene. Obviously
the two views have very different impli-
cations for possible prevention and therapy
of tumors caused by such genes, with the
qualitative model offering better op-
portunities for a therapeutic approach. In
the following we discuss studies to dis-
tinguish between the two models which fo-
cus on (a) structural comparisons of
molecularly cloned cellular proto-onc genes
and viral onc genes, (b) on measuring ex-
pression of proto-onc genes in normal and
tumor cells, and (¢) on testing morphologi-
cal transforming function of cloned DNAs
in transfection assays on cultured mouse
3T3 cell lines.

D. Structural Relationship
Between Viral onc Genes and
Cellular Prototypes

Structural comparisons at the nucleic acid
sequence level between type I and type II
viral onc genes and cellular prototypes of
different avian tumor virus subgroups have
provided the following insights:

The primary sequence of the type I src
gene of RSV, and of proto-src, are very
similar if compared by hybridization and
heteroduplex analyses [19, 31, 33]). How-
ever, scattered single base changes are de-
tected by mismatched regions in src RNA-
proto-src DNA hybrids [19]. By contrast,
the organizations of viral and cellular src
sequences are quite distinct. Heteroduplex
analyses of molecularly cloned viral src
DNA and cellular proto-src DNA show
that the cellular sequence is interrupted by
six to seven sequences of nonhomology
compared with the viral counterpart [25,
31, 35]. If one assumes that (i) the coding
sequences of the cellular proto-src locus
and of viral src are the same and (ii) that
the regions of nonhomology are noncoding
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introns and (iii) that the single base changes
reflect silent or conservative mutations,
proto-src could have the same function as
src. Since there is as yet no direct proof for
these assumptions, one cannot clearly dis-
tinguish between the two models on a
structural basis [3, 19]. Basically, the same
limitations regarding a distinction between
the two models also apply to structural
comparisons of other type I onc genes with
cellular prototypes.

For example, the onc gene of Moloney
sarcoma virus, v-mos, was shown to contain
five and its cellular prototype, c-mos, 21
unique 5’ codons in addition to 369 codons
shared by the two genes [26 a, 38 a].

Recently, we have compared the type 11
onc gene of MC29, the first hybrid onc gene
identified in retroviruses [21], with its cellu-
lar prototype. A heteroduplex formed be-
tween molecularly cloned MC29 DNA and
a molecular clone of the cellular prototype
of the MC29-specific sequence shows that
the specific sequence of 1.6 kb termed mcv
has a complete counterpart in the cellular
locus and that the cellular sequence is not
flanked at its 5’ end by a gag-related el-
ement (Fig. 2) [10, 28]. This has been con-
firmed by biochemical analyses [28]. The
heteroduplex also shows that the proto-mcv
sequence is interrupted by a l-kb sequence
of nonhomology (Fig. 2). Thus, even if one
assumes that the internal sequence of non-
homology is a noncoding intron (see Papas
et al., this volume), the cellular proto-mcvy
could not encode the p9%4 Agag-mcv hybrid
protein encoded by MC29 (Fig. 1).

The same appears to be true for the
cellular prototype of the hybrid onc gene of
FSV, which also lacks a Agag element
(Fig. 3). The cellular prototype of the FSV-
specific sequence (fsv) is interrupted by on-
ly minor sequences of nonhomology if
compared with the 5 2kb of the viral
counterpart ([20]; Lee, Phares and Dues-
berg, unpublished). Since the cellular
prototypes of type II onc genes are not linked
to gag or other essential retroviral genes,
it follows that type II hybrid onc genes are
qualitatively different from their cellular
prototypes.

Due to the absence of direct genetic and
biochemical evidence it may be argued that
the Agag element of the hybrid onc genes
found in MC29, FSV, E26 (Fig. 1), and
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Fig. 2. Electron micrograph of a heteroduplex formed between a fragment of molecularly cloned
MC29 proviral DNA and proto-mcv, the cellular MC29-related locus of the chicken cloned in lambda
phage. Procedures for heteroduplex formation and analysis have been described [28]. The MC29 pro-
viral DNA used was a restriction endonuclease EcoRI-resistant DNA fragment that extends from the
5’ end of the viral DNA into Adenv (see Fig. 1 for a complete genetic map of MC29). DNA of the
proto-mcv clone includes the MC29-related locus flanked by about 6—7 kb of chicken DNA at eigher
side and then by the two arms of the lambda phage vector. The arrow marks the 1-kb sequence of
nonhomology that interrupts the MC29-related sequence of proto-mcv. The diagram reports length
measurements of the respective DNA regions of the heteroduplex in kilobases (data are from

Duesberg et al. [10] and Robins et al. [28]

many other avian and murine acute leu-
kemia and sarcoma viruses [3, 40] is not
necessary for transforming function. How-
ever, several observations lend indirect
support to a distinctive role for Agag in
hybrid onc genes: (a) The genetic Agag-x
design is highly conserved in onc genes of
different taxonomic groups of viruses [3,
40] consistent with a functional role of
Agag in hybrid onc genes. In support of this
view, Temin et al. have recently shown that
gag may not be essential for packaging of
some viral RNAs by helper virus proteins
and thus would not necessarily be conserved
for this purpose [38b]. (b) Since Agag
together with the specific sequences of a

given oncogenic virus forms one genetic
unit, .i.e., the hybrid onc gene which is
translated into one nonstructural, probable
transforming protein, Agag is also likely to
play a direct role in onc gene function. If
Agag were not necessary for oncogenic
function, viruses would have evolved where
Agag would not be translated, e.g., spliced
out from a mRNA at the posttranscription-
al level.

A distinctive role for Agag in onc gene
function is illustrated by one peculiar pair
of onc genes which share the same specific
sequence but not Agag. One of these, the
onc gene of AMV, appears to utilize the
specific sequence (amv) only to encode a
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Fig. 3. Electron micrograph of a heteroduplex formed between Fujinami sarcoma virus (FSV) provi-
ral DNA molecularly cloned in the plasmid pBR322 [20] and proto-fsv, the chicken cellular locus re-
lated to the FSV-specific sequences (fsv) (Lee and Duesberg, unpublished). Isolation of the proto-fsv
sequence from a chicken DNA library in lambda phage followed procedures published previously by
this laboratory [28]. Procedures for heteroduplex formation were those described for Fig.2. The
proto-fsv lambda phage used here shares about 2 kb with FSV DNA which maps adjacent to Agag in
FSV. The 2-kb region of the cellular proto-fsv locus appears colinear with its viral counterpart. It is as
yet unclear whethter proto-fsv represents all FSV-specific sequences, unrelated to essential retrovirus
genes, or whether additional proto-fsv specific sequences exist that would map between the 2-kb re-
gion and denv of FSV ([20]; Lee, Phares and Duesberg, unpublished)

type I transforming protein although AMV
contains a complete gag gene (Fig. 1) ({9,
29]; Papas et al., this volume). The other,
the onc gene of E26, utilizes Agag together
with amv to encode a type II hybrid-trans-
forming protein (Fig. 1) [4]. The different
onc gene structures of AMV and E26 cor-
respond to different oncogenic properties.
AMY causes exclusively myeloblastosis and
E26 causes primarily erythroblastosis [22].
Thus the onc genes of AMV and E26 have
distinct functions consistent with distinct
onc gene structures although they share a
related specific sequence (amv). Extrapolat-
ing from this, one can imagine that the
proto-amy sequence together with adjacent
cellular information may be part of a gene
with again a distinct cellular function. The
same may be true for the functional rela-
tionship of all hybrid onc genes with their
cellular homologs.
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Further it appears that related viral onc
genes and cellular prototypes may differ in
the amount of a shared, specific sequence.
For example, the specific sequences of the
hybrid onc genes of MC29 and its relatives
MH2 and CMII [3] or of Fujinami and PRCII
sarcoma viruses [3, 17, 41] may differ as
much as 30% from each other. Likewise the
amv sequences of AMV and E26 differ in
complexity, with E26 lacking both 5 and 3’
amv sequences (Nunn and Duesberg, un-
published). This argues that subsets of a
cellular sequence may be sufficient for
transforming function as part of a viral
transforming gene. By contrast the high de-
gree of conservation of proto-onc genes in
vertebrates and invertebrates [31a, 32, 34,
40] argues that all cellular sequences, relat-
ed to a given class of viral hybrid onc genes,
are necessary for their unknown cellular
function including those sequences which



are not shared by all viral onc genes of a
given class.

Comparison with cellular prototypes in-
dicates that hybrid onc genes have at least
two essential structural domains one repre-
sented by the minimal complement of a
given class of specific sequences shared
with a cellular locus, the other by Agag.
Moreover, the cellular genes may in addi-
tion to the codons shared with viral onc
genes consist of other cell-specific codons
that together have a function that is dif-
ferent from viral onc genes. These dif-
ferences suggest, but do not prove, that the
products encoded by viral hybrid orc genes
and the genes of the cellular proto-onc loci
have different functional domains.

E. Expression and Biological Activity
of Proto-onc Genes: Evidence
for a Role in Carcinogenesis?

A direct assay of the function of cellular
proto-onc genes is not yet available. In ad-
dition it has not as yet been possible to iso-
late proto-onc genes from normal cells that
are directly oncogenic. Consequently, no
cancer has as yet been shown to be caused
by a proto-onc gene.

Nevertheless, there is circumstantial evi-
dence that cellular proto-onc genes have
oncogenic potential. For example, it has
been speculated that proto-onc genes may
be activated by promotors or enhancers of
retroviruses without onc genes [14, 26].
Such promoters are encoded in viral LTRs,
the terminal sequences of proviral DNA
and may function like the promotors of
bacterial IS-elements [29a]. Applied to re-
troviruses, the hypothesis states that such
activation requires integration of the pro-
virus adjacent to proto-onc and subsequent
transcription of a hybrid mRNA which in-
cludes at its 5 end viral LTR sequences
and cellular proto-onc sequences down-
stream [14, 38]. Thus, the viral promoter
would activate cellular genes located down-
stream of the provirus. This hypothesis
would explain how the rather ubiquitous
retroviruses without onc genes may oc-
casionally become oncogenic. If correct,
this would lend direct support to the quan-
titative model.

Accordingly, virus-negative tumors [11]
and tumors induced by nondefective re-

troviruses without onc genes have been
screened for the expression of sequences re-
lated to viral onc genes [14, 16, 26]. Specifi-
cally, enhanced expression of proto-mcv
(Fig. 2) by promoters of avian leukemia
viruses without onc genes has been proposed
to cause bursal lymphoma in chicken af-
ter latent periods of over 6 months [14].
However, this proposal raised a number of
questions: (a) for example, why does ac-
tivated proto-mcv not cause the acute
myelocytomatosis, carcinoma, or sarcoma
caused by MC29? This difference may sig-
nal qualitative differences between the
functions of viral onc genes and the hy-
pothetical oncogenic functions of cellular
prototypes. These differences may reflect
the structural differences, namely linkage
of mcv to Agag in the viral but not in the
cellular gene. It is recognized that this ex-
planation implies that proto-mcv has po-
tential oncogenic function, albeit different
from the onc gene of MC29. However,
evidence listed under (c) and (e) suggests
that proto-mcv may neither be necessary
nor sufficient for lymphomagenesis. (b) A
recent reinvestigation of proto-mcv acti-
vation by avian leukemia viruses has re-
vealed that activation also works upstream
and as well as in the opposite polarity
within a region of about 20kb flanking
proto-mcv [26]. Although this does not rule
out activation of proto-mcv as the cause of
the lymphoma, it rules out a common and
orthodox mechanism to explain the report-
edly causative activation of proto-mcv. (c)
This work and the original study also raise
the questions why proto-mcv activation was
only observed in 80% of retroviral lym-
phomas and thus may not be a necessary
condition for lymphoma and why the latent
period for leukemia virus to cause bursal
lymphoma would be at least 6 months [14].
Considering the high multiplicities of in-
fection, the large number of bursal cells,
and a complexity of 10° kb of the chicken
genome, a successful infection within 20 kb
of proto-mcv should be a rather frequent
event consistent with a short, rather than a
long, latent period for leukemogenesis. (d)
Furthermore, it is unclear why in other
cases of viral leukemias, it has not been
possible to demonstrate promotion of cellu-
lar genes [16] and why a correlation be-
tween neoplasia and enhanced expression of
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known cellular proto-onc genes in a num-
ber of virus-negative human tumors can-
not be demonstrated [11]. (¢) An attempt to
isolate directly the presumably activated
oncogenic proto-mcv gene from bursal lym-
phoma cells has led to the detection of a
transforming DNA that is unrelated to
MC29 [5]. In these experiments DNA
isolated directly from tumor cells has been
tested for oncogenic function on the mouse
fibroblast 3T3 cell line. Assuming that the
3T3 cell assay is suitable to detect a
leukemogenic transforming gene, as has
been suggested in some cases ([27]; Lane
et al., this volume), this result means that
proto-mcv was either not responsible for the
bursal lymphoma at all [14] or that upon acti-
vation it played an indirect role. In the lat-
ter scenario, proto-mcv could mutate the
cellular gene identified in the 3T3 assay to
create a maintenance gene for lymphoblast
transformation [5]. If correct, the exper-
iments that detected proto-mcv activation
in lymphoma [14] would have found a lym-
phoma initiation gene by searching for the
presumed maintenance gene with a probe
for the acute onc gene of MC29. It would
appear that available evidence does not
prove that proto-mcv activation is necessary

or sufficient for lymphomagenesis.
There is circumstantial evidence that some

other proto-onc genes become oncogenic
upon activation. Using the techniques of
DNA transfection two proto-onc genes, i.e.,
those related to the murine Moloney and
Harvey or Kirsten sarvoma viruses, have
been shown to transform mouse 3T3 cells
after ligation to viral promoter LTR se-
quences derived from Moloney or Harvey
sarcoma virus[6,23]. Although this doesimply
that these proto-onc genes are potentially on-
cogenic, the relevance of this result to non-
viral cancer is uncertain (a) because the cel-
lular loci are not normally linked to viral
LTRs and are only oncogenic after ligation
with sarcoma viral LTRs, (b) because the
genes of the proto-onc loci and their prod-
ucts are not yet genetically and biochemi-
cally defined and thus are not directly com-
parable to their viral counterparts, and (c)
because to date the assay has been restrict-
ed to the 3T3 cell line, which is pre-neo-
plastic and transforms spontaneously or
can be transformed by a large number of
viral and nonviral DNAs [27, 39]. It is on
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the basis of this assay that the structural
differences between the v-mos and c-mos
[26a, 38a] are considered functionally ir-
revelant [1]. Moreover, to date the same as-
say has not shown transformation potential
for over a dozen other proto-onc sequences
from normal cells including proto-src,
which, upon transfection, was expressed at
high levels in mouse cells yet failed to
transform these cells morphologically
(Shalloway and Cooper; Parker and
Bishop, personal communication). In par-
ticular not a single prototype of a hybrid
onc gene like proto-mcv was shown to have
transforming function despite similar ef-
forts (Robins and Vande Woude, personal
communication).

Recently, DNA has been isolated di-
rectly from cell lines derived from human
tumors and has been tested for oncogenic
function in the 3T3 cell assay system. In
some cases transforming DNA was extract-
ed from bladder carcinoma cells with
properties of a proto-onc gene. This DNA
resembled the onc gene of Harvey and Kir-
sten sarcoma viruses [7, 24]. Since the DNA
equivalent of normal cells did not trans-
form 3T3 cells it would follow that a mu-
tational change must have converted this
human proto-onc gene to become active in
the 3T3 cell assay. However, not all cell
lines prepared from bladder tumors yielded
active DNA, and DNA from primary
tumors has not as yet been tested. It re-
mains to be shown that the DNA that was
active in the 3T3 cell assay also caused the
original cancer.

It would follow that consistent with the
qualitative model there is as yet no direct
functional or genetic evidence to prove a
direct role of proto-onc genes in carcino-
genesis. Normal proto-onc genes have only
been shown to be oncogenic on 3T3 cells
after modification. In one case proto-onc
genes were ligated to viral LTRs. In the
other case mutation presumably conferred
transforming ability to the proto-onc gene
related to Harvey sarcoma virus isolated
from a human bladder carcinoma cell line.
Proto-types of type II onc genes have not as
yet been positive in the 3T3 cell assay and
the bursal lymphomas reportedly caused
by activation of proto-mcv are qualitatively
different from the tumors caused by the
type II onc gene of MC29. Indeed, some re-



cent results suggest that these lymphomas
are maintained by a transforming gene that
is unrelated to proto-mcv. Taken together
these may be signals that viral onc genes
and their cellular prototypes are qualita-
tively different.
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The Transforming Gene of Avian Acute Leukemia Virus MC29

K. Bister, P. Enrietto, T. Graf, and M. Hayman

A. Introduction

The transforming gene of avian acute leu-
kemia virus MC29 is represented by a
hybrid structure of a partial complement
from the structural gene gag and MC29-
specific sequences, termed myc. As a gen-
etic unit these sequences together code for
the transforming protein p110 [1-3]. From
the continuous MC29-transformed quail
cell line Q10 [3] partially transformation-
defective (td) mutants of MC29 have been
isolated which have a strongly reduced
ability to transform macrophages in vitro
or to induce in vivo any of the tumors typi-
cally associated with wild-type (wr) MC29
[9]. These mutants are still able to trans-
form fibroblasts in culture. It was recently
shown that their altered oncogenic proper-
ties are due to the loss of transformation-
specific sequences from the genomic RNAs
and their protein products [5, 8]. On pas-
sage through chicken macrophages, one of
these mutants, MC29 td 10H, gave rise to a
virus, termed MC29 10H BI, which has re-
gained the ability to transform macro-
phages efficiently [11].

In this communication we report on nu-
cleotide-sequencing data which make pos-
sible a more precise location of the de-
letions in the td MC29 myc region, and we
also show that MC29 10H BI RNA con-
tains myc sequences that are not present in
td MC29, but are shared with wt MC29 as
well as with the cellular c-myc locus.

B. Results and Discussion

I. Genetic Structure of td Mutants of
MC29

The basic genetic structure of the deletion
mutants td 10A, td 10C, and td 10H is
shown in Fig. 1. The genomic RNAs have
lost overlapping myc-specific sequences of
200, 400, and 600 nucleotides, respectively.
The deleted sequences are represented by
myc-specific oligonucleotides 1, 7b, and 26,
located 3’ to a Sall site present in wt MC29
proviral DNA [5]. In order to locate these
deletions more precisely we have se-
quenced wt MC29 proviral DNA and were
able to locate myc oligonucleotides 26 and
1 near to the Sall site and myc oligonucleo-
tide 3 near to the myc-env junction (Fig. 2).
All td mutant RNAs contain myc-oligonu-
cleotide 3 and env oligonucleotides 7 a, 14 a,
and 2 [5]. Hence, the myc-env junction is
unaffected by the deletions and conserved
in td and wr MC29 RNAs. All td mutant
RNAs lack myc oligonucleotide 26 [5], and
their proviruses lack a Clal site present in -
wt MC29 proviral DNA ([6]; compare
Fig. 2). The smallest deletion, in mutant ¢d
10A, appears to end within the 5’ half of
oligonucleotide 1, since 10A RNA was
shown to contain a truncated version (1a)
of this oligonucleotide, differing from the
wt form by the lack of one U and one AAC
residue upon digestion with RNase A [J].
This would place the 5’ origin of the de-
letion near the Sall site. In excellent agree-
ment with this the larger deletions in d
10C and td 10H result in the total loss of
oligonucleotides 1 and 7b, which appar-
ently maps 3’ from 1 and was found in #d
10A RNA [5].
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Fig. 1. Schematic diagram of the genomic RNAs and gene products of MC29 deletion mutants 10A,
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Fig. 2a,b. Nucleotide se-
quence analysis of wt MC29
proviral DNA around the
Sall and Clal sites in the
center of the myc region a
and around the myc-env
junction b. a A subcloned
1.5-kb PstI fragment of
cloned MC29 DNA [13]
was sequenced from both
the Sall and the Clal sites
by the method of Maxam
and Gilbert [7]. Sequences
corresponding to previously
identified myc-specific T,-
oligonucleotides 26 and 1
(in the 5’ to 3’ order) are
underlined [1, 5]. b A sub-
cloned 1.1-kb Sall-BamHI
fragment of cloned MC29
DNA [5] was sequenced
from the BamHI site. Se-
quences corresponding to
previously identified myc-
specific T,-oligonucleotide
3 are indicated by a solid
line; those corresponding to
env T,-oligonucleotides 7a,
14a, and 2 (in the 5’ to 3’
order) are indicated by
broken lines
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These data allow the following con-
clusions: (1) The deletions in all three td
mutants are overlapping and probably
even start from the same map position near
the Sall site. (2) Since the Sall site maps
about 2050 nucleotides (corresponding to
protein sequences of 78,000 daltons) 3
from the initiation site for the synthesis of
the gag-related transforming proteins [5], it
appears almost certain that the deletions
are in phase and that the transforming pro-

teins (p100, p95, p90) of the td mutants
share the carboxy-terminal sequences with
the wt protein (p110). This is also strongly
supported by the fact that the sizes of the
deleted RNA sequences correspond closely
to the smaller sizes of these proteins
(Fig. 1). (3) Since all mutants were selected
for fibroblast transformation, it appears
that the 5° or 3’ terminal myc sequences, or
both, are needed for that activity, but not
the central myc sequences. Their deletion,
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however, strongly affects the potential for ,
hematopoietic cell transformation. This
could possibly reflect the presence of two
functional domains on the wr p110, one of
which would be deleted in the mutant pro-
teins. A possibly important difference be-
tween the wf and the mutant proteins is that
pl10 is strongly phosphorylated whereas
the mutant proteins have lost specific thre-
onine phosphorylation sites [4, 10].

I1. Genetic Structure of Recovered MC29
10H BI

When 1d MC29 10H was passaged through
chick macrophage cultures, a virus (10H
BI) was recovered that had regained the
ability to transform macrophages as effi-
ciently as wt MC29 [11]. Here, we used a
nonproducer line of 10H Bl-transformed
quail embryo fibroblasts that was superin-
fected with ring-necked pheasant virus
(RPV) and labeled with [*H]uridine or

HOMOCHROMATOGRAPHY ——————

ELECTROPHORESIS

H,;*?PO,. Virus was purified and electro-
phoretic analysis of purified, heat-den-
atured viral RNA showed the presence of
two components: the 8.5-kb RNA of RPV
and a 5.7-kb RNA, comigrating with wt
MC29 RNA originating from MC29-trans-
formed cell lines Q8 or Q10 (Fig. 3). Hence,
10H BI RNA is 0.6 kb larger than the ge-
nomic RNA of the deletion mutant td
MC29 10H (Fig. 1) from which it was de-
rived on passage through macrophages. To
analyze the structure and possible origin of
these acquired sequences, T,-oligonucleo-
tide fingerprints of [**P] RNA were pre-
pared. [*?P] 10H BI (RPV) RNA was
hybridized with cloned proviral MC29
DNA from the Agag-myc or the myc-Aenv
region [5], or with cloned c-myc DNA [12].
Figure 4 shows that the oligonucleotide
pattern of 10H BI RNA from the myc and
the adjacent gag and env regions is very
similar to that of wt MC29 RNA reported
previously [5]. In particular, myc oligonu-

is

Fig. 4 A-C. Fingerprint analysis of [**PJRNA from 10H BI (RPV) hybridized with (A) DNA from
pBR322 containing the 5’ half of the myc sequence and adjacent gag sequences (pmyc-5'; see [5]), (B)
DNA from pBR322 containing the 3’ half of the myc sequence and adjacent env sequences (pmyc-3';
see [5]), or (C) DNA from phage Charon 4A containing the cellular ¢-myc locus [12]. Hybridization of
[*?P]JRNA with plasmid or phage DNA, isolation of the hybrid, and fingerprint analysis of hybridized
RNA were carried out as already described [5]. The composition of T,-oligonucleotides after digestion
with RNase A was determined. Oligonucleotides with previously found compositions were numbered
accordingly [5]. The composition of 7c is: 2U, 6C, 2AC, AU, AG, AAC. Large numbers indicate myc
oligonucleotides; small numbers refer to gag or env oligonucleotides
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cleotides 1, 7b, and 26, which are missing
from td MC29 10H RNA are present in
10H BI RNA. Oligonucleotide 7c appears
to be a variant of env oligonucleotide 7a
present in wt and td 10H MC29 [5]. There
are more differences in the oligonucleotide
pattern of 1d 10H and 10H BI RNAs (not
shown). These would have to be explained
by point mutations or recombination with
helper virus, if 10H BI is directly derived
from 7d 10H in a recombinational event in-
volving cellular c-myc sequences. Due to
the close relationship between the viral and
the cellular myc sequences [12, 13], such an
event would involve double legitimate re-
combination, and hence could conceivably
have occurred during the generation of
10H BL
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Their Role as Progenitors of Viral onc Genes
and Their Expression in Human Cells

F. Wong-Staal, S. Josephs, R. Dalla Favera, E. Westin, E. Gelmann, G. Franchini,

and R. C. Gallo

Type C retroviruses are associated with
naturally occurring leukemia-lymphomas
in many animal species, including man (see
Gallo et al., this volume), and they are also
the first tangible tools for approaches to
our understanding of the molecular mecha-
nisms of cellular transformation (see Dues-
berg et al. and Vande Woude et al., this
volume). While most retroviruses isolated
in nature are slow acting in disease in-
duction (chronic leukemia viruses), a sub-
class of viruses, including the sarcoma
viruses and acute leukemia viruses, cause
disease rapidly in vivo and transform ap-
propriate target cells efficiently in vitro.
These properties are conferred on the
viruses by a viral transforming (v-onc)
gene. There are now at least 17 different
v-onc genes identified in retroviruses isolat-
ed from avian, rodent, feline, and primate
species. All viral onc genes are derived
from normal cellular genes (c-onc genes) of
their host of origin. C-onc genes share sev-
eral common features: (1) they are highly
conserved among all vertebrates and some
are conserved even in nonvertebrate
species. For example, sequences related to
a few onc genes have been identified in
Drosophila [8], and an enzyme related to
pp60° of Rous sarcoma virus has been de-
tected in sponge (M. Schartl, personal com-
munication). (2) With few exceptions, the
homology between c-onc and v-onc genes is
interrupted by nonhomologous stretches in
c-onc, tentatively referred to as introns. (3)
Most c-onc genes have been found to be ex-
pressed at least at some stages of normal
cell growth, suggesting they are functional
genes in normal cellular processes.
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The interest of our laboratory in c-onc
genes is chiefly in their role in growth, dif-
ferentiation, and neoplastic transformation
of human cells. We have molecularly
cloned human DNA sequences homolo-
gous to a number of viral onc genes ([2, 3];
Franchini et al. [5] and unpublished), and
in collaboration with others we have stud-
ied their patterns of expression [4, 10, 11}.
Through the studies on the structures of the
human cellular genes and their relationship
to the corresponding viral genes we have
gained some insight on the possible mecha-
nism of generation of the acutely trans-
forming viruses. In the first part of this pa-
per we will selectively present a longitudi-
nal study comparing the viral and cellular
counterparts of one particular onc gene,
namely sis, the onc gene of simian sarcoma
virus, to illustrate this point. Studies on the
expression of onc genes in human cells
have also shed some light on the cellular
role of these genes, and in the second part
of this paper we will summarize studies on
the expression of six onc genes in different
human cells.

A. The Transforming Gene of Simian
Sarcoma Virus (sis)

Simian sarcoma virus, SSV, is the only
acutely transforming primate retrovirus
characterized to date. It was isolated in as-
sociation with a helper virus, SSAV, from
the fibrosarcoma of a woolly monkey [12].
Closed circular SSV and SSAV viral DNA
intermediates were cleaved with a one-cut
enzyme and ligated to phage vector arms to
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Fig. 1. Genetic structures of SSAV and two molecular clones of SSV

generate clones of complete, permuted
SSV, and SSAV genomes, which were com-
pared by restriction enzyme and hetero-
duplex mapping [6]. The SSAV DNA ge-
nome is a 9.0-kb molecule with two long
terminal repeat units (LTR). Two SSV
clones from viral DNA intermediates were
extensively analyzed (Fig. 1). When com-
pared to SSAV the two clones share three
regions of deletion and one substitution: a
0.2-kb deletion near the beginning of the
gag gene, a 1.9-kb deletion probably com-
prising most of the po/ gene, and a 1.5-kb
deletion in the env gene where a substi-
tution of 1.0-kb of SSV-specific (v-sis) se-
quences is found (Fig. 1). Comparison of
sis to other viral onc genes showed no de-

tectable homology [13]. Hybridization of
v-sis sequences to DNA from different pri-
mate and nonprimate species showed that
v-sis "has highest homology to woolly
monkey DNA [13]. Since SSV was orig-
inally isolated from a pet woolly monkey
which cohabited with a pet gibbon ape,
and since SSAV is highly homologous to
isolates of gibbon ape leukemia virus
(GaLV), we concluded that SSV arose from
a recombination between a woolly monkey
cellular gene and a retrovirus of the GaLV
group transmitted from the gibbon to the
woolly monkey.

We have determined the nucleotide se-
quence of the entire v-sis region and ad-
jacent SSAV-derived sequences (Josephs et

o 659 1007
U3 |R|Usb— — —— sis U3]R|US
open reading
frame
| AATAAAA| [ATG] [TaAa] |[AATAAG] [AATAGA| | AATAAA |
Promoter Initiator Stop Polyadenylation signals

Fig. 2. Fine structure of the SSV genome

sis protein: 226 residues
27,000 daltons
hydrophilic
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al., submitted). The results revealed a .

single large open-reading frame which ini-
tiates 19 bases within the helper-derived se-
quences and terminates about two-thirds
into v-sis (Fig. 2). The translated protein
product is highly hydrophilic and has a
molecular weight of 27,000 daltons. The
first six amino acid residues of the v-sis pro-
tein are coded by the SSAV-derived se-
quences. The recombination of v-sis and
SSAV occurs within a triplet at the 5’ end.
Potential promoter sequences AATAAAA
are found upstream from the ATG initiator
codon and in the U3 region of the LTR. It
is not clear which is the functional promo-
ter for the sis protein.

10 (11— 30

vsis GACGGAACGA GTCTGCAAAA TAAAAACCCC CACCAIGCCT ATG ACC CTC ACC T

splice
point

B. The Human Cellular Homologue of
sis

Labeled v-sis sequences detects a single lo-
cus in human DNA [14], and an RNA tran-
script of 4.2-kb in some human tumor tis-
sues [4, 10]. A clone of the human c-sis
gene was isolated from a recombinant
phage library [2]. The DNA insert of this
clone (L33) contains all the v-sis specific se-
quences. Two techniques were used to lo-
cate the regions of homology: restriction
endonuclease mapping and heteroduplex
formation between L33 and an SSV clone.
Both analyses revealed that the 1.0-kb of
v-sis homologous sequences in L33 span a
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viral junction
Trp \J

GG CAG GGG GAC
Gln Gly Asp

Met Thr Leu Thr

- - .

c-sis CGAGAAAGCC CCCACTCCCAIGC TCA CTC AGC CTT TTG GTG TCT GCC C

Ser Leu

210 220

70 Sst1 90
vsis CCC ATT CCT GAG GAG CTC TAT AAG ATG

Pro lle Pro Glu Leu Tyr Lys Met
csis - - . i€ - - —-- R -

* »

(Glu) *
280

Y L -

260

Pstl
vsis GAC

Asp
csis - T R

- - » . * .

CTG

Leu Leu Gin Gly Asp

c
{His) * ¢

320 330 340

Ser
230

CTG AGT, GGC CAC
Leu

Val Arb

240

Leu Leu Ser Ala

100 110 120
ATT CGC TCC TTC AAT
Ite Arg Ser Phe
--C
{Asp) * . . . . .

300

TCG

Ser Gly His Ser

» -

end of homology
160
AAA GAA GAT
Lys Glu Asp

170
GGG GCT GAG CTG GAC
Gliy Ala Glu Leu Asp

150

CTG CAG GGA GAC TCC GGA
Ser
[

Gly
- - - _ - splice

{Pro) *  point

ﬂﬁTAAATGGA ATCCCGCCCC GCGCTCC
350 360 370

Fig. 4. Comparison of nucleotide sequences and translation products of v-sis and c-sis
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region of 12 kb and are interrupted by at
least four nonhomologous regions (Fig. 3).
The 5 region of L33 delimited by the
EcoRI and Pstl sites was subcloned, and a
portion of its nucleotide sequence, compris-
ing sequences upstream from and including
the entire first homologous region as well
as part of the adjacent intron, was de-
termined [3]. When aligned with the v-sis
sequences, the first c-sis homologous region
is found to be 1000 bases long also starting
within a triplet, and contains six silent base
changes and five base changes resulting in
altered amino acid residues from v-sis
(Fig. 4). These changes probably represent
divergence of the human and woolly
monkey genes rather than that of viral and
cellular genes. There is no initiator ATG or
promoter sequences within the region of
homology or within the 246 bases up-
stream. However, there is a possible splice
site 29 bases upstream of the start of the re-
gion of homology. These results taken to-
gether suggest that recombination of SSAV
and c-sis occurred within an internal exon
of the functional c-sis gene and that c-sis
consists of additional exon(s) at the 5’ re-
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gion. These results may also explain why
the RNA transcript detected in human cells
is much larger than the 1.0-kb v-sis gene.
An additional interesting finding is the de-
tection of a six-basepair sequence (boxed in
Fig. 4) that is found in both c-sis and SSAV
right at the junction of recombination. This
sequence homology may be essential for
the recombination event as described in the
following model.

C. A Model for Generation of
Transforming Retroviruses

Based on the nucleotide sequence data, we
present a model for generation of SSV from
recombination of SSAV and c-sis se-
quences (Fig. 5). This model may also ap-
ply to formation of other transforming re-
troviruses. First a nondefective (helper) vi-
rus infects a cell and integrates at a site on
the chromosome. This initial event may be
random. If by chance a short sequence in
this provirus is homologous to a cell se-
quence downstream, recombination be-
tween these sequences may delete out the

Fig. 5. Model for generation of
acutely transforming retroviru-
ses. (a) Infection: a circular hel-
per virus genome shown here
with two LTRs in the vicinity of
a cellular onc gene. For simplici-
ty, the cellular gene is shown to
have two exons (hatched area)
and one intron. The small solid
bar represents homologous se-
quences in the helper virus and
c-onc. Wavy lines are cellular se-
quences flanking c-onc. (b) The
linearized helper provirus inte-
grates upstream from c-onc. (c)
Recombination between the ho-
mologous sequences deleting out
the intermediary stretch (inclu-
ding the transcriptional stop si-
gnals of the virus genome). (d)
Cotranscription of viral and cel-
lular sequences and removal of
the intron of c-onc. (e) Copy
choice cDNA synthesis. (f) Ge-
neration of recombinant virus
genome containing viral sequen-
ces flanking a cellular insert
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intermediary sequences. The site of re-
combination may occur within a gene, an
exon, or even a codon, as exemplified by
sis. Transcription of the newly juxtaposed
sequences results in a chimeric RNA mol-
ecule with viral and cellular sequences
which is then processed to remove the in-
trons of that part of the cellular gene. Si-
multaneous presence of complete viral and
chimeric RNA probably held together by a
dimer linkage at the 5’ end makes possible
copy choice DNA synthesis, resulting in a
recombinant DNA with viral sequences at
both ends and a cellular sequence inserted.
This DNA can then integrate into host
chromosomes, and RNA transcripts from it
can be efficiently packaged into virions.
Some aspects of the latter steps of this mod-
el have been proposed by others [1, 7].

D. Expression of onc Gene Homolo-
gues in Human Cells

The identification of human onc gene
homologues obviously raised the question
of whether these are functional genes and
whether they play a role in normal or neo-
plastic cell growth. We have examined a
wide variety of human cells for the expres-
sion of onc gene homologues of Abelson
murine leukemia virus (abl), avian myelo-
cytomatosis virus (myc), avian myelo-
blastosis virus (myb), Harvey murine sar-
coma virus (Ha-ras), simian sarcoma virus
(sis), and feline sarcoma virus (fes).
Molecularly cloned probes containing the
v-onc sequences are labeled and hybridized
to poly (A) containing RNA by the gel
blotting technique described by Thomas
51

I. Hematopoietic Cells

Our source of human hematopoietic cells
includes fresh uncultered cells from normal
individuals and leukemic patients as well as
various cell lines of defined marker charac-
teristics representing cells of myeloid,
lymphoid, and erythroid lineages arrested
at different stages of cell differentiation.
The results [10, 11] are summarized in
Table 1. Several points can be generalized
from these studies: (1) There is no obvious
difference between fresh and cultured cells

182

of the same lineage, e.g., fresh AML cells
and T-ALL cells behave as myeloblast cell
lines (KG-1) and T-lymphoblast lines
(CCRF-CEM, Molt-4) respectively. This
argues for the validity of studying cell lines
in these experiments. (2) The size(s) of
mRNA for a given onc gene is the same in
all human cells, and very similar (though
not necessarily identical) to that of mRNA
in other vertebrate cells. (3) The patterns of
expression of different onc genes vary.
Thus, each c-onc gene should be con-
sidered separate from the others. Specifi-
cally, the ab/ and Ha-ras genes are detect-
ably expressed (one to five copies per cell)
in all hematopoietic cells examined as mul-
tiple mRNA species. These genes are prob-
ably important for some basic cellular func-
tions. The myc and myb genes code for
single size transcripts of 2.7-kb and 4.5-kb
respectively. However, the expression of
myb is more restricted than myc. The myc
gene is transcribed in all hematopoietic
cells examined, including normal periph-
eral blood lymphocytes prior to or after
stimulation with PHA. The only exception
is terminally differentiated HL60 cells
where myc transcription is turned off. The
myb gene is expressed in the early pre-
cursor cells of lymphoid, myeloid, and
erythroid lineages, but there is little or no
expression relatively early in B-lymphoid
cell differentiation, and late in T-cell or
myeloid cell differentiation. Like myc, myb
is transcribed in undifferentiated HL60
cells but not in HL60 cells induced to dif-
ferentiate with either DMSO or retinoic
acid. The sis and fes genes are not com-
monly transcribed in hematopoietic cells.
There are two instances where enhanced
transcription is observed: myc transcription
in the promyelocytic cell line HL60 and
myb transcription in leukemic T-lym-
phoblasts. However, it is premature to con-
clude that these enhanced expressions are
disease related. Normal cells of equivalent
lineages and stages of differentiation and/
or more samples of similar disease types
will be needed to clarify the correlation
further.

1L Solid Tumors

A parallel study of human solid tumors and
normal fibroblast cell lines has been carried



€81

Table 1. Expression of onc genes in human hematopoietic cells [10, 11]

Cell type Source Stage of differentiation

mRNA species detected with

v-abl v-myc v-myb v-H-ras V-sis v-fes
(kb) (kb) (kb) (kb) (kb) ?
7.2,6.4 2.7 4.5 6.5 43
38,20 58,15
Myeloid KG-1, fresh AML Myeloblast + + + + + + + - -
HL60 Promyelocyte + + + 4+ ++ + + + - -
HL60+ DMSO, RA Granulocyte + + + - + - -
Erythroid K562 (Immature erythroid precursor) ++ ++ + + + - -
Lymphoid
T cells: CEM, Molt-4 fresh ALLImmature T cell + + + + +++ + - -
HUT78 Mature T cell ++ + + - + - -
HUT102 Mature T cell + + + + - + + _
B cells: Raji, Daudi Burkitt lymphoma ++ + + - + - -
NC37,CRB EBYV transformed + + + + - + - -
Normal peripheral lymphocytes NT + + - NT NT NT
Normal peripheral lymphocytes + PHA NT + + - NT NT NT

NT, not tested
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Table 2. Expression of onc

abl Ha-ras  oene homologues in human

Sarcomas

Rhabdomyo- -
Osteogenic -
Fibro- -
Synovial -

+++ +
+ 4+ 4+

solid tumor cell lines [4]

++ ++
++ ++

Carcinomas

Skin —
Lung -
GI -
Renal -
Bladder -
Ovarian -

++++++
|

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

Others

Melanoma -
Glioblastoma -
Teratoma —

+ + +
+

+ + +
+ + +

Normal fibroblast - + _

+ +

* sis is expressed in a high percentage, but not all,

dicated

out in collaboration with others and in par-
ticular Aaronson and colleagues [4]. The
results as summarized in Table 2 reinforced
the universality of expression of abl/ and
Ha-ras genes. The myb gene is not ex-
pressed in these cells and may be specifi-
cally involved in hematopoietic cell differ-
entiation. Of interest is the finding that c-sis
is frequently expressed at moderate to high
levels in sarcomas and glioblastomas but
not in any melanomas, carcinomas, or nor-
mal fibroblast cell lines. Therefore, expres-
sion of this gene shows the greatest corre-
lation with specific types of neoplasias.

E. Summary and Conclusion

Viral transforming (v-onc) genes are de-
rived from cellular (c-onc) genes that are
highly conserved among vertebrates. Com-
parative studies of v-onc and c-onc genes
have shed some light on the mechanism
leading to formation of the transforming
viruses. A specific example of the sis gene is
presented here for illustration. Studies on
the expression of six c-onc genes in human
cells revealed at least three categories of
onc genes: (a) those that are universally ex-
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of the tumors in-

pressed and probably are important in bas-
ic cellular functions, (b) those that are not
detectably expressed in the cells examined
and may have very transient expression in
development, and (c) those that are only
expressed in specific cell types and may be
important in tissue differentiation. Our
studies do not show conclusively a role of
these onc genes in human neoplasias.
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Based Upon Studies on Neoplasia in Xiphophorus

F. Anders*

Xiphophorus, including swordtails and
platyfish, is a genus of small viviparous
freshwater fish from Central America that
serves increasingly as a laboratory animal
[1]. For 25 years we have used Xiphophorus
for studies on neoplasia, which can easily
be induced in hybrids between descendants
of different provenance [2]. Although neo-
plasia of these animals is rather well under-
stood in terms of formal genetics, the
molecular basis of this phenomenon was
extremely resistant to any elucidation. Re-
cently a promising approach to the study of
neoplasia in Xiphophorus at the molecular
level has been undertaken in a coopera-
tive work of the laboratories of H. Bauer
(Institut fir Virologie, Giessen), W. and
H. Kersten (Institut fiir Physiologische
Chemie, Erlangen), S. Nishimura (National
Cancer Center Research Institute, Tokyo),
and our laboratories. The present review
will trace some steps of our studies that led
to the detection of a cellular oncogene and
a prominent regulatory gene.

A. The Taxonomic Groups of
Xiphophorus

The genus Xiphophorus lives in genetically
isolated populations in brooks, rivers,
lakes, ponds, and pools, and has evolved
into innumerable genotypically and pheno-
typically distinguishable groups [1]. Based

* This contribution appears also in the 33rd
Mosbach Colloquium: “The Biochemistry and
Differentiation of Morphogenesis”, also pub-
lished by Springer
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on certain morphological and ecological
characters, 17 of these groups have been
listed as species [3].

All individuals of this genus, however,
can be hybridized in the laboratory without
difficulty, and all hybrids are fertile. This,
together with the findings on the conform-
ity of genome organization [4], the low de-
gree of enzyme polymorphism [5, 6], and
the normal chromosome pairing during
meiosis in the hybrids [7], led to the con-
clusion that the taxonomic differences be-
tween these groups of Xiphophorus are not
at the species level, but at the level of
elementary local populations as well as
ecological and geographical races.

B. Insusceptibility to Neoplasia
in Wild Populations and Their
Purebred Laboratory Descendants

Tens of thousands of individuals from dif-
ferent wild populations of Xiphophorus
have been collected by several investigators
(see [2]), but no tumors were detected. In
the progeny of the wild populations, which
in the case of X. helleri from Rio Lancetilla
and X. maculatus from Rio Jamapa have
been bred in the laboratory since 1939
(about 80 and 120 generations, respective-
ly), no tumors occurred. About 10,000
specimens of purebred descendants of the
wild populations have been treated with
powerful carcinogens such as benzo(a)py-
rene, N-methyl-N-nitrosourea (MNU), and
X-rays, but none developed neoplasia.
These animals are highly insusceptible to
neoplasia (Table 1, first part).



No. of survivors No. of neoplasms ;?;;;;h orusN iop;iif aftg:'
treatment  with MNU
MNU X-rays MNU X-rays (1073 M; four times for 1 h
at 2-week intervals) and
Purebred X-rays (1000 R; three times
X. maculatus 410 3405 0 0 for 45min at 6-week in-
X. variatus ca 100 ca 500 0 0 tervals)
X. xiphidium ca 100 ca 100 0 0
X. helleri 415 ca 2000 0 0
X. cortezi ca 100 ca 100 0 0
e— p— N— p—
ca 7200 0
Hybrids
F, 470 ca 1000 18 (4%) 0
F,-F,,; BC, 8258 3587 826 (10%) 163 (5%)
Se— —— ’
ca 13,500 1007 (7.5%)

C. Susceptibility to Neoplasia in
Laboratory Hybrid Populations

In contrast to the animals from purebred
wild populations, animals from laboratory
hybrid populations derived from crosses
between the purebred descendants of wild
populations may be susceptible to neo-
plasia. Following treatment with car-
cinogens, depending on the wild popu-
lations used for hybridization, about
1%-4% of the F,-hybrids develop neo-
plasia. Tumor incidence increases in the
second hybrid generation (F,) up to about
10% and remains stable in the succeeding
generations, which have been tested up to
F,, (Table 1, second part).

D. Classification of Neoplasms

As compiled from the results of several in-
vestigators in our laboratories [8] 805 of
10,195 (8%) hybrids which survived treat-
ment with MNU and X-rays developed a
large variety of different neoplasms. Most
of the neoplasms were classified as neuro-
genic and mesenchymal, with melanoma,
neuroblastoma, and fibrosarcoma being the
predominant types. Epithelial neoplasms
were less frequent but comprised the
largest diversity (Table 2).

E. Assignment of Cancer Susceptibility
to Chromosomes

To study what may be the crucial dif-
ferences between the fish that were in-
susceptible and those that were susceptible
to cancer, we attempted to assign the car-
cinogen-triggered neoplasms to chromo-
somes. For this study 65 defined genotypes
of X. maculatus, X. xiphidium, X. variatus,
X. cortezi, X. helleri, and their hybrids were
employed [9, 10]. The genotypes exhibit, or
lack, specific color patterns or enzyme
markers which are due to the expression of
specific genes, of which each is located on
a different chromosome. We used mainly
backcrosses, which were selectively bred for
a specific phenotypic marker, and thereby
for a specific chromosome. Such back-
crosses segregate into 50% animals carrying
the marker chromosome, and 50% lacking
this chromosome.

Neoplasia could be assigned specifically
to many different chromosomes. In the
example shown in the scheme of Fig. 1 al-
most exclusively the backcross (BC) se-
gregants exhibiting the stripes inherited
from X. maculatus were susceptible. They
developed melanoma, neuroblastoma,
ephithelioma, and fibrosarcoma. Some of
these hybrids developed several tumors of
different types. This is not to say that all
fish exhibiting the stripes develop neopla-
sia; but almost all neoplasms develop in
those animals that belong to the group of
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Table 2. Neoplasms induced in F,— F,, and BC,, generations (MNU: 6608 survivors; X-rays: 3587
survivors; total: 10,195)

Type of neoplasm No. of neoplasms Incidence (%) based on
total No. of survivors

MNU X-rays MNU X-rays
Neurogenic
Melanoma (benign) 135 93 2.12 2.6
Melanoma (malignant) 138 34 } 491 2.09 0.95
Neuroblastoma 84 7 1.27 0.2
Epithelial
Squamous cell carcinoma 6 0 0.09 0
Epithelioma 19 6 0.28 0.17
Carcinoma (low-differentiated) 3 4 0.05 0.11
Carcinoma (high-differentiated) 2 5 0.03 0.14
Adenocarcinoma (kidney) 8 2,0 78 0.12 0.05
Adenocarcinoma (thyroid) 2 3 0.03 0.08
Papilloma 9 0 0.14 0
Hepatoma 3 1 0.07 0.03
Acanthoma 3 0 0.04 0
Mesenchymal
Fibrosarcoma 190 6 2.87 0.17
Rhabdomyosarcoma 33 2 236 0.5 0.05
Lymphosarcoma 1 0 0.01 0
Reticulosarcoma 4 0} 0.06 0
Total 642 163 805

805 of 10,195 (7.9%) hybrids developed neoplasia; 92% of the hybrids were sufficiently protected

MNU or _ = o
X- rays W M

X, moculotus-¥ X hetieri -
\-—_.__-'__._’_____.—
— X
X~ rays ..,_
X MH’E =
MNU or g . ) )
X~ roys_‘ Fig. 1. Crossing scheme showing

the assignment of carcinogen-
triggered neoplasms to back-

— — cross segregants exhibiting stripes
o- * that are inherited from Xipho-
1 ¥ phorus maculatus. For details see

text

il

Backcross generation
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BC segregants exhibiting stripes. Thus, the
susceptibility to develop different kinds of
neoplasms apparently depends on the
marker chremosome which is responsible
for the stripes. There are other examples in
which susceptibility to neurogenic and epi-
thelial neoplasia could be assigned to a cer-
tain chromosome while susceptibility to
neoplasms of mesenchymal origin depends
on a different chromosome [10]. Other
examples have shown that susceptibility to
develop melanoma may depend on a Y-
chromosome, an X-chromosome, or an
autosome. For all backcross hybrids tested
so far, susceptibility to develop neoplasia is
apparently chromosome specific.

F. Assignmentof Cancer Susceptibility
to Oncogenes and Regulatory Genes

Information about the genes underlying
susceptibility to carcinogen-triggered neo-
plasia comes from the analysis of the
hereditary trait of certain “spontaneously”
developing melanomas, pterinophoromas,
neuroblastomas, thyroid carcinomas, kid-
ney adenocarcinomas, and reticulosar-
comas in hybrids. These neoplasms are
very rare compared with the carcinogen-
triggered tumors and therefore have been
considered as a curiosity by many cancer
researchers. They can, however, be produced
at the will of the experimenter and have
therefore been studied by many investiga-
tors [1]. They have contributed many im-
portant facts for developing ideas about
how other animals, including humans,
might inherit cancer [11, 12].

In the following chapters we shall mainly
deal with the genes involved in melanoma
development because their phenotypic ef-
fect, due to the enlarged shape and heavy
pigmentation of the transformed cells, can
easily be observed without killing the fish.
Even a single transformed cell can be dis-
tinguished from a regular pigment cell.

‘Crosses of a spotted X. maculatus (platy-
fish) with a nonspotted X. helleri (sword-
tail) result in F;-hybrids that develop be-
nign melanoma instead of spots (Figs. 2, 3).
Backcrosses of the F,-hybrids using the
swordtail as the recurrent parent result in
offspring (BC,), 50% of which exhibit
neither spots nor melanoma while 25% de-

velop benign melanoma (like the F,), and
25% develop malginant melanoma. Further
backcrosses of the fish (not shown in Fig. 3)
carrying benign melanoma with the sword-
tail result in a BC, that exhibits the same
segregation as the BC,. The same applies
for further backcrosses. Backcrossing of the
fish carrying malignant melanoma with the
swordtail results in a BC, in which 50% of
the animals do not develop melanoma,
while the remaining 50% develop malig-
nant melanoma. In contrast, backcrossing
of the melanoma-bearing hybrids using the
platyfish as the recurrent parent results in a
gradual suppression and finally disappear-
ance of neoplasia in the succeeding gener-
ations.

These results, with the inclusion of cy-
togenetic findings, were interpreted as fol-
lows [2]: The spots and their corresponding
genes are a specific accessory of the platy-
fish. The melanomas of the hybrids are
closely related to the spots which actually
are extreme benign melanomas. On the
other hand the swordtail lacks both the cor-
responding spots and genes (Fig. 3).

The genetic information for neoplastic
transformation of pigment cells in encoded
in a “tumor gene” (Tu) which is inherited
by the platyfish. About 70 crossovers, de-
letions, duplications, and translocations
show that Tu is located at the end of the
X-chromosome and is under control of
linked and nonlinked regulatory genes [13].
In the platyfish used in this experiment a
“major” pigment cell-specific regulatory
gene (R) linked to 7u as well as two
“minor” regulatory genes, which compart-
ment-specifically suppress melanoma for-
mation in the dorsal fin (Rpy) and the pos-
terior part of the body (Rp,), are mutated
to R, Rp/, and Rp,/, respectively, and can
no longer suppress Tu. Evidence for this
comes from the appearance of some trans-
formed pigment cells in the dorsal fin and
in the skin of the posterior part of the
body. The regulatory gene that actually
suppresses tumor formation in the platyfish
used in this experiment is the homozygous
nonlinked “differentiation gene” (Diff)
which can easily be detected by the esterase
marker (Est-1) closely linked to Diff [6, 14,
15]. Further regulatory genes also present
in the system are not taken into consider-
ation.
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Fig. 2A-D. Spots and melanomas in Xiphophorus. A X. maculatus from Rio Jamapa (Mexico); “spot-
ted dorsal fin” (mutation R pf) and “spotted posterior part” of the body (mutation R p,). B F;-hybrid
between X. maculatus A and X. helleri from Rio Lacetilla (Honduras) exhibiting benign melanoma in-
stead of spots. C BC-hybrid B with X. helleri as the recurrent parent exhibiting malignant melanoma

instead of spots. D Albino BC-hybrid exhibing malignant amelanotic melanoma. A—C correspond to
the respective schematic drawings shown in Fig. 3
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Following crossings and backcrossings
using the swordtail as the recurrent parent,
the chromosomes of the platyfish are re-
placed by the homologous chromosomes of
the swordtail, resulting in the gradual dis-
integration of the regulating gene system
for Tu.

In contrast, following backcrossings of
the melanoma-bearing hybrids with the
platyfish as the recurrent parent, the chro-
mosomes carrying regulatory genes are re-
introduced into the descendants. This re-
sults in a reconstruction of the original reg-
ulating gene system that suppresses the ac-
tivity of Tu.

“Spontaneous” development of mela-
noma as well as its suppression following
the appropriate crossing procedures was
found in several experimental hybrid popu-

lations derived from different purebred
populations of different geographical or
ecological origin.

In order to disclose the genetic basis for
the bulk of neoplasms that develop follow-
ing treatment with a carcinogen, we have
modified the experiment shown in Fig. 3 to
the experiment shown in Fig.4: The R’
Rpf Rp, Tu chromosome was replaced by
the R Rpr Rp/ Tu chromosome, the “ma-
jor” R of which is nonmutated and active.
Since this R is inherited along with Tu,
neoplasia does not develop spontaneously
in the hybrids. Following treatment with
carcinogens, those hybrids carrying the
R-Tu chromosome but lacking Diff (de-
termined by the esterase) are highly suscep-
tible to neoplasia. In this case development
of neoplasia requires only impairment, or

R \"RQ" _ - F hfb’d’
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Fig. 3. Crossing scheme which displays the genetic conditions for the “spontaneous” development of
spots (Fig. 2A), benign melanoma (Fig. 2B), and malignant melanoma (Fig. 2C). — chromosomes
of X. maculatus; ——— chromosomes of X. helleri; Tu, tumor gene; R py and R pf, impaired regulatory
genes controlling Tu in the compartments of the posterior part of the body (Pp) and the dorsal fin
(Df); R’, impaired regulatory gene specific to pigment cells but nonspecific to the compartments; Diff,
regulatory gene controlling differentiation of neoplastically transformed cells; Est-1, locus for esterase
— 1 of X. maculatus. EST, esterases (polyacrylamide gel electrophoresis from homogenates of the eye);
note linkage of Diff and Est-1 (see arrows). c-src, pp60°™* kinase activity (cpm/mg protein; 53K; see
Fig. 11); note basic and excessive activity, and correlation between c-sr¢ expression and Tu expres-
sion. G/Q, *H-guanine incorporation in position 34 (anticodon) of tRNAs for Tyr, Asn, Asp, and His
(pmol/A,e; see Fig. 15); note low incorporation in tumors of Diff animals, indicating high Q content,
and high incorporation in the melanoma of Diff-lacking animals, indicating low Q content (com-
bined from data of [2, 6, 13, 14, 30, 31, 34, 40, 46]). For details see text
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Fig. 4. Crossing scheme displaying the genetic conditions for susceptibility to carcinogen-dependent
neoplasia. The highly susceptible genotype is highly sensitive to the carcinogenic (mutagenic) trigger.
Abbreviations according to Fig.3 Rp¢, impaired the regulatory gene controlling Tu in the com-
partment of the entire side of the body (Bs) (combined from data of [6, 16, 31, 34]). For details see text

deletion, of a single R gene by the car-
cinogen in a somatic cell [16].
In conclusion, the regulating gene sys-

tems confidently suppressing Tu in the

nonhybrids become disorganized if chro-
mosomes derived from different popula-
tions are combined in the hybrids by the
experimenter. This implies that, in pure-
bred fish, the Tu and its sets of regulatory
genes are population-specifically coadapt-
ed by natural selection. In any case the
genetic information coding for neoplastic
transformation can be traced to a Tu which
is present in the different cell types and is
normally under control of population-spe-
cific and cell-type-specific polygenic sys-
tems of linked and nonlinked regulatory
genes, which suppress the development of
the various types of potential neoplasms
(Fig. 5). According to the formal as-
signment of different neoplasms to a par-
ticular chromosome, the particular Tu that
codes for neoplastic transformation of pig-
ment cells may also code for transforma-
tion of cells of mesenchymal and epithelial
origin (see Figs. 1, 5).
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G. Enhancement of Melanin
Pigmentation in Melanoma as an
Epiphenomenon of Tu Expression

To study the relationship between mela-
noma formation and melanin synthesis [17,
18] we separated both processes by in-
trogression of an albino gene into mela-
noma-bearing hybrids. The result was al-
binos which developed melanomas that
completely lacked the melanin (Fig. 2D).
This indicates that enhanced melanin pig-
mentation of melanomas is an epiphenom-
enon of neoplastic transformation of pig-
ment cells exerted by Tu.

H. The Competent Cells for the
Activity of Tu in the Pigment
Cell System

The precursors of the melanin-producing
pigment cells of Xiphophorus, like those of
other vertebrates, originate from the neural
crest, and migrate to their final destination
(see Fig.5). They divide and undergo dif-
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Fig. 5. Schematic presentation of the differentiation of normal and neoplastically transformed pig-
ment cells. Only the intermediate melanoblasts (I-melanoblasts) are competent for transformation.
Tu, tumor gene; R e, pigment cell-specific regulatory genes for control of Tu,; gg, homozygous “gol-
den” mutation that blocks pigment cell differentiation; R nerv, R Epi, R Mes, Tegulatory genes that con-
trol Tu in the nervus cell system, the epithelial tissues and the mesenchymal tissues, respectively; Diff,
regulatory gene which supports cell differentiation. Macrophages attack only the terminally differen-
tiated pigment cells (both normal and transformed). (According to a scheme in [2], modified.) For

details see text

ferentiation through the stages of chro-
matoblasts, stem(S)-melanoblasts, inter-
mediate(I)-melanoblasts, advanced(A)-me-
lanoblasts, melanocytes, and, finally, differ-
entiate to melanophores, which are in-
capable of dividing. At a certain age the
melanophores are removed by macro-
phages. Supply comes from S-melanoblasts
(2, 19, 20].

A-melanoblasts,  melanocytes, and
melanophores have never been observed to
undergo neoplastic transformation. Thus,
these cells appear to be noncompetent for
the Tu activity. On the other hand, in geno-
types carrying a mutation that arrests dif-
ferentiation at the stage of S-melanoblasts,
melanomas cannot develop until exogen-
ous promoters push differentiation of
S-melanoblasts to the stage of I-melano-
blasts [21]. These studies show that also the
neural crest cells, chromatoblasts, and

S-melanoblasts are noncompetent. We
therefore conclude that the only stage of
differentiation in which the pigment cells
are competent for the transforming activity
of Tu is the stage of I-melanoblasts. These
cells become transformed to TI-melano-
blasts. We assume that the principle of
competence of a cell to the transforming
activity of Tu applies also for other kinds of
neoplasms.

It has not been possible to show so far
whether Tu is still active in the transformed
cells (T cells) for the maintenance of the
neoplastic state. In any case the TI-
melanoblasts continue to differentiate to
TA-melanoblasts, T-melanocytes and, fi-
nally, to T-melanophores that are in-
capable of dividing. This process corre-
sponds to differentiation of the nontrans-
formed pigment cells. It is not under the

‘control of Tu but under the control of the
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differentiation gene Diff. This, furthermore,
implies that Tu does not specify the degree
of malignancy of the melanoma (see later).

I. The Genuine Effect of Tu in the
Pigment Cell System

Information about the genuine effect of Tu
comes from a balanced laboratory stock
carrying a lethal Tu translocation that orig-
inated according to Fig.6. Tu from an
X-chromosome of X. maculatus becomes
translocated to an autosome of X. helleri
and, in its new position, is not under con-
trol of its former linked regulatory genes
(R, Rpy, etc). The progeny of this stock
segregates into 50% carrying the nonlinked
Diff which survive, while the corresponding
50% lacking Diff is lethal. As a conse-
quence of the Mendelian inheritance of the
Tu translocation through the germ line,
and the lack of Diff, Tu becomes active in
the developing progeny as soon as the pig-
ment cell precursors differentiate to the
competent I-melanoblasts.

This process starts in the 5-day-old em-
bryos. Some time later some single dividing
T-melanocytes appear at the peduncle of
the tail fin of the embryo (Fig. 7). Neo-
plastic transformation continues in all areas
of the developing embryo, where a pigment
cell precursor becomes competent, thus
building the lethal “whole body mela-
noma”. This reflects the genuine effect of
the completely derepressed Tu on the pig-
ment cell system [13].

X pP/
/‘P,'?
e,
A
Tu
A =
X F Pt R _Ror Rep

Fig. 6. Translocation of the tumor gene (7u)
from the X-chromosome (X) of X. maculatus to
an autosome (A) of X. helleri. Note separaion of
Tu from its linked regulatory genes (R, Rpf, Rpp;
see Fig. 3). F, sex-determining region of the
X-chromosome; Pt, pterinophore locus. For the
phenotypic effect see Fig. 7
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It is suggestive to assume that Tu might
exert an essential function in the early em-
bryo which is related to the neural crest
and its derivatives. In normal embryogen-
esis this function becomes switched off or
choked by the regulatory genes prior to the
5th day of embryonic life. If, however, the
regulatory genes (i.e., the entire switch) are
lacking, Tu continues to exert its early em-
bryo-specific function, which as a process
of misguided cellular development trans-
forms the competent cells to the neoplastic
state.

J. Indispensable and Accessory
Tu Copies

In the sex chromosomes of the platyfish 30
deletions involving Tu have been charac-
terized genetically, and some of the major
deletions involving both the Tu and its
linked regulatory genes, additionally to the
genetic results, were cytologically observed
[13, 22]. All deletions are nonlethal. Even
the loss of a Tu-containing segment of the
X-chromosome (one Giemsa band), in the
homozygous condition in the female or in
the hemizygous state in the male, appar-
ently has no detectable effect on viability.
This, together with the fact that the sword-
tail used in our crossing experiments popu-
lationspecifically lacks the Tu (see Figs. 3,
4), led us to the conclusion that the Tu so
far considered is not essential but is an ac-
cessory to the fish [2]. This is not to say that
the Tu has no normal function. One could,
for instance, assume that additional copies
of Tu that are indispensable to the fish are
present in the autosomes and may com-
pensate for the loss of the sex chromosome-
linked Tu loci according to a gene dosage
compensation mechanism which warrants
normal functions. Support for the as-
sumption of multiple copies of Tu per hap-
loid genome comes from the following ex-
periment. Platyfish, carrying the deletion of
the Giemsa band that involves the ac-
cessory Tu, were crossed according to the
procedure outlined in Figs. 3, 4, with the
swordtail populationspecifically lacking the
accessory Tu. No tumors developed in the
hybrids. Following treatment of the
backcross hybrids with MNU, however,
melanomas developed which were specifi-
cally localized at the upper part of the tail



C

Fig. 7A-C. The genuine effect of the tumor gene Tu (corresponding to the scheme of translocation
shown in Fig. 6). A Tail of a 10-day-old embryo (3 mm in length) exhibiting some T-melanocytes at
the peduncle of the tail fin. B The same fish, 5 days later (4 mm in length). C Neonate of the same

genotype (6 mm in length)

fin. These neoplasms could be assigned to
an autosome. Thus it appears that the
platyfish, besides the easily detectable ac-
cessory Tu copies contains additional ones
that require more intricate experiments for
their detection.

Our experience that all individuals of all
groups of Xiphophorus can contribute to

susceptibility to neoplasia in the hybrids
suggests that all individuals contain Tu
copies that are indispensable for the fish,
and may contain accessory Tu copies. Up to
ten accessory copies of the repressed Tu
could be introduced into a laboratory stock
by crossings. No effect on viability could be
observed.
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K. Oncogene Dosage Effect and
Oncogene Dosage Compensation

Both the X-chromosome of X. maculatus
containing Tu (the X-chromosome accord-
ing to Fig. 3) and the X-chromosome of
X. maculatus, having lost the Giemsa band
carrying Tu, were introduced into the ge-
nome of X. helleri lacking the regulatory
genes for the accessory Tu. XT# XPelx
XT“Y matings were accomplished. The seg-
egating offspring had none, one, or two,
respectively, accessory 7Tu copies and
showed a clear-cut gene dosage effect
(Fig. 8). If, however, the experiment was
modified by using animals as recipients,

having retained the nonlinked regulatory
genes, we observed a clear-cut gene dosage
compensation (Fig.9). Dosage effect and
dosage compensation of the accessory
oncogene Tu, therefore, depends on the ab-
sence or presence, of the nonlinked regu-
latory genes. Oncogene dosage effect and
oncogene dosage compensation has been
observed in many experiments of this kind
[23].

L. Transfer of Accessory Tu Copies
by Injection of DNA

DNA from laboratory platyfish carrying
several accessory copies of Tu (derepressed

C

Fig. 8A—C. Gene-dosage effect of the (incompletely) derepressed tumor gene (Tu). A No Tu (not a
single transformed pigment cell). B One dosage of 7« (melanoma formation). C Double dosage of Tu
(double effect in melanoma formation). Compare with Fig. 9
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Fig. 9A-C. Gene dosage compensation of the repressed tumor gene (Tu). A No Tu (not a single trans-
formed pigment cell). B One dosage of Tu (spots consisting of transformed pigment cells; see dorsal
fin). C Double dosage of Tu (effect shows no difference to that of one dosage). Compare with Fig. 8

as well as repressed) was injected into the
neural crest region of early embryos of the
swordtail which lacked both the accessory
Tu copies and the regulatory genes
(Fig. 10). The injected DNA may maintain
its high molecular weight for about 2 h and
thereafter becomes degraded to pieces
which are too small to contain genetic in-
formation [24]. Following the successful
uptake of Tu by an S-melanoblast of the
embryo, this cell may later become com-
petent to the Tu activity by differentiation
to an I-melanoblast, which eventually may
become neoplastically transformed to a TI-
melanoblast. Additional proliferation of T

cells amplifies the original transforming ef-
fect of Tu, and the result becomes visible as
the transformed cells differentiate to the
easily detectable colonies of T-melanocytes
and T-melanophores [25].

Depending on the type of the Tu donor
DNA (cotransfer of intact or damaged
regulatory genes) the percentage of re-
cipients showing T-melanocytes and
T-melanophores ranged from 0.4% to al-
most 8% (total number of survivors tested
in these expenments: 1390). Since the
number of the target cells (pigment cell
precursors) at the time of DNA injection
has been estimated to be about 1000, the
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frequency of the transforming event on the
cellular basis is in the range of 1075 [25].
This is the same order of transfection fre-

quencies reported for cell culture systems
[25-27].

M. The c-src Oncogene in the
Tu Melanoma System

Several virological observations came to
our knowledge which could be of interest
for a molecular interpretation of the Tu
gene: In chicken it was found that the
oncogene v-src from Rous sarcoma virus
(RSV) has a counterpart, c-src, in the
noninfected cells [28]. C-src or at least a
similar gene was also found in mammals
including mouse, calf, and humans [29];
and commercial DNA derived from salmon
[29] obviously contains the same gene.
There is, however, no convincing evidence
to relate the cellular src or its gene product,
a 60,000-dalton phosphoprotein with ki-
nase activity (pp60°*), to neoplasia that
depends on conditions other than virus in-
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fections (see discussions in [30, 31]). With
this background we started the search for
c-src in the genome of Xiphophorus.

C-src was detected in Xiphophorus by
molecular hybridization of a sre-specific
probe from cloned v-src with DNA from
fish [32]. To identify pp60°", brains of the
fish were labeled with *2P-orthophosphate,
and brain extracts were immunoprecipitat-
ed with antisera from RSV tumor bearing
rabbis (TBR-serum) followed by poly-
acrylamide gel electrophoresis. The 60K
protein detected in the gel has a tyrosine-
specific kinase activity, and represents the
pp60°*¢ [31].

The kinase activity was measured ac-
cording to Fig. 11 [33] and then determined
(see legends of Figs. 3, 11) in several tissues
including skin, liver, spleen, testes, brain,
and melanoma. Brain and melanoma al-
ways had the highest kinase activity.
Genotype-specific differences in kinase ac-
tivity showed an identical trend in both
brain and melanoma [31]. To compare c¢-src
expression in nontumorous and tumorous
fish, kinase activity was mainly determined
in the brains of these fish.
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To study the possible relation between
neoplasia and c-src expression we manipu-
lated neoplasia in Xiphophorus according
to the three genetic experiments outlined in
Figs. 3,4 and 12 [34].

1. In the experiment recorded in Fig. 3
the purebred X. maculatus carrying two re-
pressed copies of the accessory Tu, as well
as the purebred X. helleri and the BC-
hybrids lacking the Tu, display the same
activity of c-src kinase. This activity ap-
pears to be the basic expression of c-src. In
contrast, the melanoma-bearing hybrids
which contain the derepressed Tu show an
increase of c-src activity, with the malig-
nant melanoma bearing BC-hybrids dis-
playing the highest activities.

2. In the experiment recorded in Fig. 4
all purebred and hybrid animals, irrespec-
tive of the lack and the dosage of Tu but
dependent upon the nontumorous state
exerted either by several regulatory genes
or by a linked R alone (see the highly sus-
ceptible genotype), display a uniform c-src
activity which seems to represent the basic
c-src expression, as in the purebred animals
and Tu lacking hybrids in Fig. 3.

3. In littermates (Fig.12) which are
genetically identical except for the lack of
the accessory Tu and the presence of one or
two partially derepressed accessory Tu
copies, c-src displays a kinase activity that
increases stepwise in parallel to the lack

Ig G

Fig. 11. Assay for pp60°~* kinase activity
according to Collet and Erikson ([33],
modified; see also [30, 31, 34])

and the dosage of Tu, which, in their turn,
determine whether the animals will de-
velop no tumors, slowly growing tumors, or
fast-growing tumors. Table 3 shows ad-
ditional experiments of the same kind that
yielded similar results.

The main results of these experiments
are that the nontumorous fish display a
basic expression of c-sr¢ which in the tu-
morous fish may increase stepwise under
two different conditions, namely (a) the
stepwise derepression of an accessory Tu,
and (b) the stepwise introduction of ad-
ditional copies of a derepressed accessory
Tu. Since the measurements were ac-
complished in the brains of the fish the in-
crease of the activity of c-src is related di-

Table 3. pp60“* associated kinase ativity in
brain extracts specified by cpm per milligram
soluble protein® in F,-segregants (Data from

(34D

Tu gene Dosage of Tu"
Complex®

—/— ~/Tu Tu/Tu
Striped 90 200 390
Dabbed ®* 170 190 390
Dabbed ™ 200 260 1240

* Three to 8 brains per measurement
® One gel each
¢ Different gels each
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C TulTu

390cpm/mg

Fig. 12A-C. Correlation between gene dosage effect of Tu (phenotype of the tumor) and gene dosage
effect of c-src (pp60“* kinase activity) in littermates containing A no accessory Tu, B one dosage of
Tu, C double dosage of Tu. The genetic backgrounds of the fish are identical. A Tu is deleted in the
germ line. B, C The pigment cell-specific R linked to Tu is impaired by germ line mutation [13, 23].

Kinase data from [34]

rectly to the activity of 7u, and does not
represent an epiphenomenon of melanoma
formation, such as the elevated activity of
many enzymes, [3, 6, 14, 15] enhanced mel-
anin synthesis [18], certain chromosome
aberrations [35], etc.

These findings suggest several possibili-
ties for an interpretation of how Tu might
be related to c-sre: (a) Tu might be in-
dependent from c-src, and the cor-
respondence between both Tu and c-sre is
due to linkage relationship. (b) c-src might
represent a regulatory gene for Tu or vice
versa. (¢) Tu might consist of different on-
cogenes that are responsible for different
kinds of neoplasia and c-src is one of these
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genes. (d) Tu might be identical to c-sre,
and this oncogene is capable of coding for a
large variety of neoplasia. At present we
cannot decide on a special interpretation.
Additional data are required.

N. Distribution of c-src in the
Animal Kingdom

The presence of ¢-src in the genome of dif-
ferent animals such as chicken, salmon [29],
and Xiphophorus led to the more systematic
search for this oncogene in additional taxo-
nomic groups of animals. Firstly, different
groups of Xiphophorus and different fish



Table 4. Expression of pp60°* kinase in brain
extracts of different fish species [31]

from Belize River
from Rio Lancetilla
from Belize River
from Rio Jamapa
from Rio Usumacinta

Xiphophorus helleri
X. helleri

X. maculatus

X. maculatus

X. maculatus

X. cortezi

X. variatus from Rio Coy

X. variatus from Rio Panuco
Girardinus falcatus

Girardinus metallicus
Poecilia sphenops
Belonesox belizanus
Heterandria bimaculata
Xenotoca eiseni

genera more or less related to Xiphophorus
were investigated. All fish tested (Table 4)
show a pp60° kinase activity indicating
that c-src must be present [31). In addition,
c-src was evidenced by its kinase activity in
a large variety of metazoans other than
fish, ranging from mammals to sponges,
which, together with the results from other
laboratories are listed in Table 5. C-src was
not found in protozoa, algae, or higher
plants [36].

The distribution of the cellular counter-
part of the virl v-src brings about the idea
that c-src might have evolved together with
the multicellular organization of the ani-
mals, and that neoplasia might be a charac-
ter that is closely related to this evolution.

O. The Regulatory Gene Diff in the
Tu Melanoma System

The gene Diff is one of the most prominent
regulatory genes known in the melanoma

Table 5. c-src in eukaryotes (from [36])

system of Xiphophorus. As shown in Fig. 3,
benignancy and malignancy in the hybridi-
zation-conditioned melanomas depend
upon the presence or absence of the
chromosome carrying Diff. Biochemical
markers for this chromosome, i.e., the es-
terase Est-I and the isozyme A of the gly-
ceraldehyde-3-phosphate  dehydrogenase
[6] have confirmed that the Diff-carrying
chromosome is derived from the platyfish,
the source of accessory Tu.

P. The Major Characters of
Diff Expressions

The clear-cut Mendelian segregation of be-
nignancy and malignancy has provided the
opportunity to study the basic differences
between the benign and the malignant state
of the melanomas (Fig. 13, Table 6). The
cytological, fine structural, biochemical,
and biological data suggest that Diff pro-
motes the differentiation of T cells: If Diff
is lacking, the majority of the melanoma
cells persist in the stage of the poorly dif-
ferentiated, continuously dividing TA-
melanoblasts and T-melanocytes, and only
few cells differentiate to the final stage of
the T-melanophores. If, however, the Diff
is present, the majority of the melanoma
cells become terminally differentiated to
T-melanophores, whereas only a few cells
remain in the stage of TA-melanoblasts
and T-melanocytes. The T-melanophores
at a certain age are removed by macro-
phages ([14, 18, 20, 38], see also Fig. 5).
This process is antagonistic to the per-
manent supply of melanoma cells from
S-melanoblasts, and thus the melanoma is
rendered benign [20, 21].

Mammals Bony fish
Humans [29] Flat fish
Calf [29] Sea robin
Rat Mackerel
Mouse Roach

Gudgeon

Birds Xiphophorus
Chicken Salmon [29]
Quail Codfish

Cichlid

Insects
Cockroach
Drosophila [37]

Cartilaginous fish
Shark

Jawless fish

Lamprey Sponges
Marine sponge
Acrania Freshwater sponge
Amphioxus
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Q. Diffusiveness of a Diff
Dependent Product Involved in
Differentiation

Transplantation experiments, including the
composition of chimeras by fusion of parts
of early embryos, have shown that pigment
cell precursors present in the transplants
taken from fish carrying 7u but lacking
Diff (see Fig. 3) become incompletely dif-
ferentiated and give rise to malignant mela-
noma if transplanted into embryos lacking
Tu and Diff. If, however, the pigment cell
precursors of the same genotype were
transplanted into Tu-lacking embryos that
contain the Diff, the cells of the developing
melanoma become terminally differen-
tiated and regain their distance regulation
(Fig. 14). Thus the effect of Diff on the dif-
ferentiation of the neoplastically trans-
formed pigment cells can be traced to a dif-

fusible substance [39]. The nature of this
substance is unknown.

R. Modified tRNAs Involved in
Diff Dependent Differentiation

There is considerable evidence for the in-
volvement of tRNA containing modifi-
cations of the nucleotides in the process of
cell differentiation in normal and neo-
plastic tissues [40]. Many studies were fo-
cused on a family of tRNAs including
tRNAA, tRNAAP, (RNAHS, and tRNATY”
which may contain queuosine (Q) instead
of guanosine (G) in the first position of the
anticodon (position 34). Q is a hy-
permodified G. The more the differen-
tiation progresses, the more G is replaced
by Q in position 34 [40—46]. The method to
estimate the G:Q ratio in a given popu-

Table 6. The Gene Diffin Tu/-Xiphophorus [2, 6, 14, 18, 20, 21, 38, 39, 40, 46]

Diff/—

Benign melanoma

—/—

Malignant melanoma

Differentiated
Slow-growing
Noninvasive
Nonlethal

Difficult to transplant
Difficult to promote

Regression following testosterone treatment, etc.
No vascularization
Weak effect of external factors on growth rate

No effect of nutrient factors

Many macrophages
T-melanophores prevail
Endopolyploid and multinucleated
Mature melanosomes

Lack of ER and Golgi complexes
Low enzyme activities

Low rate of thymidine incorporation

Low pteridine contents

First position of the anticodon of tRNAASP,
tRNA“* (RNA T tRNA P contains pre-
dominantly queuosine

Diff product is diffusible

Poorly differentiated

Fast-growing

Invasive

Lethal

Easily transplantable

Promotion by testosterone, CAMP, corticotropin,
BrdUrd, nutrient factors, etc.

No regression

Vascularization

Drastic effect of external factors on growth rate
(temperatue, salinity, cyclic Bt,AMP, cor-
ticotropin, BrdUrd, etc.)

Drastic effect of nutrient factors (amino acids)

Few macrophages

TA-melanoblasts and T-melanocytes prevail

Diploid and uninucleated

Immature melanosomes

Well-developed ER and Golgi complexes

High enzyme activities (tyrosinase, LDH"B4,
MDHE, etc.)

High rate of thymidine incorporation and DNA
synthesis

High pteridine contents

First position of the anticodon of tRNAASP,
tRNA*™ (RNA ", tRNAH* contains pre-
dominantly guanosine

No product
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B

Fig. 13A, B. Segregants of littermates A containing one dosage of the differentiation gene (Diff) and
B lacking Diff. Segregation of animals carrying benign and malignant melanoma is according to that
of the backcross generation shown in the schematic drawings of Fig. 3

Fig. 14. Secondary chimera composed by transplantation of tissues containing precursor cells of
malignant melanoma that originated from a young BC-hybrid containing Tu but lacking Diff (see
malignant melanoma developing BC-segregant in Fig. 3), to a littermate lacking 7u but containing
Diff (see the nontumorous BC-segregant at bottom left in Fig. 3). Note terminal differentiation and
distance (density) regulation of the transformed cells of the transplant according to the Diff genotype
of the host (from [39]). For details see text
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Fig. 15. Incorporation of *H-guanine in position
34 (anticodon) of tRNAs for Tyr, Asn, Asp, and
His catalyzed by tRNA-guanine-transglycosylase
(insertase) of E.coli. The melanomas (both
malignant and benign) were derived from lit-
termates of BC-hybrids according to Fig. 13 or
Fig. 3, respectively. The skin was derived from
both Diff-containing and Diff-lacking nontumor-
ous BC-segregants according to Fig. 3. Compare
with G/Q data shown in Fig. 3 (from [40, 46]).
For details see text

lation of the tRNA family consists in fol-
lowing the replacement of quanine in posi-
tion 34 by a labeled guanine exerted by a
guanine-transglycosylase of E. coli.

We have measured the incorporation of
*H-guanine in the tRNA for Asn, Asp, His,
und Tyr in the malignant melanoma, the
benign melanoma, and the skin of mela-
noma-free littermates. In addition, F,-
hybrids carrying benign melanomas were
studied ([40, 46], Figs. 3, 15):

*H-guanine incorporation is high if the
tRNAs are prepared from malignant mela-
nomas (predominantly poorly differen-
tiated cells). In contrast, the incorporation
is low if the tRNAs are derived from be-
nign melanomas (predominantly well-dif-
ferentiated cells). The tRNA family of the
malignant melanomas, therefore, is G-rich,
whereas the tRNA family of the benign
melanomas is Q-rich.

*H-guanine incorporation in the skin of
nontumorous littermates is intermediate
between those of the malignant and the be-
nign melanomas. Since the nontumorous
fish (like the tumorous ones) consist of in-
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dividuals lacking and containing Diff in a
1:1 ratio, it is suggestive to assume that the
intermediate data represent a mean value
of *H-guanine incorporation in the Diff-
containing group and in the Diff-lacking
group. If this is correct the different G:Q
ratios in the different melanomas are no
epiphenomena of malignancy and be-
nignancy, but are very closely related to the
primary effect of Diff that in tumorous fish
converts the malignant to the benign state.

S. Discussion

We have studied neoplasia of Xiphophorus
at different levels of the biological organi-
zation including species, races, populations,
generations, littermates, individuals, tis-
sues, cells, genomes, chromosomes, and
genes. In doing so we could trace neoplastic
transformation to the activity of one or
several copies of the oncogene Tu which
shows a relation to a cellular counterpart of
the transforming src oncogene of avian sar-
coma virus, the c-src [30]. The normal func-
tion of c-src remained unknown. Since
c-src, however, was also found in all indi-
viduals of all metazoans tested, and was not
found in protozoans and plants, it might
have some basic functions of life closely re-
lated to the multicellular organization of
animals including humans [36].

In Xiphophorus it was shown further that
the cellular oncogene is normally under
control of systems of multiple regulatory

‘genes corresponding to regulator genes of

bacteria and phages. Some of the regu-
latory genes are located on other chromo-
somes than those bearing an oncogene.
One of the most prominent regulatory
genes appears to be responsible for termi-
nal differentiation of the neoplastically
transformed cells exerted via modification
of nucleosides in the anticodon of certain
tRNAs [40].

Interpopulational or interracial hybridi-
zation in preceding generations in Xipho-
phorus is the main event contributing to the
disintegration of the regulatory gene system
for the oncogene. Germ line mutations that
may also disturb the regulatory gene sys-
tems are probably less important than
hybridization because they are always rare,
or may become repaired. Somatic mu-



tations and tumor promotion, which are
the majority of carcinogenic triggers, may
complete this disintegration. The majority
of the neoplasms of Xiphophorus belongs to
the types that are triggered by carcinogens
or promoters on a competent genetic back-
ground like their counterparts in humans,
which represent about 90% of all human
neoplasms (see [8]).

The phenomenon of introducing sus-
ceptibility to neoplasia by means of
hybridization is not limited to Xiphophorus.
Many examples have been cited from the
animal kingdom [8]. It appears that in ani-
mals from wild populations neoplasia is
difficult to induce and “spontaneously” de-
veloping neoplasms are rare, while in ani-
mals of hybrid origin (domesticated and
laboratory animals; naturally occurring
and experimentally produced hybrids) neo-
plasia is easily inducible and the incidence
of “spontaneously” developing neoplasms
is high.

While we do not have hybridization in
human beings comparable to hybridization
of domesticated or laboratory animals such
as fish and mice, it is suggestive to specu-
late how much effect hybridization may
have had on the high tumor incidence ob-
servable in some of our highly developed
nations. Such speculations are probably of
little value in the fight against cancer, but
in our search for the cause of human neo-
plasia they could help to realize the factors
that make an individnal susceptible to neo-
plasia and, therefore, sensitive to the car-
cinogens of our environment.
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A. Abstract

The genome of the avian myeloblastosis vi-
rus (AMV) has undergone a sequence sub-
stitution in which a portion of the region
normally coding for the env protein has
been replaced by cellular sequences. We
have determined the complete nucleotide
sequence of this region. Examination of the
AMYV oncogenic sequence revealed an
open reading frame starting with the initia-
tion codon ATG and terminating with the
triplet TAG within the acquired cellular se-
quences and terminating with the triplet
TAG at a point thirty-three nucleotides in-
to helper viral sequences to the right of the
helper-viral-cellular junction. The stretch
of 795 nucleotides would code for a protein
of 265 amino acids with a molecular weight
of 30,000 daltons. The eleven amino acids
at the carboxy terminus of such a protein
would be derived from the env gene of
helper virus. Antibodies were prepared
against synthetic peptides derived from the
predicted amino acid sequences. One such
antibody precipitated two magnesium pro-
teins of apparent nucleotide weight of
30,000 daltons and 51,000 daltons.

B. Introduction

The mechanism by which acute transform-
ing retroviruses have acquired their ability
to transform cells is closely associated with
their capacity for synthesis of double-
stranded DNA copies of their RNA ge-
nome. The DNA proviral forms cannot
only integrate into host chromosomes, but
have the ability to acquire host genetic ma-

terial by a process of recombination. The
replacement of viral genes by cellular ones
usually results in the virus becoming de-
fective, requiring the presence of non-
defective helper virus for the maintenance
of the acquired genes [1]. On rare oc-
casions, the captured sequence contains a
crucial control gene which, when inserted
by the virus into cells which do not nor-
mally express it, or into sites in the cell
where its expression is not regulated, can
result in malignant transformation of the
cells. In this report we present the nucleo-
tide sequence of the transforming gene of
AMYV and identification of its translational
product. This unique virus causes acute
myeloblastic leukemia with a short latent
period in chickens [2]. In vitro, AMV
transforms a specific class of hematopoietic
cells, but does not morphologically trans-
form fibroblasts [3, 4]. Only certain target
cells are responsive to the AMV onc gene
product which induces proliferation of
immature and altered hematopoietic cells,
i.e., leukemic myeloblasts.

C. Results

L. Restriction Enzyme Map and Strategy
of Sequencing the Transforming
Gene of AMV

The upper portion of Fig. 1 shows the gen-
etic map and orientation of the AMV pro-
virus in the avian chromosome. An impor-
tant structural feature of the integrated
AMV genome is the occurrence of two
large terminal repeats (LTRs) of 285 bases
each at both the 5" and 3’ ends of the pro-
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Fig. 1. Restriction enzyme map and strategy of sequencing the transforming gene of AMV. The ge-
nome is sequenced using the restriction sites indicated as the diagrammatic map. The 5’ ends were
labeled using [y-*?P]JATP and T4 polynucleotide kinase. The labeled end of each fragment is indicat-
ed by the filled circle and the extent and direction of sequencing are indicated by arrows

viral sequence [6]. Within the proviral se-
quences, we can identify the gag gene
proximal to the 5" end of the viral RNA,
followed by the polymerase gene and the
oncogenic sequences. The oncogenic se-
quences extend to the 3’ end of the viral
RNA and beyond the Kpn site of the
cloned provirus (Fig. 1).

The lower portion of Fig. 1 provides a
summary of the strategy employed to de-
termine the nucleotide sequence. After
digestion of DNA with appropriate re-
striction enzymes, the fragments to be se-
quenced were isolated on agarose gels or
polyacrylamide gels and sequenced in
either the 5> 3" or 3'>5" direction. The
fragment is oriented from left to right, 5’ to
3’, with respect to the viral RNA. The ar-
rows below the DNA strand indicate the
length and direction of sequencing.

II. Nucleotide Sequence of the
Transforming Gene of AMV

The nucleotide sequence of the 3’ end of
the integrated AMV provirus is shown in
Fig. 2. Within this sequence we can identify
several domains: (1) the terminal portion of
the polymerase gene, identified by an open
reading frame extending from position 1
and terminating with a TAG codon at posi-
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tion 162; (2) a region of 350 bases without
on apparent open reading frame extending
between positions 165-515; (3) an open
reading frame of 795 bases extending from
positions 516-1310; and (4) the 3’-LTR ad-
jacent to the host sequences.

Earlier studies have revealed that the
AMV genome has undergone recombi-
nation in which the entire helper virus env
gene has been replaced by cellular se-
quences [7, 8). In order to localize the
points of recombination, we have com-
pared the carboxy terminal sequence of the
AMYV polymerase gene with that of the
nondefective Prague strain of Rous sar-
coma virus (PR-RSV) (Schwartz D, person-
al communication). From position 1 to po-
sition 78 of the AMV DNA fragment se-
quenced here, the nucleotide sequence is
identical to that of PR-RSV. From position
78 to the termination signal, TAG at posi-
tion 1313, the sequences of AMV and
PR-RSV are entirely different, thus localiz-
ing the 5’ end of the cellular insertion se-
quences.

It is interesting to note that the host-
helper virus junction occurs at a region
which constitutes a potential splice ac-
ceptor site. In general, splicing acceptor
sites (at the 3’ end of the intervening se-
quence) contain a pyrimidine-rich nucleo-



tide tract followed by the sequence AGG.
The junction point between the cellular in-
sertion sequence and the helper viral se-
quence fits the consensus acceptor splice
sequence [9].

The product of the AMV transforming
gene has yet to be identified. Examination
of the cellular-derived amv sequences
(Fig. 2) reveals an open reading frame
starting with the initiation codon ATG at
position 516 and terminating with the trip-
let TAG at position 1310. This stretch of
795 nucleotides could code for a protein of
265 amino acids with a molecular weight of
30,000. The amino acid sequence predicted
from this region is also shown in Fig. 2.

-Kpn 50

Ribonuclease T,-resistant oligonucleo-
tide analysis was carried out by Duesberg
et.al [8] on RNA isolated from the
defective AMV particles. The RNA from
these particles contains 14 unique T,-
oligonucleotides which are unrelated to se-
quences present in nondefective avian re-
troviruses and to the transformation-spe-
cific sequences of other avian leukemia and
sarcoma viruses. Duesberg et al. suggested
that these RNA sequences belong to the
leukemogenic region of the AMV geneome
[8]. We have utilized the computer program
devised by Queen [10] and have positively
identified 13 of the 14 oligonucleotides in
the sequence presented in Fig. 2. Table 1

Snllce 100

GG TAL CGA AAA GTT AAA CCG GAC ATC GCC CAA AAG GAT GAG GIG ACT AAG AAA GAT GAG GCG AGC CCT CT[ TIT GCA mc TGG AGG CAC ATA GAT AAG AGA ATT ATC
Ty Mg bys Val Lys Pro Asp We Ala Gin lys Asp Glu Vol Thr Lys Lys Asp Giu Ala Ser Pra leu Phe Al Gy Trp Arg His fle Asp Llys Arg He Me

150

00

ACT CIA CAT TCA YLT TIC TCA AAG ATT AAT CTA CTT GIG TGT TIT ATA TTT CAT TAG AATCGE ACAGATGTTC AGTGCCAGCA CCGGTGGCAG AAAGTATTAR  ACCCAGAACT

The Lew Hs Ser Ser Phe Ser Lys

250

e Asn lew Leu Val Cys Phe

lle Phe His °°°

300 350

TAACAMAGGT CCATGGATA AAGAGGAGGA TCAAAGGGTA ATAGAACACG TGCAGAAATA CGETCCAAAG CGCTGGTCGG ACATTGCTAR GEATTTGAAD GGAAGGATTG GAAAACAGTG CAGGGAGAGH

CAP hox

Prol oter |
TGGCACAACE ATCTGAATCC AGAAGTGAAG AAAACCTCCT Gl'\ GGAAGATAGA A AGGCACACAA GAGACTGGGA AACAGATGGG CAGAAATTGE Mm;mcsm

500 Eco RI
CTGATAACGE TGTCAAGAAC CACTGGA

550

ALY CCALL ATG CGC CGG AAG GTC GAG CAG GAG GGT TAC CCG CAG GAG TCC TCC AAA GCC GGC CCG CCC TCG GCA ACC ACC GGG TTC

Ribosomal binding Met Arg Arg Lys Val Gl Gin Glu Gly Tyr Pro Gin Glu Ser Ser lys Ala Gy Pro Pro Ser Ala Thr Thr Gly Phe

600

650 100

CAG AAG AGC AGC CAT CTG ATG GCC TTT GCC CAC AAC CCA CCT GCA GBC CCG CTC CC8 GGG GCC GGC CAG GCC CCT CTG GGC AGT GAG TAC CCC TAC TAC CAC ATT GCT
Gln Lys Ser Ser His Leu Met Ala Phe Ala His Asn Pro Pro Ma Gy Po lew Pro Gy Aa Gly Gin Ala Pro leu Gly Ser Asp Tyr Pro Tyr Tyr His He A
800

150

GAG CCA CAA AAT GTC CCT GGT CAG ATC CCA TAT CCA GTA GCA CTG CAT ATA AAT ATT ATC AAT GTT CCT CAG CCA GCT GCT GCA GCT ATT CAG AGA CAC TAT ACT GAT

Gu Pro Gin Asn Val Pro Gly Gl lle Pro Tyr Pro Val Ala Lleu His MNe Asn lle

850

Wle Asn Val Pro Gin Pro AMla Ala Ala Ala lle Gin Ag His Tyr Thr Asp
900

GAA GAC CCT GAG AAA GAA AAA CGA ATA AAG GAA TTA GAG TIG CTA CTT ATG TCG ACT GAG AAT GAA CTG ARA GGG CAG CAG GCA TTA CCA ACA CAG AAC CAC ACA GCA
Glu Asp Pro Glu Lys Gl lys Arg Me Lys Gl Lev Glu lew lev Lew Met Ser Thr Glu Asn Giu leu Lys Gy Gin Glin Ala lee Po Thr Gin Asn His Thr Ala

950

1000

AAl TAC CCC GGC T6G CAC AGC ACC ACG GTT GCT GAC AAT ACC AGG ACC AGT GGT GAC AAT GCB CCT GTT TCC TGT TTG GGG GAA CAT CAC CAL T6T ACT cCA TCT CCA
Asn Tyr Pro Gy Trp His Ser Tiv Thr Val Al Asp Asn Thr Arg Thr Ser Gy Asp Asn Ala Pro Val Ser Cys Lew Gly Gle His Hs His Cys Thr Pro Ser Pro

1050

1100

CCA GTG GAT CAT GGT TGC TTA CCT GAG GAA AGT GCG TCC CCC GCA CGG TGC ATG ATT GTT CAC CAG AGC AAC ATC CTG GAT AAT GTT AAG AAT CTC TTA GAA TTT GCA
Pro Vai Asp His G Cys leu Po Gl Gl Ser Ala Ser Pro Ala Arg Cys Met Wie Val Hs Gin Ser Asn fe Lleu Asp Asn Val Lys Asn leu lew G Phe Ala

1150

1200

GAA ACA [.ITC CAG TTA A?A CAC TCC TTC TTA AAC ACA TCG TCC AAT LAC GAG AAT CTG AAC CTG GAC AAC CCT GCA CTA ACC TCC ACG CCA GTG TGT GGC CAC AAG ATG
Glu Thr Leu Gln teu lle Asp Ser Phe lev Asm The Ser Ser Asn His Glu Asn Llen Asn leu Asp Asn Pro Ala lew Thr Ser Thr Pro Val Cys Gly His Lys Met

1250

1309 [ Yoal 135

TCT GTT ACC ACC CCA TTC CAC AAG GAC CAG ACT TTC ACT GAA TAC AGG AAG ATG CAC GGC GGA GCA GIC TAG AGCTCAA TTATAATAAT CTTGCGAATE GGGCTGTAAC GGGGCAAGGE

Ser Val The Thr Pro Phe His Lys Asp Gln Th. Phe Thr Gl Tyr Arg Lys Met Hs Gy 6ly Ala Val
uuo MS[I P|us strong stop  Start of LTR-Inverted repeat
ITGACCGAGG GGACTATAAC ATGTATAGGC GAAAAGCGGG GTCILGGTTG TAACGCGCTT AGGAAGTCCC CICGAGGIAI l:[:CA[xATATG [ITTTTGCATA [GGGAGGGGGA AATGTAGICT TAAT( TAGG

1500 1850 CAT box 1600 . .
TIAACATGTA TATTACCAAR TAAGGGAATC GCCTGATGCA CLAAATAAGG TATTATATGA TCETATIGGT GGTGAAGGAG CGACCTGAGG GCATATGGGC GTTAACAGAA CTGTCTGTCC TTGCGTCATT

1650 CAT box nm Prnmoter 1750
CCTCATCGGA TCATGTACGE GGCAGAGTAT GATTGGATAA CAGGATGGCA -;Amu TGGCGCATGE TGATTGGTGE ACTAAGGAGT TGTGTAACCE ACGAATGTAC TTAAGLTIGT AGTTGCTAAE

Polyadenylation signal Pnl A acceptor Bﬂﬂ 1850 End of LTRH Inverled repeat
EATAAE&E]TCTACCT CTCAC@[ TGGTGTGCAC CTGGGTTGAT EBCCBGACCE  TCGATTCCCT GACGACTGCS AACACCTGAR TGAAGCTGAA GGCTI’@TA GTTGCATCAS TGCAGGTTAG
CAP accepter — Chicken sequences

1900 1
AACAGTGAAG AGACTTAGAT TCTGAATTGC TACGTAGGGC: TGGAGATC
Fig. 2. Complete nucleotide sequence of the transforming gene of AMV. The upper line shows the se-
quence proceeding in the 5’ to 3’ direction and has the same polarity as AMV genomic RNA. The
amino acid sequence deduced from the open reading frame is given in the bottom line. The major
structural features of the genome are indicated
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Table 1. The AMV-specific T, oligonucleotides and their position in the sequence: 101 (etc.) in-

dicates the number for the nucleotide chromatographic patterns in [10]

T, Sequence Position in Specificity
Oligo the sequence
101 ATTAATCTACTTG 132 - 144 AMV specific
102 AATTATCACTCTACATTCATCTTTCTCAAAG  101- 131 AMYV specific
103 CACTAACCTCCACG 1207 - 1220 AMYV specific
104 AATTATTTACCAG 410- 422 AMYV specific
105 TTTTATATTTCATTAG 149 — 164 AMV specific
106 ACTACCCCTACTACCACATTG 679 — 699 AMYV specific
107 CCCACAACCCACCTG 622 - 636 AMV specific
108 CATATAAATATTATCAATG 747 — 766 AMV specific
113 CATTACCAACACAG 892 — 905 AMV specific
110 CAAACTACCCCG 916 — 927 AMV specific
111 ACTCCTTCTTAAACATCG 1153 - 1172 AMV specific
112 TACTCCATCTCCACCAG 1013 - 1029 AMV specific
114 TTACCACCCCATTCCACAAG 1246 — 1265 AMYV specific

51 CTCAATTATAATAATCTTG 1316 - 1334 Common C-region

52 TATATTACCAAATAAG 1499 — 1514 LTR (Us)

53 CACCAAATAAG 1529 - 1539 LTR (Uy)

54 CTAACAATAAAG 1746 — 1757 LTR (Us)

55 ? ?

56 TCATTCCTCATCG 1616 — 1628 LTR (Us)

57 CACCATTCATCG 1669 — 1688 LTR (Us)

1 CCATTCTACCTCTCACCACATTG 1760 - 1782 LTR (Uj)

lists the T,-oligonucleotides identified by
Duesberg [8] and their position within our
sequence. Comparison of our sequence
with that of the RSV envelope region
(Schwartz D, personal communication) re-
veals that the last 11 amino acids at the car-
boxy terminus are shared by the two pro-
teins, suggesting that the amv gene is in-
complete and utilizes the envelope termi-
nator codon. This positions the 3’ terminus
of the recombination event at position
1277.

III. Identification of the Transforming
Gene (amv) Translational Product

Nucleotide sequence analysis of amv has
revealted the presence of a 795-base open
reading frame commencing within the ac-
quired cellular sequences and terminating
within the helper viral sequences (Fig. 2).
Synthetic peptides prepared on the basis of
predicted amino acid sequences of various
genes have been utilized in the recent past
to prepare antibodies against such proteins.
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Such antibodies provide a powerful tool for
identificaiton and characterization of pro-
teins that could not be previously identi-
fied. If the amv reading frame were func-
tional, antibodies prepared against the syn-
thetic peptides predicted from this se-
quence should be capable of precipitating
the translational product of this viral onc
gene. Such an approach not only allows the
detection of transforming proteins but also
provides additional experimental evidence
for the correctness of the open reading
frame derived by nucleotide sequence anal-
ysis. For this, we chemically synthesized
three peptides, each 15 amino acids long.
The peptides were coupled to thyrogloblin
using 2-ethyl carbondiinide [21] and used
for immunization of rabbits.

In an attempt to identify the amv trans-
lational product, the myeloblasts non-
productively infected with AMV were
labeled for 6 h with [**S]-methionine and
the cell lysates prepared by detergent lysis.
The cytoplasmic extracts were then im-
munoprecipitated with preimmune sera or
anti amv-1, anti amv-2, and anti amv-3. As



negative controls, we used uninfected cells
derived from chicken embryo fibroblasts.
As shown in Fig. 3, two proteins with an
apparent molecular weight of 30,000 dal-
tons and 57,000 daltons were precipitated
with anti amv-2. These proteins were not
precipitable with preimmune sera nor were
they detectable by any of the sera used in
control cells that were not infected by
AMV. Also, these two proteins were not
precipitable from cells infected with helper
virus alone. These observations strongly
suggest that p30 and p57 are encoded by
the transforming region of amv.

- A . i

Fig. 3. SDS-PAGE analysis of immunopre-
cipitated cell lysates. Panel numbering is from
left to right. Panel 1, AMV-transformed non-
producer cells +anti amv-2. Panel 2, chicken em-
bryo fibroblasts+anti amv-2. Panel 3, AMV-
transformed nonproducer cells + prebleed of
anti amv-2. Panel 4, chicken embryo firbroblasts
+ prebleed anti-amv-2. Pr68 in panels 2 and 4
has been identified to be actin

————— .

D. Discussion

A message generated from the AMV-trans-
forming region should direct the synthesis
of the transforming protein with the pre-
dicted amino acid sequence shown in
Fig. 2. This messenger RNA could be
generated either by splicing with the
leader sequence derived from the 5’ ter-
minus of genomic RNA or by splicing with
the leader sequence derived from the 5 ter-
minus of genomic RNA or by independent
promotion.

There are at least four transcription and
translation regulatory sequences represent-
ing a minimum of 31 properly arranged nu-
cleotides within a region 124 nucleotides
immediately upstream from the putative
leukogenic sequence. The arrangement of
these nucleotides cannot be due to chance
and indicates that the amv insert was prob-
ably not acquired by recombination be-
tween viral DNA and a ¢cDNA copy of
cellular mRNA transcribed from the c-amv
sequences. The creation of the AMV ge-
nome may be explained by a deletion-re-
combination mechanism first postulated for
the formation of the Abelson virus genome
by David Baltimore (personal communi-
cation). According to the model, a MAV
provirus with a large deletion in the 3’ half
of the viral genome starting at position 78
beyond the Kpnl site (Fig. 2) would have
been integrated in the vicinity of the chick-
en amv sequences. Transcriptions initiated
by the MAV 5-LTR generated a hybrid
MAV-chicken RNA extending from the re-
mainder of the viral genome to the 3’ ter-
minus of the cellular c-amv sequences. Sub-
sequent splicing within the c-amv se-
quences which contain three introns not
present within AMV then generated a
hybrid viral chicken mRNA terminating at
the myb 3’ terminus. This hybrid mRNA
could have been packaged in a MAYV virion
and subsequently copied in cDNA by the
viral reverse transcriptase. This was fol-
lowed by recombination with MAV DNA to
create AMV by addition of the MAV 3" end
sequences starting at position 1316 beyond
the Kpnl site. Splicing is generally used in
the synthesis of viral subgenomic message.
Leader sequences identified in MC29 [11]
and RSV (Schwartz D, personal communi-
cation) cloned proviruses contain the 5'-
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LRT, a noncoding region and 18 nu-
cleotides coding for six amino acids of the
N-terminal portion of the viral protein p19
([11}; Schwarz D, personal communi-
cation). The splice donor portion of these
sequences agrees with the consensus splice
sequence of eukaryotic genes [9].

The alternate model for controlling the
expression of the transforming gene would
utilize the transcriptional signals found
within the cellular insertion sequences in
the region which lies between the polyme-

rase gene and the open reading frame
(Fig. 2). This type of independent pro-
motion would not utilize the transcription
controls of the viral 5’-LTR. Within the 350
base pair region in front of the putative
leukemogenic sequence we have identified
transcriptional signals similar to those pres-
ent in other eukaryotic genes [12-20]. A
six-base AT-rich sequence characteristic of
eukaryotic promotors was identified at po-
sition 413-417, —56 bp from the capping
site. Similarly, signals such a —80 bp region

Table 2. Landmarks of AMYV as suggested by DNA sequences

—80 region
Sequence Source Homology Distance Reference
-1
from AC—
GGACAGA AMV 6/7 -79
GGACAAA Conalbumin -78 [12]
Promoter region
Sequence Source Homology Distance Reference
-1
from AC—
TATAAAT General -20t0-30 [13]
TATTTAC AMV 4/7 -56
TATTTAT Ad 2 early 5/7 -23 [14]
TATATAT Ovalbumin 6/7 -24 [15]
“CAP” box (AC-)
Sequence Source Homology Distance Reference
from ATG
1
GTTGCTCCT. ... .. AC General Variable [16]
1
AGTTGCTGCCT .. AC AMV 9/10 -39
+1
AGTTGCT - CCT..AC B-globin™ 10/11 -43 [17]
Initiator ATG region
Sequence Source Homology Reference
C/AAAPYATG General [18]
CACCATG AMV 177
CAACATG Conalbumin 6/7 (12]
A ACCATG Mouse a-globin 6/7 [19]
Ribosome binding
Sequence Source Homology Distance Reference
from ATG
TTCCGC General Variable [20]
TTCCAC AMV 5/6 -7
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and ribosomal binding sites have also been
identified within this region. If these signals
were to be utilized for the transcription of
the v-amv gene, this would be the first
example of a case in which the virus has in-
corporated the cellular regulatory signals
for the transcription of its onc gene.

It would be very difficult at this point to
conclude that these proteins are different or
related to each other. It is possible that the
p57 is a modified version of p30 (glycosy-
lation, phosphorylation, etc.). Alternative-
ly, it is possible that the two different pro-
teins are generated from the same reading
frame by two different mechanisms. The
p30 protein could be the translational
product of a mRNA derived by in-
dependent promotional signals (Table 2)
identified in the transforming region. The
p57 protein could be derived from a spliced
mRNA generated from leader sequences
provided by the helper virus and spliced to
a region of the amv sequences 438 bases
upstream from the ATG of the open read-
ing frame. If this latter possiblility exists, a
suppressor tRNA should be available in or-
der to suppress translational terminator sig-
nal (TAA) at position 308 (Fig. 2). Alterna-
tively, the p57 could be a translational
product of c-amv encoded mRNA which
would be expected to be much larger at the
carboxy terminus.
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DNA-Binding Ability of Transforming Proteins

from Avian Erythroblastosis Virus

and Mutant Avian Myelocytomatosis Virus, MC29,
in Comparison with MC29 Wild Type

K. Moelling, I. Greiser-Wilke, M. K. Owada, P. Donner, and T. Bunte

A. Introduction

Oncogenic RNA tumor viruses code for on-
cogenes, which induce tumors in the ani-
mal and malignant transformation of cells
in culture. The oncogenes are derived from
normal cellular genes and their expression
is controlled by viral regulatory elements
which results in a roughly 100-fold amplifi-
cation of the gene in comparison to its nor-
mal expression [9]. Since several viral on-
cogenes are expressed as hybrid proteins
consisting of viral structural elements fused
to transformation-specific regions [7], anal-
ysis of transforming proteins can be ex-
perimentally approached by antibodies
against the viral structural part which allow
the identification of the transforming pro-
teins. We have analyzed such proteins from
representatives of different classes of acute
leukemia viruses, the acute avian myelo-
cytomatosis viruses, MC29, and the acute
avian erythroblastosis viruses, AEV, both
of which affect the hematopoietic system of
the infected animal at various stages of dif-
ferentiation and cause rapid death [5]. Fur-
thermore, they transform fibroblasts in cul-
ture. The transformation-specific protein
from the third class of viruses, from avian
myeloblastosis viruses, AMV, cannot be
analyzed by this approach, as it is not ex-
pressed as gag-onc fusion protein [9]. We
have recently identified the MC29 trans-
forming protein v-myc, a molecule of
110K, as a DNA-binding protein [3]. Here
we demonstrate that the v-myc protein, if
purified from a transformation-defective
MC29 deletion mutant, Q10C, which has a
molecular weight of 95K instead of 110K
and has reduced transformation ability
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[11], no longer binds to DNA. Further-
more, the purified AEV-specific protein, a
molecule of 75K [8], also does not bind to
DNA. Nothing is so far known about its
function. Our results indicate that avian
oncornaviruses carry at least three different
types of oncogenes which cause transform-
ation in vivo and in vitro, probably by dif-
ferent mechanisms. One of these mecha-
nisms involves a DNA-binding protein,
and a second one a protein kinase, while
nothing is known about the third mecha-
nism.

B. Methods

All methods have been described by Don-
ner et al. [3] and Moelling et al. [10].

C. Results

Fluorescence microscopy of MC29-Q8-NP
cells, which is a MC29-transformed quail
fibroblast cell line [1], and Q10C cells, from
a quail fibroblast cell line transformed by a
deletion mutant of MC29 [11], was per-
formed with monoclonal antibodies against
the structural protein p19 [6], which rep-
resents the N-terminal portion of the 110K
and 95K v-myc proteins. The procedure for
indirect immunofluorescence with fluo-
rescein-labeled second antibodies has been
described previously [3]. The cells (Fig. 1)
show strong nuclear fluorescence in both
cases. In contrast, AEV-transformed fibro-
blasts exhibit cytoplasmic fluorescence.

The transformation-specific  proteins
from 3°S-methionine-labeled MC29-Q8-
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Fig. 1. Immunofluorescence of MC29-transformed quail fibroblasts (MC29-Q8-NP), of MC29 de-
letion mutant-infected quail fibroblasts Q10C, and of AEV-transformed chicken fibroblasts. All cells
were nonproducers. Indirect immunofluorescence was performed using monoclonal antibodies
against pl9 [6], the N-terminus of the transforming proteins, and FITC-labeled anti-mouse IgG
(Miles-Yeda, Miles Labs, Elkhart, Indiana/USA). The method has already been described [3]. Bottom
pictures: Nomarski interference contrast of the same field. X515
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Fig. 2. Purification of 110K proteins from MC29-Q8-NP, 95K proteins from Q10C, and 75K proteins
from AEV cl 23 using immunoaffinity column chromatography with monoclonal I1gG against p19.
Details have been described [3, 6]. Cells were labeled with **S-methionine for 2 h and lysed. Aliquots
of the input (5 pl out of 15 ml), flow-through (5 ul out of 15 ml), and eluted material (25 ul out of
1 ml) were applied to a 10% polyacrylamide gel which was exposed for autoradiography. M indicates
marker proteins
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Fig. 3. DNA-binding of purified transforming proteins. *H-labeled chicken DNA sheared to about
10 kb was mixed with the **S-methionine-labeled purified proteins in the presence of 50 mM NaCl,
sedimented through a 10%-30% glycerol gradient in 50 mM Tris-HC], pH 8, and fractionated. The
radioactivity of the fractions was determined by liquid scintillation counting

NP, Q10C, and AEYV cl 23 cells were puri-
fied by immunoaffinity column chromato-
graphy with monoclonal antibodies against
p19. The proteins were eluted with a low
pH buffer and aliquots from the eluted
fractions were analyzed by polyacrylamide
gel electrophoresis. The result of the purifi-
cation is shown in Fig. 2. The input and
flow-through material is shown for com-
parison. The purification is about 3000-
fold.

The purified proteins were then analyzed
for their ability to bind to DNA. SH-labeled
double-stranded DNA was sheared to
about 10 kb in size, mixed with the purified
proteins, and analyzed by sedimentation
analysis. Only the wild-type v-myc protein
cosedimented with the DNA by binding to
it (Fig. 3), while the protein remained on
top of the gradient in the absence of DNA
(not shown). The deleted 95K protein from
the Q10C mutant as well as the 75K pro-
tein from AEV cl 23 did not bind to DNA

(Fig. 3).

D. Discussion

As recently shown, the transformation-spe-
cific protein v-myc from MC29 virus is lo-
calized in the nucleus and binds to double-
stranded DNA [3]. Our results indicate that
the DNA-binding correlates with trans-
formation at least of bone marrow cells, as
the protein from Q10C cells transformed by
the MC29 deletion mutant lost its DNA-
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binding property together with part of its
transformation capacity. While the MC29
deletion mutants have a markedly reduced
transformation potential for bone marrow
cells in vivo and in vitro, the transforma-
tion ability of fibroblasts in vitro remains
unaffected [11]. It can be concluded that
apparently three unrelated mechanisms
can result in malignant transformation of
fibroblasts by oncornaviruses. The first
mechanism involves the plasma mem-
brane-associated protein kinase from avian
sarcoma viruses [4], and the second mecha-
nism a nuclear protein which binds to
DNA. More details of the protein-DNA in-
teraction need to be elucidated to under-
stand this last mechanism. Little is known
about a third mechanism, transformation
by AEV, which involves two specific pro-
teins. One of these, p758%¢"%4_ is not a pro-
tein kinase, is not a nuclear protein [10],
and does not bind to DNA. Nothing is
known about the localization or function of
the second protein, erbB [2], which may al-
so be involved in the transformation pro-
cess.
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Lack of Expression of Cellular Homologues
of Retroviral onc Genes in Bovine Tumors *

R. Kettmann, E. H. Westin, G. Marbaix, J. Deschamps, F. Wong-Staal, R. C. Gallo,

and A. Burny

A. Introduction

Bovine leukemia virus (BLV), an exoge-
nous retrovirus of cattle [5, 11], induces
B-lymphocyte neoplasms (termed enzootic
bovine leukosis, EBL) after long latent
periods [2]. BLV contains no host cellular
sequences and does not appear so far to
bear genes capable of inducing transform-
ation directly. A wide range of genomic
sites can accomodate BLV proviruses.
Transcription of viral DNA including long
terminal repeated sequences has not been
detected, strongly suggesting that viral gene
expression is not required for maintenance
of the tumor state. No expression of 3'-
proximate cellular sequences has been ob-
served, indicating that proximate down-
stream promotion did not take place in the
cases examined [12].

The transforming genes of retroviruses
are derived from normal cellular genes
(c-onc) conserved among vertebrates [6,
17]. There is good evidence that virus-in-
duced transformation is correlated with en-
hanced levels of expression of these genes
[3, 14, 15]. Using labeled molecularly
cloned DNA probes containing viral onc
sequences, expression of cellular homol-
ogues of retroviral onc genes has been
found in human tumor cells {7, 19]. Using
the same approach, we examined whether
or not one of these known onc genes was

* This work was supported in part by the Fonds
Cancérologique de Ila Caisse Générale
d’Epargne et de Retraite, Belgium. R. K. is
Chercheur qualifié and G. M. 1s Maitre de Re-
cherches of the Fonds National Belge de la
Recherche Scientifique
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expressed at high level during the mainte-
nance of the tumor state in bovine lympho-
sarcoma.

B. Results and Discussion

The viral onc genes used in the present in-
vestigation are listed in Table 1. Nick-
translated DNA probes of each viral onc
gene were first analyzed for their ability to
detect homologous sequences in bovine
DNA. Normal bovine cellular DNA was
cleaved with EcoRI. The DNA fragments
were subjected to agarose gel electropho-
resis and to Southern blotting analysis in
relaxed hybridization conditions [19]. As
shown in Fig. 1 (lane 1), the abl DNA
probe detected five DNA fragments of 6.2,
3.4,2.8, 1.8, and 1.2 kb. The signal intensity
was highest with the ab/ DNA probe, prob-
ably reflecting its greater homology with
bovine DNA as compared to that of other
viral onc genes tested. The other onc DNA
probes (myc, erb, myb, src, ras, fes, and sis;
Table 1) detected one or at most a few
DNA fragments (data not shown). DNA
from EBL tumors were analyzed in parallel
(Fig. 1, lanes 2—7). For each onc probe test-
ed, the patterns obtained were identical to
the one observed with normal bovine
DNA. These results indicate that in none of
the EBL DNAs was there obvious re-
arrangement of any onc genes due to, for
example, integration of the BLV provirus.
The approach used to detect onc-related
transcripts in bovine tumors involved iso-
lation of poly (A)-containing RNAs and
analysis by dot blot hybridization on nitro-
cellulose filters in relaxed hybridization



Table 1. The different viral onc probes

Species Virus strain onc Viral clone
sequence  obtained from

Avian Avian myeloblastosis (MC 29) myc Dr. T. Papas [13]
Avian erythroblastosis (AEV) erb Dr. M. Bishop [18]
Avian myeloblastosis (AMV) myb Dr. M. Baluda [1]
Rous sarcoma (RSV) sIc Dr. M. Bishop [4]
Murine Abelson murine leukemia (Ab-MuLV) abl Dr. S. Aaronson [16]
Harvey murine leukemia (Ha-MuSV) ras Dr. M. Martin [10]
Feline Snyder-Theilen feline sarcoma (ST-FeSV) fes Dr. C. Scherr [8]
Simian Simian sarcoma (SSV) sis Dr. R.C. Gallo [9]

Fig. 1. Detection of bovine DNA sequences related to the abl retroviral onc gene. High-molecular
weight DNA (10 pg) from normal bovine leukocytes (lane 1) and from EBL tumors (lanes 2—7) was
digested with EcoRI and electrophoresed on an 0.8% agarose gel. Southern blot was prepared and
incubated for 24 h with 2 X 10° c.p.m./ml nick-translated (2 X 10® c.p.m./pg) viral onc probe prepared
from cloned DNA from Abelson MuLV. Hybridization was performed for 16 h at 37 °C in 50% for-
mamide and 3% SSC with 10% dextran sulfate and followed by washings at 60°C with 2XSSC. The
blot was exposed for 1 week using Kodak XAR-5 film and Dupont Cronex Lightning Plus screens.
EcoRI generated fragments of bacteriophage A DNA were used as molecular weight standards. kb, ki-
lobase pairs
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Fig. 2. Dot blot assay of poly (A)-selected RNA from leukocytes of a normal animal (/ane 1) and
from tumors of several other animals (lanes 2—13). Fivefold dilutions were tested, from 2 pg (a) to
3.2 ng (e) of poly (A)-selected RNA. The dot blot preparation was hybridized with 2X 10° ¢.p.m./ml
nick-translated (2X 10° c.p.m./ug) cloned DNA from Abelson MuLV. Hybridization was performed
in 50% formamide, 5 X SSC with 10% dextran sulfate at 37 °C for 16 h. Filters were washed four times
in 2XSSC/0.1% SDS at room temperature for 5 min each and then in 1 XSSC/0.1% SDS at 42 °C for

15 min each. Autoradiography was a 1-week exposure

conditions. This technique allowed us to
detect as little as 1 pg of complementary
RNA. Bovine tumor cells were tested for
the presence of viral onc-related transcripts
both as total and poly (A)-selected RNAs.
Figure 2 shows the hybridization between
2P abl DNA as a probe and poly (A)-se-
lected RNAs from normal leukocytes (lane
1) and EBL tumors (lanes 2—13). No quan-
titative difference between the signals ob-
served for the RNA from normal tissue and
the RNAs from EBL tumors was observed.
The same conclusion held true for the other
onc DNA probes tested. Thus it appears
that none of the onc genes tested were im-
plicated in the maintenance of EBL tumors
by a mechanism involving enhanced ex-
pression of these genes.

References

1. Bergman DG, Souza LM, Baluda MA (1981)
Vertebrate DNAs contain nucleotide se-

220

quences related to the transforming gene of
avian myeloblastosis virus. J Virol 40:450—-
455

. Burny A, Bruck C, Chantrenne H, Cleuter

Y, Dekegel D, Ghysdael J, Kettmann R, Le-
clercq M, Leunen J, Mammerickx M, Por-
tetelle D (1980) Bovine leukemia virus:
molecular biology and epidemiology. In:
Klein G (ed) Viral oncology. Raven, New
York, pp 231-289

. Collett MS, Brugge JS, Erikson RL (1978)

Characterization of a normal avian cell pro-
tein related to the avian sarcoma virus trans-
forming gene product. Cell 15:1363-1369

. Dehorbe WI, Luciw PA, Goodman HM,

Varmus HE, Bishop JM (1980) Molecular
cloning and characterization of avian sar-
coma virus circular DNA molecules. J Virol
36:50-61

. Deschamps J, Kettmann R, Burny A (1981)

Experiments with cloned complete tumor-
derived bovine leukemia virus information
prove that the virus is totally exogenous to
its target animal species. J Virol 40:605-609

. Duesberg PH (1979) Transforming genes of

retroviruses. In: Cold Spring Harbor Symp
Quant Biol 44:13-30



10.

11

12.

. Eva A, Robbins KC, Andersen PR, Srini-

vasan A, Tronick SR, Reddy EP, Ellmore
NW, Galen AT, Lautenberger JA, Papas TS,
Westin EH, Wong-Staal F, Gallo RC,
Aaronson SA (1982) Cellular genes anal-
ogous to retroviral onc genes are transcribed
in human tumour cells. Nature 295:116-119

. Franchini G, Even J, Scherr CJ, Wong-Staal

F (1981) Onc sequences (v-fes) of Snyder-
Theilen felina sarcoma virus are derived

from noncontiguous regions of a cat cellular
gene (c-fes) Nature 290:154-157

. Gelmann EP, Wong-Staal F, Kramer RA,

Gallo RC (1981) Molecular cloning and
comparative analysis of the genomes of simi-
an sarcoma virus and its associated helper
virus. Proc Natl Acad Sci USA 78:3373-
3377

Hager GL, Chang EH, Chan HW, Garon
CF, Israel MA, Martin MA, Scolnick EM,
Lowy DR (1979) Molecular cloning of the
Harvey sarcoma virus closed circular DNA
intermediates: Initial, structural and biologi-
cal characterization. J Virol 31:795-809

Kettmann R, Portetelle D, Mammerickx M,
Cleuter Y, Dekegel D, Galoux M, Ghysdael
J, Burny A, Chantrenne H (1976) Bovine
leukemia virus: An exogenous RNA onco-
genic virus. Proc Natl Acad Sci USA
73:1014-1018

Kettmann R, Deschamps J, Cleuter Y, Cou-
ez D, Burny A, Marbaix G (1982) Leukemo-
genesis by bovine leukemia virus: proviral
DNA integration and lack of RNA expres-
sion of viral long terminal repeat and 3’
proximate cellular sequences. Proc Natl
Acad Sci USA 79:2465-2469

13.

15.

16.

17.

18.

15.

Lautenberger JA, Schulz RA, Garon CF,
Tsichlis PN, Papas TS (1981) Molecular
cloning of avian myelocytomatosis virus
(MC29) transforming sequences. Proc Natl
Acad Sci USA 78:1518-1522

. Neel BG, Hayward WS, Robinson HL, Fang

J, Astrin SM (1981) Avian leukosis virus-in-
duced tumors have common proviral in-
tegration sites and synthesize discrete new
RNAs: oncogenesis by promoter insertion.
Cell 23:323-334

Oppermann H, Levinson AD, Varmus HE,
Levintow L, Bishop JM (1979) Uninfected
vertebrate cells contain a protein that is
closely related to the product of the avian
sarcoma virus transforming gene (src). Proc
Natl Acad Sci USA 76:1804—1808
Srinivasan A, Reddy EP, Aaronson SA
(1981) Abelson murine leukemia virus:
molecular cloning of infectious integrated
proviral DNA. Proc Natl Acad Sci USA
78:2077-2081

Stehelin D, Varmus HE, Bishop JM, Vogt
PK (1976) DNA related to transforming
gene(s) of avian sarcoma virus is present in
normal avian DNA. Nature 260:170-173
Vennstrom B, Fanshier L, Moscovici C,
Bishop JM (1980) Molecular cloning of the
avian erythroblastosis virus genome and re-
covery of oncogenic virus by transfection of
chicken cells. J Virol 36:575-585

Westin EH, Wong-Staal F, Gelmann E, Dal-
la Favera R, Papas TS, Lautenberger JA,
Eva A, Reddy EP, Tronick SR, Aaronson
SA, Gallo RC (1982) Expression of cellular
homologues of retroviral onc genes in hu-
man hematopoietic cells. Proc Natl Acad Sci
USA 79:2490-2494

221



Haematology and Blood Transfusion Vol. 28
Modern Trends in Human Leukemia V
Edited by Neth, Gallo, Greaves, Moore, Winkler
© Springer-Verlag Berlin Heidelberg 1983

Molecular Dissection of the Bovine Leukemia Virus Envelope
Glycoprotein (BLV gp51) by a Monoclonal Antibody Study *

C. Bruck, D. Portetelle, J. Zavada, and A. Burny

A. Introduction

Neoplasms of the lymphatic tissue in the
bovine species can be classified into two
major types according to clinical and
epidemiological data:

1. The juvenile form of bovine leukosis,
with three different clinical forms: the mul-
ticentric, thymic, and cutaneous forms. The
juvenile form is rare and shows a random
geographical distribution. It has also been
called sporadic bovine leukosis.

2. The adult form of bovine leukosis leads
to more diversely located lymphosarcomas,
mostly of the B-lymphocyte lineage and/or
to B-cell leukemias. The adult form of bo-
vine leukosis is more common, but restric-
ted to geographically limited regions.
Although it affects only a small percentage
of the cattle population, it behaves as a
typical herd disease. Its distribution pattern
is typically one of transmissible diseases
and has allowed the classification of the
adult form of lymphosarcomas as “enzootic
bovine leukosis” [1].

In 1969 Miller et al. identified viral par-
ticles in short-term cultures of leukocytes of
animals in persistent lymphocytosis [2].
Transmission experiments [3] and sero-
epidemiological studies [4] finally es-
tablished that this virus is an etiological
agent of enzootic bovine leukosis. This vi-
rus, called bovine leukemia virus (BLV),
can be experimentally transmitted to sheep,

* C.B. and D. P. are Chargés de Recherches of
the Fonds National de la Recherche Scien-
tifique Belge. The work was financially sup-
ported by the Fonds Cancerologique de la
Caisse Générale d’épargne et de Retraite
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goats, primates, rabbits, and other mam-
mals by intravenous, intradermic, or oral
administration of infected lymphocytes.
Sheep are highly susceptible to leukosis in-
duction by BLV, goats rarely develop BLV
lymphosarcomas, and other animals,
although persistently infected by BLYV,
seem to be resistant to the oncogenic
properties of this virus [1]. Only one case of
tumor induction in goats by BLV has been
reported so far [5]. In natural conditions,
BLV is transmitted between cattle by “close
contact”. The exact mode of transmission
in the field condition is still unclear: trans-
mission by infected animals, secretions and
milk, blood-sucking insects, and nonsterile
veterinary instruments have been reported.
Molecular analysis of BLV has made
possible its classification as a retrovirus
(60-70S genomic RNA, reverse tran-
scriptase) [6]. Hybridization experiments
with ¢cDNA complementary to genomic
viral RNA have established the following
points:
1. BLV is an entirely exogenous virus: in-
tegrated proviral BLV DNA is only detect-
able in infected B-lymphocytes [7].
2. No proviral DNA can be found in spo-
radic leukosis tumors [8]; enzootic leukosis
tumors always contain one or several
copies of proviral DNA. The integration
site of the BLV genome is variable from
case to case [9].
3. The three viral genes necessary for the
virus life cycle have been identified on the
BLV genome (gag, pol, env), showing that
BLV is a nondefective leukemia virus [10].
Immunochemical studies have led to the
identification of the viral glycoproteins and
proteins [1]: gp51 and gp30 are envelope



antigens; p24 is the major core protein; re-
verse transcriptase is associated with the
genomic RNA; pl5, pl2, and plO are in-
ternal proteins with so far undefined lo-
cation and function.

BLV is genetically and antigenically un-
related to other animal retroviruses and
was considered as a group of its own until
the discovery of a human T-cell lymphoma
retrovirus HTLV in 1981 [11]. The major
internal core protein of HTLV p24 shares
amino acid sequence homology with BLV
p24, and HTLV and BLV p12 display com-
mon antigenic determinants [12]. Like
HTLV, BLV is a weakly oncogenic virus:
there is a long latency between the moment
of BLV infection and the onset of the
tumor phase, and only a small percentage
of the infected animals die with leukemia:
in Japan 30%-50% of clinically normal
cattle in an endemic area became infected
with BLV, while the incidence of lympho-
sarcoma or leukemia in this area was less
than 0.1% [13].

In about 30% of infected cattle, BLV in-
fection leads to a nonmalignant hemato-
logical disorder characterized by an ele-
vated but stable lymphocyte count, called
persistent lymphocytosis (PL). As shown by
molecular hybridization, the expanded
lymphocyte population in the PL phase is
of polyclonal origin: the proviral BLV is in-
tegrated at many different sites, whereas
the tumor phase is monoclonal [14]. These
observations, together with the weak onco-
genic activity of BLV, suggest that a con-
dition superimposed on BLV integration is
necessary to induce neoplastic transforma-
tion of lymphoid cells.

Natural or experimental infection of
cattle with BLV induces a vigorous anti-
body response, which is often the only con-
stant feature of BLV infection during the
latency period of the disease. Antibodies
are directed mainly against the envelope
glycoprotein gp51 and the internal core
protein p24 [1]. Antibodies to gp51 are con-
sistently formed at a higher titer than anti-
bodies to p24 and can be detected earlier
after experimental infection [15]. In spite of
their high titer, antiviral antibodies do not
seem to be protective against the onset of
the leukemic phase: although subject to
major fluctuations, the antibody titer rises
constantly during the progression of the

disease and reaches maximal level at the
death of the animal in the tumor phase
[16].

May be as a consequence of antigenic
modulation, BLV-infected lymphocytes do
not express viral antigens in vivo [17]. This
could explain why antiviral antibodies pro-
duced in response to BLV infection are un-
able to inhibit the outgrowth of leukemic
clones. However, passive immunization of
calves with colostral antibodies is pro-
tective against primary BLV infection [18],
suggesting that efficient vaccination against
primary BLV infection should be possible.

Previous studies have suggested that the
natural anti-gp51 antibody response is fo-
cused on a single antigenic region of gp51.
Exoglycosidase treatment of gp51 abolishes
the reactivity of these antibodies against
the antigen, suggesting that the structure of
the relevant antigenic region is directly or
indirectly determined by the carbohydrate
moiety of the molecule [19]. These natural
anti-gp51 antibodies produced by infected
cattle display several antiviral activities:
they neutralize virus infectivity [20] and
syncytia-inducing activity [21] and exhibit a
strong cytolytic effect on BLV-producing
cells in the presence of rabbit complement
[16]. In order to characterize the regions of
gp51 which are indispensable for an ef-
ficient BLV vaccine, monoclonal anti-gp51
antibodies were produced.

B. Results

Fifteen monoclonal anti-gp51 antibody-se-
creting hybridoma cell lines were obtained
by fusing spleen cells of a Balb/c mouse
immunized with partially purified gp51
with a subclone of the SP, myeloma cell
line. These antibodies were classified into
high- and low-avidity antibodies according
to the slope and plateau values of their ti-
tration curves obtained by ELISA titers on
polyethylene immobilized gp51 (see Table
1). Competition experiments between these
different antibodies registered the fixation
of radiolabeled antibodies in the presence
of an excess of cold competition antibody.
This test allowed the identification of eight
nonoverlapping gp51 epitopes (A—H). Par-
tially overlapping sites have been called B
and B’, and D and D’ (see Table 1, Fig. 3).
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Table 1. Pseudotypes and early polykaryocytosis: inhibition activities of 15 Anti BLV gp51 Mono-

clonal antibodies

Antibody Ig isotype Binding activity Site Number of =~ Number
number on plastic- specificity plaques in of Syncytia
adsorbed gp51 PI test in EPI

GAl IgGl High A 155 233
GA2 IgG1 High B 102 268
GA3 IgGl Low H 50 1
GA4 IgGl Low F 39 151
GAS IgG1 High D 140 210
GA6 IgG2b Low B 102 258
GA7 IgGl Low E 120 210

GB8 1gGl High C 100 298
GB9 IgGl High A 121 225
GBI10 IgG1 High B’ 114 210
GBI11 IgGl High A 125 320
GAIl2 IgGl Low E NT NT
GA13 IgGl Low H 4 0
BC14 IgG2a Low G 33 125
GA15 ND High D’ 127 265

In order to localize these antigenic sites
on the gp51 molecule, we performed lim-
ited protease (urokinase) digestion of the
antigen, followed by radioimmunoprecipi-
tation (RIP) with monoclonal antibodies
and SDS-PAGE analysis. The results show
that the eight sites are distributed on two

.,m

fse oy

.‘i

-ty We

distinct fragments of gp51, sites A-D on
fragment I, mol. wt. 35,000, sites E-H on
fragment II, mol. wt. 15,000 (antibodies
against sites E-H recognize each of the
four bands of different molecular weight,
suggesting that urokinase digestion of gp51
is incomplete) (see Table 1, Fig. 1).

-«
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Fig. 1. SDS-PAGE analysis of **°I gp51 peptide fragments generated by limited urokinase digestion
and precipitated by the individual monoclonal antibodies. Lane 1, molecular weight markers; lane 2,
peptide fragments precipitated by BC14 (site G); lane 3, peptide fragments precipitated by antibodies
GA2 and GBI10 (site BB’); lane 4, peptide by antibodies GBS (site C); lane 5, peptide fragments preci-
pitated by antibodies GA1, GBY, and GBI11 (site A); lane 6, peptide fragments precipitated by antibo-
dies 6A3 and GBI13 (site H); lane 7, peptide fragments precipitated by antibodies GA4 (site F); lane 8,
peptide fragments precipitated by antibodies GAS and GB15 (site DD’); lane 9, peptide fragments
precipitated by antibodies GA6, GA7, and GA12 (site E); lane 10, unfractionated gp51 peptide frag-

ments
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Galactose-specific labeling of gp51 fol-
lowed by urokinase digestion and SDS-
PAGE analysis revealed that fragment 1 of
mol. wt. 35,000 contains the major carbo-
hydrate residues of the molecule (Fig. 2).
This enabled us to establish a model for the
location of the different epitopes at the sur-
face of the gp51 molecule (Fig. 3). In order
to identify the epitopes of gp51 involved in
virus neutralization and cytotoxicity toward
virus-producing cells, we tested the 15 anti-
bodies for:

1. Pseudotype inhibition activity according
to Zavada et al. [20].

2. Early polykaryocytosis inhibition activity
according to Guillemain et al. [21].

Furthermore, the monoclonal Ab BCI14,
of Igb2a subclass, was tested for its comple-
ment-dependent cytotoxicity toward BLV-

By Fig. 2. SDS-PAGE analysis
of gp51 peptide fragments
generated by limited uroki-
nase digestion. Lane 1, un-
digested '**I-labeled gpS51;
lane 2, UK digested '*°I-
labeled gp51; lane 3, un-
digested lysyl-specific *H-
labeled gpS1; lane 4, UK
digested lysyl-specific *H-
labeled gp51; lane 5, un-
digested, galactose-specific
*H-labeled gp51; lane 6,

6 UK digested, galactose-spe-
cific *H-labeled gp51

FRAGMENT |

FRAGMENT It
Fig. 3. Model for the lo-

cation of the epitopes rec-
ognized by mouse mono-
clonal antibodies on the
gp51 molecule

producing cells according to Portetelle et
al. [16].

The results showed that three of the four
epitopes located on the 15,000 mol. wt.
nonglycosylated fragment are involved in
virus neutralization, and that at least one of
these epitopes is also a target for cytotoxic
antibodies on virus-producing cells (see
Table 1, Fig.3). Antibodies against frag-
ment I, which contains the major carbo-
hydrate residues of the molecule, displayed
none of the biological activities tested for.

C. Discussion and Conclusion

A detailed knowledge of the different anti-
genic regions of the gp51 molecule is
necessary for the development of a BLV
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vaccine. In an efficient vaccine, the anti-
genic regions eliciting a biologically active
(virus-neutralizing and cytotoxic) response,
must be fully represented in a native, un-
damaged form. Our monoclonal anti-gp51
antibodies have made possible the map-
ping of the biologically active subregion on
the antigenic molecule.

The results show that the major carbo-
hydrate chains are located on fragment I,
which does not seem to contain virus-neu-
tralizing sites. The reactivity of bovine sera
(which is abolished when gp51 is de-
glycosylated) is mostly directed against
fragment II, since they display a strong vi-
rus-neutralizing activity. The immediate
conclusion would be that the involvement
of carbohydrates in the antigenic sites rec-
ognized by sera of infected cattle is indirect
rather than direct, and that removal of
carbohydrate chains changes the three-
dimensional structure of the molecule and
can influence a distal antigenic site. How-
ever, the existence on fragment II of small
carbohydrate core structures devoid of
galactoside residues, which would account
for the antigenic properties of gp51 in
cattle, cannot be excluded yet.

Our results show that only a fragment of
the gp51 molecule is involved in fixation to
the cellular receptor, i.e., infectivity. The
glycosylated fragment of 35,000 mol. wt.
might play a role in providing proper ex-
posure of the active site on the viral par-
ticle. BLV-neutralizing monoclonal anti-
bodies can be used as probes for the de-
tection of these important epitopes in the
development of a BLV vaccine.
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Detection and Localization of a Phosphotyrosine-Containing
onc Gene Product in Feline Tumor Cells *

A. P. Chen, M. Essex, and F. de Noronha

A. Abstract

Protein phosphorylation by a tyrosine-spe-
cific kinase is now recognized as a common
event in retrovirus-transformed cells. We
report in this communication that the feline
sarcoma virus (FeSV) encoded transforma-
tion-specific proteins (gag-fes fusion pro-
teins) and their associated protein kinases
are also found in the FeSV in vivo induced
tumor preparations, either in the form of
fresh tumor homogenate or in the form of
cultured cells. With the combined use of
subcellular fractionation and detergent ex-
traction we found that the protein kinase
activity was present in both the membrane
fraction (P100) and the cytosol (S100). The
gag-fes proteins of two different strains of
FeSV were found to associate with the cell
framework to different degrees, suggesting
that the specific conformational presen-
tation of these proteins may be dictated by
the unique portion of each polyprotein.
The same gag-fes transformation related
proteins could be immunoprecipitated with
antiserum to phosphotyrosine.

B. Introduction

Retroviruses that transform cultured fibro-
blasts usually contain an oncogene which is
believed to encode for a protein kinase ac-
tivity [10]. Such oncogenes are highly con-
served across species barriers [4]. As as-

* Supported by U.S. Public health Service

Grants CA-13885, CA-30520, and CA-18216
and American Cancer Society Grant PDT 36

sayed in cells transformed in vitro, such
putative oncogene products generally have
kinase activity that autophosphorylates
and/or heterophosphorylates specifically at
tyrosine residues [17]. Tyrosine-specific ki-
nase activities have also been found as-
sociated with such diverse proteins as the
middle T antigen of polyoma virus [24] and
the epidermal growth factor-receptor mol-
ecule [30]. Despite the rapidly accumulat-
ing information on the function of this class
of molecule in cultured cells transformed in
vitro by different agents, relatively little at-
tention has been given to the study of such
proteins in tumor cells. In the current study
we examined cells obtained from tumors
induced in vivo with feline sarcoma virus
(FeSV) for such activities. We also evalu-
ated the practicability of using antisera spe-
cific for phosphotyrosine to detect such
proteins.

C. FeSV-Specific Transformation
Proteins

FeSV, a potent tumor-causing agent, in-
duces rapidly proliferating fibrosarcomas
in young kittens. FeSV has been isolated
from numerous naturally occurring cat fi-
brosarcomas [15], but only three isolates
(Snyder-Theilen-ST, = Gardner-Arnstein-
GA, and McDonough-SM) have been stud-
ied in great detail. These three FeSV
isolates share common features in their ge-
nomic structure. As is the case with many
other replication-defective retroviruses, the
FeSV genome consists of a partially deleted
gag gene, and onc gene insert, and a sub-
stantially deleted env gene. Only the gag-
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Table 1. Presence of gag-fes transformation related proteins in preparations derived from feline

tumors
Tumor type No.of  Inoculum Method of detection gag-fes
cats protein

Fibrosarcoma 4 ST-FeSV Immunoprecipitation: pp 85
in vivo **S-methionine or
$2P-orthophosphate labeled short-
term cultured cells

Fibrosarcoma 5 ST-FeSV In vitro protein kinase assay pp85
on fresh tumor homogenate

Fibrosarcoma 6 GA-FeSV Immunoprecipitation; pl10
in vivo *S-methionine labeled
cultured cells

Melanoma 3 GA-FeSV Immunoprecipitation; ppll0
in vivo **S-methionine and
32P_orthosphosphate labeled short-
term cultured cells

Melanoma 5 Unknown, but ~ Immunoprecipitation; -

Fibrosarcoma no FeLV ex- in vivo **S-methionine labeled

Neurofibrosarcoma posure history short-term cultured cells

Osteosarcoma

Chondrosarcoma

onc region has been shown to be tran-
scriptionally active. The onc portion, which
represents the transforming gene of FeSV
[21, 26], was acquired from the cell se-
quence [13]. Recent studies by nucleic acid
hybridization demonstrated that the onc
portion of ST-FeSV and GA-FeSV share
more than 50% homology. This homology,
however, was not found in the specific por-
tion of SM-FeSV [14]. The onc portion of
ST- and GA-FeSV is now designated as fes
while that of SM-FeSV is designated fms,
denoting their distinct cellular origin [9].
The translation product from the gag-fes or
gag-fms is a fusion polyprotein containing
the antigenic moieties of p15, p12 and part
of p27 from the gag protein, and the fes or
fms protein. The sizes of polyproteins as
measured from SDS-PAGE are 85,000 dal-
tons, 110,000 daltons, and 180,000 daltons
for ST-, GA-, and SM-FeSV, respectively
[1].

The gag-fes or gag-fms polyproteins were
detected, using metabolic labeling with **S-
methionine or *2*P-orthophosphate, in cells
transformed or transfected in vitro with
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FeSV. Cells from a broad range of species
that were transformed with ST-FeSV and/
or GA-FeSV, such as mink [29], goat [1],
rat [23], cat [7], and mouse [21], were all
shown to contain the gag-fes polyprotein.
In recent studies we found that the same
gag-fes polyproteins are present in both
fresh tissue homogenate prepared from
FeSV-induced firbosarcomas (Table 1) and
in tumor cells grown for varying periods
of time from a few hours to more than a
year [8]. While fibrosarcomas arise when
FeSV is inoculated subcutaneously or in-
tramuscularly, the intracutaneous inocu-
lation of GA-FeSV causes the preferential
development of melanomas [19]. Although
these tumors arise from different embry-
onic germ layers they express the same gag-
fes polyprotein when induced by the same
virus [7].

Anti-fes serum was generated by repeat-
edly immunizing young adult cats with
their own cells that were biopsied and
transformed in culture with FeSV in a non-
productive manner. After the removal of
those antibodies reactive to the virus struc-



tural proteins by extensive adsorption with
gradient-purified FeLV, the cat anti-fes
serum retained specificity for the “fes” de-
terminants on both P858%- and P110&&fs

(71

D. Gag-fes Protein Kinase Activity
in Tumor Cells

Gag-fes polyproteins of both p85 and p110
were easily phosphorylated when in vitro
protein kinase assays were carried out with
the respective immunoprecipitates [2, 5,
28]. The gag-fes protein-associated kinase
seems to autophosphorylate the gag-fes
molecules and also to be capable of
phosphorylating the heavy chain of the im-
mune IgG. The gag-fes protein associated
kinase prefers the manganese cation (Mn**)

to the magnesium cation (Mg?*) and has an
optimal pH for enzymatic reaction of about
7.0 [28]. By phosphoamino acid analysis,
the in vivo phosphorylated gag-fes poly-
proteins contain phosphotyrosine as well as
phosphoserine residues. The phosphoserine
appears to reside in the pl2 moiety of the
gag protein [5]. When analyzed by in vitro
phosphorylation, the molecule contains pri-
marily phosphotyrosine.

To determine whether or not the protein
kinase activity was also found in tumor
cells, as opposed to transformed fibroblasts,
we examined preparations from FeSV-in-
duced fibrosarcomas. These preparations
included fresh tumor homogenates, tumor
cells grown for less than 1 day in culture,
and long-term cell lines that were originally
established from FeSV-induced tumors.
Fresh tissue homogenates were examined

anti-FelVp15

ppB85-

55~
50=

Fig. 1. The gag-fes polyproteins prepared from fresh cat tumors are phosphorylated in the in vitro
protein kinase assay. ST-FeSV-induced fibrosarcomas in young kittens were examined. The fresh fi-
brosarcoma tissues were minced in cold Hanks balanced salt solution immediately after excision. The
minced tissues were then washed with cold PBS and once with washing buffer containing 0.02 M Tris-
HCI, pH 6.8, 0.137 M NaCl, 0.001 M CaCl,, 99 kallikrein inhibitor unit/ml aprotinin, and 1 mM
phenylmethylsuflonyl fluoride. Subsequently, the minced tumor tissue was resuspended in the wash-
ing buffer supplemented with 1% (v/v) NP40 and 10% glycerol and then subjected to homogenization
in the Sorvall Omnimix at speed 6 for 3 min (on ice). The final homogenate was clarified once at low-
speed centrifugation and then at 100,000 g for 30 min. The clarified lysates were then processed for in
vitro protein kinase assay [24]. Three FeLV-positive fibrosarcomas from two kittens were examined in
this experiment. Lanes 2 and 4 were prepared from two primary fibrosarcomas that occurred on the
site of inoculation. Lane 3 was obtained from a secondary fibrosarcoma or metastatic tumors that ap-
peared at a site distant from the original inoculation. Lane 1 was prepared from cat fibroblasts trans-
formed in vitro with ST-FeSV. Goat anti-FeLV p15 serum was used to immunoprecipitate the gag-fes
polyproteins. PP85 represents the phosphorylated gag-fes protein encoded by ST-FeSV. Fifty-five de-
picts a phosphorylated protein that comigrates with the IgG heavy chain (superimposed with Coo-
massie blue stained IgG heavy chain). Fifty is another phoshorylated protein. The molecular weight
standards are '*C-labeled phosphorylase b (94,000), bovine serum albumin (68,000), and ovalbumin
(46,000)
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from five different tumors induced with
ST-FeSV, and all were positive for the ap-
propriate kinase activity (Fig. 1). Three
proteins were found to be phosphorylated:
the P858%67 the heavy chain of immune
IgG, and a 50,000-dalton protein of un-
known identity.

P858% s is apparently the most pre-
ferred acceptor molecule for this enzymatic
reaction. Phosphorylation of the tyrosine
residue was confirmed by phosphoamino
acid analysis (Fig. 2). Phosphoproteins pre-
pared from this in vitro kinase reaction of-

P-ser» . . .

P-thr+

ten also contain low levels of phospho-
serine, but it is possible that the latter could
be due to a contaminating cellular kinase
present in the immunoprecipitation. Simi-
lar results have been observed by other in-
vestigators [5]. In the phosphorylated pro-
teins recovered from both tumor prep-
arations and in vitro transformed cells, the
tyrosine is always the most intensely la-
beled amino acid. It thus seems apparent
that the gag-fes protein-associated protein
kinase exists in its active form in the ST-
and GA-FeSV induced tumors.

<P -ser

r

Fig. 2. Phosphoamino acid composition of in vitro labeled phosphoproteins. Phosphoproteins ob-
tained by the in vitro protein kinase assay were electroeluted and hdrolyzed in 6 N HCI for 2 h at
110 °C according to Beemon et al. [3]. Phosphoamino acids were separated by one dimensional paper
electrophoresis in pyridine-acetic acid (0.5:5, at pH 3.5) at 2000 V for 2 h. Markers for phosphoserine
(p-ser), phosphothreonine (p-thr), and phosphotyrosine (p-fyr) were located by ninhydrin staining.
The phosphoproteins analyzed, and approximate radioactive cpm were: /, pp85 from a primary cul-
ture of an ST-FeSV induced fibrosarcoma, 4800; 2, pp110 from GA-FeSV transformed fibroblasts,
6700; 3, pp110 from a cultured GA-FeSV induced melanoma, 2020; 4, IgG heavy chain from a GA-
FeSV induced melanoma, 1300; 5, IgG heavy chain from a primary culture of a ST-FeSV induced
fibrosarcoma, 1090; 6, ppS0 from the same culture as in / and 5, 410
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E. Cellular Localization of the
Tyrosine Kinase Activity

Studies with transformation-defective (1d)
mutants of several transforming re-
troviruses showed that the ability of such
viruses to transform cells was closely cor-

GA-mink

related with the presence of tyrosine-spe-
cific protein kinase activity [5, 20, 27].
However, the subcellular localization or
cellular compartmentalization of this en-
zyme activity has not been conlusively es-
tablished. To address this issue with cells
containing the gag-fes protein kinase two

GA-cat tumor

~WCL  P100 NP S100

5100

P -

Fig. 3. Subcellular localization of gag-fes polyproteins from GA-FeSV induced cat tumor cells and in
vitro transformed cells. The protocol for cell fractionation was modified from Hay [16] and Court-
neidge et al. [12]. Briefly, cells were collected by scraping into cold PBS and spun at 1000 g for 5 min.
Washed cells were resuspended in 5 mM KCI1, 1 mM MgCl,, and 20 mM Hepes, at pH 7.0 for 40 min
on ice. Cells treated with the hypotonic buffer were homogenized with 20-50 strokes in a tight-fitting
Dounce homogenizer, which resulted in more than 90% disruption of cells without apparent damage
to the nuclei as examined under the phase-contrast microscope. The clear supernatant was obtained
by repeated low-speed centrifugation to remove nuclei and partially broken cells. The clear super-
natant was spun at 100,000 g for 45 min to separate the supernatant (S100) and pellet (P100). S100
represents the cytosol fraction while P100 is the crude membrane fraction. The nuclear pellet was
washed once with 20 mM KCI1, 20 mM NaCl, 0.1 mM EDTA, and 20 mM PIPES at pH 6.8, re-
suspended in 20 ml of 60% (w/w) sucrose in the above washing buffer, overlaid on a 10-ml 60% su-
crose cushion and spun at 50,000 g for 60 min. The final pellet (NP) is 99% composed of nuclei and is
free of visible contamination with membranes or broken cells as checked in the phase-contrast micro-
scope. WCL is whole cell lysate extracted with NP40-containing lysing buffer. All the fractions were
processed by the in vitro protein kinase assay. Goat anti-FeSV pl5 serum was used throughout the
whole expcriment. GA mink, GA-FeSV transformed mink cells; GA-cat tumor, GA-FeSV induced cat
melanoma cells
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ST-mink GA-mink GA-cat tumor
anti-p15 anti-p15 anti-FelVp15 anti-phospholyrosine
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i
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Fig. 4A. Immunoprecipitation of phosphorylated gag-fes polyproteins from the soluble fraction and
the cytoskeletal fraction. Cells were labeled with 200 uCi/ml of **P-orthophosphate in phosphate-free
Dulbecco-MEM supplemented with 10% dialyzed fetal calf serum for 2 h. The monolayers were then
washed four times with cold PBS and twice with cell framework washing buffer containing 0.01 M
PIPES, pH 6.8, 0.1 M KCl, 0.3 M sucrose, 0.0025 M MgCl,, and 0.001 M CaCl,. Subsequently,
monolayers were treated with washing buffer containing 1% Triton X-100 at 4°C for 1 min. The
supernatant was collected as the Triton-soluble fraction (lane B). The remaining monolayer was
washed twice with washing buffer and immediately lysed with NP40-containing lysing buffer (0.02 M
Tris-HCI, pH 6.8, 0.137 M NaCl, 0.001 M MgCl,, 0.001 M CaCl,, 10% glycerol, and 1% NP40). The
lysate was collected as the Triton-insoluble fraction (lane C). As a positive control, whole cell lysate
prepared from NP40 extraction was also included (lane A). All the lysate preparations were clarified
at 100,000 g for 20 min and were preclarified with normal serum before immunoprecipitation with
goat anti-FeLV pl5 (5 pl) or guinea pig antiphosphotyrosine serum (2 pl). The cells examined were
ST-FeSV transformed mink cells (ST-mink), GA-FeSV transformed mink cells (GA-mink) and GA-
FeSV induced cat melanoma cells (GA-cat tumor). Ppl110 is a phosphorylated gag-fes polyprotein en-
coded by GA-FeSV, pp85 is gag-fes encoded by ST-FeSV, and Pr60 represents the phosphorylated
precursor molecule of gag. The molecular weight markers are labeled on the right

approaches were used: subcellular fraction-
ation and the in situ labeling of cells from
the exterior.

Cells were fractionated into a soluble
fraction (S100), a crude membrane fraction
(P100), and a nuclear pellet (NP) according
to Hay etal. [16] and Courtneidge et al.
[12]. In vitro protein kinase activity was de-
tected in both the soluble fraction and the
membrane fraction of both transformed fi-
broblasts and the tumor cells (Fig.3). A
nonionic detergent, Triton X-100, when us-
ed at low concentrations (0.5%—1%), ex-
tracts approximately 80% of the total cell
proteins, leaving 20% with the cytoskeleton
[6]. This detergent appeared to disrupt the
plasma membrane and release the cell con-
tents without rearranging the Triton cy-
toskeleton.
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As shown in Fig. 4 A, more than 80% of
the in vivo labeled pp85 was extracted in
the Triton-soluble fraction (lane B) while
less than one-fifth was tightly associated
with the Triton cytoskeleton (the insoluble
fraction — lane C) in ST-FeSV transformed
mink cells. In contrast, equal amounts of
ppl10 from the GA-FeSV induced tumor
cells and the GA-FeSV transformed cells
were found in Triton-soluble and insoluble
fractions. The profile of in vitro kinase ac-
tivity correspond to the concentration of
phosphorylated gag-fes proteins found in
each fraction. For example, the Triton-sol-
uble fraction of ST-mink cells contained
most of the in vivo phosphorylated pp85
(lane B of Fig. 4 A) as well as the majority
of the protein kinase activity (lane A of
Fig. 4B). An analogous pattern was found



ST-mink
A B

GA-cat turn%r

-pp10

-pp85

Fig. 4B. Phosphorylation of gag-fes polyproteins in situ compared with phosphorylation in the solu-
ble fraction. Cells were grown to a density of 3X 10° cells per 6.0-cm tissue culture dish, and washed
as described in the legend of Fig. 4 A. The cells were either treated with Triton X-100 (1%) in washing
buffer for 1 min or untreated. The supernatant from Triton X-100 treated cells was saved as the Tri-
ton-soluble fraction (lane A) for the in vitro protein kinase assay. Both Triton-pretreated (lane B) and
untreated (lane C) culture dishes were incubated with 250 uCi y-*2P-ATP (ICN, Irving, CA) and
2X 107 M ATP in the cell framework washing buffer at room temperature for 15 min. The cell
monolayers were then carefully washed with cold PBS washing buffer and finally were lysed in 0.5 ml
of NP40-lysing buffer. Five microliters of goat anti-FeL'V p15 serum was used in the immunoprecipi-
tation. The results obtained with ST-FeSV transformed mink cells (ST-mink) and GA-FeSV induced
melanoma cells (GA-cat tumor) are presented. The nonspecific reactivity of the ST-mink cell prep-
aration of goat serum is indicated by dots (. .). Pp/10 and pp85 are the phosphorylated gag-fes poly-

proteins of GA-FeSV and ST-FeSV, respectively

for GA-FeSV transformed cells as observed
in both in vivo and in vitro assays (compare
Fig. 4 A and 4 B).

Attempts to label the cellular protein
with exogenously supplied y-**P-ATP from
the cell exterior were unsuccessful (lane C
of Fig. 4B), suggesting that the active site
of this kinase is not exposed to the exterior
of cells and that the plasma membrane is
not permeable to y-*?P-ATP. Treatment of
the cells for 1 min with Triton X-100 allows
the entry of y-3?P-ATP to encounter those
cytoskeleton-associated proteins and to al-
low the active transfer of phosphorus to the
substrate, P1108%6 (lane B of GA tumor
in Fig. 4B). Such activity was not detected
in ST-FeSV transformed cells, since more

than 80% of the pp85 was extracted with
Triton X-100 in the soluble fraction (lane B
of ST mink in Fig. 4 B).

Our results indicate that the gag-fes poly-
proteins are found in both cytosol and
membrane fractions and are linked to the
cell framework. It seems likely that there
are two pools of gag-fes proteins: one mem-
brane-bound, and the other cytoskeleton
associated and subsequently fractionated in
the cytosol (S100). Alternatively, it seems
possible that the gag-fes polyprotein might
be anchored partly in the cytoplasmic side
of the plasma membrane and partly with
the cytoskeleton. Our current evidence,
however, cannot distinguish between these
two possibilities.
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F. Detection of Transformation
Proteins Using Antisera to
Phosphotyrosine

As mentioned earlier, phosphorylation at
tyrosine residues appears associated pri-
marily with transformation-related pro-
teins. Some phosphotyrosine-containing
proteins represent the autophosphorylated
enzyme molecule itself, while others rep-
resent an independent substrate species [3,
11, 18]. Because of the unusual transform-
ation-associated nature of the phosphotyro-
sine reaction and the relative conservation
of the retrovirus-encoded genes which me-
diate this activity, we reasoned that an anti-
serum directed specifically to phosphotyro-
sine might be a useful tool for the detection
of other proteins of this same class. in a
previous attempt of this type, Ross et al.
[22] used an antiserum to azobenzyl
phosphonate to detect the ppl120 of cells
transformed by the Abelson murine leu-
kemia virus and also a previously un-
described protein designated ppl110 which
was found in mouse fibroblasts tranformed
with the Schmidt-Ruppin strain of Rous
sarcoma virus.

We wused antiserum made against
phosphotyrosine coupled to bovine gamma
globulin by means of the carbodiimide
method (a generous gift from Drs. Schaff-
hausen and Benjamin, Harvard Medical
School). the antiphosphotyrosine serum
specifically interacts with the in vivo 32P-
labeled pp858fes and ppll0gefes of
FeSV as well as with the middle T antigen
of polyoma virus (Schaffhausen and Ben-
jamin, personal communication). A speci-
ficity control for this serum is shown in
Fig.4A. Antiphosphotyrosine-containing
serum recognized only the pp11082&T but
not the phosphoserine-containing precur-
sor molecule of the gag protein (Pr60). The
antiphosphotyrosine  also immunopre-
cipitated several other proteins at molecu-
lar weights of approximately 50,000 daltons
and 140,000 daltons (data not shown). Our
preliminary results demonstrated the po-
tential of this specific antiserum. Sub-
sequent applications may facilitate the
identification of phosphoproteins in the
context of either distinct substrate(s) for
transforming proteins or kinase molecules
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themselves which have autophosphorylat-
ing potential.
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A. Introduction

Oncogenic transformation by tumour
viruses requires, in many cases, the func-
tion of only one viral gene. In the case of
the papovavirus Simian virus 40 (SV40) it
is the gene coding for large T-antigen [8,
16] while for most strongly transforming re-
troviruses it is a gene of cellular origin [1].
Recent work has shown that many murine
and human tumours, for which there is no
indication of viral involvement, contain
genes which have been altered in such a
way that they have acquired the ability to
transform the NIH3T3 line of mouse cells
[3, 5, 7, 10, 15]. In order to understand the
molecular mechanisms of oncogenesis it is
necessary to analyse in detail the biochemi-
cal functions of the protein products of
these various types of transforming gene.
However, even a total description of the ac-
tivities of a transforming protein will not
reveal the complete mechanism of onco-
genesis. Transformed cells differ from their
normal parents in a multitude of biological
and biochemical properties and it is unlike-
ly that all of these changes occur as a direct
result of the action of the transforming pro-
~tein. Rather, the product of the oncogene
must reprogramme the cell’s metabolism
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Council while K.-H. W. is supported by a
Long Term Fellowship from the European
Molecular Biology Organisation. P. W.J. R.
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and/or gene expression so that having de-
fined the transforming protein it is then
necessary to identify its cellular targets.

The large T-antigen protein encoded by
the early region of the SV40 genome is
both necessary and sufficient for morpho-
logical transformation in vitro and for
tumorigenesis in vivo [8, 16]. However, this
protein possesses an extraordinary variety of
biochemical activities [i.e. ref. 13], many of
which are poorly understood. It binds with
high affinity to the viral origin of DNA repli-
cation in a reaction required for the initia-
tion of viral DNA replication. It also binds
with lower affinity to cellular DNA and is
capable of inducing a round of DNA repli-
cation in quiescent cells. The protein is dis-
played on the surface of transformed cells,
although the vast majority of the antigen is
nuclear, it has an ATPase activity and it
can overcome the block to the productive
infection of monkey cells by human
adenoviruses. Large T-antigen represses its
own synthesis by binding to the promoter
of the viral early transcription unit and
there 1s evidence that it can affect the tran-
scription of cellular genes. Which of these
activities are directly involved in transfor-
mation is not known.

There is evidence from solution hybrid-
isation experiments that the cytoplasmic
mRNA populations of cells transformed by
SV40 or by Rous sarcoma virus (RSV) can
be distinguished from those of their normal
parents [6, 17]. SV40 provides a particularly
attractive system in which to investigate
this problem because the viral transforming
protein has the properties expected of a
transcriptional regulator. Two lines of evi-
dence suggest that large T-antigen can di-



rectly modulate the transcription of cellular
genes. The first detectable event following
the synthesis of large T-antigen in infected
permissive or non-permissive cells is the in-
duction of several cellular enzymes in-
volved in nucleotide metabolism and DNA
replication, for example, thymidine kinase
[16]. Although there is no evidence that this
induction is transcriptional, this seems to
be a reasonable proposition. More directly,
Baserga and his colleagues have shown that
in human-mouse somatic cell hybrids only
one of the two rRNA gene complements is
active. Introduction of large T-antigen int