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Preface 
"Es ist ja ganz einerlei, wer es gefunden hat, die 
Hauptsache ist, daß es gefunden worden ist." 

This was said by Hermann Wilbrand, 
director of the department of opthalmology at 
the university hospital Hamburg-Eppendorf 
(1919-1923), when others claimed priority for 
the 10ng searched for cortical visuell center, 
which he had discovered. 

Five years ago we tried in Wilsede an unusual experiment, 
bringing together for three long days and nights scientists and 
medical doctors to learn like students about each others work. 
The hope was that the participants in the workshop would 
discuss the whole problem of human leukemia, and coopera­
tive programmes among the different specialized research 
groups and medical centers would be stimulated. Now five 
years later we fee1 that the experiment was a success. Coope­
rative research programmes around the world were started 
and most ofus understand more and more the Frederic Stohl­
man question about the pnitical application of our research 
and its benefit for the patient. 

The chairman have done a tremendous job organizing an 
up to date scientific programme for the third Wilsede meet­
ing. I would like to thank all of them for a programme which 
includes all the important results and future aspects ofhuman 
leukemia. 

Personal and scientific discussion in Wilsede, June 1978 
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Preface XXI 

Highly qualified scientists did not only prepare themselves 
for a talk, but also for posters to give us a chance for more 
personal discussions about the clinical and research fields we 
are interested in. I hope that these possibilities of individual 
discussions will help understanding the different fields impor­
tant for human leukemia, as an example for human cancer. 

The special Wilsede atmosphere probably will have again a 
good influence on our discussions and perhaps you will take 
horne some of this spirit and remember it sometimes. 

Than we should be grateful to the Verein Naturschutzpark 
e.V. and especially to Alfred Toepfer and his associates for 
their idealistic efforts to save this little piece of nature for 
man. 

RolfNeth 
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Memorial Tribute to Dr. Frederick Stohlman 

Moloney, W.C. 

Peter Bent Brigham HospitaL Hematology Division. 721 Huntington Avenue. 
Boston. Massachusetts 02115. USA 

I would like to express sincere thanks on behalf of the Stohlman children 
and myself to Dr. RolfNeth for arranging for these memorial lectures and 
for the privilege of speaking to you briefly about the late Fred Stohlman. 
As most of you know, Fred and his lovely wife, Bernadette, died tragically 
on September 8, 1974 when the explosion of a terrorist bomb plunged their 
plane into the Ionian Sea. This senseless act of violence deprived 4 children 
of their beloved parents and ruthlessly terminated, at the age of 45, the 
career of a brilliant investigator and physician. Much has since been pub­
lished concerning Fred Stohlman's outstanding achievements and I will not 
dwell on these accomplishments. Rather I would like to recall to you, his 
friends, associates and fellow scientists, some of the human and endearing 
traits ofthis unique individual. 

Fred was very young when he graduated from Georgetown Medical 
School, in fact he was only 21 when I first met hirn as an intern on the 3rd 
Medical Service· (Tufts) at Boston City Hospital. As the stafT photo graph 
shows (Fig. 1) he did indeed look very boyish and youthful. Following his 
medical training and 9 years at the National Institute of Health where he 
worked c10sely with George Brecher, Fred returned to Boston in 1962 and 
became Chief of medicine and research at St. Elizabeth's Hospital and pro­
fessor of medicine at Tufts Medical School. There he built up a stafT and 
trained hematology fellows many who were to become world famous. Some 
of his staff members are shown in the accompanying photograph (Fig.2). 
Fred's involvement and concern for his fellow workers and associates was 
proverbial; his intense interest in discussion ofresearch problems is dem on­
strated in this photograph (Fig. 3). 

Among his numerous activities Fred probably enjoyed participation in 
meetings and symposiums most of all. His expertise as achairman and his 
ability in editing proceedings of conferences was universally recognized. He 
organized meetings which attracted outstanding scientists from all over the 
world and Fred developed warm and lasting friendships on an international 
basis. Dr. Stohlman was not only a distinguished scientist and physician, he 
was also a warm and congenial human being who loved good food, good 
drink and pleasant companionship. He probably satisfied a life time ambi­
tion during an international meeting when he made an impromptu per­
formance as conductor of the Munich Orchestra as shown in this photo­
graph (Fig. 4). 
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Fig.l 

Fig.2 
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A few months before his death, in June 1974, Fred came to Wilsede. His 
contributions on that occasion were memorable and he endeared hirnself to 
a host of new friends. The following picture (Fig. 5) depicts typical scenes of 
that first meeting of the now famous conferences on Modern Trends in 
Leukemia Research. These photographs epitomize the spirited intensity 
and the charm of the Wilsede atmosphere. The last picture (Fig.6) shows 
Fred Stohlman as Land I am sure all of you, would like to remem ber hirn; 
smiling, happy and of course, at a meeting. It is particularly appropriate 
that these lectures, by Donald Pinkel who has done so much for leukemia 
in childhood and Bob Gallo, as outstanding in the field of viral leukemo-

Fig.4 
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Fig.5 

Fig.6 

genesis, are dedicated to his memory. I am sure that somewhere in Heaven 
Fred Stohlman's spirit is looking down on this gathering and his memory 
will inspire all of us to a continuing dedication to the high scientific goals he 
attained during his all too brief career. 



Cellular and Virologie al Studies Directed to the 
Pathogenesis of the Human Myelogenous Leukemias 

Gallo, R.C. 

Laboratory ofTumor Cell Biology, National Cancer Institute, NIH, Bethesda, Maryland, USA 

It is a particular honor for me to give the first Frederick Stohlman memorial 
lecture because ofmy personal respect and friendship with Fred. His coura­
ge, honesty, and stimulation of good science in the hematological field will 
be remembered by all who knew him.1t is also very fitting to have these lec­
tures in Wilsede where special friends were made at the first meetings and 
where association and friendship with Fred Stohlman became much closer 
for many of uso 

Introduction 

There have been enormous advances in the therapy of lymphocytic malig­
nancies as exemplified by the treatment and apparent cures of some child­
hood acute lymphoblastic leukemias (see D. Pinkel elsewhere in this book). 
The myelogenous leukemias remain much more diflicult to treat, and for 
this reason and because they also provide an interesting hematopoietic sys­
tem for the study of differentiation our interests for the past several years 
has focused on the origin and pathogenesis of this disease group. 

The origin of the myelogenous leukemias appears to involve prolifera­
tion of astern cell with various degrees of commitment to differentiation 
and arrests in differentiation at various cellular levels. These diseases 
appear to be monoclonal (see Fialkow and also Rowley elsewhere in this 
book) when they are clinically manifest. However, it is not known if the 
initiation of the disease is multiclonal or monoclonal. Their appearance as 
monoclonal when presented to clinicians might be because of a select 
growth advantage of one clone as often seen in tissue culture. We do not yet 
know the mechanism(s) initiating the abnormality of growth characteristic 
of these diseases, but certain factors have clearly been shown in select cases 
to induce or play some role in leukemic development. Studies in mice, 
chickens, and humans implicate genetic factors which may be involved at 
multiple levels. Thus, some congenital diseases with chromosomal abnor­
malities and certain families have shown an unusual incidence of leukemia 
(see report by R. Miller elsewhere in this book). One family of unusual 
interest has recently been described by F. Gunz and his colleagues in Aus­
tralia. Thirteen members of the family developed some form of myelopro­
liferative disease, clearly implicating genetic factor(s). Yet, some members 
developed the disease within a relatively short time of each other even 
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though the age of each varied [17]. This certainly suggests an environmental 
factor may have been operative as weH as genetic factor(s). There was no 
known unusual exposure of any member of the family to chemicals or 
radiation. 

What about environmental faetors? Radiation ean induce leukemias in 
animals, and it has been c1early associated with myelogenous leukemia in 
humans under unusual eireumstances. Benzene also has been assoeiated 
with leukemia in very rare instances, and some other ehernieals with such 
rarity that their leukemogenic potential in man is undefined. 

Epidemiological studies indicate that leukemia is not increased in people 
living at high er altitudes with greater exposure to radiation, nor is leukemia 
generally higher in industrial areas than in rur~l regions [24]. These obser­
vations together with the fads thai 1. the incidence of ehildhood leukemia 
has apparently stayed about the same since industrialization and in fact has 
dec1ined in recent years, 2. the incidence peaks in young children, 3. the in­
cidence is greater in whites than in black people, and 4. association with 
chemicals and radiation is very rare (see R. Miller elsewhere in this book) 
all suggest to me that the leukemias may be predominantly biological dise­
ases and that all biological factors must be thoroughly explored. 

Retroviruses and Retrovirus Related Information: 
Reasons for Intensive Exploration of Human Tissues 

We have feIt that a search for retrovirus (RNA tumor virus, oncornavirus) 
information or related information in human cells was mandated by several 
considerations. 1. As discussed above epidemiological considerations are a 
stimulus for consideration of biological factors. Although these same broad 
studies also do not lend strong support to a virus eausation of the disease in 
a conventional manner, I think they are quite consistent with a role for viral 
information if one eonsiders: a) long lateney, b) a seeond or third factor in 
addition to appropriate viral information may be a requisite, c) retroviruses 
can be vertically transmitted either in the germ line as an endogenous cel­
lular element or by congenital infection (see R. Weiss elsewhere in this 
book). These faetors would obseure epidemiological approaches. 2. Several 
retroviruses can produee leukemia in a variety of animals in laboratory 
experiments. 3. Retroviruses can sometimes transform eells and not be seen 
again as discrete virus partic1es in in vitro experiments (see P. Duesberg 
elsewhere in this book). Moreover, some data suggests this mayaiso be true 
with some naturally oceurring leukemias of animals. For instance, in a sig­
nifiean t n um ber of ca ts with leukemia (perhaps approaehing 50%), feline 
leukemia virus (FeL V) has not been found (see O. Jarrett elsewhere in this 
book). In many of these cats antibodies to FeLV has also not been identi­
fied, and recent data from our laboratory in eollaboration with W. Hardy 
and M. Essex indicate that FeLV pro viral nucleie acid sequences mayaiso 
not be readily detectable (Koshy, Wong-Staal, Gallo, Hardy, and Essex, in 
preparation). Yet there is evidenee that FeLV may still eause the disease in 
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these so called "virus negative" cats. This is based on some epidemiological 
results (M. Essex, personal communication) and on the finding of feline 
oncornavirus membrane antigen (FOCMA) in the leukemic cells. This 
protein is believed to be specifically coded for or induced by FeLV and by 
feline sarcoma virus (FeSV) (see M. Essex elsewhere in this book). 4. Bone 
maffOW transplants studies have indicated that in some exceptional cases 
normal bone maffOW donor cells may be transformed to leukemic cells 
when given to a leukemic individual [43]. 5. We have recently been able to 
show that some of the primate type-C retroviruses can transform human B­
lymphocytes and mayaiso interfere with differentiation of myelopoietic 
cells. 6. The most compelling reason to think ofretroviruses in-the etiology 
of leukemias of humans is the results of animal models. It appears now that 
in every instance where we know the cause of naturally occurring leukemia 
in a sizable fraction of a -leukemic animal population it involves a retrovirus. 
This now indudes chickens (see R. Weiss and O. Jarrett, A. Burney elsewhe­
re in this book), some wild type mice [16], co ws (see O. Jaffett in this book), 
cats (see Jaffett and also Essex) and gibbon apes (see next section). 7. Since 
retroviruses can recombine with cellular genes and since some of them can 
affect cell differentiation (see later section of this report and also reports by 
M. Dexter, by N. Teich, by M. Moore, and by T. Graffin this book), it is pos­
sible and perhaps likely that sometimes these viruses contain cell derived 
genes involved with growth and/or differentiation. If so then it should be 
important to use retroviruses as probes in human leukemia to see if such ge­
netic information is altered during leukemogenesis whether or not the dise­
ase is due to a virus. For this we would choose a primate retrovirus. 

Primate Type-C Retroviruses 

There were no isolates of any primate retrovirus before this decade. Now 
there are many, and they are from diverse species. I will focuson two groups 
since they were the earliest isolates and the only ones which have been 
shown to have pathological effects on cells. We have been particularly 
interested in the members ofthe infectious type-C virus group isolated once 
from a woolly monkey and called simian sarcoma virus (Si SV), simian 
sarcoma associated virus (SiSA V) complex and some isolated several times 
from gibbon apes and collectively called gibbon ape leukemia virus 
(GaLV). SiSV (SiSA V) and the various GaLV are very dosely related vi­
ruses, and the evidence suggests their ancestral origin was probably a rodent 
virus which entered these primates by interspecies infection [27,47]. It is of 
particular interest that the virus entered two primates which are only dis­
tantly related. We have especially focused our attention on this virus group 
because the gibbon is the species dosest to man for which a retrovirus has 
been isolated, because it is the species dosest to man for which we have an 
animal model of leukemia and notably one which we know something of 
the etiology, and because we think viruses like this have been in humans. It 



Table 1. Infectious primate type-C retroviruses: Th,e Woolly Monkey (Simian) Sarcoma Virus (SSV-SSA V) - Gibbon ape Leukemia Virus (GaLV) Groupa 

Ancestral 
Origin 

Rodents 

Vectors 

unknown 
(? man) 

Transmission 

Horizontal to 
woolly monkey. 
gibbon apes, 
?man. 
Vertical only by 
infection parent to 
progeny. 
Infections clearly 
evident gibbon to 
gibbon. Source of 
infection of one 
woolly monkey is 
unknown 

Biological EtTects 

Tumorigenicity in vivo 
natural experimental 

Fibrosarcoma 
in a woolly 
monkey (SSV) 

CMLandALL 
by GaLV 

Fibrosarcoma and 
fibromas in 
marmosets and 
cerebral tumors by 
SSv. 
CML and ALL by 
GaLV 

Transformation 
in vitro 

SSV transforms 
fibroblasts. It's 
hel per virus (SSA V) 
as weIl as GaLV can 
transform human 
blood B-Iympho­
blasts. (see text) 

Members 

SSV (SSA V) isolated once from a pet 
woolly monkey. Very 
related isolates from 
human cells reported by 
5 laboratories 

GaLVThai From leukemic animals 
in a colony in Thailand 
inoculated with human 
malaria blood 

GaLVSF From leukemic animals 
in San Franzisco Zoo 

GaLVBr From brains of3 
animals 2 of which were 
inoculated with extracts 
of human brains 
From a spontaneous 
acute lymphoblastic 
leukemia of an animal 
free roaming with a 
group of gibbons on 
Hall's Island, Berm uda 

a References to original reports (except for recent results) can be obtained from the review by Gallo and Todaro "Oncogenic RNA Viruses". In: Semi­
nars in Oncology. Yarbro. J. W .. Bornstein, R. S" Mastrangelo. M.J. (eds.), pp. 81-95. New York: Grune & Stratton, Inc. 1976 

-o 
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appears sufficiently clear that this virus entered gibbons directly or via an 
unknown vector from a rodent, and it is certain that the virus is transmitted 
by infection among gibbons in captivity. The immediate vector to the one 
woolly monkey is unknown. A summary of these virus es is given in Table I. 

Shortly after the isolation of viruses of the SiSV-GaLV group [9,21,22, 
39,42,46], baboon endogenous type-C viruses (BaEV) were isolated from 
different tissues and different species of baboons [20,40]. These viruses 
exhibit all the characteristics of endogenous viruses, i.e., transmitted in the 
germ line of baboon cells, and had no demonstrable effect in vivo or in 
vitro on mammalian cells. Apparently BaEVentered an ancestor of domes­
tic cats several millions ofyears ago, infecting the germ line, and now main­
tained as an endogenous virus of cats known as RDl14 (reviewed by Todaro 
in reference [41]). There is also evidence from several laboratories that a 
related virus is sometimes identified in humans (see below). 

Table 2. Endogenous Type-C Virus of Baboons (BaEV)a 

Ancestral 
Origin 

Babon 

Transmission 
Vertical 

in germ line: 
baboon to 
baboon 

Interspecies 
Infection 

I. to a feline ancestor 
of domestic cat; and 
now vertically 
transmitted in germ 
line of cat as a variant 
of BaEV known as 
RDI14 
2. ? to humans 3 
reports ofrelated virus 
from human tissue 
and several reports of 
related antigens and 
nucleic acid sequences 
(see text) 

Biological 
EiTects 

none reported to 
date -

Members 

Papio cynocephalus 
Papio anubis 
Papio papio 
Papio hamadryas 

a References to original reports (except for recent results) can be obtained from either the text 
or the review by Gallo, R. C. and Todaro. G. J.: Oncogenic RNA Viruses. In: Seminars in 
Oncology. Yarbro, J. W., Bornstein, R. S .. Mastrangelo, M.J. (eds.). pp. 81-95. New York: 
Grune & Stratton, Inc. 1976 

Selected Results with Human Cells 

Numerous reports suggest that some fresh uncultured human cells contain 
intracytoplasmic virus like particles (discussed in references [10] and [37]), 
but since these are not isolated as infectious virus and have not been shown 
to exhibit biological activity it is not certain thay they represent defective or 
abortive type-C viruses or are cellular artifacts. However, the presence of 
high molecular weight RNA with some sequence homology to RNA from 
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some viruses and, in some sampIes of human leukemic cells, a DNA poly­
merase with properties resembling reverse transcriptase (Rn, associated 
with these "particles", emphasize their viral-like properties. In some cases 
these polymerases were shown to be immunologically specifically related to 
RT from SiSV-GaLV group (reviewed in references [10,11] and [12]), but in 
most cases immunological relatedness to primate viruses was not found and 
extensive comparisons (by immunological tests) to other animal viruses was 
usually not performed because of limited amount of enzyme. These results 
were a stimulus to consider the possibility that humans may harbor viruses 
related to this group. 

Our objective was to purify sufficient enzyme to enable us to make 
peptide maps of the RT and compare this to RT from these viruses. This 
has not been achieved, and there has been little progress in our laboratory 
with this problem since the initial reports. On the other hand Chandra and 
colleagues [1,2] have reported the purification of this enzyme (related to 
SiSV-GaL V Rn from the spleen of a child with a preleukemic disease, 
myelofibrosis, which eventually turned into AML. Similar enzymes have 
been found in orbital chloromas from leukemic people living near Ankara, 
a disease appearing as a cluster (see R. Miller and also P. Chandra else­
where in this book). 

On rare occasions whole type-C virus has been reported isolated from 
human cells. These reports, reviewed in references [11] and [13], have come 
from our laboratory (HL23V), from Panem and Kirsten (HEL-12), from 
Nooter and Bentvelzen and their colleagues (SKA-21), from Gabelman and 
Waxman, and recently from H. Kaplan and colleagues. In each case the 
viruses are related to the SiSV-GaLV group, and at least in three cases 
(HL23V, SKA-2L and HEL-12), a second virus related to BaEV has been 
detected. This peculiar combination remains unexplained. Because of their 
similarity to existing primate viruses it is possible that these isolates are all 
laboratory contaminants. Regarding HL23V we offer the following results 
against contamination: 1. Reproducible isolation from separate c1inical 
specimens: 2. previous evidence reported in references [30] and [7] for RT 
related to RT of SiSV-GaLV in the uncultured blood cells; 3. previous 
evidence for cytoplasmic RNA sequences related to SiSV and BaEV in the 
fresh uncultured blood cells of this patient [33]; 4. previous evidence for 
DNA proviral sequences related to BaEV [33,48], although SiSV proviral 
sequences could not be detected [33,48]. We did not subsequently find 
evidence for a humoral antibody response to either the SiSV or BaEV com­
ponent of HL23V in the sera of this patient, but recently we have obtained 
confirrnation of the presence of the BaEV provirus in the DNA of the un­
cultured blood cells from this patient. As described elsewhere in detail 
in this book [49], we have used the technique of DNA digestion with a 
restriction endonuclease followed by separation of DNA fragments by 
agarose gel electrophoresis, transfer of the DNA fragments to nitrocellulose 
filters by the Southern blotting technique, hybridization of J125-labeled 35S 
viral RNA to this DNA, and examination for virus specific bands after de­
velopment over X-ray films. This approach allows for more sensitive molec-
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ular hybridization because much of the irrelevant DNA is excluded (the 
labeled viral RNA probe is in excess) and for qualitative assessment be­
cause the positive bands can be visualized and compared to bands of virus 
infected cells. As shown elsewhere in this book [49] DNA from fresh un­
cultured blood cells from patient HL-23 and from another AML patient 
labeled HL-49 contain several clearly visible bands after digestion with the 
endonuclease HIND III which hybridize to J125_35S RNA from BaEV 
(M7). For control purposes DNA from normal human leukocytes and from 
human cells (A204) deliberately infected by BaEVare also shown. No viral 
specific fragments with BaEV as a probe were found in the normal cell 
DNA. The only band seen is from ribosomal DNA which was detected with 
labeled rRNA wh ich was used as a control because sometimes rRNA can 
contaminate viral RNA. Multiple viral specific bands are, or course, found 
in the positive control, BaEV infected A204 cells. It is interesting that some 
of the proviral bands found in the DNA from the leukemic cells of patients 
HL-23 and HL-49 are not found in the BaEV infected A204 cell positive 
control. This suggests that the integration sites may be different or that the 
viral fragments detected in HL-23 and HL-49 are re la ted but not identical 
to the M7 strain of BaEY. Despite the evidence for some cytoplasmic RNA 
sequences related to SiSV (SiSA V) in HL23 fresh blood cells [33] no novel 
proviral bands of SiSV (SiSA V) were found. M. Reitz in our laboratory had 
previously shown that DNA from the kidney and spleen of patient HL-23 
contained more SiSV (SiSA V) hybridizable sequences than did DNA from 
normal cells or DNA from the leukemic blood cells of patient HL-23. It is 
possible that only a small percent of the cells contained the SiSV (SiSA V) 
proviral sequences, and failure to detect them is due to insufficient sensi­
tivity. Such cells may have been concentrated in the kidney and spleen. Un­
fortunately, DNA or tissue from these organs is no longer available so they 
cannot be examined by the restriction endonuclease blotting technique. In 
summary, we have evidence now that the BaEV component of HL23V was 
present in the primary uncultured blood cells of patient HL-23, but incon­
clusive data for the SiSV (SiSA V) component. 

The important question regarding these or similar viruses is to ask 
whether they could be important causes of human leukemia. In an effort to 
obtain a preliminary answer to this question we surveyed DNA from many 
human tissues for the presence of integrated novel viral sequences by the 
standard techniques ofmolecular hybridization. We used molecular probes 
(both labeled RNA and labeled cDNA) from many animal viruses, includ­
ing SiSV and BaEY. We did not find significant differences between 
normal and leukemic cells with probes from the majority of viruses, and 
the level of hybridization were insignificant. An example of this is the 
negative data obtained with a rat type-C endogenous virus and with GaLV 
illustrated in Fig. 1 (parts Band C). The data is a summary of results of 
many sampies presented as a distribution frequency, i.e., it represents the 
percent of human DNA sampies (ordinate) which hybridize to a certain 
maximum extent (abscissa). Note that the vast majority ofcases (normal and 
leukemic hybridize very little to rat virus nucleic acid probes and the distri-
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Fig. 1. Survey of human DNA from normal blood and from people with various types of leu- 
kemia for murine leukemia virus (MuLV) (Rauscher strain) related sequences (panel A), rat 
endogenous virus (V-NRK) related sequences (panel B), and gibbon ape leukemia virus 
(GaLV) related sequences (panel C). 
The probes are 3H-cDNA prepared from endogenous reverse transcriptase reactions of the 
respective viruses. Data are given as the frequency and extent of hybridization found in the 
various DNA samples. As shown all samples hybridized less than 8% of cDNA probes from V- 
NRK and GaLV, and there are no differences between normal and leukemic samples. These 
hybridization results are not significantly above background levels. Therefore. within the limits 
of sensitivity of the assay such sequences could not be detected in humans. In contrast. some 
human DNA samples did hybridize some of the MuLV probe to levels which appear to be 
significant. These results do not discriminate between MuLV sequences themselves or 
sequences related to MuLV. This survey was carried out by N. Miller and M. Reitz in our 
group. 
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bution of samples is virtually identical with DNA from normal and leu- 
kemic cells. In contrast, using BaEV probes we find a small number of leu- 
kemic DNA samples which hybridize significantly more of the probe (data 
not shown). We have not conducted an extensive survey for BaEV related 
sequences using the more sensitive approach of restriction endonuclease- 
Southern blotting, but we have applied it to a few very select cases and 
verified the higher hybridization obtained in the molecular hybridization 
survey. These results were mentioned above and presented with AML 

A. Hybridlzatlon of SiSV 3~-CDNA to Human DNA 

Normal [32 samples) 
a Lymphocytic Leukemla 114 samples] 
0 AML 119 samolasl 
A CML 113 : 

CML 'Blast Crisir [ I2  

0.6.0 6.1-12.0 12.1-16.0 16.1 -24.0 - - - -  - 
% Hybridization 

n 
2 B. Hybrldlzatlon of SiSV I-RNA to Human DNA 
a 
E 
d ~ormal  122 samp~es~ 

A Lymphocytic Leukemla 117 samples] 
o AML [14 samples] 
A CML 114 samples] 

CML Blast Crisls 115 samples] 

44.0 4.1-8.0 8.1-120 12.1-16.0 
% Hybridlatlon 

Fig. 2. Survey of human DNA from normal blood and from people with various types of leu- 
kemia for simian sarcoma virus (woolly monkey) (SiSV) related sequences. 
In the upper panel (A) the probe used was 3H-cDNA prepared from endogenous reverse tran- 
scriptase reactions. In the lower panel (B) the probe was 1125 labeled 70s RNA. In both cases 
the vast majority of DNA samples from normal tissues hybridized less than 8% and all but a 
few less than 16%. In contrast. a significant percent of leukemic samples hybridized more than 
12% and several more than 16%. Again, these results do not discriminate between SiSV 
sequences and SiSV related sequences. This survey was carried out by M. Reitz and N. Miller 
in our group. 
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patients HL-49 and HL-23 elsewhere in this book [49]. If the survey results 
are a true indication of the presence of these sequences then we can safely 
rule out BaEV or a closely related virus as commonly associated with 
human leukemia and therefore as a common cause of human leukemia. 
However. it may be important to keep in mind that the results could be 
underestimations, e.g., if only fragments of provirus are present and/or 
only a small number of cells in a population contain viral sequences, the 
sequences might easily be undetected, but possibly sufficient for leukemic 
transforma tion. 

We also surveyed DNA purified from many human tissues for SiSV 
related sequences, and as illustrated in Fig. 2 severalleukemic DNA sam­
pIes hybridized more nucleic acid probes ofSiSV (grown in marmoset cells) 
than did DNA from normal tissues. This is more clearly evident when one 
compares the distribution ofhybridization ofviral prob es to various human 
DNA sampies between rat virus (Fig. 1) and SiSV (Fig. 2). However, one 
DNA sampie from anormal tissue (one of six human placentas tested) also 
showed unusually high hybridization to SiSV probes, so c1early higher 
hybridization is not unique to certain leukemic cells. To verify these high er 
hybridization results and to obtain greater sensitivity, some of these sam­
pIes were also analyzed by restriction endonuc1ease digestion-Southern 
blotting, and hybridization of the specific fragments to SiSV 35S RNA. As 
described elsewhere in this book (49], the positive results with the one 
placenta derived from a normal person (termed NP3) obtained in the 
standard molecular hybridization survey was confirmed as was one leu­
kemic sampie. In these cases it is difficult to escape the conc1usion of infec­
tion by an SiSV related virus. The presence in placenta is particularly inter­
esting since the finding suggests the possibility of congenital virus .transmis­
sion, a mechanism apparently involved in natural virus transmission seen in 
chickens (44], cats [19], cattle (26], and gibbon apes [23]. The data are also 
consistent with the isolation of an SiSV related virus from a human embryo 
by Panem and Kirsten (32]. 

As noted earlier SiSV and GaLV are not endogenous to primates but 
present in them only after infection. Although their recent history (? vec­
tors) is unknown their ancestral origin is believed to be rodents. An un­
expected observation, that came out of the search of human DNA for 
inserted viral sequences related to SiSVand GaLV was the finding of an 
Si SV related sequence in all human DNA. This was detected after diges­
tion of the DNA with BAM 1, with HIND III, and with Xpa restriction 
endonuc1eases (see paper by F. Wong-Staal et al. elsewhere in this book). 
This seq uence was specific to this virus group since no endogenous viral 
sequence (i.e. sequences in DNA from normal uninfected tissues from var­
ious cell sampies) were detected with probes from other viruses. We found 
this sequence using either SiSV (SiSA V) or SiSAV, and the results were 
obtained with viruses grown in non-human cells. Therefore, the results can­
not be due to a trivial explanation such as presence of human cellular 
sequences with the viral probe. Moreover, it appears that this is not an 
evolutionarily conserved sequence since it was not found in the DNA we 
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have tested from other normal uninfected primates. We, therefore, tenta­
tively interpret these results to indicate that this group of viruses has been 
in the human population or an ancestor ofhumans. 

The Possibility of an Immune Response to Type-C Viruses in Humans 

One of the most important questions relevant to type-C viruses and humans 
is wh ether a serological response against them is detectable. Results pre­
sented previously [25,38] and elsewhere in this book by R. Kurth and also 
by H. Snyder and by N. Hogg and their colleagues deal with this complex 
and as yet unsettled issue. We recently explored a different approach. Stim­
ulated by the findings of I. Witz and his colleagues [45], P. Jacquemin, 
C. Saxinger, and I examined human blood cells for surface immuno­
globulins. Both IgG and IgM were found, and appear to be chiefly as­
sociated with non-Iymphocytic cells, a finding in agreement with Metzgar et 
al. [29] and Cotropia et al. [5]. We discovered that among the IgG were 
some wh ich react with high specificity and at low concentrations with 
purified reverse transcriptases (RT) from select mammalian leukemia type­
C viruses. In AML we find the IgG generally reacts with RT from SiSV, 
and to our surprise the reaction can be specific enough to distinguish this 
RT from the RT of the other members of the SiSV-GaLV group. In normal 
people (bone marrow) we find about 20% positive for IgG chiefly reactive 
with RT from one of the GaLV isolates, name1y Ga LVSF. In CML, we find 
the remission and chronic phase patients to be like normal (negative or re­
active with RT from GaLVsF), while in alm ost every CML in blast crisis the 
IgG is chiefly reactive with RT from FeLV and rodent type-C viruses 
[18,36]. Unlike the sporadic detection ofapparent inserted viral nucleic acid 
sequences the finding of IgG with specific RT enzymatic neutralizing activ­
ity is common. Because ofthis and because we have not as yet developed an 
assay indep.endent ofRT activity neutralization,l it is premature to conclude 
that this IgG represents an immune response to a viral protein. It is possible 
that the IgG is directed against determinants of a protein coincidentally 
very close to the amino acid sequences of the catalytic sites of certain RTs. 
The answer to this question should come from the isolation and character­
ization ofthe putative cell surface antigen. 

Growth and Differentiation of Human Leukemic Myeloid Cells and 
Effects of Primate Type-C Viruses 

We have reported that in the presence of conditioned media (CM) from 
certain human embryo cell strains, human myelogenous leukemic cells can 
often be induced to grow in liquid suspension tissue culture [8,14]. In many 
instances the cells terminally differentiate [14,15]. Sometimes they retain 
marker chromosomes, and this observation combined with the fact that this 
CM generally does not induce growth of normal myeloid cells led us to 
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conc1ude that the maturation arrest of many human myelogenous leu­
kemias is not always irreversible, in agreement with L. Sachs [35] and 
M. Moore [31] and their colleagues. The differences in response of normal 
myeloid cells and leukemic cells also suggested to us that membrane recep­
tors for regulation may be modified in leukemia. An interesting by product 
of this research was the establishment of the first human cell line with dis­
tinct myeloid characteristics [3]. This line, called HL-60, was shown to 
consist mostly of promyelocytes [31] which can be terminally differentiated 
when DM SO or other compounds active in the Friend murine erythro­
leukemia system are added to the culture [3]. 

Effect of Primate Type-C Viruses on Normal Fresh Human Blood and 
Bone Marrow Cells 

To our knowledge there are surprisingly no reported studies of the effects of 
primate type-C viruses on fresh human blood cells. We have recently com­
pleted a preliminary study of the effects of various type-C viruses, inc1uding 
the primate viruses described here on human blood and bone marrow cells. 
We find that SiSV (SiSV), SiSAV alone, GaLV, HL23V (SiSV component), 
but not BaEV induce growth (Fig. 3) of B-Iymphocytes (Fig. 4). In ab out 
one third of cases studied, the cells become immortalized, and despite ap­
parent normal karyotype, they are tumorigenic in nude mice (Fig. 5). These 
cells are Ig and EBNA positive and do not have myeloid or T-cell char­
acteristics [28]. The observation is different from that of "spontaneous" 
transformation of EBV positive human B-Iymphocytes because the induc­
tion of growth is faster, the frequency of establishment of cell lines in our 
hands much greater, and the cells are tumorigenic despite apparent normal 
chromosomal makeup. The addition of BaEV or FeLV (despite some 
virus replication in a few cases) did not produce this effect. Finally, recent 
results indicate that the same phenomenon can be induced with EBV neg­
ative cord blood but at a lower frequency. We conclude that by indirect 
or direct means and by mechanisms not yet understood, some primate 
type-C viruses can be involved in the in vitro transformation of human 
B-Iymphocytes. 

W orking Hypothesis 

A currently interpretable and simple model for leukemogenesis is that 
the leukemogenic event, whatever the cause, leads to auto-production of a 
growth promoting moleeule which prevent binding of normal regulatory 
molecules. This model is similar to one proposed by Todaro and colleagues 
in the genesis of sarcomas [6]. The alternative is that receptors for regulators 
are themselves modified. These ideas should become testable in the very 
near future. 

1 Since this talk precipitation ofRT has been obtained with these IgG. 
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Fig.3. Induction of growth of B-Iymphocytes from normal human blood by primate type-C 
retroviruses (GaLVH and SiSA V). 
Human blood leukocytes were cultured with or without the Hall's Island strain of GaLV or 
with the simian sarcoma associated virus (helper virus) (SiSAV). In some cases (e.g., sampie 
NPB 7-15 shown in the figure) induction of growth was rapid. In other cases (e.g., sampie NPB 
7~16 shown in the figure lower panel) growth induction occurred after 50 days. Spontaneous 
growth (no virus) occurred in only 1 to 2% of sampies but in more than 40% of cells treated 
with virus if a co-cultivation method was used (P. Markharn, F. Ruscetti. Z. Salahuddin, 
R. Gallagher, and R. Gallo, in press). 
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Fig.4. Morphologyof"immortaliz­
ed" cell line induced from normal 
human blood after infection by 
Ganot IVH. 
Cells are lymphoblasts which are 
IgG and EBV positive 
(Magnification 1000 X ). 

Fig.5 
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Summary and Conclusion 

1. Work over the past years and espeeially results of the past few years 
indieate that type-C viral or viral related genetie information exists in 
humans. 
2. We do not know how this information entered humans or whether it 
eauses disease, but it is of in te rest that the probes from the viruses used to 
deteet this information are from the very same viruses whieh we find ean 
affeet growth and differentiation of some human hematopoietie eells. 
3. The status of aetual virus isolates from humans, though eneouraging 
beeause of similarities of isolates from five different laboratories, remain 
very perplexing and so far have not been espeeially informative to human 
leukemogenesis. 
4. In the near future we hope to clone in baeteria the viral related sequenees 
deteeted in human DNA in order to more preeisely determine their ehem­
ieal and biologie al properties. The HL-60 system mayaiso afford an opport­
unity to purify reeeptors for CSF. When CSF and other, perhaps more im­
portant, regulatory faetors are purified, we would like to determine if they 
bind differently to leukemie and normal eells. 
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Treatment of Childhood Acute Lymphocytic Leukemia * 

Pinkel, D. 

Midwest Children's Cancer Center, Milwaukee Children's Hospital. Milwaukee, Wisconsin, USA 

Thank you for the honor of sharing in this memorial to Frederick Stohl­
man. The work I will report today represents the efforts of many physicians 
and scientists who have tried to und erstand and control childhood leu­
kemia. 

In North America and Europe acute lymphocytic leukemia (ALL) rep­
resents approximately 80 percent of childhood leukemia and 30 percent of 
childhood cancer. The disease usually occurs without warning in the weIl 
child who has been weIl cared for. It is characterized by fever, pallor, 
fatigue, malaise, bone pain, bleeding and enlarged viscera and lymph 
nodes. Without effective treatment the child soon dies of hemorrhage, 
infection or tumor encroachment. The diagnosis is made by examination of 
aspirated bone marrow. 

In 1948 it was demonstrated that antifolate compounds produced clini­
cal and hematological remissions in some children with ALL [10]. However, 
the remissions were only partial - cessation of treatment was followed by 
relapse in a few weeks, and temporary - relapse usuaIly occurred within a 
few months despite continued administration of the drug. Subsequently, 
corticosteroids, mercaptopurine, vincristine and occasionally cyclophospha­
mide were demonstrated to induce remissions of a similar nature [11]. By 
1961 it was possible to prolong the 1ives of chi1dren with ALL for a year or 
more but mortality remained near 100 percent. The major obstacles to cure 
were: drug resistance, initial and acquired; inadequate distribution of drugs 
to the leptomeninges resulting in primary meningeal relapse; treatment­
related hematosuppression, immunosuppression and epithelial damage; 
and a pessimism about curing leukemia that imprisoned the wills of many 
physicians [15,18]. 

The "total therapy" plan of treating ALL, initiated in 1962, embodied 
several innovative features: Combination chemotherapy for induction of 
remission and continuation treatment; reduction of leukemia cell mass to 
subclinical levels and restoration of hematopoiesis prior to antimetabolite 

* This lecture is based on work performed at S1. Jude Children's Research Hospital support­
ed by National Cancer Institute grants CA 08480. CA 07594. CA 05176, CA 08151. by the 
American Cancer Society and by ALSAC. The work of the Midwest Children's Cancer 
Center is supported by National Cancer Institute grants CA 17997. CA 17700. CA 17851. 
by the American Cancer Society, the Faye McBeath Foundation and the Milwaukee 
Athletes Against Childhood Cancer. 
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therapy; meningeal irradiation early in remISSIOn to prevent meningeal 
relapse; cessation of chemotherapy after 2-3 years of continuous complete 
remission; and most important, a purpose to eure rather than palliate leu­
kemia (Table 1)[15]. 

Early pilot studies suggested that the plan was feasible and useful [15]. 
Approximately 9hoths of the ehildren experieneed eomplete remission, 
hematologieal remissions were four times the usuallength, and %th of the 
ehildren remained in eomplete remission after treatment was stopped. 
However, the low doses of meningeal irradiation utilized were not effective 
in preventing meningeal relapse. In a later study the meningeal irradiation 
was inereased and limited to the eranium and upper eervieal area, and 
intratheeal methotrexate was administered during the irradiation period [2]. 
When followed by five-drug eombination ehemotherapy for 2% to 3 years 
this treatment program resulted in a low frequeney of meningeal relapse 
and % of the ehildren are now surviving free of leukemia and off treat­
ment for many years [19]. A eomparative study proved that moderately 
high doses of preventive eraniospinal meningeal irradiation reduced the 
risk of initial meningeal relapse 15fold and again led to one-half of the 
ehildren surviving free of leukemia when they subsequently received three 
years of multiple drug ehemotherapy [3]. At present meningeal irradiation 
is the only method demonstrated by long-term eomparative study to 
prevent meningeal relapse both during ehemotherapy and after its eessation 
[3,8,14,19,21]. 

Most of the ehildren who survive eontinuously free of leukemia for five 
years and off treatment for two years are apparently eured. In Fig. 1 the 
initial eontinuous eomplete remission duration of76 children entering eom­
plete remission in 1967 to 1970 are plotted on a semilogarithmic graph. All 
of the children received 2400 rads of eranial irradiation with simultaneous 
intratheeal methotrexate or 2400 rads of eraniospinal irradiation early 
during eomplete remission. Subsequently they reeeived multiple drug 
ehemotherapy for 2% to 3 years or until relapse or death during remission. 
As indicated, the eomplete remission duration eurve forms a plateau after 4 
to 5 years. All ehildren represented in the plateau have been in eomplete 
remission for 8 to 10% years and have been off treatment for 5 to 8 years. 
Exeept for the one ehild who relapsed after 5% years of eomplete 

Table 1. Plan oftotal therapy ofacute lymphocytic leukemia 1962-75 

Remission induction 4-6 weeks 
To convert "Iate" leukemia into "early leukemia" 
Prednisone + vincristine ± daunorubicin ± asparaginase 

Preventive meningeal therapy 2-4 weeks 
To eradicate arachnoid leukemia early in remission 
cranial irradiation + intrathecal methotrexate or craniospinal irradiation 

Continuation chemotherapy 2-3 years 
To eliminate residual systemic leukemia 
methotrexate + mercaptopurine + cyclophosphamide ± prednisone ± vincristine 
± arabinosyl cytosine 
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remission all children in remission at 5 years remain so. This suggests that 
these children are biologically different from the children in the descending 
portion of the curve and that this difference represents biological cure of 
leukemia. 

Since a plateau of continuous complete remission has been achieved the 
height of this plateau is now the criterion of success of curative treatment of 
ALL. Any new treatment or modification of treatment must be assessed 
with respect to this criterion. Since a plateau cannot be predicted or extra­
polated statistically it is necessary to delay judgement about the curative 
value of treatment until actual experience demonstrates it. 

The quality of survival for most children with ALL is satisfactory (Fig. 2, 
3). Within a few weeks after initiation oftreatment most children can return 
to normal activities such as school attendance and athletics [15,19,21]. 
Many children have 1-2 weeks of fever and somno1ence approximate1y 
6 weeks after cranial irradiation. All the children have various degrees of 
hematosuppression and immunosuppression, many exhibit inhibition of 
skeletal growth, and some demonstrate mucosal or skin disorders, elevation 
of hepatic enzymes in the serum, and macrocytic anemia. The children 
need to he monitored carefully to avoid excessive toxicity and to control 
infection. Trimethoprim and sulfamethoxazole is effective in preventing 
Pneumocystis carinii pneumonia in children at high risk [12]. 

After termination of chemotherapy an immunological rebound may 
occur with lymphocytosis of the bone marrow and rise in immunoglobulin 
levels [6]. Hematopoiesis recovers and elevated enzymes return to normal. 
Often growth and weight gain are accelerated and the children have in­
creased energy and vitality [21]. Neuropsychological studies indicate that 
preschool children may experience impairment of short memory and 
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Fig. 1. This semilogarithmic graph describes the initial continuous complete remission dura­
tion of children who began receiving total therapy including preventive meningeal irradiation 
in 1967 to 1970. Treatment was stopped in all patients remaining in continuous complete 
remission after 2% to 3 years. None of the children experienced initial meningeal relapse after 
cessation of therapy and only one child developed relapse after five years of complete 
remission. The level of this plateau of continuous complete remission is now the measure of 
curative value of treatment. It must be established by actual experience for each treatment 
plan or its modification 
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Fig.2. Patient J. E. was admitted with ALL in August 1964 at age Fiz years. He survives con­
tinuously free ofleukemia for 14 years and offtherapy 11 years while enjoying normal growth, 
developmen t and function 

mathematical ability [9]. Early detection of these defects is important to 
allow remedial measures and to minimize school difficulties. 

Reports of abnormal computerized cranial tomography, of paraventric­
ular ca1cifications and of serious functional neurQlogical defects have 
caused concern [13,17]. The evidence suggests that c1inical meningeal leu­
kemia, high doses of parenteral methotrexate following cranial irradiation 
and intercurrent infectious encephalitis may be responsible for many of 
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Fig.3. Patient F. G., age 13 years, had an initial white blood cell count of 225,000 per cu mm. 
He has developed from adolescent to adult while continuously free of leukemia for 10 years. 
He has not received treatment for eight years 

these problems. Also to be considered, however, are other neurotoxic drugs 
such as vincristine, asparagin ase and prednisone, and the most common 
cause of cerebral atrophy in young children, protein-calorie malnutrition, a 
frequent concomitant ofleukemia and its treatment. 

The two most important reasons why children still die of ALL are drug 
resistance, as manifest by hematological relapse during chemotherapy, and 
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failure to eradicate all leukemia, as demonstrated by hematological and 
gonadal relapse after cessation of chemotherapy. Several approaches have 
been taken to reduce the risk of hematological relapse. These include the 
use of higher and more toxic dosages of drugs during continuation chemo­
therapy, the administration of intensive chemotherapy early during remis­
sion, the intermittent intensification of chemotherapy by "pulses" of addi­
tional drugs, and the utilization of cell cyde kinetic theory in designing 
drug treatment schedules [1,3,16,19,20]. So far we lack convincing evi­
dence that any of these methods decreases relapse frequency among children 
receiving multiple agent chemotherapy after appropriate preventive menin­
geal treatment. 

Although combination chemotherapy appeared to be superior to single 
drug treatment for continuing complete remission, there remained a need 
to demonstrate this by comparative study. It was also necessary to ascertain 
whether addition of drugs to a two-drug combination enhanced complete 
remission duration and the frequency of lengthy remissions. This question 
was particularly important because the drugs used for continuation chemo­
therapy have overlapping toxic effects on hematopoiesis, immunocompe­
tence and epithelial integrity. Administration of one of the drugs reduces 
host tolerance to the others so that when used together their doses must be 
lower than if they were given singly. Thus, effectiveness of one drug may be 
compromised by the administration of the others. 

In a 1972-75 study (Table 2) children with ALL were randomized to 
receive 1, 2, 3 or 4 drugs for continuation chemotherapy after remission 
induction with prednisone, vincristine and asparaginase and preventive 
cranial meningeal irradiation with simultaneous intrathecal methotrexate 
[4]. Children receiving methotrexate and mercaptopurine together had 
longer remissions and a better chance of lengthy remission than those re-

Table 2. Treatment ofacute lymphocytic leukemia. Study VIII 1972-75 

Remission induction 
Preventive meningeal therapy 
Randomized 

No. Patients 
Relapses 
Died in complete remission 
Continuous complete remission 
Offtherapy in continuous complete remission 

268/283 Patients 
2400 R Cranial + IT methotrexate 
228 Patients 

M 

20 
15 
1 
4 
4 

MMp 

68 
24 
o 

44 
37 

MMpC MMpCA 

70 70 
32 28 
4 5 

34 37 
26 28 

In this comparative study remission was induced with prednisone, vincristine and asparaginase 
and followed by preventive cranial meningeal irradiation with simultaneous intrathecal 
rnethotrexate. Patients were assigned at randorn to one of four regirnens: rnethotrexate alone 
(M), rnethotrexate and mercaptopurine (MMp), rnethotrexate, mercaptopurine and cyclo­
phosphamide (MMpC), or methotrexate, mercaptopurine, cyclophosphamide and arabinosyl 
cytosine (MMpCA). The results indicate superior efficacy for the MMp combination. 
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ceiving methotrexate alone. On the other hand, patients receiving cyclo­
phosphamide or cyclophosphamide and arabinosyl cytosine in addition to 
methotrexate and mercaptopurine tended to have shorter remissions and 
fewer lengthy remissions than those in the two-drug group. These results 
indicate that addition of simultaneous cyclophosphamide or cyclophospha­
mide and arabinosyl cytosine did not improve the efficacy of the metho­
trexate and mercaptopurine combination. \Vhether a cyclic or sequential 
schedule of two two-drug combinations might prove superior needs to be 
determined. 

The morbidity and mortality of the one, three and four-drug regimens 
were greater than those of the two-drug combination (Table 3). Children on 
methotrexate alone received two to three times higher doses of this drug 
than those receiving the combinations. Nine out of 20 suffered leukoence­
phalopathy during initial complete remission while none of the other 218 
children developed evidence of this complication during initial remission. 
In the three- and four-drug groups immunosuppression was more pronounced 
and was accompanied by higher risk of varicella-Zoster infection and 
Pneumocystis carinii pneumonia, more frequent hospitalizations and deaths 
during complete remission. Thus the most efficacious treatment regimen 
also had the least morbidity. 

The most significant opportunity for improving the treatment of ALL in 
the past five years has been its biological and clinical classification by 
immunological cell surface markers (Table 4) [5,7]. This allows species 
identification of the leukemia cells, the first step toward developing specific 
cytocidal or cytostatic therapy. This mayaiso provide further specific bio­
logical and chemical correlates of sensitivity and resistance of ALL cells to 
current drugs and may lead to new concepts of control of ALL. For ex­
ample, the relatively good prognosis of common type ALL could be related 
to increased glucocorticoid receptors on the common type leukemic 
lymphoblasts [22]. Other speculations for the good prognosis of common 
type ALL include: its origin in the bone marrow where drug diffusion is 
probably superior than in the visceral masses characteristic of thymic cell 
and B-cell ALL; its low mitotic rate and less DNA synthesis, which might 
reduce the risk of mutation to drug resistance; its lower number of leu-

Table 3. Morbidity during initial complete remission. Study VIII 

M MMp MMpC MMpCA 

No. Patients 20 68 70 70 
Cases of Leukoencephalopathy 9 0 0 0 
Cases of Pneumocystis pneumonia 0 1 7 19 
Cases ofVaricella-Zoster 0 8 16 17 
Total No. Hospitalizations 13 25 49 72 

See table 2 legend for explanation of abbreviations. The two-drug regimen was accompanied 
by the least morbidity during initial complete remission. This suggests that efficacy and 
morbidity ofa chemotherapy regimen may be unrelated. 
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kemia cells and therefore greater susceptibility to chemical eradication and 
less possibility of a drug resistant variant; the better stimulation of normal 
lymphocytes by common type lymphoblasts in mixed leucocyte cultures 
and therefore greater susceptibility to a theoretical immune control. An­
other speculation is that common type ALL is a developmental disorder of 
lymphocytes. Children normally experience rapid lymphocytic proliferation 
from age two to six years, the most frequent age for common type ALL. Is it 
possible that factors controlling lymphocytic proliferation after age six 
years contribute to control of common type ALL? Does leukemia therapy 
simply repress common type lymphoblast replication until normal controls 
take over as the child becomes older? 

Table 4. Immunologie classifieation, ehildhood lymphoeytic leukemia 

Common Null Teell B eell 

Frequeney 60% 15% 22% 3% 
Sex, Age M = F, 2-6 yrs. ? M, >8 yrs. ? 

Origin Marrow ? Thymus Alimentary 
Mitotie Rate Low ? High High 
Initial white blood eell eount Low High High Low or High 
Remission Long Less Less Least 
Surfaee immunoglobulin + 
Erythroeyte rosettes + 
Thymie antigens + 
Common ALL antigen + + 
Ia antigen + ± + 

This tentative classifieation of ALL is based on immunologieal eell surfaee markers of the 
leukemie lymphoblasts. For valid determination of speeies, leukemie lymphoblasts of the bone 
marrow need to be studied prior to ehemotherapy. The table was prepared by Dr. Luis Borella. 

Summary 

ALL in children cannot be considered incurable. Approximately one-half 
of children receiving modern therapy survive free of leukemia 5-10 years 
after cessation oftreatment and at little or no risk ofrelapse. 

The value of any treatment pro gram must be measured by the propor­
tion of children surviving free of leukemia off therapy and at little or no 
risk of relapse, that is, the proportion that is apparently cured. This cannot 
be projected or extrapolated from preliminary data. 

The c1assification of ALL into biological species by immunological 
markers may lead to the development of more specific and effective treat­
ment as weIl as to better understanding ofits origin and nature. 

Most important, it must be emphasized that the majority of children in 
the world do not benefit from advances in treatment of ALL because of 
their complexity. hazards, expense and inaccessibility. Therapeutic research 
needs to be directed away from more complex, expensive technology such 
as bone marrow transplantation and sophisticated radiotherapy. Effort 
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should be concentrated on understanding the fundamental biology of child­
ren's ALL and on its practical application for specific, effective, simple, safe 
and cheap treatment. In this way we can ass ure that all children in the 
worId will benefit from our science and we can best fulfill our obligations as 
scientists and physicians. 
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Demography 

In studying etiology it is important to learn not only who is most suseeptible 
but also who is least suseeptible to eertain forms of leukemia. Chronie 
lymphoeytie leukemia (CLL) has a peeuliarly low frequeney in Chinese and 
Japanese, and is not indueed by ionizing radiation [21]. CLL eomprises only 
1.5% of adult leukemias in Chinese and Japanese as eompared with 30% in 
Europeans [10], and the frequeney does not rise with migration to Hawaii 
[9]. These observations separate CLL etiologieally from other forms of 
leukemia and indieate the extent to whieh inherent suseeptibility may vary. 

Aeute lymphoeytie leukemia (ALL) in ehildhood has a peak frequeney 
at about 4 years in white ehildren, but not in Blaeks. The peak emerged in 
Oreat Britain in the 1920's, in the V.S. in the 1940's and in Japan in the 
1960's [24], but not yet in the People's Republie of China [25]. Thus ALL 
appears to be related to "industrialization" or development of the nation, 
but Blaeks seem not to be suseeptible. In the United States the peak rose 
progressively until the late 1950's, when a decline set in before the era of 
chemotherapy (Fig. 1). Since 1972 the decline has steepened as new treat­
ments have taken hold. Studies of cell surface markers indicate that the 
peak is due to ALL ofthe non-B non-Teell type [29]. 

Environmental Agents 

Ionizing radiation: X-ray was the first environmental agent implieated in 
leukemogenesis. Case reports in the 1920's were followed by retrospeetive 
studies in the 1940's and a prospeetive study of atomie-bomb survivors in 
Japan sinee the 1950's [21]. Myelogenous leukemia, either aeute or ehronie, 
is the predominant type indueed by radiation, but ALL was oeeasionally 
induced, usually when the age at exposure was under 20 years. An inereas­
ed frequeney of CML persisted until 1965, but the rates for aeute leukemia 
continue to be elevated [4,16]. Reeently leukemia has been observed as a 
complication of radiotherapy for Wilms' tumor [28], indicating the need to 
seek a lower dose that would eure the original cancer without causing leu­
kemia. 

Emphasis is now being placed on the leukemogenic potential of low­
dose radiation in the general population. The question is more likely to be 
resolved by understanding the biologie mechanisms involved than by argu-
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ments about threshold and linearity of dose-response - at levels below 
which epidemiologie studies are impractical because of the large sam pie 
sizes required. 

Beginning in 1956 Dr. Alice Stewart published data which seemed to 
indicate that each form of childhood cancer could be induced by small diag­
nostic x-ray exposures of the mother during pregnancy. The fullest presen­
tation of her findings appeared in 1975 [3]. One by one she had dealt with 
the criticisms of her original study. The largest remaining puzzle was the 
constancy of the increase in relative risk (1.5-fold), regardless of the form of 
cancer, be it leukemia, lymphoma, Wilms' tumor, cerebral tumors, neuro­
blastoma or all other childhood cancer [21]. This finding seemed biological­
ly implausible [21]. Recent studies have failed to duplicate her findings 
except possibly for the increased risk of leukemia [8,15,17]. A lingering 
doubt thus remains about the interpretation ofher results. 

Chemieals: Among chemicals known or suspected to be leukemogenic 
are benzene in persons occupationally exposed [1,31], and alkylating agents 
used for cancer chemotherapy [5]. Maternal exposure during pregnancy 
could conceivably induce leukemia in the offspring transplacentally. This 
possibility seems enhanced by a Swedish report that after occupational 
benzene exposure during pregnancy, an increased frequency of sister 
chromatid exchanges was observed in both mother and child [12] - a find­
ing which needs to be confirmed elsewhere. 

68.6 

LEUKEMIA MORTALITY IN 
WHITE CHILDREN 
1950-1975 
(AGE SPECIFIC RATES) 

Fig.1. Annual leukemia mürtality rates für U.S. white children, 1950-1975, by 3-year age­
intervals 
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In the treatment of multiple myeloma with melphalan, the predominant 
subtype of leukemia induced has been acute monomyelogenous (AMML) 
[19]. 

Leukemia Clusters: In the mid-1960's leukemia clusters were taken by 
virologists as evidence for horizontal transmission of the disease. Creative 
statisticians were stimulated to develop dispassionate procedures to deter­
mine if clustering of such rare events in time and space was attributable to 
chance. When applied to leukemia, these methods showed no striking 
excess of clusters suggestive of an infectious mode of transmission [6]. In­
dividual clusters may nonetheless be environmentaIly induced, as by ioniz­
ing radiation in Hiroshima and Nagasaki [16], and by benzene in Italian 
shoemakers [31]. Clusters are more likely to be meaningful if they are of a 
particular subtype as in Ankara, Turkey, where AMML accounted for 40% 
of childhood leukemia [7] as contrasted with 4% in Boston [11]. 

Host Susceptibility 

Inborn Chromosomal Abnormalities: It is now weIl known that leukemia, 
principally ALL, occurs excessively in Down's syndrome, but it is not well 
known that the childhood peak occurs three years earlier than in the gener­
al population [22]. An increased risk of leukemia might also exist in other 
autosomal trisomies, but may be less apparent because of the short life­
span. The risk of leukemia is markedly elevated in two recessively trans­
mitted chromosomal fragility disorders, Bloom's syndrome [13] and 
Fanconi's anemia [26]. In Fanconi's anemia the cell type has almost invari­
ably been AMML. It should be noted that this rare form of leukemia is the 
predominant form that occurs not only in this syndrome, but also after 
multiple myeloma treated with melphalan, and as a cluster in Ankara. 

In ataxia-telangiectasia (AT) there is both chromosomal fragility and 
immunodeficiency, and apredisposition especially to lymphoma, but also 
to ALL [14]. Each of the foregoing constitutional disorders, as weIl as ex­
posure to ionizing radiation or benzene, has as a feature in common chro­
mosomal abnormality before the onset of leukemia [23]. With the develop­
men t of ban ding techniq ues for the examination of chromosomes, leukemia 
in the general population is increasingly being associated with particular 
chromosomal aberrations (Rowley, this volume). The piecing together of 
clinical and epidemiological rarities has thus led to a more broadly appli­
cable understanding of cytogenetics of leukemia in the general population. 
It now becomes achallenge to explain the exceptions in which no connec­
tion is yet known between leukemia and chromosomal abnormality. 
Among inborn diseases with apredisposition to leukemia but as yet without 
characteristic chromosomal abnormalities are Poland syndrome [32], 
Rubinstein-Taybi syndrome [18] and multiple neurofibromatosis, in which 
childhood leukemia is ofthe non-lymphocytic type [2]. 
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A DNA Repair De{ect in Familial AML? 

The discovery of DNA repair defects in xeroderma pigmentosum and AT, 
two disorders with acute sensitivity to radiant energy, led us to seek such 
defects in disorders with sensitivity to a delayed effect of radiation; namely, 
neoplasia. An extension of this reasoning led us to studies of persons with 
multiple primary cancers or familial cancer of types that could be radio­
genie, but in these cases were not. In one instance a boy with hereditary 
retinoblastoma and multicentric osteosarcoma ofthe limbs, not due to ther­
apy, showed diminished survival of skin fibroblasts in culture after x-irradi­
ation. Another such case is under study. 

Study was also made of a family in which four siblings and three mater­
nal relatives had acute myelogenous leukemia, and two other maternal rela­
tives had malignant reticuloendothe1iosis [30]. The oeeurrenee of AML in 
the most recent sibling affected seemed to be predieted by inereased trans­
formation of skin fibroblasts in culture by SV40 seven years before the on­
set of leukemia [20]. This response was similar to that seen in Faneoni's 
anemia (FA) or in heterozygotes for the disease, but no stigmata of FA was 
observed in the family. The available skin fibroblasts, from two of the af­
fected siblings and the mother, showed diminished eell survival, but those 
from healthy twin brothers and the father did not [27]. The cells are now 
being studied for DNA repair defects. These observations illustrate onee 
again the importance of an interaction among epidemiology, clinical ob­
servations and laboratory research. 
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A. Introduction 

The renewed interest in the study of chromosome abnormalities in hemato­
logic malignancies, particularly in the leukemias, is the result of technical 
improvements which permit the precise identification of each human 
chromosome, and of parts of chromosomes as weIl. The information 
obtained raises a number of questions regarding the validity of older no­
tions, such as the variability of the chromosome pattern (karyotype) in 
acute leukemia, or the rarity of associations of specific chromosome ab­
normalities with particular types of leukemia. One of the surprising obser­
vations of the last few years has been the frequent occurrence of consistent 
translocations in a variety of hematologic malignancies. The challenging 
questions at present are how and why nonrandom changes, particularly 
consistent translocations, occur. 

B. Methods 

An analysis of chromosome patterns in malignancy must be based on a 
study of the karyotype of the tumor tissue itself. In the case of leukemia, the 
specimen is usually a bone marrow aspirate that is processed immediately 
or is cultured for a short time [29]. Cells in metaphase from a 24-hour 
culture of peripheral blood will have a karyotype similar to that of cells ob­
tained from the bone marrow. The chromosome analysis may be performed 
by means of one of several pretreatments prior to staining with Giemsa [34], 
or the slides can be stained with quinacrine mustard for fluorescence, as 
previously described [3,29]. The chromosomes are identified according to 
the Paris Nomenc1ature [22], and the karyotypes are expressed as recom­
mended under this system. 

C. Chronic Myelogenous Leukemia 

1. Chronic Phase 

Nowell and Hungerford [20] reported the first consistent chromosome ab­
normality in a human cancer; they observed an unusually small G-group 
chromosome, called the Philadelphia (Ph1) chromosome, in leukemic cells 
from patients with chronic myelogenous leukemia (CML). Bone marrow 
cells from approximately 85% of patients who have c1inically typical CML 
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contain the PhI chromosome (PhI +) [38J. Chromosomes obtained from 
PHA-stimulated lymphocytes of patients with Phl + CML usually are 
normal. 

Chromosome banding techniques were first used in the cytogenetic study 
of leukemia for identification of the PhI chromosome. Caspersson et al. [2J 
and O'Riordan et al. [21 J reported independently that the Phl chromosome 
was a No. 22q -. The question of the nature of this chromosome was an­
swered in 1973, when Rowley [24J reported that it represents a translocation, 
rather than adeletion as many investigators had previously assumed. The 
first report in 1973 presented data on nine Phl patients, in all ofwhom there 
was additional dully fluorescing chromosome material at the end of the 
long arm of one No. 9 (9q +). The amount and staining characteristics of 
this material were similar to those of the distal portion of the long arm of 
No. 22. The abnormality in CML is, therefore, an apparently balanced 
reciprocal translocation, t (9;22) (q34;qll). Measurements ofthe DNA con­
tent of the affected pairs (9 and 22) have shown that the amount of DNA 
added to No. 9 is equal to that missing from the PhI [14J; thus there is no 
detectable loss ofDNA in this chromosome rearrangement. 

The karyotypes of 569 Phl + patients with CML have been examined 
with banding techniques by a number of investigators, and the 9; 22 trans­
location has been identified in 529 cases (94%) (reviewed in Rowley [27]). 
Unusual or complex translocations were identified in 40 patients, in 17 of 
whom the translocation involved No. 22 and one of several other chromo­
somes. In two patients, the translocated material could not be detected and 
was presumed to be missing. Twenty-one cases have also been reported in 
which the rearrangement involved three or more chromosomes; in all of 
these cases, with one exception [13], two of the chromosomes were Nos. 9 
and 22 with breaks in the usual bands. 

The great specificity of the translocation involving Nos. 9 and 22 re­
mains an enigma. At present, patients with a variant translocation appear 
not to differ clinically from those with the usual Phl [32]. 

11. Acute Phase 

When patients with CML enter the terminal acute phase, about 20% appear 
to re ta in the 46, Phl + cellline unchanged, whereas other chromosome ab­
normalities are superimposed on the PhI + cell line in 80% of patients 
[27,28]. In a number of cases, the change in the karyotype preceded the 
clinical signs ofblast crisis by 2-4 months. 

Bone marrow chromosomes from 178 patients with Phl + CML, who 
were in the acute phase, have been analyzed with banding techniques [27,28]. 

Thirty-five showed no change in their karyotype, whereas 143 patients 
had additional chromosome abnormalities. The most frequent gains or 
structural re arrangements of particular chromosomes observed in 136 
patients who underwent relatively complete analyses are summarized in 
Table 1. These changes frequently occur in combination to produce modal 
numbers of 47 to 52. 
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Table 1. The most frequent chromosome changes determined with banding in 136 Phi-positive 
patients,in-the acate pkase,ofGML 

Number of chromosome 
Type of 8 9 10 17 19 21 Phi 
chromosome change 

Number ofpatients 

Gain 53 8 11 8 24 11 48 
Loss 5 1 2 
Rearrangementa 3 4 3 36b 2 1 4c 

Total 56 12 14 49 27 12 54 

a Inc1udes translocations, deletions, inversions, and ring chromosomes. 
b Thirtl ofthese were said to be an isochromosome for the long arm, i (17q) 
c All 0 these were said to be a dicentric Phi. 

The single most common change in the acute phase of CML is the addi­
tion of a second Phl chromosome. Prior to the use of banding, the most 
commonly observed abnormality was an additional C-group chromosome; 
of 64 patients whose cells contained additional C's, 53 had an additional 8. 

The i (17) q, which was observed in 30 patients, appears to be the second 
most common structural rearrangement, after the 9;22 translocation. It was 
the only abnormality in addition to (9;22) in 16 cases, whereas in 14 it was· 
associated with an extra C, identified as No. 8 in every patient. Fifty-one 
other structural rearrangements, such as balanced reciprocal translocations, 
deletions, and unidentified additions to chromosomes, were identified in 
combination with i(l7q) and the dicentric Phl. In 13 cases, a second bal­
anced reciprocal translocation (separate from the 9;22 translocation) was 
the only change noted in the acute phase as compared with the karyotype in 
the chronic phase. With one exception, the additional F noted in 25 cases 
was a No. 19; it was never seen as the only new abnormality in the acute 
phase ofCML. 

III. Identity 0/ Phl-positive Cells 

The identity of the cells that contain the Phl chromosome has recently be­
come a topic of considerable interest. This problem has at least two facets; 
one concems the nature of the blast cells in the acute phase of CML and 
the other, the proper c1assification ofpatients with Ph1 + acute leukemia. 

In regard to the first aspect, Boggs [I} noted that the blast cells in some 
patients in the acute phase of CML appeared to be lymphoid rather than 
myeloid, and that some patients in the acute phase achieved aremission 
with vincristine and prednisone, which were usually effective primarily in 
lymphoid leukemias. Severallaboratories are currently examining the sur­
face markers of cells frompatients in the acute phase of CML; unfortunate­
Iy, the cytogenetic analyses are frequently not done with banding techni­
ques, and often the karyotype is obtained only from the initial sampie. 
Since Whang-Peng et al. [39] have identified the Phi chromosome in two of 
four Ph 1 + ALL patients as a 21 q -, banding is essential. 
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In regard to the second question, of 13 patients [26] with PhI + ALL who 
had a 22q - chromosome identified with banding, six had a translocation of 
22q to 9q34; two others had variant translocations, one to 14q and one to 
21q. The presence of a translocation was not determined for the other five. 
Ten of the 13 patients were studied a second time; two of these had no re­
mission and continued to have an abnormal karyotype. The remaining 
eight patients achieved aremission and had anormal karyotype in cells 
from the bone marrow or from unstimulated peripheral blood. It remains to 
be determined whether it is logical, or correct, to classify all PhI + leu­
kemias as CML, or whether we are dealing with two different diseases. 

D. Acute Nonlymphocytic Leukemia (ANLL) 

I. Nonrandom Patterns 

Little information is available regarding the chromosome pattern determin­
ed with banding in acute lymphocytic leukemia; therefore this section in­
cludes the data available for ANLL only. Cells from approximately 216 
patients with ANLL have been analyzed with banding; 113 patients (51 %) 
had a chromosome abnormality, which was identified precise1y in 100 [26,36]. 
The chromosome gains, losses, and rearrangements are summarized in 
Fig. 1. There is evidence that some portion of the apparent chromosome 
variability is related to evolution of the karyotype in ANLL. In an attempt 
to distinguish primary from secondary events, we have indicated the aber­
rations noted in 90 patients who had minimal changes, i.e., modal chromo­
some numbers of 45-47, in the shaded area of the figure. Although a ga in 
of No. 8 and a loss of No. 7 are the most frequent changes in either case, 
other aberrations, such as a gain ofNos. 1,6, or 7, are seen only in patients 
with higher modal numbers. 

In some patients, it is possible to follow the development of other 
chromosome changes in the course of serial analyses of bone marrow sam­
pIes. In aseries of 90 patients with ANLL [35], 17 showed a change in their 
karyotype as the disease progressed. In 11 patients, this involved the gain of 
a chromosome, which was a No. 8 in nine cases. Thus, an additional No. 8 
is a common occurrence both in the evolution of ANLL and in CML in the 
acute phase. 

Two structural rearrangements are sufficiently important to merit special 
mention. The first occurs in acute myeloblastic leukemia (AML) and is seen 
in about 10% of all patients with aneuploidy. Prior to banding, it was de­
scribed as - C, + D, + E, - G (37); Rowley [25] showed that this is a trans­
location, presumably reciprocal, involving Nos. 8 and 21, t(8; 21) (q22; q22). 
This translocation is unique in that its presence is frequently associated with 
the loss of a sex chromosome, an X in females (33%) and the Y in males 
(59%); such loss is otherwise a rare occurrence. 

The other consistent re arrangement has been identified only recently 
(30) as aIS; 17 translocation, t(15; 17) (q25; q22), in acute promyelocytic 
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Fig. 1. Diagram of chromosome changes seen 
in 110 patients with ANLL; 45 patients were 
studied in my laboratory. The chnages in 90 
patients with modal chromosome numbers of 
45-47 are indicated in the shaded portion. 

leukemia (APL). Our first two patients with APL were found to have a de­
leted 17q [101. Metaphase chromosomes from a third patient had c1earer 
bands, and a structural rearrangement involving No. 15 as weH as No. 17 
was noted. Nine of 17 patients with APL inc1uded in data from the Work­
shop on Chromosomes in Leukemia had a 15; 17 translocation [7]. 

II. Clinical Significance o( Chromosome Abnormalities 

About 50% of patients with ANLL are found to have anormal karyotype 
even with the use of banding techniques. Sakurai and Sandberg [31] were 
the first to note (prior to banding) that the presence, in the initial bone sam­
pIe, of even one cell with anormal karyotype was associated with a 
substantially better prognosis. In our first series of 50 patients studied with 
banding [11], particularly among those with acute myeloblastic leukemia 
(AML) who had anormal karyotype, 85% achieved a complete remission 
(median survival 18 months), compared with 25% of those with onIy ab­
normal cells (median survival 2.5 months). The difTerence in survival for 
patients with acute myelomonocytic leukemia (AMMoL) was not signif-
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icantly related to the karyotype. In an enlarged series of 90 patients, we noted 
the same relationships [12]. These observations have also been confirmed 
by Nilsson et al. [19] and by data correlated by the Workshop on Chromo­
somes in Leukemia [7]. 

The significance of these findings is not elear. It may be that leukemic 
cells with anormal karyotype have not yet evolved to the same state of 
malignancy, and that patients with normal cells therefore have a better 
prognosis. Alternatively, it may be that the mechanism associated with 
leukemogenesis in cells with anormal karyotype is different and does not 
require chromosome changes for the malignant transformation. These pa­
tients may, therefore, represent a different etiologic category in which the 
cells could be more readily reversible or more sensitive to chemotherapy. In 
any event, hematologists might consider whether chemotherapeutic proto­
cols should be specifically tailored to patients with normal karyotypes, 
whereas a different protocol may be appropriate for patients who have only 
chromosomally abnormal cells. 

E. Tbe Production of Consistent Translocations 

The mechanism for the production of specific, consistent reciprocal trans­
locations is unknown. Possibly, specific translocations are the result of cell 
selection. In such a model, chromosome breaks and rearrangements occur 
continuously at a low frequency. Many ofthese rearrangements do not lead 
to changes in cell metabolism, and the cells therefore do not proliferate pref­
erentially; other re arrangements may be lethai to the cells. Still others 
provide the cell with a proliferative advantage, and cells with these changes 
not only persist, but eventually become the predominantcell type. In such a 
model, the chromosome change is the fundamental, initial event that leads 
to the neoplastic nature of the cello 

Other possible explanations depend on either [1] chromosome proximity, 
since translocations may occur more frequently when two chromosomes are 
elose together, or [2] regions of homologous DNA that might pair preferen­
tially and then be involved in rearrangements. The fact that many of the 
affected chromosomes, e.g., Nos. 1,9, 13, 14, 15,21, and 22, are involved in 
nueleolar organization supports these proposals. 

On the other hand, proximity of homologous DNA sequences should 
lead to an increased frequenced of these rearrangements in patients with 
constitutional abnormalities, but this has not been observed. It is possible 
that either or both of these mechanisms are subject to selection; a transloca­
ti on might occur because thechromosomes are elose together, but only 
certain specific rearrangements may have a proliferative advantage which 
results in leukemia and thus leads to their detection. 

Another genetic mechtmism that may account for consistent chromosome 
changes is related to transposable elements, called controlling elements in 
maize [6,15] and insertion sequences in bacteria [4]. Transposable elements 
ha ve been detected in every organism in which the genetic structure is known 
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with reasonable precision. In maize, for example, there are at least three 
distinct controlling elements, each with its own characteristics and with dif­
ferent chromosome locations that influence the production of anthocyanin 
pigment in each kernel of an ear of com [6,15]. Similar genetic systems that 
modify the action of host genes may be present in mammalian cells. If so, 
these transposable elements may playa role in malignant transformation. 
The following features of transposable elements are relevant to the "how" 
and "why" of consistent translocations: 1. Change in location within the 
DNA, 2. the transferring of adjacent DNA in this change, and 3. the altera­
tion of the normal mechanism for genetic regulation, depending on the site 
and orientation of the inserted sequences. These properties, plus a selective 
system for rem oval of changes that do not have a proliferative advantage in 
hematologic cells, are just those required to explain consistent transloca­
tions occurring as somatic mutations. 

F. The Role ofNonrandom Changes 

There is good cytological [8] and biochemical [5] evi.dence that, in an indi­
vidual patient with chronic myelogenous leukemia or Burkitt lymphoma, 
the tumor cells have adonai origin. In CML, initially only a single cell has 
the 9: 22 translocation, and when the patient comes to the physician, fre­
quently all cells in division contain the Phl chromo~ome. It is necessary to 
examine the kinds of genetic mechanisms that can provide the cell contain­
ing the 9: 22 translocation with this proliferative advantage. 

Two points that should be emphasized are the genetic heterogeneity of 
the human population and the variety of cells involved in malignancy. 
There is convincing evidence from animal experiments that the genetic con­
stitution of an inbred strain of rats or mice plays a critical role in the fre­
quency and type of malignancies that develop [23,33]. We are much more 
aware now than formerly of certain genes in man that. predispose to cancer, 
such as the genes for Bloom syndrome, Fanconi anemia, and ataxia-telangi­
ectasia [9]. We are completely ignorant of the number of gene loci in man 
which, in some way, control resistance or susceptibility to a particular 
malignancy. 

The second factor affecting the karyotypic pattern relates to the different 
cells that are at risk of becoming malignant, and the varying states of ma­
turation of these cells. There is good evidence that the same chromosomes 
may be affected in a variety oftumors; No. 8 is a good example [18]. On the 
other hand, some chromosomes seem to be involved in neoplasia involving 
a particular tissue: the involvement of No. 14 in lymphoid malignancies is 
an example. 

When one considers the number of nonrandom changes that are seen in 
a single malignancy such as ANLL, it is dear that not just one gene, but 
rather a dass of genes is involved. Our knowledge of the human gene map 
[17] has developed concurrently with our understanding of chromosome 
changes in leukemia. It is now possible to try to correlate the affected chro-
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mosomes with the genes that they carry. Clearly, these efforts must be very 
tentative, since relatively few genes have been mapped, and since some of 
the chromosomes that are most frequently abnormal have few genetic 
markers. 

Preliminary data suggest that chromosomes wh ich carry genes related to 
nucleic acid biosynthesis may frequently be abnormal in hematologic 
malignancies. Moreover, specific chromosome regions associated with these 
genes mayaiso be involved. Thus, the most frequent abnormalities of No. 17 
result either in an isochromosome for the long arm or in a translocation 
with No. 15 in which the break in No. 17 is in band 17q22. This region of 
No. 17 contains genes for thymidine kinase, galactokinase, and a site that is 
particularly vulnerable to AD-12-induced breakage [16]. Furthermore, 
induction of host cell thymidine kinase and a high frequency of breaks in 
17q22 are early functions of this virus, as is the synthesis of a tumor antigen 
which may playa role in the control ofDNA synthesis. 

Thus it is possible that nonrandom chromosome aberrations, when they 
occur, change the level of some enzymes related to nucleic acid metabolism, 
either through a change in location or through duplication of gene loci. 
Nonrandom chromosome changes, particularly consistent, specific trans­
locations, now seem clearly to be an important component in the prolifera­
tive advantage gained by the mutant cell in neoplasia. The challenge is to 
decipher the meaning ofthese changes. 

G. Summary 

The consistent occurrence of nonrandom chromosome changes in human 
malignancies suggests that they are not trivial epiphenomena. Whereas we 
do not und erstand their significance at present, one possible role which they 
may fulfill is to provide the chromosomally aberrant cells with a prolifera­
tive advantage as the result of alteration in the number or location of genes 
related to nucleic acid biosynthesis. The proliferative advantage provided 
by various chromosome aberrations is likely to differ in patients with differ­
ent genetic constitutions. . 
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Use of Glucose-6-Phosphate Dehydrogenase Markers 
to Study Human Myeloproliferative Disorders 
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In accordance with inactivation of one X-chromosome in each somatic cell, 
fern ales heterozygous at the X-chromosome linked glucose-6-phosphate 
dehydrogenase (G-6-PD) locus for the usual B gene (GdB) and a common 
variant allele such as GdA have two populations of cells - one producing 
type B G-6-PD and the other, type A. Thus, normal tissues from a GdB/GdA 

heterozygote manifest both Band A isoenzymes (a double-enzyme pheno­
type), but a tumor with a single cell (donal) origin shows B or A G-6-PD 
(a single-enzyme phenotype). The same rationale allows delineation of 
stem-cell relationships. If a tumor arises in a multipotent stern cell of type 
A, all descendants ofthat stern cell will type as A. 

In this communication G-6-PD studies are reviewed that indicate that 
chronic myelocytic leukemia and related disorders have donal origin at the 
time of study and involve stern cells pluripotent for granulocytes, erythro­
cytes, platelets and monocytes/macrophages. The questions of whether 
marrow fibroblasts or blood lymphocytes arise from the leukemia pro­
genitor and of whether there are any residual normal stern cells are 
emphasized. 

I. Chronic Myelocytic Leukemia (CML) 

A. Clonal Origin in Pluripotent Marrow Stern Cells 

Thus far, 12 women with Philadelphia-chromosome (Ph1)-positive CML 
and heterozygous at the G-6-PD locus have been studied. Both Band A 
isoenzymes were found in normal tissues, but only one type of G-6-PD was 
seen in the CML granulocytic cells (8 patients typed as Band 4 as A) [8,9]. 
The fact that single-enzyme phenotypes occur in CML granulocytic cells, 
whereas granulocytes from G-6-PD heterozygotes without hematopoietic 
diseases have double-enzyme phenotypes [6], strongly favors adonai origin 
of CML. This postulate is also supported by studies with other isoenzyme 
and chromosomal markers (references given in [9]). However, the con­
dusion that CML has adonai origin applies only to the stage of the disease 
at the time of study. Conceivably, at a very early phase many cells may be 
affected, but by the time CML is evident one clone has evolved. The fact 
that at the time of diagnosis all CML cells are of donal origin virtually ex-
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cludes any hypothesis of pathogenesis based on continuous recruitment of 
hitherto normal cells. 

In G-6-PD heterozygotes with CML, single-enzyme phenotypes are 
found in erythrocytes, platelets and blood monocytes/macrophages as weIl 
as in granulocytes [8]. Thus, the disease involves a multipotent marrow stern 
celL a conclusion supported by studies with other markers (references given 
in [7]). In contrast to the blood cells, cultured marrow fibroblasts from 3 
patients with CML displayed both Band A enzymes, indicating that at least 
in these ca ses, these cells do not arise from the CML clone. Similar con­
clusions were reached using Ph1 as a marker [5,11,14]. One of the patients 
we studied had myelofibrosis [8]. The facts that marrow fibroblasts grown 
from this patient lacked Ph1 and had a normal double-enzyme phenotype 
suggest that the myelofibrosis is not part of the CML clonal proliferation 
and is probably a secondary phenomenon. 

B. Do Blood Lvmphocytes Arise (rom the CML Stern Ce!!? 

To investigate the origin of different lymphocyte populations we studied 
three G-6-PD heterozygotes with CML. The CML myelocytic cells in each 
patient showed a single type: B. 

Simple preparative methods all failed to separate lymphocytes from 
granulocyte precursors and other immature forms. ThUS we adopted com­
pie x multistaged preparative protocols. These methods and the procedures 
used to identify T or B lymphocytes are described in detail elsewhere [10]. 
The results provide evidence for at least two and possibly three lymphocyte 
populations. 

1. T-Iymphocytes wh ich do not Arise from CML Stern Cells 
In each of the three patients there is a population of E-rosette forming 
lymphocytes which has a normal double-enzyme phenotype in marked 
contrast to the single-enzyme phenotypes found in the CML clones. These 
T cells were most easily demonstrated when the patient was in complete 
clinical remission. 

2. Non-T lymphocytes which Arise from CML Stern Cells 
A population of non-E-rosette forming lymphocytes was identified which 
had the same single-enzyme phenotype as did the CML clone. This popula­
tion was demonstrated when the patient was in relapse or in clinical remis­
sion. These cells had complement receptors and many of them manifested 
B-Iymphocyte characteristics such as ceIl-surface and intracytoplasmic Ig, 
and Ig synthesis. 

3. T-Iymphocytes which may Arise from CML Stern Cells 
Preliminary studies suggest that there may be a population of lymphocytes 
which has a single-enzyme G-6-PD phenotype and T-cell characteristics 
including lack of cell-surface Ig and formation of E-rosettes. In contrast to 
the non-clonal T-cells which were most easily demonstrated in clinical 
remission, these "clona!" "T'-cells have thus far been demonstrated only 
when the disease is in relapse. However, conclusions based on these find-
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ings must be guarded. For example, since the disease was active at the time 
of study, the difficulties of isolating and characterizing lymphocyte popula­
tions were increased. In addition, it cannot be concluded firmly that this 
clonal subpopulation is analogous to normal T-Iymphocytes since it may 
consist of B-Iymphocytes or undifferentiated cells of the leukemic clone 
which have acquired T-ceH markers during evolution ofleukemia. 

The likely demonstration in CML of clonal lymphocytes suggests that 
there is a common hematopoietic stern cell for some lymphocytes as weH as 
for myelogenous ceHs and it is this stern cell which is involved in the leu­
kemia. These data may explain why in some cases of blast crisis, the cells 
have characteristics which resemble those found in the common type of 
acute lymphoblastic leukemia (e.g., see Chapters by Boggs and Greaves, 
this volume). The demonstration of E-rosetting cells from patients with 
CML in remission that do not arise from the leukemia stern cell may reflect 
persistence of restricted stern cells committed to differentiate only into 
T-Iymphocytes. 

Mitogen-stimulated mitoses within the lymphocytes having single-enzyme 
phenotypes and thereby presumably arising from the CML stern cells 
generally lacked Phl. One possibility is that the cells in metaphase are not 
representative of the vast majority of enzyme-producing cells, but a more 
intriguing possibility is that cells which are clonally derived only acquire 
Phl at a later stage in leukemogenesis (see below). 

C. Are there any Residual Normal Stern Cells in CML? 

The fact that during remission in CML, the single-enzyme G-6-PD pheno­
types persist provides no evidence for residual normal stern cells [8]. How­
ever, it was possible that a minor isoenzyme component had been missed if 
it had contributed less than 5% of the total G-6-PD activity. To study this 
problem at a more sensitive level, we analyzed granulocytic colonies grown 
in semi-solid medium. Such colonies from normal G-6-PD heterozygotes 
have single-enzyme phenotypes and arise from single cells. Thus, analysis 
of a single colony is equivalent to study of the one progenitor cell from 
which it was derived. Of almost 1000 granulocytic colonies studied, one 
colony had a G-6-PD phenotype different from that observed in the CML 
blood clone [9J. These data provide no evidence for residual, normal 
granulocyte colony-forming cells (CFU-C) in patients with CML, a situa­
tion which contrasts with that found in polycythemia vera (see below). 

On the other hand, some studies using Phl as a marker do suggest per­
sistence of normal stern cells. For example, the presence of some normal 
stern cells in CML was suggested by the observation of PhI-negative 
granulocytic colonies in 3 of 5 patients in one study [3]. (However, other 
investigators have found such colonies to be uniformly PhI_positive [2,15,17]). 
Further evidence favoring persistence of some PhI-negative cells in CML 
derives from the appearance of such cells in patients treated with cycle­
active intensive therapy [4]. How are these chromosome observations sug­
gesting persistence of normal stern cells in CML reconciled with the failure 
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using G-6-PD as a marker to detect granulocytic colonies arising from non­
CML progenitors? One possibility is that only some patients have Ph1_ 
negative CFU-C, but not the ones we studied. Altematively, there may be 
some Ph1-negative CFU-C in all patients. If this hypothesis is correct, then 
our failure using G-6-PD to find evidence of stern cells that do not derive 
from the CML clone suggests that cells which are clonally derived acquire 
Ph1 at a later stage in leukemogenesis. According to this hypothesis, CML 
would be a multi-staged disease. As indicated above, the possibility that 
some clonally derived lymphocytes lack Ph1 would be in accord with this 
hypothesis. 

11. Polycythemia Vera and Myeloid Metaplasia with Myelofibrosis 

A. Clonal Origin in Pluripotent Marrow Stern Cells 

Studies of two G-6-PD heterozygotes with polycythemia vera [1] and two 
with agnogenic myeloid metaplasia with myelofibrosis [12,13] indicate that 
at least in the patients investigated, the disorders involve multipotent hema­
topoietic stern cells and suggest that at the time of study, the diseases have 
a clonal origin. According to some theories of pathogenesis, polycythemia 
vera and agnogenic myeloid metaplasia result from proliferation of normal 
stern cells in response to unknown myeloproliferative stimuli. The G-6-PD 
data do not support these hypotheses and are more compatible with neo­
plastic origin. 

B. Are there any Normal Stern Cells in Polycythemia Vera? 

As described in detail elsewhere in this volume (see Chapter by Adamson), 
in contrast to CML, analyses of granulocytic and erythroid colonies from 
patients with polycythemia vera indicate that there are stern cells which do 
not arise from the polycythemia vera clone detected in the blood and there­
fore are presumably residual normal stern cells [16]. However, these cells 
are demonstrable in vitro only in the presence of erythrocyte or granulocyte 
stimulating factors. Thus, although there are normal stern cells in patients 
with polycythemia vera, their expression is suppressed in vivo. This contrast 
between polycythemia vera and CML suggests a basic difference in the 
regulatory abnormalities in the two disorders although they may involve 
the same or a similar multipotent hematopoietic stern cello 

C. Myelofibrosis in Agnogenic Myeloid Metaplasia 

The factors underlying the marrow fibrosis, the predominant clinical 
feature in this disease, are unknown. Many workers feel that it is part of the 
same process as that which affects the myeloid cells. Our results suggest that 
this hypothesis, which predicts finding the same single-enzyme phenotype 
in the marrow fibroblasts as the one observed in the blood cells, is not 
correct. 
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In the G-6-PD heterozygote with agnogenic rnyeloid rnetaplasia who 
had equal arnounts of Band A isoenzyrnes in cultured skin fibroblasts and 
only type A in blood cells, both Band A isoenzymes in equal proportions 
were found in cultured marrow fibroblasts [12]. This patient also had a 
distinctive chromosome abnormality (47, XX, + 8) in the blood cells which 
was not detected in a single marrow fibroblast. These G-6-PD and cyto­
genetic findings strongly suggest that the marrow fibrosis in this patient was 
not part of the basic process which led to clonal proliferation of hemato­
poietic stern cells and that the myelofibrosis was a secondary abnormality. 
Similar conclusions were reached from chromosome studies of a patient 
with acute myelofibrosis [18]. 
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Histopathology of Bone Marrow in 
Human Chronic Leukemias 

Georgii, A. 

Pathologisches Institut. Medizinische Hochschule Hannover. Federal Republic ofGermany 

Chronic myelogenous leukemias have arisen a considerable new interest, 
since lymphoblastic crises recently turned out to complicate and terminate a 
primary myeloproliferative disease (Beard et al., 1976; Janossy et al., 1977; 
Rosenthai et al., 1977). Ways of stern cell differentiation (Metcalf, 1973, 
1974, 1977; Boggs, 1974; Moore, 1976; Greenberg, 1976, 1978) as weH as 
biological markers of leukemic cells (Fialkow et al. , 1977, 1978 a, b) give 
sufficient proof for the suggestion that hematopoietic stern ceHs have been 
primarily involved in this disease. 

The morphology of leukemias is based on histopathology, cytochemistry 
and electron microscopy, whereas gross pathology is of lesser importance 
for their determination. There is a large variety of subgroups from chronic 
leukemia - CML - which may be classified comprehensivly only by the 
histopathology of biopsies from bone marrow cores. Thus it is not clearly 
known which pathogenetic relationships are existing between the numerous 
subgroups, as erythro- and megakaryocytic leukemias for instance, and how 
they are related to each other and to CML. Moreover the pathways are not 
sufficiently understood by which CML and its subgroups or other myelo­
proliferative diseases, as Polycythemia vera, terminate into final stages of 
myelofibrosis and myeloid metaplasia (Gralnick et al. , 1971; Ward and 
Block, 1971; Buyssens and Bourgeois, 1977). 

A more detailed morphology of chronic myelogenous diseases ought to 
bring up new insights to these basic questions, provided histopathology is sup­
ported by electron microscopy (Thiele et al., 1977a, b, c), chromosome analy­
sis (Sandberg and Hossfeld, 1970; Rowley, 1976, 1978) and completed with re­
sults of enzyme markers (McCaffrey et al., 1975; Gallo, 1975) and membrane 
phenotypes (Greaves, 1975) and compared with clinical findings. 

The acute leukemias, however, can be characterized according to their 
cellular composition by methods ofmembrane (Janossy et al., 1977; Catov­
sky and Galton, 1977; Catovsky et al., 1978; Gordon and Hubbard, 1978) 
and enzyme markers (Hoffbrand et al., 1977; Mertelsmann et al., 1978) 
alone with more reliability than morphological methods are able to do. 
Even the enzyme cytochemistry (Leder, 1975; Bennett and Reed, 1975; 
Bennett et al., 1976; Löiller, 1978; Schmalzl et al., 1977) electron micro­
scopy (Bessis, 1973, , 1975) and chromosome analysis (Go10mb et al., 1976; 
Alimena et al., 1977) are only of a supporting value to characterize acute 
leukemias but do not offer a final diagnostic clue. 
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For these reasons this study will be restricted to the histopathology of 
biopsies from bone marrow cores in chronic myelogenous leukemias and 
other myeloproliferative diseases and is supported by findings from 
ehromosome analysis and by former results of electron microscopy as weH 
as c1inical findings in these same patients. 

Material and Methods 

Results of this study are based on core biopsies of bone marrow from the 
anterior iliac erest by the method of Burkhardt (1966a, b) and Georgii and 
Thiele (1976) of the posterior iliac erest by the method of Jamshidi and 
Swaim (1971). Resin embedding was done using methacrylate, semi-thin 
sections of 3 !-l were stained with the usual proeedures of hematopathology 
as elsewhere reported (Georgii and Thiele, 1976; Vykoupil et al., 1976). 
Electron microscopy by thin section and freeze-fraeture techniques was 
formerly described (Georgii and Thiele, 1976) as have been methods of 
chromosome analysis in short term cuItures from bone marrow ceHs which 
were obtained from the puneture sites after withdrawing the core of the 
biopsy (Krmpotic et al., 1968; Golomb et al., 1976). All biopsies were done 
before any therapy and seleeted from routine samplings out of a pool of 
7,000 patients, among which, 718 cases with chronic leukemias or myelo­
proliferative diseases and 190 with acute leukemias were found. 

Results 

The own material shows a prevalence of chronie to acute diseases in a rela­
tion of 3: 1, which is another reason to restrict this study to chronic myelo­
proliferative disorders. These disorders can be c1assified into 9 subtypes 
inc1uding the Polycythemia vera and unc1assifiable entities (Table 1). 

Table 1. Distribution of chronic myeloproliferative disorders in a total of718 patients found in 
7,000 sequential biopsies of bone marrow: There is a conspicuous group of myeloses with 
mixed cellularity, so called chronic megakaryocytic granulocytic myelosis - CMGM 

Chronic leukemias 

Chronic granulocytic leukemia - CGL­
Smouldering leukemia 
Mixed myeloses - CMGM Ja. 11-
Myelofibroses - CMGM lIla. IV -
Primary myelofibroses 
Thrombocythemia 
Myelo-monocytic leukemia 
Polycythemia vera 
Unclassified 

Total 

n % 

133 19 
5 1 

187 26 
238 33 

14 2 
II 2 
3 0 

65 9 
62 9 

718 100 
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Among chronic myelogenous leukemias - CML - the chronic granulo­
cytic leukemias - CGL - are those with a neoplastic proliferation of 
granulopoiesis. This atypical granulopoiesis is gradually replacing the fat 
tissue of the bone marrow space (Fig. I a). The erythro- and megakaryo­
poiesis are not seriously reduced, but left in a sufficient amount, which is in 
contrast to the acute leukemias of ALL, AML or ANLL-type. The cellular 
differentiations of granulopoiesis is fairly preserved whereas precursors as 
promyelocytes and myelocytes are increased. Myeloblasts are not 
proliferating in remarkable amounts and their increase points towards a 
beginning transformation into a blastic crisis. Following this description the 
CGL may be defined as a neoplastic growth of only one celllineage, while 
the other 2 or 3 lines remain at least superficially unchanged or may turn 
into a reactive hyperplasia of megakaryocytes in rare cases. This subgroup 
of typical CGL's amounts to 19% in our series of 718 patients (Table 1). 
From the CGL the group of myeloses should be distinguished which are 
characterized by an additional neoplastic proliferation of the megakaryo­
poiesis, thus resulting in a mixed cellularity from 2 cell lineages involved. 
The histology shows a remarkable numerical increase of megakaryocytes 
and their precursors (Fig. 1 b). These cells are atypical with enlarged pleo­
morphic, non-pyknotic nuc1ei wh ich differ from typical megakaryocytes 
even in CGL (Figs. I c, d). The immature nuc1ei in a weIl developed mature 
cytoplasm cause a dissociation of the differentiation as formerly demon­
stra ted in ultrastructural studies of bone marrow biopsies (Georgii and 
Thiele, 1976; Thiele et al., 1977a, b). The granulopoiesis is altered likewise, 
but mostly not to the same extend as in typical CGL. The erythropoiesis 
can be increased in some cases of early stages. The marrow mesenchyme 
with sinuses and reticulin fibers remains unchanged during the early stages 
of development, which was designated as stage I (Fig. 1 b). 

Based on the neoplasia oftwo celllineages which do proliferate in a slow 
and fairly weIl differentiated way, we have called this entity a "chronic 
megakaryocytic granulocytic myelosis" - CMGM - in contrast to the one­
line neoplasia "chronic granulocytic leukemia" - CGL - (Georgii and 
Thiele, 1976; Thiele et al., 1977b, c). The usual term of chronic mye1ogen­
ous leukemia - CML - may probably inc1ude both entities the CGL and the 
CMGM too; since the latter can only be detected by a core biopsy of the 
bone marrow. 

There are 2 other myeloproliferative diseases that should be strictly distin­
guished from this entity CMGM: Polycythemia vera and Idiopathic Thrombo­
cythemia. The latter is a one ceIlline neoplasia of megakaryopoiesis while 
the other lines show an inconspicuous growth. The histopathology of bone 
marrow in Polycythemia vera is very similar to the CMGM, in spite of its 
very different c1inical findings. Only by hyperplasia of erythropoiesis and of 
sinuses, which are increased in number and size, by the complete absence 
of stainable iron in histocytes and a lesser atypia in granulo- and mega­
karyopoiesis the experienced observer may reach the diagnosis of Polycy­
themia vera in non-treated cases. 

The pathogenesis of CMGM may be observed by repeated biopsies dur-
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ing the course of this disease. An increase of fine reticulin fibers in a dis­
crete patchy pattern may be found by investigating silver stained slides in 
the polarizing light microscope. With an increasing number of reticulin 
fibers the disease is c1assified as stage II of CMGM; this shows a slow prog­
ress which may take many months, sometimes exceeding one year and 
more (Fig. 2a). This stage continues to proceed into a diffuse reticulin lattice 
which is extended all over the marrow space, polymerizing into collagen 
bundles which represent the onset of fibrosclerosis; this is defined as stage 
III of CMGM. The stage N finally includes an additional endophytic 
growth of bone trabeculi while the reticulin changes into complete fibro­
sderosis. Even in these final stages the neoplastic proliferation of mega­
karyocytes and granulocytes can be seen, which is, in regard to the prolifer­
ating cells, still similar to stages land II (Fig. 2 d). 

Lymphonoduli aggregati consisting of loose assemblies of small lympho­
cytes, mostly localized in the centers of the marrow space and not at para­
trabecular sites, can be found frequently in these CMGM's of the first 3 
stages (Fig.,2a). These lymphonoduli are rare in the final stage IV of 
CMGM and very rare in pure CML's. 

Chromosome Analysis 

In these studies the Ph1-chromosome was found in 75% (15 from 20) of CGls 
and in about 70% (15 from 23) CMGM's ofthe stage land II (Table 2). The 
myelofibroses and osteomyelofibroses, which are classified as CMGM III 
and IV, do show the same frequency as CGVs, i.e. 75% (15 from 20). The 
technique of Giemsa-banding displays a 9: 22 translocation as the most 
frequent aberration. Besides there are some minor anomalies as aneuploidy 
and breaks without donal evolution. The primary idiopathic myelofibrosis 
and Polycythemia vera were found to lack a Ph1-chromosome with one ex­
ception in Polycythemia vera (Table 2). 

Clinical Findings 

The CGL differs from CMGM in clinical finding especially of the cell counts 
from the peripheral blood (Table 3). The values of leukocytes in CGVs are 

Fig. la-d 
a Chronic granulocytic ieukemia - CGL - weil dltfercntiated granulopoiesis and normal look­
ing but increased megakaryocytes. b Chronic megakaryocytic granulocytic myelosis - CMGM 
- megakaryocytes are very increased, display severe atypias and are dislocated from their usual 
sites to paratrabecular areas. closely to the terminal sinuses. c CGL, high er magnification 
from Fig. a. neutrophil granulocytes metamyelocytes and eosinophils can be seen. Mega­
karyocytes do not show striking alterations. d CMGM with severe polymorphism of mega­
karyocytes and precursors: they are enlarged in size and abnormal (compare with same mag­
nification as Fig. 1 c) 
Magnifications: a. b X 350; c, d X 875. Staining: Giemsa 
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Table 2. The Philadelphia-chromosome in chronic granulocytic leukemia (CGL) compared 
with chronic megakaryocytic granulocytic myelosis (CMGM), primary myelotibroses. and 
polycythemia vera in a total of74 patients 

Histology 
Ph1_ Structural 

Aneuploidy No changes 
positive anomalies 

Chronic granulocytic 15120 1120 1120 3120 
leukemia 

Mixed myeloses 15123 1123 2123 5123 (i.g. CMGM Ia. 11) 

Polycythemia vera 1/10 0/10 8110 1/10 

Myelofibroses 15120 0120 0120 5120 
(i.g. CMGM lIla. IV) 

Primary myelofibroses Oll Oll 111 Oll 

significantly high er than in CMGM of stage land 11, and even compared 
with stages III and IV which resemble myelofibrosis and osteomyelo­
fibrosis. The thrombocytes seem to be conspicuously increased, but this is 
not significant statistically. The leukocytic alkaline phosphatase is elevated 
in CMGM's compared with CGVs, which seems to be important. - There is 
a significant difference of the mean age from CGL to CMGM patients but 
not among the CMGM's themselves. The prolonged prediagnostic time 
points to an insiduous onset and retarded natural course of CMGM's which 
must be ascertained by further clinical studies. 

The difference of some clinical complications may be understood from 
the varying cell counts in the peripheral blood and by the divergent cellular 
growth shown by histopathology of the bone marrow. Bleedings to a severe 
and sometimes letal extent were observed in CGVs only - 6/24 - whereas 
they are missed in all CMGM's - 0/47 -. A thrombotic diathesis was found 
in CMGM's stage land 11 only - 5/24 - while stages 111 and IV - 0/23 - as 
the pure CGL - 0/24 - were free of this complication. 

Blastic crisis of CMGM (see Fig. 2c) can occur during all of their four 
stages but they are much more frequent in pure CGL's: in a mean of 13,7%, 
i.e. = 41/298 patients - of all stages from CMGM compared to 48% - 55/115 
- in CGL patients blastic crises were observed. 

Fig.2a-d 
a CMGM, this is stage 11 with slight, scattered increase of reticulin tibers, which can be detect­
ed even in Giemsa staining by the widening of sinuses. Noticeable are the lymphocytes form­
ing a nodular infiltrate (lower half of the illustration). b Idiopathic, primary myelotibrosis 
with hyperplastic erythropoiesis with maturing arrest, but no hyper - or neoplasia of granulo -
or megakaryopoiesis. This should not be termed a myeloproliferative disorder. c Blastic crisis 
of CMGM with precursors of megakaryocytes and to a Iesser amount of granulopoiesis. d 
CMGM stage IV, usually called osteomyelotibrosis with newly formed bone trabecula, tibro­
sc1erosis, widened sinuses, atypical megakaryocytes, there are rests of erythropoiesis and almost 
no granulopoiesis is shown in this area. 
Magnifications: a, b, d X 350; c X 875. Staining: Giemsa 
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Table 3. Values of cell counts from peripheral blood compared with histopathology of bone 
marrow from CGLS and myeloses of mixed cellularity, chronic granulocytic megakaryocytic 
myelosis (CMGM); also age of patients and time between beginning of clinical symptoms and 
diagnostic biopsy are compared 

CGL 
CMGM CMGM CMGM IIIa. IV 
Stage I Stage I a. 11 i.g. Myelofibrosis 

Leukocytes 
mean 160 26.6 25.3 15.5 
range 8.6-780 1.1-270 1.1-270 1.3-77 
n 24 32 75 76 
Thrombocytes 
mean 364.5 762 551 241 
range 45-986 29-3000 8-3000 1.7-1321 
n 24 30 64 68 
Erythrocytes 
mean 4.26 4.32 4.16 3.28 
range 2.2-5.3 1.4-6.5 1.4-7.1 1.6-5.7 
n 24 29 70 63 
Alkal. phosphat. in leukocytes 
mean 24.9 121 144 116 
range 0-188 3-343 0-360 0-393 
n 21 23 49 37 
Age 
mean 53.1 63.4 60 
range 15-84 26-85 25-84 
n 79 87 91 
Time-month 
mean 17.4 29.1 38.4 
range 1-74 1-146 1-264 
n 24 63 64 

Discussion 

The myeloproliferative disease described here as a chronic megakaryocytic 
granulocytic myelosis - CMGM - has been known for a long time under 
the term of a leukemic megakaryocytic myelosis or leukemia and was de­
scribed mainly in case reports (Rappaport, 1966, cit. in Georgii and Vykou­
pil, 1972, 1976). The majority of these cases were only detected in acute 
blastic phases and therefore most frequently counted among acute leukemias 
as could be shown by Bain et al. (1977). Modern techniques of obtaining 
the biopsies and processing the bone marrow with semithin section have 
changed this opinion. The chronic diseases are very frequent (Table 1). We 
conclude from our personal experience that most acute looking cases are 
actually blastic crisis of chronic diseases. Real acute megakaryocytic mye­
loses are extremely rare, if they do exist anyway. Furthermore the semithin 
seetions as weIl as electron microscopy have shown that granulopoiesis is 
also involved in this myeloproliferation. 
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The demonstration of Philadelphia chromosomes in metaphases from 
bone marrow cells implies a specific aberration associated with chronic 
myelogenous leukemia - CML - (Rowley, 1976). In about 90% of patients 
the Ph I-chromosome should be found, which is the result of a 9: 22 trans­
location in over 90%, as Dr. Rowley has stated during this meeting. The 
chromosome analysis from these patients substantiate the pathogenetic 
relationship between CMGM and CGL. Indeed, this shows remarkably 
fewer PhI_positive patients in our material compared with standard find­
ings. This result may probably be explained by our method of obtaining the 
specimens: this was done after extracting the co re from the site of biopsy 
and not be squeezing the core itself. But the corresponding values of this 
marker chromosome between the CGL and CMGM-groups point toward 
the same pathogenetic pathway. 

The terms myeloid metaplasia, myelofibrosis and osteomyelosclerosis 
(reviews by Gralnick et al., 1971; Rappaport, 1966; Ward and Block, 1971; 
Burkhardt, 1971; Lennert et al., 1975) and also the one of agnogenic 
myeloid metaplasia (Ward and Block, 1971) are endosed in our concep­
tion of stages III and IV from CMGM (Fig.2d). The terms hyperplastic 
panmyelopathy (K. Rohr, 1960, quoted from Lennert et al., 1975), pan­
myelopathy (Fischer and Schäfer, 1971) or panhyperplasia (Ward and 
Block, 1971) is covered by our definitions of stages land II of CMGM 
(Figs. 1 b, 2a). - However, here is no space to enter into a more detailed dis­
cussion concerning the relationships between myeloproliferative diseases 
with a secondary on the one and the so called primary myelofibrosis on the 
other side (Fig. 2d, versus 2 b). If our suggestion is correct that there is a 
specific pathogenic pathway leading from chronic myelogenous diseases 
with mixed cellularity, i.e. CMGM, to myelofibrosis then it is only reason­
able to summarize and head these terms und er the four stages of one dis­
ease-CMGM. 

In addition clinical findings extend and confirm our morphological 
results mentioned above. There are different courses and different compli­
cations of both these entities: there is a faster and inevidently leukemic 
course in CGL eomplieated by bleedings and blastie crises, not usually by 
myelofibroses. In CMGM there is a slow, inapparent, often a- or sub­
leukemie course wh ich can be complicated by thromboses and even by 
blastie crises, and is always terminated by myelofibroses. It is of great inter­
est to investigate whether the lymphoid blastie erises are related to the 
CMGM's sinee histopathology frequently shows lymphonoduli in the bone 
marrow, while this ean not be deteeted in CGLs. 

Summary 

Among the patients with ehronie myeloproliferative diseases. including 
clinieal symptoms of ehronie myelogenous leukemia - CML - two varying 
compartments with substantially differing histology of hemopoiesis were 
found: one with predominating granulopoiesis for which the usual term of 
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chronic granulocytic leukemia - CGL - seems adequate. The other with 
proliferation of granulopoiesis and megakaryopoiesis as a neoplasia with a 
mixed cellularity is observed to be different in its c1inical course: there are 
often a leukemic or subleukemic cell counts, but mostly considerable in­
creased platelets in the peripheral blood; there is a prolonged period of 
latency, a higher age group, an infrequent occurrence of blastic crisis and 
a regular outcome into myelofibrosis. This entity of chronic megakaryo­
cytic granulocytic myelosis - CMGM - can be seen very frequently among 
myeloproliferative diseases. Among a total of 718 core biopsies from the 
bone marrow the CMGM-patients are up to 29% compared with 21 % ofthe 
typical one-cell-line disease CGL. The Ph1-chromosome may be presented 
in the CMGM-entity likewise. 
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Introduction 

Acute leukemia is a neoplastic disease characterized by the abnormal pro­
liferation and accumulation of immature hematopoietic cells. Progress in 
our understanding of this disease is reviewed in this volume. Significant 
recent advances in the therapy of acute leukemia include high remission 
rates in both acute lymphoblastic (ALL) and acute myelogenous leukemia 
(AML), the prevention of central nervous system leukemia in ALL, and 
development of moderately effective remission maintenance programs, 
particularly in ALL. Despite this progress, approximately 50 per cent of 
patients with ALL and over 95 per cent of those with AML will eventually 
die ofresistant leukemia. 

Recent studies at our institution and others have clearly demonstrated 
the feasibility oftransplantation ofnormal hematopoietic stern cells in man. 
In view of this, and because of the disappointing results of chemotherapy in 
patients with acute leukemia who relapse, we studied the potential role of 
bone marrow transplantation in resistant acute leukemia. In this chapter I 
will bri~fly review some basic aspects of the biology and immunology of 
marrow transplantation and discuss its applicability to leukemia. 

Cell Biology and Immunology of Bone Marrow Transplantation 

The hematopoietic system is derived from pluripotent stern cells. These 
cells have several inherent characteristics relevant to marrow transplanta­
tion including self-renewal potential, differentiative capacity, and the pres­
ence ofhistocompatibility antigens (HLA) on their surface. 

It is clearly possible to transplant heniatopoietic stern cells in man. Re­
quirements for engraftment include histocompatibility matching between 
donor and recipient, immunosuppression to prevent graft rejection, and a 
critical dose of marrow cells. The latter may relate to the clinical setting 
under which transplantation is performed rather than an inherent charac­
teristic of stern cell(s) since a single cell may be capable of repopulating a 
congenitally anemic non-irradiated mouse under appropriate conditions. 

These studies were supported under Grants CA-23175, CA-12800, and CA-15688 from the 
National Cancer Institute, and Grant RR-00865 from the U.S. Public Health Service. 

2 Robert Peter Gale is a Scholar ofthe Leukemia Society of America. 
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The human major histocompatibility complex (MHC), referred to as 
HLA,has been assigned to chromosome 6. The HLA lbcus has been further 
subdivided into the HLA-A, B, C, and D subloci. The first three are com­
monly defined by serologic technics while the HLA-D region is convention­
ally studied in the mixed lymphocyte culture (MLC) test (for review see 
[1 J). Successful marrow transplants in man have been restricted to HLA­
identical siblings with few exceptions. While HLA is of prime importance 
in determining graft outcome, other histocompatibility systems are un­
doubtedly involved. Little is known regarding these non-HLA systems and 
no attempt has been made to match for non-HLA antigens in clinical trans­
plantation. This factor probably accounts for the high incidence of graft 
rejection and graft-versus-host disease (GVHD). There is a high degree of 
polymorphism in the HLA system. Since these antigens are inherited in a 
Mendelian fashion as codominant alleles, there is a reasonable possibility 
(25 per cent) of finding an HLA-identical donor within a family. In the 
general population the prob ability is in the range of one in 10.000. Because 
of this, most transplants have been performed between HLA-identical 
siblings. 

Despite profound hematopoietic suppression, patients with aplasia and 
acute leukemia are capable of rejecting allogeneic grafts. Immunosuppres­
sion is therefore necessary to achieve sustained marrow engraftment. Pre­
transplant immunosuppression, referred to as conditioning, has utilized 
chemotherapy and radiation either singly or in combination. Since doses 
used in these regimens are supralethai, rescue with normal marrow is essen­
tial for survival. 

The transplant procedure is relatively simple. Approximately one liter of 
bone marrow is removed from the donor by aspiration from the posterior 
iliac crests. A single cell suspension is prepared and infused intravenously to 
the recipient. The infused cells horne to the marrow after abrief delay in the 
lungs and spleen. The usual dose is 1-5 X 108 nucleated marrow cells per 
kg. In most instances discrete clusters (coionies) of hematopoiesis are ob­
served in the marrow with the first 2 weeks following transplantation [3]. 
These clusters are usually either erythroid or granulocytic, but mixed pop­
ulations are occasionally observed. Peripheral white b100d cells and p1atelets 
begin to rise within 2-3 weeks following transplantation and may return to 
normal levels by 1-2 months. Cytogenetic and gene marker studies clearly 
indicate that red cells, granulocytes, lymphocytes, platelets, monocytes, and 
hepatic and alveolar macrophagesare of donor origin [4, 14, 16]. 

Following successful "engraftment, the recipient is at risk to develop 
several immune-related problems including graft rejection, graft-versus­
host disease (GVHD), post-transplant immunodeficiency, interstitial pneu­
monitis, and infectious complications (Table 1). Recurrent leukemia is an 
additional potential complication in leukemic recipients. 

Graft rejection probably results from histoincompatibility between 
donor and recipient and may be facilitated by immunization of the recip­
ient via blood transfusions. In some instances defects in the marrow micro­
environment may be responsible for graft failure [5]. Graft failure occurs in 
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Table 1. Areas ofinvestigation 

Graft rejection 
Resistant leukemia 
Graft-vs-host disease 
Immunodeficiency 
Interstitial pneumonia 
Infectious disease complications 
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20-40 per cent of patients with aplastic anemia but is rare in patients with 
leukemia. This may relate to either inherent differences between the two 
diseases or to the more intensive conditioning used in leukemics. Storb and 
coworkers have reported a correlation between graft rejection and both 
recipient anti-donor immunity and marrow dose [15], and we have reported 
a correlation with pre-transplant lymphocytotoxins [6]. Transfusions also 
contribute to graft rejection. 

Graft-versus-host disease results from the introduction of immunocom­
petent donor cells into the immunosuppressed recipient. Principle target 
organs of GVHD include the lymphoid system, skin, liver, and gastrointes­
tinal tract [17). GVHD in man results from incomplete matching for non­
HLA histocompatibility antigens. The loss of normal immune regulatory 
mechanisms and autoimmunity mayaiso contribute. While GVHD initially 
results from immune stimulation, the end result is immunodeficiency. The 
incidence of GVHD following HLA-identical marrow transplantation is 70 
per cent, and over one-half of these cases are fatal. The prevention and 
treatment of GVHD are problematic. Methotrexate is routinely given pro­
phylactically to modify GVHD, but this is not completely effective. At­
tempts to prevent GVHD with antithymocyte globulin (ATG) or to treat it 
with ATG, corticosteroids, and other immunosuppressive drugs have been 
largely unsuccessful. While complete histocompatibility matching would 
theoretically prevent GVHD, this approach would further limit the number 
of potential candidates for bone marrow transplantation. The removal of 
immunocompetent cells from the marrow inoculum prior to transplantation 
by either physical or immunologic technics has appeal but has not been 
critically evaluated in man. The complete prevention of GVHD is not 
necessarily desirable since GVHD may have anti-Ieukemic effects. 

Allogeneic marrow transplantation is followed by aperiod of immuno­
deficiency lasting several months to 1-2 years [7,20]. The cause of the 
immunodeficiency is multifactoral and includes abnormal or delayed lymphoid 
differentiation, GVHD, and the effects of immunosuppressive drugs. Post­
transplant immunodeficiency is characterized by abnormalities of both T 
and B lymphocyte function including decreased antibody synthesis, 
decreased responsiveness to polyclonal mitogens, and in ability to be sensi­
tized to dinitrochlorobenzene (DNCB). Reactivity to alloantigens and skin 
graft rejection are normal. This immunodeficiency is correctable with time. 
This suggest that either a small number oflymphoid precursors are engraft­
ed, or that their development is delayed. We have found no evidence of 
suppressor cells or factors in these patients [7]. 
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Approximately 60-70 per cent ofmarrow graft recipients develop inter­
stitial pneumonitis [11]. Tbe incidence is higher in leukemic patients than in 
aplastics. One-half of cases are related to cytomegalovirus (CMV), 10 per 
cent to pneumocystis, and 10 per cent to other viruses. No etiology is iden­
tified in the remaining cases. It is likely that immunologie factors inc1uding 
immune stimulation, immunodeficiency, and GVHD playa critical role in 
the development of interstitial pneumonitis. Radiation and/or chemo­
therapy are probably not primary factors but may compromise resistance. 
In CMV pneumonitis, it is likely that both reactivation oflatent endogenous 
infection and exogenous infection are important factors. Attempts to pre­
vent or treat interstitial pneumonitis with antiviral chemotherapy (ara-A) 
have been unsuccessful. Studies of CMV immune globulin, or plasma and 
interferon, are currently underway at several centers. 

Bacterial and fungal infections are an important complication of bone 
marrow transplantation [19]. Tbese usually occur during the period of 
granulocytopenia immediately following the transplant and their magni­
tude is related to the intensity of the conditioning regimen. Most patients 
receive oral non-absorbable antibiotics for gastrointestinal tract steriliza­
tion, systemic antibiotics, and granulocyte transfusions. Tbe value of pro­
phylactic granulocyte transfusions and laminar air flow environments is 
controversial, but recent data suggest they may decrease the incidence of 
infection without a substantial effect on survival [2]. 

Current Results in Acute Leukemia 

Tbe survival of patients with resistant acute leukemia is poor with median 
survival ofless than 6 months in severallarge series. Because ofthis, we and 
others have studied the potential role of allogeneic bone marrow trans­
plantation in patients with resistant disease. 

Transplantation in acute leukemia is difficult. In addition to the previ­
ously described immunobiologic problems, it is necessary to permanently 
eradicate the leukemic clone(s). A variety of chemotherapy-radiation ther­
apy regimens have been developed to achieve this goal. Tbree representa­
tive regimens are indicated in Fig. 1 and remission and survival data in 
Figs.2 and 3 [8,9,13,18]. Several important points emerge from these 
studies: 

1. Leukemic relapse is common despite the use of supralethaI levels of 
drugs or radiation; 2. Tbe risk of relapse is high during the first 2 years but 
lower thereafter; 3. That with the possible exception of SCARI (see legend 
Fig. 1), more intensive conditioning has not been associated with a lower 
relapse rate; and 4. 15-20 per cent of patients with resistant disease may 
become long-term disease-free survivors. While this survival rate is not a 
satisfactory end result, it is probably superior to chemotherapy alone. It is 
noteworthy that immunologie problems rather than resistant leukemia are 
the major cause of death in some series. These problems may ultimately 
prove more soluble than resistant leukemia. 
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Major features of bone marrow transplantation in leukemia are review­
ed in Table 2. It should be emphasized that 98 per cent of relapses occur in 
recipient cells so that progress is dependent upon the development of more 
effective conditioning regimens. Potential approaches to this problem are 
indicated in Table 3. Perhaps the most promising are the development of 
more effective regimens and transplantation in remission. Preliminary data 
from Thomas and coworkers has indicated a low relapse rate in patients 
transplanted in remission. Finally, the introduction of new myelosuppres­
sive drugs or innovative uses of radiation may improve the results of trans­
plantation in acute leukemia. 
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Table 2. Leukemic recurrence following bone marrow transplantation 

Indefinite time at risk 
Predominantly in recipient cells 
Maintains genetic markers of original disease 
Residual normal hematopoiesis of donor origin 

Table 3. Approaches to decreasing the rate ofleukemic relapse 

More effective chemoradiotherapy 
Intensive chemoradiotherapy with optimal support facilities 
Treat leukemic "sanctuaries" 
Transplant before "resistance" develops 
Combination of approaches 

Future Directions 

Gale. R. P. 

Future research in this field must concentrate on two critical problems: 
1. More effective leukemia eradication and, 2. solutions to immunologie 

problems including GVHD, immunodeficiency, and interstitial pneumonitis. 
With regard to the first area, I have discussed the development of more 
effective conditioning regimens and transplantation in remission. GVHD is 
a difficult problem and it now seems clear that prevention is critical. Based 
on animal data. the selective elimination of immunocompetent cells from 
the graft by either physical or immunologie technics seems a logical step. 
Immunodeficiency is probably best approached by steps to facilitate the 
rate of lymphoid maturation. These might conceivably involve transplants 
of thymic epithelium of the use of thymic hormones. Progress in the area of 
interstitial pneumonitis will depend on an understanding of the etiologic 
and pathogenic mechanisms involved. Trials of CMV immune plasma and 
interferon are currently in progress. Development of more effective anti­
viral chemotherapy such as phosphonoacetic acid for CMV infection is 
c1early needed. Progress in GVHD and immunodeficiency may have a 
beneficial effect on interstitial pneumonitis. Finally, the possibility of lung­
shielding should be considered in non-leukemic patients. 

Arecent area of considerable interest is autotransplantation using cryo­
preserved remission bone marrow (for review see [IOD. Preliminary studies 
have clearly indicated that cryopreserved marrow can reconstitute a lethally 
radiated recipient but leukemic relapse has been a major obstacle. Whether 
this relates to residualleukemia in the patient or in the cryopreserved mar­
row is as yet uncertain. The concept of autotransplantation is of consider­
able theoretical interest since these patients would not be at risk to develop 
many of the immunologie problems associated with allogeneic transplanta­
tion such as GVHD. Autotransplantation could expand the applicability of 
marrow transplantation since most patients with leukemia lack an HLA­
identical sibling donor. Leukemic relapse remains the major problem in 
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autotransplantation, and attemps to deplete c1inieally undeteetable 
leukemie eells from remission marrow using either physieal or immunologie 
teehnics need to be eritieally evaluated. 

A final eonsideration is the use of HLA-matehed unrelated donors for 
patients without HLA-identical siblings. Recent advances in histocompatib­
ility testing, particularly HLA-D typing, make this a possibility. Opelz and 
coworkers have reeently reviewed theoretical consideration involved in the 
development of donor pools for unrelated marrow transplantation [12]. 

Summary 

Bone marrow transplantation is an experimental approach to the treatment 
of patients with acute leukemia, aplastic anemia, and other neoplastic and 
genetie diseases. To date, long-term disease-free survival has been achieved 
in a small proportion of carefully selected patients with resistant acute 
leukemia. While results are not optimal, they are aeeeptable in la te stage 
patients where there are no effeetive alternates. Major problems in marrow 
transplantation for leukemia inc1ude tumor resistance and a speetrum of 
immunologie eomplieations inc1uding GVHD, immunodefieieney, and 
interstitial pneumonitis. Potential approach es to these problems have been 
suggested. Progress in any one area would have a substantial impact on 
improving survival and extending the applicability of marrow transplanta­
tion to pa tien ts at an earlier stage of their disease. 
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Introduction 

During the last ten years immunotherapy has become an important tool in 
the treatment of human leukemias. Mathe et al. [1,2] demon'strated the 
therapeutic value of irradiated allogeneic myeloblasts in combination with 
BCG in treating childhood lymphoblastic leukemia. Similar studies were 
conducted by Powles et al. [3] and Gutterman et al. [4] in patients with 
acute myelocytic leukemia involving chemotherapy with or without irradi­
ated allogeneic myeloblasts plus BCG. These studies consistently show that 
immunized patients sustain a somewhat longer remission duration than 
those without immunization. Also, after the first relapse immunized patients 
are reported to have higher frequency and greater "ease" of reinduction. 
BCG has been used in conjunction with cultured leukemia cells in the im­
munization ofpatients with chronic myelocytic leukemia by Soko I et al. [5]. 
Under optimal conditions prolongation of median survival of CML patients 
was attained in patients who were treated with busulfan and immuno­
therapy as compared to controls who received busulfan alone. In an attempt 
to find a more standardized immunological adjuvant, Weiss et al. [6] con­
ducted extensive studies with MER, the methanol extraction residue of 
BeG. They were able to demonstrate therapeutic advantage of MER, 
especially in murine leukemias. 

Neuraminidase of Vibrio Cholerae origin has been used successfully in 
increasing the expression of tumor specific antigenicity of autochthonous 
and syngeneic tumors. This phenomenon is exc1usively due to the enzym­
atic cleavage of surface membrane bound N-acetylneuraminic acid from 
the tumor cells [7]. The effectiveness of neuraminidase (N'ase) modified 
spontaneous and transplantable tumors as immunogen in both immuno­
prophylactic and chemoimmunotherapeutic experiments in syngeneic mice 
was positively established [8-11]. We have demonstrated that neuraminid­
ase-treated E2G leukemic cells which, like the AKR leukemia, are Gross 
virus induced, but are completely different at the H2 genetic locus from the 
AKR mice, were as effective as the syngeneic leukemic cells in prolonging 
the survival of leukemic AKR mice [12]. This suggests the existence of a cross­
reacting common viral mem brane antigen, and would suggest that if similar 
etiology existed for human acute leukemia, it would not be essential to use 
autologous leukemia cells for immunization. These data provided the basis 
for using neuraminidase-treated allogeneic myeloblasts in human immuno­
therapeutic investigations. It will be demonstrated here that combined with 
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an effective remission inducing and sustaining chemotherapy in patients 
with acute myelocytic leukemia, neuraminidase modified allogeneic 
myeloblasts have an important therapeutic value when administered in a 
systema tic pro gram of chemoimm unotherapy. 

Remission and Sustaining Chemotherapy 

The chemotherapy protocol on this study is based in maximal chemothera­
peutic reduction of leukemic burden. This is achieved by induction therapy 
with a regimen of cytosine arabinoside continuously administered intraven­
ously for 7 days at 100 mg per square meter of body surface area per day, 
and daunorubicin at a dose of 45 mg per square meter of body surface area 
per day by direct injection on days L 2 and 3. This regimen has induced 
approximately 70 per cent of patients into remission. All patients were be­
tween the ages of 15 and 70. All received cyclical maintenance chemo­
therapy every 4 weeks. This consisted of 5 day courses of AraC in addition 
to 6-thioguanine, cyclophosphamide, CCNU, or daunorubicin sequentially 
with each course repeated at 4 months cycles. 

Collection of Allogeneic Myeloblasts for Immunotherapy 

Patients became eligible for collection of myeloblasts after satisfying the 
following criteria: Negative HA-A as determined by radioimmunoassay, no 
previous chemotherapy, total WBC higher than 25000/,.tl, and high er than 
70% myeloblasts in the peripheral blood. The myeloblasts were obtained by 
leukophoresis. In the last five years we collected mye10blasts from 93 pa­
tients between the ages of 14 and 72 years and have not encountered any 
important side-effects during the two to four hour procedure. After leuko­
phoresis, the mye10blasts were separated from contaminating red blood 
cells by sedimentation at 37°C. After sedimentation leukemic cells were 
mixed with special freezing media (free of calcium and magnesium) con­
taining 15% autologous or AB plasma and 10% DMSO. The final cell con­
centration was 03-1,0 X 108 cells/ml. Myeloblasts were frozen by pro­
grammed freezing at a temperature drop of 1,5°C per minute until - 38°C 
was reached. and then rapidly to 80°C. The frozen cells were immedia­
tely stored in the vapor phase ofliquid nitrogen. 

Treatment of Allogeneic Myeloblasts with Neuraminidase 

Myeloblasts were thawed and were washed twice with mixed salt and 
glucose media at 4°C and further purified on a 22 per cent human albumin 
gradient, layered over 45% surcrose for the separation of viable from non­
viable blast cells. After purification, blast cells were washed and incubated 
with N'ase at a concentration of 50 units of enzyme per 5 X 107 cells/ml in 
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sodium acetate buffer, for 45 minutes at 37°C. The cells were then washed 
and resuspended in physiological saline and used as immunogen within 
30 minutes. 

Immunization with Allogeneic Myeloblasts and MER 

Immunization with neuraminidase treated allogeneic myeloblasts was per­
formed by intradermal injections. In order to get maximum exposure to the 
immunogen, sites were widely spread in the supraclavicular, infraclavicular, 
arm, forearm, parasternal, thoracic, suprainguinal and femoral regions 
draining into several node bearing areas. 

Dose dependent cellular titration was performed with each immuniza­
tion with 0,5, 1,5, 2,5 X 108 and 0 cells. The total immunization load was 
about 1010 cells at 48 body sites. The injections of neuraminidase treated 
myeloblasts produced no locallesions other than the delayed type cutane­
ous hypersensitivity re action (Table 1) and none of the patients developed 
chill, fever, or adenopathy. No hypersensitivity re action was apparent at the 
site of injection of physiological saline, heat denatured neuraminidase, or 
supernatant of cell incubation media. In patients randomized to receive 
MER too, we used ten intradermal sites of 100 ~g/.1 ml each totaling 
1,0 mg of MER. 

Table 1. Delayed hypersensitivity response to X-irradiated or neuraminidase treated myeloblasts 

Immunization 
Cycles 

I 
6 

12 

Ind ura tiona 

Number ofn'ase treated myeloblasts 
injected per site 

x 108 

05 In 2n 3n 
35± 1.5 6,2±2 14±4 18±3 
7J±2 12.9±3 19.8±6.l 24±6 
8,3±2A 14.1±2.9 20,3±5 25.1±7 

Number ofX-irradiated 
myeloblasts injected per site 

x 108 

1,0 2.0 3.0 

3.0±1 5A±L5 7.8±2 
4.2±2.1 75±3 8A± L2 
4.6± 1.6 7.2±2A 8.1 ±2.5 

a Mean induration in mm obtained from at least 40 injected sites. measured 48 hours after 
the intradermal injection of myeloblasts. . 
Standard error ofmean 

Impact of Specific Immunotherapy in Patients with 
Acute Myelocytic Leukemia 

Based on experimental observations, a successful chemoimmunotherapy 
trial was conducted in patients with acute myelocytic leukemia. The interim 
analysis presented below is ca1culated by standard life table methods and is 
subdivided into several subsets. The data represents 91 patients with AML 
who were allocated in three groups following successful remission induction 
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using cytosine arabinoside and daunorubicin. Patients designated to receive 
immunotherapy were injected (i.d.) in approximately 48 sites every 28 days 
with 1010 N'ase treated allogeneic myeloblasts. For 27 of the 91 acute 
myelocytic leukemic patient, the remission duration on the chemotherapy 
alone was 243 days; for those receiving N'ase modified aHogeneic myelo­
blasts as immunogen the mean remission was 686 days (Fig. 1). The differ­
ence in remission duration between the two treatment groups is highly 
significant: p = .001 using Breslow's, Logrank and Cox regression analysis. 
Combination of specific plus adjuvant immunotherapy did not act syner­
genistically in the treatment of AML patients. Fig. 2 shows the behavior of 
patients immunized with N'ase treated myeloblasts plus the fuH prescribed 
dose of MER with a mean remission duration of 336 days. This was com­
pared to another group of patients, in whom, based on the demonstration 
of the presence of suppressor cells and supporting c1inical evidence, the 
MER dose was attenuated or omitted. This modality provided considerable 
improvement in the remission duration (of 630 days) but still not has re­
ached the level attained with N'ase treated myelobasts alone (see Fig. 1). 
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Fig. 1. Duration of complete remission in 
acute myelocytic leukemia in patients im­
munized with neuraminidase treated al­
logeneic myeloblasts. 
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However the difference between the control vs. cell + MER is significant at 
p = .03. It appears that inclusion of MER in this immunotherapy protocol 
adds no value to chemoimmunotherapy when added to N'ase treated allo­
geneic myeloblasts as immunogen in AML patients. 

Response to Recall Antigens 

The in vivo immunological status of the immunotherapy patients at various 
stages of their treatment was measured by DCH response to five recall anti­
gens; PPD, mumps, candida, varidase and dermatophytin. Interpretation of 
the skin tests was based on the induration as measured in millimeters in two 
directions at 48 hours and considered positive if the diameter of induration 
exceeded 5 mm. Fig.3 shows that there were significant improvements in 
the response to recall antigens in patients immunized with N'ase treated 
myeloblasts. However, patients who received N'ase treated myeloblasts plus 
MER, after an initial improvement, the DCH response to recall antigens 
gradually declined and was ultimately eradicated. The decline of in vivo 
response to antigens often preceeded subsequent relapse of those 
individuals who received full dose of MER in addition to N'ase treated 
myeloblasts. 

Impact of Immunotberapy on tbe Immunological Status of AML Patients 

On each immunization day, remission lymphocytes were isolated from 
freshly drawn heparanized blood by the Ficoll-Hypaque gradient method 
for the following in vitro assays: Surface markers by E and EAC rosettes, 
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phytohemagglutinin (PHA) and pokeweed mitogen (PWM) induced lym­
phoblastogenesis and tumor leukocyte culture (MLTC) with immunizing 
allogeneic myeloblasts. 

Although the quantification of E and EAC rosette forming lymphocytes 
from AML patients in the protocols were routinely performed, we are only 
showing in Table 2 two test periods: a) The initial E and EAC values at the 
time of randomization, and b) the impact of immunotherapy on the T and 
B lymphocyte surface markers. The median value for normal donors of E­
rosetting PBL is 74,4%, with 1,986 as the number of absolute T-Iymphocytes. 
For EAC rosetting the normal PBL values are 22,1% with 521 as the 
number of absolute lymphocytes. Patients at the time ofrandomization, still 
under recovery from induction and consolidating chemotherapy, have 
shown significantly lower percentage (49,2 and 51,7) and absolute number 
(412 and 487) of T-cells as weIl as lower percentage (16,2 and 16,5) and 
absolute number (169 and 195) ofEAC rosetting lymphocytes. 

Patients in both chemotherapy regimen showed a significant increase of 
T- and B-lymphocytes as compared to values at the time of randomization 
both in percentage and in absolute number. 

Maximum lymphocyte blastogenesis was attained at 0,15 /-Lg per weIl for 
PHA and 30 /-Lg per weIl for PWM, for normal donors, as weIl as for the 
remission lymphocytes from patients in either of the therapeutic regimen. 
Lymphocytes obtained from patients receiving chemotherapy alone showed 
consistently lower degree of stimulation to both mitogens all through the 
observation periods. Lymphocytes obtained from AML patients who have 
been immunized with N'ase treated myeloblasts showed, despite the fact 
that they have been receiving chemotherapy, nearly normal lymphocyte 
function (Table 2). Countraiwise, patients immunized with N'ase treated 
myeloblasts plus MER have shown in the first six months of immunother­
apy a continuous improvement in their response to mitogens but not to 
tumor cells. This was followed by a gradual decline in lymphocyte function. 
The fact that patients treated with Nase treated myeloblasts plus MER 
have similar E-rosetting PBL as patients treated with cells alone, but have 
significantly altered in vivo and in vitro lymphocyte function (Fig. 4), raised 
the possibility of the presence of an inhibitory mononuclear cell population 
in the blood of such immunized patients. This hypothesis was tested and 
the data are summarized in Fig. 5. Isolated enriched T-cell fractions from 
normal donors or from patients immunized with N'ase modified myelo­
blasts gave similar uptake of H3TdR as the unseparated PBL. However, 
isolated enriched T-cell fraction from AML patients who received N'ase 
treated myeloblasts plus MER, and have shown dec ;ning in vivo and in 
vitro immunological responses, gave 3-7 times greater I-PTdR incorpora­
tion in response to PHA than their unseparated PBL. T1e response of the 
enriched T-cells was strongly inhibited by addition of autologous but not 
normal donors' adherent mononuclear cells. These findings suggest that 
depression of cell mediated immunity is seen in most of the tested AML 
patients who received N'ase treated myeloblasts plus full dose of MER, but 
not among the patients immunized with N'ase modified myeloblasts alone, 



Table 2. Lymphocyte function and surface membrane markers ofremission lymphocytes in AML patients in the immunotherapy study 

PHA PWM MLTCa MLTCb E-Rosettes EAC-Rosettes 

max. stirn ul. SI max. stirn ul. SI max. stirn ul. SI max. stimul. SI % absolute % absolute 
c.p.m. X 103 c.p.m. X 103 c.p.m. X 103 c.p.m. X 103 number number 

Normal subjects 102.2 257 95.1 194 74.4 1,986 22.1 521 
N79 ±8,7 ±6.4 ±251 ±52 

Randomization 41.2 93 37,8 67 15.1 29 19.2 36 49.1 412 17.5 146 
Chemotherapy ±5.l ±53 ±3.4 ±4,9 ± 17 ±6 
N 25 After 8th course 51.7 117 493 89 19,6 37 223 39 563 725 21,3 274 

±6J ±5,9 ±4.2 ±6J ± 17 ± 14 

Randomization 37.1 90 35,8 73 183 32 21.5 35 492 429 18.5 161 
Immunotherapy with cells ±4.4 ±6.4 ±6.1 ±6,9 ±21 ±8,2 
N 34 After 12th course 79,5 212 753 142 28,7 59 20.5 29 70,1 l,122 202 323 

82 ±7,6 ±8,5 ±32 ± 120 ±27 

Randomization 38,3 85 37.1 79 17,6 28 18,7 31 51.7 487 22,3 210 
Immunotherapy cells + mer ±5.4 ±4,9 ±4.1 ±3.5 ±45 ±21 
N 19 After 12th course 51.2 113 46,6 68 20.9 29 213 37 70.1 1.099 21,5 337 

±6,0 ±63 ±2.7 ±5 ± 118 ±37 

Allogeneic myeloblasts a used for immunotherapy or b not used for immunotherapy. the mixed tumor-Ieukocyte culture was performed: Myeloblasts 
incubated with mitomycin-C at 30l1g/ml of 2 X lOS cell suspension for 30 minutes at 37°C. After washing 2 X 105 myeloblasts were distributed in 
each of the replicate wells of the fa1con micropiates containing 105 responding lymphocytes per weIl in RPMI 1640 media supplemented with 20% 
heat inactivated autologous plasma. After 90 hours of incubation 1l1ci 3H-Tdr was added per weIl. Cultures were harvested 18 hours later with 
the addition of excess cold thymidine. 
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Fig. 5. Appearances of suppressor cell activity in AML patients treated with N'ase treated 
myeloblasts plus MER 
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Fig. 4. Impact of N'ase modified myeloblasts plus MER on various immunological parameters 
in AML patients 

maybe due to the suppression of certain T-cell functions by circulating 
monocytes affected by MER. The time of appearance of the apparent sup- 
pressor cell activity was different from patient to patient and omission of 
MER from the treatment in most cases prompted recovery of the patients' 
in viv0 and in vitro immunological parameters and a gradual decrease of 
suppressor cell population.. 

Summary 

Our studies clearly show that significantly longer remission duration was 
attained in groups of AML patients immunized with neuraminidase treated 
allogeneic myeloblasts as compared to patients who received chemotherapy 
alone or neuraminidase treated myeloblasts plus MER. It is clear that 
MER, albeit apparently active alone in certain other clinical studies impairs 
the immunotherapeutic value of neuraminidase treated allogeneic myelo- 
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blasts in AML patients. The in vivo and in vitro immunological test results 
reflect the host's immunological status in each arm ofthe protocol and cor­
relate weIl with the duration of remission achieved with specific vs. com­
bination of specific plus adjuvant immunotherapy. 
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The introduction of combination chemotherapy in the treatment of adult 
acute leukemia has had a profound impact on the response and duration of 
survival of patients with adult acute myeloblastic leukemia. In the past 
decade, the combination of cytosine arabinoside with an anthracycline anti­
biotic, either daunorubicin, adriamycin, or rubidazone, has been respon­
sible to a large degree for the success. 

In a study done at the M. D. Anderson Hospital in 1973, a combination 
of adriamycin, vincristine, Ara-C and prednisone (Table I) was utilized for 
initial induction therapy for 58 adults between the age of 15 and 76 with a 
diagnosis of acute myeloblastic leukemia. 43 (74%) of the patients achieved 
a complete remission with 31 of 35 (89%) patients under the age of 50 
achieving a complete remission [4]. Median duration of survival in this group 
of patients was 58 weeks. Nine patients remain alive between 4 and 5 years 
from diagnosis. These 9 are all in their original first complete remission and 
represents 9 of 31 Patients (29%) under the age of 50 who achieved remission. 

Table 1. AD-oap. Acute myeloblastic leukemia 

Entered 
Complete remission 
Complete remission 

58 
43 (74%) 

<50 31/35 
~50 12/23 

(88.5% ) 
(51 %) 

Because of the initial success of this program, the same combination 
of agents was utilized in the Southwest Oncology Group for remission 
induction therapy. A total of 420 patients were entered, 224 achieved com­
plete remission (54%). The survival of all patients and survival of those 
patients achieving a complete remission is shown in Fig. 1. The vertical 
lines on these survival curves represent patients still alive and can still ef­
fect the overall survival of these patients. The median duration of survival 
of all patients entered is 50 weeks and the projected median duration of 
survival of the patients who achieved complete remission is alm ost double 
this to 2 years [5]. 

* Supported in part by Grants CA 11520. CA0583 1. CA 19806 and CA 14528. National In­
stitutes ofHealth. Bethesda. Maryland. 
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In addition to adriamycin, rubidazone, a new anthracycline antibiotic 
related to daunorubicin, has been utilized in combination with cytosine 
arabinoside in the management ofpatients over the age of 50. The pro gram 
isshown in Table 2. A total of 56 patients have been entered on this pro­
gram with an overall response rate of 49% which is similar to the response 
rate seen in patients utilizing a combination of adriamycin, Ara-C, vin­
cristine and prednisone [3]. 

Table 2. Roap. Acute myeloblastic leukemia. 
> 50 years of age 

Entered 57 
Complete remission 28 (49%) 

In an attempt to prolong remission, a late intensification pro gram has 
been used in patients who have been in maintained complete remission for 
one year or longer. Late intensification therapy utilizes drugs that they have 
not been previously exposed to, the majority of the patients in this pro gram 
received a combination of 6-mercaptopurine, methotrexate, vincristine and 
prednisone. A total of 62 patients have undergone late intensification ther­
apy and 29 (47%) remain in unmaintained complete remission. The major­
ity of the patients that relapsed, relapsed in the first six months and 31 of 
the 33 patients that have relapsed have done so within the first 24 months 
following discontinuous of chemotherapy (Table 3). The risk of relapse sub-

Table 3. Late intensification therapy in acute leukemia 

Patients entered 
Patients still in CR 
Relapsed by 6 months 
Relapsed by 24 months 

62 
29 (47%) 
21 (64%) 
31 (94%) 
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sequent to this time is less than 10% [1]. Of the 36 patients who are in 
continuous complete remission one year from complete remission, 9 (25%) 
had relapsed whereas 12 patients now have been discontinued from chemo­
therapy four years or longer from the late intensification and none of these 
have relapsed (Table 4). The overall risk of subsequent relapse after one year 
of continuous complete remission without chemotherapy is less than 10%. 

Table 4. Duration of unmaintained remission 
after late intensification therapy 

Duration ofCR Number of 
(Yrs from LI) Patients 

I 36 
2 25 
3 18 
4 12 

Subseguent 
Relapses 

9 (25%) 
2 (8%) 
1 (6%) 
o 

The survival in AML after relapse is short, the median duration of sur­
vival of patients with AML who have achieved a complete remission and 
subsequently relapsed, the survival from relapse is less than 20 weeks (Fig. 2). 
Only 5% of these patients are projected to be alive in one year. Because of 
these poor results following relapse, a program of autologous bone marrow 
transplantation has been introduced using marrow collected and stored 
from patients with acute myeloblastic leukemia during periods of remis­
sion. This therapy offers a viable alternative to reinduction chemotherapy. 
We have used a combination of piperazinedione and total body irradiation 
therapy. 
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This pro gram has resulted in clearing of the leukemia and evidence of 
engraftment with normal myeloid recovery in 5 of 11 patients [2]. Survival 
of these patients. duration of remission and duration of bone marrow stor­
age in months and interval between storage and relapse and the number of 
cells and the number of colony forming unit~ reinfused is shown in Table 5. 

Table 5. Autologous bone marrow 
transplantation 

Number ofEvaluable Patients 

Number Showing Evidence of 
Engraftment 

Number Achieving Complete 
Remission 

Survival (days) 17-320+ 

Interval Between Remission and 
Storage (months) 

Interval Between Storage and 
Relapse (months) 

Cells Transfused/kg b.w. 

CFU-C I 105 Cells 

References 

11 
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Median 12 
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Median 19 
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Prediction of Therapeutic Jlesponse in 
Acute Myelocytic Leukemia 

Preisler, H. D., Rustum, Y. M. 

Department of Medicine A. Roswell Park Memorial Institute, 666 Elm Street. Buffalo. 
New York 14263, USA 

Introduction 

There have been many attempts to predict the outcome of antileukemic chemo­
therapy by characterizing the kinetic status or the drug uptake characteristics 
of a patient's leukemic cells. These attemps have for the most part been un­
successful [1-4]. In this paper we will present recently acquired data from our 
laboratories which appears to be useful in predicting the outcome oftherapy 
and will discuss some of the reasons for the failure of previous studies. 

Methods 

Patients were treated with a combination of adriamycin (ADR) (30 mg/m2 

IV d I, 2, 3) and cytosine ararinoside (ara-C) (100 mg/m2/d for 7 days by 
continuous infusion) [5,6]. Exp~-:rimental methods are described in the refer­
enced publications. 

ResuIts 

Pharmacologic Assessment ol Therapeutic Sensitivity 
Cytosine Arabinoside Phosphorvla/ion and Retention in Vitro 

The 4-hour retention of cytosine -,.rabinoside by the leukemic cells of 28 
patients was measured (Rusturn aEd Preisler, Cancer Res., submitted 1978). 
Patients could be divided into two groups: a high retention group-patients 
whose leukemic cells retained after 4 hrs > 30% of their initial levels of ara­
CTP, and those whose leukemic cell retention of ara-CTP was low « 20%). 
Table 1 gives the treatment results for these patients. Both groups were in-

Table 1 

Patients Nc_ 

Entire population 28 

High ara-CTP retention (> 30%) 13 

Low ara-CTP retention «20%) i5 

eR eause ofremission 
induction failure 

,~o 

11 2 pts. died during induction 
,: ~apy 

Med. dur. 
eR-Wks. 

72 

>78 

9 3 pts.v": i~h resistant disease (7). 28 
3 pis_ d:c'':: d"!'ing induction 
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distinguishable with respect to characteristics such as age, initial white blood 
cell count, etc. It is dear that while the advantage ofthe high retention group 
over the low retention group with regards to remission rate was marginal 
(p > 0,05), the duration ofremission for the former patients was much greater 
than for the latter (p <0,001). 

Estimation o( Ara-CTP Levels Achieved in Vivo with Leukemic Cells 

Methods have not as yet been developed which permit direct accurate assess­
ment ofthe intracellular levels of ara-CTP which are reached during chemo­
therapy. The intracellular level of ara-CTP achieved during therapy has 
been determined indirectly by measuring the inhibition of 3H-CdR 
incorporation into DNA (Rusturn et al. , unpublished data). An in vitro 
standard curve is generated for each patient's bone marrow cells prior to ini­
tiation oftherapy using 0,0625 to 1,0 /-Lg/ml ara-Co The intracellular ara-CTP 
level achieved in vitro at each concentration is correlated with the extent of 
inhibition of CdR incorporation into DNA and a standard curve drawn. 
Twenty-four ho urs after the initiation of therapy, bone marrow myeloblast 
cells are obtained from the patient and incubated with CdR-3H to determine 
the extent of incorporation of CdR into DNA. The rate of incorporation of 
CdR into this specimen is then related back to the pretherapy in vitro stand­
ard curve and an estimation is made of the intracellular level of ara-CTP 
achieved after 24 hrs oftherapy. The results summarized in Table 2 indicate 
that at an in vitro concentration of 0,0625 /-Lg/ml ara-C the extent of inhibi­
tion varied from 8% to 93% in different patients. At 1,0 /-Lg/ml this inhibition 
varied from 42% to 95%. These results also show that there is a dose correla­
tion between the amount of ara-CTP achieved intracellularly in vitro and the 
extent of inhibition of CdR-3H incorporation into DNA prior to therapy and 
24 hrs after the initiation of chemotherapy. 

Bio logica I Assessment o( Determinants o( Response 

The development of in vitro donogenicity assays has permitted the character­
ization of a population of progenitor cells which have hitherto been impos­
sible to study directly. Since the leukemic CFU-c are a minority progenitor 
population hidden within the recognizable leukemic cells, studies carried out 
on the latter population ofleukemic cells may not be reflective ofthe proper-

Table 2 

Patient 

I 
2 
3 

In vitra percent Inhibition at 
0,0625 f1g/m1c 0,1 f1g/m1 

8 
60 
94 

45 
83 
96 

In vivo 
Inhibitionb 

22 
68 
93 

Ara-CTPa 
(pm I 107 cells) 

2,8 
18 
30 

a ara-CTP formed intracellularity when bone marrow myeloblasts were incubated with 
0,0265 f1g/ml ara-Co 

b 24 hrs. after initiation oftherapy. 
c Ara-C concentration. 
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ties of the leukemic progenitor cells. Support for this proposition has been 
found in our comparison of the labe1ing index of the recognizable leukemic 
marrow cells with the suicide index of the leukemic CFU-c (Preisler and 
Shoham, submitted to Cancer Res., 1978). Fig. 1 demonstrates that a simple 
relationship does not exist between the labe1ing index and the suicide index 
except in that the labe1ing index is consistently lower than the suicide index 
(usually 1,;2-%). 

Estimation of Effects of Adriamycin in Vivo 

Hoechst 33342 is a supravital dye which can be used to stain DNA for flow 
cytometric studies. While comparing leukemic cell DNA histograms before 
and 24 hrs after the initiation of antileukemia chemotherapy, we found that 
the degree of DNA fluorescence produced by H33342 was diminished in 
some patients (Preisler, H. D., Cancer Treat. Rep., in press). In vitro studies 
were carried out to further characterize this phenomenon. Fig. 2 illustrates 
one such study. With exposure to increasing concentrations of ADR, there 
was a progressive decrease in the DNA fluorescence produced by H33342. 
The effects of exposure to as little as 0,2 /J.g of adriamycin for Ihr could be 
detected. As with CdR uptake, we plan to construct a pre-therapy in vitro 
dose response curve to assess the potential sensitivity of a patient's leukemic 
cells to ADR. We will also incubate marrow cells with H33342 24 hrs after 
the initiation of therapy, measure the fluorescence produced and using the 
pretherapy dose response curve, estimate the in vivo effects oftherapy. 
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Discussion 

The effeetiveness of antileukemia ehemotherapy depends upon delivery of 
the drugs to the target eells, the uptake and aetivation (if neeessary) of the 
drugs, and the presenee of a sensitive metabolie pathway (the latter being 
dependent in some eases upon the eell eyde eharaeteristies of the leukemie 
eells). We are attempting to obtain this information by measuring the uptake 
and aetivation ofara-C in vitro, deriving an estimate ofthe in vivo uptake of 
ara-C and ADR during therapy, and by measuring the labeling index and 
1eukemie CFU-c suicide index prior to and 24 hrs after the initiation of ther­
apy. Thc latter provides a measure not only ofthe kinetic status ofleukemic 
CFU-c but also their sensitivity to the antileukemic therapy being employed. 
Henee, we are attempting to measure the relevant parameters which deter­
mine response to therapy. 
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Two theoretical but practical considerations warrant further discussion. 
Does measurement of drug uptake by leukemic marrow eells in toto aecur­
ately reflect the properties of the leukemic stern cell? This not a moot point 
since in alllikelihood the majority ofleukemic cells are end stage cells which 
are irrelevant with respect to therapeutie attaek. The dissoeiation between 
the la beling index of the leukemic cells and the suicide index of the clono­
genic cells clearly points out that the properties ofthe easily observable mar­
row leukemic cells are not necessarily reflective of the properties of the few 
but crucial stern cells. In our studies to date (and described in this paper), we 
have found an excellent correlation in previously untreated patients between 
response to therapy (remission duration - vide infra) and ara-CTP retention 
by marrow leukemic cells. By contrast, the correlation between ara-C metab­
olism and response for relapsed patients is not nearly so good and, in fact, in a 
few cases, high levels of ara-C1P retention have been associated with clinical 
refractoryness to therapeutic regimens which included ara-Co One possible 
explanation for this could be a discordance between the drug sensitivity of 
the leukemic stern cells and the easily observable leukemic cells - a diseord­
ance which developed during maintenance therapy. Alternatively, the leu­
kemic cells ofthese patients may still activate and retain ara-C quite well but 
may no longer have a sensitive metabolic pathway. Measurement of DNA 
synthesis (using CdR incorporation) in the presence of ara-C will test this 
possibility. 

The second point requiring discussion relates to evaluation ofrespimse to 
therapy. The end point of all previous studies has been an assessment of 
whether or not remission has been attained. Considering the aggre~<~ive 

therapeutic regimens currently in use, remission induction rate is an in,' r­
propriate end point since marrow aplasia is produced in the vast majority (If 
patients and once this occurs, intercurrent problems relating to infection play 
a major role in determining whether or not a patient will survive for a suffi­
ciently long period of time to permit regrowth of his bone marrow. Many 
patients whose leukemic cells are sensitive to therapy die during remission 
induction [6J. One of us has proposed a system for classifying failure to re­
spond to remission induction therapy so that a distinction can be made with 
respect to patients who fail remission induction therapy because ofleukemic 
cell resistance to the therapy employed as opposed to those patients who die 
of intercurrent problems and whose leukemic cells were sensitive to chemo­
therapy [7]. By contrast the duration of remission appears to be primarily 
determined by two factors: the number of leukemic eells persisting onee re­
mission occurs and the effect of maintenance therapy on residual disease -
both of which are reflective of the drug sensitivity of the leukemic cells. 
Hence, the duration of remission and not the pereent remission induetion 
rate is a better measure ofleukemic ceIl sensitivity to drugs. This theoretical 
construct agrees quite weIl with our data on ara-CTP retention. 

Previous attempts to predict the outeome of antileukemia therapy have 
not been successful probably because they were based upon the measure­
ment of a single parameter [3,4] (labeling index for example) or used the 
wrong clinical endpoint [1,2] (remission induction rate). We hope that by 
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simultaneously determining the relevant eell eycle parameters along with 
measurements of drug metaholism and the use of appropriate clinieal para­
meters, we will avoid the pitfalls ofprevious studies and he ahle to prediet the 
clinical responses ofindividual patients. 
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Prognostic Factors in 
Adult Acute Lymphoblastic Leukemia 

Lister. T.A.l, Roberts, M.M.l, Brearley, R.L.2, Cullen, M.H.l, 
Greaves, M. F,1 

Introduction 

The introduction of three and four drug combination chemotherapy into 
the treatment of acute lymphoblastic leukemia (ALL) in adults has re­
sulted in complete remission being achieved in approximately 70% of 
cases (Willemze. Hartgrink-Groeneveld, 1975; Jacquillat and Weil, 1973; 
Gee and Haghbin. 1976; Muriel and Pavlovsky, 1974; Atkinson and WeHs, 
1974; Einhorn and Meyer, 1975; Rodriguez and Hart, 1973; Whitecar and 
Bodey, 1972; Spiers and Roberts, 1975). In spite of the use of early central 
nervous system prophylaxis and continuous maintenance chemotherapy, 
however, the duration of complete remission remains considerably shorter 
than in childhood ALL. It is weIl documented that certain presentation 
features influence the prognosis in childhood (Henderson, 1969; Simone 
and Holland, 1972). We have, therefore, analysed the data from 42 adults 
in whom complete remission was achieved to determine which presentation 
features influence the prognosis in adults. 

Materials and Methods 

A. Patients 

Between November 1972 and December 1976, 62 consecutive previously 
untreated adults with ALL were treated with combination chemotherapy at 
St. Bartholomew's Hospital. All patients received adriamycin, vincristine, 
prednisolone and L-asparaginase, as previously reported (Lister, White­
house. 1978), and complete remission was achieved in 43 (69%). One 
patient returned to India without maintenance therapy and subsequently 
relapsed. The remaining 42 cases form the basis of this analysis. All reciev­
ed early central nervous system therapy and continuous maintenance 
chemotherapy until relapse or for three years, whichever was shorter. 

B. Diagnostic Criteria 

The diagnosis of ALL was based upon conventional morphological criteria 
(Bennett and Catovsky, 1976) for May-Grunwald-Giemsa stained bone 

I Imperial Cancer Research Fund Department of Medical Oncology_ Sc Bartholomew's Hos­
pitaL and Laboratory of Membrane Immunology_ Lincoln's Inn Fields_ London 

2 Department ofHaematology. St Bartholomew's HospitaL London 
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marrow smears, which showed at least 30% infiltration by agranular, Sudan 
Black negative blast cells. The periodic-acid-Schiff (PAS) stain was 
performed in all cases and considered positive if more than 5% of the blasts 
exhibited block or coarse granular activity. Cases with an occasional fine 
granular or negative reaction were also negative for napthol-As-Acetate 
esterase activity. Cytogenetic analysis showed that all patients were nega­
tive for the Philadelphia chromosome. 

C. Treatment Programme 

The treatment programme included three main elements: the induction and 
consolidation of remission, treatment of central nervous system (CNS) or 
CNS prophylaxis, and maintenance treatment. 

I. Induction and Consolidation of Remission 
At the start of the study we planned to give doxorubicin (adriamycin) and 
vincristine every week for a minimum of four courses regardless of the peri­
pheral blood count. But the incidence of pancytopenia after the 2nd injec­
tion was so high that the schedule was modified and the 2nd course of 
doxorubicin and vincristine was given at least 14 days after the first. The 
interval between the later courses of doxorubicin and vincristine depended 
on the bone marrow findings. 

Table 1. Treatment given for inducing and consolidation remission (OPAL") 

Drug Administration Dose Intervals 
ofTreatment 

Doxorubicin Intravenous 30 mg/m2 Days O. 14.28. 42b 

Vincristine Intravenous 1.4 mg/m2 (max 2 mg) Days O. 14.28. 42b 

Prednisolone By mouth 40 mg Daily 
Colaspase Intravenous 10,000 IU/m2 Days 0-14 
Allopurinol By mouth 200 mg three times a day Daily until blasts 

cleared from blood 

a Oncovin (vincristine). prednisolone. adriamycin (doxorubicin). and L-asparaginase (colas­
pase). 

b Bone marrow was assessed on day 49: if leukaemic infiltration persisted two further injec­
tions of doxorubicin and vincristine were given about 14 days apart. 

2. CNS Prophylaxis and Treatment 
In the early part of the study lumbar puncture for CSF cytology was not 
performed until clinical and haematological remission had been achieved. 
Patients with no evidence of infiltration then proceeded to CNS prophylaxis. 
This consisted of cranial irradiation (2400 rads) given in 15 fractions over 
three weeks with concomitant intrathecal methotrexate 12,5 mg twice week­
ly for five doses during the same period. Analysis of the CSF findings in the 
first 28 patients who achieved complete remission indicated a high incid­
ence of asymptomatic leukemia disease (Lister and Whitehouse, 1977). 
The first injection of intrathecal methotrexate was therefore introduced 
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during the induction of remission, when the platelet count reached 50 X 109/1 
in the absence of circulating blast cells. The total number of doses of metho­
trexate was also increased to seven. Patients with proven CNS disease who 
were in clinical and haematological remission received more intensive 
radiotherapy and intrathecal chemotherapy. Cranio-spinal irradiation 
(2400 rads) was given in 20 fractions together with 5 doses of intrathecal 
methotrexate 12,5 mg followed by five doses of intrathecal cytarabine 
50 mg given over four weeks. 

3. Maintenance Treatment 
This consisted of oral 6-mercaptopurine 75 mg daily, starting when com­
plete remission had been achieved and always after allopurinol had been 
stopped. Once CNS therapy had finished oral cyclophosphamide 300 mg 
weekly and oral methotrexate 30 mg weekly were started together. The 
doses of all the drugs were adjusted to maintain the total white cell count at 
3 X 109 Jl and treatment was continued for three years and then stopped. 

D. Cell Surface Marker Studies 

The panel of membrane markers used included spontaneous sheep red 
blood cell rosette formation (for Tcells), reactivity with anti-human im­
munoglobulin (for B cells) and with anti-ALL serum (for "common ALL" 
cells). Ficol-Triosil density gradient separation of peripheral blood or bone 
marrow sampies was used to separate bl asts and mononuclear cells. 

The sheep red blood cell rose\te (E-rosette) tests was performed by addi­
tion of a suspension of 1 X 106 test cells in 50/-11 of medium with 50 /-11 of 
foetal calf serum (absorbed with sheep red blood cells) to 100111 of a 2% 
suspension of sheep red blood cells which were neuraminidase treated 
(15 O/ml at 37°C for 30 minutes). The cells were centrifuged at 400 g for 
5 minutes and Ieft undisturbed at room temperature for 1 hour before 
gentle resuspension and counting in an haemocytometer. 

The anti-immunoglobulin serum was a fluoresceinated F(ab1)2 prepara­
tion of sheep antibody to human IgG (courtesy of Dr. 1. Chantler, Well­
come Research). It was used in a direct immunofluorescence technique by 
incubating 1 X 106 test cells in 50111 of medium containing 0,02% sodium 
azide, with the anti-immunoglobulin at a 1 in 10 final dilution for 30 min­
utes at 4°C, washing cells 3 times and counting in suspension on a slide 
with a Zeiss Standard 16 phase contrast microscope with epifluorescence 
and narrow band FITC filters. 

The anti-ALL serum has been previously described in detail (Brown and 
Capellaro, 1975). It was raised in rabbits against non-T, non-B ALL cells 
coated with antilymphocyte serum. After extensive absorption with normal 
haemopoietic cells, lymphocytes and acute myeloid leukemia cells, it was 
functionally specific for the majority of cases of non-T, non-B ALL and 
some cases of chronic myeloid leukemia in "lymphoid" blast crisis 
(Roberts and Greaves, 1978). This antiserum was used in an indirect im­
munofluorescence technique by incubation for 30 minutes at 4°C with 
1 X 106 viable ceHs in suspension, washing cells twice and then incubation 
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for 30 minutes at 4°C with a goat anti-rabbit immunog10bu1in antiserum 
which was fluorescein 1abelled. The cells were then washed 2 times before 
counting in suspension as above. 

E. Statistical Analysis 

Remission duration curves and graphic presentations were deve10ped by 
standard life table formulae (Armitage 1971) and statistical significance was 
determined by the Log Rank analysis method (Peto and Pike, 1977). The 
significance of clinicopatho10gica1 corre1ations was determined by the 
Mann Whi tney U test. 

Results 

A. Overall Duration o{ Remission 

The data from 42 patients are evaluable. Twenty two have relapsed. One 
elected to stop maintenance after 8 months and re1apsed shortly thereafter. 
He has been analysed as not having relapsed, but as being in continuous 
complete remission for 8 months. One patient died at horne during an in­
fluenza epidemic whilst in complete remission. The remainder continue in 
complete remission between 7 and 64 months. The median duration of 
complete remission was 21 months. Seven patients have already been in 
continuous remission more than 3 years. 

B. Influence o{ Presentation Features on Remission Duration 

1. Age 
The age of the patients at presentation did not influence the duration of 
remission. The num ber of older patients is small, so statistical analysis 
would be unwise. However, only 2 patients out of 9 over the age of 40 have 
relapsed, both at 4 months: the remainder continue in remission between 
4 and 46 months. 

2. Bulk of Disease at presentation 
I. Hepatosplenomegaly (Fig. 1) 
Both the liver and spleen were clinically enlarged in 20 patients. Only 

6 of these patients remained in complete remission, compared with 15 out 
of 22 patients in whom there was not hepatosplenomegaly. The duration of 
complete remission was significantly shorter for patients with hepatospleno­
megaly (p = < .001). 

II. Blast count at presentation 
All 4 patients in whom the presentation blast cell count was greater than 

100 X 109 /1 had re1apsed by six months. However, comparison of the duration 
of remission for patients with blast cell counts above and be10w 10 xl 09 /1 
reveals no statistically significant difference. 

3. Cytochemistry 
The PAS reaction was positive in 20 cases and negative in 22. There was no 
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Fig. 1. Duration of complete remission in acute lymphoblastic leukemia. Influence of reactiv­
ity with anti-ALL serum 

difference in the duration of complete remission between the 2 groups. Ten 
out of 20 patients in whom the re action was positive have relapsed, the re­
mainder being in complete remission between 12 and 64 months. Eleven 
out of22 patients in whom it was negative have relapsed, the remainder be­
ing in complete remission 2 and 25 months. 

4. Cell Surface Marker Studies 
These were performed in only 29 cases in whom complete remission was 
achieved. The remaining 13 cases were not studied because they were treat­
ed before the techniques necessary were in routine use in our laboratory 
and not enough viable cells were stored to allow frozen sampies to be 
tested. Thus the duration of follow-up of these cases is shorter than that of 
the whole study and the median duration of complete remission has not yet 
been reached. 

Complete remission was achieved in only 3 out of 5 cases of Thy-ALL. 
Two have relapsed at 5 and 10 months, and the third continues in complete 
remission at 35 months. 

The blasts from 16 of the remaining ca ses of unclassified or null ALL 
reacted positively with the anti-ALL serum. The duration of remission was 
significantly longer than that of the 10 cases of which did not react with the 
antiserum. Only 3 out of 16 anti-ALL positive common ALL cases have 
relapsed. The remainder continues between 7 and 46 months. Six out ofthe 
10 anti-ALL, non-T, non-B cases have re1apsed and only 4 remained in 
remission between 8 and 41 months (Fig. 2). 
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Fig.2. Duration of complete remission in acute lymphoblastic leukemia. Influence of 
hepatosplenomegaly 

Discussion 

These results support the contention that the prognosis in ALL in adults is 
influenced by the extent of disease at presentation. The presence of hepato­
splenomegaly was associated with a very short duration of remission. All 
patients with a very high blast count (greater than 100 X 109/1) had relapsed 
within six months, even though the previously significant adverse influence 
of a presentation blast count above 10 X 109 /1 has not been confirmed. 

The cell surface marker studies demonstrate a significant advantage for 
patients whose blast cells reacted with the anti-ALL serum. The number of 
patients was small and the findings should be interpreted with caution. 
However, the fact that the results are identical with those reported in child­
hood ALL reported by Chessels et al. Chessels and Hardisty (1977) sug­
gests that our observations are valid. 

The response to the initial therapy remains the most important prognos­
tic factor. with survival being very significantly Ion ger for patients in whom 
complete remission was achieved than for those in whom it is not. The re­
cognition that the same prognostic factors apply to both childhood and 
adult lymphoblastic leukemia makes it possible to develop treatment pro­
grammes for adults on the basis of data obtained from childhood studies. 
This is most important since the number of adults with lymphoblastic leu­
kemia is small and data are hard to obtain. The recognition that presenta­
tion features influence the prognosis must lead to the intensification of ther­
apy for patients with adverse prognostic factors and also the avoidance of 
intensification of therapy for those patients in whom adverse prognostic 
factors are not found. 
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Surface marker studies have been shown to provide new objective criteria 
which help to define normal and leukemic cells. Methods for recognizing 
different subpopulations of lymphocytes are in sharp contrast to conven­
tional morphological techniques, e.g. Romanowsky stained films and paraf­
fin sections, which not only do not allow such distinction to be made, but 
fail sometimes even to demonstrate the lymphoid or myeloid nature of a 
neoplastic process. Transmission electron microscopy (TEM) increases the 
precision of morphological analysis of cell types by demonstrating in great­
er detaiL and with less artefacts, such cell characteristics as nuc1ear 
chromatin condensation, nuc1ear shape, details of cytoplasmic organelles, 
inclusions, etc. The combination of 1EM and surface marker studies is 
bound. therefore. to increase our power of identification and characterisa­
tion of the cells involved in lymphoproliferative disorders. 

Materials and Methods 

TEM and surface markers were performed in peripheral blood and/or 
bone-marrow sam pies from acute and chronic leukemias; lymph node 
biopsy specimens from non-Hodgkin's lymphomas were also tested. The 
disorders studied were: chronic lymphocytic leukemia (CLL), leukemic 
phase of diffuse poorly differentiated lymphocytic lymphomas (PDLL) and 
follicular lymphoma (FL), hairy-cell leukemia (HCL), prolymphocytic 
leukemia (PLL), acute lymphoblastic leukemia (ALL), and Sezary's syn­
drome. The B- and T-cell markers, namely, surface membrane immuno­
globulins (SmIg) and rosetting tests with mouse and sheep RBC cells [2,4] 
were investigated in 194 cases. Cases of ALL were also investigated with an 
anti-ALL serum to detect the "common-ALL" antigen (Dr. M. F. Greaves, 
Imperial Cancer Research Fund) [5], and for the enzyme terminal trans­
ferase (TdT) (Professor A. V. Hoffbrand and K. Ganeshaguru, Royal Free 
Hospital) [7]. TEM was performed in 80 cases. In several instances cyto­
chemical techniques for acid phosphatase, myeloperoxidase and immuno­
peroxidase were also studied at TEM level. For TEM the specimens were 
fixed in 3% glutaraldehyde and processed according to standard techniques. 
The material was embedded in Araldite and ultrathin sections were viewed 
with an AE 1 6 B electron microscope. 
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Results 

The terms "differentiated", "poorly differentiated" and "undifferentiated" 
used to define certain conditions, will refer only to the morphological ap­
pearances. 

Differentiated B -cell Disorders 

These include B-cell leukemias: CLL, PLL, HCL and FL. In all the cases 
one or both of the B-cell markers used were positive. 

Morphologv 

The predominant cell seen in B-CLL is a small lymphocyte with scanty 
cytoplasm, heavily condensed nuclear chromatin and inconspicuous Golgi 
apparatus (Fig. 1). Prolymphocytes predominate in B-PLL; they have a 
prominent nucleolus in the presence of peripheral chromatin condensation 
(Fig. 2). A spectrum of cells, depending on the degree of chromatin conden­
sation and the shape ofthe nucleus can be seen in B-PLL. FL is character­
ized by cells with cleaved (notched) nuclei with variable degrees of chro­
matin condensation. Small cleaved cells are seen particularly in the 
peripheral blood in the cases associated with high WBC (Fig.3); large 
cleaved cells with less chromatin condensation were predominant in the 
lymph nodes of the same cases. 

Surface Markers 

According to the density of SmIg, reflected in the intensity of the immuno­
fluorescence re action with polyvalent and monovalent antisera, cases were 
defined as having negative, weak, moderate or strong fluorescence. In 
B-CLL 80% of cases had a weak to moderate reaction, and in 17% of cases 
SmIg were undetected; in contrast, 90% of B-PLL cases had a strong reac­
tion. In FL PDLL and HCL, about half the cases had weak to moderate 
intensity and the rest had a strong reaction. 

Results with the mouse RBC rosette test (neuraminidase-treated 
lymphocytes) are shown in Table l. More than 50% rosettes were observed 
in the majority of B-CLL cases. In contrast, this was rarely the case in the 
other conditions where the common finding (73 to 87% of cases) was a low 
binding « 30% rosettes) of mouse RBC; only 1% of CLL cases showed a 
similar finding. 

Differentiated T-cell Disorders 

These include T-CLL (3 ca ses), Sezary syndrome (4 cases) and a case of T­
celllymphoma. 

Morphologv 

A common feature of the cells of these cases was the irregular nuclear out­
line. a prominent Golgi zone, and the presence (in variable proportion) of 
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Figs. 1-4. TEM 01' B-Iymphoproliferative disorJers (Peripheral blood cells : lead citrate und 
uranyl acetate stain) 
1. Typicallymphocyte in CLL (X 13000) 
2. Prolymphocyte in PLL: prominent nucleolus and peripheral chromatin condensation 

(X 13000) 
3. Small c1eaved Iymphocyte in FL (X 13000) 
4. B-ALL. Iymphosarcoma type. Lu"ger size and 110 peripheral chromatin condensation main 

difference from PLL ( X 11000) 

electron dense granules in the cytoplasm, which showed acid phosphatase 
reactivity. The granules seen at E/M correspond to the azurophil granules 
seen at light microscopy [I]. In T-CLL the nucleus was frequently, but not 
always. irregular; rarely it resembled the Sezary ceil (Fig. 5). In the Sezary 
cells the main feature was the very convoluted (cerebriform) nucleus (Fig. 6) 
with condensed chromatin with or without a prominent nucleolus. In the 
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Table 1. Mouse RBC rosettes in 166 cases ofB-lymphoproliferative disorders 

No.of 
cases 

Rosettes in peripheral blood samplesa 

Disease 
<30% 30-49% 2::50% 

CLL 100 1 (1%) 21 (21%) 78 (78%) 

PLL 20 16 (80%) 4 (209f) 

FL 1I 8 (73%) 1 (9%) 2 (18%) 

PDLL& B-ALL 15 2 (13%) 

HCL 20 10 (59~{) 7 (41%) 

;1 More than 50% leukaemic cells in the sam pIes tested 

case of T-cell lymphoma the cells in the blood and lymph node resembled 
morphologically those seen in T-CLL and some had the cerebriform nucle­
us of Sezary cells (Fig.7): electron dense granules were present. The fea­
tures of this condition, which has not been recognized in previous reports of 
non-Hodgkin's lymphomas. are reminiscent of those described as Adult T­
cellieukemia in Japan [10]. 

Swlace Markers 

In all cases the leukemic cells formed rosettes with sheep RBC cells. TdT 
estimations showed that the enzyme was undetectable in the 3 T-CLL's, the 
ca se of T-cell lymphoma and in 2 out of 3 cases of Sezary syndrome tested. 
One of the last-mentioned had elevated values: 22,4 UI108 cells (normal 
va lues in bone marrow up to 15 U/108 cells) [7]. These findings contrast 
with those seen in the less differentiated T-cell disorders (see below). 
Similar results with TdT estimations in T-lymphoproliferative disorders 
were recently reported by Penit et al. [8]. 

Poorly Differentiated or Undifferentiated Disorders 

These include conditions characterised by the proliferation of blast cells 
(with little or no heterochromatin): ALL PDLL and lymphoblastic lym­
phoma. 

Morphology 

B-ALL cells have either features resembling those seen in Burkitt's lymphoma, 
namely. lack of nuclear maturation with fat globules and polyribosomes in 
the cytoplasm (L3 in the FAB classification), or those of PDLL with an ir­
regular nuclear outline and a very large nucleolus (lymphosarcoma type) 
(Fig. 4). The latter cells are distinct from PLL (Fig. 2) because they are larg­
er and have no nuclear chromatin condensation. In T-ALL and lympho­
blastic lymphoma the nucleus is frequently irregular or convoluted with a 
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Figs.5-8. TEM of T-Iymphoproliferative disorders (Peripheral blood cells: lead citrate and 
uranyl acetate stain) 
5. Ly'mphocyte with prominenl l1ucleolus and electron dense granules in the cytoplasm 

in T-CLL (X 10000) . 
6 . Typical Sezary cell with a prominent nucleolus ( X 10000) 
7. T-celllymphoma cell with features resembling Sezary cells (X 11000) 
8. Blast cell in a case ofT-ALL with indented nucleus and a prominent Golgi apparatus 

(X 11000) 

prominent Golgi zone (Fig. 8), where the acid phosphatase re action is often 
localized. Non-B. non-T ALL inc1udes two types of cells: 1. Small cells with 
a round or indented nuc1eus and inconspicuous nuc1eolus, some peripheral 
chromatin condensation and clumps of heterochromatin inside the nucleus. 
This type is seen more often in children and corresponds to LI of the FAB 
classification. 2. Large blasts with more abundant cytoplasm, irregular nu-
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clear outline, open chromatin and prominent nucleolus. This type is more 
common in adult ALL and corresponds to L2 ofthe FAB classification. 

Surface Markers 

Detailed accounts of surface markers [5] and TdT estimations [7] in ALL 
are given elsewhere. In the present study we observed high values ofTdT in 
non-B. non-T ALL particularly in those cases positive with Greaves anti­
ALL serum [5,7]. The cells from 5 cases of adult ALL that were negative 
with the anti-ALL serum had high TdT va lues in 3 cases, and TdT was not 
demonstrable in 2. In T-ALL, TdT was elevated in the 3 cases tested (26,6 
to 202 U/108 cells). In lymphoblastic lymphoma TdT values were not so 
high (4,5 to 15A UIl08 cells) irrespective of whether the E-rosette test was 
positive (3 cases) or negative (1 case). In a fifth case with 80% E-rosettes, 
TdT was negative. 

Conclusions 

Our studies showed that the combination of TEM and surface and enzyme 
markers makes possible more accurate characterisation of neoplastic Band 
T lymphocytes than can be achieved with routine morphological assess­
ment. B-CLL (the common form of CLL) can be distinguished clearly from 
other conditions with peripheral blood lymphocytosis by the typical 
morphology. the binding of mouse RBC rosettes and the weak pattern of 
SmIg. B-PLL also has weIl defined features by morphology and cell markers; 
its characteristic cells have not, so far, been found among the various B-cell 
lymphomas studied. The other B-cell disorders studied, PDLL, FL, HCL 
and B-ALL. have morphological features at TEM quite distinct from CLL 
and PLL. Cel1s in the differentiated T-cell disorders have several features in 
common in addition to the binding of sheep RBC: irregular nuclei, promi­
nent electron dense granules and acid phosphatase activity. The recent 
report of Grossi et al. [6], describing the morphological features of the helper 
(TM) and suppressor (TG ) T-Iymphocyte subpopulations, is of great interest 
as the findings in the TG cells resemble those seen in T-CLL. Two of our 
T-CLL cases were negative for the enzyme <x-naphthyl acetate esterase, 
which appears to be characteristic of TM cells [6], and one of them was 
positive for the Ia antigen, a finding also associated with TG cells [9]. This, 
and the preliminary data of Uchiyama et al. [10] suggest that T-CLL may 
be a disorder of T-suppressor cells. TdT studies [7] help not only in distin­
guishing ALL from AML but also between immature (poorly differentiat­
ed) and mature (differentiated) T-cell disorders. The combination of good 
morphology (TEM), surface markers, including Greaves's anti-ALL serum 
[5]. TdT [7] and the acid phosphatase cytochemical re action [3] permits a 
better identification and subsequent classification of most leukemias and 
non-Hodgkin's malignant lymphomas. 
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Abstract 

We employed three courses of intermediate dose Methotrexate (IDM) added 
onto a standard induction and maintenance program with the concept of 
both central nervous system (CNS) prophylaxis and simultaneous systemic 
int.ensification. Cranial radiation (RT) was not employed as CNS prqphyl­
aXlS. 

Fifty of 52 patients (to age 18) achieved complete remission. Time on 
study now ranges from 22-68 months with a median time of 33 months. We 
separated the children into standard risk and increased risk. We defined 
increased risk as a WBC over 30000/mm3 at presentation and an age ofless 
than two years or greater than 10 years at presentation. There have been 15 
relapses on these 50 patients; 11 occurred in increased risk patients (of 22 
increased risk patients) and four occurred in standard risk patients (of 28 
standard risk patients). There were seven CNS relapses, six systemic re­
lapses, one simultaneous systemic and CNS relapse and one testicular re­
lapse. Toxicity to the IDM was small with the worst problem being muco­
sitis. No leukoencephalopathy occurred. The control of hematological re­
lapse is excellent and the avoidance of potential long-term complications 
noted is even of greater importance. 

Introduction 

In the last 15 years there has been a remarkable improvement in the actual 
"cure" of children with acute lymphocytic leukemia (ALL) [1-7]. Primarily, 
this improvement has been due to the use of central nervous system (CNS) 
"prophylaxis" as well as effective systemic chemotherapy [1-7]. 

In the early 1960's, with the availability of effective Systemic therapy, but 
prior to effective CNS prophylaxis, it became apparent that approxim­
ately 50% of these children would develop CNS leukemia [8]. Once they 

This investigation was supported in part by Grant Number CA07918. awarded by the 
National Cancer Institute. DHEW and the Association for Research of Childhood Cancer 
(AROCC) 
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developed CNS leukemia, very few were cured. In the mid 1960's, effective 
methods of CNS prophylaxis were first employed to prevent overt CNS 
leukemia and eventual systemic relapse and death. The technique of cranial 
RT and intrathecal methotrexate (lT MTX) as CNS prophylaxis reduced 
the incidence of CNS disease to approximately 10% [1-3,5,6]. In 1968, 
Cancer and Leukemia Group B (CALGB) in Protocol 6801, utilized pro­
phylactic IT MTX and found that instead of 50% developing overt CNS 
leukemia, only 23% ofthe children developed this complication [4]. 

However. cranial RT c1early has limitations, i.e., it cannot eradicate leu­
kemic cells in sanctuaries other than the cranial cavity, e.g., the gonads, etc. 
The long-term toxicity from prophylactic cranial RT also was a growing 
concern. Therefore in 1972, we began a study with the following objectives: 
a) to prevent the development of CNS leukemia without employing cranial 
RT, b) to intensify systemic therapy and thus eradicate leukemic cells in 
other sanctuaries and thereby improve the "cure" rate. We based this study 
on pharmacologic data which demonstrated that intravenous IDM at a dose 
of 500 mg/m2 was capable of adequately entering the cerebrospinal fluid 
(CSF) [9], and hopefully simultaneously penetrate other sanctuaries to a 
like degree. This report describes the c1inical results ofthis study. 

Materials and Methods 

52 patients with newly diagnosed ALL were treated according to the proto­
col depicted in Fig. 1 which was instituted in the Department of Pediatrics 
at Roswell Park Memorial Institute (RPMI) in August 1972. Following in­
duction with steroid, Vincristine, and L-Asparaginase, three courses of 
IDM were administered at three weekly intervals. IDM was given at 500 mg 
per m2 one-third by intravenous (IV) push and two-thirds by N infusion 
over 24 hours. IT MTX at 12 mg/m2 was given from one-half to two ho urs 
after the initiation of IV MTX. 24 hours following completion of N MTX, 
a single dose ofcitrovorum factor (leucovorin) was given at 12 mg/m2 . With 
moderately severe mucosal ulceration, the subsequent course of IDM was 
delayed until there was complete healing. The next IDM was then given at 
full dosage, but an additional dose of leucovorin at 12 mg/m2 was given 
72 hours from the start of IDM (48 ho urs after completion of IDM). Fol­
lowing high dose MTX, the patient received maintenance therapy consist­
ing of daily oral 6-mercaptopurine and weekly oral MTX and pulse doses 
of steroid and Vincristine (Fig. 1). 

All children with ALL or acute undifferentiated leukemia who could not 
be identified as acute myelocytic leukemia or acute monomyelocytic leu­
kemia were entered on the study. 

From August 1972 until August 1976, when the study was c10sed to 
patient accrual, 52 patients were entered, ranging in age from 6 months to 
17 years (Table 1). There were 26 females and 26 males at presentation. 

Patients were classified as standard risk or increased risk in terms of age 
or WBC at presentation, i.e., those patients less than two years or greater 
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Fig. 1. Schema of treatment in ALL employing IDM 

than 10 years of age andthose patients who had a WBC greater than 30000 
per mm3 were defined as being increased risk (Table 1). In total, 24/52 
children at diagnosis and 22/50 children who achieved complete remission 
were increased risk. Two children probably had CNS leukemia at diag- 
nosis - one presented with papilledema and one had a right facial palsy of 
central type but when spinal taps were performed on these children 
weeks later, no blasts were detected in the CSF. 

Bone marrow aspirates were examined prior to the onset of therapy 

Table 1. Patient analysis a t  presentation 

Number 52 
Sex M:F 26 : 26 
Achieved Complete Remission 50 
CNS Leukemia a t  Diagnosis 2 
Age < 2 years 5 

> 10 years 11 
WBC > 100000/mm3 5 

> 50000/mm3 8 
> 30000/mm3 12 

Total Number with Increased 
Risk 22/50 

(WBC > 30000/mm3 or 
Age < 2  or > 10 years) 

two 

and 
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again at completion of the induction therapy and every 2-3 months there­
after. or at any time the peripheral blood was suspicious of a relapse. A 
remission bone marrow has normal granulopoiesis, thrombopoiesis, and 
erythropoiesis with fewer than 5% lymphoblasts and less than 40% lympho­
cytes plus lymphoblasts. Induction failure was defined as those patients.not 
achieving aremission bone marrow (less than 5% blasts) by day 42. 

For purposes of analysis, complete remission status was terminated by: 
1. Bone marrow relapse (greater than 25% blast ceHs), 2. development of 
meningealleukemia (> 2 blast ceHs on cytologic preparations of the CNS or 
10 cells/pJ not attributable to chemical meningitis), 3. biopsy proven leu­
kemic cell infiltration in extramedullary organs, and 4. death while in 
remission. Patients are taken off chemotherapy after four years of continu­
ous sustained remission. There are now nine such patients. 

All plots of remission duration were determined by actuarial life table 
analysis. 

Results 

The time on study now ranges from 22-68 months with a median time on 
study of 33 months. 

Fifty of 52 patients (96%) achieved complete remission. The two induc­
tion failures were both in the increased risk group. To date, a total of 15 
patients (30%) have relapsed (Table 2, Fig. 2). These included: 7 CNS re­
lapses, 6 systemic relapses, I simultaneous systemic and CNS relapse, and 
1 testicular relapse. Eleven of 22 increased risk patients (50%) and 4/28 
standard risk patients (14%) have relapsed. 

Of the four standard risk patients who relapsed, there were two CNS 
relapses, one systemic relapse and one testicular relapse. Two of the four 
have died, the remaining two (a CNS and the testes) are both disease-free 
at 15 months following retreatment. 

Of the 11 increased risk patients who relapsed, five were in the CNS, five 
were systemic, and one was a combined simultaneous systemic and CNS 
relapse. Five are alive and six have died - all five deaths were in the group 
who relapsed systemically, and their survival from diagnosis ranged from 

Table 2. Current analysis 6/ 1 /1978 

15 Relapses (of50) 

Risk factor and relapse 

Time on study 

Median time on study 

- 7 CNS 
- 6 Systemic 
- 1 CNS and Systemic 
- 1 Testes 

- 11 (0f22) Increased Risk 
- 4 (of28) Standard Risk 

- 22 to 68 Months 

- 3 Months 
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Fig.2. Duration of complete remission employing 10M. The three curves are: Standard Risk 
Patients (top). Increased Risk Patients (bottom). and the Overall (middle) 

9-l7 months with a median of 12 months. Of the 5/11 patients at increased 
risk who suffered CNS relapse as the initial site of failure, 2/5 are currently 
disease-free at 33 and 9 months following retreatment. 

One of the increased risk children who developed CNS leukemia was a 
22-month-old male who presented with a central right facial palsy at diag­
nosis which subsequently disappeared with induction therapy and was 
thought to be due to CNS leukemia, but a spinal tap was not performed 
until two weeks later and there was no lymphoblasts in the CSF at this time. 
His CNS relapse occurred 23 months after diagnosis. A nine-year-old 
female who presented 48 months ago with frank papilledema was also 
thought to have CNS leukemia. The papilledema disappeared with induc­
tion therapy and again cytological confirrnation from the CSF was lacking. 
She has remained in continuous complete sustained remission following the 
initial induction therapy. 

Eight ofthe 50 children who entered complete remission have died and 84% 
currently remain alive with a median of33 months after dia gnosis (Fig. 3). 

At present, of the 15 relapses, four have been successfully retreated 
and hopefully have a chance for eure. These four are comprised of three 
CNS relapses and one testicular relapse. Two were in the increased risk 
group and two in the standard risk group. Disease-free time intervals 
following retreatment in the CNS relapse group are 9, 17, and 33 months, 
and in the testicular relapse, 17 months. For CNS relapse, these patients 
were intensively retreated with steroids and Vincristine and IDM as before 
(i.e., 500 mg/m2 on three occasions), but with simultaneous tripie intra­
ventricular chemotherapy through an Ommaya reservoir consisting of 
MTX at 12 mg/m2 (maximal 15 mg/m2), AraC at 25 mg/m2, and Hydro­
cortisone at 6 mg/m2 followed by maintenance intraventricular chemo­
therapy. 
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Fig.3. Survival in 50 patients. treated with IDM. who achieved complete remission 

Toxicity 

The toxicity (Table 3) from the IDM included: l. Vomiting occurring in 
20/50 patients (40%) and was most pronounced during the first 2-4 hours 
after the institution of IDM, but occasionally persisting for 24-48 hours; 
2. oral u1ceration occurring in 20/50 patients (40%) with oral mucositis in 14 
and pharyngitis in six patients. This was mild in 17/20, i.e., there were small 
ulcers which did not substantially interfere with oral in take and salivation; 
3. hematologic toxicity occurring in 12 patients (24%) which, however, was 
minimal in its severity; there were no related clinical manifestations; 4. he­
patic toxicity occurring in 11 patients (22%) as evidenced by increase of 
liver enzymes, particularly the SGOT. However, the peak SGOT was less 
than twice the normal level and returned to normal in all cases; and 5. tran­
sient maculopopular rashes occurring in three cases (6%) and lasting for 
several days. No case ofrenal toxicity was noted. 

Table 3. Toxicity 

Vomiting 
(with administration) 

Hematological 
WBC 
Hgb 
Platelets 

Mucositis 

Pharyngitis 

Hepatic 
Skin 

Renal 

20/50 

2 «3000/mm3) 

10 « 10 gm%) 
0« 100000/mm3) 

0« ISOO/mm3) 

0«8 gm%) 

14/50 (3 moderate and 11 mild) 

6/50 
11150 (mild) 

3/50 

0/50 
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The overall regimen has been very weH tolerated. There has been no life­
threatening toxicity and no deaths secondary to IDM. Furthermore, there 
have been no cases of leukoencephalopathy and no interstitial pneumonia 
associated with IDM. One adolescent experienced anaphylaxis with the first 
dose of L-Asparaginase. There have been neither infectious deaths nor 
toxic deaths for any patient while in remission on this study. 

Discussion 

This study was clinically based on the early work of Djerassi who demon­
strated the effectiveness of high doses of MTX in ALL [10]. CALGB Proto­
col 6601 demonstra ted tha t the grea test proportion of children remaining in 
complete remission were those who received the intensive cycles of IV 
MTX (18 mg/m 2 ) daily for five days every two weeks (i.e., they received 
90 mg/m2 as a total dose every tw:o weeks) and reinduction pulses of Vin­
cristine and Prednisone for aperiod of eight months [4]. In addition, CALGB 
Protocol 6801 demonstrated that "prophylactic" IT MTX during induction 
was important in preventing overt CNS leukemia [4]. Furthermore, 
Haghbin, et al. reported data suggesting that intensive systemic chemother­
apy may decrease the incidence ofCNS leukemia [11]. 

This study was pharmacologicaHy based on the foHowing: 1. Reports 
showing that IV IDM resulted in MTX levels of 10-7 M reaching the CNS 
axis and diffusing into the CSF [9]; 2. the studies of Oldendorf and Danson 
[12] using CI4 sucrose in rabbits and Bourke, et al. [13] using CI4-5-fluro­
uracil in monkeys demonstrated that the concomitant use of intrathecal 
with intravenous injection led to higher levels of drug in the CSF and more 
even distribution throughout the CNS than with either method alone, and 
the findings that when MTX is given only via lumbar puneture the distribu­
tion of MTX throughout the CSF is very variable [14]. Studies in man cor­
roborate these animal observations, i.e., high er levels of CSF MTX are ob­
tained with concomitant administration of IT and IV MTX than with either 
technique alone [14]. Thus, the technique employed in the present study of 
simultaneous IDM plus IT MTX enables one to more effectively bathe the 
CNS axis; and 3. the MTX levels following 500 mg/m2 for 24 hours remain 
at 10-5 M in the serum for the 24-hour infusion period [9,15]. It is thought 
that such levels will effeetively "hit" leukemic eells in other potential sanc­
tuaries such as the gonads, ete. 

In large part, the clinical objectives of this study have been attained. 
Only 2/28 standard risk patients developed CNS leukemia (7%) and 7/50 
of the entire population experienced this complieation (14%). Arecent 
study of ehildren treated with prophylaetic cranial RT and IT MTX or IT 
Cytosine Arabinoside showed that 53% developed abnormal findings as 
deteeted by eomputerized tomography (CT) [16]. These findings included: 
dilated ventricles, intracerebral ca1cifieations, demyelination and dilation of 
subarachnoid space. Furthermore, areduction in growth hormone secretion 
in children treated with prophylaetic eranial RT has also been reported [17]. 
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A comparable CT scan study has been undertaken in our population and 
only one child of 43 studied was clearly abnormal. This child presented 
with papilledema and probably had CNS leukemia at the time of diagnosis 
and demonstrated mild ventricular dilatation, but no calcification and no 
decreased attenuation coefficient was seen in any ofthe 43 cases. 

The overall relapse rate in this study is 15/50 (30%) and the CNS relapse 
rate as the initial si te of failure is 7/50 (14%). Thus, 7/15 relapses occurred 
in the CNS. This proportion is higher than that seen in studies where child­
ren received cranial RT plus IT MTX [18] or IT MTX alone because the 
systemic control is excellent. One possible explanation is that IDM is more 
effective in eradicating systemic leukemic rests in such areas as gonads, 
bone marrow, and liver. 

Only one male child (1/25) developed testicular relapse. We attribute 
this to intensifying systemic therapy with IDM which presumably can erad­
icate disease in sanctuary sites such as liver, spleen and. gonads. 

A large study (CALGB Protocol 7111) recently reported by Jones [19] 
has demonstrated a protective value of cranial RT and IT MTX over IT 
MTX alone in preventing CNS leukemia, but no benefit in the overall com­
plete remission rate. This was the result of an increased incidence of hemato­
logical relapse in the patients who received cranial RT. The British Medical 
Research Council also has observed a high er rate of hematological relapse 
in these patients receiving prophylactic craniospinal radiation than in those 
without CNS prophylaxis [20]. In the British study, the radiation-treated 
group, either cranial or craniospinal, had a greater lymphopenia which may 
reflect aperturbation of the immune system and thus lead to a greater sys-
temic relapse [21,22]. . 

The toxicity from IDM was minimal and easily tolerated. The control of 
bone marrow relapse (1/28) in standard risk patients, and in the entire 
population, 7/50 of the patients with ALL under observation through 68 
months, is excellent (Fig. 3), The absence to date of CNS complications 
from this form of therapy, particularly when compared to the complications 
of cranial RT [16, 17,23-25] are of great importance to children now being 
cured of this disease. 
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The overall regimen has been very well tolerated. There has been no life­
threatening toxicity and no deaths secondary to IDM. Furthermore, there 
have been no cases of leukoencephalopathy and no interstitial pneumonia 
associated with IDM. One adolescent experienced anaphylaxis with the first 
dose of L-Asparaginase. There have been neither infectious deaths nor 
toxic deaths for any patient while in remission on this study. 

Discussion 

This study was clinically based on the early work of Djerassi who demon­
strated the effectiveness of high doses of MTX in ALL [10]. CALGB Proto­
col 6601 demonstrated that the greatest proportion of children remaining in 
complete remission were those who received the intensive cycles of IV 
MTX (18 mg/m2) daily for five days every two weeks (i.e., they received 
90 mg/m2 as a total dose every tw:o weeks) and reinduction pulses of Vin­
cristine and Prednisone for aperiod of eight months [4]. In addition, CALGB 
Protocol 6801 demonstrated that "prophylactic" IT MTX during induction 
was important in preventing overt CNS leukemia [4]. Furthermore, 
Haghbin, et al. reported data suggesting that intensive systemic chemother­
apy may decrease the incidence ofCNS leukemia [11]. 

This study was pharmacologically based on the following: 1. Reports 
showing that IV IDM resulted in MTX levels of 10-7 M reaching the CNS 
axis and diffusing into the CSF [9]; 2. the studies of Oldendorf and Danson 
[12] using CI4 sucrose in rabbits and Bourke, et al. [13] using CI4-5-fluro­
uracil in monkeys demonstrated that the concomitant use of intrathecal 
with intravenous injection led to higher levels of drug in the CSF and more 
even distribution throughout the CNS than with either method alone, and 
the findings that when MTX is given only via lumb ar puncture the distribu­
tion of MTX throughout the CSF is very variable [14]. Studies in man cor­
roborate these animal observations, i.e., high er levels of CSF MTX are ob­
tained with concomitant administration of IT and IV MTX than with either 
technique alone [14]. Thus, the technique employed in the present study of 
simultaneous IDM plus IT MTX enables one to more effectively bathe the 
CNS axis; and 3. the MTX levels following 500 mg/m2 for 24 hours remain 
at 10-5 M in the serum for the 24-hour infusion period [9,15]. It is thought 
that such levels will effectively "hit" leukemic cells in other potential sanc­
tuaries such as the gonads, etc. 

In large part, the clinical objectives of this study have been attained. 
Only 2/28 standard risk patients developed CNS leukemia (7%) and 7/50 
of the entire population experienced this complication (14%). Arecent 
study of children treated with prophylactic cranial RT and IT MTX or IT 
Cytosine Arabinoside showed that 53% developed abnormal findings as 
detected by computerized tomography (CT) [16]. These findings included: 
dilated ventricles, intracerebral calcifications, demyelination and dilation of 
subarachnoid space. Furthermore, areduction in growth hormone secretion 
in children treated with prophylactic cranial RT has also been reported [17]. 
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A comparable CT scan study has been undertaken in our population and 
only one child of 43 studied was clearly abnormal. This child presented 
with papilledema and probably had CNS leukemia at the time of diagnosis 
and demonstrated mild ventricular dilatation, but no calcification and no 
decreased attenuation coefficient was seen in any ofthe 43 cases. 

The overall relapse rate in this study is 15/50 (30%) and the CNS relapse 
rate as the initial site of failure is 7/50 (14%). Thus, 7/15 relapses occurred 
in the CNS. This proportion is higher than that seen in studies where child­
ren received cranial RT plus IT MTX [18] or IT MTX alone because the 
systemic control is excellent. One possible explanation is that IDM is more 
effective in eradicating systemic leukemic rests in such areas as gonads, 
bone marrow, and liver. 

Only one male child (1/25) developed testicular relapse. We attribute 
this to intensifying systemic therapy with IDM which presumably can erad­
icate disease in sanctuary sites such as liver, spleen and. gonads. 

A large study (CALGB Protocol 7111) recently reported by Jones [19] 
has demonstrated a protective value of cranial RT and IT MTX over IT 
MTX alone in preventing CNS leukemia, but no benefit in the overall com­
plete remission rate. This was the result of an increased incidence of hemato­
logical relapse in the patients who received cranial RT. The British Medical 
Research Council also has observed a higher rate of hematological relapse 
in these patients receiving prophylactic craniospinal radiation than in those 
without CNS prophylaxis [20]. In the British study, the radiation-treated 
group. either cranial or craniospinal, had a greater lymphopenia which may 
reflect aperturbation of the immune system and thus lead to a greater sys­
temic relapse [21,22]. 

The toxicity from IDM was minimal and easily tolerated. The control of 
bone marrow relapse (1/28) in standard risk patients, and in the entire 
population, 7/50 of the patients with ALL under observation through 68 
months. is excellent (Fig.3), The absence to date of CNS complications 
from this form of therapy, particularly when compared to the complications 
of cranial RT [16, 17,23-25] are of great importance to children now being 
cured of this disease. 
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Marrow Terminal Deoxynucleotidyl Transferase 
Activity in Adult Acute Leukemia 
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Terminal deoxynucleotidyl transferase (TdT), a unique DNA polymerase 
that does not require a template, is found in thymocytes and marrow T­
lymphocytes normally [1,2]. Shortly after these discoveries, McCaffrey et al. 
[3] described the presence of this enzyme in the leukemic cells of patients 
with acute lymphoblastic leukemia (ALL) and Sarin et al. [4] discovered 
that some patients with chronic myelocytic leukemia in blast crisis have 
TdT activity in leukemic cells. Currently, the data from a number of labora­
tories indicates that most patients with ALL have TdT-positive blasts and 
most patients with acute nonlymphocytic leukemia (ANLL) have TdT­
negative blasts [5,6]. 

We have measured TdT in the bone marrow of 40 adult patients with 
acute leukemia prior to any therapy, 30 with ANLL and 10 with ALL by 
the method of Sarin and Gallo [4] as previously described. One unit of TdT 
activity equals one (n) 3HdGMP incorporation/hr/l09 marrow cells. In this 
report. TdT results are correlated with the Wright's stained morphology of 
the bone marrow, Periodic acid-Schiff (PAS) reaction, Sudan black re action 
and response to therapy. 

Results 

Marrow TdT results prior to therapy in adult patients with ALL are given 
in Table 1. All 10 patients had significant elevations of TdT ranging from 
3.1 to 313,6 units, with a mean of 120 units. These results are consistent with 
those of others [5,6]. In 6 of 8 patients studied the PAS reaction was positive, 
and 5 PAS-positive patients achieved a complete remission with chemo­
therapy wh ich always included vincristine and dexamethasone. Of 2 PAS 
negative patients, I achieved complete remission and the other did not. 

Twenty-four of 30 ANLL patients had TdT activity < 0,5 units in bone 
marrow cells prior to therapy and 6 patients had levels ranging from 
1.6 units to 26,3 units. The PAS re action was studied in 15 TdT negative 
patients « 0,5 units) and not done in 9. The re action was positive in 5% to 
75% of the marrow blast cells in 8 of the 15 patients studied and negative 
in 7. Ofthe 7 PAS negative patients who were also TdTnegative, 4 achieved 
complete remission, one failed therapy, and 2 are currently undergoing 
treatment. Six of the 8 PAS positive TdT negative patients achieved com-
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Table I. Marrow terminal deoxynucleotidyl transferase in adult ALL 

Patient TdT.l PAS SB 

1. 292 ++ 
2. 3.1 + 
3. 124 
4. 83.5 ++ 
5. 30 ND ND 
6. 13.7 + ND 
7. 220 
8. 313.6 ND ND 
9. 105 +++ 

10. 15.4 + 

a entries are (n) moles incorporation of 3HdGMP/hr/ 109 cells 

Wiernik. P. H. et al. 

Response to 
Therapy 

CR 
CR 
CR 
CR 
CR 
NRb 
NRb 
NRb 
CR 
CR 

b died of infection while showing significant response to treatment TdT= terminal deoxynucle­
otidyl transferase. PAS=Periodic acid-Schiff stain. SB=Sudan Black stain. CR=Complete 
remission, NR= no useful response. ND= Not done 

plete remission and 2 failed therapy. Initial therapy consisted of an anthra­
cycline antibiotic and cytosine arabinoside for each patient. 

The 6 TdT positive ANLL patients (> 0,5 units), patients 5, 11, 12,20,23, 
and 26 in Table 2 were similarly studied. Four of the 6 were PAS positive, 
and 2 were negative including the ANLL patient with the highest TdT 
activity (patient 26). These patients are described in more detail below. 

Patient 5: This 45 year old lady was referred with a diagnosis of acute 
myelocytic leukemia on the basis of Wright's stain bone marrow morpho­
logy. Her white blood cell count was 130000/mm3 with 92% blasts. The 
platelet count was 67000/mm3 . The spleen was palpable on physical exam­
ination and she had bilateral inguinal lymphadenopathy. Her blast cells 
were agranular, had abundant cytoplasm, and large amphophilic weIl 
defined nucleoli. The serum muramidase was 96 fLg/ml, the PAS re action 
was positive with fine granules staining in 68% of the marrow blast cells. 
The Sudan black reaction was positive in 80% of marrow cells. The correct 
diagnosis was feit to be acute myelomonocytic leukemia. The pretreatment 
bone marrow TdT determination was 7,9 units. The patient received 2 
courses of daunorubicin and cytosine arabinoside without benefit. She then 
was treated with radiotherapy for a small bowel obstruction secondary to 
leukemic infiltration to which she responded. Subsequently she was treated 
with vincristine, methotrexate, L-asparaginase, and dexamethasone. Mar­
row TdT was still elevated, 1,8 units, just prior to initiation of this therapy. 
There was no response and the spleen increased in size. She was then treat­
ed with azacytidine and pyrazofuran to which she responded with abrief 
complete remission of less than 2 months. She has received additional drugs 
without benefit aIthough she remains alive 9 months after her diagnosis. 

Patient 11: This 48 year old man was referred with a diagnosis of acute 
myelomonocytic leukemia with a WBC 0[34 700/mm3 with 62% blasts. The 
platelet count was 154000/mm3 . The marrow had 90% blasts with granules 
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Table 2. Marrow terminal deoxynucleotidyl transferase in adult ANLL 

Patient TdTd PAS SB Organomegaly Response to Miscellaneous 
Therapy 

I. <0.5 + No eR 
2. <0.5 No eR 
3. <0.5 + + No eR 
4. <0.5 + No eR 
5. 7.9 ++ + S+N+ NR Normal Karyotype 
6. <0.5 ++ + No eR 
7. <0.5 ND + No eR 
8. <0.5 ND + No NR 
9. <0.5 ND + S+ PR 

10. <0.5 ND ND No eR 
11. 1.9 + No eR 
12. 1.7 + + No eR Normal Karyotype 
13. <0.5 + No eR Auer Rads 
14. <0.5 ND ND No NR 
15. <0.5 + + No NR 
16. <0.5 + + No eR 
17. <0.5 ND ND No NR 
18. <0.5 ND + S+ eR 
19. <0.5 + + No eR 
20. 24.1 ++ + No eR 
21. <0.5 + + No eR 
22. <0.5 No NR 
23. 1.6 ++ + S+ See Text Auer Rads 

Normal Karyotype 
24. <0.5 + + N+S+ NR Auer Rads 
25. <0.5 ND ND No NR 
26. 26.3 + S+ See Text Normal Karyotype 
27. <0.5 ++ + No eR 
28. <0.5 + No TE 
29. <0.5 ND ND No NR Auer Rads 
30. <0.5 + No TE 

a See table 1. PAS, SB, ND, eR NR=Same as table L S+ =splenomegaly, N+ =lymphade-
nopathy, TE=Too early to evaluate 

and abundant cytoplasm. The PAS reaction was negative and virtually all 
marrow blasts showed a fine granularity with the Sudan black reaction. 
There was no organomegaly. Marrow TdT prior to treatment was 1,9 units 
and serum muramidase was 50 I-Lg/ml. The patient was treated with adria­
mycin and cytosine arabinoside and had a complete remission which con­
tinues for 2 + months. 

Patient 12: This 66 year old man with acute myelomonocytic leukemia 
presented with a WBC of 13 800/mm3 and 50% blasts. The platelet count 
was 17000/mm3 . There was no organomegaly or lymphadenopathy. The 
marrow contained virtually 100% blasts and most were agranular but 15% 
had fine granules on Wright's stain. The blasts had abundant cytoplasm 
and many had convoluted nuclei with large, amphophilic, weIl defined 
single nucleoli. The PAS re action was positive in 37% ofmarrow blasts (fine 
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granules) and the Sudan black reaction was positive in 61%. Serum mur­
amidase assay was not done. The patient had anormal karyotype and a 
pretreatment marrow TdT of 1,7 units. He achieved a 3 month complete 
remission with adriamycin and cytosine arabinoside and is currently under 
treatment for relapse. 

Patient 20: This 57 year old fern ale presented with acute myelomonocytic 
leukemia with a WBC of l300/mm3 and 70% blasts. The platelet count was 
l34000/mm3 . There was no organomegaly. The Wright's stained bone 
marrow smear showed 58% blasts with agranular abundant cytoplasm. 
Serum muramidase was 29 ~g/ml and TdT was 24,1 units. The PAS re­
action was strongly positive with 81 % of the blasts showing fine granules or 
clumps of PAS-positive material. Essentially all the marrow blasts were 
Sudan black-positive. The patient was treated with daunorubicin and cyto­
sine arabinoside and obtained a complete remission of 5 months duration. 
At relapse the marrow TdTwas 1,9 units and she was retreated with da uno­
rubicin and cytosine arabinoside again, but showed no response. Sub­
sequently, she failed vincristine and prednisone therapy and she is currently 
under treatment with azacytidine and pyrazofurin. 

Patient 23: This 37 year old woman presented with acute myelomono­
cytic leukemia with a WBC of 9600/mm3 and 3% circulating blasts. The 
platelet count was 32000/mm3 . The marrow contained 63% blasts. These 
cells examined with Wright's stain showed convoluted nuclei and abundant 
cytoplasm. Fine granules were seen in 10% ofblast cells, and 25% ofmarrow 
blasts contained Auer rods. The PAS reaction was strongly positive with 
69% of marrow blasts containing c1umped PAS positive material. The Sudan 
black reaction was positive in 72% of marrow blasts. Serum muramidase 
was not done. The marrow TdT activity was 1,6 units. The patient was 
treated with vincristine and prednisone and had no response. However, 
after 2 weekly courses of that therapy, the marrow TdT activity was< 0,5 
units and only 18% of marrow blasts gave a positive PAS reaction. Sub­
sequently she was treated with daunorubicin and cytosine arabinoside and 
had a good partial response with an M2 marrow after the third course which 
lasted for less than 2 months. She was then treated with azacytidine and 
pyrazofurin and died without response, 9 months after her diagnosis. 

Patient 26: This 31 year old fern ale had a refractory anemia of unknown 
etiology for 3 months before the diagnosis of acute myelomonocytic leu­
kemia was made. At the time of diagnosis she had a WBC of 2900/mm3, 

with 2% circulating blasts, and a platelet count of 113 000/mm3 . Her spleen 
was palpable. The bone marrow contained essentially 100% blasts with 
abundant cytoplasm containing no granules. The nuc1ei of the blasts were 
round and contained large, single amphophilic nuc1eoli. The PAS reaction 
was negative and 43% of the marrow blasts gave a positive Sudan black re­
action. The patient had anormal karyotype and aserum muramidase of 
50 ~g/ml. The marrow TdT was 26,3 units. The patient achieved a com­
plete remission after 2 courses of adriamycin and cytosine arabinoside, and 
is currently receiving maintenance therapy. 
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Discussion 

These data confirm the results of others [5,6] that patients with ALL usually 
have marrow TdT activity and patients with ANLL usually do not. This 
study indicates that, in a small series of adult ALL patients TdT activity was 
uniformly present in PAS positive as well as PAS negative marrows. Fur­
thermore, results of treatment were independent of PAS results. Marrow 
TdT activity in ANLL patients was also unrelated to PAS positivity. These 
results are consistent with those of Hutton and Coleman [5]. It is interesting 
to note, however, that all 6 ANLL patients with marrow TdT activity had a 
diagnosis of acute myelomonocytic leukemia based on Wright's stain mor­
phology and supported by elevated serum muramidase activity in 4 of 4 
patients in which it was determined. Many [7,8] but not all [9], TdT-positive 
ANLL patients previously reported have had acute myelomonocytic leuke­
mia. One of our TdT positive patients had Auer rods, which are universally 
accepted as evidence for ANLL as opposed to ALL, and Hutton and Cole­
man found TdT marrow activity in some patients with Auer rods also [5]. 

The overall complete response rate for ANLL patients in this study was 
61 %. Four of the TdT positive patients wi!h ANLL achieved a complete 
remission (66%) and another achieved abrief good partial response. Thus, 
in this study, TdT presence or absence did not influence the response rate 
for patients with ANLL. TdT positivity did not indicate responsiveness to 
vincristine and prednisone in patient 23 who failed that therapy and sub­
sequently had a good partial response to standard ANLL therapy. Patient 
20 also failed vincristine and prednisone therapy for relapse. Thus, TdT 
assays prior to therapy appear to be of no c1inical value in ANLL patients. 
The value of serial determinations in monitoring disease activity is currently 
under study. It does appear, however, that ANLL patients with acute my­
elomonocytic morphology are more likely to have marrow TdT activity 
than other ANLL patients. 
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Clinical Significance ofTdT, Cell Surface Markers and 
CFU-C in 297 Patients with Hematopoietic Neoplksias* 
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1. Introduction 

Considerable progress has been achieved in recent years in the therapy of 
human leukemias and lymphomas. However, the Iess than 100 percent com­
piete remission rates and the comparatively small number of long-term re­
missions in hematopoietic neoplasias of adults have stimulated efforts to 
detect additional clinical and cellular prognostic factors. Characterization of 
the cell phenotype in these disorders has proved to be a most promising ap­
proach in this context, based on the hypothesis that the neoplastic cell type is 
the most important determinant of clinical behavior [1-3,5,10,11,13,14,24]. 
Furthermore, cell marker analysis might contribute to our understanding of 
normal cellular differentiation assuming that most neoplastic cell types re­
present malignant proliferations "frozen" at distinct stages ofthe normal de­
velopmental sequence of the different cell lineages. Colony formation of 
myeloid committed stern cells in agar (CFU-c, 19), terminal deoxynucleotidyl 
transferase activity (TdT[4,6,7, 12, 15-18,22]) and cell surface marker analy­
sis [1-3.5,8-11, 13, 14,24] ha ve previously been shown to be of diagnostic and 
prognostic significance in human hematopoietic neoplasias. The study lead­
ing to the results described here, has been designed to evaluate a possibly in­
creased discriminatory potential ofmultiple cell marker analysis in the diag­
nostic and prognostic evaluation ofpatients with hematopoietic neoplasias. 

2. Materials and Methods 

Studies on tissues from a total of297 patients, predominantly from the adult 
Leukemia-Lymphoma Service of Memorial Hospital, have been evaluated. 
Diagnoses of leukemia were made on peripheral blood and bone marrow 
smears and in most cases confirmed by cytochemical stains. TdT determina­
tions [18], CFU-c assays [19] and cell surface marker analysis [11] were carried 
out as described previously. Lymphomas were diagnosed on lymph node 
biopsies and classified according to Rappaport [20,21]. 

* Supported in part by ACS Grant PDT-95. NCI Grants CA-24476. CA-08748. CA-17353. 
CA-l7085 and the Gar Reichman Foundation. We would also like to thank Dr. G. Gold­
stein, Ortho Pharmaceutical Corp .. Raritan, New Jersey, for a generous gift of thymopo­
ietin. 
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3. Results and Discussion 

3.1. TdT Distribution in Normal Tissues 

Highest levels of TdT activity were detected in normal thymocytes and low 
activities in bone marrow mononuc1ear cells as has been described by others 
[6]. TdT activity containing cells from bone marrow could be enriched by SRBC­
rosetting (X 2), dessity separation (X 5) and sedimentation at 1 X g (X 100). 
The latter procedure consistently produced two separate populations ofTdT 
activity exhibiting cells at sedimentation velocities of3.5 and 4.5 mm/h, with 
the 3.5 mm/h peak expressing high levels of the HTLA marker [23] after 
induction with thymopoietin (Fig. 1). Enriched human CFU-c and mouse 
pluripotent stern cell (CFU-s) fractions (N. Williams, R. Mertelsmann, un­
published) consistently exhibited no detectable levels ofTdT activity. 
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Fig.1. Separation ofnormal human bone marrow mononuclear cells by sedimentation velocity 
at 1 X g. Results are expressed in appropriate units per fraction per sedimentation velocity incre­
ment. 
A. E+ cells = cells forming rosettes with sheep erythrocytes: HTLA + cells = cells exhibiting 
the HTLA marker [23] before and after incubation in the presence ofthymopoietin (post TP). 
B. TdT activity expressed as specific activity per 108 cells and as absolute milliunits ofTdT activ­
ity recovered per fraction and sedimentation velocity increment. 
C. Total number of nucieated cells recovered and distribution of cells forming rosettes with 
sheep erythrocytes and of cells exhibiting the HTLA marker 
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3.2. TdT, CFU-c and Ce!! Surface Markers in the Differential Diagnosis 
of Leukemias and L vmphomas 

133 

Analysis of cell marker patterns, clinical diagnoses and TdT activities of 182 
patients with acute leukemias (Table 1) and oflymphomas [16] demonstrated 
highest TdT activities in 70 cases of T and null cell acute lymphoblastic leu­
kemia (ALL). These cases showed absent or low CFU-c formation with nor­
mal colony to cluster ratio, characteristic oflymphoid leukemias [19]. Twelve 
of 32 cases of acute phase chronic myeloid leukemia (CML) also exhibited 
high TdT activities and lymphoid cell marker characteristics (CML-LB) as 
did 2 cases ofleukemic diffuse histiocytic lymphoma (DHL), 1 acute undiffer­
entiated leukemia (AUL), 1 patient each with polycythemia vera and with a 
refractory anemia (myelodysplastic syndrome, MDS) who developed an acute 
leukemia (AL), and 5 cases with a morphological diagnosis of acute myeloid 
leukemia. Four ca ses with a morphological diagnosis of acute myelomono­
cytic leukemia (AMML) and cell marker data consistent with both, ALL and 
AML, probably represent a 2 "lineage" AL, as has been demonstrated by us in 
one of these patients [17]. Similar observations have been made by others in 
acute phase CML with simultaneous or subsequent demonstration of differ-

Table 1. TdT. cell surface markers and CFU-c in the differential diagnosis of acute leukemiasa ) 

TdT 
Surface TdT CFU-c Clinical Cases Specific activity 

pattern diagnosis studied PB BM 
n mean (f.L/ 108 cells) 

null + L ALL 30 12.8 10.9 
LBL. leukemic 21 3.57 6.59 
CML. LB 12 23.6 32.7 
MDS. LB 1 15.7 
DHL. leukemic 2 10.6 
AUL 1 46.7 
AML 5 5.19 5.82 

mono + AML AMML. 2 clones? 4 3.48 

T + L ALL 14 14.2 17.8 
LBL. leukemic 5 11.4 

T L ALL. LBL 2 <.05 <.06 

null/mono AML AML. AMML. AMOL. EL 57 <.05 <.05 
null AML AUL 3 <.01 <.01 
null AML CML. MB 20 <.05 <.05 
mono AML DHL I <.01 <.01 

B L ALL I <.01 
B (+ ) L ALL 2 .14 
null (pre-B?) (+ ) L CML. LB I .26 .15 

a for abbreviations see text 
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ent phenotypes [8,9]. No TdT activity was detected in 81 cases of leukemias 
exhibiting CFU-c and surface characteristics consistent with AML with clini­
cal diagnoses of AML, acute monocytic leukemia (AMOL), AMML, erythro­
leukemia (EL). AUL, myeloblastic acute phase CML (CML-MB), and one 
case of "true" histiocytic lymphoma. No TdT activity was detected in 1 case 
each of T-cell ALL and lymphoblastic lymphoma (LBL) in leukemic phase, 
probably representing proliferations ofmore mature Tcells. Two of3 cases of 
B-cell ALL as weIl as I ca se of acute phase CML exhibited a lymphoid CFU-c 
pattern and low levels of TdT activity. Whether this represents low levels of 
TdT activity in early B-cells [25] or an admixture of ceHs containing high levels of 
TdT to a predominating TdT negative cell population is unknown at present. 

No detectable TdT activity was observed in blood ceHs and, occasional­
ly. low normal values in marrow ceHs from all patients studied with clinical 
and cell marker diagnoses of chronic lymphocytic leukemia (CLL), pro­
lymphocytic leukemia (PLL), hairy ceHleukemia (HCL), multiple myeloma 
(MM). Waldenström's macroglobulinemia (WMG), chronic phase CML, 
chronic myelomonocytic leukemia (CMMOL), and myelodysplastic syn­
drome. In several patients with CLL, HCL, CML, and myelodysplastic syn­
dromes also lymph node, spleen and ceHs from involved body fluids were 
studied exhibiting very low to undetectable levels ofTdTactivity. One patient 
with CML who developed a TdT-positive acute phase, did not show any TdT 
activity in his peripheral blood ceHs 5 months prior to the acute phase. In the 
differential diagnosis of malignant lymphomas [16], determinations of TdT 
activity have been found most useful in confirming or ruling out a diagnosis of 
Tor null cell LBL [18]. We have observed two cases ofDHL exhibiting high 
levels ofTdTactivity [18] as has been reported by DonIon [4]. Most cases ofso­
caHed DHL represent B-cell proliferations, while "true" histiocytic lym­
phomas are rare (Table 2). Morphology does not appear to allow discrimina­
tion between these 3 different cellular types ofDHL, which probably require 
different therapeutic approach es [10,11]. Most leukemias and lymphomas of 
T-cell lineage are of immature T-cell type, exhibiting high levels of TdT 
activity and carrying clinical diagnoses of ALL or LBL. While we have seen 
rare examples of TdT negative ALL and LBL of mature T-cell type, mono­
nuclear ceHs from patients with Mycosis fungoides or Sezary's syndrome con­
sistently do not exhibit TdT activity in blood, marrow or other involved tis­
sues. In addition, 1 ca se of diffuse poorly differentiated lymphoma (DPDL) 
and DHL exhibiting a TdT-negative T-cell phenotype have been observed. 
Sixty-two cases of B-celllymphoma with morphological diagnoses of diffuse 
or nodular histiocytic (DHL, NHL), mixed (DML, NML) or poorly differen­
tiated lymphocytic (DPDL, NPDL), diffuse weH differentiated lymphocytic 
lymphoma (DWDL), Burkitt's lymphoma (BL) and Hodgkin's disease (HD) 
were negative for TdT activity (Table 2). Two cases of ALL of Burkitt's type 
exhibited low levels of TdT activity in peripheral blood mononuclear cells, 
while 2 additional patients revealed undetectable levels in blood cells and on 
lymph node biopsies. Whether this indicates low TdT activity in some cases 
of Burkitt's lymphoma or an admixture of a TdT positive progenitor ceIl 
remains to be analyzed. 
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Table 2. Cell phenotypes observed in 297 patients with hematopoietic tumorsa 

CFU-c 
pattern 

"lymphoid" 

myeloid 

Cell 
surface 

"null" 

"null" 
T 
T 

"n ull" 
B 

"hairy" 
') 

"null" 

"null" 

a for abbreviations see text 

TdT 

+ 

+ 
+ 

(+ ) 

+ 

Clinical diagnoses (11) 

ALL (30). LBL (21). CML-LB (12). MPS-LB (2). 
MDS-LB (17). DHL (2). AUL (1) 

AMML (5). misleading l11orphologl'? 
ALL (14). LBL (5) 
ALL (I). LBL (1). OPOL (1 ). OHL (I ). Sezary's 
Syndrome (2) 

CML-LB (1). Burkitt's lymphoma (2) 
OHLlNHLlOMLlNML (17). OPOLINPOL 
(27). CLLlOWDL (14). PLL (I). MM (4). WMG 
(1). BL (2) 
HCL (8) 
HO (6) 

AMLI AMOLI AMML (57). CML-MB (20). 
AUL (3). OHL (1). CML (21). CMMOL (I). 
MDS (8) 
AMML (4). 2 /ineages inl'o/l'ed? 

3.3. Prognostic Significance o(TdTin Leukemias and Lymphomas 

In AL patients with inconcIusive morphology who received vincristine and 
prednisone because of some lymphoid features by morphology, and cyto­
chemistry, 0/8 responses were seen in TdTnegative cases as compared to 5/6 
responses in TdT positive cases. One patient with probable 2-"lineage" AL 
achieved a complete remission (CR) on the ALL protocol (L-I0M) while the 
second patient, after a partial remission (PR) on vincristine and prednisone 
achieved a CR on subsequent therapy with our protocol for acute non­
lymphoblastic leukemia [17]. In acute phase CML, only 1 of 18 patients with 
myeloblastic CML by cell marker data and morphology, achieved a PR on 
chemotherapy in contrast to 4 CR and 1 PR out of 10 patients with lympho­
blastic CML. Similar data of a controlled trial in acute phase CML have 
recently been reported by Marks et aL [15]. 

In 60 out of 62 patients with ALL or leukemic LBL, high levels of TdT 
were detected during active disease either before any chemotherapy was 
started or during remission induction. The 2 cases ofTdT negative ALL, both 
of T-cell type, probably represent mature T-cell proliferations. It is of inter­
est that these two patients, as weIl as the patient with TdT negative DPDL of 
T-cell type, did not achieve a complete remission on vincristine and predni­
sone alone, but required cyclophosphamide and adriamycin. In 3 out of 6 
patients with LBL without bone marrow involvement by morphological 
criteria, elevated TdT activity was observed in initial marrow sampies. Two 
of these patients subsequently developed clinical marrow involvement 
suggesting an increased sensitivity of the TdT assay for detection of subclini-



136 Mertelsmann. R. et al. 

cal marrow involvement as compared to cytological and histological techni­
ques. During remission induction, lowest bone marrow TdT activities were 
observed in 7 patients who achieved long-term remissions (mean spec. act. 
0.66 UI 108 cells), while 6 patients who entered a CR of < 1 year's duration 
showed a mean specific activity of2.23 and 9 who did not enter CR of5.25 U 
per 108 cells. However, there was a cO,nsiderable overlap between specific 
activities from each group. 

In continuous complete remission, l3 patients offchemotherapy exhibited 
a mean specific activity ofO.33 U/108 marrow cells, considerably high er than 
seen in normal controls « 0.1 U/108 cells). Patients with ALL in CR without 
relapse on chemotherapy showed a mean specific activity of0.37 UI 108 cells 
in contrast to patients who were studied during CR and relapsed subsequent­
ly, with a mean specific activity of 1.3 (p < 0.05). We have previously shown 
that marrow TdT activities in ALL in remission vary considerably over time, 
even in patients in CR off chemothempy [18]. Further sequential studies are 
necessary in order to define criteria for impending relapse, because one 
single determination exhibiting a high or low level of TdT activity does not 
appear to allow prognostic conclusions. 

Conclusions 

1. TdT has been found to be a highly specific marker for immature cells ofT­
cell lineage in over 1500 sampIes from 297 patients with leukemias and 
lymphomas, and from normal controls. "True" exceptions must be rare. 

2. Acute leukemias with cell marker and clinical features of ALL are not only 
seen in acute phase CML, but also in myeloproliferative and myelodys­
plastic syndromes terminating in an acute leukemia. 

3. The majority of patients with leukemias and lymphomas exhibiting high 
levels of TdT activity will achieve complete remission on an ALL-type 
protocol irrespective ofmorphology. 

4. The majority ofpatients with acute leukemias exhibiting low or undectable 
levels ofTdT activity will not achieve complete remission on an ALL-type 
protocol. 

5. Preliminary observations suggest that determination ofTdT activity allows 
detection of subclinical bone marrow involvement in some cases of TdT 
positive lymphomas and that sequential analysis ofTdT activities in mar­
row cells during remission induction and in complete remission might al­
low to predict early relapse in ALL. 
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The success or failure of chemotherapy for leukemia is determined bio­
chemically by a combination of biochemical aberrations in the leukemic 
cells relative to their non-malignant counterparts, and biochemical pertur­
bations created by antileukemic drugs. Examples of recent developments in 
our understanding of these factors include studies on the metabolism of 
cytosine arabinoside, the use of high-dose methotrexate, the relationship 
between "de novo" and "salvage" nucleic acid synthesis in leukemic cells, 
and the development ofnew drugs such as the adenosine deaminase inhibitor, 
2' -deoxycoformycin. 

l-ß-D-arabinofuranosyl cytosine (Ara-C) requires phosphorylation by 
kinases to the triphosphate Ara-CTP, in order to exert its antileukemic 
effect by inhibiting DNA polymerase. The deamination of Ara-C, catalysed 
by cytidine deaminase, produces the inactive metabolite l-ß-D-arabinofur­
anosyl uracil. Early studies on the mechanism ofaction of Ara-C in man con­
centrated on enzymatic determinations of the kinases and deaminase, to 
reflect the potential for Ara-CTP formation in any given cell population. 
Steuart and Burke (1971) demonstrated an inverse relationship between 
cytidine deaminase activity and overall response to Ara-C, and that the 
development ofresistance to this drug was associated with increased cytidine 
deaminase activity. Conversely Tattersall et al. (1974) claimed a determining 
role for deoxycytidine kinase activity, and Smyth et al. (1976) found no direct 
correlation between the ratio of kinase-to-deaminase activities with clinical 
response. It is likely that variation in experimental procedure accounts for 
some of the controversies in these various studies, but there are inevitable 
limitations inherent in indirect enzymatic studies ofthis nature. More recently 
attention has been focused on the direct measurement ofintracellular levels of 
Ara-CTP. In a study of patients with acute and chronic leukemias, Chou et 
al. (1977) found that blast cells from patients with acute myeloid leukemia 
who were clinically responsive to Ara-C, produced two-fold more Ara-CTP 
than did cells from chronic myelocytic, acute or chronic lymphocytic leuke­
mia, or normal subjects. Significantly increased levels of Ara-CTP were pro­
duced in the presence oftetrahydrouridine, a potent inhibitor ofcytidine de­
aminase, but the development ofacquired resistance to Ara-C was not associ­
ated with diminished formation of Ara-CTP. These findings indicate that the 
mere production of high levels of Ara-CTP is not of itself sufficient to de­
termine therapeutic response to Ara-C. Recent studies by Rustum et al. 
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(1978) measured not only the formation of Ara-CTP in human leukemic 
cells, but also the time for wh ich adequate levels were retained in the cells. 
Thus in 8 of 9 patients who achieved a complete c1inical remission, high 
initial levels of Ara-CTP were produced, and greater than 9.7 pmoles/l07 

cells were retained at 4 hours incubation. In contrast, in 8 patients whose cells 
retained <0,71 pmoles Ara-CTPIl07 cells at 4 hrs, only 4 attained complete 
remission, arid the durations of the latter were shorter than with the former 
groups of patients. Further work on Ara-CTP retention is c1early indicated, 
but these results are encouraging in their potential for more accurate predic­
tion ofresponse to Ara-C treatment, than has previously been shown with the 
indirect enzymatic approach. 

Methotrexate has long been known to be an active agent in the treatment 
of acute lymphocytic leukaemia. Recent developments in understanding the 
pharmacokinetics and mechanism of action ofthis drug, have led to its use in 
sufficiently high dosage to require "rescue" of vital host tissues following 
methotrexate infusion - either with folinic acid, or more recently with 
nuc1eosides. The rationale behind the administration of high concentration 
infusions of methotrexate is based on the concept of enhancing perfusion 
into "sanctuary" sites such as the testes and central nervous system (Stoffel 
et aL 1975) and enhancing the free intracellular methotrexate concentration 
- a factor recently shown to contribute towards maximal cytotoxic effect 
(Goldman, 1975; Bender and Makulu, 1976). Wang et al. (1976) have moni­
tored the pharmacokinetics of methotrexate administered as a 24 hr intra­
venous infusion to patients with ALL, at doses of500 mg/m2, followed 24 hrs 
later by folinic acid. Methotrexate in the cerebrospinal fluid reached 1.2 X 10-7 

M at 30 min, and remained constant for 24 hrs. Preliminary results indicate 
that methotrexate used systemically in this way may be effective in the 
prevention of central nervous system leukemia. Further results of these 
studies are presented elsewhere in this workshop (Freeman, 1978). 

From the biochemical standpoint recent research has focused on alter­
native - more selective - rescue techniques following methotrexate infusions, 
than that provided by folinic acid. Evidence is accumulating to suggest that 
vital host tissues may be able to utilise pyrimidine and purine nuc1eosides 
preferentially over tumour tissues thus bypassing the metabolic lesion creat­
ed by methotrexate, and restoring nuc1eic acid synthesis in the normal bone 
marrow and gastrointestinal tract, with less "rescue" of the tumour cells. 
Tattersall et al. (1975) demonstrated that the delayed administration of 
thymidine to BDF! mice bearing the L 1210 leukemia was superior to 
folinic acid in preventing lethaI methotrexate toxicity, whilst maintaining 
antitumour efficacy. Semon and Grindey (1976) using the L1210 system in 
DBA/2J mice, infused thymidine simultaneously with methotrexate and 
confirmed enhanced therapeutic se1ectivity. Extending these studies to man, 
Ensminger and Frei (1977) have shown that continuous thymidine infusion 
during and up to 48 hrs after methotrexate infusions, can prevent toxicity 
from doses ofthe antifolate ofup to 6 g/m2, although very large doses ofthe 
nuc1eoside were required. The above studies relate only to replenishment of 
thymidylate synthesis, but methotrexate is known also to inhibit de novo 
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purine synthesis. Thus the consequences ofmethotrexate depletion ofreduc­
ed folate cofactors in any given target organ or disease will depend on the 
relative dependence ofthose tissues on pyrimidine and purine nutrition. Har­
rap et al. (1977) have recently published a study showing that the addition of 
a purine source (hypoxanthine) to thymidine rescue ofmethotrexate treated 
L 1210-bearing mice, was superior to rescue with thymidine alone or to 
folinic acid. These studies indicate that nuc1eoside rescue is effective in 
preventing methotrexate toxicity in both animals and man, but selective 
rescue of host tissues versus tumour awaitsconfirmation in man. We are cur­
rently conducting a Phase I evaluation of pyrimidine-purine rescue in man, 
for future therapeutic comparion with conventional folinic acid. 

Critical to the ability of host or tumour cells being able to utilise exogen­
ous nuc1eosides is the activity of the "salvage" pathways for purine and 
pyrimidine re-utilisation. The "de novo" synthesis ofpurine and pyrimidine 
nuc1eotides - the immediate precursors of nuc1eic acid - involves multiple 
energy-consuming reactions starting from sm all molecular weight com­
pounds such as glycine and aspartate, and resulting in the formation ofino­
sinate from which the purine nuc1eotides dATP and dGTP can be produced, 
and uridylate the precursor of pyrimidine dCTP and TYP. The so-called 
"salvage" pathways refer to the reutilisation ofpre-formed purine or pyrimi­
dine nuc1eosides or bases, which by direct phosphorylation can yield the 
corresponding ribonuc1eotides and hence deoxyribonuc1eotides, with energy 
conservation to the cello Controversy has existed for some time as to the reli­
ance ofhuman leukaemic cells on one or both ofthese pathways, but recent 
studies by Rustum and Higby (1978) and Rustum and Takita (1978) provide 
useful information on this issue. 

Rustum has measured radiolabelled precursor incorporation and the ribo­
nuc1eotide pools in cells from patients with chronic lymphocytic or myelo­
cytic leukemia, during different phases of the diseases. A low ratio of A TP I 
IMP indicative ofreliance on the salvage pathway was found in patients with 
stable, chronic leukemia, whereas the deve10pment ofblast crisis was associ­
ated in the same patients with a shift to high ATPIIMP ratios indicating a 
change in metabolie dependence to the "de novo" synthetic route. Such in­
formation has a bearing on the choice of therapy for different stages of leu­
kemia, and contributes to our knowledge ofpossible targets for the design of 
new antileukemic drugs. Interest in the design of inhibitors of salvage path­
way enzymes has been stimulated in particular, by recent work on adenosine 
metabolism in malignant lymphocytes and the role ofthe enzyme adenosine 
deaminase. 

A specific association between the activity of adenosine deaminase (ADA) 
and lymphocyte metabolism first became apparent with the description of 
severe com bined imm unodeficiency disease arising in children born with a 
congenital absence ofthis enzyme (Dissing and Knudsen, 1972; Giblett et al., 
1972). Although ADA is normally present in all mammalian tissues, activity 
is highest in the lymphoid system and increases in antigenically stimulated 
lymphocytes (Hall, 1963; Hovi et al. , 1976). The demonstration of greatly 
increased ADA activity in malignant lymphocytes (Smyth and Harrap, 1975; 
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Smyth, 1976; Smyth et al., 1978b) led to a search for effective inhibitors of 
this enzyme, which might by analogy with the severe lymphoid depletion 
associated with genetic deletion ofthe enzyme - exert a specific antilympho­
cytic effect of value in the treatment of lymphocytic leukemia. 2' -deoxy­
coformycin (DCi) is the most potent inhibitor of ADA, with a Ki of 1 X 10-12 

M (Agarwal et al. , 1977; Johns and Adamson, 1976). Toxicity studies in 
normal animals confirmed the hypothesis that effective inhibition of ADA 
results in severe lymphoid depletion (Smyth et al. , 1978 a) and led to a Phase I 
clinical trial which is currently in progress. The preliminary data from this 
toxicological evaluation indicates that inhibition of ADA with DCf exerts a 
selective antilymphocytic effect in man. In 8 patients with non-haemato­
logical malignancies and normal pre-treatment periphera1 blood counts, 
administration ofDCf at 0.25 mg/kg as a single dose resulted in greater than 
50% decrease in circulating peripheral lymphocyte counts in 3 out of 4 
patients, and greater than 90% decrease in all of 4 patients treated daily X 5. 
Recovery to normal differential counts was seen by day 14. 4 patients with 
relapsed ALL having fai1ed all conventional therapy have been treated with 
DCf at 0.25 mg/kg daily X 5. In one of these heavily pre-treated patients 
there was no response, and in another the peripheral blast count had decreas­
ed by 70% on day 5 with respect to the pre-treatment va1ue. However in the 
other two patients there was a complete clearing of peripheral blasts from 
pre-DCf values of 644 X 109 /1 and 82320x 109 /1 respectively. In the latter 
case this dramatic change in peripheral activity was reflected by shrinkage of 
previous splenomegally and clearing of b1asts from the marrow. Full details 
of this Phase I study will be published shortly. 

In summary, recent research into the mechanism ofaction ofexisting anti­
leukemic agents, and their biochemical consequences within the host, has 
yielded information that may improve the use of drugs such as cytosine ara­
binoside, and enhance the therapeutic selectivity ofmethotrexate. Studies of 
alternative metabolic pathways for the synthesis ofnucleic acid by leukemic 
cells indicates that "de novo" synthesis or "salvage" reutilisation may operate 
at different stages in the 1eukemic process, and suggests possible targets for 
future development of antimetabolite drugs. Ongoing clinical trials with 2'­
deoxycoformycin demonstrate that inhibition of the salvage enzyme adeno­
sine deaminase results in selective lymphocytotoxicity, ofpotential value for 
immunosuppression and the treatment oflymphoid malignancies. 
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Single stranded polyribonucleotides are known to act as efficient templates for 
the viral DNA polymerases in the presence of complementary oligo-deoxy­
ribo-nucleotide primer. Chemical modification of such templates would be 
exp'ected to alter the interaction between the template and the viral enzyme 
[1-7]. This appears to be a very useful approach for designing specific in­
hibitors of viral DNA polymerases, which might find application in the 
chemotherapy of cancer [8,9]. 

Our efforts to develop compounds that inhibit viral DNA polymerase by 
interacting directly to the enzyme led to the discovery of polycytidylic acid 
analog, containing 5-mercapto substituted cytosine bases (Fig. 1), a partiaHy 
thiolated po1ycytidylic acid [10-12]. This compound, abbreviated as MPC 
(mercapto-polycytidylic acid) was found to inhibit the oncornaviral DNA 
polymerase in a very specific manner [10-15]. The mode of action of this 
compound as an inhibitor ofviral DNA polymerase, its biological effects on 
viral oncogenesis, and its c1inical app1ication in the treatment of chi1dhood 
leukemia will be described here. 

1. Inhibition of Oncornaviral DNA Polymerase by MPC 

The inhibition of DNA polymerases from RNA tumor viruses by MPC was 
described earlier [10-15]. Partially thiolated polycytidylic acid preparations, 
MPC 1-111 (containing l.7%, 3.5% and 8.6% 5-mercaptocytidylate units, 
respective1y) inhibited the DNA polymerase activity of Friend 1eukemia 
virus (FL V) in the endogenous re action as weH as in the presence of poly­
rA.( dT)14 , or poly rC.( dGh2-18; the inhibitory activities were directly pro­
portional to the percent of thiolation. A maximum inhibition was observed 
with preparations containing 15-17% ofthe thiolated cytosine bases. 

1.1 Mode o( Action 

The mode of action of viral DNA synthesis by MPC was investigated by 
product analysis of the DNA polymerase reaction in the absence or in the 
presence of MPC, as described elsewhere [11]. The reaction mixtures were 
dissolved with Na-dodecyl sulfate (l %, wtlwt, final concentration), loaded 
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Fig. 1: Schematic presentation of the chemical structure of a partially thiolated polycytidylic 
acid (MPC) 

on a hydroxylapatit column (1 g, Bio-Rad Lab., Munich), eluted with a Na­
phosphate gradient (0. 05 - 0.4 M), collected into about 40 tubes (total vol. 
approx. 100 ml), and the TCA-insoluble radioactivity collected on GF/C fil­
ters (Whatman) and counted in a liquid scintillation counter. 

Analysis of the endogenous products of the detergent disrupted virions 
exhibits 3 DNA species: single stranded DNA (ss-DNA), RNA-DNA hybrids 
(hy-DNA) and the double stranded DNA (ds-DNA). As follows from Fig. 2, 
in the presence of MPC (open circles) there is an over-all inhibition of 3H­
dTMP incorporation, indicating that the formation of all the 3 species is 
blocked. This is to be expected since the inhibitor binds to the enzyme. This 
has been confirmed by ultracentrifugation studies in which the binding of 
35S-labeled MPC to a purified FLV-DNA polymerase was investigated. 

In view of the fact that all of the oncornaviral DNA polymerases 
examined so far do require a primer-template-like double stranded second­
ary structure for the initiation ofDNA synthesis, it is no surprise that single 
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Fig.2. Analysis of the DNA species synthesized by FLV-DNA polymerase by elution from 
hydroxylapatit column. Experimental details are described in the text. The first species to be 
eluted from the column contained ss-DNA. the second contained hy-DNA and finally. the ds­
DNA. eluted in the last peak. The concentration of MPC in the reaction mixture was 20 I1g/ 
re action mixture 

stranded synthetic polynucleotides (unprimed templates) can act as inhib­
itors of the polymerization reaction. This, presumably, is due to hydrogen 
bonding of the base sequences between the added polymer and the 
functional template. Thus, the specificity of inhibition by such polymers is 
not limited to the viral enzyme system only. On the other hand, minor modi­
fications in the chemical structure of synthetic polynuc1eotides might be 
useful to develop inhibitors that interact direct1y with the enzyme but fail to 
be transcribed, i. e. they function as a "dead template" for the enzyme. The 
data from our laboratory have shown that the partially thiolated polycyti­
dylic acid is functioning as a "dead template" in the DNA polymerase sy­
stem of FLV [11]. The results of these studies can be summarized as folIows: 
1. The incorporation of3H-dGMP into DNA by the viral enzyme is stimula­
ted to about 9-fold (compared to the endogenous value) in the presence 
of Poly rC.( dG)12-18. However, under similar conditions a hybrid of 
MPC.( dGh2-18 failed to stimulate the incorporation of 3H-dGMP into 
DNA; 2. In the presence of MPC.(dG)12-18, the increasing coneentrations of 
poly rC.(dG)12 in the reaction mixture have no effeet on the aetivity of the 
enzyme; however, at high er enzyme eoneentrations the stimulatory effeet of 
poly rC.( dGh2-18 gradually reappears. These data indieate that the viral en­
zyme has high er binding affinity towards MPC than to its optimal template 
poly rC. The presence of zine in reverse transeriptase makes it attractive to 
suggest that the mercapto group may undergo an interaetion with zine to 
form a stable eomplex. 
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Fig.3. Binding of 35S-1abeled MPC to a purified FLY-DNA polymerase. The specimen in 0.1 M 
Tris/HCl buffer (pH 7.4) were layered on linear gradients of 10-40% sucrose (RNase-free) in the 
same buffer and spun at 35,000 rpm (swingout rotor) at 4°C for 20 hr. The gradients were drip­
ped from below, fractions collected and after dilution. were analyzed for their radioactivity or 
absorhtion at 280 nrn. The MPC preparation contained 10.1 % of thiolated cytosine hases 
(sp. Act. 141 c. p. rn.lllg MPC) 

1.2 Selectivity o{ MPC Action 

In order to determine the selectivity of MPC action, further studies were 
conducted using DNA polymerases from different sources. As follows from 
Table I, the viral DNA polymerases are most sensitive towards inhibition by 
MPC, whereas MPC is completely unable to inhibit the bacterial DNA poly-

Table 1. Evaluation of the inhibitory response of partially thiolated (SH = 13%). Polycytidylic 
acid on DNA polymerase frorn various sources 

Source of Type of Template Cornpound required 
DNA polymerase DNA polymerase used to inhibit 50% of the 

Reaction (Ilg/rnl) 

Human lyrnphocytesa I Poly(dA)'(dn12-18 30 
(1788) 11 Poly(dA)'(dnI2-18 38 

Regenerating rat I CT-DNA > 100 
liver (38% inhibition at 

78Ilg/ml) 

E. coli KI2 I Poly(dA-dn No inhibition 
>100 

RMuLya Reverse transcriptase Poly(rA)'(dnI2-18 20 
FLV Reverse transcriptase Poly(rA)'(dnI2-18 19.2 

a These studies were done by Dr. R. Graham Srnith at the Lahoratory ofTumor Cell Biology 
of the National Cancer Institute, Bethesda, Md. 
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merase. Enzymes from human lymphocytes are more sensitive towards 
MPC ,inhibition than the DNA polymerase I ofregenerating rat liver. In spi­
te of the fact that the experiments were carried out in different laboratories, 
a comparative evaluation shows that the viral enzymes are at least twice as 
sensitive as DNA polymerase from another source. 

The studies on the selectivity of MPC action were substantiated using the 
cellular DNA polymerases (Ci, ß and -y) and areverse transcriptase from 
human spleen. We have recently discovered areverse transcriptase in the 
spleen of patient with myelofibrosis [16,17], a preleukemic disease. This re­
verse transcriptase is antigenically related to ONA polymerases of primate 
RNA tumor viruses [16,17], the Simian sarcoma virus (SiSV) and Baboon 
leukemia virus (BaLV). This observation implicates the viral origin of the 
reverse transcriptase in myelofibrotic spleen (Fig. 4). 

The effect of MCP (SH= 15%) on the activity of cellular DNA polymer­
ases, and on the reverse transcriptase activity from human spleen is shown in 
Fig. 4. At a concentration of 1 /-lg/reaction mixture [cf ref. 16], none of the 
cellular enzymes was inhibited. In contrast, the reverse transcriptase activity 
was inhibited to approx 20%. At a concentration of 16 /-lg, the reverse tran­
scriptase activity was inhibited to 80%, whereas the cellular enzymes lost only 
25-40% of their activities. Kinetic studies on the DNA-polymerase re action, 
catalyzed endogenously by Si SV, revealed that MPC inhibition is of a non­
competitive nature (Fig. 5). 

2. Effects of MPC on Oncogenesis by RNA Tumor Viruses 

To measure the effect of MPC (SH = 8.6%) on the production of spleno­
megaly by Friend leukemia virus (FLV), we first incubated the cell-free 
extracts of spleen from mice (Groppel strain) with 100 f.1g/ml of MPC at 
37°C for 1 hr. In the control group, where no compound was used, the cell­
free spleen suspension was preincubated with Tris/HCI buffer, pH 7.4, the 
solvent for MPC. The aliquots of this suspension were injected (0.2 ml, 
L090) into each group, consisting of 10 animals. The spleen weights were 
analyzed on the 8th or the 12th day after infection [8]. There was a 60% 
reduction ofspleen weights (arithmatic mean offive individual values) in the 
MPC-treated group, measured on the 8th day after FLV-infection. However, 
no differences were observed on the 12th day. This is probably due to fact 
that at this MPC concentration the whole of virus is not inactivated, so that 
the residual active virus particles lead to potentiation ofleukemogenesis. 

The studies reported above were extended using MPC in-vitro and in­
vivo. The animals were divided into four groups of five each (donors): l. 
Group 1 was injected with a viral suspension (citrate plasma from FLV­
infected animals, dose L090) preincubated with Tris/HCI buffer, pH 7.6 for 30 
min. at 37°C; 2. Group 2 was injected with the viral suspension, as in 1, but 
preincubated with MPC (200 /-lg per 0.2 ml ofsuspension) at 37°C for 30 min. 
These animals received in addition, on day 5 and day 9 (post infection) 50 /-lg 
of MPC, injected intraperitoneally; 3. Group 3 was treated similar to group 
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1, except that the viral suspensions were preincubated for 2 hrs.; 4. Group 4 
was treated in a similar manner as group 2, except that the viral suspensions 
were preincubated for 2 hrs at 37°C. On the 10th day, animals were sacrificed 
and spleen extracts were prepared, as described elsewhere [8]. The spleen 
extract from each mouse was then analyzed individually, with respect to their 
leukemogenic potentiality. Each "donor" spleen specimen was reinjected to 
a different "receipient" mouse (20 in total), and the leukemogenesis was 
followed, as shown in Table 2. 

Table 2. Assay for leukemogenic potential ofspieen extracts from FLV-infected mice after their 
in-vitro/vivo treatment with MPC 

Treatment of donor mice Leukemogenesis in recepient mice after infection with 
spleen extractu 

No.ofpositive Mean survival 
Total no. ofmice Time (days) 

Virus Suspensionb (0.2 ml) 5/5 
+ Tris buffer (37°C, 30 min) 

Virus Suspension + 200 /lg ofMPC 2/5 
(37°C, 30 min) 
+ 50 flg MPC, i.p. (day 5 & 9) 

Virus Suspension + Tris buffer 5/5 
(37°C, 2 hr) 

Virus Suspension + 200 flg of MPC 1/5 
(37°C, 2 hr) 
+ 50 flg MPC, i.p. (day 5 & 9) 

47 

52.2 

110 
4 (l23)C 
I (97) 

Mean spleen 
Weight (g) 

2.41 

1.05 
(1.78,2.10. 
0.52. 0.41. 0.44) 

1.80 

0.38 
(0.74.0.29.0.34. 
0.22.0.31 ) 

a Cell-free spleen extracts were prepared (see reference 8) from spleens of individual donors 
on the 10th day after being challenged with the virus. or other treatments as shown. 

b Citrate plasma from FLV-infected mice was used as the source ofvisus (LD90). 

C The experiment was terminated on day 123 and all animals were sacrified on this day. There­
fore, the term "mean survival period" does not apply to these animals. 

All animals in groups 1 and 3 developed splenomegaly and died between 
40--60 days; whereas, in the MPC treated groups, of the 10 animals only 3 
showed signs of splenomegaly. In group 2,2 animals had splenomegaly but, 
in spite of that, all animals survived till the 123rd day, at which time our 
experiment was terminated. Similarly, in the last group 4 animals survived 
till the 123rd day; one died on the 97th day. The spleen weights, shown in the 
last column, also exhibit large differences between the MPC-treated group, 
and the control group. In another study we have analyzed the effect of MPC 
on normal mice ofthe same strain. We failed to observe any effect ofMPC on 
the spleen weights ofnon-infected mice. 

In another biological study we have analyzed the in-vivo effect ofMPC on 
leucocytes ofmice infected with the active Friend virus (Fig. 6). Within 12-24 
hrs. after MPC injection (50 Ilg/mouse) a dramatic fall in the Ieucocyte count 
of animals infected with FLV was observed; MPC failed to reduce the 
leucocyte number in mice not-infected with the virus. It is interesting to note 
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Fig.6. In-vivo effect of MPC (SH = 15%) on the leucocyte number of mice infected with the 
active Friend Leukemia Virus (FLV). Arrows indicate the day of MPC treatment. MPC was in­
jected intraperitoneally (50 Ilg per mouse). The MPC treatment was started on the 11th day 
postinfection with FLY. The hatched line indicates the leucocyte number of a control mouse 
treated with MPC. The control group (non-infected) had 5 animals. but the effect of MPC was 
similar to the one represented by the hatched line 

that in one of the infected animals MPC failed to suppress the leucocyte 
number;on the contrary, there was a gradual increase in leucocyte number. 
This animals died on the 13th day of MPC treatment. Unfortunatly, we 
were not able to analyze the spleen of this animal. It is therefore difficult 
to interpret the reasons for failure ofMPC effect in this animal. 

3. Clinical Trails with MPC in the Treatment of Childhood Leukemia 

Clinical data ofpatients submitted to MPC trials are shown in Table 3. Ofthe 
18 cases treated with MPC, were in the terminal phase of the disease. These 
patients were resistent to all previous chemotherapeutic regimes which 
involved drugs, such as prednisone, vincristin, daunorubicin, L-asparagin­
ase, Ara-C, 6-mercaptopurine, methotrexate, cyc1ophosphamide and actino­
mycin D. 

MPC used in our c1inical trials contained 15% ofthiolated cytosine bases. 
The lyophilized product (MPC) was dissolved in 0.1 M Tris/HCI buffer, pH 
7.6, and diluted with 0.9% NaCI before use. This solution was sterilized by 
passing through a membrane filter (Millipore GmbH, Neu Isenburg, Ger­
many). It was kept at 4 °C and used immediately, or within the next five days; 
solutions older than 5 days were reprecipitated, purified on the column and 
resterilized. In our clinical trials, MPC (sterile) was given intravenously at a 
dose 0.5 mg/kg body weight. The injections were given once a week. 
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Table 3. Clinical data ofpatients with ALL and AML submitted to MPC trials 

No. lnit. Age Sex Diag. Stage Results 

1 D.M. 8 ~ ALL 3rd rel. PR WBC! 
2 T.1. 6 6/12 ~ ALL 2nd rel. ? 

3 B.M. 6 7112 Ö ALL 2nd Tel. ? 

4 M.M. 8 4112 Ö ALL 2nd Tel. CR 

5 1.0. 3 6112 Ö ALL 2nd Tel. ? 

6 N.A. 10 ~ ALL 2nd Tel. CR 

7 B.e. 5 8/12 ~ ALL 3rd rel. CR 

8 N.N. 7 11112 Ö ALL 3rd Tel. ? 
9 M.A. 12 Ö ALL 1 sI reI. ? 

10 M.1. 8 6112 Ö ALL 1 si Tel. ? 
11 Ke. 11 3112 ~ ALL 4th rel. ? 
12 KK 10 9/12 ~ ALL 5th Tel. PR 
13 L.J. 7 Ö ALL 3rd Tel. WBC! 
14 F.D. 2 3112 Ö ALL init. ph. WBC! 
15 S.B. 7 11112 ~ ALL init. ph. WBC! 
16 H.B. 12 5112 ~ ALL init. ph. WBC! 
17 S.N. 4 ~ AML init. ph. WBCl 
18 W.H. 5 6/12 Ö AML init. ph. WBC! 

Of the 13 terminal cases, complete remission was achieved in 3, and a 
partial remission achieved in 2 other cases. Fever, occasionally accompanied 
by shivering, was frequently observed under MPC treatment in the first hour 
after injection. However, these symptoms never lasted more than the first 
ho ur, and no other sideeffects could be observed. 

,On the basis of our experience with MPC on terminal cases, we were 
motivated to give MPC a clinical trial in the beginning ofleukemia. A mono­
therapy with MPC, as devised for terminal cases is, however, not possible. 
We therefore decided to introduce MPC (0.5 mg/kg body weight) therapy in 
the beginning of treatment of cases which at the time of diagnosis had 
leucocytosis. This initial treatment, a single injection of MPC, was then 
followed up by polychemotherapeutic protocol, adopted by the university 
hospitals in Berlin, Frankfurt and Münster [see ref. 18]. As shown in Fig. 7,24 
hrs. after MPC injection, there was a significant reduction leukemic cells in 
all the cases. Five ofthese seven children had ALL, and two AML. 

The status of this drug in the chemotherapy of fresh leukemic cases is not 
known, since monotherapy with MPC in such cases has not been done. The 
fact that under the pressent polychemotherapeutic protocols one can 
frequently achieve longterm remissions, hinders one ethically to use MPC as 
a monotherapeuticum in fresh cases. However, its use in the initial phase of 
the acute disease, and its use as a monotherapeutic agent in terminal cases are 
quite encouraging. On the basis of our to-date experience with MPC we 
could summarize by saying: a) MPC is useful to initiate the therapy in freshly 
diagnosed acute leukemic cases, b) it has shown promise as an effective drug 
in the treatment of leukemic cases in the terminal phase, and c) it could 
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Fig.7. MPC trials in the initial treatment of freshly di­
agnosed leukemic cases. Details are given in the text 

be used in the remISSIon maintenance therapy. This aspect is yet to be 
investigated. This, as a matter of fact, is the rationale for its therapeutic ap­
plication, since it is a potent inhibitor of reverse transcriptase. 
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The first of six presentations in this poster session to be discussed is that of 
Preisler and Rustum [1]. This paper demonstrates the efficacy of anthracyc­
line derivatives given as a pulse injection daily for 3 days in combination with 
a continuous seven day infusion of cytosine arabinoside for the treatment of 
acute nonlymphocytic leukemia (ANLL). This regimen and regimens similar 
to it [2] are among the best treatments for this disease at the present time. A 
number of investigators have achieved complete responses on the order of 
65-70% with such treatment [3-5]. Preisler and Rustum attempt to determine 
whether the intracellular retention of activated Ara-C in vitro by a patient's 
bone marrow leukemic cells correlates with remission rate and duration. Un­
fortunately, the authors did not find an improved remission rate in those 
patients who retained phosphoralated cytosine arabinoside better than 
others. However, there was a highly statistically significant correlation be­
tween phosphorolated cytosine arabinoside retention and remission dura­
tion. This is an important finding not only because it may allow one to 
predict in broad strokes what remission duration is likely to be in a given pa­
tient, but the data strongly suggest that the induction therapy given to a 
patient with ANLL is the most important determinant ofremission duration. 
Others have also suggested this may be so [6]. A number ofinvestigators have 
recently questioned the value of intensive maintenance therapy in this 
disease and the results have been variable [7,8]. Perhaps further studies of 
this kind will allow for more selective and therefore more successful therapy 
in terms of remission induction and duration of response. Similar work by 
others [9] suggests that this may already be partly true for solid tumors. 

The paper by McCredie et al also concerns ANLL treatment [10]. This 
paper further confirms the efficacy ofthe anthracycline-cytosine arabinoside 
combination with different doses and schedules of the drug. The combina­
tion of adriamycin, vincristine, cytosine arabinoside, and prednisone 
produced a 74% complete response rate at M. D. Anderson Hospital and a 
54% complete response rate in the Southwestern Oncology Group. Group 
studies always give poorer results than studies performed at single 
institutions that specialize in the treatment of the disease entity in question. 
Substituting rubidazone [11], a new anthracycline currently undergoing trial 
in France and in the United States, for adriamycin in oider patients produced 
essentially the same complete response rate as that of the adriamycin con­
taining combination. Therefore, there is no advantage gained by substituting 
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rubidazone for adriamycin. It is somewhat disappointing that this new 
anthracyc1ine derivative is not more active than the two (adriamycin and 
daunorubicin) already in widespread use. A good deal ofanalog research has 
occurred in cancer chemotherapy with the hope that refinement of a 
molecule with proven activity might lead to a greater therapeutic index. 
Unfortunately, this has not been the case thus far with the anthracyc1ines, the 
nitrosoureas, the antipurines and the antipyrimidines, or the actinomycin­
mythramicin antibiotics. Perhaps this is not toD surprising when one 
considers that analog research in the aminoglycoside antibiotics and, indeed, 
in the cardiac glycosides has not yielded a major improvement over the 
respective parent compound. 

The study ofMcCredie et al. inc1udes a new approach to remission main­
tenance. The late intensification pro gram at M.D. Anderson Hospital has 
been reported previously [12]. The present data suggest that roughly half of 
the patients who und ergo this program remain in unmaintained complete 
remission for significantly longer periods of time than reported with other 
relatively intensive maintenance programs. The data also suggest that if the 
patient remains in continuous complete remission for 24 months following 
the discontinuation of la te intensification therapy, he has a 90% chance of 
remaining in complete remission. We will watch these data with intense 
interest over the next months and years with the hope that they continue to be 
as impressive as they are at the present time. 

The McCredie paper also describes another novel approach to remission 
maintenance, use of autologous bone marrow transplantation using marrow 
collected and stored from patients with ANLL during periods of remission. 
Too few patients have been entered on this aspect of the study to date to allow 
fuH evaluation or even significant optimism at this point. One might not be 
surprised, however, ifthis method ends in failure. Spiegle man et al. [13] have 
shown that even during complete remission reverse transcriptase may be 
isolated from what appear to be normal granulocytes in the peripheral blood 
of ANLL patients. Therefore, one might expect that the viral etiologic agent, 
if there is one, might also be present in the morphologically normal appear­
ing cells used for these autologous transplants. One cannot be too optimistic 
ab out transplanting cells that may harbor pathologic time bombs. 

The third paper of this series is that of Freeman et al. [14] concerning 
intermediate dose methotrexate in childhood acute lymphocytic leukemia 
(ALL). The purpose of Freeman's study is to prevent the development of 
CNS leukemia without employing cranial radiotherapy by administering 
relatively high doses of parental methotrexate that will result in therapeutic 
CSF levels ofthe drug. AdditionaHy, the goal ofthe study is to eradicate leu­
kemic cells in other sanctuaries such as the testes. In the study, children are 
induced with a combination ofsteroid, vincristine, L-asparaginase and inter­
mediate doses of methotrexate (500 mg/M2). The methotrexate is followed 
by citrovorum factor. The idea of this study has merit. More and more un­
desirable effects of commonly employed methods ofCNS prophylaxis (intra­
thecal methotrexate and cranial irradiation) are coming to light with time 
[15,16]. It might have been more reasonable, however, to design the study so 
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that L-asparaginase was given after the high-dose methotrexate. In this way 
L-asparaginase might not only be used as a therapeutic agent with activity 
against ALL but as a methotrexate reversal agent which would obviate the 
need for citrovorum factor [17]. This might be an important consideration 
since high dose parenteral methotrexate would still enter CSF and brain, but 
L-asparaginase would not. Variable amounts ofcitrovorum factor enter CSF. 

The results of this study are of interest. Complete remission was achieved 
in 96% ofpatients but there were 7 CNS relapses according to the paper. For 
reasons that are totally unclear to me, two patients who presented with CNS 
leukemia are included in this study (one relapsed with CNS leukemia). It 
would have been perfectly reasonable to exclude patients from admission to 
the study if they presented with CNS leukemia since one of the goals of the 
study is to evaluate this regimen for its potential to prevent CNS leukemia. 

One can conclude from the study that this method of CNS prophylaxis 
probably is better than no prophylaxis at all. However, it is not clear that it is 
equal to or superior to more standard cranial irradiation and intrathecal 
methotrexate administration. In addition, the fact that intrathecal metho­
trexate was also given to these patients makes my interpretation of these 
results even more difficult since others [18] have suggested that intrathecal 
methotrexate alone may be sufficient. 

The paper by Lister et al. [19] concerns 62 adult patients with ALL who 
received adriamycin, vincristine, prednisone and L-asparaginase in a pro­
gram based on lessons learned from childhood ALL. The complete response 
rate in the study was 69%. This is one more paper that indicates that combina­
tions of anthracyclines, vincristine, glucocorticoids, and L-asparaginase and 
other drugs can produce complete responses in adults with ALL on the order 
of70%, as previously reported by Henderson [20] and Capizzi [21]. This study 
and ones similar to it represent significant advances in the treatment of this 
disease. Cranial irradiation and intrathecal methotrexate were given as CNS 
prophylaxis. A standard dose of methotrexate not related to body surface 
area was used intrathecally in all patients. This makes sense since alm ost all 
adults have a CSF volume of approximately 150cc. irrespective ofbody sur­
face area. Such practice will decrease the number ofinadvertant overdoses of 
intrathecal methotrexate [22]. As maintenance therapy, patients received oral 
6-mercaptopurine oral methotrexate and oral cyclophosphamide. I question 
the usefulness of cyclophosphamide in this regard since data in children from 
St. Jude's Children's Hospital in Memphis has shown that as one multiplies 
the number of drugs used during maintenance, one multiplies the complica­
tions to be expected and does very little to improve the remission duration 
[23]. In my opinion, cyclophosphamide is a drug with marginal activity in 
ALL and is more likely to be hazzardous than helpful. I cannot help but 
wonder whether the one patient who died at horne during an influenza epi­
demic while in complete remission may not have been a cyclophosphamide 
casualty. The maintenance therapy was continued for three years and then 
stopped. I agree with the concept, but would have been more pleased to see 
half the patients randomized to dinscontinue maintenance and the other half 
randomized to have treatment continued. That kind ofcomparative informa-
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tion about a crucial question, that is whether or not one can safely take an 
acute leukemia patient in remission offmaintenance therapy at some period 
in time needs to be developed. The remission duration median of21 months 
in this study represents some of the best data of this kind. The fact that 7 
patients have already been in continuous complete remission for more than 
three years is encouraging, but not different from the early observations in 
other studies of similar design. 

In an attempt to identify features on presentation that might influence 
remission duration, the authors found that age was not a factor as have other 
investigators. They did find, as have others, that patients with hepatospleno­
megalyon admission have, on the average, shorter remission durations than 
patients with less disease bulk, and they found that patients who have ex­
tremely high white counts on admission relapse relatively quickly. Cyto­
chemical and cell surface marker studies gave the same results that have been 
reported by others for childhood ALL. 

This study confirms the fact that adult ALL behaves much the same as 
childhood ALL and responds to the same kind oftherapeutic manipulations. 
The question then comes up as to whether or not separate studies need to be 
designed for children and adults with ALL. It would appear from these data 
and other studies that children and adults might be treated on the same 
protocols with the same stratifications applied to both. 

The paper by Catovsky et al. [24] concerns ultrastructure and cell marker 
studies in lymphoproliferative disorde,rs. The authors contend, and rightly so, 
that surface marker studies and electron microscopic studies increase the 
accuracy of subclassification of the acute leukemias. They carefully define 
the morphology and cell surface marker study results in various Band T cell 
disorders. They conclude that these studies are useful and no one doubts this. 
I do take issue, however, with their idea that prolymphocytic leukemia is a 
disorder separate and distinct from chronic lymphocytic leukemia (CLL). It 
seems to me most likely that what has been called prolymphocytic leukemia 
by these authors is simply middle or end stage CLL. Many patients with CLL 
end up with lymphocytes in the marrow and peripheral blood that are young­
er than those wh ich were demonstrated at the time of diagnosis. An occasion­
al patient with CLL terminates with what appears to .be a blastic crisis based 
on the immature nucleolated morphology ofthe leukemic cells at or near the 
time of death [25]. I see no scientific or c1inical reason for separating this dis­
order out from CLL since the treatment for Catovsky's prolymphocytic leu­
kemia is not different from that ofresistant CLL. 

The last paper in this series is by Mertelsmann et al. [26], and it concerns 
marker studies in hematologic malignancies. The authors characterized 
malignant cells by terminal deoxynuc1eotidyl transferase (TdT) activity, 
CFS-c assays, and cell surface marker studies. They have found, as have 
others [27J that TdT activity is highly specific for lymphoid neoplasms and 
that TdTpositivity approaches 100% in acute lymphocytic leukemia. In addi­
tion, approximately one-third of patients with the blast phase of chronic 
myelogenous leukemia (CML-BC) have TdT positive blasts. An extremely 
important observation from this study is that acute leukemia patients whose 
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blasts are TdT positive alm ost always respond to vincristine and prednosine, 
whereas TdT negative patients do not. This correlation ofTdTwith response 
remains valid even when the standard morphological examinations are in­
conclusive. In addition, the majority ofthe CML-BC patients who responded 
to chemotherapy were TdTpositive.1t must therefore be concluded from this 
study and similar ones [27] that bone marrow TdT assay is a powerful aid in 
determining type of acute leukemia and in predicting response to therapy. 
This study also defined 4 cases of morphological acute myelomonocytic leu­
kemia associated with cell marker data consistent with a double stern cell 
lineage. Other recent evidence suggests astern cell capable of both myeloid 
and lymphoid differentiation as the site ofthe major lesion in some acute leu­
kemias [28]. The fact that myeloid-appearing cells in CML blast crisis can 
exhibit TdT activity [27J suggests that such a common stern cell may be de­
ranged in many cases of CML-BC. The absence of the Philadelphia chromo­
some in lymphocytes found in the chronic phase ofCML has been consider­
ed evidence against a common lymphoid-myeloid stern cell in nature. How­
ever, cytogenetic examination of lymphocytes obtained during the chronic 
phase ofthe disease from patients who have sustained the chronic phase for 5 
to 10 years may shed some light on this important question.1n those patients, 
alllymphocytes would have been formed since the development ofthe CML, 
whereas many lymphocytes present at the time of diagnosis would have been 
formed prior to the advent of the disease with its marker chromosome. Such 
studies as these and those of Mertelsmann may eventually lead to a better 
understanding of the origin of some hematologic malignancies. 
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During the three years which have elapsed between the second and third 
Wilsede conferences, the clinical management of acute leukemia has become 
almost routine. Every clinic has become the advocate of combination chemo­
therapy for remission induction and maintenance, early treatment of the 
central nervous system at least for childhood disease, and an appreciation of 
the need for supportive care measures and attention to metabolic abnormali­
ties in the preparation for and sustenance of patients during chemotherapy. 
This has clearly led to the happy prospect of more patients receiving better 
care and thus a better chance for long-term survival and possible cure from 
this once uniformly uncured disease. 

This confirmity of approach, however, has serious implications concern­
ing therapeutic research in acute leukemia. First, it tends to obscure the fact 
that most patients continue to die oftheir disease; and second, it reflects the 
Ieveling off of significant advances in treatment fot: a sufficient time (3 to 
5 years) for the average competent physician to "catch up" with the avant 
garde. Thus it highlights, among other things, the failure ofnon-specific im­
munomodulation (with BCG, MER, and the like) to significantly alter the 
final outcome of leukemia, and the continued urgent need for more, and 
more specific, new compounds to break through the toxicity barrier, especial­
Iy dUI}ng the remission consolidation and maintenance phases. Finally, given 
the success of primary treatment of "standard" acute lymphoblastic and 
acute myeloblastic leukemia of children and adults, necessarily greater atten­
tion is now commanded by the late toxic effects of drugs, and especially that 
which remains the most devastating malignancy of all: the acute leukemia 
which follows (is caused by?) previous bone marrow disease and injury. 

Current Therapy and Results 

The results of recent successful treatment regimens in acute leukemia are 
reviewed elsewhere in these proceedings by Freeman, Lister, McCredie, 
Preisler, and Wiernik. For acute lymphocytic leukemia (ALL), the three­
drug combination of vincristine, prednisone, and asparagin ase will induce 

* This work was supported in part by USPHS grants CA-2599 and CA-5834 from the National 
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alm ost all good risk patients into complete remission (good risk factors being 
2-10 years of age, no previous treatment, and the lack oflymphoblast differ­
entiation into those cells which be ar T and B cell surface markers). These 
same drugs will induce remissions in older patients and those with T cell 
markers in approximately 75 percent ofinitial trials. The addition of a fourth 
drug (daunorubicin) increases the effectiveness of the regimen, at least in 
adults (Lister et al., 1978; Henderson et al., 1978). In both adults and children 
maintenance treatment and central nervous system prophylaxis appear 
necessary for optimal results; although the long-term administration of 
intensive maintenance treatment has led to increased toxicity, late complica­
tions, and deaths in remission; and has compared unfavorably in terms of 
survival with maintenance regimens employing fewer drugs and/or less fre­
quent drug administration (Pinkel, 1978; SimQne et al., 1976; Henderson, 
1974). On the other hand, short-term intensification during established re­
missions may be advantageous (Bodey et al., 1976; McCredie et al. , 1978; 
Freeman et al., 1978). 

For acute myelocytic leukemia (AML) combinations of cytosine arabino­
side and anthracyc1ine antibiotics given in such a manner thatmyelosuppres­
si on is sustained for 10-14 days or more appears central to an optimal re­
sponse, given present drugs (Yates et al., 1974; Preisler et al., 1977; Silver et 
aL 1977; McCredie et al., 1976 and 1978) and support techniques. Although 
most concede its value, the exact role and necessary duration of remission 
treatment remains uncertain, as does the administration of treatment to the 
central nervous system in AML. 

Using these treatments survivals of greater than 50 percent have been 
achieved in ALL in children (Pinkel, 1978; lones et al., 1977) and up to 25 
percent in active (i.e., neither secondary nor smouldering) AML and ALL in 
adults at several centers (Henderson et al., 1977; McCredie et al., 1975; Mc­
Credie et al., 1978). 

On the other hand, poor risk patients with acute leukemia continue to do 
poorly. These are the patients with T cell or B cell disease, extensive extra­
medullary leukemic infiltrates at diagnosis, at the extremes of age, or most 
strikingly, those with a history either of preexistant bone marrow disease, or 
chemotherapy and/or radiation therapy antecedent to the development of 
leukemia. Unfortunately, given our limited ability to treat them successfully, 
the incidence ofpoor prognosis patients appears to be increasing. Until ade­
quate therapies are devised, it is still critical that such patients are identified 
early to prevent 1. their imbalanced inc1usion into comparative treatment 
studies or 2. their inopportune and premature treatment with intensive drug 
regimens having little chance of inducing benefit. In this regard, it is unfortu­
nate but true that attempts to increase response and survival with superinten­
sive treatment have rarely proved ofbenefit, while frequently adding morbi­
dity. For such patients the failure to normally reconstitute hematological 
and immunological function underlies most failures. Accordingly, the develop­
ment of drugs or other agents with precise specificities for malignant cells and 
the sparing and/or reconstitution of normal blood cell progenitors appears 
to be the areas of greatest promise and highest priority in the immediate future. 
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At the heart of the problem of specificity is the question of the reliable 
identification of the progenitors of leukemic and normal cells. Numerous 
previous attempts to identify and monitor these cells, their function, their 
replication, and their drug sensitivity have been at best only partially success­
ful. The striking acquisition of new knowledge and techniques for measure­
ment of myeloid and lymphoid cells'is the most heartening advance of cur­
rent years in the study and management of leukemia and allied diseases. 
Antisera specific for stages ofdifferentiation and the identification ofspecific 
surface receptors for antibodies, hormones and antigens have permitted in 
situ identification and in some instances sorting ofspecific subpopulations of 
cells, which can then be studied for replicative activity, drug uptake and ef­
fects, and donogeneicity, thus for the first time permiUing sensitivity to drugs 
to be reliably assessed. Given proper reagents and improvements in sorting 
technology, it may be possible either in vivo or more likely in vitro, to sepa­
rate malignant and normal cells from cell mixture, e.g., peripheral blood 
leukocytes or bone marrow cell suspensions. All this is within the capability 
of current laboratories and their associated dinics within the next 3-5 years. 

Once isolated one from another, it will be possible to assess not only the 
presence of differentiation related (and/or tumor related) markers, but also 
function, and donogenicity and drug susceptibility. Proliferation and differ­
entiation to a more mature state is not sufficient to identify astern cell, the 
test ofwhich is self-replication simultaneous with the spawning of different­
iate functional progeny. (By analogy it has been noted that there are in fact 
two cells maintaining immunologie memory, both will respond rapidly to 
recall antigens but while most will form effect cells at the expense of their 
own survival. one dass will in addition self-replicate, thus renewing mem­
ory.) It is the latter dass of cell that is obviously most significant in long term 
propagation of any tissue or function, and it is this type of cell toward which 
the major search must be directed, and with which assays such as those de­
scribed by Preisler and Rustum (1978), Greaves (1978) and others can be at­
tempted with assurance ofbenefit. At the same time, alternate assessment of 
their involvement in a malignancy can be accomplished by detailed cyto­
genetic analyses, such as those described by Rowley (1978), idiotypic directed 
anti sera (Broder et al., 1975; Fu et al., 1978), or enzyme allotype studies such 
as those reviewed by Fialkow (1978). Such studies will, doubtless, continue to 
amaze us with their demonstration of the ontogenetic scope of normal and 
malignant tissues which appear otherwise homogenous. 

Despite its early promise and despite demonstrations of histological and 
therapeutic activity, immunotherapy has to date not been noted to increase 
the prob ability of long-term survival and eure (Hersh, 1978). However, the 
preliminary studies reported at this conference by Bekesi (Bekesi, 1978; 
Silver. 1977) suggest tha t inocula tion of enzyme-trea ted human leukemic 
cells may be efficacious, perhaps through the mediation of a leukemia asso­
ciated or specific immune reaction. Both this premise, and the clinical utility 
ofneuraminidase treated cell immunization, remain to be proved, but results 
to date are impressive, not only in the observed differences between the sur­
vivorship of control versus chemotherapy plus neuraminidase-treated-cell 



166 Henderson, E. S. 

inoculation groups, but also in the shape of the curves which indicate for the 
latter group that the risk of relapse is diminishing with time. Such surviva1 
curves are in contrast to those observed following BCG or MER treatments 
(Mathe's series remaining a notab1e exception) and encourage the hope that 
this form of treatm·ent will effect eures. 

The role ofbone marrow transplantation in relapsed patients is now obvi­
ous. There is no approach in advanced refractory leukemia wh ich can dupli­
cate that which has been demonstrated by the major transplantation groups 
in terms ofresponse and surviva1 (Gale, 1978; Storb, 1977). 1t would appear 
that the worth of engraftment lies in its permission of supralethai drug and/ 
or irradiation dosages, rather than in any immunological effect (e.g., the graft 
versus leukemia effects postulated by Boranek, 1968) since identical-twin or 
autologous stern cell grafting coupled to intense cytolytic regimens appear to 
afford results comparable to allogeneic transplantation (Grace and Gale, 
1977; Bruckner et al., 1977; Fefer et al., 1977). This is ofmajor imporance in 
providing a rationale for transplantation of stored autologous marrow, freed 
by sorting either of leukemic cells on the one hand, or allogeneic immuno­
cytes responsible for both graft-versus-host and graft-versus-leukemic reac­
tions on the other. Stern ceB replacement could thus become available to aB 
patients, rather than remaining restricted to a small minority of individuals 
with leukemia. 

Finally, as always, the therapist looks forward to the development and 
discovery of newagents especially those with tumor specificity. Science is 
providing knowledge of receptors, media tors, and the like which control 
devision and differentiation, and are thus choice targets for chemical attack. 
One such example of a new semisynthetic agent is metholated po1ycytidylic 
acid, one of aseries of "antitemplates" synthesized by Bardos and Ho (Ho 
and Bardos, 1977) in Buffalo, and shown by Chandra et al. (1978) to potently 
inhibit mammalian DNA po1ymerases, including reverse transcriptase ex­
tracted from human tissue. Preliminary trials in chi1dren with recurrent ALL 
have demonstrated the activity of this compound in a clinical setting (Korn­
huber, 1978). The possible utility ofthis class ofagent will be under investiga­
tion during the coming months, along with trials ofnew anthracyclines, vinca 
alkaloids, and antimetabolites all selected on the basis of reduced major 
organ toxicity and, thus, greater specificity than their c1inicaBy utilized con­
geners. Also to be tested are naturally synthesized compounds (or activities) 
such as immune RNAs and interferons. The possibility ofusing natural met­
abolic intermediates, induced in the patients own cells by certain inciting 
principles, e.g., the 2'5' A oligonucleotides described in these meetings by 
Kern (1978), is a particular1y attractive approach combining as it does the 
potential advantages oftumor and host specificity. 

The investigations of the past 3 years, and the spirit of current investiga­
tions as manifested in these recent Wilsede meetings, augers weIl for rapid 
advances in the direction of truly specific and safe treatments for acute 1eu­
kemia and aBied diseases within the ne ar future. They also emphasize the 
importance of studying human patients directly, rather than by analogy, at­
testing that "The proper study ofman is man". 
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I.Introduction 

In vitro culture studies have revealed complex hemopoietic cell interactiorrs 
involving local and systemic signals controlling cell proliferation and differ­
entiation. Phenotypic characterization ofmyeloid leukemia utilizing in vitro 
culture methodologies suggests that subtile regulatory imbalance may playa 
major role in clon al dominance of transformed pluripotential stern cells or 
committed granulopoietic progenitor cells. The em erging complexity of 
potential bioregulatory networks in both normal and neoplastic hemopoiesis 
has almost exclusively been demonstrated in vitro, however the concept of 
"dependence" as applied to retention of regulatory responsiveness by neo­
plastic myelopoietic cells is ofsufficient practical and theoretical importance 
to justify detailed consideration of hemopoietic regulators in the context of 
human leukemia. 

2. Regulatory Networks in Normal and Leukemic Myelopoiesis 

I. Control o(the granulocvte-macrophage progenitor cell (CFU-c) 

Myeloid leukemic cells can be cloned in semi-solid culture medium, in sus­
pension cultures or in diffusion chambers implanted into mice. Confirrnation 
of the leukemic origin ofthe cells derives from morphology, karyotypic anal­
ysis. biophysical characteristics and in vitro clonal growth patterns. As has 
been extensively documented, normal granulocyte macrophage progenitor 
cells (CFU-c) exhibit an absolute dependence upon provision ofan appropri­
ate source of colony stimulating factor (CSF). Since a major source of CSF 
resides within the hemopoietic system itself, either from mitogen stimulated 
lymphocytes or monocytes and macrophages, any consideration ofleukemic 
cell responsiveness to CSF must also include recognition that CSF may itself 
be a product ofleukemic cells. Cells from patients with leukemia can be clon­
ed without addition of exogenous CSF. However, growth is not autonomous 
and cell separation procedures have demonstrated the presence of endogen­
ous CSF producing cells which could be separated from leukemic colony 
forming cells [1]. Early studies suggested that CFU-c from patients with 
myeloid leukemia are heterogeneous in their responsiveness to exogenous 

* Supported by Contract NO l-CP-7 -1053 with the Biological Carcinogenesis Branch of NCL 
ACS grant CH-3. NCI grant 19052 and the Gar Reichman Foundation. 
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CSF with acute myeloid leukemic cells generally more responsive than re­
mission or normal CFU-c and chronic myeloid leukemic cells exhibiting de­
creased sensitivity to stimulation [2]. The question of alte red responsiveness 
of leukemic cells to stimulating factors is, however, complicated by interac­
tions between inhibitory and stimulatory cell populations within leukemic 
bone marrow and the known functional heterogeneity of CFU-c subpopula­
tions and differing species of CSF. 

Recognition that normal and neoplastic monocytes and macrophages can 
produce CSF and that this factor is an absolute requirement for proliferation 
and differentiation ofnormal or neoplastic granulocyte-macrophage progen­
itor cells introduces the problem ofmechanisms designed to counterbalance 
this positive feedback drive. Limitation ofCSF-dependent myelopoiesis may 

,theoretically be mediated by activities inhibiting CSF production by mono­
nuc1ear phagocytes, by direct inactivation of the CSF molecule or by altera­
tion in the responsiveness ofthe CFU-c. Evidence for the latter was provided 
by the observation that the E series prostaglandins (PGE1, PGE2) profound­
ly inhibited normal and leukemic CFU-c proliferation in vitro [3]. This in­
hibition was prevented by preincubation of bone marrow with the dibenzo­
xapine hydrazide prostagiandin antagonist SC-19220 providing evidence for 
a PG receptor on the CFU-c. PGE media ted inhibition was also partially 
counteracted by increasing the concentration of CSF in the culture system 
suggesting a dualistic modulation of CFU-c proliferation [3]. The central 
regulatory role of macrophages in myelopoiesis was further indicated by 
studies which showed that blood monocytes and tissue macrophages were a 
major biosynthetic source of prostagiandin E as detected by radioimmuno­
assay [4] and that this synthesis correlated with the production of a diffusible, 
dialyzible, non species specific inhibitor of CFU-c proliferation [5]. The ap­
parently paradoxical observation that macrophages produced two activities 
with mutually antagonistic roles at the CFU-c level can be resolved by three 
observa tions. 

1. While macrophage activation by agents such as endotoxin or zymosan 
leads to increased synthesis of CSF and PGE, the former occurs as an acute 
response peaking within 1-3 hours whereas the latter increase is delayed for 
18-24 hours [6]. 

2. The temporal dissociation between peak induction of CSF and PGE 
synthesis suggested that PGE biosynthesis may be dependent upon the ear­
lier increase in CSF. This possibility was confirmed by the observation that 
exposure of macrophages to increasing concentrations of a pure source of 
CSF led to a subsequent dose dependent increase in PGE synthesis and that 
this response was also seen with macrophages from endotoxin resistant C3H/ 
Hel mice [5,6]. 

3. By employing sedimentation velocity separation of normal peritoneal 
cells. it was shown that the cells which produced CSF and synthesized PGE 
resided within the cell population which was adherent, a-naphthyl esterase 
positive and phagocytosed latex beads. A subpopulation of these macrophages 
constitutively produced CSF but little or no PGE ("Helper" macrophages) 
and were clearly separable from a population of larger macrophages which 
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constitutively produced PGE and little CSF ("Suppressor" macrophages) [6]. 
Of particular significance was the observation that the CSF producing -
"helper" macrophage population could be induced to extensive PGE pro­
duction following exposure to endotoxin or an exogenous source ofCSF [6]. 

The relevance of these observations to leukemogenesis resides in the fact 
that macrophages can function in a helper or suppressor mode to influence 
myeloid leukemic cell proliferation. Suppression of leukemic cell prolifera­
tion by activated macrophages may, for example, be relevant to non-specific 
host defense against neoplasia. Relatively low numbers (1-2 X I05/ml) of 
activated mouse peritoneal macrophages are capable of producing a revers­
ible cytostatic block on a variety of human and murine lymphoid and myel­
oid leukemic cell lines [7]. This cytostasis was detected by inhibition of leu­
kemic cell growth, 3HTdR incorporation, cloning efficiency and by cyto­
fluorometric analysis. In all cases, cell contact was not required and the dif­
fusible macrophage derived inhibitory activity was prostagiandin E. 

While it is often thought that leukemic transformation involves an irrevers­
ible maturation block with loss of differentiation function, it is becoming in­
creasingly clear that leukemic cells can, under appropriate conditions, be 
induced to express various differentiated functions. One example of this is 
retention by neoplastic myelomonocytic, monocytic and macrophage cell 
lines ofthe capacity to constitutively or inducibly synthesize and secrete CSF 
and prostagiandin E. As can be seen in Table I, three ofthe five murine cell 
lines, the myelomonocytic leukemia WEHI-3, the spontaneous macrophage 
tumors SK2-2 and PU5.18 and the human adherent celliine SPGcT, con­
stitutively elaborated both CSF and PGE, and like normal macrophages, the 
augmentation of CSF production following short term incubation with lipo­
polysaccharide (LPS) was linked to stimulation ofPGE synthesis. In contrast 
to most normal macrophages, the RA W-264 Abelson virus induced macro­
phage tumor and the Balb/c macrophage ceIlline J774 did not constitutively 
produce either CSF or PGE; however, induction of synthesis of both activi­
ties followed treatment with LPS. Furthermore, the addition of a source of 
CSF induced both RA W-264 and 1774 to synthesize PGE at levels very 
similar to those induced by LPS alone. CSF and PGE synthesis by RA W-264 
could also be induced by agents other than LPS, such as zymosan, purified 
protein derivative (PPD) and Poly I-Poly C which also stimulate CSF and 
PGE production by normal peritoneal macrophages [6]. In this context, treat­
ment ofthe neoplastic macrophage celliines with hydrocortisone blocked the 
induction of CSF and PGE synthesis as weIl as induction of such functional 
properties as latex phagocytosis, antibody-dependent phagocytosis of sheep 
RBC and antibody-dependent lysis oftumor targets; however, hydrocortisone 
had no effect if these were constitutive properties of the neoplastic cells [8]. 

1I. Granulocvte media ted inhibition o( mvelopoiesis 

The concept of granulocyte mediated negative feedback regulation ofmyelo­
poiesis has received some experimental support, however this remains a 
contentious area due to difficulties in demonstrating in vivo correlates of in 
vitro phenoma. The end stage mature granulocyte, the polymorphonuclear 
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Table 1. Production of colony stimulating factor (CSF) and prostagiandin E (PGE) by murine 
and human monocyte-macrophage celliines 

Celliine CSP PGEb 

Mouse Control + LPS Control + LPS + CSF 

WEHI-3 84 ± 4 161 ± 18 173 ± 91 1040 ± 85 863 ± 35 
SK2.2 16 ± 3 91 ± 9 296 ± 13 3462 ± 149 nd 
PU5.18 12±2 94 ± 12 283 ± 37 2385 ± 312 nd 
RAW264 0 111± 1 0 305 ± 25 gceoe± 25 
1774 0 128 ± 10 0 1033 ± 61 1670 ± 88 

Human 

SPGcT 100 ± 3 nd 3129 ± 150 nd nd 
U937 0 0 0 0 nd 

a Coloniesl7.5 X 104 marrow cells/O.l ml of24 hr. conditioned medium 
b Picograms ofPGE determined by radioimmunoassay 

neutrophil (PMN), has been reported to produce chalone-like activities which 
can suppress 3HTdR uptake in proliferating myeloid cells [9] or can alter the 
structuredness ofthe cytoplasmic matrix ofsuch cells [10]. More recently, we 
have shown that PMN and their products indirectly inhibit CFU-c in vitro by 
decreasing the production and release of CSF by monocytes and macro­
phages [11]. The basis ofthe assay for this type ofinhibitory activity involves 
density separation of bone marrow or blood leukocytes in order to obtain 
populations of cells enriched for CFU-c and CSF producing cells but deplet­
ed ofmature granulocytes. When cultured in agar, endogenous production of 
CSF results in "spontaneous" colony formation independent of an exogen­
ous source of CSF. Addition of mature granulocytes, granulocyte extracts or 
granulocyte conditioned medium to such cultures reproducibly suppresses 
spontaneous colony formation by an inhibitory action on CSF production by 
monocytes and macrophages [11]. Investigations of this PMN inhibitory 
activity in patients with myeloid leukemia and myeloproliferative disorders 
have demonstrated a marked quantitative defect [12,13]. Interestingly, this 
defect persisted in many patients satisfying standard criteria for complete 
remission and could not be correlated with chemotherapy [12]. In a study of 
PMN mediated inhibition ofin vitro myelopoiesis in 58 patients with chronic 
myeloid leukemia at all stages of the disease, a double defect in negative 
feedback regulation was observed [13]. PMN from the patients were 
quantitatively deficient in inhibiting normal or leukemic colony formation 
but. in addition, monocytes or macrophages from leukemic patients were less 
sensitive than normal cells to inhibition by activity derived from normal 
PMN. Again this decreased responsiveness was a quantitative rather than a 
qualitative difference and CSF production by leukemic monocytes and 
macrophages of human and murine origin can be effectively suppressed by 
high concentrations of granulocyte inhibitor [13, 14]. 

The inhibitory activity in serum free human granulocyte lysates is labile 
and rapidly inactivated at 37°C due to protease activity [15]. Partial purifica­
ti on of the inhibitor was obtained by ultracentrifugation, DEAE-sephadex 
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ehromatography, SDS polyaerylamide gel eleetrophoresis and isoe1ectric 
focusing. Using this purification procedure, a 1 X 106 fold purifieation was 
obtained and the inhibitor was identified as a glycoprotein with a molecular 
weight of 80000-100000 and isoelectrie foeus points of pR 6.0-6.5. This in­
hibitory factor was therefore similar in many respeets to lactoferrin, the iron 
binding protein first isolated from milk and also present in epithelial secre­
tions and mature granuloeytes [16]. Purified laetoferrin from human milk 
was tested in the spontaneous eolony assay system against normal human 
marrow and in the native form (8% iron saturated) was inhibitory at 10-15 M, 
indeed the fully iron saturated form inhibited at 10-17 M whereas the apo­
form (depleted ofiron) was only active at coneentrations > 10-7 M [17]. Serum 
transferrin. a bioehemically similar iron-binding protein whieh is anti­
genieally distinet from lactoferrin, was only minimally inhibitory at con­
centrations > 10~ M.Separationofthegranulocyteinhibitoryfactorandlacto­
ferrin by isoelectric focusing confirmed that the regions of inhibitory activity 
eorresponded in both to a pH of6.5. In addition, the purified immunoglobulin 
fraction of rabbit anti-human lactoferrin antiserum, but not anti-transferrih, 
inactivated the capacity ofboth lactoferrin and granulocyte inhibitor to block 
CSF produetion [17]. It has been postulated that mature granulocytes limit 
CSF produetion by eliminating bacteria [18], however, mature granuloeytes 
in the presence ofbacterial products and in response to phagocytic challenge 
release large quantities of their intraeellular eontents oflactoferrin and sup­
pression of CSF production under these circumstances is probably mediated 
via laetoferrin. The observed quantitative deficiency of lactoferrin in the 
mature granuloeytes of patients with aeute and ehronie myeloid leukemia 
and myeloproliferative disorders [19] further substantiates our eontention 
that this iron binding protein is involved in a primary regulatory dysfunction 
associated with neoplastie myelopoiesis. 

111. The role of stimulatorv or inhibitorv activities unique to the leukemic state 

The theoretieal possibility exists that the growth advantage of the leukemie 
clone is due to se1ective proliferation ofleukemic cells in response to a macro­
moleeule which is not growth stiinulating to normal myelopoietic cells; alter­
natively, leukemie cells may produee an inhibitory aetivity speeifically sup­
pressive to normal but not leukemic hemopoiesis. Precedents for both pos­
sibilities have been reported. Conditioned medium from human embryo cell 
cultures (WHE-1 CM) appeared to be specific for leukemic myeloid cells 
since it stimulated continuous growth and differentiation in suspension 
culture of human acute and chronic myeloid leukemic cells but had no in­
fluenee on bone marrow or blood cells from normal donors either in suspen­
sion eulture or in semi-solid media [20]. 

Evidenee for a leukemia specific inhibitory activity (LIA) has been 
provid€d by Broxmeyer et al. [21,22]. Extracts and/or conditioned medium 
of bone marrow or blood ceHs from 76 of85 patients with acute leukemia of a 
variety of morphological types inhibited colony formation of normal CFU-c 
by 28 to 90%. The activity was not related to treatment since untreated as weH 
as treated patients possessed cells with inhibitory aetivity. Extracts from cells 
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of 41 of47 patients with CML and 6 of6 patients with chronic lymphoid leu­
kemia were also inhibitory to normal CFU-c and titration ofinhibitory activ­
ity suggested that extracts obtained from patients with chronic leukemia had 
lower levels ofinhibitor than observed in acute leukemia [21,22]. The finding 
that the varied leukemic states contain the same type of inhibitory activity 
suggests that there may be a common link between the diseases which mani­
fest as abnormalities in different hemopoietic celliines and which are associ­
ated with profound suppression of normal myelopoiesis. Maximum inhibi­
tory activity was present in medium conditioned by leukemic cells after three 
days, exceeding the inhibitory activity obtained by direct extraction and in­
dicating active synthesis ofthe inhibitor [21,22]. The specificity ofthe inhibi­
tory activity resided in its capacity to inhibit normal CFU-c but not leukemic 
CFU-c from patients with acute and chronic myeloid leukemia. The inhibi­
tion of normal CFU-c was cell cycle specific since pulse exposure of normal 
marrow to high specific activity 3HTdR, washing and then pulsing with leu­
kemic cell extract resulted in no greater inhibition than after 3HTdR alone. 

The cell type in the bone marrow and blood ofpatients with leukemia which 
produces the inhibitory activity has been characterized as belonging to a 
minority population of non-adherent, non-phagocyticcells of low density 
« l.070 gm/cm3), slowly sedimenting (2-6 mm/hr) and present in the sheep 
RBC rosetting population which is E-, EAC-, Ig-, EA + and Ia- as determined 
by complement cytotoxicity with rabbit anti-human Ia-like antibody [12,23]. 
This cell population can be distinguished from the vast majority of the leu­
kemic CFU-c and the blast cell population of the marrow. It therefore re­
mains unclear as to whether leukemic inhibitory activity is a direct product of 
a subpopulation ofleukemic cells or an abnormal reactivity ofnon-Ieukemic 
cells imposed by the leukemic state. 

3. Neoplastic Transformation of the Pluripotential Stern Cell 

Short term in vitro clonal assay systems have proved invaluable in providing 
information on the characteristics of both normal and leukemic progenitor 
cells restricted to the various hemopoietic celliineages. Such in vitro systems 
have the disadvantage of not supporting pluripotential stern cell mainten­
ance and consequently can provide little information on the processes involv­
ed in the differentiation of the pluripotential stern cell into the committed 
compartments. Furthermore it is now very clear that in a variety of human 
neoplastic hemopoietic diseases such as chronic myeloid leukemia, many 
varieties of acute myeloid leukemia, certain preleukemic states, polycythemia 
vera and primary myelofibrosis, the transformed target cell is the pluripoten­
tiaI stern cell. Recent developments in tissue culture methodology now per­
mit extensive proliferation of mouse pluripotential stern cells (CFU-s) for 
many months in a bone marrow suspension culture system [24,25]. The key 
to successful stern cell replication in vitro appears to be the requirement for 
establishing an adherent layer of bone marrow cells containing a variety of 
cell types representative ofbone marrow stromal elements [26]. This continu-
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ous bone marrow culture system provides a unique model for defining the 
process of leukemic transformation from the outset, particularly as it may 
involve phenotypic changes in pluripotential stern cells. Dexter et al. [27] 
have reported that infection of continuous marrow cultures with an NB-tropic 
pool of Friend leukemia complex virus resulted in chronic production of 
spleen focus forming virus (SFFV) with in vivo erythroleukemia inducing 
capacity. However, no evidence ofin vitro erythroleukemia was obtained but 
sustained proliferation of CFU-s was observed in virus infected cultures and 
after 9-10 weeks these stern cells were atypical forming granulocytic colonies 
of all stages of maturation in the spleen. Using a c10ned stock of NB-tropic 
Friend strain ofhelper C type virus free ofSFFV (F-MuLV), we have observ­
ed that many ofthe phenotypic changes first reported by Dexter et al. [27] us­
ing the Friend complex were produced by the F-MuLV helper virus alone 
[28.29]. These changes were first evident after 10 weeks of marrow culture 
and were not simply attributable to virus replication since high titers ofF-MuLV 
were produced continuously throughout the culture period. The changes 
involved prolonged replication of CFU-s and CFU-c with greatly increased 
cloning efficiency ofthe latter with in vitro maturation defects observed both 
in the colonies and cultured marrow cell population. 

The evidence for transformation of pluripotential stern cells is based on 
the detection of replicating CFU-s in 25% of transformed agar colonies and 
in cell lines derived from such colonies maintained in simple suspension cul­
ture for many weeks. Unlike the observation of Dexter et al. [27], the spleen 
colony morphology appeared normal and lethally irradiated mice reconsti­
tuted by F-MuLV transformed bone marrow remained alive and weIl for 
many months [28.29]. Mortality from leukemia in such reconstituted mice 
was only evident after 5-6 months. It is highly probable that CFU-c were also 
target cells for F-MuLV transformation since many transformed agar colo­
nies did not contain CFU-s but continuously replicated new CFU-c. Since 
CFU-c self renewal was not seen in control colonies, one phenotypic sign of 
CFU-c transformation may be acquisition of extensive self renewal capacity 
on the part of a cell population normally dependent on differentiation from a 
pluripotent stern cell compartment. 

Phenotypic changes were also observed in cultures infected with, and rep­
licating. SFFV in the presence of F-MuLY. These were less obvious than in 
the F-MuLV infected cultures suggesting the possibility that SFFV may be 
interfering with stern cell transformation due exc1usively to the F-MuLV 
"helper" virus. 

In contrast to the influence of F-MuLV, marrow cultures infected with 
pseudotypes of Kirsten sarcoma virus with Rauscher virus showed a rapid 
loss of stern cell and progenitor cell production associated with transforma­
tion of the macrophage component of the adherent marrow microenviron­
ment [29]. While it is possible that a wider spectrum ofpotential hemopoietic 
target cells may exist for K-MSV and that the Rauscher helper virus may 
transform stern cells in a manner analogous 10 F-MuLV, the rapid transforma­
tion ofthe adherent layer precludes the persistence ofstern cells and progeni­
tor cells wh ich might otherwise have undergone transformation. 
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The role ofC type viruses in the development ofhuman leukemia remains 
an intriguing but as yet unresolved issue. The isolation of a type-C virus 
(HL-23V) from human acute myelogenous leukemia cells after sustained ex­
ponential leukocyte growth in vitro [20] has further drawn attention to the 
need for an in vitro hemopoietic system to investigate the transfor~ation 
potential of such virus isolates. We have developed two systems which may 
prove useful in this regard [29]. The sustained replication of human CFU-c 
and production of myeloid cells for some weeks in continuous human bone 
marrow culture strongly suggests that pluripotential stern cell replication is 
being supported. The system, however, remains less than optimal when com­
pared with the duration of stern cell production in the murine system. Two 
obvious differences between the species have become apparent from a com­
parison of the cultured bone marrow. Firstly, the adherent layer established 
with the primary inoculum of human marrow is deficient in the foci of giant 
fat-containing cells so characteristic of the murine system [26]. Fat-contain­
ing cells do. however. develop within focal areas of adherent marrow cells but 
unlike the mouse. these latter progressively become spherical and detach 
[29]. A second difference is that while CSF production in the mouse marrow 
culture is undetectable. high levels ofCSF are produced in long term human 
marrow culture. The accumulation of CSF may compromise the continuous 
replication ofstem cells by favoring conversion ofthe cuIture to a predomin­
antly macrophage morphology. Attempts to sustain human stern cell repli­
cation on murine bone marrow adherent layers proved unsuccessful presum­
ably due to species restrictions on cell interactions and the known species 
specificity of various regulatory macromolecules such as CSF. As part of a 
phylogenetic analysis. we have been able to establish that the Tupaia, one of 
the most primitive living prosimians, was hematologically very similar to 
man but established an adherent marrow environment similar to that seen in 
the mouse [29]. The extensive accumulation of fat-containing foci and ab­
sence of endogenous CSF production indicated that Tupaia adherent mar­
row could provide a suitable microenvironment for human stern cell replica­
tion. This possibility remains to be established since all attempts to coculture 
human marrow on Tupaia adherent layers have been thwarted by the contin­
uous replication at high levels ofTupaia CFU-c as confirmed by colony cyto­
genetic analysis. A single inoculum of Tupaia marrow appears to be suffic­
ient to sustain continuous replication of CFU-c and differentiating granulo­
cytic cell production far in excess of six months [29]. This production is in­
dependent of a second feeding with either fresh Tupaia or human bone mar­
row and indicates that this in vitro prosimian marrow culture system exceeds 
even that of the mouse in sustaining prolonged stern cell replication. The 
development of marrow culture systems in species other than the mouse 
should provide further insight into the control ofstem cell replication and the 
role of these cells as potential targets for viral transformation. 
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Introduction 

The effects ofhuman leukemic blasts on normal in vitro granulocyte-macro­
phage colony-forming cells (CFU-C) [2,19] have been studied with conflict­
ing results [4,5,8,9,11, 13, 18,25]. In some studies inhibition ofnormal human 
CFU-C by leukemic blasts was seen [4,5,13, 18J while other studies failed to 
show inhibition [8,9,25]. These discordant results may, in part, result from 
histocompatibility differences as suggested by BuH et al. [4]. 

We have utilized a syngeneic murine model, the C 1498 acute myeloid 
leukemia of C57B 1/6J mice [6,7] to further study the effects of leukemic 
blasts on normal hemopoietic stern cells. In these studies we have employed 
coculture of leukemic blasts both in-vitro [2,19] and in-vivo diffusion chamber 
(DC) cultures [1,22]. In preliminary studies we have also evaluated interac­
tions ofhuman leukemic blasts with normal human CFU-C. 

Methods 

Female CFl mice were used as host mice for diffusion chamber (DC) cul­
tures and fern ale C57BL/6J mice were used as sources for normal marrow 
cells and as tumor bearers for the C 1498 acute myeloid leukemia. 

Stern Ce!! Assavs 

Murine granulocyte-macrophage progenitor cells (CFU-C) were assayed by 
a modification ofa double layer soft agar technique [3,21] utilizing sera from 
endotoxin injected mice [20] or murine lung conditioned media [23] as sources 
of colony stimulating activity (CSA). Pluripotent stern cells (CFU-S) were 
assayed according to the method ofTill and McCulloch [12,27] except that 
assay mice received 950 R from a cesium 137 source (118 R per minute). 
C57BL/6J cells were assayed in irradiated C57BL/6J mice. Burst-forming 
unit erythroid (BFU-E) and colony forming unit erythroid (CFU-E) stern 
cells were assayed by a plasma dot technique as previously described [28]. 
Human CFU-C were cultured by the method of Robinson and Pike [26]. 

* Preliminary reports of some of the observations in this paper appeared in abstract form in 
Blood 44,952 (1974) and Exp. Hemat. 4, 84 (1976) (supp!.) 
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In Vivo Diffusion Chamber 

Normal C57BL/6J marrow, C1498 cells or mixtures ofthe two were grown 
in diffusion chambers [1,22] implanted into unirradiated or irradiated (950 to 
1000 R) CFl host mice and differentiated and stern cell recovery assessed 
after 2-14 days. Normal marrow cells were implanted at 0,25-0,50 X 106 cells 
per diffusion chamber and C1498 cells at the same levels; normal marrow­
C 1498 mixtures consisted of 0,05 X 106 C 1498 cells plus 0,45 -0,50 X 106 mar­
row or 0.125-0,25 X 106 Cl498 cells plus 0,25 X 106 marrow cells. The effect 
of diffusible factors from C 1498 cells was assessed by growing the leukemic 
cells adjacent to normal marrow cells, but separated from them by a cell im­
permeable 022 micron millipore filter in double diffusion chambers. In each 
experiment normal marrow was implanted into one of the chambers of the 
double diffusion chamber and the opposite chamber was implanted with 
either normal marrow or C 1498 leukemic cells at the same concentration or 
with a higher concentration of normal cells; the recovery of differentiated 
and stern cells from the chambers with normal marrow grown adjacent to 
these groups was then assessed. The test chambers were implanted with 
025-0,5 X 106 normal marrow cells while the adjacent chambers were im­
planted with either 0,25-0,5 X 106 normal marrow, 0,25-0,5 X 106 Cl498 
cells (C 1498) or 2,5 X 106 normal marrow cells. Cocultures ofhuman 1eukem­
ic blasts (previously cryopreserved at -196°C in 10% DMSO) with normal 
marrow from HLA-MLC compatible siblings were carried out in a similar 
manner. 

Cell Separation Experiments 

C 1498 cells were separated by unit gravity velocity sedimentation by the 
method of Miller and Phillips [16]. Cells were pooled and different pools 
assessed for their effect on normal marrow growth when mixed directly with 
normal marrow cells in diffusion chambers. 

Probability figures were calculated using Student's T Test. 

Results 

Tbe C1498 cells were unresponsive to CSA in in-vitro soft agar culture. In 
repeated experiments neither cluster (3-50 cells) nor colony formation was 
noted after 8-10 days growth. Mixing of from 0,25 to 0,5 X 105 normal mar­
row cells with varying concentrations of leukemic cells in in-vitro agar cul­
tures inhibited CFU-C growth (Fig. 1). Similarly direct mixtures of normal 
marrow and C 1498 blasts in DC cultures inhibited CFU-C recovery (Fig. 2) 
but normal differentiated cell recovery was only inhibited with high er input 
concentrations (33-50%) of C1498 cells (61 ± 9% of control over 5-12 days 
of culture, p <0,01). Tbis inhibition correlated in general with total C1498 
cell recovery from DC (Fig. 3). 
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Fig.1. The efTect ofCI498 cells on normal C57BLl6J marrow CFU-C in in-vitro soft agar cul­
tUrt'!S. Varying numbers ofCI498 cells were added to cultures offrom 0.25-0.50 X IQ5 normal 
marrow cells and CFU-C growth compared to cultures without added leukemic cells. C 1498 
cells were either mixed directly with normal marrow cells in the overlayer (OL) or with the 
source ofCSF in the underlayer (UL) ofthe double layer agar cultures. The results are expressed 
as a per cent of control ± one standard error of the mean (SEM). The numbers in parenthesis 
represent the number of separate experiments for each concentration of C 1498 cells. These data 
are derived from a total of 11 separate experiments. (Reprinted from Quesenberry et al. by per­
mission from N. Engl. 1. Med .. 24.) 

Similar diffusion chamber mixing experiments were carried out with sub­
populations of C 1498 cells separated by unit gravity velocity sedimentation 
and the degree ofinhibition compared to that seen with unseparated leukem­
ic cells (Table 1). Inhibition was most marked with the larger more rapidly 
growing C 1498 cells (pools 1-2) as compared either to unseparated or sm aller 
C 1498 cells (pools 3-4) mixed at the same per cent with normal marrow. 
There was a general but not exact correlation ofCFU-C inhibition with total 
numbers ofC1498 cells derived from the various pools (Fig. 4). 

Transmembrane Experiments 

The effect of either C1498 cells or normal marrow cells cultured transmem­
brane from normal C57BL/6J marrow cells on CFU-C and CFU-S recovery 
after varying periods of double diffusion chamber growth is presented in 
Fig.5. 

The CFU-S, and to a lesser extent the CFU-C, were inhibited when nor­
mal marrow cells were cultured adjacent to C1498 cells. The mean recovery 
ofCFU-S grown across from C1498 cells in diffusion chambers for 5-14 days 
was 45 ± 7% ofcontrol (p <0,002) and that ofCFU-C was 72 ± 7% ofcontrol 
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Fig.2. The efTect ofCl498 cells mixed with C57BLl6J cells on CFU~C recovery from OC cul­
tures. The number ofCFU-C recovered from OC with 10-50% Cl498 cells mixed with normal 
marrow cells at varying times after surgical implantation expressed as a per cent ofcontrol ± one 
SEM. The number of cells plated for the in vitro assay of CFU-C va ried from experiment to 
experiment: in 13 of 15 experiments the numbers of C 1498 cells plated were not sufficient to 
account for the observed degree ofinhibition. In 7 of 15 experiments the number ofC 1498 cells 
plated in-vitro was below 118947. a number unlikely to give significant in-vitro inhibition (see 
Fig. 1). These data are from 15 separate experiments (4 separate surgical implantations): the 
data at day 5 are the mean of 2 separate experiments for each concentration of C 1498 cells. A 
total of 195 OC were utilized in these experiments 
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Fig.3. Blast recovery per chamber from 
chambers with 10% (solid line) or 50% 
(dashed line) C1498 cells mixed with nor­
mal marrow. These studies utilized irradi­
ated CF1 hosts and are from the same ex~ 
periments presented in panel 1 (Fig.2). 
The data are presented as number of 
C 1498 cells per chamber ± 1 SEM. (Re­
printed from Quesenberry et al. by permis­
sion from N. Engl. J. Med .. 24) 

(p <0,02). Stern cell recovery was not effected by a 10 fold higher input of 
normal marrow in the opposite chamber. 

In general, chambers implanted with C1498 cells or high concentration 
normal marrow had equivalent cell yields. Chambers implanted with 0,25 X 
106 C1498 cells yielded 1,0, 1,8,3,0 and 5,0 million cells on days 5,7,8 and 14, 
respectively, while chambers im plan ted with 2,5 X 106 normal marrow cells 
yielded 2,3,3,4 and 1,3 million cells on days, 7,8 and 14 ofgrowth, respective­
ly. There was no demonstrable inhibitory effect of C 1498 cells on total cell 
yield from adjacent chambers implanted with 0,25 X 106 normal marrow 
(mean 104 ± 19% ofcontrol, 5-14 days growth) but there was a suggestion of 
augmented recovery of cells from normal marrow grown opposite high con­
centration marrow (mean 154 ± 28% ofcontrol, 7-14 days ofgrowth). There 
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Table 1. The effect of C 1498 cells separated by velocity sedimentation on normal marrow CFU-C 
recovery from diffusion chamber mixtures (per cent of contro/) 

Days 
diffusion 
chamber 

Exp. growth 

2 

5 
7 

5 
7 

% Unseparated 
C 1498 cells 

3% 

133 ± 6 
79 ± 7 

71 ± 2 
51 ± 7 

% Separated C 1498 cells 

3% 

Pools I 2 3 

89 ± 3 122 ± 7 186 ± 3 
69 ± 2 70 ± 5 94 ± 6 

5% 

39 ± 2 50 ± 7 60 ± 4 
10 ± I 22 ± I 68 ± 1 

4 

178 ± 8 

65 ± 1 
129 ± 3 

The results are expressed as a per cent ofcontrol ± 1 SEM. A total of 160 and 144 diffusion cham­
bers were evaluated in exp. 1 and 2. respectively. The mean number of control CFU-C im plant­
ed into 0,45 X 106 diffusion chambers in these 2 experiments was 1324. while the mean number 
recovered on days 5 and 7 of diffusion chamber growth was 1044 and 1665. respectively. the 
range ofsedimentation velocities in exp. land 2 for pools L 2. 3 and 4 were 10.1-6.9.6.9-4.7. 
4,5-2.8 and 2.7-0.73 mm/hr. respectively 

4 
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<0 
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Fig.4. The number of C 1498 blasts per diffusion chamber from unseparated and separated 
C 1498 ceH-normal marrow mixtures after 5 to 7 days of diffusion chamber cultures. These 
results are from the same experiments presented in Table 1. (Reprinted from Quesenberry et al. 
by permission from N. Eng!. J. Med .. 24) 

was also no significant shift in differentiation when normal marrow was 
grown adjacent to the various groups. The over-all (5-14 days) mean percent­
age of granulocytes in the normal marrow groups ranged from 63,6 to 66,1 
and that ofmacrophages from 32,6 to 35,2. 
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Fig.5. Transmembrane effects of Cl498 cells or high concentrations of C57BLl6J cells on 
CFU-S and CFU-C recovery in double diffusion chamber cultures. C57BLl6J marrow cells im­
planted at a concentration ofO,25 x lOS cells per chamber (test chamber) were grown adjacent 
to Cl498 cells implanted at the same cellievel or C57BLl6J marrow implanted at 0,25 x lOS or 
2,5 X lOS cells per diffusion chamber and the recovery of CFU-C and CFU-S assessed from the 
test chambers at varying tim es after implantation. These data are from 5 separate experiments 
for Cl498 and 4 for 2,5 X 106 NL marrow cell studies (5 and 4 separate surgical implantations. 
respectively) in which cells from 84 control and 75 experimental double diffusion chambers 
were evaluated. The data at day 8 represents the mean from 2 separate experiments. Host CFl 

mice were pre-irradiated with 1000 Ron the day ofsurgery. Data are expressed as stern cell per 
diffusion chamber ± one SEM. (Reprinted from Quesenberry et a!. by permission from N. 
Eng!. J. Med., 24) 

In preliminary experiments in-vitro coculture of C 1498 cells in plasma 
dot cultures with normal C57BL/6J marrow resulted in inhibition ofBFU-E 
but not CFU-E growth (Table 2). 

Table 2. C 1498 leukemic cell inhibition ofnormal C57 BL marrow erythroid stem cells 

Group 

Normal: C 1498 (I: 2) 
Normal: C 1498 (1: 10) 

% Control 

CFU-EIl06 cells 

99 ± 5 
106 ± 8 

BFU-E/106 cells 

102 ± 5 
61 ± 12 

Coculture of blasts from a patient with acute myelomonocytic leukemia 
with HLA-mixed leukocyte culture compatible sibling marrow cells in DC 
cultures in irradiated mice resulted in inhibition of normal CFU-C growth 
(Fig.6). The effects of subpopulations of blasts separated by velocity sedi­
mentation was also assessed and it appeared that the smallest slowly sedi­
menting cells were most inhibitory. 
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Fig.6. Inhibition of histocompatible (HLA-MLC) normal Human CFU-C by marrow cells 
from a patient with acute myelomonocytic leukemia (AMML). Panel A shows the number of 
normal human CFU-C recovered after 4 days of diffusion chamber culture when unseparated 
AMML cells or AMML cells separated into four pools by velocity sedimentation were mixed 
directly with a marrow from an HLA-MLC compatible sibling in diffusion chambers. These 
AMML cells did not form colonies. 0.05 X lOS unseparated AMML or pool 2 and 3 cells or 
0.02 X 106 pool land 4 cells were mixed with 0.45 X 106 normal marrow cells in OC and CFU-C 
recovery compared to that seen with 0.45 X 106 normal marrow cells in OC alone (0 group). In­
hibition ofCFU-C recovery by pool 4 cells is apparant. Pools l~ had sedimentation velocities of 
10.68-7.74. 7.17-5.02.4.49-1.99 and 1.52-0.1 mm/HR. respectively. Results are expressed as the 
number ofCFU-C per OC ± one SEM. Panel B shows the number ofnormal CFU-C recovered 
after 4 days of OC culture when 0.25 X 106 unseparated AMML cells were mixed in OC with 
0.25 X 106 normal sibling marrow cells (unseparated group) or when 0.25 X 106 normal marrow 
cells were cultured alone in OC 

Discussion 

The present experiments indicate that C 1498 leukemic blasts inhibit normal 
murine marrow hematopoietic stern cells. Inhibition of normal CFU-C and 
BFU-E (but not CFU-E) was demonstrable when C1498 cells were mixed 
with C57BL/6J marrow cells in in-vitro cultures (Fig. 1 and Table 2). 

A deereased recovery of CFU-C was also noted when leukemie eells were 
mixed with normal marrow eells in in-vitro diffusion chamber eultures (Fig. 2), 
and experiments utilizing the double diffusion chamber teehnique, in whieh 
the Cl498 and normal marrow eells are separated by a cell impermeable 
membrane, showed that both CFU-C and CFU-S were inhibited (Fig. 5) and 
that cell eontact was not neeessary for this inhibition to oceur. 

Inhibitory effeets on differentiated cell produetion were only demonstrable 
with relatively high leukemic-normal cell input ratios (33-50% C 1498 cells) 
and were not seen with a lower ratio (10% C1498 eells) or in the transmem­
brane experiments. These effects on differentiated cell production in diffu­
sion chamber cocultures of C 1498 and normal marrow are similar to those 
reported by Miller et al. [14]. Our results differ from those of Miller et al. 
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[14,15] in that we found inhibition at the CFU-C, as well as the CFU-S level, 
and demonstrated that cell contact was not necessary for this inhibition. 

Cocultures of subpopulations of C 1498 cells separated by unit gravity 
velocity sedimentation and normal marrow indicated that the large rapidly 
growing leukemic cells (pool 1) were most inhibitory with little or no inhibi­
tion observable with the smallest slower growing leukemic cells (pools 3 and 
4) (Table 1). Although there was not an exact correlation with total numbers 
of cham ber leukemic cells, the striking differences in the inhibitory effects of 
the larger and sm aller C 1498 cells seem most likely to be based predominant­
lyon differences in growth rate and final diffusion chamber leukemic cell 
concentration, rather than any other unique characteristic of the separated 
leukemic cell subpopulation. 

The double diffusion chamber studies on the transmembrane effects of 
C 1498 cells on normal marrow stern cells indicate that a substance released 
by the leukemic cells mediates stern cell inhibition. The cell recovery after 
7-14 days ofin-vivo culture from diffusion chambers implanted with 2,5 X 106 
normal marrow cells approximated that from chambers with C 1498 cells im­
planted at Ihoth that level, suggesting that there was more cell death in the 
chambers with high concentrations ofnormal marrow, yet there was no dem­
onstrable inhibition by these cells. These results suggest that the inhibition 
seen with C 1498 cells was not due simply to cellular degradation products. 
The inhibitory substance which is released by C1498 cells could be unique to 
leukemic blasts, a by-product ofmalignant cells in general or simply relate to 
rapidly proliferating cells. 

In toto, the present data indicate that murine leukemic blasts inhibit nor­
mal marrow stern cells by elaborating a diffusible inhibitory substance. Con­
sistent with these observations are the studies ofHandler et al. [10] showing 
that rat myeloid leukemic cells can condition media with substances inhibi­
tory to normal CFU·C. Furthermore, in the present studies this inhibition 
appears to be most marked at the pluripotent stern cell level with lesser 
degrees of inhibition seen with increasing degrees of differentiation within 
the myeloid pathway. These data are consistent with the concept that 
leukemic inhibition acts primarily on CFU-S with effects on CFU-C, BFU-E 
and differentiated granulocytes possibly being of a secondary nature. 

Preliminary studies from our laboratory indicate that human HLA-mixed 
lymphocyte compatible leukemic blasts can inhibit normal CFU-C recovery 
from diffusion chamber cultures and that it may be possible to isolate a sub­
population of inhibitory cells from marrow cells from patients with acute 
myelomonocytic leukemia (Fig. 6). These studies, along with the studies on 
human CFU-C inhibition noted above [4,5,13,18] and Jacobson's studies on 
human leukemic inhibition of normal human marrow stern cells in plasma 
eIot diffusion chamber cultures [11] suggest that it may be possible to extra­
polate the present results to the mechanisms underlying the myelosuppres­
sion in humans with acute leukemia. 
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Clonal Diseases of the Myeloid Stem Cell Systems 

Boggs, D.R. 

University ofPittsburgh, School ofMedicine, 931 Scaife Hall, Pittsburgh, PA 15261. USA 

The structure and kinetics of the hematopoietic stern cell compartment have 
long been the subject of considerable speculation. Based on morphologie 
observations of normal and abnormal human marrow and of a perturbed 
system in experimental animals, primarily the rabbit, in 1938, Downey [1] 
concluded there was astern cell capable ofgiving rise to all hematopoietic tis­
sue. He believed this cell in turn gave rise to a lymphoid stern cell and to a 
myeloid stern cell. The myeloid stern cell could give rise directly to erythroid, 
megakaryocytic and monocytic celliines and in turn produced a tertiary stern 
cell which could genera te neutrophils, eosinophils and basophils. With the 
development of functional assays for donal cell growth in vivo and in vitro 
and through the use of chromosome marked clones this suggested structure 
has proved to be correct in substance although certain minor variations are 
indicated. Most definitive studies of the structure of the stern cell compart­
ment are in mice [2] but, in general, the data generated in human diseases 
suggest that the human stern cell structure is the same as that ofthe mouse. In 
Fig. I, one current "best guess" is shown. There seems little doubt that at 
least 3 concatenated precursor compartments exist for all myeloid cells. 
Whether there are still more intermediate stages and whether or not most 
cells forming colonies in vitro are stern cells (i.e. capable of self-replication) 
remain open question. 

Studies from Phillips Laboratory [2] using irradiation induced chromo­
somally marked clones injected into W/Wv mice have shown the presence of 
an hematopoietic stern cell which is totipotent for all hematopoietic cells, 
lymphoid as well as myeloid (THSC) and distinct from a cell pluripotent for 
myeloid tissue (PMSC). This latter cell produces spleen colonies in irradiated 
recipients and is, therefore, also known as a colony forming unit cell (CFU-S), 
but whether other classes of cells will also produce spleen colonies is un­
known. The structure of the lymphoid compartment as derived from the 
THSC will not be discussed. 

A cell which is restricted to the production of neutrophil-monocyte colonies 
in vitro. colony forming unit - culture, (CFU-C) has characteristics distin­
guishing it from the CFU-S. Among a variety of differences including a much 
higher percent in DNA synthesis [3], perhaps the most convincing is the pres­
ence of normal CFU-C in the W/Wv /mouse in the face of very abnormal 
behaving CFU-S [4]. Cells apparently restricted to production of erythroid 
(burst [orming unit, BFU-E) [5J megakaryocytic (CFU-meg) [6J and eosino­
philic (CFU-Eos) [7] are also demonstrable by in vitro analysis. 
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Fig. 1. A model of the Hematopoietic 
stern cell system. Three concatenated cell 
systems are presented. "Active" refers 
to the fact that a high percentage of cells 
forming colonies in vitro are in DNA 
synthesis while the more pluripotent 
spleen colony forming cell compartment 
has few cells in DNA synthesis 

At the present time, human diseases of the stern eell system appear to in­
volve either the THSC or the PMSC (CFU-S) eompartment, although speeif­
ie defeets in more eommitted eompartments may possibly explain diseases of 
a single eellline sueh as Diamond-Blaekfan anemia or eertain forms of eon­
genital neutropenia. However, no c10nal markers have been identified in 
these eonditions. 

There is evidenee that the myeloid leukemias (ML) aeute (A) and ehronie 
(C) involve a wide speetrum ofhematopoietie tissue. In the ease of AML the 
most eommon morphologie expression is by an inerease in myeloblasts. 
However, the eells often have some monoeytie features as weIl and any ofthe 
myeloid eeIllines may appear as the predominant morphologie expression in 
AML (Table I). The very frequent myeloblast-monoeyte morphologie mix-

Table 1. Morphologie expressions of myeloid leukemia 

AML 

V 

V 
V 
V 
V 
V 

~ 
V 

(X) 
X 

CML 

V 

V 
V 
V 
V 
V 
vi 
vi 
V 
V 
V 

in blast crisis 

Myeloblastic 
Maturation 

Prom yelocytic 
Prom yelocytic (Eosinophil) 
Promyelocytic (Basophil) 

Monoblastic - monocytic 
M yelomonocytic 
Erythroblastic 
Megakaryoblastic 
Any mixture of above 

Lymphoblastic 

Any mixture of above 
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ture may reflect the immediate common origin of these cells. To date there 
has been no means of separating individual precursors for these ceIllines in 
the in vitro c10nal assays. When colonies ofhuman or murine cells are grown 
in semi-solid media in the presence of colony stimulating factor, mixed colo­
nies of neutrophils and monocytes occur [7]. Is AML one basic disease 
involving a pluripotent myeloid stern cell or aseries of diseases involving the 
specific progenitors; such as, CFU-C or BFU-E, etc? Put another way, if 
these are induced by an oncornavirus, what is the primary target cell? 

There are a number of fairly simple c1inical observations which bear on this 
question. First of all, there is almost never a shifting myeloid-Iymphoid pic­
ture in AML and a mixed myeloid-Iymphoid presentation of AML is not re­
cognized. AML is defined arbitrarily in this paper as excluding any patient in 
whom the PhI chromosome is present for I have observed an apparently 
mixed myeloid-Iymphoid blastic pattern in patients presenting with PhI posi­
tive acute leukemia. Such patients are defined, again somewhat arbitrarily, as 
presenting in the blastic those ofCML (see below). Thus, the lliSC does not 
appear to be involved in AML. However, a shifting morphologic expression 
within myeloid celliines does occur. Perhaps the most commonly recorgnized 
shift is in the patient who presents with a predominantly erythroblastic 
picture but proceeds to develop an increasing predominance ofmyeloblasts 
or myelomonoblasts. Even when the predominant cell is a myeloblast at the 
time of diagnosis, megaloblastic erythroid precursors and abnormally small 
megakaryocytes are often present if the marrow smear is searched with dili­
gence. This suggests that more than one myeloid ceIlline is involved in the 
AML process and suggests that the target cell is the PMSC rather than the 
more differentiated CFU-C systems. This is supported by chromosomal stu­
dies in which marker chromosomes in the myeloblastic cells have also been 
found in erythroid cells [8]. 

Clinical observations in CML suggest the target cell may be the lliSC. 
Ouring the chronic phase, abnormalities of all of the myeloid cell series rnay 
be observed suggesting that the Ieukemic clone is at least feeding through the 
PMSC. Ouring acute transformation, all ofthe morphologic spectrum seen in 
AML may appear and, furthermore, a lymphoblastic or even a mixed 
lyrnphoblastic-AML picture may develop [9]. The Philadelphia chromosome 
is found in erythroid precursors, megakaryocytes, monocytes and eosinophils 
as weIl as in neutrophil precursors [10]. Uniformity ofG-6PO isozymes in the 
myeloid series of patients whose non-hematopoietic cells are heterozygous 
confirms the clonality ofthe disease and again indicates involvement ofmore 
than one cell in the myeloid series [11]. Furthermore, such heterozygotes may 
also have certain lymphocyte populations homozygous for the isoenzymes, 
strongly suggesting that the lliSC is the target cell [12]. 

Polycythemia Rubra Vera (PRV) and idiopathic rnyelofibrosis (IMF) are 
also diseases in which there is clinical evidence for disturbance in cell produc­
tion of all of the myeloid cell systems. Analysis of G-6 PO isozyrne data is 
compatible with the concept that these diseases are also clonal diseases of 
myeloid stern cells [11]. In paroxysmal nocturnal hemoglobinuria there is 
evidence for abnormality ofneutrophils and platelets as weIl as for red blood 
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cells suggesting that this also might be a disease of the pluripotent myeloid 
stern cell [13]. As yet, there is little data which will allow one to make a guess 
as to whether these diseases are at the level of the lliSC or the PMSC. How­
ever. the report of the development of acute lymphoblastic leukemia in a 
patient with PRV [14] favors the lliSC rather than the PMSC being the af­
fected cello 

Still other diseases, such as aplastic anemia and cyclic neutropenia are 
diseases which appear to involve myeloid stern cells, although it seems un­
likely that they are clonal. 

How does a single stern ceU take over the entire production ofthe myeloid 
system? In most patients, chromosomal and isozyme data indicate that all cell 
production is from the clone and in vivo evidence for persistent growth of 
normal stern cells is lacking. Evidence relative to the question of whether 
normal cells are still present is discussed below. As a generality, when we 
observe a clone of cells wh ich is growing with seeming inappropriateness and 
eventually leading to death we make a diagnosis of a malignant neoplasm. 
For this reason most now consider PRV and IMF as weIl as AML and CML 
to be malignant neoplasms. The "neoplastic" cell, in this case a neoplastic 
lliSC or PMSC, must have some form ofrelative growth advantage as com­
pared to the normal cells and secondly, its growth must in turn somehow be 
suppressive for growth of the comparable compartment of normal cells. 
Theoretically. these two characteristics could be independent phenomenon 
or might be mediated by the same mechanism. 

In any system which I've been able to envision which would allow the neo­
plastic cell to take over the myeloid system, there must be an abnormality in 
that cell with respect to its response to normaL physiologie factors regulating 
the system. This abnormality could range from complete autonomy of growth 
(a cell which would continue to grow without regard to the presence or ab­
sence of physiologic regulators) to subtle defects; such as, one in which the 
neoplastic cell was simply more sensitive to growth stimulators or less sensi­
tive to growth inhibitors than is the normal cello In either event, the normal 
cells could become repressed by a variety of mechanisms. As the neoplastic 
clone expanded the normal control system might recognize the expanded 
neoplastic stern cell system and repress the normal one or the neoplastic clone 
could even produce inhibitors of the normal. 

Undoubtedly spurred on by the observation that most megaloblastic ane­
mias. once widely thought to be closely allied to leukemia, were due to vitamin 
deficiency, a long standing hypothesis has been held by many that aleast 
certain "leukemias" may represent faulty regulatory systems rather than in­
trinsic neoplastic abnormality of the cell identified as "leukemic". In my 
opinion, the demonstration that these are clonal diseases, coupled with the 
demonstration that the normal counterpart cells are either absent or repres­
sed rules out this hypothesis as a primary cause ofthe disease. There may be 
abnormalities ofthe regulatory system as weIl, but I think these must be con­
sidered secondary to the primary neoplastic process rather than as playing a 
causative role. 

Just as the primary direct evidence for clonality of disease comes from 
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chromosome and isozyme data, so does the evidence for the presence ofsome 
resid ual normal stern cells. 

Is a chromosome abnormality an accurate marker as to whether or not a 
cell is part ofthe clone ofhuman leukemia? This question cannot be answer­
ed with certainty. but there is growing evidence, if of an inferential nature 
only. that it does not. I think all would agree that all cells bearing the PhI 
abnormality are part of the clone in CML and that cells bearing a consistent 
chromosome abnormality in AML, PRV or IMF are part of that clone. It is 
the converse situation where serious questions must be raised; it is not clear 
that a cell not bearing the chromosome abnormality is not part ofthe clone. A 
n um ber of pieces of evidence suggest that only a portion of the clone carries 
the chromosome abnormality. 

Perhaps the strongest evidence suggesting that this is true are the some­
what discrepant findings with respect to chromosome abnormalities and 
isozyme studies in PRVand IMF [1 L 15]. The discrepancies may be due to 
the fact that both studies have been done in a very limited number ofpatients 
and parallel studies have not been done in the same patient, but discrepan­
eies are there none-the-Iess. All isozyme studies to date in patients with active 
PRV and IMF have indicated that all myeloid cells analyzed from the pa­
tients are part of the clone. However, in those patients in whom a chromo­
some abnormality has been found it often is present in only a portion of the 
analyzed myeloid tissue [16J. Similarly, when a chromosome defect is present 
in AML it often is not present in all analyzed myeloid tissue, even when vir­
tually 100% of the myeloid cells appears to be leukemic on stained smears. 
This is also true for changes other than the PhI in blastic crisis of CML [17] 
and quite discordant changes in chromosome defects and morphology may 
be observed in blastic crisis [18]. 

Although most patients with CML have the PhI chromosome in all ana­
lyzed myeloid metaphases, some do not. The general assumption is that the 
latter patients are chimeric. i.e. have persistence ofboth normal and leukemic 
cells. an assumption which may or may not be true. When chromosome anal­
ysis was carried out on granulocyte-macrophage colonies grown in vitro, PhI 
negative colonies were found in some patients in whom all direct metaphases 
had been positive [15]. This suggested tha t normal stern cells were still pres­
ent. but that they were dormant in vivo. However, when Fialkow and co­
workers (see Fialkow's paper in this symposium) analyzed G-6 PD isozymes 
in individual G-M colonies from patients with CML, no colonies were found 
which were not part ofthe clone. Resulution ofthis seeming discrepancy will 
require further studies in which both chromosomes and isozymes are analyz­
ed in colonies from the same patient. 

For the above reasons, the use of the lack of chromosome markers to 
prove the persistence of normal stern cells in these clon al diseases may be 
questioned. Keeping that in mind, there is none-the less fairly strong evid­
ence that normal stern cells persist in these diseases but probably in a quies­
cent state. First and perhaps foremost, with respect to the strength of the 
evidence is the development of remission in AML. Suffice it to say that vir­
tually a11 current evidence points to remission in AML representing the re-
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growth of the normal myeloid system while the clone has been reduced and 
held in check by therapy. Evidence is also quite strong for the persistence of 
normal PMSC in PRV. All myeloid tissue taken directly from the patient for 
isozyme analysis has apparently been part ofthe clone. However, when colo­
nies of erythroid tissue have been grown from the same patient, some have 
been isozymically heterozygous (see Adamson's paper in this symposium). 
This is compatible with the previously expressed concept that the expanding 
neoplastic clone induces repression ofnormal cells in vivo, but that they are 
still present. As noted above the situation is not so clear in CML. 

In summary, there is strong evidence that CML, AML, PRVand IMF are 
clonal diseases ofa pluriopotent hematopoietic stern cell and suggestive evid­
ence that PNH is such a disease. There is strong evidence that CML is a dis­
ease of the THSC and suggestive evidence that PRV may involve this cell; 
AML more likely is a disease ofthe PMSC and IMF is a clonal disease of one 
of these two cells. The nature of the growth advantage enjoyed by the ab­
normal cell as compared to the normal cell is unknown. However, the data in 
hand strongly suggest that normal stern cells, while still clearly present in 
some of the diseases, are quiescent and not producing mature cells in most 
patients. Existing data appears to rule out the possibility that any of these 
diseases is due to faulty regulation by factors external to the stern cell itself. 
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Summary 

Provision of granuloeyte-monoeyte eolony stimulating aetivity by human 
bone marrow (CSABM) was determined in 21 patients with aeute myeloid 
leukemia (AML) utilizing in vitro eulture teehniques to assess intramedullary 
eellular interaetions on human granulopoiesis. CSABM produetion of these 
patients was eompared to that from normal marrow by testing the eapaeity of 
eonditioned mediums from adherent marrow eells to promote granuloeyte­
monoeyte eolony formation in agar of relatively light density nonadherent 
human marrow target eells. 

Morphologie. eytoehemieal, density and phagoeytie eharaeteristies of 
normal marrow eells suggested that CSABM produetion was provided by 
mid-density adherent eells including those of the monoeyte-maerophage 
series. Signifieantly deereased CSABM provision was found in 62% of pa­
tients with AML at diagnosis or relapse. Only 33% ofthese patients entered 
ehemotherapy-indueed eomplete remission, in eontrast to an 88% remission 
rate in the patients with normal CSABM . Sequential studies in 9 patients dur­
ing eomplete remission showed normal or inereased CSABM, whieh general­
ly deereased eoneomitant with relapse. These findings suggest that adequate 
CSABM provision may be essential for sustaining normal granulopoiesis in 
AML and may refleet persistenee of anormal marrow monoeyte-maero­
phage population. Monitoring this parameter appears useful for evaluating 
mieroenvironmental influenees on granulopoiesisand assessing prognosis in 
AML. 

Mieroenvironmental influenees within bone marrow and spleen have 
been shown to be eritieal for hemopoietie stern eell proliferation and differ­
entiation in experimental animals (MeCulloeh, Siminovieh et al., 1965; Tren­
tin, 1971; Gallagher, MeGarryet al., 1971; Knospe and Crosby, 1971; Cham­
berlin, Barone et al., 1974; Matioli and Rife, 1976; Cline, LeFevre et al., 1977). 
Histologie and funetional studies by these investigators have demonstrated 
that loeally aetive eell-derived faetors provide stromal influenees contribut­
ing to the support ofhemopoiesis. 

In vitro marrow eulture teehniques have permitted analysis of faetors in­
volved in the regulation of granulopoiesis by evaluating the ability of 

• Portions of this paper have been published in the Cold Spring Harbor Conference on Cell 
Proliferation Volume 5. Differentiation of Normal and Neoplastic Hematopoietic Cells. 
P. Greenberg and B. Mara. pp. 405-409. 1978. 
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granulocytic progenitor cells (CFU-C) to form granulocyte-macrophage 
colonies in agar under the necessary influence of the humoral stimulatory 
substance termed colony stimulating activity (CSA) (Rickard, Shadduck et 
aL 1970; Metcalf, 1973). Human marrow cells require cellular sources of 
CSA for their in vitro proliferation, whereas murine marrow is stimulated as 
weIl by CSA present in serum and urine (Foster, Metcalfet al., 1968; Metcalf 
and Stanley, 1969; Pike and Robinson, 1970; Metcalf and Moore, 1975). 
Recent studies in mice have shown that marrow CFU-C proliferation is relat­
ed predominantly to intramedullary CSA elaboration by cells firmly adher­
ent to the inner surfact ofhemopoietic bone (Chan and Metcalf, 1972; Chan 
and Metcalf, 1973). Thus, local production ofCSA within the marrow plays a 
major role in influencing granulopoiesis. 

Cellular sources of CSA are also present within human marrow and can 
be selectively harvested by their adherence and density characteristics (Has­
kill, McKnight et aL 1972; Messner, Till et al., 1973; Moore, Williams et al., 
1973; Senn, Messner et al., 1974). We have employed these physical separa­
tion techniques to evaluate marrow cell-derived CSA levels in normal sub­
jects and patients with acute myeloid leukemia (AML) in order to determine 
the possible role of human marrow CSA provision as a microenvironmental 
stimulus for granulopoiesis. 

Methods 

The methodology for these studies has recently been described in detail 
(Greenberg, Mara et al., 1978). The buoyant component of aspirated human 
marrow cells were obtained by Hypaque-ficoll density centrifugation. These 
cells were then permitted to adhere to plastic tissue culture dishes (Messner, 
Till et al., 1973). The nonadherent cells were rinsed off and the remaining 
adherent cells were incubated in modified McCoy's medium containing 15% 
fetal calf serum and 0.5 mM 2-mercaptoethanol for 7 days at 37°C. With 
regard to the kinetics of the CSA production, an initial rise within 1-2 days 
occurred, followed by a fall and then a more marked sustained rise by 5-7 
days of cellular incubation. After this incubation, the conditioned medium 
was harvested and stored at -20°C until use. Target normal human marrow 
cells were provided by obtaining buoyant cells less dense than 1,068 g/cm3 , 

utilizing the bovine serum albumin neutral density (density cut) procedure 
(Greenberg, Mara et al., 1976; Heller and Greenberg, 1977). These cells were 
then permitted to adhere to tissue culture dishes and the nonadherent buoy­
ant cell population was harvested and used as target cells. In selected experi­
ments continuous albumin density gradients were performed. Cells and test 
conditioned mediums were incubated for 7-10 days in agar culture at 37°C 
and colonies were counted, as previously described (Greenberg, Nichols et 
aL 1971; Greenberg, Mara et al., 1976). Colonies consisted ofmore than 50 
cells. with granulocytic-monocytic differentiation. Quantitative estimates of 
effective CSA concentrations were obtained by performing titration curves of 
conditioned mediums. For standardization, the number of colonies produced 
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by these concentrations were compared to those stimulated by a stable leuko­
cyte conditioned medium CSA source. The data were analyzed by curve­
fitting computer programs (Greenberg, Bax et al., 1974). 

Results 

A sigmoid-shaped dose response curve of CSA va lues was obtained with in­
creasing numbers of adherent and total marrow cells. Plateau levels of CSA 
occurred at approximately 3-15 X 105 adherent cells. Most normal speci­
mens provided this number of adherent cells, with approximately 9% of the 
marrow cells being adherent. All of the CSA was provided by the adherent 
cell population, and specifically no CSA was provided by the nonadherent 
target marrow cells. Plasma from normal marrow or peripheral blood had no 
demonstrable CSA when nonadherent target cells were used, whereas the 
presence of the adherent cells permitted colony formation to occur. This in­
dicated that substances present in normal serum enhance CSA production by 
endogenous CSA-producing cells rather than providing CSA itself. Control 
plates lacking a CSA source had no colony formation. Density distribution 
profiles showed that the CSA-producing cells represented a subpopulation of 
the adherent cells, with a peak density of 1.066 g/cm3 . 

The morphologie, cytochemical and phagocytic characteristics of the ad­
herent marrow CSA-producing cells were assessed, and showed 84-87% of 
these cells to be ex-naphthyl acetate esterase positive, to morphologically 
resemble monocytes, and to be capable of phagocytosing latex particles. 
These data suggest that mid-density monocytes and macrophages contribute 
a major portion of the marrow CSA. 

With these studies providing a background for quantitating and charac­
terizing the normal marrow CSA-producing cells, we turned our attention to 
patients with AML. All AML patients received the same chemotherapeutic 
induction regimen (daunomycin, cytosine arabinoside, and 6-thioguanine) 
and maintenance program (monthly cytosine arabinoside and 6-thioguanine), 
as previously reported (Embury, Elias et al., 1977). In comparison with 16 
control subjects, significantly low marrow CSA levels were found in 13 of21 
AML patients at diagnosis or relapse. Only 4 of the 13 patients (33%) with 
low marrow CSA entered complete remission, whereas 7 of 8 patients (88%) 
with normal CSA did achieve complete remission (p <0.01). These data have 
recently been more completely described (Greenberg, Mara et al., 1978). All 
4 patients in partial remission and 42 of 46 in complete remission had normal 
marrow CSA values. In comparison with control subjects, low CSA values 
were particularly found in patients with acute myeloblastic as opposed to 
myelomonocytic leukemia. These two entities were distinguished by previ­
ously defined morphologie criteria (Hayhoe and Cawley, 1972). It should be 
emphasized, however, that this method of categorization is less sensitive and 
specific than current cytochemical techniques (Bennett, Catovsky et al., 1976). 
Other clinical parameters and patterns of marrow colony formation were 
evaluated, and showed no significant correlation with complete remission 
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rates or marrow CSA levels. Further experiments showed the absence of 
inhibitors ofCSA production or dilution ofCSA-producing cells in the AML 
marrow. Sequential studies of 3 patients with AML in stable remission 
demonstrated persisting normal marrow CSA and CFU-C values (obtained 
monthly, just prior to the chemotherapy pulses). In contrast, in 6 patients in 
remission when these studies were begun who subsequently relapsed, mar­
row CSA values decreased within 2 to 3 months of relapse. Marrow CSA 
values paralleled marrow CFU-C during remission until relapse, with 
normal CSA values persisting longer than CFU-C. 

Discussion 

In these studies we have quantitated marrow cell CSA provision, character­
ized the marrow CSA-producing ceIls, and assessed alterations of marrow 
cell CSA levels in normal subjects and patients with AML. Alteration ofmar­
row CSA levels in AML correlated weIl with the patients' clinical status and 
prognoses. Patients at diagnosis or relapse had significantly decreased mar­
row CSA values, particularly patients with acute myeloblastic leukemia and 
those failing remission induction. Low marrow CSA was a significant nega­
tive prognostic indicator, since only 33% ofpatients with this finding entered 
drug-induced complete remission, whereas complete remission occurred in 
88% ofpatients with normal CSA. 

Sequential investigations showed that marrow CSA provision was gener­
ally normal in patients during stable remission. In contrast, low or progres­
sively decreasing marrow CSA values occurred in patients with impending 
relapse. Marrow CFU-C and CSA correlated weH in these patients during 
remission, with a decrease in marrow CFU-C occurring earlier than low mar­
row CSA in impending relapse. Prior studies (Greenberg, Bax et al., 1974) 
have shown that the relatively nontoxic maintenance chemotherapy regimen 
utilized was not associated with decrements of CFU-C one month post ther­
apy. The prolonged persistence of marrow CSA may relate to relatively 
longer lifespan of monocyte-macrophages in comparison with granulocytic 
progenitor cells (Van Furth, 1970). The sequential marrow CFU-C patterns 
found during remission of AML are similar to those previously reported from 
this and other laboratories (Greenberg, Nichols et al., 1971; BuH, Duttera et 
al.. 1973: Heller and Greenberg, 1977). 

These findings that normal marrow CSA values were associated with both 
achievement and persistance of complete remission suggest that adequate 
marrow CSA provision may be essential for sustaining normal granulopoiesis 
in AML following induction chemotherapy. The absence of CSA in plasma 
from marrow or peripheral blood further implicated local ceHular sources as 
being important providers ofCSA. Thus, marrow CSA production may pro­
vide a measure ofintramedullary influences involved in regulating granulo­
poiesis. Histologie examination of human marrow has indicated that 
granulopoiesis occurs within the marrow parenchyma (Weiss, 1970), where 
granulocytic precursors and cells of the monocyte-macrophage series are in 
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proximity. Thus, it is possible that short range interactions could occur in this 
microenvironment between adherent-cell elaborated stimulatory substances 
and granulocytic precursors. In addition to CSA production by these aspir­
able marrow cells, recent studies from our laboratory have shown that 
stromal cells firmly adherent to endosteal human bone also produce CSA. 
The relative contribution of those two intramedullary sources for CSA pro­
duction is currently being assessed. In this model, long range influences could 
also participate in the response to major perturbations such as infection or 
antigenic challenge. 

Monitoring marrow CSA provision appears useful for evaluating micro­
environmental influences and intramedullary cellular interactions on 
granulopoiesis, and assessing prognosis and clinical status in AML. 
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Analysis of Myeloproliferative Disorders 
Using Cell Markers in Culture 

Adamson, J.W. 

Hematology Research Laboratory. Veterans Administration Hospital. 4435 Beacon Avenue South. 
Seattle. WA. 98108. USA 

A. Introduction 

We have used cell markers to study aspects of marrow regulation in selected 
patients with hematological neoplasms. While this report focuses on studies 
of normal individuals and ofpatients with polycythemia vera, the principles 
are widely applicable to any one of a number of disorders. 

The analysis takes advantage ofnaturally-occurring cellular mosaicism in 
selected females. The marker used is that of the X chromosome-linked iso­
enzymes of glucose-6-phosphate dehydrogenase (G-6-PD) and has been 
detailed by Fialkow ([3] and see chapter in this text). 

These studies have demonstrated that the peripheral blood elements in 
G-6-PD heterozygotes with chronic myelogenous leukemia [5], polycythemia 
vera [I], and agnogenic myeloid metaplasia with myelofibrosis [7] contain 
only a single isoenzyme type while extracts of skin fibroblasts demonstrate 
two isoenzyme types. This has led to the conclusion that these disorders arise 
at the level ofa pluripotent stern cell, and, at least at the time ofanalysis, the 
peripheral blood elements probably represent the products of a single clone. 

In an extension of these studies, we have cultured bone marrow cells from 
such patients to determine if progenitors could be detected which did not 
be ar the isoenzyme type found in peripheral blood cells. Because such pre­
cursors must exist in the marrow in small numbers, we took advantage ofthe 
fact that these cells have marked proliferative potential when cultured under 
appropriate conditions, and we have employed methods for the growth of 
both granulocytic and erythroid colonies. Such an analysis, therefore, might 
detect the products ofnormal stern cells and, ifso, provide an estirnate ofthe 
ratio of abnormal to normal progenitors in the marrow and give insight 
concerning mechanisms ofnormal hematopoietic regulation. 

B. Methods and Materials 

I. Subjects 

Hematologically normal G-6-PD heterozygotes were identified and served as 
controls. Heterozygosity was established by isoenzyme analysis ofperipheral 
blood cells. 

Two G-6-PD heterozygotes with polycythemia vera were studied. These 
patients, at the time of diagnosis, had pancytosis with splenornegaly. At the 
time of analysis, peripheral blood red cells, granulocytes, and platelets ex-
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hibited only isoenzyme type A on electrophoresis [1]. Direct analysis of full 
thickness skin biopsies, in contrast, demonstrated approximately equal 
amounts of isoenzyme types A and B. Heterozygosity was repeatedly con­
firmed by analysis of cultured skin fibroblasts from both patients, 

II. Marrow culture 

To determine whether products of presumably normal stern cells were pres­
ent in the marrow of the patients with polycythemia vera, we cultured cells 
from both individuals and exposed them to increasing concentrations of 
erythropoietin (ESF). Similar studies were carried out on marrow cells ofthe 
normal controls. Bone marrow cells were aspirated in a routine fashion into 
heparinized tissue culture medium and cultures established as previously 
published [10,11]. Between days 6 and 12, colonies containing hemoglobin­
ized cells appeared in the methylcellulose. These colonies were plucked from 
the medium using fine capillaries and placed on cellulose acetate strips soak­
ed in buffer and subjected to electrophoresis [11]. In later studies, colonies 
derived from different classes of erythroid progenitors (CFU-E and BFU-E) 
were analyzed independently. 

C. Results 

I. Normal subjects 

Erythroid colonies harvested from the normal marrow cultures exhibited 
either A or B type isoenzyme but rarely both [11]. The incidence of colonies 
containing a double isoenzyme phenotype was no greater than would be pre­
dicted on the basis oftwo spatially related progenitors. As shown in Table 1, 
the ratio of colonies containing one isoenzyme type versus the other reflected 
the ratio of iso enzyme types determined by direct analysis of peripheral 
blood elements. This was true irrespective of the concentration of ESF used 
and whether CFU-E- or BFU-E-derived colonies were analyzed. Recently, 
it has also been shown that CFU-C-derived colonies, as weIl, reflect the iso­
enzyme ratio observed in circulating granulocytes [12]. 

Table 1. The ratio of A and B isoenzymes of 
G-6-PD in peripheral blood cells and marrow­
derived erythroid colonies from hematologic­
ally normal G-6-PD heterozygotes 

Peripheral blood Colonies 

A:B A B 
Normal I 50: 50a 38b 37 
Normal 2 60:40 51 25 

a Ratio of isoenzyme types determinated by 
electrophoresis 

b Actual number of colonies typed as A or B 
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II. Polvcvthemia vera subjects 

When marrow from patients with polycythemia vera is cultured in semisolid 
medium in the absence of ESF, so-called endogenous erythroid colonies ap­
pear [6,9, 13]. However, as high er concentrations ofESF are added to culture, 
an increased number oferythroid colonies is seen [9, l3]. When these colonies 
were analyzed for G-6-PD isoenzyme type, those appearing in cultures hav­
ing low concentrations of ESF contained only the isoenzyn.~ typ,· fonnd in 
the peripheral blood. type A (Fig. I). However, at higher concen~rHtions of 
ESE increasing numbers of erythroid coloniet: \vere detected which contain­
ed isoenzyme type B. At the highest concentrations ofESF, up to 25% ofthe 
colonies typed for isoenzyme Band thus, presumably, arose from normal 
stern cells. Although the initial study did not distinguish between colonies 
derived from CFU-E and BFU-E, a repeat study of one of the patients has 
demonstrated that normal (isoenzyme type B) colonies arise primarily from 
BFU-E. Essentially no normal colclfiies arose froM. CFU-E [2]. 

Also appearing in the cultures were limited numbers of granulocyte-macro­
phage colonies arising from granulocyte colony forming units (CFU-C). Their 
appearance was apparently stimulated by the release by marrow cells of 
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Fig. 1. The proportions of erythroid colonies of isoenzyme type A and B determined from 
marrow cultures oftwo G-6-PD heterozygotes with polycythemia vera. In cultures containing no 
added erythropoietin. only colonies bearing the isoenzyme type found in the peripheral blo?d 
were observed. As erythropoietin concentrations increased. an increasing percentage of colomes 
with isoenzyme type B was found. The shaded area denotes the calculated percentage of expect­
ed normal colony forming units based on the number of type B colonies detected and the as­
sumption that an equal number ofnormal type A colonies exist in heterozygotes with balanced 
expression of the two G-6-PD isoenzyme types. 
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endogenous colony stimulating factor (CSF). A restricted number of these 
colonies were also harvested and analyzed. As shown in Table 2, CFU-C­
derived colonies containing isoenzyme type B were also detected in the cul­
tures ofthese patients, although a detailed CSF dose/response curve was not 
done and culture conditions had not been adjusted to optimize granulocyte/ 
macrophage colony growth. 

Table 2. The isoenzyme types ofgranulocyte/macrophage 
colonies arising in marrow cultures from two G-6-PD 
heterozygotes with polycythemia vera 

Subject 1 
Subject 2 

Isoenzyme type 

A B 
20a 9 
22 1 

a Number of colonies typed as A or B 

D. Discussion 

The demonstration of the origin of certain hema tologic disorders at the level 
of the pluripotent stern cell and the observation that peripheral blood elements 
are predominantly the products of a single clone suggest that in the course of 
the disease there is clonal expansion. What is uncertain, however, is whether 
such expansion is associated with the elimination of normal stern cells and 
their progeny or the suppression of growth of such progenitors. In order to 
approach this question, we cultured bone marrow cells from patients with 
polycythemia vera who are also heterozygotes for a naturally-occurring 
marker of cellular mosaicism, the X-linked isoenzymes of G-6-PD. The 
method used employed the growth of marrow cells in culture. These assays 
detect the presence of progenitors capable of marked proliferation and dif­
ferentiation. The advantages of such a colony forming assay are several, but 
perhaps the most relevant to this analysis are the facts that recognizable dif­
ferentiated cells can be detected in culture and that the progeny reflect an 
inherent property ofthe parent cell- that ofthe G-6-PD being expressed by 
the remaining active X chromosome. Thus, through in vitro amplification, it 
is possible to detect progenitors which may have arisen from stern cells not of 
the abnormal clone, some of which, by definition, should not contain the 
dominant G-6-PD isoenzyme type. 

For this analysis to be valid, however, there are two requirements. First, 
the various colony types must be able to be analyzed by available techniques 
and, second, culture conditions should not favor the growth of progenitors 
having one isoenzyme type over the other. Studies in hematologically normal 
G-6-PD heterozygotes confirmed the validity ofthe approach. The results of 
such studies reveal tl1at erythroid and granulocytic colonies can be individ­
ually recovered from methy1cellulose and their G-6-PD isoenzyme type de­
termined with a high degree offidelity. Since virtually all colonies expressed 
only one isoenzyme type, either A or B, it could be concluded that such colo-
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nies arose from single cells. In addition, the ratio ofisoenzyme types obtained 
from the analysis ofindividual colonies reflects the ratio determined directly 
from the peripheral blood cells of the normal heterozygotes. This was true 
whether such erythroid colonies were derived from CFU-E or BFU-E and 
has recently been shown to be true for granulocyte/macrophage colonies. 
Finally, increasing concentrations ofESF failed to alter the isoenzyme ratios, 
suggesting that, at least in cultures from hematologically normal subjects, the 
conditions did not favor the growth of colonies of one isoenzyme type over 
the other. 

The analysis ofthe cultures from the polycythemia vera patients provided 
several insights. First, only one isoenzyme type, type A, was detected in the 
peripheral blood of such individuals. Endogenous erythroid colonies also 
contained this same isoenzyme. With increasing concentrations ofESF, how­
ever, up to 25% ofcolonies were detected which contained type B isoenzyme. 
This implies that up to half of all colonies formed at high concentrations of 
ESF arose from presumably normal stern cells. This estimate ofthe incidence 
of normal colonies is derived from the fact that in a G-6-PD heterozygote 
with a balanced (approx. 50: 50) expression of isoenzymes, there should be a 
normal A type colony for every type B colony which is found. Such an esti­
mate is allowed by the observation in normals ofconcordance ofratios ofiso­
enzyme activities in tissues of various types, including skin and blood [4]. If 
one makes such an estimate, as indicated in Fig. 1, it can be seen that half of 
the erythroid colonies detected were presumably normal. 

This estimate of the percent of normal progenitors is far greater than the 
level of sensitivity of the electrophoresis technique used to determine iso­
enzyme activity. This implies that if such progenitors underwent terminal 
differentiation and maturation in vivo, it should have been possible to detect 
their products in circulation. The fact that normal cells were not detected sug­
gests that the progenitors are somehow suppressed, perhaps by the abnormal 
clone, in their final maturation steps. Whatever the nature ofthis suppression, 
it appears to influence not only erythropoiesis but granulopoiesis as well 
(Table 2). 

The mechanism by which suppression ofnormal progenitors is carried out 
is unknown. Although speculative, it is possible that such suppression is a­
chieved by regulatory substances acting over short distances [8] rather than 
an abnormal product ofthe neoplastic clone. Such regulatory factors may be 
normal products; however, only the normal progenitors are capable ofrecog­
nizing and responding appropriately to such growth controllers. Thus, the 
proliferative advantage of the abnormal clone would involve a lack of re­
sponsiveness to growth controllers rather than increased sensitivity to stimul­
ating factors. 

Further studies in culture of such patients may permit definition of the 
factors regulating marrow growth and also provide the opportunity to ex­
amine the influence of different forms of therapy and time on the relative 
numbers ofnormal and abnormal progenitors. 
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Blood cells proliferated and differentiated in vitro should be c1assified ac­
cording to the c1assical hematologic nomenc1ature only after unequivocal 
identification by c1assical hematologic techniques. This has been done by 
Maxinow [6] and others at the beginning ofthis century, more than 50 years 
ago, when they established their in vitro methods of bone marrow in semi­
solid media. In contrast, modern experimental hematologists sometimes use 
the nearly 100 years old c1assification of human blood cells which is rather 
uncritical to characterize blood cells grown in vitro. 

Materials and Methods 

8870 colonies ofbone marrow cultures from 301 patients have been investi­
gated cytologically (Pappenheim staining), cytochemically (peroxidase, acid 
phosphatase, a-N-esterase) or immunocytochemically (FITC conjugated anti 
human immunoglobulins). 

Agar cuItures were prepared using the double layer agar technique ofPike 
and Robinson [12]. Plasma c10t cuItures were prepared according to Axelrad 
[13] and Tepperman [14], modified by Hellwege [5]. Instead oferythropoietin 
placenta conditioned medium [4] was used to stimulate the granulopoietic 
cell differentiation and proliferation. 

Results 

1. Agar gel culture (Table 1): We mainly found colonies with macrophages, 
always strongly acid phosphatase positive, and monocytes, weakly 
peroxidase positive. In addition, strongly peroxidase positive pure eosino­
philic colonies and mixed colonies of monocytes and eosinophils were ob­
served. Besides this, we found plasma cells in colonies from leukemic patients 
and two normal persons, and blast cells only in leukemic patients. Using 

* Supported by the Deutsche Forschungsgemeinschaft 



212 Biermann. E. et al. 

Table 1. Cytological classification of colonies (%) grown in soft agar with leukocyte feeder layer 

number number mono- macro- eosino-
of of colonies cytesa phages philsb 

patients analyzed 

normal and leukemic 
patients in remission 184 1978 77.5 8 6.5 

ALL untreated 21 164 81 10 4 

AML untreated 12 74 19 32 

217 2216 

a mostly monocytes and macrophages 
b 50% pure eosinophils. 50% mixed colonies with eosinophils 
<.: mixed colonies with plasma cells (demonstrated by immunofluorescence) 
d blast cell colonies from leukemic patients in remission 

plasma blasts 
cellsc 

7 Id 

4 1 

41 8 

immunofluorescence techniques, we were able to show that plasma cells in 
vitro produce immunoglobulins [1,2,11]. 

2. Plasma clot culture (Table 2): In contrast to agar gel culture, we only found 
very few macrophage colonies, but mainly monocytoid (Fig. 1 b) and eosino­
phile (Fig. 1 a) cells in plasma clot cultures. The monocytoid cells were per­
oxidase positive (Fig. I b, c, d) and therefore belong to the myeloid celliines. 
However, they could not clearly be identified as neutrophils since the stain­
ings were rather diffuses and not granular (Fig. 1 b). In contrast to bone mar­
row cultures from normal persons we found a high er amount of peroxidase 
negative colonies (Table 3, Fig. 1 e) in leukemic patients. In addition, we 
found further evidence for abnormal differentiation as a rather weak per­
oxidase reaction and an apparent vacuolization of the cytoplasm (Fig. I f). 
Quantity and size of colonies were also diminished in leukemic patients. The 
percentage of cluster in relation to colonies became normal about two years 
after having finished therapy (Table 3). 

Table 2. Cyto1ogica1 classification of co1onies (%) grown in plasma clots with placenta condi­
tioned medium 

number number pure colonies of peroxidase mixed 
of ofcolonies eosinophile peroxidase negative colonies of 
patients analyzed colonies positive colonies eosinophils 

monocytoid and 
cellsa monocytes 

normal bone marrow 22 2612 31.4 65.0 0.8 2.8 

ALL in therapy 33 1914 38.0 45.8 15.0 1.2 

ALL in remission and 
without therapy 29 2182 28.0 63.0 8.3 0.7 

84 6708 

a very rare1y macrophages 
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Fig.1. Colonies ofplasma clot cultures fromhuman bone marrow a) peroxidase positive eosi­
nophile colony b) peroxidase positive monocytoide colony c) small peroxidase positive 
colony (cluster) d) part of a large peroxidase positive colony e) peroxidase negative coiony 
f) eosinophils with vacuoles e + f = colonies of bone marrow cultures from leukemic patients 
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Table 3. Quantitative and qualitative criteria in plasma clot cultures from all patients in differ­
ent stages ofthe disease 

number number coloniesa.c c.d unnormal 
ofpatients ofcolonies without with cluster cell 

analyzed PCM PCM colony diff.b 

relapse without therapy 4 10 0 <1 
relapse with therapy 
<: 9 weeks 8 301 1.1 13.2 4.8 5 

remission with therapy 
9-40 weeks 10 701 4.6 24.6 4.0 8 
40-130 weeks 15 912 4.5 18.4 4.3 6 
remission without therapy 
<: 1 year 9 630 8.1 18.3 4.7 4 
1-2 years 10 751 7.2 24.6 2.7 4 
<: 2 years 10 801 6.1 26.6 1.3 4 

normal bone marrow 22 2612 14.5 37.0 1.8 0 

88 6708 

a per 5 X 1 ()4 cells 
b number ofpatients with unnormal cell diff. 
c average value ofthe patients' individual growth patterns 
d cluster: 20-40 cells to avoid background faults 
peM = placenta conditioned medium 

Discussion 

The yield ofcolonies in bone marrow cultures usually shows a wide variation 
and therefore is no reliable diagnostic criterion in the follow up control of 
leukemic patients. Moore [7,8,9,10] has improved the significance of bone 
marrow culture techniques by introducing the duster-colony relationship 
in AML, which we found possible higher in risk patients. The plasma dot 
technique for granulopoietic eells desci-ibed in this paper allows an even bet­
ter qualitative interpretation of growth eriteria. We deseribe in this paper ad­
ditional qualitative growth criteria for bone marrow eultures from leukemie 
patients. These are peroxidase negative eolonies (Fig. le) and eells showing 
unnormal differentiation patterns as vacuolization (Fig. 1 f) and a rather 
weak peroxidase reaction. These criteria are of additional value for the diag­
nostie identifieation of bone marrow from normal and leukemic patients. 
They were found in bone marrow cultures from patients in remission even 
after as many as six years without therapy. It is reasonable to assurne that 
there is a pathologieal alteration ofbone marrow stern eells in these patients 
whieh is not refleeted by the usualmyelogram and eolony number counting 
in bone marrow culture. Further follow-up studies will have to show whether 
these additional criteria might become significant with regard to diagnostics 
of preleukemic states and therapy of leukemic patients and whether the plas­
ma dot method will prove to be more effident than other in vitro techniques. 
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Introduction 

The diffusion cham ber (DC) system of in vivo culture is useful for testing 
human leukemic peripheral blood cells for several reasons. With this tech· 
nique. stern cells apparently preceding the granulopoietic progenitor cells 
(CFU·c) can be detected. Arguments for this come from diffusion chamber 
studies on normal human peripheral blood cells where an absolute increase 
in CFU-c was found (Hoelzer et al. , 1976a) and also from DC culture of 
human bone marrow where CFU·d (cells that form granulocytic colonies in 
DC) as precursors of CFU-c could be distinguished on the basis of different 
velocity sedimentation profiles and different 3H-thymidine suicidal fractions 
(Jacobsen et al.. 1978). Differentiation of cells in the DC system occurs not 
only into the granulopoietic/macrophage series but also into megakaryocytes 
and. even if rarely. into erythropoiesis, as weH as into lymphatic cell lines. 
Furthermore, the cultures can be maintained over long periods; in our 
present experiments leukemic ceHs have been cultured for up to 2 months 
and Hodgkin cells for even longer (Boecker et al., 1975). Thus the DC system 
seems to be suitable for sustaining the growth ofleukemic cells of an earlier 
"stemness" than normal CFU-c and seems also to promote differentiation 
into haemopoietic celliines other than granulopoiesis. 

On this basis. the DC culture is here used to study the differentiation abil­
ity of peripheral blood cells from patients with various forms of acute leu· 
kemia or with blast crisis in chronic myelocytic leukemia (CML). 

Materials and Methods 

Peripheral blood sampies obtained from patients with acute myelocytic 
leukemia (AML), acute lymphoblastic leukemia (ALL), acute undifferent­
iated leukemia (AUL) or blast crisis in CML were separated by the Isopaque­
Ficoll technique and the mononuclear cell fraction was cultured in DC as 
already described in detail (Hoelzer et al., 1974). In most cases, blast cells 
constituted more than 80% of this fraction, the rest being mainly lymphocytes. 

~ Work was supported by the Sonderforschungsbereich 112. Project 83 
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The cells (5 X 105 in 0.1 ml) were filled into DC with filter pore size 0.22 11m 
implanted into the peritoneal cavity of mice pre-irradiated with 650 R or 
750 Rand the chambers were then re-implanted weekly into new pre-irradi­
ated recipients. In harvesting, the dot formed in DC was dissolved by pronase 
treatment and from the resulting single cell suspension the total nuc1eated cell 
number per chamber was determined, smears were made and stained with 
Giemsa or peroxidase reaction, an aliquot prepared for cytogenetic analysis 
and a further aliquot used for assay ofCFU-c content by agar colony culture. 

Results 

The total growth ofnudeated cells in DC of AML blood cells was in general 
well above normal values, whereas growth from ALL cells is much less than 
normal (Hoelzer et al., 1977). In contrast to the normal pattern, which has an 
initial decrease in total cell number and an increase between days 6 and 13 of 
culture, for most cases of AML the cell number starts to increase immediately 
after implantation and continues to increase over the whole culture period, in 
some ca ses up to 6 or 7 weeks. There is not only a proliferation ofblast cells, 
as demonstrated by 3H-thymidine studies (Hoelzer et al., 1976b), but also a 
development oflarge numbers of granulopoietic cells. 

The absolute number of granulopoietic cells developing from AML cells 
was far in excess of that from normal blood cells (Fig. 1), except in one pa-
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Fig. 1. Absolute numbers of 
granulopoietic cells per diffusion 
chamber at the time of implanta­
tion (day 0) and during culture 
for peripheral blood cells from 
normal persons and for patients 
with AML or AULI ALL 
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tient. Sometimes the newly appearing granulopoietic cells were of abnormal 
morphology, but their granulopoietic nature could be confirmed by the per­
oxidase re action or Sudan black staining. Although in some cases maturation 
was restricted to the myelocyte stage, in 6 out of 12 cases of AML terminal 
differentiation up to segmented granulocytes was seen, exceeding the num­
bers from normal persons. In addition, cells from one AML patient develop­
ed predominantly into mature eosinophils. 

In cultures of blood cells from patients with ALL or AUL, the number of 
granulopoietic cells which developed was of the same order as from normal 
blood cells, and it might well be that they were descendants of normal stern 
cells which had been suppressed in vivo but could grow in DC culture conditions. 

Peripheral blood cells from patients with blast crisis in CML had a similar 
growth pattern to AML cells. As shown in Fig. 2, there was a continuous pro-
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Fig.2. Growth in diffusion chambers ofperipheral blood cells from two patients with blast crisis 
in CML. The numbers of blast cells, appearance of granulated blast cells (immature blast cells 

, with azurophilic granules in the cytoplasm), immature proliferating (M2-~) and mature 
(M5-Ms) granulopoietic cells are given 
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liferation ofblast cells. Granulated blast cells appeared in one patient (E. M.) 
and increased soon after implantation in the second patient (S. E.). The im­
mature granulopoietic precursors (M2-~) in the cell inoculum disappeared 
immediately after implantation and reappeared within a week; after about 
12 days of culture, mature granulopoietic cells (M5-M8) were observed. 
From the sequence of events it seems like1y that the blast cells renewed them­
selves and also differentiated into granulated blasts with subsequent differ­
entiation into immature and finally mature granulopoietic cells. 

Discussion 

The principal point ofthese investigations is whether the granulopoietic cells 
which developed from AML cells were derived from leukemic cells or from 
remaining normal stern cells. Although there is no conclusive proofthat they 
were leukemic descendants, several arguments strongly indicate that they 
were at least partiallY ofleukemic origin. 

The main argument is the absolute number o{ granulopoietic cells from 
patients with AML, exceeding normal values by up to 40-fold. In most of 
these cases, the cell inoculum comprised over 80% blast cells, so that an ex­
clusively normal origin for the granulopoietic cells would require a vastly in­
creased proportion of normal circulating stern cells in the lymphocyte pop­
ulation, a somewhat unlikely event for leukemic patients. A further con­
sideration is the early appearance of granulopoietic cells in cultures of AML 
cells. Whereas from normal blood cells, granulopoiesis was not observed be­
fore day 5, in some cultures of AML cells granulopoietic cells appeared al­
most immediately (days 1-3) after implantation.1t must therefore be assum­
ed that Ieukemic cells, although of immature morphology, require onIy one 
or two steps of division to become recognisable granulopoietic cells. 

The cytogenetic analyses contribute only partial evidence for the leukem­
ic origin of the granulopoietic cells. The cells harvested from DC showed 
hyperdiploid marker chromosomes in 5 out of 13 patients. However, it 
should be mentioned that in all cases numerous diploid metaphases were 
present and also hypodiploid metaphases, the latter being probably technical 
artefacts. 

With other culture systems it has been demonstrated in recent years that 
differentiation is possible in some cases of AML. Reports of this in the agar 
colony culture system with an exogenous source of stimulation come from 
Paran et al. (1970), Robinson and Pike (1971), and Barak et al. (1974) although 
often with abnormal morphology (Moore et al., 1973). A certain extent of 
differentiation was also observed in the liquid culture system (Gold and Cline, 
1973). In continuous long-term culture, one AML celliine (H-60) was estab­
lished which showed continuous differentiation into granulopoiesis without 
additional stimulation (Collins et al. , 1977) and the authors suggest that a 
sub-population of leukemic blast cells might secrete factors regulating pro­
liferation and differentiation. In the diffusion chamber culture system, other 
workers have failed to demonstrate differentiation from leukemic bone 
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marrow cells (Fauerholdt and Jacobsen, 1975; Steele et al., 1977) and it is 
open to question whether this might have been due to inhibition by a partic­
ular fraction ofbone marrow cells, to inadequate stimulation ofthe host ani­
mals by a lower radiation dose or to the use of cyc1ophosphamide. However, 
in DC culture ofperipheral blood cells from a patient with AML maturation 
of leukemic cells could be confirmed by the presence of Auer rods in the 
non-proliferating granulopoietic cells (Boecker et al., 1978). 

The investigation described here provides evidence that in nearly all cases 
of AML, differentiation into recognisable granulopoiesis is possible, with 
terminal differentiation up to mature neutrophils in halfthe patients studied. 
Similarly, it seems that in the myeloid type ofblast crisis in CML a differen­
tiation into the granulocytic series can occur. 
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l. Introduction 

Following treatment with a leukemogen, a variable length of time, from 
weeks to years, elapses before the onset of c1inically apparent leukemia. The 
eventsoccurring during this time are still a mystery, but as one approach to 
this problem we have been investigating the mechanism(s) whereby leu­
kemogens modlfy thebehaviour ofthe haemopoietic stern cells and the con­
sequences ofsuch alterationsin terms ofthe proliferation and differentiation 
potential of such treated populations. Since the stern cells are probable 
"targets" for many leukemogens, our understanding of leukemogenesis, in 
many respects, lies in the answer we can give such questions. 

These studies have been greatly facilitated by the development, in the last 
few years, of suitable systems whereby the pluripotent haemopoietic stern 
cell (CFU-S) can be maintained in vitro for several months (Dexter and 
Testa, 1976; Dexter et al., 1977) and where the progeny ofsuch stern cells can 
be induced to undergo proliferation in soft-gel media to form the variety of 
haemopoietic elements - the lymphocytes, granulocytes, megakaryocytes 
and erythroid cells (Metcalf et al., 1975b; Sredni et al., 1976; Bradley and 
Metcalf, 1966; Pluznik and Sachs, 1966; Metcalf et al., 1975a; Stephenson 
et aL 1971). The development of these systems, and the demonstration that 
under appropriate conditions haemopoietic cells can be readily transformed 
in vitro (Rosenberg et al., 1975; Rosenberg and Baltimore, 1976; Dexter and 
Lajtha, 1976; Dexter, Scott and Teich, 1977) provide valuable too1s in elucid­
ating both normal and abnormal haemopoiesis. In this respect we show the 
etfects of several chemical and viral leukemogenic agents upon haemopoietic 
stern cell proliferation and differentiation in bone marrow cultures and dem­
onstrate that such treatments can induce a variety ofabnormal haemopoietic 
conditions in vitro. 

2. Materials and Methods 

2.1. Bone Marrow Cultures: These have been described in detail elsewhere 
(Dexter and Testa, 1976; Dexter et al., 1977). The content of a single mouse 
femur are flushed into culture flasks containing 10 ml of Fisci~.-'s medium 
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+ 25% horse serum (Flow Labs.). No attempt is made to obtain a single cell 
suspension and the cultures are maintained at 33°C or 37°C (as indicated) 
and fed weekly by demi-depopulation. After three weeks, the adherent layer 
established is inoculated with growth medium containing a further 107 

syngeneic marrow cells. These are considered the cultures proper, and are 
subsequently maintained on a feeding regime ofdemi-depopulation at week­
ly intervals. The non-adherent cells removed in the growth medium are 
assayed for stern cells and the "committed" progenitor cells using established 
procedures (Dexter and Testa, 1976). 

2.2. Mice: BALB/C, C57BL/6, DBA/2 and (C57BL/6 X DBA/2) FI (BDF1) 

mice were used. Cultures were established using femoral bone marrow of 
mice 6-8 weeks of age. 

2.3. Chemical Leukemogen Treatment: 6-8 week old BDFI mice were treat­
ed with a single i.v. injection of methylnitrosourea (MNU) dissolved in ice 
cold 0,9% NaCl. Three weeks later, some mice were killed, and adherent lay­
ers established from the femoral bone marrow cells. Three weeks later a fur­
ther batch of the same mice were killed, the femoral marrow cells removed 
and 107 cells inoculated onto the established adherent layers. 

2.4. Viral Leukemogen Treatment: These included the NB-tropic pool (F-B 
strain) of Friend leukemia virus complex, provided by F. Lilly. Abelson 
virus (provided by E. Lennox) and the FB] osteosarcoma virus (provided by 
Dr. C. Reilly). Infectivity was measured by established techniques (Rowe 
et al., 1970; Scher and Sie gier, 1975). 

2.5. Leukemogenic Capacity o{ Cultured Cells: Non adherent cells removed 
at the time ofrefeeding were injected into syngeneic adult mice. Occasionally 
neonates were used. The animals were palpated twice weekly for signs of 
splenomegaly or lymphodenopathy. When leukemia was suspected, the 
animal was killed - tissue was removed for microscopic examination - and 
the suspected leukemic cells were retransplanted. 

3. Results 

3.1. Characteristics o{Normal Bone Marrow Long Term Cultures: These have 
been described in detail elsewhere (Dexter et al., 1977). Cultures are charac­
terised by maintenance of proliferation of stern cells for 10-12 weeks, and 
concomitant production of CFU-C. Initially there is an extensive granulo­
poiesis, followed by production of mononuclear phagocytic cells. The cells 
do not produce leukemia when injected into adult or neonatal syngeneic 
recipients. 

3.2. Culture o{ MN U-trea ted Bone Marrow Cells: The characteristics ofthese 
cultures are shown in Table 1. An initial granulopoiesis is followed by an ac-
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Table 1. Characteristics of long term cultures of MNU treated bone marrow cells 

Weeks Cell Count CFU-S Morphology 
cultured X 105 B G Mo 

I 32.0 1000 16 80 I 
5 20.0 370 11 85 2 
7 12.0 190 30 66 4 

10 8.0 234 37 61 3 
17 7.0 150a 25 0 75 
22 5.0 0 20 0 80 

a AtypicaL small undifferentiated 
B = Blast cells G = Granulocytes (all stages) Mo = Phagocytic mononuclear cells 

cumulation ofblast cells (for at least 22 weeks) and mononuclear phagocytes. 
Apparently normal CFU-S are maintained for the first 10-12 weeks (able to 
form erythroid, granulocytic and megakaryocytic spleen colonies and protect 
mice from potentially lethai radiation) - but at later times (12-17 weeks) the 
spleen colonies formed contain undifferentiated blast cells. Injection of cells 
cultured for 0-12 weeks does not produce leukemia, whereas injection of 
cells cultured for 13-22 weeks will regularly produce a transplantable leu­
kemia (Table 2). These leukemias, which are of donor origin (chromosome 
analysis), show no detectable e antigen or surface 19, and are best classified as 
null-cell type. 

Table 2. Culture of MNU treated bone marrow cells. Leukemogeneic potential 

Weeks Virus Leukemic mice/ 
cultured productiona mice injected 

0 ND 0/30 
1-5 8XIOl-2x103 0/59 
6-12 1 x 102 -2x 103 1/20 

13-17 4 x 102 - 8 X 102 10/21 

18-24 2x 102 -2X 103 9/17 

a PFU/ml culture medium 
b a and sIg negative. TdT positive Donor origin (chromosome analysis) 

Average latent 
period (weeks) 

The cultures were regularly assayed for the production of infective virus 
and found to be low level producers from the first weeks. However, there was 
no correlation between the production of infectious particles and the ability 
of the cultured cells to produce leukemia. 

3.3. In(ection o( Marrow Cultures with Leukemia Viruses: The results of 
these studies are summarised in Table 3. Infection of genetically susceptible 
BDFt cultures with Friend leukemia virus complex generates three biologi­
cally distinct "variants", depending upon whether the whole viral complex 
(SFFV and LL V) or only the LLV component, is replicated. When both viral 



Table 3. Biological effects ofinfection oflong term bone marrow cultures with various murine leukemia viruses 

Cultured 
cells 

C57 
BALB/c 
DBAI2 

Virus 
inoculated 

FLV 

FLV 
Abelson 
FBJ 

a increase in "promyelocytes" 
b Atypical-limited differentiation 

Replication 

1. SFFV 
LLV 

2.LLV 
3.LLV 
LLV 

Abelson 
FBJ 

Characteristics 

Lefta Extended Transformed Extended 
shift CFU-C agar CFC CFU-S 

production productionb 

+ + + 
+ + + 
+ + 

+ 
+ + 

Leukemic 
potential 

Viral 
(Erythroleukemia) 
Non-leukemic 
Myelomonocytic leukemic 
Non -leukemic 
Lymphoid leukemic 
Myelomonocytic leukemic 
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components are replicated the cultures are characterised initially by an ex­
tensive granulopoiesis, followed by a shift to the left (especially an increase in 
promyelocytes), an extended maintenance of CFU-C (normal in their 
responsiveness to colony stimulating activity - CSA) and prolonged pro duc­
tion ofCFU-S. For the first 8-10 weeks these CFU-S are apparently normal­
forming erythroid, megakaryocytic and granulocytic colonies, but after 10 
weeks they become limited in their differentiation capacity and form spleen 
colonies containing only granulocytes and megakaryocytes. Injection of the 
cultured cells into syngeneic mice gives rise to an erythroleukemia of host 
origin (presumably representing infection and transformation of"erythroid" 
host cells by the viral complex liberated from the cultured cells). 

Sometimes, following FLV infection, only the LLV component is replicat­
ed causing: -
a) an initial granulopoiesis, followed by a shift to the left, loss in CFU-S, 

production of transformed CFU-C (which grow independent of CSA and 
form compact myelomonocytic colonies) and injection of the cells into 
adults or neonates produces a rapid1y progressing leukemia of myelo­
monocytic type. The cells grow autonomously of the adherent layer and 
can be established as permanently growing celliines. 

b) Initial extensive replication of normal CFU-S and CFU-C followed by a 
shift to the left, extended production ofnormal CFU-C, and proliferation 
of CFU-S, again limited in their differentiation capacity. These cells will 
not produce leukemia (even when injected into neonates) - and can also 
be established as permanent celliines. 

Infection ofC57BL/6 cultures with FLV, although leading to extensive LLV 
replication, does not produce the biologica1 effects described above. 

As previously reported (Teich and Dexter, 1978) infection of susceptible 
cells with Abelson virus leads to a rapid transformation and accumulation of 
leukemic blast cells. Initially, the growth ofthese cells is dependent upon the 
marrow derived adherent population - but subsequently the cells develop 
autonomously, and will grow in the absence ofknown stimulating factors. 

Finally, we have recently found that infection ofDBA/2 cultures with PBJ 
osteosarcorna virus rnay give a situation sirnilar to that seen after FLV infec­
tion i.e. a shift to the left and the deve10prnent of a leukemic myelomono­
cytic cell population. 

4. Discussion 

The results demonstrate that following treatment with leukemogenic chemi­
cals or viruses aseries of changes occur in the proliferative and differentia­
tion capacity of stern cells - often terminating in leukemic transformation. 
All cultures initially (first few weeks) show normal granulocyte maturation 
and production of normal CFU-S and CFU-C. Injection of the cells, at this 
time. will not produce leukemia. Subsequent changes depend upon the treat­
ment given and - in the case ofviruses - the response ofthe cells to the leu­
kemogen. MNU treated marrow cultures show a production of atypical 
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"CFU-S" and an accumulation ofundifferentiated blast cells. These changes 
in the culture seem to parallel the ability of the cells to produce leukemia, 
since maximalleukemic activity is demonstrated by cells cultured for 13 to 
24 weeks. This indicates that aperiod in culture is "essential" for some 
change to occur in a potentially leukemic cell population. However, the long 
latent period in vivo indicates that after culture "conditioning", an essential 
part of the leukemic process is "host-conditioning". Of some interest is that 
the leukemia inducing ability ofthe cultured cells is not simply related to the 
expression of endogenous virus. 

In the Friend virus infected cultures, in particular those showing only 
replication of the LLV component, proliferation of apparently normal CFU­
Sand CFU-C is followed by either a myelomonocytic leukemic transfor­
mation or production of "atypical" CFU-S with extensive replication 
capacity in vitro. While these cells do not produce leukemia in neonates, 
little is so far known of their capacity to reconstitute (in the long term) the 
haemopoietic systems of mice. Will they, for example, produce a chronic 
granulocytic leukemia after several weeks? A major obstacle in such studies is 
their limited differentiation capacity (being defective for erythropoiesis - and 
probably for lymphopoiesis - and the consequent difficulty in keeping 
reconstituted irradiated mice alive) but studies currently underway using 
hypertransfused mice, housed under sterile conditions, should give us some 
information on this point. Nonetheless, FLV cultures (as with MNU 
cultures) aga in show this pattern of initial normal non-Ieukemic 
haemopoiesis fallowed by the development of leukemic cell populations or 
production of atypical stern cells. Similarly when infection of cultures with 
Abelson leukemia virus or FBJ osteosarcoma virus is performed. 

It will be of great interest to determine whether these changes are brought 
about by virally induced malfunction in the adherent haemopoietic micro­
environment or in the stern cells themselves. Using appropriate combinations 
of genetically resistant environments and susceptible stern cells, such studies 
are now possible. Also, we need to define more clearly the role of viruses in 
such transformation. Is the original virus active in transformation or do such 
events represent a recombinational process between the virus and part ofthe 
host cell genome (xenotropic virus?) as suggested by Troxler et al., 1977. Cer­
tainly, increasing evidence for the role of such recombinations has emerged 
(EIder et al., 1977) and analysis of any recombinants produced in the long 
term marrow cultures is currently being performed. 

Of particular interest is our finding - and others previously reported 
(Moore and Dexter, 1978) of the progressive changes occurring in the 
cultures prior to transformation. Hopefully, these are a reflection of similar 
processes operating in vivo, but which can now be analysed in our in vitro 
system. 
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A. Introduction 

The development of systems in which pluripotent haemopoietic stern cells 
and committed progenitors proliferate and differentiate in vitro has allowed 
the analysis of factors involved in the regulation of normal haemopoiesis 
(Bradley and Metcalf, 1966; Pluznik and Sachs, 1966; Axelrad et al., 1974; 
Stephenson et al., 1971; Dexter and Testa, 1976) and of events associated 
with leukemia, both in experimental systems (reviewed by Metcalf, 1977) 
and in patients (e. g. Moore, 1974). 

Arecent report (Dexter et al., 1977) shows that in vitro infection ofmouse 
bone marrow cells with murine leukemia viruses affects the proliferation 
and differentiation of the stern cells, and in particular, that infection with 
Friend leukemia virus complex (FLV) induces extensive proliferation and 
differentiation ofpluripotent stern cells and committed granulocytic progen­
itor cells, which maintain normal characteristics for several weeks. The 
present work reports the occurrence of leukemic cells of myelomonocytic 
type 2 weeks after in vitro infection of mouse bone marrow cells with FL V. 

B. Materials and Methods 

I. Initial Bone Marrow Cullure 

This technique has been described fully elsewhere (Dexter and Testa, 1976; 
Dexter et al., 1977). Donor mice were 8 week old ~ BDF1. Briefly, the 
content of a mouse femur was flushed into a culture bottle containing 10 ml 
of Fischers medium plus 25% horse serum and antibiotics. Replicate cultures 
were kept at 33°C in an atmosphere of5% CO2 in air for aperiod of3 weeks 
to allow the development of an adherent layer which is essential for the 
main tenace of haemopoiesis (Dexter et al., 1977), and were fed weekly by 
replacing one half ofthe growth medium with fresh medium. After that time, 
a fresh inoculum of 107 syngeneic bone marrow cells was added to each 
culture, followed by infection with FLVwithin 2 hours (NB-tropic pool, F-B 
strain) as described by Dexter et al. (1977). The cultures were maintained by 
weekly feeding as described above. 
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11. Isolation ofthe Leukemia Cell Line 

Cells collected 14 days after the infection with FLV were plated in 0,8% 
methylcellulose in alpha medium plus 30% foetal calf serum enriched with 
bovine serum albumin, transferrin and sodium selenite (Gilbert and Iscove, 
1976) as described previously (Testa and Dexter, 1977). After 10 days of 
incubation at 37°C, these cultures contained atypical colonies which were 
aspirated, pooled and subcultured as a single cell suspension in similar 
growth medium, minus methylcellulose, in culture bottles gassed with 5% 
CO2 in air and also maintained at 37 oe The cells were subcuItured when 
saturation growth was reached. A summary ofthe isolation procedure for this 
celliine, identified as 427E-MC, is shown in Fig. 1. 
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The cells to be assayed were plated in 0,3% agar in Fischers' medium plus 
25% horse serum, with or without mouse heart conditioned medium as an 
exogenous source of colony stimulating activity (CSA, which is essential for 
the growth of granulocytic colonies derived from normal progenitor cells). 
Cultures were incubated in a humidified atmosphere of 5% CO2 in air and 
colonies ofmore than 50 cells were scored after 7 days. 

IV. Induction of Leukemia by Cultured Cells 

Cells harvested from the suspension cultures (B. H.) were injected into 
syngeneic neonatal or adult mice, at doses between 106-5 X 106 cells per 
mouse. The mice were killed within a week of the observation of the growth 
of a local tumour at the site ofsubcutaneous inoculation, or, in the case ofi. v. 
injection, when they appeared ill. Leukemia was confirmed by histological 
examination of the haemopoietic tissue. 
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c. Results 

I. Characteristics in Suspension Culture 

These are summarized in Table 1. The 427E-MC cells grow in suspension in 
the absence of an adherent layer (see B.I.) with a doubling time of 12-16 
hours to a density of 1-2 X 106 cells per ml, and have a high plating efficiency 
in agar, even in the absence of exogenous CSA. They produce CSA which 
stimulates the growth of granulocytic colonies from normal bone marrow 
cells. Morphologically, 20-40% are c1assified as blasts, a similar proportion as 
promyelocytes and the rest as myelocytes and metamyelocytes, with some 
monocytic characteristics. 

Only the lymphatic leukemia helper virus (LLV) of the FLV complex 
replicates in this culture. 

Table 1. Characteristic of 427 E-MC cell line 

Maximum number ofceIIs/mI 

MorphoIogy 
Differentiation to segmented granuIocytes 

Virus production: 
LLV (Iymphatic Ieukemia helper virus) 
SFFV (spleen focus-forming virus) 

CSA production 

PIating efficiency in agar 

Induction ofleukemia 

II. Characteristics in Agar 

1-2x106 

BIasts. promyelocytes. myeIocytes 

Not observed 

Yes 
Not observed 

Yes 

10-30% 

Yes 

These are summarized in Table 2. Colonies derived from 427E-MC cells are 
spherical, compact, and contain up to 5 X 103 cells after one week of growth. 
Both the morphology of the cells (similar to that found in suspension 
cultures) and the plating efficiency are similar in the presence or absence of 
exogenous CSA. The colony cells have high replating efficiency in agar and 
induce leukemia when injected into mice. 

Table 2. Characteristics ofin vitro colonies derived from 427E-MC cells 

Appearance of coIonies 

Morphology of colony ceIIs 

Differentiation to segmented granuIocytes 

Dependance on exogenous CSA 
Replating efficiency 
Induction of Ieukemia 

Compact 
BIasts. promyeIocytes. m yelocytes 

Not observed 

No 
10-15% 

Yes 
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III. Leukemia Inducing Abilitv 

Injection of 427E-MC cells into neonatal and adult mice results in the induc­
tion of leukemia which reaches an advanced state at the time shown in 
Table 3. 

Table 3. Leukemia-inducing ability of 427 E-MC ceHs 

Mice 

Neonatal 
Adult 

D. Discussion 

No. of leukemic mice 
No. inoculated 

8/8 
3/4 

Inoculation 

s.c. or i.p. 
s.c. or i.v. 

NO.ofceHs 

1ü-6-2 X 1()6 
5Xl()6 

Time of 
observation 
(days) 

19-41 
35-96 

Stimulation of granulopoiesis showing normal characteristics with regard to 
growth and differentiation has been reported after injection ofFLVinto mice 
(Golde et al., 1976) and for several weeks after in vitro infection ofbone mar­
row cultures (Dexter et al. , 1977). In the latter report, myeloid leukemic 
transformation was observed in one instance 12 weeks after the infection, 
although in contrast with the present work, normal differentiation and CSA 
dependance were observed when the cells were cloned in agar. 

Our results confirm that cells other than erythroid precursors may be the 
target of FLV, and indicate that a long latency period is not an absolute 
requirement for malignant transformation to lake place. It is ofinterest that 
in spite of the capacity of the bone marrow culture system (B. I.) to support 
the growth of early erythroid precursor cells (Testa and Dexter, 1977), no 
erythropoietin-independent erythropoiesis was observed at the time at which 
the 427E-MC line was isolated. 
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EBV is a herpesvirus associated with severallymphoproliferative diseases in 
man [1]. It is the causative agent for infectious mononuc1eosis (IM), [2], and 
is associated with African Burkitt's lymphoma (BL) and carcinoma of the 
nasopharynx [3]. In addition, EBV has the ability to transform normal 
human (and some simian) lymphocytes in vitro, into continuously growing 
cell-lines [4]. Permanent lines ean also be established direcdy from BL 
biopsies or IM lymphocytes [5]. Cell-lines established in either way were 
shown to be of the B lineage [6], and trials to in feet non-B cells by EBV were 
unsuccessful [7]. Thus, EBV has a very restricted tropism in that it is able to 
infect and/or transform human (and certain simian) B lymphocytes, possibly 
d ue to specific viral receptors expressed on such cells only. 

While scoring different human lymphoma cell-lines for presence ofEBV­
receptors. an interesting correlation was noticed between the expression of 
C3-reeeptors and EBV-receptors [8]. These were simultanuesly present or 
absent, and in no ease, was only one of them expressed. When receptor 
positive cells were incubated with EBV preparations, binding of EAC (in­
dicator for C3-receptors) was partially blocked. Incomplete inhibition of 
EBV binding to cells could be acheived by preincubating them with C3 and 
two layers of antibodies. These results indicated that the EBV-receptor and 
the C3-receptor were not identical but c10sely related structures on the 
membrane. EBV-receptors and C3-receptors co-capped on the eell-membra­
ne [9]. Neither of these receptors co-capped with other independent mem­
brane markers such as IgM, Fe-receptors and beta2 microglobulin indica­
ting that the association observed was highly exclusive and specifie. 

In another experiment we have employed an EBV absorption bioassay 
[10] in which the binding of an infectious virus to EBV-receptors is 
measured quantitatively by testing the residual supernatant capacity to 
superinfect Raji cells, as manifested by the induction of Early Antigen (EA) 
synthesis. Incubation of cells with appropriate ligands for 4-6 hours at 37° 
led to a seleetive stripping of different membrane components including 
EBV-receptors and Crreceptors [lI]. 

It was shown that stripping of C3-receptors drastically reduced the EBV 
absorbing capacity of the eells with similarefficiency to EBV-receptor 
stripping, while stripping ofbeta2 microglobulin, IgM or Fc-receptors had no 
effect on the EBV absorptive capacity whatsoever. 
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Using the quantitative virus absorption bioassay it was also possible to 
compare the extent ofEBV-receptor and C3-receptor expression on different 
cell-lines. A very good correlation was found between the ability ofthe cells to 
absorb EBVand to bind C3 [12]. 

A positive correlation between EBV receptors and C3-receptors expres­
sion was also found among different subpopulations ofnormal human lym­
phocytes from peripheral blood [7]. Using a combined cell separation pro­
cedure [13] fractions enriched for B, T and non T non B (0) cells were obtained. 
The B cell enriched fraction had the highest virus absorptive capacity with 
the strongest expression of C3-receptors. About 30% of the 0 cells expressed 
C3-receptors and also exhibited a significant EBV binding capacity. A minor 
fraction ofT cells had also C3-receptors (about 10%) but did not show EBV 
binding activity. This is in line with the fact that many other non-B cells ex­
pressing C3-receptors (e.g. erythrocytes, granulocytes, and monocytes) do 
not show any EBV binding activity, and association of C3-reeeptors with 
EBV-receptors is found exc1usively on B (and some 0) lymphoeytes. 

Taken together, the above results suggest that EBV has adapted the C3-

reeeptor on human B lymphocytes, to serve as its own receptor. It seems 
that the binding site ofC3 is not identieal with that ofEBVand the receptor 
association re fleets adaptation to a structure assoeiated with the C3-reeeptor 
of the human B lymphocyte, which is missing from other C3-receptor bearing 
eells. 
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Abstract 

The RNA species of the defective avian acute leukemia virus MC29 and of 
the defective avian carcinoma virus MH2 and of their helper viruses were 
analyzed using gel electrophoresis, fingerprinting of RNase Trresistant 
oligonuc1eotides, RNA-cDNA hybridization and in vitro translation. A 28S 
RNA species. of 5700 nuc1eotides, was identified as MC29- or MH2-specific. 
MC29 RNA shared 4 out of about 17 and MH2 RNA at least 1 out of 16 Tl -
oligonuc1eotides with several other avain tumor virus RNAs. In addition 
MC29 and MH2 RNAs shared 2 oligonuc1eotides which were not found in 
any other viral RNA tested. 60% of each 28S RNA could be hybridized by 
DNA complementary to other avian tumor virus RNAs (group-specific) but 
40% could only be hybridized by homologous cDNA (specific). Src gene­
related sequences of Rous sarcoma virus were not found in MC29 or MH2 
RNA. The specific and group-specific sequences of MC29, defined in terms 
of their T l-oligonuc1eotides, were 10cated on a map of all Troligo­
nucIeotides of viral RNA. Specific sequences mapped between 0,4 and 
0.7 map units from the 3' poly(A) end and group-specific sequences mapped 
between 0 and 0,4 and 0,7 and 1 map units. The MC29-specific RNA segment 
was represented by 6 oligonuc1eotides, two of which were those shared only 
by MC29 and MH2 RNAs. In vitro translation of MC29 RNA generated a 
major 120000 dalton protein and minor 56000 and 37000 dalton proteins. 
The 120000 dalton protein shared sequences with the proteins of the avian 
tumor viral gag gene, which maps at the 5' end ofindependently replicating 
viruses. Since a gag gene-related oligonuc1eotide was also found near the 5' 
end of MC29 RNA. we propose that the 120000 MC29 protein was transIa­
ted from the 5' 60% of MC29 RNA. It would then inc1ude sequences of the 
defective gag gene as weIl as MC29-specific sequences. 

Since both MC29 and MH2 lack the src (sarcoma) gene of Rous sarcoma 
virus. it is conc1uded that they contain a distinct c1ass of transforming (onc) 
genes. We propose that the specific sequences of MC29 and MH2 represent 
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all, or part of, their onc genes because the onc genes of MC29 and MH2 are 
specific and represent the only known genetic function ofthese viruses. 1fthis 
proposal is correct, the onc genes of MC29 and MH2 would be related, 
because the specific RNA sequence of MC29 shares 2 of 6 oligonucleotides 
with MH2. It would also follow that the 120000 dalton MC29 protein is a 
probable onc gene product, because it is translated from MC29-specific (and 
group-specific) sequences and because both MC29- and MH2-transformed 
cells contain specific 120000 and 100000 dalton proteins, respectively. 

Introduction 

MC29 and MH2 are avian RNA tumor viruses that cause acute leukemia, 
carcinoma and also transform fibroblasts in culture [1,2,3,4,5,6]. This 
oncogenic cell transformation is due to a transforming gene, termed onc [7], 
which has not been defined genetically or biochemically. Both viruses 
require a helper virus for replication because they are defective in all three 
replicative genes of the avian tumor virus group gag (for internal group-spec­
ific antigen), pol (for DNA polymerase) and env (envelope glycoprotein) [7]. 
The viral genome was identified as a 28S RNA species of 5700 nucleotides 
because it is absent from pure helper virus and because the sequence of28S 
RNA remains conserved when propagated with different helper viruses 
[8.9.10.11]. Hybridization with DNAs complementary to avian tumor 
virus RNAs (cDNAs) have distinguished two sets ofsequences in each RNA. 
One set comprises 60% of the RNA which is related to other, independently 
replicating members of the avian tumor virus group including nondefective 
Rous sarcoma virus (ndRSV) [8-11]. This set is termed group-specific and 
probably represents defective replicative genes as weIl as conserved regula­
tory and structural elements [8,9,10]. The second set comprises the specific 
sequences of MC29 and MH2 RNA, which represent 40% of each RNA and 
is a likely candidate for the onc gene ofthese viruses. Since neither MC29 nor 
MH2 RNA contains sequences related to the onc gene of ndRSV, which is 
termed src, it has been suggested that these viruses contain distinct onc genes 
[8-11]. These and similar studies on avian [9-15] and murine [16-18,23] 
viruses have suggested that within a given RNA tumor virus family, trans­
forming genes may differ whereas replicative genes are relatively conserved. 

It is the purpose of this study to biochemically define the onc genes of 
MC29 and MH2 in order to structurally and functionally compare them to 
each other and to the src gene ofRSV. The src gene ofndRSV has been un­
ambiguously defined by analyses of src-deletion mutants and src­
recombinants as a sequence of about 1500 nucleotides that segregates with 
sarcomagenicity [13,15,19]. Moreover the src gene was mapped near the 3' 
end of viral RNA [14,15,19] and appears to be translated into a protein of 
60000 daltons [20,21]. Due to their defectiveness in all three replicative genes 
[4,5,6] onc-deletion mutants and recombinants of MC29 and MH2 would 
lack biologically detectable genetic markers in replicative genes. Further, the 
specific sequences ofMC29 are not expected to recombine readily with other 
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avian tumor viruses lacking them, because analysis of tumor virus 
recombination has demonstrated that efficient recombination only occurs 
between closely related, allelic sequences [22]. Therefore, the approach that 
was used to define src of ndRSV cannot yet be used to define the onc genes of 
MC29 and MH2 or to define the onc genes of other defective transforming 
VIruses. 

In this paper we describe an alternate, more biochemical, approach to the 
definition of the onc genes of MC29 and MH2. We identify (for MC29 and 
MH2) and locate (only for MC29) on the vira128S RNAs strain-specific and 
group-specific sequences, we then investigate, in the case of MC29, the pro­
teins encoded by these sequences with an interest in identifying a pro tein 
involved in cell transformation. Preliminary work has been describe.d 
[9-11] and recently a more complete comparison of MH2 and MC2~ has 
been published [40]. 

Results 

MC29 and MH2 Contain Specific 28S RNA Species which Share 
Specific Oligonucleotides 

A 28S RNA species that is physically and chemically distinct from the 34S 
RNA of the helper virus has been found in several defective virus-helper 
virus complexes of MC29 and of MH2 [8-11]. To demonstrate that the 28S 
RNA species in each virus complex was specific to the defective transforming 
MC29 or MH2 virus, different MC29 and MH2 pseudotypes have been 
investigated for the presence of28S RNAs. It can be seen in Fig.l that three 
different MC29 pseudotypes, MC29 (ring-neck pheasant virus [RPV]), MC29 
(MC-associated virus of subgroup A [MCAV-A]) and MC29 (MCA V-B) 
each contained a 28S RNA species in addition to the 34S RNA of the 
respective helper virus. The same was true for the MH2 pseudotypes, MH2 
(MH2A V of su bgrou ps A and C [A + CD and MH2 (RA V-7) (Fig. 1). By 
contrast, the RNA of helper viruses RPV [8], MCAV-A, MH2AV-A + C and 
RA V-7 contained only a 34S RNA species (not shown). It was concluded that 
different pseudotypes of MC29 as weIl as of MH2 each share physically in­
distinguishable 28S RNA species. 

We have investigated the large RNase T1-resistant oligonucleotides of the 
28S RNAs of MC29 and MH2 as specific diagnostic markers of each viral 
RNA. This is experimentally complicated because owing to their defec­
tiveness these viruses only replicate in the presence of a helper virus. Hence 
viral RNA is a mixture of defective and helper virus RNAs, the ratio ofwhich 
may vary with a given infected culture [8]. If28S RNA is present at equal or 
higher concentration than 34S RNA in this mixture, it can be detected and 
isolated by preparative electrophoresis as is shown in Fig.1. However, 28S 
RNA prepared in this fashion is still contaminated by degraded 34S RNA, 
the degree of contamination depending on the relative amount of 34S RNA 
present in thr: mixture and on the integrity of each RNA species. Degraded 
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Fig. 1. The RNA monomers of different avian acute leukemia virus MC29-pseudotypes and 
of different avian carcinoma virus MH2-pseudotypes after electrophoresis in 2% polyacryl­
amide gels. Preparation ofviral RNA and conditions for electrophoresis have been described [8]. 
Each RNA was electrophoresed with MC29 (ring-neck pheasant virus of subgroup F [RPV]) 
RNA standards containing a 28S MC29 and a 34S RPV RNA species [8]. (A) RNA of MC29 
(MCAV-B). This pseudotype of MC29 was propagated on chick embryo fibroblasts and was 
obtained from C. Moscovici, who had received it via R. Smith from 1. Beard. (B) RNA ofMC29 
(MCA V-A). This pseudotype of MC29 was also propagated on chicken fibroblasts and was ob­
tained from C. Moscovici, who had received it from K. Bister and P.K. Vogt. (C) RNAs ofMH2 
(MH2AV-A and C) and (0) of MH2 (RA V-7). These pseudotypes of MH2 were prepared by 
one ofus (P. K. Vogt) and had been propagated on chicken macrophage cultures 

34S RNA that has the size of 28S RNA would coelectrophorese with intact 
28S RNA of MC29 or MH2. Thus in order to distinguish 28S RNA-specific 
oligonucleotides from oligonucleotides derived from fragmented 34S RNA 
present in a given pool of 28S RNA, we have fingerprinted both RNA 
species. By subtracting from the 28S RNA oligonucleotides that the 34S and 
28S RNAs have in common, we arrived at a minimal estimate of 28S RNA­
specific oligonuc1eotides. A complete catalogue of 28S RNA-specific 
oligonucleotides must also identify those oligonuc1eotides that the 28S RNA 
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of a defective virus may have in common with the 34S helper virus RNA. 
Determination of such oligonuc1eotides was approached by analyses of 28S 
RNA pools that are litde contaminated by 34S RNA (as was the ca se for 
RNA from MC29 (RPV) propagated by the quail Q8-cell line [8]) or by 
identifying specific oligonuc1eotides from different 28S RNA pools of a given 
defective virus that was propagated with different helper viruses. 

Fingerprint analysis of 28S MC29 RNA prepared from MC29 (RPV) is 
shown in Fig.2A and that of 34S RPV RNA has been published previously 
[8]. A comparison indicates that of all the T1-oligonucleotides numbered in 
Fig.2A, 28S MC29 RNA shares three, i. e., nos. 4, 9 and C with RPV RNA 
(8,9, Table 1). Since the relative concentration ofno.4 was lower than that of 
all others in Fig.2A and varied with different preparations of 28S MC29 
RNA, we conc1ude that it was derived from contaminating RPV RNA 
(therefore it is in parentheses in Fig. 2A). Henceforth, the oligonuc1eotides of 
28S RNA pools that are thought to derive from contaminating helper virus 
RNA are parenthesized in the Figures and Tables. Oligonuc1eotides shared 
with helper viruses that are present at equimolar ratios are believed 
to be integral parts of the 28S MC29 RNA shown in Fig. 2A. This was 
direetly proven in the ease of oligonucleotide nO.9. This oligonuc1eotide 
is a conserved element of the gag gene of other avian tumor viruses, which 
maps near the 5' end of viral RNAs [27,28]. If this oligonucleotide were 
present in a 28S RNA pool of MC29 (RPV) RNA as part of a RPV fragment, 
this fragment would have to include the 5'end of the 34S RNA but would 
laek the 3' poly(A) end. Therefore only the poly(A)-tagged species of a 28S 
RNA pool of MC29 (RPV) RNA had been fingerprinted in Fig.2A. The 
result that oligonucleotide no. 9 was present indieates that it was an integral 
part of28S MC29 RNA. Its presenee at a slighdy lower than equimolar con­
eentration in poly(A)-seleeted 28S RNA (Fig.2A) was expeeted, because 
the 5' end of the RNA would be preferentially lost in a poly(A) selection 
(compare Figs.2A and 3A below). Analyses of the RNase A-resistant frag­
ments of the large T1-oligonucleotides of the 28S and the 34S RNA species 
of MC29 (MCAV-B) shown in Figs.2B and C have not yet been completed. 
Preliminary results indieate that the 28S RNA speeies share several, large 
oligonucleotides with 28S MC29 RNA isolated from MC29 (RPV). These 
homologous oligonuc1eotides were given the same numbers in Fig.2A and 
B. In addition, the 28S RNA species of MC29 (MCAV-B) contained oligo­
nucleotides which appeared to have chromatographie counterparts in the 
34S helper virus RNA of MC29 (MCA V-B) shown in Fig.2C. Some of these 
probably derived from contaminating 34S helper RNA. In addition 28S MC29 
RNA mayaiso have acquired some helper viral oligonucleotides by recom­
bination. 

To identify MH2 RNA-speeifie oligonucleotides, 28S RNA pools from 
MH2 (MH2A V-A and C) and from MH2 (RA V-7) were compared to eaeh 
other and to those of their 34S helper virus RNAs (Fig.2E-H) as deseribed 
above for MC29 RNA. MH2-speeifie oligonucleotides are numbered without 
parentheses in Fig. 2E, Fand Table 2. Further work is necessary to determine 
whether some ofthe oligonucleotides shared by 28S MH2 and 34S MH2AV-
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Fig.2. Autoradiographs of RNase Trdigested viral [32P] RNA components atler 2-dimen­
sional electrophoresis-homo-chromatography (fingerprinting). Preparation of viral RNA com­
ponents and conditions of fingerprinting have been described [8.14]. Numbers identify large 
RNase Trresistant oligonucleotides. or spots consisting of more than one oligonucleotide. 
Numbers ofoligonucleotides of28S RNA pools which are probably derived from degraded 34S 
helper virus RNA are parenthesized. Cap designates the 5' terminal capped oligonucleotide. 
The following RNAs were fingerprinted: (A) The poly(A)-containing 28S MC29 RNA 
prepared electrophoretically from MC29 (RPV) RNA as in Fig. 1 and chromatographed on 
oligo(dT)-cellulose [14]. (B) the 28S RNA of MC29 (MCAV-B). electrophoretically prepared 
from MC29 (MCAV-B) RNA as for Fig. 1. (C) the 34S MCAV-B RNA electrophoretically 
prepared from MC29 (MCAV-B) as in (B). (0) the 60-70S RNA of MCAV-A prepared from 
virus propagated in chicken fibroblasts. (E) the 28S RNA ofMH2 (MH2AV-A and C). prepared 
as for (AB). (F) the 28S RNA of MH2 (RA V-7) also prepared as for (AB). (0) the 34S RA V-7 
RNA prepared from MH2 (RAV-7) RNA as described for (C) and (H) the 50-70S RNA of 
MH2AV-A and C. A mixture of these two helper viruses was propagated in chicken fibroblasts 

A and C or 34S RA V-7 RNAs are integral parts of 28S MH2 RNA or are 
derived from degraded helper virus RNA. Analysis of 28S RNA was 
hampered by difficulties with propagating sufficient radioactive virus in 
chicken macrophages [5] for biochemical analyses ofRNA and because virus 
from transformed chicken or quail fibroblast cultures contained. in over 
thirty cases tested, > 3 tim es more 34S than 28S RNA, and was thus unsuitable 
for studying 28S RNA. 
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Table 1. Composition ofTr oligonuc1eotides of28S MC29 RNN 

28S 

MC29 
RNase A digestion products 28S MH2A v- MCA v- PR-Bb RPVb 

Spot 
No.c 

1 
2 
3 

(4) 
5 
6 
7a 
7b 
8a 
8b 
9 

10 
11 
12 
13 
15 
18 
C 

MH2b A&Cb Ab 

2U, 3C, G, 2 (AC), (AU), 2 (AAC) 
7U, 7C, G, (AC), 3 (AU), (AAC), (AAU) 
8U, 2C, G, (AAC), < 1 (AAAN) 
5V, 8C, 3 (AC), (AU), (AAC), (AAG) 
3V, 5C, 2 (AC), (AU), (AAU), (AAAC), (~G) 
2V, 8C, 3 (AU), (AG), (AAAU) 
2V, 6C, G, 2 (AC), (AU), (AAC) 
3U, 8C, (AC), (AAG) 9 
2V, 2C, G, 2 (AC), (AAAC) 
2V, 4C, (AC), (AG), (AAU), (AAAC) 10 
5U, 6C, (AAG), (~C) l1a,b,c? 
3U, 2C, 2 (AU), (AG), (AAV) 
2V, 4C, G, 2 (AC), (AU), (AAC) 15a,b 16 
V, 4C, 2 (AC), (AU), (AG), (AAC) 
V, 3C, G, 2 (AC), (~N) 
4V, 4C, G, (AC), (AU), (AAU) 
5V, 3C, G, (AU), (AAU) 22 
G, (AC), (AU), (AAU), (AAAN) C C 

Spot No. 

5a,b 8 

7 14 

C C 

5 

C 

a Oligonuc1eotides numbered as in Figs. 2 and 3 were eluted from fingerprints shown in these 
Figs. and from fingerprints of poly(A)-tagged RNA fragments (not shown) prepared to 
derive the oligonuc1eotide map shown in Fig.3 as described [14]. RNase A-resistant frag­
ments ofT1-oligonuc1eotides were determined following published procedures [8,14] except 
that digestion with RNase A was in 10 !lI at 0,4 mg RNase Aper ml for 3 hr. 

b The columns marked on the right indicate 28S MH2, MH2AV-A&C, MCAV-A, PR-B and 
RPV-oligonuc1eotides numbered as below and in refs. 8-11,14,15, with the same composi­
tion as the respecitve counterparts ofMC29 RNA. 

c Numbers as in Fig. 2A 

A comparison of the oligonuc1eotides of 28S MC29 and MH2 RNAs in­
dicates that the two RNAs share about 5 out of 12-15 large oligonucleotides 
(see Tables 1 and 2). Three ofthese common oligonucleotides are also shared 
with other avian tumor viruses. However two are only shared by MC29 and 
MH2, i. e., nos.7b and 8b of MC29 and nos.9 and 10 of MH2. Hence it is 
conceivable that these oligonucleotides are part of the functionally related, 
specific onc genes of these two viruses. 

It has been argued that (defective) transforming viruses are generated by 
recombination of a helper virus with an unknown (defective) virus 
preexisting in the cell or with cellular genetic elements [16-18,23,24]. The 
helper viruses isolated from the original stocks of MC29 and MH2 would 
appear to be likely candidates for one parent ofsuch recombinational events. 
It would then be expected that the defective recombinant virus shares more 
sequences with its progenitor than with other possible helper viruses. To test 
this, the RNA of a cloned helper, isolated from the original MC29 stock, i. e., 
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Table 2. Troligonucleotides of28S MH2 RNAa 

28S MH2 RNase A digestion products 

Spot No.b 

1 0, 2C, G, 5 (AU), (AAU), (AAAC) 
(2)b 90, 7C, 2 (AC), 2 (AU), (AG), (AAC), (AAU) 
3 40, 5C, G, 3 (AU), 2 (AAU), (AAAU) 
4a,b 30, 9c' 2G, 4 (AC). 3 (AU), 3 (AAC). (AAAC) 

(5) 60, 9C, 2 (AC), (AU), (AAC), (AAG) 
6a,b 90, 16C, 2G, 2 (AC), 2 (AU). 2 (AAC). (AAAC), (A5N) 

(7) 5U, 5C, G, 2 (AC), 3 (AU) 
(8) 40. 5C, (AC), (AAU), (AAAC), (AAAG) 
9 3U, IOC, (AC), (AAG) 

10 20, 3C, (AC), (AG), (AAU), (AAAC) 
lla,b,c 100, 15C, G, 3 (AC), 5 (AU), (AG), (AAG), (AAAG), (AnN) 
12 20, 4C, 2 (AC), (AU), (AG) 
13 U. 3C, 2 (AC), (AAG), (AAAU) 

(14) 4C, 2 (AC), (AU), (~G) 
15a,b 20, 4C, G, 2 (AC), (AU), (AG). (AAC), (AnN) 

(17) 20, 4C, G, 2 (AC), (AU) 
( 19) 100, 7C, G, (AU) 
(20) 6U, 2C, G, 3 (AU). (AAU) 
cape class IV 

Ouesberg. P. et al. 

MC29c RA V-7c MH2A­
A&C 

4 

Id 
2 2 

4 6 
5 

7b 
8b 
9? 

15 
11? 

Il 
8 
7 

cap cap 

a Oligonucleotides were eluted from fingerprints shown in Fig. 2 and their RNase A-resistant 
fragments were determined as described previously [14] and for Table 1. Same, but not all 
oligonucleotide numbers are the same as those used previously for more preliminary anal­
yses ofMH2 RNA [9, 10]. Oue to scarcity ofMH2 [32P] RNA, some numbers are semi-quanti­
tative, combining scintillation counting ofRNase A-resistant fragments and reflecting visual 
estimates from autoradiograms. 

b Numbers as in Fig. 2E and F. Oligonucleotides with homologous counterparts in RA V-7 or 
MH2A V-A& C helper virus RNAs are parenthesized (see text). 

C Number denotations ofhomologous oligonucleotides found in MC29, RA V-7 and MH2AV­
A&C RNAs (see Tables 3 and 4) 

d 4a is MC29 no I, see ref 40. 
e see ref22 for composition 

MCA V-A, was fingerprinted (Fig.2D) and the RNase-A resistant fragments 
of large oligonuc1eotides were compared to those of28S MC29 RNA isolated 
from MC29 (RPV). It can be seen in Tables 1 and 3 and Fig.2 that the two 
RNAs share only about three of their large T1-oligonucleotides. In addi­
tion both RNAs as weIl as RPV RNA have the same 5' terminal cap­
oligonuc1eotide (marked in Fig. I) [22]. The same was true for the rela­
tionship of 28S MH2 RNA to MH2A V-A and C RNAs, two helper viruses 
isolated from the original stock of the virus. These helper viruses did not 
share more oligonuc1eotides with MH2 RNA than with RA V-7 (compare 
Fig.2 and Tables 2, 4 and 5). We conc1ude on the basis of oligonuc1eotide 
homologies, that 28S MC29 and MH2 RNAs are not more c10sely related to 
their original helper viruses than to the other helper viruses tested. 
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Table 3. Cornposition ofT1-oligonucleotides of MCAV-A RNN 

MCAV-A 

Spot No.b 

1 
2 
3a 
3b 
4 
Sa,b 
6 
7 
S 

10 
11 
13 
IS 
IS 
21 
22 
23 
24 

RNase A digestion products 

7U, Sc, (AC), (AU), (AG), (AAC), (AAU) 
6U, lOC,2 (AC), (AU), (AAC), (AAG) 
4U, 7C, G, (AC), (AU), (AAAC) 
3U, SC, (AC), (AAU), (AAAC), (~G) 
6U, 6C, G, 3 (AC), 3 (AU) 
8U, 9C, G, 2 (AC), (AU), (AAG), (~C) 
3V, 6C, G. 3 (AC). 2 (AU) 
2V, Sc, G. 2 (AC). (AU), (AAC) 
4c, 2 (AC). (AU). (~G) 
V, Sc, 3 (AC). (AAG) 
3C, (AU). (AG). (A5N) 
6V, 2C, G. 3 (AU). (AAU) 
8U. Sc, G. (AU) 
Sc, G. 4 (AC) 
Sv, G. (AC). 2 (AU) 
Sv, 3C, G. (AU). (AAU) 
3V, 2C, G. 2 (AU). (AAU) 
Sc, <2 (AC). (AG) 

a As in Table I. 
h As in Fig. 2D. 

PR-Be 

4 
6 

8 

14 

18 
20b 

18 
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c Oligonuc1eotides of the same cornposition were found previously in PR-B (14) and MC29 
(see Table 1) 

Table 4. Cornposition ofT1-oligonuc1eotides ofMH2AV-A and -C RNN 

MH2A V-A RNase A digestion products 

and C 

Spot no.h 

1 
2 
3 
4 
S 
6 
7a.b 
8 
9 

10 
11 
12 
13 
14 
IS 
16 

7V, 1OC, G. 3 (AC). (AAC) 
Sv, 1OC, 2 (AC). (AU). (AAC). (AAG) 
6U. 1OC. G. (AC), (AU), (AAAC) 
Sv, 6C, 2 (AC). 2 (AU). (AG). (AAC). (AAU) 
3U. 6C G. 2 (AC). (AU) 
6U. 6C. G. 2 (AC). 4 (AU) 
4V, 3C 2 (AC). 2 (AU). (AG). (AAU). (AAAN). (~N) 
6U, 6C (AAG), (A5N) 
6U, 9C, G, (AAC) 
Su, 3c' 4 (AU), (AG), (AAU) 
6U, 2C G. 4 (AU). (AAC) 
V, 2C. G, (AC), 2 (AAAN) 
4U, 3C G, 2 (AU). (AAAN) 
Sv, 4C C (AC), (AAAC), (AAAG) 
4U, 4C (AC), (AAAC). (~G) 
2V, SC G, 2 (AC). (AU). (AAC) 

a Determined as in Table 1. 
h Numbers refer to oligonucleotides spots shown in Figure 2H. 
c Oligonuc1eotides ofthe same cornposition were found in PR-B (14) 

PR-Be 

Spot no. 

4 
6 

14 
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Table 5. T1-0Iigonuc\eotides of RA V-7 RNA 

Spot no. 

1 
2 
3 
4 
S 
6 
7 
8 
9 

lO 
II 
12 
13 
14a.b 
IS 
16 
17 
18 
19 

RNase A digestion productsa 

70. 4C 2 (AC). 2 (AU). (AG). (MC). (MU) 
40. 7C. 2 (AC). (AU). (MC). (MG) 
60. 6C. G. (AC). (AU). (MAC) 
So. Sc. G. 2 (AC). 3 (AU) 
40. Sc. (AC). (AAU). (AAAC). (AnN) 
60. 6C. 3 (AC). (AU). (MG). (AMN) 
60. 2C. G. 3 (AU). (AAU) 
lOu. 7C G. (AU) 
30. G. (AC). 2 (AU) 
40. IC. (AC). (AU). (AnG) 
20. 4C. G. 2 (AC). (AU) 
20. 4C. G. 2 (AAU). (AAAN) 
20. 4C G. 2 (AC). (AU). (AAC) 
30. Sc. 3 (AC). (AU). AG). (MC). (AMN) 
4C 2 (AC). (AU). (AnG) 
2C. 2 (AC). (AAG) 
2C (AU). (AG). (AnN) 
40. 2C G. (AU). (MU) 
20. C. G. 3 (AU). (AAU) 

Duesberg. P. et al. 

a Oligonucleotides were prepared as for Tables 1-4. RA V-7 RNA was isolated from MH2 
(RA V-7) virus as described in Fig. 1 and in the text. Quantitation of RNase A-resistant frag­
ments was based on visual estimates of autoradiographs 

The Relationship 0{28S MC29 and MH2 RNAs to Each Other and to the 
RNAs ofOther Avian Tumor Viruses Measured by Hybridization 

To determine whether 28S MC29 and 28S MH2 RNA contain src-specific 
nucleotide sequences of avian sarcoma viruses and to investigate their 
relationship to each other and to the RNAs of helper-independent avian 
RNA tumor viruses. the RNAs were hybridized to various cDNAs. All hybri­
dizations were carried out with an excess of cDNA and at increasing cDNA 
to RNA ratios to reach plateau values of maximal hybridization. Under 
our conditions, maximal hybridization of 28S MC29 RNA with homol­
ogous MC29 (RPV) cDNA and of Prague RSV-B (PR-B) RNA with homol­
ogous cDNA was about 93% (Table 6). To determine whether 28S MC29 
and MH2 RNAs contain src-specific sequences each RNA was first 
hybridized to cDNA from PR-B which contains src and then to cDNA from 
transformation-defective (td) PR-B which lacks src [13-15]. It is seen in Table 
6 that approximately the same percentage (62 to 66%) of each RNA was 
hybridized by each cDNA. The MC29 and MH2 RNA sequences hybridized 
by PR-B and td PR-B cDNA were not additive, because a mixture of these 
two cDNAs did not hybridize more than each by itse1f (Tab1e 6). The PR-B 
cDNA used was shown to include src-specific sequences, because it was ab1e 
to hybridize 13% more PR-B RNA than td PR-B cDNA (Table 6). This was 
the expected difference, because the src gene corresponds to about 13% ofthe 
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viral RNA [13]. It foHows that MC29 RNA and MH2 RNA lack src-specific 
sequences. About 62 to 66% of MC29 and MH2 RNAs are related to the 
RNAs of PR-B, td PR-B and other independently replicating avian tumor 
viruses. Therefore these sequences are termed group-specific. At least 31 % 
(i. e .. 93 minus 62) or 1700 nuc1eotides of each RNA would appear to be 
specific for MC29 or MH2, respectively. This is considered a minimal 
estimate because each electrophoretically prepared 28S RNA was 
contaminated with degraded helper virus RNA (c. f., Figs. 1 and 2). Helper 
virus RNAs inc1uding RPV RNA, 34S MH2AV-A and C RNA were 60 to 
80% homologous to the RNAs of PR-B, td PR-B and of other avian tumor 
viruses (Table 6). 

To test whether the specific sequences of MC29 and MH2 RNA (defined 
as those which did not hybridize with PR-B or td PR-B cDNA) are related to 
each other, 28S MH2 RNA was hybridized to MC29 (RPV) cDNA. About 
64% ofthe RNA was hybridized (Table 6). Ifannealed with MC29 (RPV) and 
PR-B cDNAs, about 70% of 28S MH2 was hybridized. It foHows that 
approximately 30% of the 28S MH2 RNA is unrelated to MC29 and PR-B 
RNA. The result that about 5-10% more 28S MH2 RNA was hybridized by 
MC29 (RPV) and PR-B cDNAs together than by each cDNA alone, may 
indicate that each of these cDNAs contains sequences related to different 
sequences of MH2. It is conceivable that PR-B cDNA would hybridize with 
segments of the above defined group-specific sequences of MH2 not 
represented in MC29 (RPV) cDNA and MC29 cDNA with segments of 
MH2-specific RNA not represented by PR-B cDNA. A specific relationship 
between MC29 and MH2 is consistent with the finding that MH2 and MC29 
RNAs share two oligonuc1eotides not found in any other avian tumor virus 
tested here (see above). 

To test further the notion mentioned above that defective transforming 
viruses are recombinants of a helper virus and an unknown parent, se­
quence homologies between the RNAs of MC29 and of its original helper 
virus. MCAV-A as weIl ofMH2 and ofMH2AV-A and C were determined.1t 
is seen in Table 6 that 28S MC29 RNA is hybridized by MCAV-A cDNA to 
approximately the same extent, i. e., 61 %, as by cDNA prepared from other 
avian tumor viruses. The same was true for 28S MH2 RNA and MH2A V-A 
and C cDNA (Table 6). The MCAV-A cDNA as weH as the MH2AV-A and 
-C cDNA used, hybridized 94--96% oftheir homologous viral RNAs (Table 6). 
It is concluded that MC29 and MH2 are not more c10sely related to their 
original helper viruses than to other avian tumor viruses tested. This 
conclusion is consistent with the results described above that the T1-

oligonucleotides of MC29 and MCA V-A as weH as those of MH2 and 
MH2A V-A and C RNAs are not more closely related to each other than to 
those of other avian tumor virus RNAs. 

Mapping MC29-Speci{zc and Group-Speci{zc Sequences of MC29 RNA 

To locate MC29-specific and group-specific sequences on MC29 RNA the 
foHowing strategy was used: First the RNase T1-resistant oligonucleotides of 
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Table 6. Hybridizationsa ofviral RNAs with viral cONAsh 

% Hybridization at various cONA/RNA ratios 
mean ± S.O. 

RNA cONA 5: 1 20: 1 50: 1 100: 1 150: 1 

MC29 (RPV) 65 ± 6 84 ± 4 88 ± I 93 ± 7 96 
RPV 46 ± 3 61 ± ° 66 ± 3 69 ± 4 
PR-B 40 ± 2 54 ± 7 61 ± 8 61 ± 8 

28S MC29c tdPR-B 50 ± 2 55 ± 6 61 ± 6 62 ± 7 
PR-B + tdPR-Bh 50 62 ± 6 60 61 
MCAV-A 55 60 ± 3 61 
PR-B + MCAV-Ah 61 60 ± 5 

MCAV-A 64 65 
34S RPV MC29 (RPV) 48 81 80 80 

tdPR-B 35 58 

MCAV-A 91 ± 6 94 ± 5 

34S MCAV-A 
MC29 (RPV) 49 80 80 
RPV 75 
PR-B 66 70 

PR-B 60.5 ± 1 64 66.5 ± 5 
tdPR-B 58 ± 5 59.5 65.5 ± 2 

28S MH2d PR-B + tdPR-Bh 62 ± 3 
MC29 (RPV) 61.5 ± 5 61.5 64 ± 1 
MC29 (RPV) + PR-Bh 67 ± 3 70,5 ± 6 

MH2e MH2AV-A and C 58 ± 5 60 ± 2 

PR-B 79,5 ± 8 
tdPR-B 79 ± 8 78 

34S MH2AVd PR-B + tdPR-Bh 86.5 ± 2 
MC29 (RPV) 70 ± 5 75 
MC29 (RPV) + PR-Bh 84.5 ± 4 

MH2A V-A and Cf MH2AV-A and C 75 ± 4 96 

PR-B 93 ± 0 93 ± 1 

PR-Bg tdPR-B 81 81 
PR-B 94 ± ° 92 ± 1 
tdPR-B 79 81 

RAV-7e MH2A V-A and C 83 

a Each reaction mixture contained about 1 ng Of32p RNA (2000 cpm/ng) and 5-100 ng of 3H 
cDNA (50 cpm/ng). Hybridizations were in 4-5 fJ.l of 70% deionized formamide/O,3 M 
NaCIIO,03 M Na citrate/15mM Na phosphate, pH7,0 and 0,05% NaOodS04 at 40° for 
12 hr. Percentage nuclease-resistance is expressed as the radioactivity recovered in aliquots 
digested with nuclease relative to that found in undigested aliquots. Each value is the mean 
of 2 or 3 experiments using, in some cases, independent preparations of RNA and cDNA 
Digestion was with RNases A (5 fJ.g/ml), Tl (10 units/ml) and T2 (10 units/ml) for 30 min 
at 40° in 0,3 M NaCIIO,03 M Na citrate, pH7,0. The background ofnuclease-resistance ofan 
aliquot heated at 100° in 0,01 M Na+ was <0,5%. Manyofthese data are from refs. 8,9,10. 
Ratios of cDNA to RNA represent maximal values for a given RNA sequence because cDNAs 
are nonequimolar mixtures of viral sequences and inc1ude viral double-stranded DNA as 
weIl as some ceIlular DNA species. 

b cDNA was prepared as described previously [8,9]. 
C Prepared by gel electrophoresis from MC29 (RPV) [8) as shown for Fig. 1. 
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the MC29-specific and of the group-specific segments of MC29 RNA were 
determined. MC29-specific RNA segments were recovered from RNA-DNA 
hybrids formed between viral RNA and MC29-specific cDNA. Group-speci­
fic segments of MC29 RNA were obtained from hybrids formed with 
cDNAs from other avian tumor viruses [10,11,26]. The Iocation ofthe RNA 
segment to which a given oligonucleotide belonged was then deduced from 
a map of all Iarge oligonucleotides of MC29 RNA. An oligonucleotide map 
describes the Iocation of each Iarge oligonucleotide relative to the 3' po­
ly(A)-coordinate ofviral RNA. The Iocation of a given oligonucleotide is de­
duced from the size of the smallest poly(A)-tagged RNA fragment from 
which the oligonucleotide can be obtained [14]. 

MC29-specific cDNA was prepared by hybridizing MC29 (RPV) cDNA 
to an excess of unlabeled RNA of RPV and of PR-B under conditions of 
moderate stringency (Fig. 3). In this way all but the MC29-specific sequences 
of this cDNA were converted to heteroduplexes Ieaving only MC29-specific 
cDNA single-stranded. This cDNA was then hybridized in a second step with 
50-70S MC29 (RPV) [32P] RNA essentially under the conditions described 
above. However incubation was for a shorter time, to minimize displacement 
ofunlabeled RNA from heteroduplexes present in our preparation ofMC29-
specific cDNA by related or identical sequences of MC29 [32P] RNA. After 
digestion of unhybridized MC29 (RPV) [32P] RNA with RNases A and Tl, 
the resulting hybrids were prepared by chromatography on Biogel PI00. 
Subsequently the hybrid was heat-dissociated and the [32P] RNA was digest­
ed with RNase Tl. The resulting MC29-specific Tl-oligonucleotides were 
detected by fingerprint analysis (Fig. 3 B) and their RNase A-resistant frag­
ments were determined (Table 1). 

The remaining oligonucleotides of MC29 RNA (Fig. 3A) are expected to 
derive from group-specific RNA segments, sequence-related to the RNAs of 
other members ofthe avian tumor virus group. Group-specific RNA sequences 
were identified as folIows: 28S MC29 [32P] RNA was prepared electrophoret­
ically from 50-70S MC29 (RPV) RNA [8]. The RNA was then hybridized to 
an excess of PR-B and RPV cDNA as above (Fig. 3C). After hybridization 
the re action mixture was treated with RNase Tl to degrade unhybridized 
RNA. RNase A was not used for this purpose in order to preserve small 
MC29-specific oligonucleotide segments which are part oflarger group-spec­
ific polynucleotide segments of MC29 RNA hybridized with PR-B and RPV 
cDNAs. Thus mismatches involving oligonucleotide segments with fewer 
than two Os would register as complete hybrids in our conditions. Such mis­
matches are expected because neither RPV nor PR-B are immediate pre­
decessors of MC29 and because group-specific sequences of avian tumor 
virus RNAs defined by hybridization are known to differ if compared by 

d Prepared from MH2 (MH2A V-A and C) propagated in macrophages as for c. 
e Prepared from MH2 (RA V-7) as for c. 
f 60-70S RNA from c10ned MH2AV-A and C was used. 
g Shown electrophoretically to be free oftdPR-B RNA [8]. 
h Each cDNA was present at the DNA to RNA ratio indicated. 
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Fig.3. RNase Tl-resistant oligonucIeotides of whole 28S MC29 RNA (A). of MC29 RNA 
sequences that are not sequence-related to other avian tumor virus RNAs (MC29-specific) (B). 
and of MC29 RNA sequences that are sequence-related to other avian tumor virus RNAs 
(group-specific) (C). 28S MC29 [32P] RNA was prepared electrophoretically trom 50-70S MC29 
(RPV) RNA. digested with RNase Tl and subjected to 2-dimensional electrophoresis-homo­
chromatography as described [8.14]. OligonucIeotides were numbered as in Fig. 2 and previous­
Iy [8-11]. In cases where double-spots were resolved. distinct oligonucIeotides were denoted 
alphabetically (Fig. 2. Table I). OligonucIeotide no. 4 is in parenthesis because it is thought to 
derive from contaminating RPV RNA [8] rather than from MC29 RNA (see Fig. 2). (B) To pre­
pare MC29-specific sequences from MC29 RNA. 50-70S MC29 (RPV) [32P] RNA was hybrid­
ized to MC29-specific cDNA. MC29-specific cDNA was made by incubating 21lg MC29 (RPV) 
cDNA [8.19] with 151lg RPV RNA and 121lg PR-B RNA for 12 hr at 40°C in 10 11150% form­
amide containing 0.45 M NaCL 0.045 M Na citrate and 0.01 M Na-P04 pH7.0. Subsequently. 
1.5 Ilg of MC29 (RPV) [32P] RNA (5 x 106 cpm/fLg) was added in 20111 of the above form amide 
buffer and incubation was continued for 1 hr. After digestion for 30 min at 40°C in 200111 of 
0,3 M NaCl, 0,03 M Na citrate containing 5 Ilg/ml RNase A and 50 units/ml RNase Tl, the resi­
stant hybrid was isolated from the void volume of a Biogel P 100 column (12 x 0,6 cm) equili­
brated in 0,1 M NaCl, 0,01 M Tris pH7,4, 1 mM EDTA and 0,2% Na dodecylsulfate. Hybrid was 
extracted 3 times with phenol in the presence of 30 fLg carrier yeast tRNA. then ethanol-preCi­
pitated, heat-dissociated in buffer of low ionic strength. digested with RNase Tl and subjected 
to fingerprint analysis as above. The oligonuc1eotides from MC29-specific RNA segments so 
identified are underlined in the oligonuc1eotide map shown in Fig. 4. (C) To prepare avian tu­
mor virus group-specific sequences of MC29 RNA. 0,25 Ilg of electrophoretically prepared 28 S 
MC29 [32P] RNA (Fig. 1, refs. 8,9,10) (2 X 106 cpm/Ilg) was hybridized with Illg of PR-B and 
1 Ilg of RPV cDNAs for 12 hr in 25111 of 70% formamide, 0,3 M NaCI, 0,03 M Na citrate. 0,02% 
Na dodecylsulfate and 0,015 M Na-P04 pH 7,0. The reaction product was heated to 50°C for 
1 min in 0,15 M NaCl, 0,015 Na citrate pH7,0 and treated with RNase Tl (but not with RNase 
A) and otherwise as described for (B) 

fingerprinting Tr oligonucleotides [14,15,27,28]. This is because fingerprint­
ing detects specific oligonucleotides even in RNA sequences which differ by 
only a few percent of their nucleotides and which are closely related if COffi­

pared by RNA-cDNA hybridization. The T1-oligonucleotides of the result-
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ing hybrid are shown in Fig. 3C and Table l. They represent RNA sequences of 
MC29 RNA that are closely related to but not identical with sequences ofPR-B 
and RPV RNA. It can be seen in Figs. 3 and 4 that the T1-oligonucleotides 
of MC29 RNA fall into two non-overlapping sets, those representing MC29-
specific and those representing group-specific sequences ofMC29 RNA. 

An oligonucleotide map of 28S MC29 [32P] RNA was derived by finger­
printing poly(A)-tagged fragments ofelectrophoretically purified 28S MC29 
RNA (Fig.4). The approximate distance of each large oligonucleotide, 
numbered as in Figs. 2 and 3, is given in nucleotides as weIl as in relative map 
units. each originating at the 3' poly (A) coordinate. The specific oligonu­
cleotides (underlined in Fig. 4) mapped together between 0,4 and 0,7 units 
with some uncertainty about the relative order of nos.2 and 8 b. 
Oligonucleotides of group-specific sequences (not underlined) are found at 
the 5' end and in the 3' half of viral RNA. The group-specific sequences of 
the 5' end included oligonucleotide no.9, previously identified as a 
conserved element of the gag gene of other avian tumor viruses (see above) 
[27.28]. The 3' half contained oligonucleotide no. 1 L found previously at 
the src bord er of env in other virus RNAs [14,15,27,28] and the highly con­
served C oligonucleotide which maps ne ar the 3' end of avian tumor virus 
RNAs [14]. 

1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 Q1 0 
.--.------r-.--.---.-,..----,-.,.--.---" Map Un i ts 

5' cop (9, 13) (7b,!,§)~(~,8b,2)7o'8,12,80,ll,5,10,C,poly(A) 3' 
I I 

5.7 5 
I 
4 

I 
3 

, 
2 

H2 N --------COOH 
120,000 dolton profein 

I 
o Kilobases 

Fig.4. Oligonucleotide map of 28S MC29 RNA. 28S MC29 [32PJ RNA (approx. 6x 106 epm) 
was prepared electrophoretically from 50-70S MC29 (RPV) RNA. The RNA was degraded by 
ineubating 3 equal aliquots for 3. 6 and 9 min. respectively. in 0.05 M Na2C03 at pH 11.0 and 
50°C. Fragments were combined and poly(A)-tagged species selected on oligo(dT)-eellulose 
and fractionated into different size classes as deseribed [14J. The Troligonucleotides of 6 size 
classes of RNA fragments differing by approximately 1000 nucleotides from each other. were 
fingerprinted (not shown). Oligonucleotides of fragments were identified by their chromato­
graphie properties and by their RNase A-resistant fragments (Table 1). and are numbered as in 
Fig. 2. 3 and Table 1. The resulting order of oligonucleotides is plotted on 2 seales. one denoting 
the approximate distanee of an oligonucleotide from the 3' poly(A)-coordinate in kilobases. the 
other denoting it in relative map units. When the relative order of oligonucleotides was uncer­
tain. they are shown in brackets. Oligonucleotides from strain-specific sequences ofMC29 RNA 
(Fig. 1 B) are underlined and those from group-sequences (Fig. I C) are not underlined. The 
bottom line represents the MC29-specific. 120000 dalton protein P 12()mc. It is drawn in a 
position that is colinear with the RNA segment from which it was probably translated based on 
data described in the text and previously [10.111 

In Vitro Translation o( MC29 RNA 

To identify the products ofthe MC29 RNA genome, the RNA was translated 
in a cell-free system. Using this technique it has been possible to identify the 
gag, pol, src, and possibly also the env gene products ofRSV[21,29,30,31]. 
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A B C 0 

-c: P 180 

P 180 »-

...... Pr 76 

Pr 76 ~ 

44 .... 

-- P 19 

Fig.5. Electrophoretic analysis ofin vitro translation products ofviral RNAs. RNAs were trans­
lated in the messenger-dependent rabbit reticulocyte lysate. [35S]-methionine was present at 
400 f,.LCi/ml (600-1200 Ci/mmol). Products were analyzed by electrophoresis on a 12,5% poly­
acrylamide slab gel. The gel was autoradiographed after fixing and drying [4, 10. I1J. Tracks A 
and B show the products of total heat-denatured, poly(A)-selected (14) 50-70S virion RNAs 
from MC29 (RPV) and RPV (Track A), and from RPV alone (Track B). Track C shows the cell­
free translation-products of MC29 (RPV) and RPV RNA (as in Track A). and Track D shows the 
proteins precipitated with antibody to disrupted avian myeloblastosis virus (AMV) (which con­
tains mainly antibody to gag protein) from MC29 (RPV) infected cells. Immunoprecipitations 
were carried out as described [4.20]. The viral proteins precipitated by anti-AMV serum were not 
precipitated by control serum. and P l20me was not synthesized in RPV-infected cells (not 
shown) 

MC29 (RPV) 50-70S RNAs were heat-denatured, poly (A)-selected, and 
translated in the messenger-dependent rabbit reticulocyte lysate [10, 11]. Pro­
ducts were analyzed by polyacrylamide gel electrophoresis. To identify the 
products specified by the MC29 RNA, the products oftotal poly (A)-selected 
MC29 (RPV) RNAs (Fig.5, track A) were compared with those of RPV 
RNA alone (Fig. 5, track B). A number ofproducts were in common between 
the two tracks, and these were assumed to be products of the RPV RNA. 
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These include a 180000 dalton-molecular weight polypeptide (P 180), wh ich 
is believed to be the gag-pol gene product [31]; Pr76, the primary product of 
the gag gene [30,3 L 32J and a number of smaller products, most ofwhich are 
immunoprecipitated by antiserum to the gag protein, P27, and were only 
synthesized from full-length 34S RNA, suggesting that they are premature 
termination products ofthe gag gene [11]. 

In addition to these products there were three polypeptides which are 
specific to MC29 RNA. They have molecular weights of 120000, 56000, and 
37000 daltons on this gel system, and will be denoted as P 120me, P56me, and 
P37 me (Fig. 5). P120me was a major product of the MC29 (RPV) RNA mix­
ture, and was synthesized with the same order of efficiency as Pr76 (since 
they have a similar number ofmethionine residues [11]). A protein ofsimilar 
size was recently found in MC29-infected cells and was shown to contain 
serological determinants of the viral gag gene proteins [4J. To test the rela­
tionship of the two pro teins, P 120me was compared electrophoretically to its 
presumed counterpart precipitated from MC29-infected cells with antibody 
to disrupted avian myeloblastosis virus (AMV), which includes antibody to 
gag proteins. It can be seen that both proteins were electrophoretically identi­
cal (Fig. 5 C, D). In addition P 120me synthesized in vitro was specifically im­
munoprecipitated by antiserum to P27 of AM V, the major gag gene protein, 
indicating that it contains determinants of gag proteins (not shown). P120me 

was not recognized by antisera against products ofthe pol and env genes (not 
shown). Further evidence that the in vivo and in vitro-made P120mc are the 
same has been obtained recently [11]. We conclude that the P120mc translated 
in vitro from viral RNA and that found in MC29-infected cells are probably 
the same and that P 120mc contains gag-related and MC29-specific peptides. 

Discussion 

The RNA and Gene Products of MC29 and MB2 

The finding that different pseudotypes ofMC29 or MH2 contained physical­
ly and chemically very similar or identical 28S RNAs, but 34S RNAs that 
varied with the respective helper virus, proved that the 28 S RNAs are MC29-
or MH2-specific. Each 28 S RNA contained 30-40% of specific nuc1eotide 
sequences, which only hybridized with homologous cDNAs and 60-70% of 
sequences which hybridized with cDNAs of other avian tumor viruses which 
were termed group-specific. Src gene-related sequences were not detected in 
28S MC29 or MH2 RNA. 

In the ca se of 28 S MC29 RNA, the specific sequences, identified by the 
large T1-oligonucleotides they contain, mapped about 0,4 to 0,7 map units 
from the poly (A) end of the RNA (Fig. 4). The observation that MC29 and 
MH2 share two specific oligonuc1eotides, which in MC29 RNA mapped in a 
contiguous, MC29-specific RNA segment (Fig. 4), suggests that the specific 
sequences of the two viruses are related. This relationship has since been 
extended to three oligonucleotides [see Table 2 and ref 40]. 
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In vitro translation of MC29 RNA generated one major 120000 dalton 
protein product, and two minor proteins of 56000 and 37000 daltons. The 
120000 MC29 protein induded protein sequences serologically related to the 
gag gene of other avian tumor viruses. Since one gag gene-related oligonude­
otide, i.e., no. 9, was found near the 5' end of MC29 RNA and since the gag 
gene of other avian tumor viruses maps near the 5' end oftheir RNAs [27,28] 
it appears plausible that the gag gene-related portion of the 120000 MC29 
protein was translated from the 5' end of the RNA and that the remainder 
was translated from the MC29-specific sequences of the viral RNA (Fig. 4). 
Our recent observation that only full-Iength 28S MC29 RNA can be trans­
lated into P 120mc [11] also argues for a 5' map location of this protein, be­
cause eukaryotic mRNAs only effectively use one initiation site near the 5' 
terminus [33,34,35]. 

The group-specific sequences that MC29, MH2 and other avian tumor 
viruses have in common are nearly indistinguishable, ifcompared by hybrid­
ization. but are distinct in each viral RNA if analyzed by the more sensitive 
method offingerprinting, which detects single base changes. Since MH2 and 
MC29 do not express replicative genes, we can only speculate on the function 
ofthe group-specific sequences oftheir RNAs. Some ofthese sequences must 
play direct roles in virus replication by providing specific sites for packaging 
of viral RNA into helper virus proteins, for reverse transcription of viral 
RNA and for dimer linkage of 28S RNA monomers [6,8,9,10]. The gag­
related, group-specific sequences of MC29 are translated into P 120mc and 
mayas such be involved in transformation (see below). Further analyses of 
P56mc and P37mc are necessary to determine whether their sequences overlap 
with P120mc or with each other or whether they correspond to distinct seg­
ments of viral RNA, since MC29 RNA may code for approximately 200000 
daltons of protein. 

What is the Onc Gene o( MC29 and MH2? 

Since neither MC29 nor MH2 contain src gene-related sequences, there are 
two different hypotheses as to which RNA sequences of these viruses repre­
sent their onc genes. One suggests that the specific sequences constitute the 
onc gene, while an alternative hypothesis suggests that their defective replica­
tive genes i.e., group-specific sequences function as transforming genes. We 
prefer the first hypothesis for several reasons. 

The idea that specific RNA sequences apparently unrelated to the replica­
tive genes might be specific onc genes is proven for RSV[13,14,15,19] and 
has also been postulated for defective murine sarcoma [16,17,18,23,24] and 
acute leukemia viruses [9,10,36]. The existence of specific sequences in 
MC29 and MH2, which are related to each other, but unrelated to the other 
avian tumor virus RNAs tested, suggests that these sequences may belong to 
a family ofrelated genes, possibly the functionally related [1-5,9,10] onc 
genes of MC29 and MH2. A specific onc gene for this dass of viruses also 
corresponds with the distinct transformed phenotypes of MC29- or MH2-
infected fibroblasts. which differ from those of RSV-transformed cells 
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[1-5,37]. The result that MC29-specific and group-specific sequences are 
translated into a specific protein, P120mc, and that the same protein is also 
found in transformed cells [4] (and not in large quantity in the virion [unpu­
blished]) suggests that this protein may be involved in cell transformation. 
A possibly analogous non-structural protein of 120000 daltons, that con­
tains gag-related and specific peptides has been found in cells transformed 
by MH2 [5] and by the defective Abelson murine leukemia virus [38]. 

Further work correlating the specific RNA sequences of MC29 and MH2 
with the specific determinants oftheir P 120mc proteins is expected to support 
the hypothesis that this dass of protein may be involved in transformation. 
Moreover. it is im portant to determine whether the 56000 and 37000 molec­
ular weight MC29 proteins synthesized in vitro are also synthesized and func­
tional in MC29-infected cells. While adefinite answer to the question of 
whether the specific sequences ofMC29 or MH2 and the P120mc proteins are 
involved in transformation can only be given if genetic variants become 
available, our data allow us to concIude that the onc genes and gene products 
in different prototypes of the avian tumor virus family, are different. Thus 
MC29 and MH2 must transform cells with gene products and possibly by 
mechanisms that differ from those ofRSY. 

Our data, that viruses with specific oncogenicity carry specific onc genes 
does not exdude roles for other viral genes, induding those of the helper 
virus, in determining the oncogenic spectrum of a defective transforming 
virus. For example, the oncogenic spectrum of a defective virus should be 
greatly influenced by the env gene ofits helper virus which provides the en­
velope glycoproteins for the defective virus. Since the cellular receptors for 
viral envelope glycoproteins differ greatly among different animals [39] and 
even among different target cells of the same animal [25] different helper 
viruses may deliver the same onc genes into specific target cells and thus 
cause a different form of cancer. 
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A. Introduction 

RNA tumor viruses quickly and efficiently transform cells and are therefore 
extremely useful agents for the study ofthe molecular events in oncogenesis. 
It is weIl established that the product(s) Qfa single avian sarcoma virus (ASV) 
gene (src) is responsible for the induction and maintenance of cell trans­
formation in vitro and tumor production in infected animals [6]. We have 
carried out experiments designed to identify this product by techniques that 
require no assumptions concerning its mechanism of action. This approach 
was necessary because we anticipated that the src protein would be present at 
relatively low levels in the transformed cells, therefore making direct identifi­
cation impossible. For example, the precursor to the major virion structural 
proteins is present at such low levels it can be identified only by immunopre­
cipitation [5]. Furthermore, since there are such a variety of biochemical 
ehanges reported to oecur in transformed eeIls, it is difficult to predict at what 
level the src gene produet might disrupt normal cellular processes. This, in 
turn. makes an accurate forecast eoneerning its function unlikely. 

Reeent work in our laboratory has resulted in the identifieation of a phos­
phoprotein with a moleeular weight of 60000 that appears to be the product 
of the ASV src gene. A summary of that evidence is presented in Table 1. 
Because most of the experimental results that support these statements have 
been published [2,3,12,13], they will not be reviewed here. We feel that it is 
consistent with our results to designate the 60000 molecular weight phospho­
protein, p60src, the product ofthe src gene. 

Table 1. Evidence that p60 is the product ofthe avian sarcoma virus transforming gene 

I. A transformation-specific phosphoprotein with a molecular weight of 60000 is found in 
ASV-transformed ceHs by immunoprecipitation with antiserum from tumor-bearing rabbits. 

11. The polypeptide p60 is not found in ceHs infected with ASV mutants which have a deletion in 
the transforming gene. 

HI. Immunoprecipitation of p60 does not depend on antibody directed against virion proteins. 

IV. The p60 polypeptides found in all avian and mammalian cells transformed by the Schmidt­
Ruppin strain of ASV are biochemically similar. 

V. In vitro translation ofviral RNA which contains the transforming gene produces a p60 im­
munologically and biochemically similar to that found in transformed ceHs. 
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The major tools employed in these studies were a) cell-free translation of 
that region ofthe viral RNA which contains the src gene and b) immunopre­
cipitation carried out with antiserum from rabbits bearing ASV-induced 
fibrosarcomas (TBR serum). The latter approach is one that has proved use­
ful in the identification ofnon-structural proteins encoded by DNA-contain­
ing tumor viruses. The availability of antiserum that recognizes the product 
of the ASV src gene provided an essential reagent for the design of experi­
ments for its purification and the characterization of its function. We will 
describe here recent results concerning the function of the ASV src gene 
producL 

B. Results 

l. Preliminarv Observations 

We were able to prepare antiserum that was monospecific for p60src and carry 
out imm unofluorescence studies and found that transformed cells generally 
exhibited a diffuse cytoplasmic fluorescence without a strong association 
with any specific structures (Paula Steinbaugh and loaD S. Brugge, unpub­
lished data). The nuc1eus oftransformed cells was negative as was the cyto­
plasm of uninfected ceHs or cells infected with ASV mutants wh ich have src 
gene deletions. Consistent with these observations were studies which 
v 

showed that p60src appeared in cytoplasmic but not nuc1ear fractions when 
transformed cells were fractionated with detergents prior to immunoprecipi­
tation. Additional information showed that p60src was readily solubilized in 
the absence of detergent by sonication of transformed ceHs. Taken together, 
these observations suggested to us that p60src might be an enzyme localized in 
the cytoplasm. In considering enzymes known to playa role in regulation of 
cellular functions, protein kinases were ready candidates. We could specu­
late, for example, that src encoded a protein kinase, which when expressed at 
relatively high levels produced a cellular alteration(s) that results in the trans­
formed phenotype. 

I/. Correlation o{the Immunoprecipitation o{p6OSrc and Protein Kinase ActivitV 

To determine if immunoprecipitates containing p60src exhibited protein 
phosphorylating activity, immune complexes (formed with the protein A­
bearing bacterium Staphvlococcus aureus [7]) were resuspended direct1y in a 
protein kinase reaction mixture [4]. These complexes were incubated with [y-
32P] A TP in the presence or absence of exogenous substrates. The reaction 
was terminated by adding SDS-containing buffer, the bacteria were separated 
from the IgG and antigens, and the latter subjected to SDS/polyacrylamide 
gel electrophoresis. Under these assay conditions exogenous substrates, such 
as histone and casein were not phosphorylated, but IgG was phosphorylated. 
The phosphorylated IgG was found to contain a single tryptic phospho­
peptide and exc1usively phosphothreonine. 



Studies on the Structun: and Function of the Avian Sarcoma Virus 263 

Table 2. Correlation of the protein kinase activity and the immunoprecipitation of p60sn: 

Virus Cell Trans- p6OSn: Protein 
formation kinase activity 

Chick 
RAV-2 Chick 
td-SR-ASV Chick 
SR-ASV Chick + + + 
SR-ASV Hamster + + + 
SR-ASV Hamster revertant 

Vole 
SR-ASV Vole + + + 
Pr-ASV Chick + 
B77-ASV Chick + 
BH-ASV (RA V-50) Chick + 

Uninfected ceH cultures or cultures infected with various strains of ASV were either radiolabeled 
with [35S] methionine (for detection of p6OSrc) or left unlabeled (for detection of pro tein kinase 
activity). Cells were lysed and each extract (1800-3600 f.Lg ofprotein) was immunoprecipitated 
with TBR serumand a portion ofthe bacteria-bound immune complexes was incubated in the 
protein kin ase reaction mixture. 
The reaction mixtures (25 f.LI) contained 20mM Tris-HCl, pH7,2. 5mM MgCl2, and 0.4-1.2 f.LM 
[y_32P] A TP (1000 CilmMol). After termination of the re action by heating to 95° for I min. in 
SDS-containing buffer and pelleting of the bacteria, the supernatant was subjected to electro­
phoresis in a discontinuous SDS/polyacrylamide slab gel [9]. Autoradiography was used to 
detect the presence ( + ) or absence (-) of 35S-methionine-labeled p60Src and phosphorylated IgG. 

The immunoprecipitation of p60src by the rabbit antiserum used in these 
experiments is strain-specific. Antibody produced in rabbits bearing tumors 
produced by Schmidt-Ruppin (SR) ASV does not immunoprecipitate a 
transformation-specific polypeptide from chick cells transformed by other 
strains of ASV. This fact permitted us to test the specificity 0[, and association 
of, the protein phosphorylating activity with the presence ofp60src in a variety 
of circumstances. The results of these experiments are summarized in Table 2. 
These results show that protein kinase activity is immunoprecipitated from 
cell extracts only when p60src is also immunoprecipitated. The activity is not 
found in untransformed cells or in cells infected with strains of ASV which 
lack a src gene and which therefore do not cause cellular transformation. 
Furthermore, no activity is found in immunoprecipitates ofextracts oftrans­
formed·,cells when we are unable to immunoprecipitate p60src because of the 
spec;ificity ofthe TBR serum. However, whe.ll antiserum from tumor-bearing 
marmosets [lOJ, which crossreacts with the src gene product encoded by 
other strains of ASV (unpublished data), is used in this assay, protein phos­
phorylation is found in the precipitates (Table 3). No enzyr-: ::ttic activity is 
ever observed in complexes formed with normal serum [4]. 

A further indication that the pro tein kinase activity is the result of expres­
sion of the ASV src gene is shown by the observation that the expression of 
the phosphorylation activity observed is thermo sensitive in chick cells in­
fected with a temperature-sensitive (ts) mutant in the src gene. Parallel cul­
tures of chick cells infected with nondefective (nd) SR-ASVand the SR-ASV 
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Virus 

SR 
PrC 
B77 
Bryan 

p60src 

+ 
+ 
+ 
+ 

Protein 
kinase activity 

+ 
+ 
+ 
+ 

Erikson. R. L. et al. 

Table 3. Immunoprecipitation of p60Src and 
protein kinase.activity from transformed chick 
ceHs by serum from tumor-bearing marmosets 

ts mutant NY68 [6] were transformed and then grown for 16 hours at either 
35 0 or 41 0

• Cell extracts were prepared from each of the four cell cultures, 
imm unoprecipitated with TBR serum, and then analyzed for protein kinase 
activity. The results show (Table 4) that cells infected with nondefective ASV 
yielded slightly more (2-fold) phosphorylating activity when grown at 41 0 

compared to those grown at 35 0
• This is in sharp contrast to NY68-infected 

cells which show a dramatic decrease in phosphorylation activity when 
grown at the nonpermissive temperature, 41 0

• 

Table 4. Growth temperature-dependent expression of src protein-immunoprecipitated phos­
phorylating activity in chick ceHs infected with a ts transformation mutant of ASV 

Virus 

SR-ASV (nd) 
SR-ASV (nd) 
SR-NY68 
SR-NY68 

Growth 
temperature. 
°C 

35 
41 
35 
41 

Phosphorvlating activitl' 

32p incorporated. Normalized 
fmol/mg protein values 

16.6 
35.8 
19.8 

1.7 

1.00 
2.16 
l.00 
0.09 

Parallel cultures of chick cells infected with nd SR-ASV and ceHs infected with the ts transforma­
tion mutant ofSR-ASV. NY68. were maintained at either the permissive (35°) or nonpermissive 
(41°) temperature. Cell extracts were prepared from the four cultures. sampies were taken for 
determination ofprotein content and the remainder was immunoprecipitated with TBR serum 
as described in Table 2. Phosphorylating activity by the bacteria-bound immunoprecipitated 
complexes was also determined. The resulting activity va lues. determined by quantitation ofthe 
phosphorylated IgG bands from a polyacrylamide gel. are normalized with respect to the 
amount of ceH extract protein used for immunoprecipitation and the activity present in the re­
spective ceHs grown at 35°. 

111. In Vitro Svnthesis of p60src that Functions in the 
Phosphotransferase Reaction 

Radiolabeled p60srchas been synthesized in cell-free extracts programmed by 
the 3' third of viral RNA, the region of the genome which contains the src 
gene, but not by similar RNA from a mutant which has a deletion in the src 
gene [12, 13]. Beca use the in vitro and in vivo products of the src gene were 
structurally similar [13] we also tested the in vitro translation product for 
phosphotransferase activity. The 70S RNA from nondefective and from 
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Fig. 1. Sedimentation profile of nd and td poly A-containing virion RNA selected fro transla­
tion. RNA selected from a previous sucrose gradient was precipitated with ethanol. dissolved in 
EDTA 1 mM. Tris-HCl 0.01 M. pH7.2. heated at 80°C for 2 min. quick chilIed and sedimented 
for 105 min through a 20 to 5% (W IV) sucrose gradient containing O. I M NaCI at 10°C and 
45000 rpm in a Beckman SW 50.1 rotor. The RNA in fraction numbers 12-15 was ethanol-pre­
cipitated and used for cell-free translation as described in the legend to Fig. 2 

transformation-defective (td) virions was purified, heat denaturated and the 
poly A-containing RNA was purified by oligo-dT cellulose chromatography. 
The 3' third of the genome was selected from this RNA by sucrose gradient 
sedimentation. This RNA was resedimented (Fig. I) and the RNA in fraction 
numbers 12-15 was used to program messenger RNA-dependent reticulo­
cyte lysates as described in the legend to Fig. 2. The 35S-methionine-Iabeled 
polypeptide translation products analyzed directly by sodium dodecylsulfate 
(SDS)-polyacrylamide gel electrophoresis show that p60src is translated only 
from nd RNA (Fig. 2, tracks 1-3). No p60src is translated from td RNA al­
though this RNA stimulated protein synthesis as weH as did the nd RNA, 
both about IO-fold above background. We have not studied the nature ofthe 
polypeptides synthesized in response to td RNA, except that one migrates 
with Pr76, the product of the ASV gag gene: 

TBR serum was used to immunoprecipitate the in vitro translation prod­
ucts by the same procedures used to precipitate p60src-associated protein 
kinase from transformed ceH extracts (Table land reference [4]). The radio­
labeled polypeptides found in immunoprecipitates are displayed in Fig. 2, 
tracks 4-7. TBR serum precipitates p60src and a small amount ofPr76 from the 
products synthesized in response to nd RNA (track 5). A small amount of 
Pr76 is found in the immunoprecipitate of the products synthesized in re­
sponse to nd RNA (track 5) and to td RNA (track 7). This indicates that 
radiolabeled virus-specific polypeptides synthesized in cell-free extracts are 
antigenically similar to those found in transformed cells [2,3]. 
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Fig.2. Fluorogram of SDS-polyacrylamide gel electrophoresis analysis of 35S-methionine­
labeled polypeptides synthesized in cell-free extracts programmed by the RNA shown in Fig. I. 
Messenger-dependent reticulocyte lysates were prepared as described by Pelham and Jackson 
(11) and the conditions oftranslation were as described [13] except that the final concentrations 
wen: 50mM KCI. lOmM Tris-HCl (pH7.4). I mM Mg acetate. 100 j.1M unlabeled methionine. 
and 0.5 j.1Cij.1I- 1 35S-methionine (700 Ci mM- I. New England Nuclear). Three picomoles of nd 
RNA was added to each of two 300-j.11 reaction-mixtures. and 3 picomoles of td RNA was added 
10 one 300 j.11 reaction-mixture. and the reaction-mixtures were incubated at 30°C for 40 min. 
At this time sam pies were taken for the determination ofincorporation. for polyacrylamide gel 
analysis. and one-half of each reaction was used for determination of enzymatic activity. Stim­
ulation of 0.3 N KOH (15 min at 37°C)-resistant and 10% TCA-precipitable radioactivity was 
lO-fold above background for the lysate programmed with nd RNA and 9-fold for tha pro­
grammed with td RNA. The direct analysis of these translation products is shown in tracks 
I. no RNA. 2. nd RNA and 3. td RNA. Immunoprecipitation of the translation products was 
carried out with normal rabbit serum or TBR serum and the immunoprecipiated polypeptides 
are shown in tracks 4. nd RNA. normal serum. 5. nd RNA. TBR serum. 6. td RNA. normal 
serum. and 7. td RNA. TBR serum. Immunoprecipitations were carried out as previously de­
scribed [2] using the procedure of Kessler [7]. Prior 10 electrophoresis. sam pIes were boiled in 
sampie butTer (0.07 M Tris-HCI. pH6,8. 11,2% glycerol. 3% SDS. 0.002% bromophenol blue. 5% 
ß-mercaptoethanol). T7 virion pro teins are included as moleeular weight markers 

A portion ofthe immune complexes formed with the translation products 
shown in Fig. 2 was also resuspended directly in kinase reaction buffer, and 
the transfer ofphosphate from y-labeled ATP to the heavy chain ofIgG was 
analyzed by SDS-polyacrylamide gel electrophoresis of the reaction prod­
ucts. As seen in Fig. 3, only the products oftranslation ofnd RNA immuno­
precipitated with TBR serum yielded phosphorylated IgG (Fig. 3, track 4). 
Translation ofthe same amount oftd RNA resulted in no detectable enzym­
atic activity with immune serum (Fig. 3, track 3). These results, as weH as 
those given in Tables 2 and 3 and those previously published, indicate direct­
ly that only immune complexes wh ich contain p60src display phosphotrans­
feraste activity. 
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Fig. 3. Autoradiogram of SDS-polyacrylamide gel 
analysis ofphosphorylated proteins. A portion ofthe 
bacteria-bound immune complexes obtained after 
protein synthesis and immunoprecipitation was re­
suspended directly in 25 jll ofprotein kinase reaction­
mixture (Table 2). The phosphorylation of IgG was 
determined by SDS-polyacrylamide gel electropho­
resis as described (Table 2. reference [4J). 

The results that we have presented in this communication and elsewhere 
demonstrate that a product of the ASV src gene is a phosphoprotein of 
molecular weight 60000 and that this pro tein appears to have protein kinase 
activity. Biosynthetic radiolabeling enables detection of only one transforma­
tion-specific polypeptide, p60src, in the avian and mammalian cells trans­
formed by ASV in which we have observed immunoprecipitable protein 
kinase activity. However, the possibility does exist that a cellular kinase spe­
cifically associates with p60src and is responsible for the observed enzymactic 
activity. This seems unlikely since such a cellular kinase would have to be 
present in both avian and mammalian cells as weIl as in reticulocyte cell-free 
extracts. Furthermore, additional experiments (M. S. Collett, unpublished 
data) support the association of the protein kinase activity with p60src. The 
enzymatic activity and p60src cosediment during glycerol gradient centrifuga­
tion and coelute from ion exchange columns and immunoaffinity columns. 
The purifica tion of the enzyme from cells infected with nondefective or ts 
virus will more clearly resolve these questions. 

The fact that expression of protein phosphorylating activity is thermo­
sensitive in Is mutant-infected cells suggests that the p60src-associated protein 
kinase is directly involved in the transformation process and that ASV may 
transform cells by aberrant phosphorylation of cellular proteins. 

In view of the well-documented role of protein phosphorylation in the 
regulation of cellular processes [14], this activity alone may be sufficient to 
initiate and maintain neoplastic transformation. Such a function ofthe trans­
forming gene product would serve to explain many ofthe observations made 
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concerning the behavior of ASV-transformed cells [6]. A number of ts mu­
tants of ASV have been described which result in transformed cells that 
display at the nonpermissive temperature some characteristics of wild-type 
transformed cells while other functions normally displayed by transformed 
cells are absent and thus are still temperature-sensitive [1]. The ability of 
these mutants to dissociate certain parameters of transformation may be 
related to the pleiotropic cellular response to the src gene product previously 
described [6]. The p60sn: protein kinase may phosphorylate several proteins 
and each in turn may produce a unique change in cell structure or function. 
Mutations occurring at different sites in p60src may alter phosphorylation of 
one cellular target but not that of others. In this regard, it is interesting to note 
that morphological revertants of SR-ASV transformed field vole cells have 
been isolated [8] which still exhibit intermediate plating efficiency in soft 
agar and the ability to produce tumors in athymic nude mice (Lau, A. F. et 
aL manuscript in preparation). These revertant cells still express a p60sn: 

protein which is enzymatically active (Collett, M. S. et al., manuscript in 
preparation). However, peptide analysis of p60src from these revertants has 
revealed a slight change, relative to the p60src from their transformed cell 
counterparts, in either primary structure or secondary protein modification 
of a single peptide (Collett, M. S. et al., manuscript in preparation). Such an 
alteration in p60src may reduce its ability to phosphorylate a particular cel­
lular target protein, consequently producing a partial reversion of the trans­
formed phenotype. Alternatively, a mutation in one ofthe cellular target pro­
teins may render it resistant to p60src-mediated phosphorylation. Direct 
identification of the proteins in normal cells phosphorylated by p60src will 
serve to c1arify these issues. Moreover, possible functions for the product of 
the ASV transforming gene other than protein kinase should also be investi­
gated. 
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Abstract 

The gag gene and pol gene of the Rous sarcoma virus are translated in vitro from the 35 S viral 
RNA. The env gene cannot be translated in vitro from the 35S RNA. For the in vitro translation 
ofthe src gene. 3' end fragments ofthe viral RNA are used. 

The gag protein p 15 has a proteolytic activity and specifically processes its own protein pre­
cursor pr76. The gag protein p 19 suppresses the in vitro translation of the pol gene. 

The replication of RNA tumor viruses was thought to be strietly dependent 
on their host ceH activities. There is recent evidenee, however, that some parts 
of the replication of avian RNA tumor viruses are independent of their host 
functions: they are eontrolled by a feedback meehanism of their viral gene 
products. 

Which viral proteins are involved and what are their funetions? 
In order to determine whieh viral proteins have funetions during the repli­

eation eyde, a ceIl-free system was used to synthesize the viral proteins; a) to 
prove that those pro teins are in fact eoded by the viral genome, b) to work in 
a system which is free of host cell contamination. 

In a eeIl free system from mouse ascites Krebs II cells the 35 S RNA of 
Rous sarcoma virus (RSV) has been translated into aprecursor of the viral 
group specifie antigen (gag) protein, pr76 [1], and aprecursor of the reverse 
transcriptase (po/), pr180 [2]. Both protein preeursors are not proeessed 
when synthesized in vitro, even after long ineubation periods. Upon addition 
of gag protein p 15 however (which is purified in 6,0 M GuHCI on an agarose 
eolumn) the preeursor pr76 is cleaved within 30 min into the gag proteins p27, 
P 15. P 12 and pr32 whieh is a protein preeursor to p 19 (Fig. 1) [3]. 

This deavage is very similar to that observed in the RSV infeeted cells. 
Fig. 2 shows that the pol preeursor pr180 is deaved as weIl by the gag pro tein 
p 15 [2]. 

These results indieate a new way ofhow preeursors ean be proeessed: Bya 
specifie cleaving aetivity whieh is eontained in one oftheir cleaved end prod­
uets. Sinee our results were obtained in vitro, a question arises: 

Is this in vitro cleavage an artefact or does p 15 playa physiologieal role in 
the intracellular proeessing? 
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Fig. 1. In vitro processing of pr76 by p 15. Autoradiograph of SDS-gel electrophoresis of 35S_ 
methionine labeled polypeptides synthesized in a cell free system directed by 35 S RSV RNA 
(1.5 I1g!20 111). (A) no RNA added. (B) plus RNA synthesis for 60' (C-G) further incubation with 
unlabeled methionine in presence of pI5 for (C) 5 min. (D) 10 min. (E) 15 min. (F) 30 min. 
(G) 4-fold amount ofp 15 was added and incubated for 10 min 

PR ISO 
165/155 · ; 

PR 78 

P27 

P 19 

P 12/15-

A B 

-- Fig.2. Autoradiograph of in vitro products as in 
Fig. I (A) incubation for 90 min (B) further 
incubation for 30 min with unlabeled methionine in 
presence ofpl5 
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The answer is given by the following two experiments: 
a) Purified protein p 15 was injected into a RSV transformed hamster (4] cell 

line which is not permissive for RSV replication but contains small amounts 
of uncleaved gag precursor pr76. The injection was carried out by the 
fusion-injection technique (5] in which p 15 is loaded into erythrocytes by a 
minor osmotic shock and those loaded erythrocytes are then fused to 35S_ 

methionine labeled hamster cells (6]. After two hours of incubation the 
cells had been lysed and anti-gag serum added. Processed gag proteins 
had been precipitated from the p 15 injected cell lysate (not from the 
mock-injected control cells (Fig. 3) which shows that pr76 has in fact been 
intracellulary processed by the protein p 15 [6]. 

b) A further experiment in oocytes confirms the intracellular c1eavage by 
p 15. The gag precursor pr76 can be synthesized in frog oocytes upon injec­
tion of 35 S RSV RNA. The precursor is consecutively very slowly proc­
essed within the oocytes and the cleavage is completed after 72 hrs [7]. -
If P 15 is involved in the cleavage, the re action time should be significantly 
decreased by injecting pI5 in the pr76 containing oocytes: In our experi­
ment oocytes had been injected with RSV RNA; precursor pr76 was syn­
thesized during a 4 hrs pulse with 35S-methionine after injection (Fig. 4A), 
the 4 hrs pulse was succeeded by a 6 hrs chase: almost no c1eavage was 
detectable; the pulse was succeeded by injection ofpl5, and a 6 hrs chase: 
most ofthe precursor pr76 is cleaved into the gag proteins (Fig. 4C) as it 
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Fig.4. Processing of pr76 in oocytes by pIS. -
Autoradiograph of immunoprecipitation of a lysate 
of RSV RNA injected and labeled oocytes separ­
ated on a SDS-gel. Immunoprecipitation of oocyte 
lysate (A) after 4 hrs pulse. (B) after 4 hrs pulse + 
6 hrs chase. (C) after 4 hrs pulse, then injection of 
p 15 + 6 hrs chase 

had been found by immunoprecipitation with anti gag serum (von der 
Helm, K., and Rungger, D., manuscript in prep.). 

Conclusion: RSV gag protein p15 is involved in both in vitro and in vivo 
processing of the gag precursor protein pr76. The processing of pr76 is es­
sential for the assembly and thus for the replication ofthe virus.-

Furtheron we studied viral proteins other than p 15 for possible involve­
ment in the viral replication and made an interesting observation: the gag 
proteins p12 and p19 are known to bind specifically to the viral RNA [8,9]. 
When p12 is added to a cell free system, the translation of the RSV RNA is 
alm ost completely suppressed. When p19 is added to such an in vitro system, 
the translation of only the pol gene is inhibited, i.e. the synthesis ofpr180 is 
specifically suppressed while the pr76 precursor is synthesized (Fig. 5). 

In infected cells about 10 times less pr180 precursor than pr76 precursor is 
found. We suggest that the gag-protein p19 controls the synthesis ofthe prl80 
precursor during viral replication. -

The gag and pol gene, and not the env nor src gene can be translated in 
vitro from the 35 S RSV RNA. However, RNA fragments of the 3' end of the 
viral RNA, separated into two size classes ofabout 15-20S and 20-22S, both 
containing the src gene, could be translated in vitro [10,11,13]. 

The translation products of the 15-20S RNA are polypeptides of 25, 35 
and 43K dalton and the translation product ofthe 20-22S RNAis predomi­
nantly a polypeptide of 60 K dalton. Rabbit antiserum against the 60 K poly­
peptide [12] (a kind gift of R. Erikson) precipitates the 60K polypeptide in 
vitro made from the 20-22S RNA (Fig. 6B) [13] and from the 15-20S RNA 
predominantly the 25 K and to a lesser amount the 35 K and 43 K polypeptides 
(Fig. 6 C). The 3' end RNA fragments from a transformation defective (td) 
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Fig.6. Autoradiograph of immunoprecipita­
tion of in vitro translation of 3' -end src-con­
taining fragments of RSV-RNA: (8) 24-20S 
(C) 20-15S, and (td) RSV RNA: (D) 24-20S 
(E) 20-12S. (A) endogenous background of 
in vitro system. All sam pies are immunopre­
cipitated with antiserum against src product 

mutant of RSV which has a deletion in src, were not translated in vitro (Fig. 
6 D and E) implying that the in vitro made polypeptides are in fact src gene 
products. The functions ofthe sm aller polypeptides are not known. It is im­
plied that the src gene product plays a role during the transformation of cells. 
Collett and Erikson found that the 60 K polypeptide synthesized in vitro as 
weIl as in vivo have a protein kinase activity [14]. 
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A. Introduction 

One ofthe best studied examples ofthe regulation oftranslation is the inhibi­
tion ofhost cell pro tein synthesis following viral infection (Bablanian, 1975; 
Smith and Carrasco, 1978). In several virus/host systems the bulk of viral 
proteins are synthesized und er conditions in which the initiation of transla­
tion of cellular mRNAs is strongly inhibited. 

We have raised the possibility that changes in the concentration ofions in 
the cellular cytoplasm following viral infection could specifically block cel­
lular protein synthesis. We showed for picornavirus infected cells that the 
cellular membrane ofthe host becomes leaky at the time viral protein synthe­
sis begins (Farham and Epstein, 1963; Carrasco, 1978). Moreover, optimal 
translation of picornavirus RNA in vitro occurs under ionic conditions in 
which the synthesis of cellular proteins is strongly restricted (Carrasco and 
Smith, 1976). In the present work, we show that the higher optimum ofmono­
valent ions required for in vitro translation is also observed with mRNAs 
from papovaviruses, togaviruses, rhabdoviruses and myxoviruses. These 
observations are discussed in the general context of viral development, the 
shut-off ofhost protein synthesis and as a possible explanation for the differ­
ential inhibition of viral and cellular mRNA translation following exposure 
of cells to hypertonic medium (see Koch et al. in this volume). 

B. Results 

1. Papovaviruses 

The in vitro translation of the mRNAs present in the cytoplasm of polyoma 
infected 3T6 cells is illustrated in Fig. 1. The monovalent ion optimum for 
the synthesis of actin (a cellular protein) and VPI (a viral protein) differ by 
30mM K+, indicating that the polyoma 16S mRNA is more efficiently trans­
lated in vitro at higher potassium concentrations. This result was obtained 
using either the chloride or acetate salt ofpotassium. These results indicate: 
a) that in vitro changes in the concentration ofmonovalent ions do not pro­
duce an indiscriminate inhibition on the translation of all mRNAs; ions have 
to be regarded as specific effectors of protein synthesis, because they inhibit 
the translation of some mRNAs and at the same time stimulate translation of 
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Fig. 1. Analysis by polyacrylamide gel electrophoresis of the products synthesized in the wheat 
germ system in response to mRNAs from 3T6 cells infected with polyoma virus. EfTect of the 
KCl concentration 

-
others and b) that from the relative synthesis oftwo proteins in vitro we can-
not deduce direct1y the actual proportion of their mRNAs in the cell-free 
system. 

It has been suggested that the difference in monovalent cation require­
ment between picornavirus and host cell mRNAs reflects the difference in 
the size of the mRNAs. If this hypothesis were correct, it would follow that 
those mRNAs requiring a high concentration ofmonovalent cations for opti­
mal translation are large and code for high molecular weight proteins. The 
present results do not support this conclusion, because the synthesis of VPI 
has a higher monovalent ion requirement as compared to the synthesis of 
actin, yet both proteins have a similar molecular weight and similar sized 
mRNAs (see also the results obtained in section B 2). 

In vitro changes in the concentration of divalent cations (magnesium or 
calcium) did not produce a differential effect on the synthesis of VPI and 
actin. This .finding indicates to us that the changes of monovalent ions are 
more likely to be involved in the shut-off of host protein synthesis than di­
valent cations. 

2. Togaviruses 

Semliki Forest virus has a 42 S genomic RNA which is translated early during 
infection to produce non structural proteins. Later, coat proteins are synthes-
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Fig.2. EtTect of the KCI concentration on the in vitro translation of Semliki Forest Virus 42S 
and 26S mRNAs. The arrows in the scans indicate the optimum for translation 

ized from the subgenomic 26S mRNA, and at the same time, the synthesis of 
host and viral non structural proteins are inhibited in parallel (Lachmi and 
Kaariainen, 1977). This system provided us with a good model to test our 
hypothesis. Since the viral26S mRNA is translated when shut-off occurs, the 
model predicts it should have a high optimum ofmonovalent ions for trans­
lation. On the other hand the vira142S mRNA which is translated before host 
protein synthesis is inhibited should have a lower optimum of monovalent 
ion concentration for in vitro translation similar -to that of host cell mRNA. 
Fig. 2 shows that indeed this is the case. Under the ionic conditions in which 
maximal synthesis of coat pro teins occurs the translation of the genomic 42 S 
mRNA is severely inhibited. 
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3. Rhabdoviruses and Myxoviruses 

Vesieular stomatitis virus (VSV), a rhabdovirus, is probably the best studied 
speeies in dass V viruses (Smith and Carraseo, 1978). It produees a drastie 
inhibition of eellular protein synthesis after infeetion (Wertz and Youngner, 
1972). A similar inhibitory effeet on translation is observed when suseeptible 
eells are infeeted by influenza virus, a myxovirus. The in vitro translation of 
the mRNAs from these two viruses is shown in Fig. 3. Again, the KCI opti­
mum for the in vitro translation ofinfluenza and VSV mRNAs is higher than 
the optimum required to translate eellular mRNAs. 

~CI 
mRNA 

45 55 65 75 85 95 

-_. A~AA)JlJj~ 
,~ ~0L~LAA~L 
_.m~~~~~~~ 
Fig.3. Effect ofthe KCI concentration on the in vitro translation ofVSV and influenza mRNAs. 
The products synthesized in the wheat germ system were analysed by PGE and the autoradio­
gram was analysed in a densitometer 

c. Discussion 

Several theories have been advaneed to explain the regulation oftranslation 
in eukaryotie organisms (Lodish, 1976). Nowadays the existenee ofinitiation 
faetors speeifie for different mRNAs is eonsidered unlikely. Reeently evid­
enee has aeeumulated whieh indieates that the phosphorylation ofinitiation 
faetors and ribosom al proteins oeeurs in vitro. However, as yet there is little 
direet evidenee to show that these modifieations are responsible for the in 
vivo regulation of translation, observed under different physiologieal condi­
tions. 

It is weIl "known that ions are involved in the regulation of a great many 
biologieal proeesses and metabolie reaetions. The results shown in this work 
indieate that ehanges in monovalent ions in vitro are able to produee effects 
that mimic those observed in vivo after viral infection. In addition, we also 
know that the membrane ofmany viral infected cells becomes leaky to ions 
and small metabolites at the time as the bulk ofviral proteins are synthetized 
(Carrasco, 1978; Contreras and Carrasco, manuscript in preparation). These 
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results also suggest that the effeets of hypertonie medium in some virus in­
fected eells ean be explained in a very simple way: hypertonie medium pro­
duces a higher eoneentration ofmonovalent ions in the eellular eytoplasm and 
thus favours the translation of some viral mRNAs, and inhibits the transla­
tion of other eellular mRNAs. Whether ehanges in salt eoneentration are 
direetly involved in shut-off, or whether other effeets such as eompetition 
between mRNAs or distruetion of speeifie initiation faetors play a role, 
remains to be established. 
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Phosphorylated proteins as physiological effectors may have a much broader 
role than previously assumed. Many specific regulatory signals may activate 
one or more protein kinase that phosphorylate and thereby modulate the 
activity ofkey enzymes in various pathways. The sarcoma gene ofavian sar­
coma virus appears to code for a protein kinase that may disrupt normal dif­
ferentiation to cause transformation in vitro and sarcoma induction in vivo [1]. 
Examples of other kinase systems are considered in arecent review article [2]. 
Some hormones and neurotransmitter substances are known to act through 
cAMP-dependent protein kinases to regulate carbohydrate and lipid meta­
bolism as weIl as the characteristics of the cell's surface. However, recent 
work has focused on cAMP-independent protein kinases. Regulation ofvirus 
assembly provides a clear example of a cAMP-independent kinase system. 
Phosphorylation ofviral core protein, p12, changes its ability to bind to viral 
RNA in either Rauscher leukemia virus [3] or simian sarcoma-associated 
virus [4J. Translational regulation of protein synthesis provides another ex­
am pIe of a pathway that is regulated by cAMP-independent protein kinases. 
Here we will consider regulation ofprotein synthesis by cAMP-independent 
protein kinases with emphasis on examples in which a correlation between 
phosphorylation and inhibition of peptide initiation can be demonstrated. 

Eukaryotic Peptide Initiation 

Regulation of eukaryotic protein synthesis is known to occur at steps of 
peptide initiation. This multi-step process is schematically outlined in Fig. 1. 
Though the general scheme is widely accepted, the actual function ofmost of 
the initiation factors involved is not yet understood nor is the exact point of 
GTP hydrolysis firmly established [cf. 6]. Most ofthe initiation factors consist 
of one peptide chain ranging in molecular weight from 15000 to 150000 [7]. 
Two initiation factors have a more complex structure; eIF-3 appears to be a 
high molecular weight complex consisting of 9-11 proteins [7,8] and eIF-2 
contains 3 subunits with molecular weights of 34000, 48000 and 52000 
daltons [7,9]. 

Phosphorylation has been reported for several eukaryotic initiation factors 
[10, 11] and for proteins of the small as weH as the large ribosomal subunit 
[12.13]. but a correlation to or apparent change in function or activity has to 
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Fig. 1. Assembly scheme of the initiation 
complex. The relative importance of fac­
tors for mRNA binding is indicated by the 
thickness ofthe arrows. This figure is taken 
from ref. [5] 

be demonstrated yet in these cases. However, phosphorylation ofthe smallest 
subunit of the initiation factor eIF-2 has been shown to inhibit protein syn­
thesis as will be described in detail in the next paragraphs. 

Control of Pro tein Synthesis in Reticulocytes by Phosphorylation 

As described in a previous contribution to this series [14], protein synthesis in 
reticulocytes is regulated by the availability of hemin. Incorporation of 14C 

leucine into protein in a cell-free reticulocyte lysate system will stop after a 
few minutes of incubation unless hemin is added to the reaction mixture. 
Inhibition ofprotein synthesis in the absence ofhemin appears to be achieved 
by preventing the formation of a stable 40S ribosom al subunit . Met-tRNAr 
initiation complex [15, 16]. An inhibitory protein(s) may be isolated from the 
reticulocyte postribosomal supernatant incubated for several hours in the 
absence ofhemin [17] or briefly in the presence ofN-ethylmaleimide [18,19]. 
This protein (complex) has been called the hemin-controlled repressor 
(HCR; ref. [15,17]). 

Preparations ofpartially to highly purified HCRhave been shown to contain 
protein kinase activities for the smallest subunit ofthe initiation factor eIF-2 
[20-22] and for proteins of 40S ribosomal subunits [21]. The actual mechan­
ism by which phosphorylation and inhibition is interlocked is an area of 
intensive studies at present. Also, the mechanism by which the protein 
kinase(s) are activated in the absence ofhemin is not understood yet. Papers 
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Fig. 2. Inhibition of protein synthesis in reticulocyte lysate and inhibition of Met-tRNAr bind­
ing to 40S ribosomal subunits by an HCR preparation. 
A Protein Synthesis in rabbit reticulocyte lysates was carried out as described [25]. A 100-fLl reac­
tion mixture contained 20 fLl lysate; 14C leucine was used at a specific radioactivity of 40 Cil 
mole. HCR was added in the amounts shown. 
B Binding of 35S Met-tRNAf (2 Ci/mmol) to reticulocyte 40S ribosomal subunits was per­
formed as described previously [26]. The initiation factor eIF-2 (2.1 fLg of protein) was preincub­
ated with an HCR preparation in the amounts indicated and 0,5mM ATP, then hexokinase and 
glucose was added for a second incubation. Finally, Met-tRNAr binding to 40S subunits was 
determined as detailed [26] 

from S. Ochoa's laboratory claim the involvement of a cAMP-dependent 
protein kinase in the activation process (ref. [23] and earlier papers cited 
therein); Evidence is accumulating that cAMP is not involved in the activ­
ation ofHCR [19, 19a]. 

Binding of Met-tRNAr to 40S ribosom al subunits that is dependent on 
eIF-2 and GTP can be measured directly in a partial reaction of peptide ini­
tiation [24]. We demonstrated that an HCR preparation wiUinhibit this reac­
ti on using reticulocyte 40S ribosomal subunits [25]. Furthermore, preincuba­
tion of either eIF-2 or reticulocyte 40S ribosomal subunits with an HCR 
preparation and A TP, followed by degradation of residual A TP, will in­
activate these components for the subsequent Met-tRNAf bin ding reaction 
[26]. This reaction has to be carried out with a GTP-analog, GMP-P (CH2)P, 
to prevent further phosphorylation. An experiment of this type is shown in 
Fig. 2 B. HCR (protein kinase )-dependent phosphorylation of eIF-2 resulting 
in inhibition of Met-tRNAf binding to 40S ribosom al subunits (Fig. 2 B) is 
compared with inhibition Of 14C leucine incorporation in a cell-free reticulo­
eyte lysate system by the same preparation ofHCR (Fig. 2A). Whether phos­
phorylated eIF-2 is impaired for direct interaction with 40S subunits or for 
interaction with another (initiation) factor [27) has yet to be demonstrated. 



286 Kramer. G. et al. 

Translational Inhibitors from Uninduced and DMSO-Stimulated 
Friend Leukemia Cells: Comparison to the Reticulocyte HCR 

Friend leukemia cells (FLC) are capable of undergoing partial erythroid dif­
ferentiation by the addition ofvarious organic compounds such as dimethyl­
sulfoxide [28], butyric acid [29] or hexamethylene bisacetamide [30] to the 
growth medium. 

Protein synthesis in uninduced FLC appears not to be regulated by hemin. 
The data in Fig. 3 indicate that hemin has no effect on the rate ofprotein syn­
thesis in FLC that do not synthesize hemoglobin. Incorporation of3H leucine 
into peptide chains was compared in the absence and presence of hemin. 
Desferal [31] was used in the control condition to remove trace amounts 
of free iron ions which may be present in the incubation medium. This 
compound itself showed no effect on protein synthesis (data not shown). 
FLC that had been treated with dimethylsulfoxide (DMSO) for 5 days syn­
thesized hemoglobin as judged by their red color and benzidine staining 
(about 41 % positive; viability over 85%). Fig.3 indicates that protein syn­
thesis in these hemoglobin producing cells is dependent on hemin. In its ab­
sence, 3H leucine incorporation over aperiod of2hr is reduced by about 40%. 
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Fig.3. Effect ofhemin on 3H leueine incorpo­
ration in vivo in unstimulated or DMSO-stim­
ulated FLC. Protein synthesis was deterrnined 
by 3H leueine incorporation (30 IlM, 8000 Ci/ 
mol) in uninduced FLC or FLC that had been 
treated for 5 days with 1,5% DMSO (cf. [33]). 
About 3 x 107 cells in a final volume ofO,55 ml 
were incubated either with 10 Ilg hemin' or 
10 Ilg desferal (deferoxamine mesylate, Ciba 
Pharmaceutical Co., Summit, NJ). Aliquots of 
20111 were withdrawn at the indicated tim es, 
placed into 2.5 ml ice-cold NKM-solution and 
filtered through Millipore filters. These were 
washed with NKM, then with 5% trichloro­
acetic acid, and its radioactivity determined 
by liquid scintillation counting. 

0--0 = uninduced FLC + desferal 
.-e = uninduced FLC + hemin 
0--0 = DMSO-stimulated FLC + 

desferal 
.--. = DMSO-stimulated FLC + 

hemin 

A translational inhibitor has been isolated from uninduced FLC [32]. This 
inhibitor has functional similarities to HeR but differs in physical properties. 
Pretreatment of the postribosomal supernatant fraction from FLC was not 
necessary to detect inhibitory activity. In search for HCR-like inhibitors that 
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may be present in the inactivate form in the postribosomal supernatant of 
either uninduced or DMSO-treated FLC, these fractions were incubated 
with N-ethylmaleimide (NEM), a compound known to activate HCR [18,19]. 
Untreated or NEM-treated postribosomal fractions from uninduced or 
DMSO-stimulated FLC were processed in parallel and chromatographed on 
DEAE cellulose and phosphocellulose to partially purify inhibitory activity. 
Inhibitory activity was assayed in the reticulocyte cell-free lysate system. One 
unit ofinhibitory activity is defined as the amount ofprotein that reduces 14C 
leucine incorporation by 50% in the reticulocyte lysate system used. The 
results presented in Table 1 demonstrate that the inhibitor ffaction from 
DMSO-induced FLC exhibits a higher specific activity after the postribo­
somal supernatant ofthese cells was incubated with NEM suggesting activa­
tion of an HCR-like translational inhibitor. An authenic HCR fraction from 
reticulocytes that was carried through the same chromatography steps 
showed 7-8 fold high er inhibitory activity when assayed under the same con­
ditions (Table 1). The four different inhibitor fractions isolated from FLC as 
listed in Table 1 possess strong protein kinase activity for the smallest subunit 
of eIF-2 as shown in Fig. 4. Consequently, they inhibit the bin ding of Met­
tRNAr to reticulocyte 40S ribosomal subunits as does HCR (cf. Fig.2B). 
In Fig. 5 this inhibition ofthe Met-tRNAr binding re action is compared with 
the inhibitor fractions isolated from uninduced and DMSO-stimulated FLC. 
In both cases the postribosomal"supematant was treated with NEM. The 
experiment was done in the same way as described in Fig. 2B: eIF-2 was in­
cubated under protein kinase conditions with the inhibitor fraction and ATP, 
residual' A 1P was destroyed by the use of glucose and hexokinase. Then the 
activity of eIF-2 was measured in the Met-tRNAf binding reaction. The 
results (Fig. 5) show that eIF-2 is inactivated depending on the concentration 
of the inhibitor used. Furthermore, the inhibitor fraction derived from 
DMSO-stimulated FLC exhibit stronger inhibitory activity than the one 
from uninduced FLC. These findings are in agreement with the results 
shown above in Table 1. 

Table I. Inhibition of protein synthesis by 
different inhibitor preparations 

Source of 
Inhibitor Fraction 

NEM Specific 
Treat- Activity 
ment (units/mg) 

Uninduced FLC 
Uni nd uced FLC + 
DMSO-induced FLC 
DMSO-induced FLC + 
Reticulocytes 
Reticulocytes + 

88 
88 
90 

222 
o 

1904 

Inhibitor fractions were prepared from the 
postribosomal supernatant by chromatography 
on DEAE cellulose and phosphocellulose as 
described [3 I]. Activity was assayed in the reti­
culocyte lysate system as outlined in the legend 
to Fig. 2 
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Fig.4. Protein kinase activity of the FLC inhibitor fractions. Sampies containing the different 
inhibitor fractions described in the text (2,5 units each) were incubated without or with 2.5 Jlg 
eIF-2 or 0.2 mM 32p A TP (650 Ci/mol) and analyzed by SDS-polyacrylamide gel electrophore­
sis [26]. 
A Shows the gel stained with Coomassie brilliant blue. The arrows indicate the positions of the 
3 subunits of eIF-2. 
B Shows the autoradiogram. The following sampies were loaded on slots 1-8: I = 31 Jlg of 
untreated, uninduced FLC inhibitor; 2 = as 1, plus eIF-2; 3 = 31 Jlgof NEM-treated, unin­
duced FLC inhibitor; 4 = as 3, plus eIF-2; 5 = 28 Jlg of untreated, DMSO-induced FLC­
inhibitor; 6 = as 5, plus eIF-2; 7 = 11 Jlg of NEM-treateq, DMSO-induced FLC-inhibitor; 
8 = as 7, plus eIF-2 
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Fig. 5. Inhibition of Met-tRNAr binding 
to 40S ribosomal subunits by FLC inhib­
itors. The experiment was performed as 
described in the legend to Fig. 2B except 
that FLC inhibitors in the amount in­
dicated substituted for HCR. 

.--e = NEM-treated, uninduced 
FLC-inhibitor; 

.--. = NEM-treated, DM SO­
induced FLC-inhibitor 
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Discussion 

Inhibition of peptide initiation is known to provide translational regulation 
in reticulocytes. This inhibition occurs at the step in which Met-tRNAr is 
bound to 40S ribosomal subunits and is mediated by a protein kinase(s) that 
phosphorylate the smallest subunit ofthe initiation factor eIF-2 and proteins 
ofthe 40S ribosomal subunit. Regulation ofprotein synthesis may be unique 
in reticulocytes (and other hemoglobin-synthesizing cells) in that the level of 
hemin controls the activity of these protein kinases. 

Regulation of protein synthesis by phosphorylation (and counteracting 
phosphatases that have yet to be described) may be a more general principle. 
Inhibitory protein kinases that phosphorylate the smallest subunit of eIF-2 
have been partially purified from FLC as detailed above and have been de­
scribed to occur in rat liver [34] or Ehrlich ascites cells [35]. Also, a protein 
kinase that phosphorylates the same subunit of eIF-2 appears to be involved 
in the inhibition ofprotein synthesis observed after addition of double-stranded 
RNA to reticulocyte lysates [20] or to interferon-treated cell extracts [36-38]. 
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pppA2'p5' A2'p5' A 

Kerr, 1. M., Williams, B. R. G., Hovanessian, A. G., Brown, R. E., Martin, 
E. M., Gilbert, C. S., Birdsall, N. J. M. 

National Institute for Medical Research, Mill HilL London NW7 1 AA Great Britain 

Interferon, or more correctly the interferons, for it is now clear that there are 
several antigenic types of interferon molecule even within a species, are 
glycoproteins which are produced by cells in response to virus infection. On 
exposure to interferon, cells develop an antiviral state in which the replica­
ti on of a wide spectrum of viruses is inhibited: which is, of course, the basis 
for our interest in interferon. (A comprehensive account ofthe interferons is 
given in [4].) 

Human interferon was shown some years ago to alleviate the effects of 
influenza and the common cold and more recent human clinical trials have 
shown it to have a marked beneficial effect in the treatment of osteogenic 
sarcoma, chronic hepatitis and herpetic infections in immunosuppressed 
patients. The first fuH double-blind, placebo-controHed human clinical trial 
in immunosuppressed patients has just been completed and the results are 
positive: interferon does work [11]. Interferon, therefore, is being and will 
increasingly be used clinically. It would be good to know a little more about 
what it does and how it does it. 

Interferon is not directly antiviral. Interferon treatment is always of the 
cello It is active in very small amounts, probably only a few molecules per cell 
are required to trigger the response. After interferon treatment it takes 
several hours for the anti viral state to develop during which time there is a 
requirement for RNA and protein synthesis. The simplest interpretation of 
the data is that interferon induces the cell to produce a protein or proteins 
which are the actual antiviral agents. Over the years the work of a number of 
groups has indicated that in different cell-virus systems the antiviral affect of 
interferon may be expressed at the level ofviral RNA synthesis, viral protein 
synthesis, uncoating ofthe virus, or, in the case ofthe RNA tumour viruses, at 
the level ofvirus maturation or release. Moreover interferon is not an exclu­
sively antiviral agent. It induces changes in the cell membrane and inhibits 
the growth of many celllines. It was this antigrowth property, incidentally, 
rather than any putative viral aetiology that provided the rationale for the 
osteogenic sarcoma trial ([5,12] for recent reviews ofinterferon action). 

Against this rather complex background we chose to analyse the dear cut 
inhibition of protein synthesis seen in certain cell-free protein synthesising 
systems from interferon-treated mouse L-cells. More particularly, we first 
became involved with double-stranded RNA (dsRNA) in the interferon 
system when it seemed possible to us that the inhibition ofprotein synthesis 
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that we and others had observed in interferon-treated, vaccinia-virus infected 
L-cells and cell-free systems was triggered by viral dsRNA. There was, there­
fore, some sort oflogical progression into the work on dsRNA and most im­
portant a possible link between the results with dsRNA and events in the 
interferon-treated, virus-infected cell and cell-free system. 

In accord with this, some years ago, we observed that protein synthesis in 
cell-free systems from interferon-treated cells shows an enhanced sensitivity 
to inhibition by dsRNA [8]. Most importantly, this enhanced sensitivity has 
exactly the same dose response curve as the antiviral effect in the intact cello 
In other words as soon as you begin to pick up an antiviral effect in the intact 
cell you can detect the enhanced sensitivity to dsRNA in the cell-free system 
[8]. It was of interest, therefore, to determine the basis for this latter pheno­
menon. 

To cut a long story short when one incubates an extract from interferon­
treated cells with dsRNA and ATP one activates a protein kinase (s) which, 
by analogy with the work of a number of groups with rabbit reticulocyte 
lysates ([3] for example), is thought to phosphorylate one of the initiation 
factors (eIF-2) involved in the initiation of pro tein synthesis. This interferon 
mediated kinase has been observed by a number of groups working in 
mouse, human and chick cell systems ([10,14,15] L.A. Ball personal com­
munication) and it is impossible to overemphasize its potential significance 
in mediating the multiplicity of effects attributed to interferon. The difficulty, 
as always with a kinase, is to know which phosphorylations to look for and 
the significance of those observed. For example, the interferon mediated 
kin ase also phosphorylates histones [14] and it is obviously tempting to 
speculate that this may have some physiological significance in the effects of 
interferon on transcription and cell growth. Meanwhile it is reasonable to 
assurne that the kinase does indeed phosphorylate elF2 and that this plays a 
part in the inhibition of protein synthesis observed. It may not, however, be 
the only or even the major factor involved, for when one incubates interferon­
treated cell extracts with dsRNA and ATP one also activates an enzyme 
(2-5A synthetase) responsible for the synthesis ofthe unusual oligonucleotide 
pppA2'p5'A2'p5'A (which for convenience will be referred to as 2-5A) 
which is effective at subnanomolar concentrations in the inhibition ofprotein 
synthesis in cell-free systems. 

Interestingly both the 2-5 A synthetase and the kinase will bind to a column 
of dsRNA itselfbound to sepharose. Accordingly we've used this property to 
purify and fractionate these enzymes and the way is now open for an investi­
gation of the effect of each individually on protein synthesis in the cell-free 
system. Meanwhile we have used the 2-5 A synthetase in its stable column­
bound state to synthesize and radioactively label the 2-5 A with (X- or )'32p_ or 
3H-A TP [6,9]. An analysis of the radioactive inhibitor yielded the structure 
pppA2'p5' A2'p5' A in which the 2'-5' linkage is unusual not having been 
reported previously for biologically synthesized material [9]. 

Here, therefore, we have an inhibitor of a type not previously described. 
Furthermore, it is not unique to the interferon-treated mouse L-cell-free sys­
tem. What is almost certainly the same inhibitor is also synthesized by an 
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enzyme fraction from interferon-treated chick cells and, interestingly in this 
system the 2-5 A synthetase has also been detected in smaller amounts in 
control cell extracts [1]. In addition, from our own work we know that the 
2-5 A system also operates in rabbit reticulocyte lysates [7]. The 2-5A prepara­
tions from rabbit reticulocyte lysates and interferon-treated mouse L-cell 
systems have the same specific biological activity in the inhibition ofprotein 
synthesis in cell-free systems [6,7]. Moreover, preparations from both sources 
have now been subjected in parallel to the same detailed analysis as we have 
already published for the 2-5 A from interferon-treated cell extracts and it is 
beyond reasonable doubt that they are the same. 

The availability of reticulocyte derived material on a larger scale has en­
abled us to carry out proton and phosphorus NMR analyses of the purified 
2-5 A. Although these studies are not yet complete sufficient has been done 
to confirm the major aspects ofthe structure proposed. Ultimate proof ofthis 
structure will come from chemical synthesis. This is in process and prelimin­
ary results suggest that chemically synthesized 2-5 A shows the same specific 
biological activity as the biologically synthesized material. 

How then does 2-5 A work? Its high potency (it is effective at subnanomolar 
concentrations in the cell-free system) combined with the time lag in the 
development ofthe response to it, suggests that it is not directly inhibitory but 
that it, in turn, sets in train a sequence of events leading to the observed in­
hibition [6,7,9]. Indeed it is now clear from our own work and that ofa num­
ber of other groups that at least one of the things that it does is to activate a 
nuc1ease ([2,13] C. Baglioni, L.A. Ball, M. Revel, C. E. Samuel and their re­
spective collaborators, personal communication). 

Interestingly the 2-5 A, the nuclease and the inhibition ofprotein synthesis 
are all unstable. On addition of exogenous 2-5 A to cell-free systems a nucle­
ase is activated and protein synthesis is inhibited. Meanwhile the 2-5 A is 
degraded, nuclease activity diminishes in parallel and, in the absence of a 
2-5 Aregenerating system, protein synthesis will resume on freshly added 
mRNA as efficiently as in corresponding controls. The enzyme which degrades 
2-5 A appears to have activity similar to that ofsnake venom phosphodiester­
ase yielding AMP or ATP as the products of digestion (L.A. Ball, B.R.G.W. 
and I.M.K., unpublished data, M. Revel personal communication). It is pos­
sible that it is the induced nuclease which carries out this degradation provid­
ing a self-regulatory feed-back mechanism whereby the 2-5 A activates the 
nuc1ease responsible for its own destruction, but this remains to be estab­
lished. What is clear, however, is that cells have a mechanism (s) for coping 
with 2-5A and the components interacting with 2-5A all appear subject to 
cyclic activation and deactivation, which is exactly wh at one might expect for 
a de1icately balanced control system. Interferon pretreatment of the cell, 
incidentally, appears mainly, if not exc1usively, to enhance the synthesis of 
2-5 A, its activity and fate are essentially identical in interferon-treated and 
control cell extracts. 

We routinely synthesize and assay 2-5A in the cell-free system. It is also 
active, however, in intact cells. Although one requires more of it than in the 
cell-free system, the 2-5 A is still potent, a concentration of just over 10 nM 
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being sufficient to bring about a 50% inhibition of protein synthesis in suit­
ably permeabilised cells. 

Finally, I would like to emphasize that the interferon mediated sensitivity 
to dsRNA is an enhanced sensitivity. This, the potency of the 2-5 A and the 
fact that the 2-5 A synthetase is found in a variety ofboth interferon-treated 
and control systems makes it very tempting to speculate that, in addition to 
any role that it may play in the antiviral action ofinterferon, the 2-5 A system 
(with or without enhancement by interferon) may be involved in the regula­
tion of normal cell growth or development. 
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Presently many laboratories are involved in studies on the regulation of the 
biosynthesis of proteins at the level of translation [1,2]. We have reported 
previously that membrane mediated events are involved in the regulation of 
biosynthesis ofproteins [3]. Several physiological conditions (hyperosmolar­
ity of the growth medium, hypertonic salt, DMSO, ethanol) induce a rapid 
increase in the number of 80S ribosomes and a concomitant deerease in the 
size and number ofpolysomes indicating that protein synthesis is affected at 
the level of initiation [4,5,6]. The quantitative decrease in the amount of 
protein synthesis is accompanied by an extensive alteration in the pattern of 
protein synthesis as observed upon pulse labe1ing of treated and untreated 
cells with radioactive amino acids. 

When overall protein synthesis in cells in culture is inhibited by more than 
80% by the hypertonie initiation block (HIB), the synthesis of one major cel­
lular protein, actin, is reduced to a level of 10%. In contrast, the synthesis of 
some proteins is unchanged or less reduced indicating that the translation 
of some species of mRNA i.e. actin are more sensitive to and other species 
of mRNA are more resistant to HIB. 

Thus the relative translational efficiencies (RTE) of viral and eellular 
mRNAs can differ over a wide range, and as such mRNAs can be c1assified in 
a hierarchical order according to translational efficieneies. Based on the ex­
ample of actin stated above, we would assign an RTE ofO,5 to actin and an 
RTE of 1 to mRNAs from whieh the relative synthesis of the corresponding 
protein remains unaltered by RIß conditions. 

Friend virus transformed mouse erythroleukemia celliines have attained 
widespread use as a model system for the in vitro study of differentiation 
[7,8]. In this paper we describe studies concerned with the KIEs of several 
viral mRNAs and se1ected cellular mRNAs in Friend virus indueed erythro­
leukemia cells. We also report on the effect of indueed differentiation on 
translation control mechanisms in these cells. 

Materials and Methods 

Cell Cultures 

Friend virus producing erythroleukemia celliine FSD-I-F4 was generously 
provided by W. Ostertag, Max-Planck-Institut für Experimentelle Medizin, 
Göttingen. 
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Labeling Of Cells and Extraction Of Pro teins 

The synthesis of viral proteins was analyzed by pulse labeling of cells with 
[35S] methionine, followed by lysis of the cells and selection of virus specific 
proteins by incubation with antisera directed against viral proteins and sub­
sequent separation by polyacrylamide gel electrophoresis (PAGE), auto­
radiography and densitometry [9,10,11]. Pro tein synthesis was quantitated 
by the method ofMans and Novelli [12]. 

Results 

Ident(fication of Viral and Cellular Proteins and Determination of RTEs 
o{the Corresponding mRNAs 

In previous publications [9, 10] we reported on the identification by immuno­
precipitation of a number of Friend virus specific proteins in several Friend 
erythroleukemia celliines isolated by Ostertag, in the Eveline celliine and in 
the original celliine 745 characterized by Dr. Friend. Our recent investiga­
tions were performed with the Ostertag cellline F4-N. Additional virus spec­
ific proteins are present in this cell line based upon data obtained by im­
munoprecipitation with specific antisera against viral proteins. 

Cell extracts prepared as described previously [1 OJ from 60 min [35SJ 
methionine pulse labeling experiments were first exposed to normal goat 
antiserum, then to Staphylococcus aureus strain Cowan I (S. aureus), followed 
by exposure to anti p30 goat serum, again to S. aureus and finally to anti gp70 
antiserum and to S. aureus. Labeled pro teins specifically adsorbed to the 
three S. aureus precipitated sam pies were eluted and separated by PAGE as 
previously described [10]. Proteins which react preferentially or exclusively 
with one of the specific sera (see Fig. 1, legend) are considered virus spe­
cific. Cellular proteins (especially actin) contaminated all 3 antigen-anti­
body-S. aureus complexes to a comparable extent. 

We have determined the RTE of cellular and viral mRNAs by quantita­
tion of the amount of synthesis of corresponding proteins und er isotonic and 
various HIB conditions. Fig. 1 shows densitometer tracings of autoradiographs 
from Page separations of [35S] pulse labeled proteins from Friend cells after 
immunprecipitation and adsorption and desorption to S. aureus. The ap­
parent molecular weights of the proteins in kilodaltons are indicated above 
each peak. We have previously shown that a quantitative analysis of the 
synthesis ofindividual proteins can be achieved by densitometry ofautoradio­
graphs [11]. One can readily see that the synthesis ofvarious proteins in the 
non-induced cells was differentially affected by HIB. Actin migrates with an 
apparent molecular weight of 44 Kin the present gel system. The synthesis of 
actin is highly sensitive to HIB indicating that in Friend cells - as in other 
tissue culture cells - the RTE of the mRNA co ding for actin is very low. The 
mRNAs coding for the cellular proteins with a molecular weight of 19 and 
20 K have an RTE of approximately 1, that is, the synthesis ofthe 19 and 20 K 
proteins was inhibited by HIB to the same extent as overall cellular protein 
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Fig. 1. Densitometry tracings of autoradiographs of SDS gel electrophoresis of S. aureus ad­
sorbed immuncomplexes from friend cell extracts pulselabeled with [35SJ methionine. The ap­
proximate molecular weights in kilodaltons of the labeled protein peaks is based on the migra­
tion ofunlabeled molecular weight markers and on the migration oflabeled vesicular stomatitis 
virus proteins. The cells were preincubated for 25 min with medium containing one-twentieth 
the normal concentration ofmethionine. The osmolarity ofthe growth medium was increased by 
addition of extra NaCI a) 0 mM (0), b) 100 mM (100), c) 140 mM (140) which resulted in an 
overall inhibition of protein synthesis by a) 0%, b) 50%. c) 80%. Therefore, cuhure b) and c) 
received 2 and 10 times more [35S] methionine than cuhure a) in order to label the proteins in the 
cell extracts to a comparable extent [11]. 
Left panel: Cell extract treated with anti gp70 serum 
Right panel: Cell extract treated with anti p30 serum 

synthesis. We utilized the relative intensity of the labeling of these proteins 
bands as standards for the estimation of the RlEs of viral and cellular 
mRNAs from autoradiograms of labeled cell extracts or immune precip­
itates. The results presented in Table 1 indicate that the RlE of some RNA 
tumorvirus mRNAs in this system are lower than the RTEs of cellular 
mRNAs. In fact, the RTE ofmRNAs coding for gp70 and gp56 are as low as 

Table 1. Relative translational effidendes of cellular and viral mRNAs in Friend erythroleu­
kemia ceHs 

cellular pro teins 
MW(Kd) 128 44 
RTE 0,4 0,5 

gp70 specific proteins 
MW(Kd) 96 70 
RTE 0,9 0,3 

p30 specific proteins 
MW(Kd) 94 68 
RTE 1,0 0,4 

22 
2,0 

56 
0,3 

65 
LI 

20 19 
1,0 1,0 

61 
0,4 

53 
1,4 

30 
lA 

28 
OA 
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the RTE of the actin mRNA. This observation posed some very interesting 
questions concerning the mechanism of translational control in this system, 
since there is no apparent correlation in the amount of viral mRNAs and 
the corresponding viral pro teins syn thesized (Racevskis, Koch and Ostertag, 
unpublished). 

Increase in Sensitivity to HIB During DMSO Induced Differentiation in 
Friend Erythroleukemic Cells 

Induction of differentiation in Friend erythroleukemic cells causes a severe 
reduction in the growth rate ofthe cells [7]. The division time ofthe cells in­
creases from 13 hours to 24 hours by 3 days after induction with DMSO 
(Weber and Koch, unpublished). In order to determine and compare the 
R'TEs of mRNAs at various times after induction of differentiation we anal­
yzed the incorporation of 35S methionine into proteins under iso tonic and 
various HIB conditions. The results presented in Fig. 2 confirm previous 

extra cpm 
NaCl .,. 
1O-3M controI 

c(Iltrol 0 100 
20 91 24h 1,5 % DMSO 

100 100 edra cpm 
('I') 60 78 
I NaCl .,. 
CI 10'"3 M controI 

)( 

~ 
0 

u 20 88 

50 100 33 50 50 67 

140 0,4 100 12 
140 2 
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I 20 80 CI - 0 )( 60 45 
~ /20 71 
u 100 0,7 ~60 30 

140 0,2 
.. ,., 00 7 
-140 2 

30 45 60 time [min] ft10 30 45 60 time [min] 
S35 NaCt 

Fig.2. Effect ofHIB on the incorporation Of[35S] methionine into proteins at various tim es dur­
ing DMSO induced differentiation of Friend-erythroleukemic cells. In order to exclude nutri­
tional effects the cells were fed with fresh medium every 24 hours during the course ofthe experi­
ments. [35S] methionine was added to several aliquots ofthe culture (l,Ox 1()6 cells/ml) and the 
osmolarity of the growth medium was increased by addition of different amounts of extra 
NaCl. Incorporation of[35S] methionine into proteins was determined as described [12] 
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findings on redueed ineorporation ofamino acids during differentiation [15]. 
In addition, they indieate that the eells beeome progressively more sensitive 
to HIB with inereasing time after induetion of differentiation, that is, a smaller 
inerease in osmolarity eauses a more dramatie inhibition ofprotein syrithesis. 

Alterations in Translational Control Mechanisms in Friend Erythroleukemic 
Cells During DMSO Induced D~fferentiation 

The question arose as to whether the inhibition of eellular pro tein synthesis 
and the intracellular eoncentration of a given polypeptide changes eoordin­
ately after induetion of differentiation and also whether eoordinate ehanges 
in RTE and the yield of the corresponding pro teins oeeur. 

The experiments deseribed in Fig. 1 were repeated at daily intervals after 
induetion of differentiation with DMSO, and the results are summarized in 
Table 2. RTEs of mRNAs ean remain eonstant (i.e. for eellular proteins 20 
and 19 K), deerease (i.e. eellular 128 K) or inerease (mRNA for some viral 
proteins, and most dramatieally for a eellular pro tein with a molecular weight 
of 22 K). An RTE over 1 indieates a relative increase in the amount 
ofsynthesis ofa given protein under restrieted condition ofpolypeptide chain 
initiation. The cellular protein 22 K with an RTE of 4 at 72 hours after in­
duction accumulates under conditions of 80% inhibition of overall protein 
synthesis at a rate of 80% of the normal rate. An actual increase in the syn­
thesis of a given protein under HIB eonditions was observed for the synthesis 
of globin in Friend eells by utilizing two different experimental approaches 
both the quantitative determination of the hemoglobin eontent by the ben-

MW(Kd) RTE 
o h 72 h 

cell ular proteins 

% Change in yield ofintra­
cellular pro tein from 0-72 h 

128 0.4 0,3 180 
44 0,5 0.4 130 
22 2,0 4,0 100 
20 1,0 1,0 100 
19 1,0 1,0 100 

gp70 pro teins 
96 0,9 1.0 160 
70 0,3 0,6 110 
56 0,3 0,6 120 

p30 proteins 
94 1,0 
68 0,4 
65 1,1 
61 0,4 
53 1,4 
30 1,4 
28 0,4 
25 1,8 

0,8 
0,9 
1,2 
0,8 
2.4 
2,5 
0,4 
2,8 

70 
230 
130 
60 

110 
160 
130 
110 

Table 2. Changes in RTE of mRNAs 
and in the relative amounts of cor­
responding proteins during DMSO 
induced differentiation 
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zidine technique (Bilello, unpublished) and from autoradiographs of HIB 
treated induced cells. It is important to mention that in spite ofthe dramatic 
increase in the RTE of the mRNA coding for the cellular protein 22 k during 
differentiation, this protein does not accumulate at a higher rate under iso­
tonic conditions in differentiated cells. 

Summary 

Induction of erythroid differentiation in Friend erythroleukemia cells causes 
a reduction in the rate of protein synthesis and a prolonged growth cyde of 
the cells. A study of the relative translational efficiencies (RTE) of viral 
mRNAs and selected host cell mRNAs revealed unexpected low RTEs 
of the mRNA coding for the gp70 protein and RIE of the mRNA coding 
for the p30 protein. The RIEs of viral and of some host mRNAs show 
significant changes during differentiation. The rate of synthesis of correspond­
ing proteins are altered non-coordinately, indicating transcriptional and/or 
posttranscriptional regulation of mRNA, as weIl as amplified regulation at 
the level of transla tion of mRNA. 

Discussion 

A great number oflaboratories are engaged in studies to delineate the pleio­
tropic effects which are triggered by inducers of erythroid differentiation in 
Friend erythroleukemia cells. Nevertheless, little is known so far on the role 
ofthe regulation ofprotein synthesis at the level oftranslation and on the fate 
of newly synthesized proteins (post translational modification, deavage and 
degradation). We have previously reported on alterations in the processing 
pathway and in the rate ofprocessing ofviral precursor proteins in the Friend 
cell line 745 [10]. The experiments presented here show that the decreased 
rate ofoverall protein synthesis observed during differentiation is accompan­
ied by drastic alterations in the rate of synthesis of some proteins and in the 
RlE ofmRNAs. Changes in the RlE ofan mRNA and in the rate ofsynthesis 
of the corresponding proteins are not coordinate, indicating that a lowered 
RIE may be counteracted by an increased availability of active mRNA. 
Likewise the effect of an increase in the RTE ofmRNAs might be reduced by 
a decreased amount of availability of an mRNA. Regulation of protein syn­
thesis at the level oftranslation might also involve other factors than amount 
ofmRNA and RTE ofmRNA. This view is supported by the observation that 
early vaccinia virus mRNAs with high RlEs are present but not translated at 
later times in the replicative cyde [13]. Comparable results have been obtained 
in frog virus infected cells [14]. In this study we were able to demonstrate both 
alterations in the RTEs of several mRNAs and a non-coordinate change in 
the accumulation of corresponding proteins. While other investigators have 
reported on the existence of specific regulatory mechanisms for the transla­
tion of a given mRNA it is difficult for us to imagine how such a model could 
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be consistent with aur findings in regard to the multitude ofchanges. Thus we 
would like to suggest that more generalized alterations in the translational 
machinery roust occur during differentiation and the ultimate alteration in 
the pattern of proteins synthesized is dependent upon multiple factors at 
both the transcirptional and post transcriptionallevels. 
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Friend virus transformed erythroid cells can be isolated and maintained serially 
in cell culture [l,2J. Such erythroleukemic cell cultures can be induced to 
differentiate along the erythroid pathway by exposure to a variety of com­
pounds including DMSO [1-3], aprotic solvents [4J, fatty acids [5], purines 
and purine analogs [6] and the cardiac glycoside ouabain [7]. Phenotypic 
changes observed in Friend cells after inducer treatment appear to parallel 
the expression ofgenes typical ofthe normal differentiating cello A multitude 
of erythroid functions are induced including the induction ofheme pathway 
enzymes [8], globin mRNA synthesis [2,3,9, 10J, and the synthesis of erythro­
cyte specific proteins [11-13]. The extent ofhemoglobin synthesis can be as 
high as 20-25% ofthe total cellular protein synthesis in induced cells, com­
pared to less than 1 % in uninduced cells. 

The observation that a variety ofinducers could affect a marked alteration 
in gene expression prompted us to study protein synthesis in Friend cells 
after treatment with a variety ofinducers. We were particularly interested in 
determining whether there was a common mode of action whereby these 
inducers could affect the specific synthesis ofthe unique spectrum of erythro­
cyte proteins observed during differentiation of erythroleukemic cells. 

Materials and Methods 

Cell Culture 

The origin and maintenance and labeling of Friend erythroleukemia cell 
cultures is essentially as described in Racevskis and Koch [14]. Pro tein syn­
thesis was quantitated by the method ofMans and Novelli [15]. 

Hemoglobin Assay 

The hemoglobin content of cell extracts was measured utilizing the benzidine 
technique described by Luftig et al. [16J. 

Results and Discussion 

In Friend erythroleukemic cell cultures addition of 10 to 15% DM SO to the 
tissue culture medium results in a rapid, reversible inhibition of cellular protein 

* Supported by Stiftung Volkswagenwerk. 
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synthesis accompanied by the complete breakdown of polyribosomes. DMSO 
concentrations effective in inducing cell differentiation (1-2%) cause a sus­
tained inhibition of protein synthesis and a shift in the polyribosome profile 
wherein there is a substantial decrease in the percentage ofmRNA associated 
ribosomes (Bilello et al., manuscript in preparation). We have observed a 
similar sustained inhibition ofthe pattern ofprotein synthesis with aseries of 
other known inducers (Table I). Since we have measured protein synthesis 
by incorporation ofradiolabeled methionine into protein, we were concerned 
that changes in amino acid uptake or pool size may have colored the inter­
pretation of our data. As can be seen in Table 2, amino acid transport was 
reduced upon the addition ofDMSO. The reduction in amino acid transport 
occured early after addition of inducer, but was not substantial enough to 
explain the decreased pro tein synthesis in treated cells. Other inducers ap­
pear to affect changes in amino acid and hexose transport and may reflect a 
general effect ofinducers at the cell membrane (17, Ostertag personal com­
munication). 

Since we had observed inhibition ofinitiation in Friend cells treated with 
10-15% DM SO we wanted to determine whether initiation was inhibited 
during the course ofFriend cell induction. P01yribosome profiles were anal­
ysed in F4-6 cells two hours after the addition of DMSO, HMBA or butyric 
acid since at this time point inhibition ofprotein synthesis was estab1ished and 
amino acid uptake was only moderately lowered. After treatment of F4-6 
cells more than 10% of the mRNA associated ribosomes were shifted to the 

Table 1. Effect ofinducers on Friend erythroleukemic cell protein synthesis 

Addition Concen tra tion Hemoglobina Protein synthesisb 

mM f.1g/108 cells % Control 
24 hrs 72 hrs 

F4-6 
None 14 
DM SO 192 155 34 33 
HMBA 5 239 51 34 
Butyric Acid 1 178 42 37 
Hemin 0,1 189 69 
Hypoxanthine 2,5 230 65 
Ouabain 0.1 121 56 

B8 
None 44 
DMSO 192 240 56 41 
HMBA 5 341 33 31 
Butyric Acid 1 502 56 46 
Hemin 0.1 276 107 47 
Hypoxanthine 2,5 108 115 48 
Ouabain 0.1 406 104 56 

a Hemoglobin production measured in cell extracts 3 days after addition of the compound as 
described in the Materials and Methods 

b Protein synthesis as measured by incorporation of 35S methionine into hot TCA insol-
uble material 24 or 72 hrs after addition 
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Table 2. Alteration ofamino acid transport subsequent to the addition ofDMSO to Friend ery­
throleukemic cell cultures 

Time in culture Treated cells Un trea ted cells % T/u 
hrs cpm/mg protein cpm/mg protein 

0 13006 14213 91.5 
2 11 315 14641 77,2 
4 10 426 14931 69,8 
6 10629 14490 73.7 

12 9009 15482 58,3 

Cells were labeled with 3H amino acid mixture for 10 minutes, washed 3 times with Earles Bal­
anced salt solution. Cell extracts were precipitated with 10% TCA and TCA soluble counts were 
determined. Total ceH protein was determined in an aliquot by the Lowry method. 

monosome region of the gradient indicative that ribosomes previously as­
sociated with mRNA were no longer actively engaged in protein synthesis. 
Polyribosome profiles indicative of reduced initiation have been observed 
throughout the course ofinduction. These results suggested that inhibition of 
the initiation of pro tein synthesis is an early event which is sustained during 
the course ofinduction. 

Table 3 summarizes aseries of experiments designed to access whether 
initiation and/or elongation inhibitors could induce erythroleukemic cell 
differentiation. Treatment of Friend cells with the elongation inhibitors 
puromycin, cyc10heximide or emetine had no effect upon the induction of 
hemoglobin synthesis. In contrast hemoglobin synthesis was induced upon 
exposure to ethanol or hypertonie medium which inhibit initiation [18]. Ini­
tiation inhibitors induce higher levels of hemoglobin synthesis in B8 cells, 

Addition Hemoglobin /J.g 
Table 3. Protein synthesis Inhibi-
tors: Effect upon hemoglobin syn-

per 108 cells thesis in uninduced Friend erythro-
at day 3 leukemic cells 

Exp I none 13 a Experiment 4 utilized B8 cells 
DMSO 192 mM 290 which have a high background 
Sucrose 50-200 mM 13-22 synthesis of globin and globin 
Emetine 10-50 )Lg/ml 13-34 mRNA 

Exp2 none 8 
DMSO 192 mM 310 
Puromycin 0.1-10 fLg/ml 2-11 
Cycloheximide 0,1-5 fLg/ml 1-19 
Ethanol 1-2% 77-84 

Exp 3 none 16 
DMSO 192 mM 127 
Excess KC125-75 mM 30-100 
Excess NaCl25-75 mM 32-81 

Exp4a none 44 
DMSO 192 mM 240 
Excess KC150 mM 161 
Excess NaCi 75 mM 100 
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cells which have a higher background level of globin mRNA in the uninduced 
state [10]. Inhibition of initiation in such cells leads to a rapid increase in 
hemoglobin synthesis. Only initiation inhibitors which induced sustained 
inhibition of cell protein synthesis were capable ofinduction; sucrose or DEAE 
dextran were incapable of either induction or sustained inhibition of protein 
synthesis in Friend cells. 

Our findings indicate that inducers of erythroleukemic cell differentiation 
inhibit protein synthesis at the level of initiation. Different mRNAs often 
differ in the rate of formation of the initiation complex. Under conditions of 
lowered initiation, translation of high efficiency mRNAs i.e. globin mRNAs 
are favored relative to other mRNAs with lower initiation frequencies [18,19]. 
Other experiments have demonstrated that exposure of erythroleukemic cells 
to high concentrations ofNaCI or KCI increased the synthesis of globin rela­
tive to other cell proteins. Thus the ability ofinducer moieties to inhibit ini­
tiation may serve to provide the optimum conditions for globin synthesis 
which is the major protein synthesized in the differentiated erythroid cello 
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A. Introduction 

Friend erythroleukemia cells (FLC) are proerythroblasts chronically infected 
with the Friend virus complex (FLV, composed by LLVand SFFV). They 
undergo erythroid differentiation accompanied by synthesis of heme and 
hemoglobin (Hb), accumulation of globin mRNA and erythrocyte-specific 
membrane changes upon treatment with DM SO and other polar solvents [6]. 

Data collected in the past 2-3 years have convincingly shown widespread 
pleiotropic effects of in terferon (IF). As reviewed elsewhere [1], inhibitory as 
weIl as stirn ula tory effects of IF on various types of cells ha ve been reported. 
As for the antiviral activity of IF, it has been shown that in cell chronically 
infected wi RNA tumor viruses, IF treatment suppresses extracellular virus 
production, but does not abolish intracellular virus antigens expression [4J. 
We have been studying the action ofDMSO and IF upon growth and differ­
entiation of FLC. on one hand, and the effect of IF on the FLV genome ex­
pression, on the other hand. 

B. Control of FLC Differentiation by Interferon 

In previous papers we have described in detail the effects exerted by high 
doses ofIF on FLC growth, cell cyc1e and erythroid differentiation [9,11,12]. 

FLC growth is inhibited, in a dose-dependent fashion, by the administra­
tion of IF doses higher than 500 V/mI. Cell cyc1e parameters also change 
with respect to 0 1 and O2 phases, that are almost doubled in length. Remov­
al ofIF results in a prompt resumption of growth potential and normal cycle 
parameters. Similar data were obtained when DMSO-stimulated FLC were 
treated with JF. Under conditions allowing at least 2-3 cell doublings in the 
presence of DM SO, Hb synthesis was reduced by 90%, but globin mRNA 
only by 30%, in FLC treated with DMSO + JF. It is apparent that the ob­
served transcriptional effect of IF, although a novel one for a "cellular" mRNA, 
cannot fully explain the magnitude of the translational inhibition. In addi­
tion, these globin mRNAs (from DMSO- and from DMSO + IF-treated 
FLC) are indistinguishable from one another for a) base sequence, as deter-
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mined by Tm, b) size, analyzed by 99% formamide, 4,5% polyacrylamide gel 
electrophoresis, and c) ability to direct the synthesis of globin-size materials 
in homologous (S30 lysates) and heterologous (wheat-germ) cell-free protein­
synthesizing systems. Nonetheless, DMSO + IF-treated FLC do not synthe­
size appreciable amounts of globin (X and ß chains, although they do appar­
ently produce significant amounts ofa protein(s), more cationic than ß chain, 
immunoprecipitable with a monospecific globin antiserum. 

IF doses lower than 100 D/ml do induce, instead, a substantial increase 
of Hb-producing cells in DMSO-stimulated cultures [lJ; data in Table 1 
demonstrate that this effect is mediated by increase of globin mRNA levels. 
Preliminary results, moreover, indicate that the administration of low doses 
of IF stimulates erythroid differentiation of FLC per se, i.e. in the absence of 
any induction by DMSO; increased amounts of globin mRNA have been 
observed in IF-treated FLC as compared to untreated FLC (Table 1). 

Table 1. Erythroid differentiation and viral gene expression, on day 3 of culture, of FLC given 
Iow dosages (25 V/mI) ofIF on day 0 

Treatment Benzidine-positive Globin mRNA LLV-specific RNAs 
cells (%) copies/ cell (% of cytoplasmic RNAs) 

none 1 157 0,022 
+ IF 12 556 0,015 
+ DMSO 41,7 1641 0,044 
+ DMSO + IF 50,2 2434 0,009 

C. Life Cycle of FL V in FLC Treated with Interferon 

The extracellular virus release is impaired by IF [4], whereas the synthesis of 
FLV-specific proteins is not blocked, so that intracytoplasmic accumulation 
of such proteins occurs [3]. 

We have analyzed cytoplasmic RNAs extracted from IF-treated FLC, 
with/without simultaneous treatment with DMSO, by molecular hybridiza­
tion with cDNA probe complementary to the LLV component of FLV. Re­
sults are shown in Table 1: while in DMSO-treated FLC there is a significant 
increase of viral RNAs, IF treatment alone barely reduces the virus-specific 
cytoplasmic RNA content. The combined treatment, DMSO + IF, instead, 
significantly decreases the viral RNA concentration as compared both to 
untreated and to DMSO-treated FLC. 

Possible explanation of these results could be: either IF operates at both 
an early (transcription) and a late (assembly) step of virus eyde, or, alter­
natively, the intracellular levels ofvirus RNAs are controlled by the accumu­
lated viral proteins in a "feedback-type" inhibition. 
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D. Discussion 

In condusion, we have reported here a set of data, apparently unrelated to 
one another, namely the peculiar inhibitory action of IF on the life cyde of 
FLV, and the "pendulum" type of effect on FLC differentiation. It seems to 
us, however, that there is a possibility of giving a unifying interpretation. 

I. Recent evidence [5,14], contrary to what has been assumed so far, sug­
gests that the LLV component ofthe FLV complex is able to induce erythroid 
leukemias on its own in susceptible newborn mice. The question raises as to 
what role SFFV is playing in the biology of the FLV system, particularly in 
the as yet unknown mechanism(s) triggering on erythroid differentiation 
in vitro. 

One possible answer could be the following one: SFFV induces high levels 
of polycythemia in susceptible mice. Whether or not the SFFV interaction(s) 
by itselfwith its target cells results also in leukemic transformation is still not 
clear. It seems reasonable, however, to assurne that its ability to induce poly­
cythemia in vivo may playa critical role in providing the lymphatic leukemia 
virus component (LLV) with a much larger subpopulation of "erythroid­
committed" precursor cells. These cells would then become available for the 
transforming event. Such transformation, therefore, would be the result of 
the interaction of these cells with LLY. An erythroleukemia would then 
ensue as a consequence of a combined and sequential action of the two 
VIruses. 

This is in agreement with the finding that CFU-E's from mice injected 
with the polycythemic strain of FLV (FLVp, composed by LLVand SFFV) 
are a mixture of erythropoietin-dependent and erythropoietin-independent 
ceBs, whereas CFU's from mice given the anemic strain (FLAa, only LL V 
composed) are aB erythropoietin-dependent (Peschle and Rossi, unpublished 
data). According to the above mentioned hypothesis, the conversion of the 
CFU-E's from erythropoietin -dependency to erythropoietin -independency 
would be accomplished by the SFFV component. This hypothesis would also 
explain why the SFFV-deprived preparations of FLVp induce "late" lym­
phatic leukemias, whereas it does not account for the fact that the anemic 
strain FLVa, which is free of SFFV from the origin, is also able to cause ery­
throleukemias, and only these, in vivo. Minor, and as yet undetected, differ­
ences between the two strains of FLV-LLV may be responsible for this ap­
paren t discrepancy. 

H. In the in vitro system (the Friend ceBs), treatment with DMSO or with 
other inducers causes a pronounced erythroid differentiation accompanied 
by increased production of FLV complex (LLV and SFFV). It is very inter­
esting to compare the kinetics ofthe increased production of SFFV with that 
of LLV in the framework of the "induced" erythroid differentiation. The 
stimulation of LLV by DMSO is quantitatively smaB (2-5 fold) and occurs 
later (3-4 days after induction) [2,10]. Such LLV stimulation, therefore, fol­
lows the erythroid differentiation, whose early parameters (spectrin, glyco­
phorin, non histone chromatin changes) have been detected much earlier 
[6,8,13]. The SFFV increase, instead, is a very early and much more pro-
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nounced phenomenon [10], and it seems to occur prior to the appearance of 
the early markers of erythroid differentiation, suggesting that it might be the 
real "trigger" of differentiation. 

IU. This hypothesis would also help in understanding the IF "pendulum" 
type of action on erythroid differentiation. It could be due, of course, to some 
inherent properties ofthe IF molecules, but one may also offer an alternative 
explanation, based on interactions between IF and the two components of 
the FL V complex. The relative sensitivity of SFFV and LLV to IF may be 
different. Differences in the susceptibility ofviruses to IF have been reported 
[7]. We postulate that LLV is sensitive even at low doses ofIF, whereas SFFV 
is sensitive only to high doses (above 500 V/mI). At low doses only LLV 
would be inhibited with a relative enrichment of SFFV, and consequently 
with some enhancement of erythroid differentiation. At high doses, instead, 
SFFV would also be blocked, with a consequent inhibition of erythroid dif­
feren tia tion. 
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Many studies indicate that cell surface components are important in the con­
trol of cellular growth and function and that alterations of these structures 
occur in the malignant state. The extreme complexity of the human cell sur­
face makes difficult the exact determination ofthe role ofspecific cell surface 
structures in the malignant process. The strategy we have employed to sim­
plify the genetic analysis ofhuman cell surface structures takes advantage of 
two experimental facts. 
1. When human cells are fused with the Chinese hamster ovary cell the re­

sulting hybrids selectively lose human chromosomes (Kao and Puck, 1970) 
and it is possible to prepare human-Chinese hamster somatic cell hybrids 
which contain only a single human chromosome (Jones et al., 1972; Kao et 
aL 1976; Moore et al., 1977). Therefore human cell surface structures due 
to individual human chromosomes can be studied. Fig. 1 illustrates the 
presence of the single human chromosome number eleven in one of these 
hybrids. 

2. Antisera elicited in experimental animals after the injection ofhuman cells 
are toxic to human cells in the presence of complement but do not kill the 
Chinese hamster ovary cell (Oda and Puck, 1961). As illustrated in Fig. 2 

I -
I - Fig. 1. Chromosomes of a human-Chinese ham­

ster somatic cell hybrid containing all of the 
Chinese hamster ovary cell chromosomes and 
human chromosome 11 
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Fig. 2. Demonstration of the species specificity exhibited in the killing of tissue culture cells by 
antiserum. An antiserum to cultured human lymphoblasts was prepared by injecting these cells 
into a sheep. The antiserum kills human cells but the same concentration of antiserum has no 
eifect on the plating efficiency ofChinese hamster cells. Normal rabbit serum was the source of 
complement which was present in all plates 

when human cells are placed in a petri dish containing growth medium 
alone and are incubated the cells form large distinct colonies. In the 
presence of an antiserum produced against human cells all of the plated 
cells are destroyed. The Chinese hamster cell formed equal numbers of 
colonies in the presence and absence of the anti-human cell serum. 

Consequently it becomes possible to test human-Chinese hamster somatic 
cell hybrids with single human chromosomes for the expression of human 
cell surface antigens. Fig. 3 shows the response ofthe hybrid which contains 
only human chromosome 11 when equal numbers ofthis cell were placed in a 
series of dishes to which increasing amounts of anti-human cell serum and a 
constant amount complement were added. The presence ofhuman chromo­
some 11 in such hybrids causes them to become highly susceptible to the kill­
ing action ofthe antiserum (Puck et al., 1971; Wuthier et al., 1973). In con­
trast the parental Chinese hamster ovary cell showed no killing. An antiserum 
prepared in the horse against human lymphoblasts was demonstrated to be 
highly lethai to the hybrid containing chromosome 11 as did an antiserum 
prepared in the rabbit against human red blood cells. However, exhaustive 
adsorption ofthe antilymphoblast serum with human red blood cells fails to 
remove more than a small part of the killing activity for the hybrid (Wuthier 
et al., 1973). Therefore, the human red blood cell must share some but not all 
of the lethai antigens common to this hybrid and the human lymphoblast. It 
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Fig.3. Demonstration that sheep anti-human 
red blood cell serum kiUs the human-Chinese 
hamster somatic cell hybrid which contains the 
single human chromosome 11 (circles 0) but fails 
to kill the parental Chinese hamster ovary cell 
(squares El) 

has been possible using these different antisera to demonstrate that at least 
three human antigens (al, a2 and a3) are specified by human chromosome 
11, and by mutagenesis and immunoselection to prepare clon al stocks of 
variants containing various combinations ofthe three antigen markers (Jones 
et al., 1975; Jones and Puck, 1977). For example a population ofhybrid cells 
is treated with the mutagenic agent, ethyl methanesulfonate, and after rem oval 
ofthe mutagen the survivors which represent 10--20% ofthe original popula­
tion are allowed to grow for several days. They are then placed in comple­
ment plus sheep anti-human red blood cell serum which has anti al and a3 
activity. Clones which develop under these conditions are isolated and grown 
into large cultures and their resistance to anti al and a3 serum confirmed. 
They are also tested with anti a2 serum and ifthey are killed their phenotype 
is by definition al-a2 + a3 -. Clones with other possible phenotypes have been 
prepared in a similar manner by selection in the appropriate antiserum. 

Some of these variant clones were shown to contain deletions of specific 
segments ofhuman 11 (Kao et al., 1977; Jones and Kao, 1978). These proved 
useful in the regional mapping of the antigen markers and of two human 
enzymes, lactate dehydrogenase A and acid phosphatase 2 which have also 
been assigned to this chromosome (Boone et al., 1972; Bruns and Gerald, 
1974). Table 1 summarizes the phenotypic and cytogenetic characterization 
of some ofthese clones. Analysis ofthese data has led to the assignment ofthe 
al and a3 antigens to the short arm of chromosome 11, in the region llpter 
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Table 1. Characteristics of clones isolated from the hybrid with human chromosome 11 and 
used for regional gene mapping 

Clone number Mutagenic Identified deletions in Presence ofhuman markers 
agent used human chromosome 11 al a2 a3 LOH-A ACP2 

Parent (JI) none none + + + + + 
7 X-ray pter~ plI + 
9 UV pter~ pl2 + + 

II ICR-191 E qter~ql3 + + + + 
23 X-ray pter~ pl3 + + + 

LOH-A -lactate dehydrogenase A 
ACP2 - acid phosphatase 2 

~ Ilp13 and the a2 antigen to the long arm in the region llqter~ Ilq13. The 
regional assignment for the human gene for lactate dehydrogenase A is 
Ilpl2 ~ Ilp13 and for acid phosphatase 2, llpll ~ Ilpl2. Other variants 
which lack specific antigens without detectable chromosomal changes are be­
ing subjected to further genetic analysis. It has been demonstrated that the al 
phenotype is made up of different complementation groups, mutation in any 
one of which results in al- behavior. The distribution of these antigens on 
various normal and malignant cell types is being investigated. The human 
red blood cell has al and a3 antigenie activity on its cell surface but not a2. 
Normal peripheral blood lymphocytes, cultured lymphoblasts and human 
amniotic fluid fibroblasts have al, a2 and a3. It has been found that al is 
immunologically related to the glycophorin fraction ofhuman red blood cells 
(Moore et al., 1976). 

The ability to identify human cell surface components and to establish 
their corresponding genetic elements should provide a link in understanding 
the role ofthe cell surface in malignancy. 

This investigation is a contribution from the Eleanor Roosevelt Institute for Cancer Research 
(Number 241) and the Oepartment ofBiophysics and Genetics, University ofColorado Medical 
Center, Denver, Colorado. USA, and was supported by grants from the National Science Foun­
dation (PCM 76-80299), USPHS National Cancer Institute (CA-18734) and USPHS National 
Cancer Institute (CA-2081O). 
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Abstract 

Low concentrations ofVitamin A stimulated plasminogen activator synthesis 
(PA) in chick embryo fibroblasts (CEF). It caused a dose dependent and re­
versible increase in PA synthesis in both normal CEF and CEF infected with 
a temperature sensitive mutant of Rous Sarcoma virus (RSV-Ts68). Both 
induction and deinduction ofPA could be inhibited by Actinomycin D. 

Vitamin A also accentuated the morphological changes associated with 
transformation in the Rous Sarcoma virus infected cells. The effects ofVita­
min A on PA synthesis were essentially similar to those ofthe known tumour 
promoter, phorbol myristate acetate (PMA). 

Both Vitamin A and PMA were found to act synergistically with sarcoma 
gene expression as far as PA synthesis was concerned. 

Introduction 

Vitamin A has been shown to inhibit squamous metaplasia in organ cultures 
(Sporn et al., 1976) and to promote the development and growth of experi­
mental tumours (Polliack and Sasson, 1972; Polliack and Levij, 1969). It has 
also been shown to induce proteolytic activity in chick embryo limb buds 
cultured in vitro (Lucy et al., 1961; Fell et al., 1962). Wigler and Weinstein 
(1976) and Wilson and Reich (1979) have shown that the potent tumour 
promoting agent phorbol myristate acetate (PMA) acts as a strong inducer 
ofthe serine protease, plasminogen activator (PA). 

In this paper we present the results of experiments that document the 
stimulatory effect of Vitamin A on PA synthesis in vitro and define certain 
aspects of the inductive response in normal chick embryo fibroblasts (CEF) 
and CEF infected with a temperature sensitive mutant of Rous Sarcoma 
virus (Ts68). 

Materials and Methods 

Primary cultures of chick embryo fibroblasts (CEF) were prepared as described 
by Rifkin and Reich (1971) and maintained and propagated in Eagle's mini­
mal medium supplemented with 5% or 10% fetal bovine serum (FBS). 
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For experiments CEF were seeded at 106 cells/60 mm petri dish as tertiary 
cultures in Eagles medium containing 5% FBS. The cells were allowed to 
adhere overnight before the experiment was started and drugs were added to 
the cultures in 5 ml offresh medium. 

Cells were lysed by the addition of 0,1 ml of 0,1 % Triton X-100 per 106 

cells. Lysate aliquots containing 0,3-6 j.1g of protein were assayed for PA 
activity using the 125I-fibrin method (Strickland and Beers, 1976). One unit 
of PA activity is defined as the amount of enzyme that will catalyse the release 
of5% ofthe total trypsinizable radioactivity in 1 hr at 37°C. 

Results 

a) Morphology and growth 

The addition of 10-6M retionoic acid (RA) to Ts-68 infected cells accentuated 
the morphological changes of transformation normally observed when such 
cells are shifted from the restrictive temperature (41°C) to the permissive 
temperature (37°C). The c1ustering and loss of cell adherence observed were 
similar to the changes described by Ossowski et al. (1973) and Ossowski et al. 
(1974) in SV40-transformed hamster fibroblasts. 

The addition ofRA to normal or Ts-68-infected CEF at 37°C or 41°C had 
little effect upon the rate of cell growth. 

b) Plasminogen activator 

The addition of RA to cultures of normal CEF stimu1ated a rapid, dose de­
pendent rise in intracellular PA activity (Table 1). In the presence of 10-6M 
RA this rise was evident 1,5 hr after addition and increased to a maximum at 
6 hr that was approximately ten-fold high er than in corresponding RA-free 
cultures, after which intracellular levels fell gradually. Lesser concentrations 

Retinoic acid 
Retinoic acid 
Retinoic acid 
Retinoic acid 
Retinoic acid 

Addition 

None 
l~M 
ID-7M 
ID-SM 
ID-9M 
lD-IOM 

Plasminogen 
activator 
(V/mg protein) 

60 
795 
698 
594 
430 

60 

Normal chick embryo fibroblasts were seeded 
at 106 /60 mm petri dish at 37°C. 24 hr later 
medium alone or medium containing retinoic 
acid was added to the cultures. 6 hr later du­
plicate petri dishes were removed and assayed 
as described in Methods. 

Table 1. Effect of retinoic acid on plasmin­
ogen activator induction in chick embryo fibro­
blasts 
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Fig. 1. The effect of cholera toxin and cyc1ic nuc1eotides on plasminogen activator induction in 
Ts-68-infected cells after shift to the permissive temperature for transformation. Ts-68-infected 
cells were seeded at IOS/60 mm petri dish at 41°e. 6 hr later cholera toxin at 0.1 ng/ml or 
1,0 ng/ml was added to some ofthe cultures. 18 hr later the medium was removed and replaced 
with fresh medium at 41°C containing no addition (6--6); cholera toxin 0,1 ng/ml 
(e----e); cholera toxin 1,0 ng/ml (0-'-0); cyc1icAMP lQ-3M(O---D)orcyc1icAMP lü-4M 
(.--.). The dishes were replaced at 41 oe for Ihr, after which some ofthe cultures were shif­
ted to 37°C. 3, 6 and 9 hr later duplicate plates were removed from 41 oe and 37°e and assay­
ed for intracellular plasminogen activator as described in "Methods" 

of this compound were also effective, with a significant rise in PA apparent 
after 3 hr exposure to IO-9M RA (Wilson and Reich, 1978). 

Addition ofRA to Ts-68-infected cells at both permissive (37°C) and non­
permissive (41°C) temperatures also caused a substantial increase in enzyme 
activity. The magnitude ofthe increase in enzyme activity observed when RA 
and viral transformation were acting together at 37°C was far greater than 
that observed when either was acting alone. The effects of RA and sarcoma 
gene expression on PA induction were therefore synergistic rather than addi­
tive, in analogy with the pattern previously found for phorbol esters (Wein­
stein et al., 1977; Wilson and Reich, 1979). 

Removal ofRA from the medium was followed by a progressive decline in 
PA activity. This fall was significantly inhibited by treatment with Actino­
mycin D indicating that, as in the case ofde-induction after PMA withdrawal 
(Wigler and Weinstein, 1976) or following temperature shift to non-permis­
sive conditions (Rifkin et al., 1975) the suppression ofPA synthesis following 
RA withdrawal is an active process requiring synthesis of new RNA. Essen-
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tially similar reversibility was observed when RA was removed from Ts-68-
infected cultures incubated at 41°C or 37°C. 

When normal CEF were treated with cycloheximide (10 /-Lg/ml) or Actino­
mycin D (l /-Lg/ml) for 30 min prior to addition of RA, the rise in cellular 
enzyme activity was completely inhibited. Similar results were obtained with 
Ts-68-infected cultures at 37°C or 41°C. Thus both RNA and protein syn­
thesis are required for enzyme induction by Vitamin A. 

Retinoic acid, retinol and Vitamin A acetate, in that decreasing order, 
induced PA synthesis in cultures ofnormal CEF. The action ofall three com­
pounds was inhibited by Actinomycin D. 

Since 3'-5' cyclic nucleotides mediate numerous cellular processes, and 
these compounds, or substances which modify their metabolism are known 
to have effects on PA levels (Strickland and Beers, 1976; Vassalli et al., 1976) 
a number of experiments were performed to examine the effects of cAMP 
and cholera toxin on the induction ofPA synthesis in CEF. 

As seen in Fig. 1 cAMP at concentrations of 10-3 M and 10-4 M and cholera 
toxin at 0,1 ng/ml and 1,0 ng/ml, inhibited the increase in PA levels associ­
ated with a shift from restrictive to permissive temperatures. 

In contrast, neither cAMP nor cholera toxin inhibited the induction ofPA 
by retinoic acid (Wilson and Reich, 1978) indicating that the control of RA­
induced PA synthesis, in contrast to the virally induced increase in PA levels, 
is not related to the cellular concentration of cyclic nucleotides. 

Discussion 

Studies of aseries of phorbol derivatives (Weinstein et al., 1977) have shown 
that the potency ofthese compounds for inducing PA in CEF cultures cIosely 
paralleis their potency as tumour promoting agents in mouse skin carcino­
genesis. The results presented here suggest that Vitamin A derivatives may 
have an in vitro tumour promoting action that corresponds with their in vivo 
action in the RSV-chicken system (Polliack and Sasson, 1972) or the DMBA­
hamster cheek pouch system (Polliack and Levij, 1969) but it is difficult to 
reconcile with studies that have ascribed antineoplastic activity to retinoids 
(Sporn et al., 1976). These diametrically opposed views and conflicting re­
ports on the action of retinoids in pre-neoplasia may weIl reflect differences 
in the way in which different species or tissues respond to Vitamin A. 
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The Molecular Biology of Differentiation and 
Transformation: An Emerging Field Theory 

Hardesty, B. 
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It appears to me that finally, a glimmer of insight is to be seen in the basic 
mechanism of oncogenic transformation. The emerging picture is based on 
fundamental observations from a large number of sources. We have been 
privileged to see the results ofsome ofthe currently brightest research in the 
mosaic during this workshop. The framework for the emerging picture is 
based on the recognition within recent years that cellular differentiation is a 
social event among cells in which one cell type triggers the differentiation of 
another. This principle hardly would have been a revelation to the early 
embryologists. Perhaps the foremost, technically accessible problem of bio­
logy at this time is to understand the specific biochemical mechanisms by 
which these processes are implemented within the cel!. 

The Emerging Field Theory 

Certain cells exert their function in inducing differentiation in target cells 
either through cell-to-cell physical contact or from a distance. In both cases, 
specific substances, frequently glycoproteins, from one cell interact with 
highly specific receptors on the target cells. If the triggering substance is re­
leased from the cell it may be commonly known as a growth substance or 
hormone. These factors may be active at chemically incredibly low concen­
trations. At this meeting Malcolm Moore has reported that lactoferrin acts as 
a factor for the growth of colonies ofmyeloid cells and that the active compo­
nent is effective at concentrations of 10-14 M! For the differentiation factors 
to be effective at these concentrations, the binding constant for interaction 
with the receptor must be extremely large. In most cases it appears that bind­
ing of no more than a few molecules per target cell is adequate to elicit the 
response. In generaL a special system will be required to amplify the signal 
received at the cell surface to a level that it can be effective on intracellular 
reactions. It is not clear wh ether or not part or all ofthe differentiation factor 
moleeules themselves must be somehow transported to the nucleus to effect 
transcriptional control. The relation of the cellular components involved are 
schematically depicted in Fig. 1. 

A proper relation in time during development as weIl as space is im­
plicit in the scheme. Differentiation may occur only during a transient period 
when cells exhibiting the appropriate recognition sites are exposed to the 
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Fig. 1. Diagramatic representation of the cellular components and reactions involved in dif­
feren tia ti on 

proper signal molecules. Undifferentiated cells may be maintained in the 
adult organism, then triggered to differentiate into a mature or terminal cell 
type in which cell division is limited or completely stopped. Differentiation of 
blood cells provides a dassical example of such a system. Thus the function 
ofthe cellular genome during differentiation might be equated more correct­
Iy with a library than a computer. Information stored in the DNA is expressed 
when the proper request is received rather than at a fixed point in a free­
runmng program. 

Recent evidence appears to indicate that at least in some and probably 
most situations, the immediate, causal alteration that results in oncogenic 
transformation involves alesion in the information retrieval system rather 
than DNA itself. 

Theoretically the lesion might occur at any point from the differentiation 
factors themselves to the synthesis of a new protein. A number of specific 
mechanisms can be envisiöned. I divide them into four dasses based on the 
location of the lesion: 

I. Defective or Deficient Differentiation Factors 

A differentiating cell might not be exposed to the proper factors, perhaps 
because of time-space relationships with other cells or because of alesion in 
the cells producing the appropriate differentiation factor(s). In this case the 
oncogenic cell might be normal in its capacity to recognize and respond to 
differentiation factors which are not present in its environment. Certain 
teratocarcinoma appear to be excellent candidates for this dass. Exciting 
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experiments involving implantation ofnormal embryonic and teratocarcinoma 
cells into pseudo-pregnant mice to form normal, chimeric or allophenic 
progeny strongly support such a model (K. Illmensee, and B. Mintz, 1976). 
Hopefully, additional successful experiments in this area will be reported 
shortly. 

11. Defective Recognition Sites 

Another theoretically possible situation might involve numerically inadequate 
or defective recognition sites on the target cello Chemically inert, surface re­
active materials such as asbestos may function as carcinogens by this mech­
anism. Such cells might be induced to differentiate ifthe concentration ofthe 
critical factors could be elevated to a level at which they cou1d induce a non­
proliferative state. There are a number of reports involving leukemias that 
may reflect this situation (L. Sachs, 1974; R. C. Gallo et al., 1977) or possible 
Type I defects. Certain neuroblastomas that can be stimulated to differenti­
ate with cAMP (K. N. Prasad and A. W. Hsie, 1971) may fall into this category. 
Neuroblastomas that can be stimulated to differentiate in the presence of glia 
cells (C. P. Reynolds and 1. R. Perez-Polo, 1975) and pheochromocytomas in 
which neurite proliferation can be stimulated with nerve growth factor (A. S. 
Tischler and L. A. Greene, 1975) might involve lesions at the level of either 
the differentiation factor or the cellular receptor. 

IH. Defective Intracellular Signal Transmission 

The next level of lesion that can be envisioned involves transmission of the 
signal received at the cell surface to the transcriptional and translational 
machinery ofthe cello Some virus-induced transformation appears to provide 
an example of alesion at this level. Rat kidney cells that have been transformed 
by Rous sarcoma virus can be caused to revert to anormal phenotype by in­
hibiting protein synthesis, presumably by blocking the synthesis of an un­
stable product of the transforming gene (J. F. Ash et al., 1976). The src gene 
appears to code for a protein kinase that may interfere with intracellular con­
trol mechanisms as mentioned below and considered by Ray Erikson at this 
meeting. It appears that avian and murine leukemia virus carry transforming 
genes that are quite different from the src gene and code for other proteins 
that may disrupt the intracellular transmission ofthe signal in different ways. 
M urine erythroid cells transformed by Friend leukemia virus provide a sys­
tem that may belong to this class. Differentiation can be induced in these cells 
by the simple expedient of growing them in tissue culture in the presence of 
dimethylsulfoxide (C. Friend et al., 1971) or a number of other aprotic sol­
vents. 

In all ofthe examples given above the transformed cells can be induced to 
undergo differentiation if they are exposed to the proper external stimulus. 
The block in differentiation can be overcome! In effect, the cells can be cured 
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of their "transformed" condition! The point of fundamental importance is 
that transformation has not involved an irreversible loss of genetic informa­
tion or a structural change in DNA that predudes further differentiation. 

IV. Defective Malignant Cell DNA 

Yet another dass of oncogenic transformation may involve structural altera­
tions of DNA so that the affected cells lack genetic information required for 
terminal differentiation. Certain genetically determined cancers may fall into 
this dass. However, it should be noted that some imaginal disc tumors of 
Drosophila that dearly are inherited according to the principles ofMendelian 
genetics may revert to a differentiating state (E. Gateff, 1978 a). Genetically 
inherited imaginal disc tumors fall into two dasses. Those that appear to be 
irreversibly transformed and others that are capable of differentiation when 
they develop in dose contact with wild type cells (E. Gateff, 1978 b). It ap­
pears likely that the latter dass may involve a mutation that affects the pro­
duction of a differentiation substance produced in non-malignant cells and 
thus probably should be dassified as a Type I transformation. 

X-ray induced leukemias may provide another example of a Type IV trans­
formation in which radiation has resulted in damage of genes required for 
a late stage of differentiation which has occurred in an undifferentiated cell 
type. The damage may not be expressed for a relatively long time until the 
defective cells are induced to start along a differentiation pathway. Thus 
transformation resulting from changes in the DNA ofthe malignant cells fall 
into a fundamentally different category than the three dasses considered 
above, in that they involve seemingly irreversible loss of essential genetic in­
formation. 

Session Highlights 

Peter Duesberg 

Dr. Duesberg presented evidence from technically elegant experiments indi­
cating that the transforming capability of avian acute leukemia virus MC29 
and avian carcinoma virus MH2 is related to a specific 1,5-2,0 kilobase nu­
c1eotide sequence and that the sequence is not c10sely related to that ofthe src 
gene ofRous sarcoma virus. The nudeotide sequence appears to be ne ar the 
gag gene which is located at the 5' -end of independently replicating virus. 
The results demonstrate dearly the technical capacity of existing techniques 
to study the structure oftransforming genes. Dr. Duesberg suggested the in­
triguing possibility that transforming genes of these viruses may be host cell 
genes that have been integrated into the viral genome. They may code for 
regulating proteins, such as protein kinases, that no longer respond to the 
normal cellular control systems. Dr. Duesberg's findings were complimented 
by results presented by Thomas Grafwho reported that a specific transform­
ing gene in avian erythroblastosis virus appears to be distinct from the trans-
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forming genes of both the avian acute leukemia virus and the Rous sarcoma 
virus. Dr. Graf also indicated that the transforming genes of avian erythro­
blastosis virus and avian myelocytomatosis virus may be acquired host cell 
genes that function in hemopoetic differentiation. He suggested that the 
product of these genes may induce leukemic transformation by a non-func; 
tional interaction with a cellular receptor, thereby competitively inhibiting 
the unmodified differentiation product ofthe host cello 

Rav Erikson 

Perhaps the most exciting development in recent years in the area of the 
mechanism of transformation are the results from Dr. Erikson's laboratory, 
involving characterization ofthe src gene product. His group has used immuno­
logical procedures to detect the pro tein formed from the src gene of avian 
sarcoma virus. Ofparamount importance is the observation that the protein 
appears to be a protein kinase that will phosphorylate IgG. It is likely that 
phosphorylation oflgG is an in vitro artifact. Thus far, there is no direct dem­
onstration of wh at the substrate(s) in vivo for the kinase might be, however, 
there is strong indirect evidence suggesting that polymerization of cytoskelet­
al elements might be involved. Phosphorylation of a cytoskeletal protein ap­
pears to cause depolymerization ofthe cytoskeletal elements (W. Birchmeier 
and 1. Singer, 1977) resulting in changes in the cell mem brane that may trigger 
the physiological changes characteristic of the transformed state. An initia­
tion factor ofprotein synthesis, eIF-2, also appears to be a possible candidate 
for the natural substrate of such a kinase. Clearly more work is required to 
firmly establish the src gene product as a protein kinase, however the data 
appear to be sufficiently reliable at this point to make this an extremely pro­
mising and no doubt intensely competitive area for future work. 

Considered togehter, these and data from other sources appear to indicate 
that peptide(s) formed from specific nucleotide sequences, transforming 
genes, carried by certain types of virus is the immediate causal agent for 
oncogenic transformation. There appears to be nothing special about the 
virus itself or the transforming genes beyond their capacity to code for these 
special proteins. Furthermore, the nucleotide sequence of the transforming 
genes are different and apparently code for different peptides. It appears 
likely that these products will cause transformation by different specific 
mechanisms. 

Gisela Kramer 

Data indicating that the src gene product is a pro tein kinase, has evoked special 
interest in this area. Dr. Kramer has described cAMP-independent protein 
kinases that inhibit translation in Friend leukemia cells and rabbit reticulo­
cytes. Activity of cAMP-dependent protein kinases is promoted by binding of 
cAMP to the regulatory subunit thereby causing it to dissociate from the 
catalytic subunit of the holoenzyme. However, virtually nothing is known 
about the molecular mechanism by which cAMP-independent kinases are 
regulated. The so-called heme-controlled repressor, HCR from rabbit reticulo-



330 Hardesty. B. 

cytes is held in an inactive from in the presence ofheme. Protein kinase activ­
ity with high specificity for an initiation factor ofprotein synthesis, eIF-2, and 
inhibitory activity for protein synthesis, is generated in the absence of heme 
both in vitro and in intact cells. An eIF-2 specific protein kinase that appears 
not to be regulated by heme has been isolated from Friend leukemia cells 
that have not been stimulated to differentiate by dimethylsulfoxide. It has 
been speculated that this kinase might be involved in the block in differentia­
tion. It is not known whether or not the kinase is coded by the viral or host cell 
genome. After stimulation by dimethylsulfoxide, Friend cells appear to gain 
the capacity to be regulated by heme. 

fan Kerr 

Dr. Kerr described what appears to be a different type of system to amplify 
the signal received at the cell surface. He has shown that interferon treatment 
ofintact cells potentiates the synthesis ofan adenine trinucleotide with a very 
unusual 2'- to 5'-phosphodiester linkage. Double-stranded RNA also is in­
volved in the synthesis of this compound. Interferon is a species-specific 
glycoprotein that appears to have highly specific cell surface receptors. The 
target for the unusual adenine trinucleotide is not known but may be a ribo­
nuclease that has been implicated frequently in interferon action. Also, inter­
feron appears to activate a cAMP-independent, eIF-2 specific protein kinase 
that is physically distinguishable from the heme-controlled repressor. The 
physiological relation between the trinucleotide and the pro tein kin ase is un­
clear. Experimentally interferon provides one of the most useful, and bio­
chemically well-characterized examples ofan intracellular regulatory system 
that is triggered by a specific interaction at the cell surface. The interferon 
system may come to serve as a model for this type of control. 

Gebhard Koch 

One ofthe fundamental conceptual problems oftranslational control involves 
specificity for the synthesis of specific proteins. How can phosphorylation of 
a peptide initiation factor that apparently is used during the translation ofall 
mRNA species differentially affect the synthesis of specific proteins? A par­
tial answer to this question has come from Dr. Koch's laboratory. His group 
has shown that different species ofmRNA are translated with very different 
efficiencies. The relative proportion of products formed from different 
mRNA's can be altered by changing parameters such as salt concentration 
that affect the overall rate ofthe synthetic reaction. For instance viral mRNA 
typically is translated with high efficiency relative to cellular proteins. How­
ever. a reduction in the overall rate of protein synthesis frequently causes a 
dramatic reduction in the relative proportion ofviral and host cell pro teins 
that are formed. 
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The Future 

I believe any detailed prediction of future developments in molecular bio­
logy and biochemistry are likely to be wrong or at least incomplete, probably 
to a major extent. However, there are key problems that must receive contin­
ual consideration. and several areas that appear to be ripe for investigation. 
The concepts inherent in the mechanism of normal differentiation reflected 
in Fig. 1 will be tested and retested in many systems in the forthcoming years. 
The most crucial problem for an understanding of normal differentiation is 
the molecular mechanism(s) by which signals received at the cell surface ac­
tivate transcription from specific genes. Is part or all of the protein differen­
tiation factor taken into the cell and used in the activation process itself, 
perhaps at the DNA level as appears to be the case with steroid hormones, or 
are intermediate reactions involved? For most systems, the physical and 
chemical characterization of the differentiation factors and their specific 
receptors presents a severe technical problem in working with the very small 
quantities that are available. In many cases the assay systems used to monitor 
isolation are not quantitative and are no more than marginally satisfactory. 
This presents a formidable problem, especially when the biological response 
depends on two or more specific components, as frequently appears to be the 
case. The development of better assay systems, especially in vitro systems 
involving specific biochemical reactions rather than the response of intact 
cells. is critical to satisfactory progress in this area. 

With respect to the sequence ofintracellular reactions triggered by growth 
substances, two problems or areas stand out as being both technically feasible 
and crucially important. The first problem involves the mechanism by which 
signals received at the cell surface are amplified and transmitted to target 
reactions in the cytoplasm and nucleus. It appears that there are likely to be a 
number of alternative mechanisms to cascade systems involving protein 
kinases for amplification of the signal received at the cell surface. The small 
nucleotide described by lan Kerr that is produced aspart of the interferon 
and double-stranded RNA system seems to be part of such a system. It is 
likely that other types of amplification mechanisms will be found. The sec­
ond problem involves regulation of cAMP-independent pro tein kinases. A 
number and perhaps a great many cAMP-independent protein kinases may 
be involved in amplification and transmission of cell surface signals. The 
enzyme system that is activated by double-stranded RNA and interferon is 
an excellent example. What is the specific molecular mechanism by wh ich 
such enzymes are activated and do they function in cascade sequences? 

With respect to transformed cells, the search for differentiation factors 
and conditions with which transformed cells can be induced to either stop 
dividing or differentiate to a non-dividing form appears to be the key 
problem. However it is frought with technical limitations that may limit 
progress until they are resolved. The transforming genes and their products 
are ripe for investigation and an investigative effort will be made in a number 
of laboratories. Are transforming genes really cellular genes that have been 
integrated into a viral genome in such a way that they no longer respond to 
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the normal control systems within the ceH? What is the biochemical mecha­
nism by which the product oftransforming genes disrupt differentiation and 
induce the physiological changes associated with transformation? It appears 
possible that the next Wilsede workshop may include hard answers to some 
of these problems and a consideration of substantiated models ofthe molec­
ular mechanism by which oncogenic transformation occurs. Eventually, I 
believe such insight will provide the basis for a rational therapy to cure leu­
kemia at the cellular level. 
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Established celllines derived from malignant cells are proving to be of consider­
able value in the investigation of differentiation and controls of gene expres­
sion. This is especially evident in the leukemias; the Friend virus-induced 
erythroleukemia (Harrison, 1977), avian erythroleukemia (see Graf, this 
book) and myeloid leukemias in rats (Lotem and Sachs, 1974) and a recently 
described human myeloid line (Collins et al., 1978), all having a maturation 
arrest which can be reversed by various agents and to some extent controlled 
by viruses (see papers by Gallo, Ruscetti and Grafin this book). 

During the past few years we have developed reagents for an immuno­
logical analysis of acute and chronic leukemias in man and permanent lines 
established from these cells (reviewed in Greaves, 1975; Greaves and Janos­
sy, 1978; Thierfelder et al., 1977). Part ofthe incentive has been to provide a 
routine immunodiagnostic service; this is now operational and effectively 
identifies subgroups of Acute Lymphoblastic Leukemias (ALL) which are 
distinct in terms ofprognosis (Chessells et al., 1977; Greaves, 1978; see also 
Pinkel, D., this book). A longer-term interest has been to use ALL cells and 
their cellline derivatives for analysis of early lymphoid cell development and 
diversification. Table I lists the antisera and enzyme assays that we use to 
characterize leukemic cells. All the antisera are directed against cell surface 
determinants and their binding is detected by immunofluorescence and with 
the Fluorescence Activated Cell Sorter (FACS) as previously discussed 
(Greaves, 1975; Greaves et al., 1976). 

1. Subgroups of Acute Lymphoblastic Leukemia and 
Lymphoid Lineage Differentiation 

Fig. I illustrates the heterogeneity of ALL as revealed by the various immuno­
logical markers and enzyme assays. Four major groups are identified and 
within these fairly clear subsets. The four subgroups have different prognosis 
in both children (Chessells et al., 1977) and adults (Lister et al., 1979). These 
profiles are assembled from the analysis ofover 1000 acute leukemias and we 
believe that they reflect relative stable maintenance of normal gene expres­
sion by the major subclones in these leukemic patients, i.e. the phenotype of 
each type is appropriate for the developmental level at which maturation 
arrest has occurred and the markers are in essence differentiation-, or matura-
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Table 1. Markers used to Phenotype Human Leukemic 
Cellsa 

a Details of these markers are reviewed in Greaves 
(1975) and Greaves and Janossy (1978). References 
for individual markers are also given in the text of 
this paper 

Membrane markers 

Antisera: Anti-ALL 
Anti-p28,33 ('la') 
Anti-HulLA (T cell antigen) 
Anti-M (Myelomonocytic antigen) 
Anti-L (Lymphoid antigen) 
Anti-SmIg (membrane immunoglobulin) 

Sheep erythrocyte rosettes 
Mouse erythrocyte rosettes 
Cholera toxin 

Enzvme markers 

Terminal deoxynucleotidyl transferase (TdT) 
Hexosaminidase isoenzyme (HEX-I) 
Acid phosphatase (AP) 

MARKER PHENOTYPES IN ACUTE LYUPHOBLASTIC LEUKAEMIA 

THY-ALL ,I
T 

COMMON ALL I B-ALL 
I pB ,p I , 

Membrane Markers '"' 15-20% "" 65% "'2% 

Anti-ALL I 

I 

Anti-'Ia' 
I 

Anti-T I 
I 
I 

E rosettes , 
I 

Anti-imrounoglobulin , 
Enzyme Markers , 

I 

Terminal deoxynue1eotidyl I , 
transferase I I 

I I , 
I Aeid phosphatase I I 

I I I 
Hexosaminidase isoenzyme I , 

I (I) I I 
I I I 
I , 
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Une. ALL 

.,; 15% 

-

Fig. 1. Major phenotypes observed in Acute Lymphoblastic Leukemia (ALL). The solid hori­
zontal bars are proportional to the number ofpatients positive for the given marker. Over 1000 
patients (-90% untreated. 10% in relapse) have been tested with anti-ALL. anti-SmIg and E 
rosettes and between 100 and 500 tested with other markers. Results from children (80% ofcases) 
and adults have been pooled to construct the above profile: the size of subgroups iso however. 
different in children and adults. In children 75% of ALL's are anti-ALL serum positive and 15% 
of T-ALL's whereas in adults (> 16 years) only 50% are anti-ALL positive and 10% are T-ALL's. 
Thus. the unclassified eategory is larger in adults. 
Une: Unclassified ALL (cALL-. T-. E-. SmIg-) 
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tion-linked. As discussed elsewhere (Greaves and Janossy, 1978) there is no 
evidence that any of these antisera detect leukemia-specific antigens; 
furthermore we have questioned whether any such antigens exist with any 
consistency (Greaves and Janossy, 1978). 

It seems plausible that the subgroups of ALL identified represent virtually 
all the early lymphoid lineage maturation compartments, the subgroups be­
ing overlapping rather than completely distinct. A 'polarity' ofthe groups can 
be revealed by the overlap of individual characteristics. Thus a subset ofT-ALL 
( "" 1 0%) ha ve only a partial T or th ymic phenotype (see Fig. 1) and express 
the cALL antigen, albeit weakly. We refer to these as 'early' or pre-Ts. Simi­
larly within the major or common ALL subgroup are leukemic cells with 
'early' or pre-B features, i.e. cytoplasmic IgM but no detectable cell surface Ig 
(Vogler et al., 1978; Greaves, Verbi, Vogler and Cooper, unpublished obser­
vations). The 'unclassified' or 'null' subgroup in turn has phenotypic overlap 
with the cALL group by expressing (in some cases but not all) TdT and Ia 
antigens. We suspect therefore that these profiles may reflect fairly accurate­
Iy normal patterns and sequences ofgene expression in lymphocyte ontogeny. 
To establish this hypothesis experimentally requires identification ofnormal 
precursors with equivalent phenotypes and an in vitro system in which 
sequential maturation linked phenotypes can be induced (see below). 

ALL is principally a proliferation of immature lymphoid cells. Several 
types of T and B neoplasms exist, however, where the majority of cells are 
'frozen' at levels equivalent to relatively mature lymphocyte subsets. This 
point has been emphasized by Salmon and Seligmann (1974) in the context 
of B cellieukemias (CLL), lymphomas and myeloma and seems also likely to 
be correct for T lineage malignancy. In Fig. 2 we have constructed a tentative 
cell lineage map in which the leukemic phenotypes we have observed are 
placed in position and sequence according to a possible lineage order of gene 
expressIOn. 

2. Molecular Nature and Cellular Selectivity of Expression 
of the cALL Antigen 

In hemopoietic malignancy the cALL antigen is detected only in those 
which are considered lymphoid or undifferentiated, i.e. AUL, cALL and 
Ph1 positive 'lymphoid' blast crisis of CML (Greaves et al., 1977; Roberts 
et al., 1978). Cross-absorption studies indicate that the same antigenic de­
terminant is found in these different lymphoid leukemias (Roberts et al. , 
1978); in addition the antigen has the same general molecular characteristics 
when iso la ted from Ph1 positive 'lymphoid' blast crisis, cALL and T-ALL 
celllines (Sutherland et al., 1978). The cALL antigenic determinant is found 
on a single glycosylated polypeptide with an apparent molecular weight of 
100,000 daltons in SDS polyacrylamide gel electrophoresis. This molecule 
is released or secreted by leukemic cells and leukemic cell lines and runs in 
the same position with and without reducing agent. All of the molecules 
bind to ricin lectin (which 'recognises' terminal galactose residues) but only 



338 

P!uripotclltial Stem Ce/I 

Lymphoid Lineage 

la+ Common Iymphocyte precursor (?) 
Tdt+ 
ALL + 
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ALL+1- Pre-T 
T+ 

T+ 'Thymic' 

T+ Es+ 

Ts' Ja+ Fer+ 
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AL L + Pre-B 
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Fig. 2. A hypothetical map showing 
the sequence of gene expression in the 
lymphoid lineages as suggested by 
analyses of phenotypes of leukemic 
cells 
+ positive8 - negative 
See Table 1 for abbreviations. 
Fcy Receptor for IgG 
C3 Receptor for complement 

component C3 
Ern Receptor for mouse erythrocytes 
CIg Cytoplasmic Immunoglobulin 
SmIg Surface mem brane Imm uno-

globulin 
SIg Secreted Immunoglobulin 

a fraction to len tillectin (-terminal glucoside or mannoside resid ues); its iso­
electric point is 5.6 (Smart et al. 1979). 

Recently we have been able to identify a normal 'lymphoid' cell with ALL +, 
Ia +, 1, SmIg- phenotype of cALL cells (Greaves and Janossy, 1978). We 
had previously failed to find such cells in normal adult marrow but now find 
them in fetal hemopoietic tissue, regenerating marrow (e.g. post-transplanta­
tion for aplastic anemia or post-chemotherapy for malignancy) and in neo­
nataL lymphoproliferative non-malignant 'leukemoid' reactions. Although 
the ALL antigen has not been isolated from these sources and shown to be 
identical with the antigen on leukemic blasts we conc1ude that the cALL 
antigen is most probably a normal gene product oflymphocyte precursors. 

3. Acute Myeloid Leukemia (AML) Associated Membrane Antigens 
and Myeloid Lineage Differentiation 

90% of the AML cases we have tested (,,-, 100) have been positive for the M 
(myeloid) antigen and negative for the ALL antigen (M+, ALL-) as are cases 
of CML (10/10) and a proportion of CML in blast crisis (17/25) (Roberts 
et al., 1978; Roberts and Greaves, 1978). In the majority (,,-,90%) of cases of 
AML (Schlossmann et al., 1976; Janossy et al., 1977 a) and Ph1 positive CML 
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in blast crisis (Janossy et al., 1977 a and b) the myeloblasts are also Ia or p28,33 
positive; the granulocytic cells in CML itself are Ia negative (Janossy et al., 
1977a and b). In our series 10110 AML were Hex-I negative (Ellis et al., 1978) 
and 17117 TdT negative (--0·2f.L1108 cells, Hoffbrand et al. , 1977). The 
major phenotype of AML is therefore: M+, Ia +, ALL-, Hex-I-, Tdl and, in 
addition, HuTLA-, E-, AP+ (see in Tables 1 and 2). Myeloblasts in AML may 
sometimes be SmIg positive (k plus A) due to adsorption ofIgG to Fcy recep­
tors. There is often considerable variation in the levels of M and Ia antigens 
on cells from individual patients with AML or CML in blast crisis. This hetero­
geneity can be evaluated by the Fluorescence Activated Cell Sorter and has 
been shown to correlate with the degree ofmorphological maturation within 
the granulocyte lineage (Roberts and Greaves, 1978; Janossy et al., 1977a 
and b). Parallel studies on normal marrow and blood sam pies indicate an 
essentially similar relationship (Roberts et al., 1978; Janossy et al., 1977b; 
Winchester et al., 1977) suggesting that membrane marker expression on leu­
kemia clones is maturation-linked and essentially normal. In our laboratory 
absorption of three rabbit and one rhesus monkey anti-Acute Myeloid or 
Myelomonocytic sera with normal bone marrow (M. Greaves, unpublished 
observations) removed all activity against leukemic cells indicating that these 
particular sera contained no leukemia specific antibodies. Mohanakumar 
and colleagues (Mohanakumar et al. , 1975; 1976) have reported different 
results with various primate antisera. 

The finding of anti-Ia(p28,33) binding to AML as weIl as ALL cells was 
unexpected and intriguing. Previously similar 'anti-B' cell sera were thought 
to be leukemia-specific; these studies probably gave inadequate considera­
tion to cellular controls since several normal cell types are positive with anti-B 

Table 2. Acute lymphoblastic leukemia associated antigen 
Expression in hemopoietic malignancy 

Positive: non-T,non-B ALL 
(85% ofchildhood ALL, 55% ofaduIt ALL, 
total studied: 500) 
Thy-ALL (10%, pre-n (12) 
pre-B-ALL (25) 
PhI + ALlCML in 'L' blast crisis (30) 
AUL (50%, 15) 

Negative: Acute Myeloid, Monocytic, 
Myelo-monocytic leukemia (130) 
Chronic Myeloid Leukemia (25) 
Ph I + CML in 'M' blast crisis (55) 
Thy-ALL (90%,110), B-ALL (8) 
Chronic Lymphocytic Leukemia (B,T(25» 
B lymphomas, myeloma (30) 
Sezary syndrome (5) 
Erythroleukemia (7) 

Taken from Roberts and Greaves, 1978. Greaves et al.. 
1977, and the unpublished observations of Greaves. 
Roberts and Janossy. 
Number of cases studied in brackets 
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or 'Ia'-like sera (Greaves and Janossy, 1978). The presence of Ia + (p28,33) 
molecules on AML cells is rationalized by correlation with the maturation 
status of these cells. This can be clearly demonstrated by an investigation of 
Ia antigen expression on normal myeloid precursors in vitro (M-CFUc) (see 
Moore. M., in this book). When Ia(p28,33) positive cells from normal bone 
marrow are selected on the Fluorescence Activated Cell Sorter using sterile 
techniques it can be shown that the majority of CFUc in man express the Ia 
antigen (Greaves et al., 1978; Janossy et al., 1978). It has also been shown that 
'anti-B' cell sera and complement eliminate M-CFUc (Cline and Billing, 
1977; Kaplan et al., 1978); although this latter approach is technically less 
satisfactory the result accords with expectations. 

4. Levels of Maturation Arrest and 'Target' Cells for Leukemogenesis in Man 

The phenotype described for leukemic cells and the corresponding level of 
maturation arrest does not necessarily identify the 'target' cello A block to 
further maturation may occur at the level of'target' cells (e.g. in some Avian 
leukemias, see Graf, this book). However, there is evidence that this need not 
be the case. This point is best exemplified by chronic myeloid leukemia (CML) 
which is a hemopoietic stern cell disorder associated with a specific chromo­
somal change [t(22Q-): the PhI or Philadelphia chromosome] (see papers by 
Rowley and Fialkow in this book). This PhI positive clone is usually domi­
nant in the granulocytic, monocytic, erythroid and platelet lineages even 
though overt leukemia is only usually evident in the granulocytic series. At­
tempts to identify the PhI chromosome in PHA stimulated (n lymphocytes 
have generally failed. This would appear to place the 'target' cell at the level 
of a myeloid stern cell with all hemopoietic options excluding lymphocytes. 
Recent evidence indicates, however, that in some cases at least the target cell 
might in fact be the pluripotential stern cell (Janossy et al., 1976). CML fre­
quently enters an acute phase or 'blast crisis'; in a minority of cases the cells 
seen in this stage of disease resemble ALL cells wh ich prompted Boggs to 
propose that this might indicate that CML was a pluripotential stern cell dis­
order (Boggs, 1974). Morphology, of course, can be misleading. Detailed 
phenotypic analysis of CML in blast crisis, however, supports the pluripoten­
tial stern cell thesis (Janossy et al., 1977 a; Greaves and Janossy, 1978). Some 
blast crises are TdT positive (Sarin et al., 1976; McCaffrey et al., 1976; Hoff­
brand et al., 1977) and more than 30 cases have been identified in our own 
series which share the cALL phenotype (i.e. cALL +, Ia +, TdT+, SmIg-, 1, 
E-, M-; cf. Table 1 and Fig. 1) (Janossy et al., 1977 a; Hoffbrand et al., 1977). 
The ALL and Ia antigens on PhI positive cells are completely cross-reactive 
with those ofPhl negative ALL cells (Janossy et al., 1977 a) and have the same 
general molecular characteristics (Sutherland et al., 1978; see above). Cell 
separation studies indicated furthermore that the PhI chromosome was in­
deed present in the 'ALL' type cells in blast crisis (Janossy et al., 1978). We 
have suggested (Janossy et al., 1976; Greaves and Janossy, 1978) that the 
sharing of a common phenotype is indirect but compelling evidence for the 
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following two points: 1. That common ALL and some blast crises of CML 
have a maturation arrest at the same or closely-related level of early lymphoid 
lineage development and, 2. that, saving for second independent malignan­
eies arising, these cases of CML must have been initiated in a pluripotential 
stern cell. It might be argued that since we have no instance (in over 100 cases 
examined) of a mature Tor B cell phenotype arising in a CML that the credi­
bility ofthis interpretation rests on the assumption that the cALL phenotype 
is exclusive to the lymphocyte lineages. At present this is difficult to establish 
unequivocally although we know that M-CFUc are ALL antigen negative 
(Janossy et al., 1978). 

Recent observations have, however, provided direct evidence for involve­
ment ofthe B celliineage in PhI positive CML. Out of20 cases ofblast crisis l 

of CML investigated 3 had a 'pre-B' phenotype with cytoplasmic IgM 
(Greaves et al., 1979); similarly, the PhI positive celliine (NALM-1) estab­
lished from a case ofCML in blast crisis also has a 'pre-B' phenotype. 

This observation accords with recent data from Fialkow in which enriched 
B cell populations from a patient with PhI positive CML appeared to be 
monoc1onal with respect to Glu-6-P-D enzymes (see Fialkow, this book). 

" The developmental level of maturation arrest observed in leukemia is 
, therefor~ very much a reflection ofthe competence ofthe dominant subc10ne 

to respond to maturation-linked signals - a critical factor which might alter 
radically as the disease progressively evolves (NoweIl, 1976); in this respect 
CML in man finds an approximate parallel in the Friend virus-induced ery­
throleukemias of mice (Jasmin et al., 1976). Myeloma in man provides an­
other similar instance. The myeloma Ig idiotypic antigens have been identi­
fied in pre-B cells in several patients (M. Cooper, personal communication) 
and, in one instance, on T as well as B cells (Preud'homme et al., 1977). These 
observations suggest that myeloma need not be a transformation of plasma 
cells but can be initiated in early B cells, a common T plus B progenitor or 
even earlier in the lineage sequence. 

5. Leukemic Cell Lines 

We have recently characterized a large series of leukemia and normal cell 
lines with respect to the antigenie markers discussed above (Table 1). These 
studies were carried out in collaboration with many different colleagues who 
established the originallines (see footnote to Table 3 and references therein). 
Table 3 is a summary of cALL antigen expression in celllines; other details 
of the phenotypes can be found in the references given. The cALL antigen 
expression in cell lines paralleis that observed in uncultured leukemic cells 
except that it is present in 2 B-celllymphoma lines and unexpectedly in five 
out of six T-ALL lines (Minowada et al., 1978). One of the latter, MOLT-4, 
has no detectable cell surface ALL antigen but synthesizes an~_leleases the 
lOOK dalton pOlypeptide bearing the ALL anti genie determiil-ant into the 
culture medium (Sutherland et al., 1978). The PhI positive line NALM-I 
established from a case of blast crisis of CML in a young girl has the cALL 
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Table 3. Acute lymphoblastic leukemia associated antigen 
Expression in leukemic celliines 

Posi- Nega-
tive tive 

I. ALL 
commonALL 3 0 
Thy-ALL 5 I 

I. Phl+CML-bc I 

3. B cel/fines 
B-ALL I 3 
Burkitt's Lymphoma 1 6 
Non-Burkitt's Lymphoma 1 8 
Myeloma 0 2 
Normal B cells 0 20 

4.0thers 
Histiocytic lymphoma. Myelomonocytic 
leukemia. neuroblastoma 0 5 

From Minowada et aL 1978. Rosenfeld et aL 1977. plus 
unpublished observations of Greaves. Nilsson and 
Schneider 

Greaves. M. F. 

phenotype characteristic of'lymphoid' blast crisis (Minowada et al., 1977). In 
contrast the line K562 wh ich was also established from Ph1 positive blast 
crisis of CML lacks all of our markers inc1uding the 'myeloid' antigen. The 
latter antigen is, however, expressed on HL-60, a pro-myelocytic line (Boss 
and Greaves, unpublished; see also Gallo, this book) and U-937, a histiocytic 
lymphoma line (Roberts and Greaves, 1978). RA1I and NALM-6 are inter­
esting lines in having a dominant 'pre-B' like phenotype, i.e. no or very little 
cell surface Ig but positive for cytoplasmic IgM (Greaves and Minowada, un­
published observations). It is important to note that all the ALL lines are dif­
ficult to establish and all those currently available are derived from patients 
in relapse. Also, it is probably very significant that all lines derived from 
malignant hemopoietic cells have aneuploid karyotypes. We hope to be able 
to use some of the ALL lines to investigate early lymphocyte differentiation 
in man. So far we have not been able to induce phenotypic alterations in 
these lines using ligands effective in other systems (e.g. DMSO, butyric acid) 
(Greaves and Verbi, unpublished observations). 

6. Summation: Leukemic Cell Phenotypes and Hemopoietic Differentiation 
in Man 

The analysis of an extensive series of acute and chronic leukemias of man 
with a panel of antigenic and enzymatic markers has provided us with some 
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insight into the heterogeneity ofthese leukemias and their biological proper­
ties. Irrespective ofthe outcome of our more academic objectives it is already 
cIear that the subgroups ofleukemias defined by these tests (e.g. in ALL and 
CML blast crisis) are distinct in terms of prognosis and therefore are im por­
tant in providing useful aids in diagnosis and the allocation of patients to 
appropriate therapy groups. 

The main concIusion to be drawn from this study to date is that the pheno­
types appear to reflect normal gene expression which is appropriate for the 
developmental level at which maturation arrest has occurred. Leukemia­
specific antigens. if they exist at aB, have not been revealed by these studies. 
By definition the leukemia-associated membrane antigens are differentiation 
antigens whose expression is restricted in terms of cell lineage and matura­
tion levels. It is important to recognise that some antigens, e.g. the cALL and 
p28,33 antigens may be restricted to infrequent hemopoietic precursors in 
particular lineages; their expression in leukemia might readily be misinter­
preted as indicative of either fetal gene derepression (i.e. 'onco-fetal' antigens) 
or the presence ofunique leukemic determinants. 
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Introduction 

Detectable differences in surface membrane characteristics ofnormallympho­
cyte populations have facilitated the classification of leukemic cells accord­
ing to cell origin and stage of differentiation. Recent reports show that dis­
tinct leukemic cell populations do not only express markers found on normal 
cell populations. Using specific antisera new antigenie determinants on cells 
of common acute lymphoblastic leukemia (cALL) and cells of some chronic 
myeloid leukemias (CML) in blast crisis have been identified [1,11]. The 
discovery of a cALL-antigen allows the identification offurther subgroups of 
ALL. which has already been described as a heterogenous disease by clinical 
and morphological criteria [4]. The nature ofthe cALL-antigen and the ques­
tion ofits occurence during normal hemopoietic development is still specula­
tive. Our studies investigate the distribution of cALL-antigen in correlation 
with common markers on normal cells, cell lines and leukemic cells of a 
major group of ALL patients and analyze the effect of anti-cALL antibodies 
on hemopoietic precursor cell populations. 

Material and Methods 

Normal and leukemic blood cells: The preparation of cells from peripheral 
blood and tissues has been described in detail elsewhere [12]. 

Leukemic Ce!! Lines: NALM was established from Ph + CML in blastic 
crisis [6], REH from E+ ALL [13], U-698M from a lymphosarkoma using the 
spongestan grid technique [8] and MOLT-4 [5] and JM [14] from E+ ALL. 
AllIines were kindly provided to us by the authors. 

Indicator Systems: Cytotoxicity, complement fixation, indirect immuno­
fluorescence, rosette formation and colony forming unit (CFU-c) test were 
used for the analysis of the different cell populations and have been described 
previously [7,12,15]. Anti-cALL-globulin (AcALLG): anti-cALL serum was 
produced by immunizing rabbits with cALL cells (negative for surface Ig, 
T-antigen and E-roseUes). The antiserum was absorbed with liver/kidney 
homogenate. normal spleen cells, peripheral blood lymphocytes, CLL cells, 
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and selected lym phoblastoid celliines ofthe B-cell typem Further details inelud­
ing the purification ofthe globulin fraction are described elsewhere [10,12,17]. 

Anti-T-cell globulin (ATCG): ATCG was prepared from rabbit anti-human 
thymocyte globulin by absorption with liver/kidney homogenate different 
CLL-cells of the B-cell type and B-Iymphoblastoid celllines [12]. The globulin 
fraction (ATCG) was isolated as described for AcALLG. ATCG showed a 
specific reaction for cells ofthe T-Iymphocyte series and no further crossreac­
tions with other blood cells [9,12]. 

Results and Discussion 

Crude antisera against cALL cells (ALL-cells without markers such as E­
rosette formation, T-cell antigen, and SMIg) were not able to discriminate 
between normal blood and leukemic blasts. Subsequent absorption with 
liver /kidney homogenate, normal lymphocytes, and CLL-cells eliminated 
the crossreaction with normallymphocytes and granulocytes. Nevertheless, 
this antiserum still gave a elear reaction with the immature precursor stages 
ofthe myelopoietic and erythropoetic differentiation ofnormal bone marrow 
and severallymphoblastoid B-celliines. These crossreactions ofthe antiserum 
were undesirable, since they complicated the determination of specific antigen­
positive cells in the bone marrow. Additional absorption of the antiserum 
with B-Iymphoblastoid cell lines, eliminated the crossreactions with bone 
marrow cells but stillieft a highly specific reac~ivity to cALL cells. This was 
obviously caused by antigens which occured both in aseries of normal bone 
marrow cells and in B-Iymphoblastoid celliines, and which were also found 
on cALL cells in addition to the cALL antigen itself [11]. All subsequently 
described investigations were conducted with an antibody preparation iso­
lated from the crude antiserum by absorption with all the cell types specified 
and followed by a subsequent purification process resulting in the specific 
AcALLG. 

Analysis of normal cell populations with AcALLG revealed that a detect­
able amount of cALL-antigen was not found in any ofthe cell sources exam­
ined, such as thymocytes, peripheral blood lymphocytes, granulocytes, and 
bone marrow cells. The reaction of AcALLG with thymus, spleen and bone 
marrow cells prepared from 3 and 6 month fetuses was also negative. These 
indicator systems cannot exelude, with absolute certainty, the presence of a 
very small cALL-positive cell population among a largely negative one. 
There are indications, that ALL-antigen may be present to a greater extent in 
early precursor blood cells where it acts as a differentiation antigen [1]. To 
investigate this question the effect of AcALLG on precursor cells was exam­
ined in a colony-forming test (CFU-c) (Fig. 1). Bone marrow was incubated 
with AcALLG in the presence ofcomplement and then cultivated using in an 
agar layer technique [7]. The CFU-c-reduction was measured in comparison 
with a bone marrow preparation incubated with normal rabbit globulin with­
out any activity. While non-absorbed globulin against cALL cells eliminated 
all the CFU-c up to log 2 titer 7, highly-specific AcALLG did not cause any 
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Fig.l. EtTect ofunabsorbed ( __ ) and absorbed (1-. - .... ) anti-cALL-Globulin on CFU-c of 
human bone marrow in the presence of complement 

detectable CFU-c reduction, even in higher concentrations. Therefore cALL­
antigen seems not to be expressed on progenitor cells growing in this test sys­
tem. 

We then analysed the leukemic cells of 174 patients with ALL for the ex­
pression cALL-antigen and common markers such as E-rosette formation, T­
cell antigen and surface Ig (SIg) (Table 1). 13 leukemias without detectable 
surface markers remained unclassified (AUL). The leukemias ofthe remain­
ing 161 patients could be classified in 6 groups: 56 childhood and 8 adult 
ALL carried only cALL-antigen and were therefore of common ALL-type, 
35 childhood and 4 adult ALL expressed both cALL-antigen and T-cell anti­
gen. The latter phenotypic pattern was expressed by the NALM and REH 
cell line. We found simultaneous expression of cALL-antigen and SIg in 1 
childhood ALL. A similar expression of markers was found in the lympho­
sarcoma celliine U698 M. 15 childhood and 9 adult ALL expressed only the 
T-cell antigen, 23 childhood and 6 adult ALL showed additional E rosette 
formation. The latter pattern was also found in celllines like MOLT of JM. 
2 leukemias expressed SIg and were identified as B-ALL. Some of the leu­
kemias classified as cALL may possibly belong to a pre-B form described by 
Vogler et al. [18] showing cytoplasmatic Ig expression, which was only detected 
in fixed cell preparations. These data show that at least 6 clearly definable 
subgroups of acute lymphoblastic malignancies can now be identified. The 
pattern of differentiation markers of each subtype may allow the stage of 
development of the leukemias to be deduced. It is still not completely clear, 
whether cALL antigen is a genuine differentiation antigen reflecting a regu­
lar cell development, or whether it is the reflection ofpathologic changes tak­
ing place in this phase due to an agent able to transform the cells. There is no 
experimental evidence to support the hypo thesis that cALL-antigen is an 
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Table 1. Expression of cell surface markers (cALL-antigen, T-cell antigen, spontaneous rosette 
formation and membrane immunoglobulin) in patients (132 children and 29 adults) with ALL 
and lymphoid celllines. Analysis of the populations was performed in several test systems like 
complement fixation, immunofluorescence, cytotoxicity. rosette formation and immunoauto­
radiography 

Phenotypic pattern 

ALL Children Adults cALL T-cell SRBC Surface 
Classifica tiona No. (%) No. (%) antigen antigen rosettes Ig 

c-ALL 56 (42,4) 8 (27,6) G) 

c/T-ALL 35 (26,5) 4 (13,8) G) G) 

Pre-T-ALL 15 (11,4) 9 (31.0) G) 

T-ALL 23 (17,4) 6 (20,7) G) <±> 
e/B-ALL 1 (0,8) G) G) 

B-ALL 2 (1,5) 2 (6,9) <±> 

Lymphoid cell lines Origin 

NALM CML blast crisis G) G) 

REH e-ALL G) G) 

U698-M Lymphosarcoma G) <±> 
MOLT-4 T-ALL G) G) 

JM T-ALL G) G) 

IFH-16 PBLb <±> 
IFH-20 PBL G) 

a 13 ca ses of acute leukemias (6 children, 7 adults) remained unc1assified (AUL) and were not 
listed 

h Established by infection ofnormal peripherallymphocytes with EBV 

exogenous virus-coded antigen of any of the known oncogenic viruses ([2], 
unpublished observations). The lack of cALL-positive cells in normal human 
bone marrow and fetalliver in our experiments may only reflect the scarcity 
of cells carrying this antigen during a transitory stage of hemopoietic devel­
opment. Our findings show that in a defined number of ALL-cases as weIl as 
in severallymphoid celllines the cALL-antigen can be detected together with 
T-ce11 antigen or SIg, which means that the cALL-antigen is expressed by 
cells committed to differentiate along the Tor B cell axis. Leukemic ceIls, 
carrying cALL-antigen only, may represent a differentiation stage of a com­
mon lymphoid precursor cell (LyP) not yet comrnitted to one ofthe two path­
ways ofdifferentiation. On the other hand our data do not support the postu­
late of Janossy and coworkers that cALL antigen is expressed on pluripotent 
stern cells (PSC) [3]. The proliferative activity of colony-forming and diffu­
sion chamber stern cells was not affected by an incubation with AcALLG. 
Both test systems analyze the growth of early precursor cells of human bone 
rnarrow. The diffusion-charnber provides a suitable milieu for the growth of 
certain pluripotent stern cells [15] and in the CFU-c assaymainly myeloid 
precursors give rise to colonies. Additional investigations in the CFU-c test 
have been performed with bone marrow cells cultured in diffusion chambers. 
The growth pattern ofthese cells indicate an influx from pluripotent stern cell 
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Fig.2. Different ALL phenotypes as counterparts of differentiation steps in a possible scheme 
ofnormal hemopoietic development (abbrevations explained in the text) 

pool in addition to the limited selfreplication ofthe committed myeloid pre­
cursor cells. Colony development under these conditions is not influenced by 
incubation treatment with AcALLG prior to the chamber implantation as 
reported by Netzel et al. [7] which may exc1ude the elimination of stern cells 
by cALL-specific antibodies. On the basis ofthe reported findings and com­
parative investigations of normal fetal cells (Thiel et al., submitted) the fol­
lowing differentiation scheme can be proposed (Fig. 2). If ALL cells and cell 
lines represent arrested stages of normal hemopoiesis, cALL antigen is ex­
pressed transitorily on cells of early lymphopoietic development (LyP, c/B, 
ein· 
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Introduction 

Detection of distinct cell surface markers has brought up remarkable improve­
ments not only in diagnosis and classification of leukemic diseases, but also 
has gained immediate clinical relevance concerning therapeutic aspects. Es­
pecially. such markers may give information about the antigenie phenotype 
reflecting the origin of distinct leukemic cells from different stern cell com­
partments and their degree ofmaturation. 

Recently a cell surface antigen has been detected, which so far seems to be 
highly specific for common ALL (cALL) cells. Interestingly, in some cases 
this antigen has also been found on T-ALL cells and on cells appearing in 
blastic crises ofCML [7]. Nevertheless, the detection ofthis common ALL as­
sociated antigen (Ag cALL) has been proved to be useful in clinical practice 
especially in combination with other routinely applied tests for cell surface 
markers, e.g. E-rosetting, immunoglobulines and C-receptors. We here de­
scribe the solubilization and partial physico-chemical characterization ofthe 
cALL associated surface antigen. Furthermore, a glycoprotein exhibiting the 
cALL antigenie specificity could be isolated from the sera of two patients in 
active relapses of common ALL. . 

Material and Methods 

Chemieals 

Phosphate buffered saline (PBS, 10 mM phosphate buffer, pH 7,2, 0,14M 
NaCl, 0,02% NaN3). Sodium deoxycholate was purchased from Merck, Darm­
stadt. Ficoll and Sepharose CL-6B were products of Pharmacia, Uppsala. 
VItrogel AcA34 was from LKB, Bromma. The reference proteins, myoglobin 
(purest, from hörse), ovalbumin (crystallized two times, from chicken egg) 
were from Serva, Heidelberg, and bovine serum albumin was from Behring-

* This work was supported by: The Kind-Philip-Stiftung (Abteilung rur Hämatologie und 
Onkologie) and the Stiftung Volkswagenwerk (Abteilung für Immunologie) 
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werke. Marburg. BI ue dextran 2000 was from Pharmacia, Uppsala, and DNP­
ex-alanine from Serva, Heidelberg. Aldolase (from rabbit muscle) was from 
Boehringer Mannheim. ß-Lactoglobin (purest, from milk) was from Behring­
werke. Marburg. 

Cells and Antisera 

Peripheral blood lymphocytes (PBL) and bone marrow cells (BMC) were 
prepared from the following groups of donors: healthy persons, patients suf­
fering from different infectious diseases, non-leukemic hematological dis­
orders. and various types of leukemia, the latter classified according to stan­
dard clinicaL hematological and immunological criteria [9,11]. 

In analytical experiments Ficoll isopaque purified cALL-cells of patient 
T.I. were used as standard targets. Batches of these cells, labelled to 98% by 
anti-cALL-serum (A-cALLS), were preserved by freezing as described earlier 
[8J. A-cALLS were raised in rabbits according to Greaves et al. [4] and heat 
inactivated at 56°C for 30 min. Standard absorptions of A-cALLS with AB­
erythrocytes. human AB-serum crosslinked by glutardialdehyde, tonsillar 
lymphocytes, normal bone marrow cells, cells of acute myelocytic leukemia 
and normal peripheral blood cells were performed as described in detail 
recently [8]. Indirect immunofluorescence was used to check for completeness 
of absorption. The IgG-fraction of the so absorbed A-cALLS was prepared 
by ammonium sulfate precipitation and subsequent anionic exchange chro­
matography on DEAE-52 [6]. 

The specificity of the A-cALLS after the final absorption step is ascer­
tained by using different target cells. 

Tetra-ethyl-rhodamine (TRITC) conjugated goat anti-rabbit globulin 
(TRITC/GARG) was from Nordic Immunologic Laboratories/Tilburg. 

Preparation and Solubilization o{ cALL Cell Membranes 

Human ALL-ce1ls (109 ) were homogenized in 20 ml 0,02M Tris, pH 8,0, 
0.25 M sucrose at 4°C using a Potter Elvejhem homogenizer (3 xl min at 
1400 rpm). The homogenate was sonicated for 3 xl min (MSE sonicator) at 
18 microns/min while kept on ice. The sampie was then centrifuged for 20 min 
at 10000 g and the supernatant chromatographed on a Sepharose CI-6B col­
umn (100 X 2,5 cm; flow rate: 40 mUhr, fraction volume: 10 ml). The mate­
rial eluted with the void volume containing the cALL plasma membranes was 
solubilized as fol1ows: 10 ml sam pIes were dialysed step-wise first against 2% 
(w/v) sodium deoxycholate(6 hratroom temperature)and thenagainstO,2% 
sodium deoxycholate (12 hr at 4°C). The dialysed sampIes were concentrated 
bv ultrafiltration (Amicon PM 10) to a volume of 2,5 ml. The solubilized 
material was chromatographed on an Ultrogel LKB AcA 34 column (1,0 X 
90 cm; flow rate: 15 mUhr, fraction volume: 3,0 ml), equilibrated with 0,14M 
NaCL 10 mM Tris. pH 8,0,0,02% NaN3 and 0,2% sodium deoxycholate. 
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For analytical chromatography of Ag cALL the 20-50% ammonium sulfate 
precipitate of20 ml serum of a cALL patient was dissolved in 20 ml PBS and 
subjected to gel filtration on AcA 34 (90 X 5 cm; buffer PBS; flow rate: 60 ml 
per hr. fraction volume: 5 ml). 30 ml of the combined fractions containing 
the Ag cALL activity (peak 11, Fig. 5) were further purified on agarose bound 
lentil lectin columns (1,6 mg protein/ml agarose, column size 8,0 X 0,9 cm, 
flow rate: 16 mllhT, fraction volume: 10 ml). Before eluting the antigen with 
30 ml O,2M ~-Methyl-D-Mannoside the co1umn was washed with 50 m1 PBS. 
Analytical gel filtration was performed on an AcA 34 column (90 X 2,5 cm; 
buffer: PBS; flow rate: 16 mllhr). The apparent molecular weight was ca1-
culated from Kd versus logarithm of molecular weight of the reference pro­
teins (Fig. 6). 

Testsvstem 

Testing ofthe absorbing capacity of Ag cALL solubilized from plasma mem­
branes of serum of either cALL patients, healthy contro1 persons or patients 
suffering from different other leukemic diseases was performed as described 
in detail recently [8]. 

The chromatographed solubilized fractions ofthe plasma cell membranes 
and of the serum preparations were dialysed against distilled water for 12 
hours and lyophilized subsequently. The single fractions were then dissolved 
in 1001-11 PBS. For absorption 201-11 sampies each were mixed with 21-11 
A-cALLS (final dilution 1: 11). The mixtures were first incubated for 20 min­
utes at room temperature and then for 5 hours in the cold. Insoluble material 
was removed by centrifugation. The supernatants were tested for residual 
Ag-cALL antibodies by indirect immunofluorescence using (1RITC/GARG) 
with standard cALL-cells as targets as described previously in detail [8]. The 
absorbing capacity was calculated according to the formula: 

01 b b d " 100 % stained cells after absorption 100 
70 a sor e actlvlty = - . . X 

% stamed cells before absorptIOn 

Vnspecific binding was prevented by performing the indirect immunofluo­
rescence assay in the presence ofO,2% sodium azid and Heparin (500 V/mI) 
20 1-1 II ml [2]. Applying this technique the background of unspecific stain­
ing was less than 0,2 %. 

Polvacrylamid-Gel-Electrophoresis (PA GE) 

The PAGE in slab gel was performed according to Maize1 [10]. The sampies 
(4 I-1g protein) were applied to 10% polyacrylamid gels and subjected to electro­
phoresis (35 m A, 3 hours at room temperature). The protein was stained by 
coomassie blue. The following pro teins were used for calibration: Aldolase, 
Ovalbumin, ß-Lactoglobu1in and Myoglobin. 
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Results 

Reactivi~y o{ D~f{erent Human Target Cells to Rabbit A -cALLS 

The suitably absorbed A-cALLS showed a high specificity for cALL-cells 
(Table 1). No binding has been observed to cells of other leukemic diseases 
and non-Ieukemic hematological disorders with two exceptions: L Ag cALL 
positive cells were found in bone marrow and, in further course ofthe disease 
also in PBL of a two year old boy suffering from CML. 2. In a new born male 
patient with Trisomie 21 and leukemoid re action 60% of peripheral leuko-

Table 1. Binding of standard A-cALLSa to various human blood ceIIs 

CeII type 

1. Normal cells 
peripheral blood lymphocytes 

bone marrow ceIIs 

2. Tumor cells 
common ALL 

T-ALL 
B-ALL 
acute myelocytic leukemia (AML) 
chronic myelocytic leukemia (CML) 
chronic lymphatic leukemia (CLL) 
juvenile chronic myelocytic leukemia (JCML) 
acute monocytic leukemia (AMOL) 
acute myelocytic-monocytic leukemia (AMML) 
osteomyelofibrosis/sclerosis (OMF /S) 

3. Leukemoid reaetion 
trisomy 21 

4. Infeetious diseases 
monon ucJeosis 
measles 
tonsillitis 
pneumonia 
pertussis 

5. Non-Ieukemie hematologieal diseases 
panmyelopathy 
idiopa thic throm bocytopenias 
thalassemia 

Number 
of cases 

4 

4 

32 

7 
1 
9 
7 
4 
2 
2 
] 

2 

3 
I 
2 
I 
2 

3 
2 
I 

Positive 
reaction 

Ob 

0 

30C 
0 
0 
0 
1 
0 
0 
0 
0 
0 

o 
o 
o 
o 
o 

o 
o 
o 

a Standard absorption was performed with: AB-erythrocytes. glutardialdehyde fixed human 
AB-serum, tonsillar lymphocytes. normal bone marrow cells, AML cells and peripheral 
blood lymphocytes. 

b 0 means no more than 0,2% of positive cells were found. This is in the range of the back­
ground found with normal rabbit serum used as contro] in all immunofluorescence assays. 

c In our cases ofpositive reactions at least 30% ofthe mononuclear cells were stained with the 
standard absorbed A-cALLS. In leukemias the percentage of the so labelIed cells was in most 
cases dose to that of cells identified as leukemic cells by standard morphological. cyto­
logical and cytochemical methods 
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eytes had expressed Ag cALL. Four weeks later we detected only 4% of Ag 
cALL positive cells in the peripheral blood ofthis boy and after another two 
weeks all Ag cALL bearing cells had disappeared. 

Solubilization and Chromatography 0/ Membrane Ag cALL 

In pilot experiments it was found that sodium deoxychölate, up to a final 
concentration of2% (w/v) did not influence the antigenicity ofthe structure 
under study to any significant extent. Therefore we used this procedure as a 
standard method to solubilize cALL plasma membranes. The solubilized 
membrane antigens were chromatographed on LKB AcA 34 in the presence 
of 0,2% sodium deoxycholate and tested for their ability to absorb the anti­
bodies against Ag cALL out of A-cALLS. As shown in Fig. 1, the antigenie 
activity of Ag cALL was detected in three peaks: The bulk of the antigenie 
activity was found with fractions 37-42 (peak III). A sm all amount of this 
antigenicity eluted with fractions 31-33 (peak 1I). In addition there was anti­
genie activity associated with unsolubilized material, which eluted with the 
void volume. By comparison with reference proteins (see legend Fig. 2), the 
antigenie moleeules of peak 11 and 111 were estimated to have an apparent 
molecular weight of 110000 (peak 11) and 55000 (peak 111) respectively 
(Fig.2). 
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Fig. 1. Analytic absorptions ofstandard absorbed A-cALLS with solubilized and chromatographed 
common ALL membrane fractions. The elution volume was collected in 42 fractions (18-60). 
Every three of these fractions were pooled, lyophilized and resuspended in 100 111 HBSS. For 
absorption 20111 of these fractions were incubated with 3 111 standard absorbed A-cALLS (final 
dilution 1: 8). Absorbed antibodies 0--0 E 280 nm 

Absorption o{ A-cALLS with Normal and cALL-Serum 

Sera of two cALL patients having Ag cALL positive cells in their peripheral 
blood were taken for partial characterization of the serum Ag cALL. As may 
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Fig.2. Calculation of the apparent molecular weight of membran Ag cALL on an AcA 34 
column equilibrated with 0,2%: sodium deoxycholate BSA = bovine serum albumin. The 
molecular weight was calculated from the plot ofKd versus 19 molecular weight 

be seen from Fig. 3 both sera removed cALL specific antibodies out of A­
cALLS. No absorbing effect was seen when sera from normal persons as 
weH as from patients with T-ALL, CLL, AML, AMML and CML were used 
instead. 

Ammonium Sulfate Fractionation and Analytical Chromatography 0/ 
Serum Ag cALL 

Most of the serum cALL associated antigenicity could be precipitated at 30-
50% ammonium sulfate saturation. A smaller amount was also found to be pre-

Sl 60 % 
] 
5 40 
11 
€ 

~ 20 

I 11 III 

Fig.3. Analytical absorption of A-cALLS with 
normal serum and serum of cALL patients. 
I normal serum; 11 serum from patient T.F., 
2 X 104 cALL cellslp.l: III serum from patient 
T.L 6 X 1ü4 cALL cellslp.l 
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Fig.4. Fractional precipitation of serum Ag 
cALL by ammonium'sulfate at pH 7,5. 1 ml 
serum from cALL patients was diluted I: 10. 
60 min after adding the desired amount of 
(N~hS04 the sampie was centrifuged for 
IOmin at 12000xg. The sediment was then 
dissolved in 1 ml PBS and dialyzed for 12 hr 
against this buffer. 20 ""I of the single fractions 
were used for absorption 

cipitated between 0-30% (Fig. 4). By chromatography ofthe ammonium sul­
fate precipitated and redissolved cALL-serum fractions on LKB AcA 34 it 
was found that the elution diagram was characterized by two antigen active 
peaks (Fig. 5). Peak I eluting with the void volume and peak II between frac­
tion 148-187 corresponding to a molecular weight of 125000 (Fig. 6). After 
rechromatography of peak II under identical experimental conditions again 
two antigen active peaks were observed both having the same positions as 
shown in Fig. 5. The combined fractions of peak II were applied on to an 
agarose lens culinaris hemagglutinin A column. As may be seen from Fig. 7 
the antigen activity bound completely to lens culinaris lectin and could be 
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Fig.5. Chromatography of the 20--50% ammoniumsulfate precipitated Ag cALL from cALL 
serum on LKB AcA 34; • • E 280, 0--0 absorbed antibodies 
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Fig.6. Ca1culation of the apparent molecular weight of serum Ag cALL by means of AcA 34 
column chromatography. BSA = bovine serum albumin. The molecular weight was calculated 
from the plot ofKd versus 19 molecular weight 
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Fig.7. Affinity chromatography of serum 
Ag cALL on agarose lens culinaris hemag­
glutinin A. 30 ml of the combined frac­
tions ofPeak II (Fig. 5) after gel chromato­
graphy were applied 

specifically eluted by 0,2M a o:-Methyl-D-Mannoside. The SDS (0,1 %) PAGE 
of this material showed a single major band running at 140000 daltons 
under unreducing conditions (Fig. 8). 

Discussion 

Our experiences concerning the appearance of Ag cALL on the surface of 
leukemic cells and especially on those of cALL are in good agreement with 
those of Greaves et al. [5] and Rodt et al. [13]. The detection of Ag cALL on 
blastoid cells from a patient with Trisomie 21 apparently having a leukemoid 
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Fig.8. SDS-Polyacrylamid gel elec­
trophoresis on 10% Slab gels of 
serum Ag cALL preparations be­
fore (left column A) and after (right 
column B) affinity chromatography 
on aga rose lens hemagglutinin A 

reaction suggests that the Ag cALL might be not confined to cALL ceHs and 
certain other leukemic diseases. Evidence for this suggestion is also gathered 
by Roberts et al. [12], demonstrating binding of A-cALLS to rare cells in fetal, 
neonatal and regenerating bone marrow. Although consequently A-cALLS 
seems to be not specific for cALL cells, it may be used for c1inical purposes 
with great advantage. This may be demonstrated by the following c1inical 
examples. 

On examining the bone marrow of a CML case when first admitted to the 
c1inic, we found no Ag cALL positive cell in peripheral blood (700000 leuko­
cytes/mm3 ), but 7% ofthe bone marrow cells bound A-cALLS. After 6 months 
the patient developed a blastic crisis. 60 per cent of peripheral blood cells 
now were found to be Ag cALL positive blast cells. Up to this blast crisis the 
patient had been treated according to a CML regimen. This was now replaced 
by an ALL therapy concept, by which the blastic crisis could be controlled 
within a few days. By this observation it might be conc1uded that imminant 
blastic crisis can be detected by frequent monitoring ofCML cases with anti­
cALLS. Moreover, it should be considered if a combined CML-ALL thera­
peutic protocol applied at the first appearance of even a few Ag cALL posi­
tive ceHs may prevent blastic crises. In six cases where the c1inical, morpho­
logical and cytochemical findings were inconc1usive, an relapse affecting the 
CNS could be ascertained by demonstrating Ag cALL positive cells in the 
CSF even in sampies with cell counts as low as 4 cells/mm3 . 
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Because ofits clinica1 significance mo1ecu1ar characterization of Ag cALL 
is of great interest. The 1ittle progress concerning the molecular characteriza­
tion of plasma membrane associated structures can be attributed to the dif­
ficulties of preserving their antigenicity during solubilization procedures. 
Recently we iso1ated another cell surface glycoprotein, bearing the thymus­
brain antigen [1]. Now we applied the same technique to reso1ve the problem 
of iso1ating antigenically intact cell surface Ag cALL. As shown in the result 
section we succeeded in identifying two solubi1ized structures with an appar­
ent molecular weight of 110000 and 55000, respectively. It cannot be decided 
whether the 2: 1 ratio ofthe molecular weights is due to dissociationl associa­
tion events or to enzymatic cleavage. Using a different technique Sutherland 
(communicated by Greaves) could isolate a glycolysated protein from whole 
cell extract with an apparent molecu1ar weight of 135000 under non-re duc­
ing conditions and 100000, respective1y, und er reducing conditions. When 
investigating Ag cALL from the supernatant of cultured Ag cALL positive 
leukemic cell lines they cou1d detect two proteins with different mo1ecu1ar 
weight (100000 and 38000) und er reducing conditions. 

These data are supporting our results and suggest that Ag cALL is com­
posed of two subunits having both antigenie activity. 

The serum glycoprotein bearing the Ag cALL determinant was found to 
have an apparent molecu1ar weight of 125000 under non reducing conditions. 
This result is in good accordance to the molecu1ar weight, which Sutherland 
et al. found for the unreduced cell surface glycoprotein (135000) [14]. Anti­
genic and lectin specificity correspond to the data presented by Brown et al. 
[3] and Sutherland et al. [14]. Interestingly, in our experiments additional 
cALL antigen activity was found in the void volume after gel chromatography 
of serum Ag cALL on AcA 34. The observation that after rechromatography 
ofthe combined fractions ofpeak II (mol. weight 125000) parts ofthe antigen 
activity again eluted with the void volume suggests its tendency to associate 
under the chosen experimental conditions. The apparent molecular weight 
of the associated moleeules of the Ag cALL is presently under study. 

The appearance of soluble Ag cALL in the serum indicates shedding or 
secretion of this material under in vivo condition. These suggestions are sup­
ported by the fact that the cALL antigen is found under in vitro conditions in 
the culture supernatant of native leukemic cells, celliines derived from leu­
kemic patients and released by the MOLT-4 cellline, which has no detect­
able cell surface Ag cALL [14]. 

The binding of nearly equal amounts of anti-Ag cALL antibodies by the 
sera of the patients (T.I. 54 years old ~ 60000 leukemic cells/mm3 ; T.P. 8 
years old Ö ,20000 leukemic cells/mm3) although difTering in their peripheral 
leukemic cell count by three fold indicates different releasing activity for Ag 
cALL probably depending on the type and state of the cALL disease. If the 
serum Ag cALL is common to a vast proportion of acute lymphocytic leu­
kemias the detection ofthis antigen in the serum might possibly improve di­
agnosis and therapeutic monitoring of common ALL, especially if it could 
indicate subclinical disease. 
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Köhler and Milstein's method for producing monospecific antibodies by fus­
ing antibody-producing and myeloma cells to derive hybrid celliines secret­
ing monoclonal antibody considerably facilitates the analysis of the cell sur­
face [1]. In particular, it is possible to produce monoclonal antibodies to a 
large number of human cell surface antigens. These antibodies will be suit­
able for immunocytochemicallabelling studies, and will also allow the purifi­
cation of substantial quantities ofthe major molecules ofthe cell surface with 
a view to their characterisation. Furthermore, using interspecific somatic cell 
hybrids. the genes coding for surface molecules can be assigned to particular 
chromos'omes and conversely a panel of assigned surface antigens would be 
extremely useful as markers in somatic cell genetics. 

We have applied the above approach to an analysis of the cell surface of 
normal and leukaemic leukocytes using cell membrane for immunization. A 

Table 1. Specificity ofmonoclonal antibodies to human cell surface antigens 

Cell fusion Immunization Number ofhybrid specificities defined 
experiment 
reference no. Tissue Prepara tion Speciesa 

common 

W6b Tonsil Sucrose gradient 
4c 

lymphocytes purified membrane 

Gen Ox4 AMLcells Sucrose gradient 
8 purified membrane 

Gen Ox 5 ALLcells Tween 40 membrane 2 

Gen Ox 7 CLL ceHs Tween 40 membrane 5 

Totals: Antibody o{ given specifici~v 19 
No of hybrids tested 29 

a Some antigens defined were not present on erythrocytes 
b Reference [2] 

Leukocyte Erythro- Difl'eren-
associated cyte tiation 

specific antigens 

2 

3 

3 
B cell 

associated 

7 2 1 
29 29 29 

c W6-32 is against an antigenic determinant shared between products of the HLA A. Band C 
loci 
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Fig.l. Reactivity of the monoclonal antibody to HLA with lymphoid and bone marrow cells. 
a) Bone marrow lymphocyte 
b) Platelet 
c) myelocyte and normoblast 
d) polymorphonuclear leukocyte 
e) thymocytes. positive cells are indicated by the arrows 
f) tonsillymphocytes 
a). c) and d) are autoradiographs and the binding is demonstrated in b). e) and f) using an 
immunoperoxidase procedure. f) shows the surface membrane distribution of HLA. the cells 
were fixed in paraformaldehyde and glutaraldehyde before incubating with the monoclonal 
antibody 

number ofhybrids secreting antibody have been identified and their individ­
ual specificities characterized. The results are shown in Table l. Many ofthe 
antibodies recognize antigens of wide tissue distribution, but a number of 
leukocyte associated. erythrocyte specific and putative lymphocyte specific 
antigens have been identified. Further clones are at present being investigated. 

The monoc1onal antibody W6-32 is against an antigenie determinant shared 
between products of the HLA, A, Band C loci [2]. By immunofluorescent, 
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immunoenzymatic and autoradiographic techniques, the cellular distribu­
tion ofHLA A, Band Cantigens, both on cell suspension and tissue sections, 
has been investigated. The differential expression ofthese antigens on devel­
oping haemopoietic and lymphoid cells has been semi-quantitatively analysed 
by grain counting of autoradiographs [3]. The results are shown in Pig. land 
Table 2. Lymphocytes and platelets were very densely labelled and myeloid 

Table 2. The distribution of HLA on human lym­
phoid. bone marrow and peripheral blood cells 

Tissue Reactivity 

Peripheral blood 
Polymorphs ++ 
Lymphocytes ++++ 
Erythrocytes 
Platelets ++++ 
Bonemarrow 
Lymphocytes ++++ 
Myeloid precursors +++ 
Erythroid precursors ± 
Thymus 
Lymphoid cells 85%-/15%+ + + 
Tonsillvmphoid cells ++++ 

precursors showed more labelling than mature neutrophils. Erythroid pre­
cursors, although very weakly labelIed, were clearly positive, in comparison 
with bone marrow erythrocytes wh ich were negative except for a small per­
centage (11 %) which were presumed to be reticulocytes. In the thymus HLA 
negative, thymocyte-antigen positive cells [4] can be distinguished from HLA 
positive, thymocyte-antigen negative cells. By using immunofluorescent 
techniques on tissue sections, Mason, Christonsson and Biberfeld have shown 
the former to be cortical thymocytes and the latter medullary cells. The im­
munoperoxidase technique has the advantage that antigens can be demon­
strated at the electron microscope level. Fig. 1 f shows a continuous surface 
membrane distribution ofHLA on tonsil cells. 

These antibodies will also allow the purification of substantial quantities 
of the major molecules ofthe cell surface. W6-32 antibody precipitates radio­
active molecules of apparent m.wt 43000 daltons and 12000 daltons from 
lysates ofBR18 cells which have been lactoperoxidase labelled with J125 [2]. 
Furthermore, an antibody affinity column ofW6-32 bound equally the HLA 
A, Band Cantigens (Parharn, Barnstable and Bodmer: In preparation) and 
can be used to isolate substantial quantities ofthe antigen. 

By using monoclonal antibodies against cell surface antigens, genes or 
gene clusters coding for surface moleeules can be identified. Rodent-human 
somatic cell hybrids te nd to undergo a relatively rapid loss ofhuman chromo­
somes and then become karyotypically stable. Human genes can, therefore, 
be assigned to specific chromosomes by correlating the presence or absence 
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Table 3. Genetic analysis of cell surface markers 

Antibody 

W6-32 
W6-34, 45. 46 
Gen Ox 4-17, 21 

NA/l-33 
Gen Ox 4-1 
Gen Ox 4-7. 24 

Chromosome 

6 

11 

13 
14 
22 

Brown, Go et al. 

Monoc1onal antibodies have also been 
produced against ß2-microglobulin, a 
marker for chromosome 15 (Brodsky, 
Parham, Barnstable and Bodmer. In 
preparation) 

of a particu1ar gene product with the presence or absence ofa particu1ar cyto­
logically identified chromosomeo The results presented in Tab1e 3 represent a 
summary ofthe characterisation ofa number ofmonoclona1 antibodies on a 
panel of somatic cell hybrids. 

Ten antigens have been assigned, to date, to particular chromosomes. 
Four different specificities are coded for by chromosome 11 and markers are 
also available for chromosomes 6, 13, 14 and 22. The gene coding for the anti­
gen SA-1, described by Buck and Bodmer, is on chromosome 11 and is prob­
ab1y a glycosy1 transferase. Of obvious interest is whether a cluster of genes 
involved in cell surface carbohydrate structure is 10cated on chromosome 11. 

Monoclonal antibodies against assigned surface markers cou1d also be 
used to select hybrid derivatives with or without particular chromosomes, for 
example by the use of the fluorescence activated cell sorter. The efficiency of 
these selections and the reliance that can be placed on their results depend 
upon the quality of the reagents detecting the cell surface antigens. Mono­
clonal antibodies are ideal in this respect. 

These results clearly demonstrate that it is possib1e to produce monoclona1 
antibodies to a 1arge number ofhuman cell surface antigens suitab1e for im­
munocytochemica1 and genetic studies. However, many of the antibodies 
recognize antigens of wide tissue distribution if cell membrane is used for 
imm unization. Therefore, alternative sources of antigen, for examp1e purified 
glycoproteins, may provide monoclona1 antibodies against differentiation 
antigens of greater interest. 
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A major goal in our understanding ofleukemia involves the study of ceH sur­
face antigens on the leukemic cells that are not present on patients' normal 
cells of the same type. These antigens, if they serve as tumor rejection type 
antigens, are commonly referred to as tumor associated transplantation anti­
gens. One approach to the study of these antigens, which is also of potential 
interest with regard to ceHular immunotherapy ofleukemia, involves attempts 
to genera te cytotoxic cells against autologous leukemia ceHs. The approaches 
that we have used have largely been based on earlier and concurrent studies 
involving recognition and response to aHoantigens in the mixed leukocyte 
culture (MLC) and ceH mediated lympholysis (CML) assays. Two general 
approaches have been used, both of which are presented in this paper. In 
each ca se the background studies of the allogeneic system are given as a 
reference. 

Methods Employed 

The mixed leukocyte culture (MLC) test [1,2] is most commonly assayed by 
studying the incorporation ofradioactive thymidine into the dividing cells in 
the responding cell population. Stimulating cells are treated with x-irradia­
tion or mitomycin-C [3J so that they will present their foreign antigens to the 
responding cells but will not themselves respond, i.e. incorporate radioactive 
thymidine. It is now recognized that both helper T lymphocytes (Th ) and 
cytotoxic T lymphocytes (Tc) respond proliferatively in a mixed leukocyte 
culture; in addition, in all probability suppressor T lymphocytes (Ts) also 
respond. In fact, it is not critically established whether the Th cells do them­
selves proliferate in a mixed leukocyte culture. However, proliferation of the 
responding cells has most commonly been associated with a helper response 
in that the requirement for Th activity, in terms of the development of cyto­
toxic cells, is present. Whereas in a primary mixed leukocyte culture, more 
than 90% of the dividing cells belong to .the T lymphocyte subclass cells that 

* This work is supported in part by NIH grants CA-16836. AI-l1576. AI-08439. CA-20409 and 
CA-14520. and National Foundation - March ofDimes grants CRBS 246 and 6-76-213. This 
is paper no. 164 from the Immunobiology Research Center and paper no. 2270 from the 
Laboratory ofGenetics. The University ofWisconsin. Madison. Wisconsin 53706. 
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carry the Ly 1 differentiation antigen [4,5J (which we associate with helper T 
lymphocyte activity), it would probably be dangerous to equate proliferation 
to T media ted "help" under all MLC-like conditions. 

Cytotoxic T lymphocytes (Tc) are genera ted in mixed leukocyte cultures 
and can be measured in the cell mediated lympholysis assay [6-8]. The Tc 
cells are tested for their ability to lyse radioactive sodium chromate (51Cr) 
labeled target cells that carry the sensitizing antigens. 

In addition to the generation ofTh and Tc cells in an MLC, suppressor T 
lymphocytes are also genera ted. These cells are usually detected by their abil­
ity to suppress autologous responding cells from differentiating into Tc in 
response to unrelated alloantigens in a fresh MLC. 

The Three-Cell Approach to Generating Killer Tc Cells 

In vitro T lymphocyte reactivity to allogeneic cells in man appears to be re­
stricted alm ost entirely, in a primary sensitization system, to a response 
against antigens of the major histocompatibility complex, HLA. Within the 
HLA complex, as with the mouse homolog of that complex (H-2), there are 
two types of antigens which are commonly referred to as LD (lymphocyte or 
MLC defined) and CD (cytotoxicity or CML defined) antigens insofar as 
these antigens are recognized by the T lymphocytes. The LD antigens in man 
are associated with the HLA-D locus and in mouse with the H-2 I region; the 
CD determinants are associated with the HLA-A, -B and -C loci in man and 
primarily with the H-2 I region in mouse [9]. The finding ofgreatest note with 
regard to the principle em erging from studies involving allogeneic cells as it 
relates to the generation ofcytotoxic cells against autologous leukemia cells is 
the following. If responding T lymphocytes of one individual are stimulated 
with cells that differ by CD determinants but do not differ by LD antigens, 
then the cytotoxic response which develops against the CD determinants is 
markedly weaker than when the stimulating cells include both an LD and 
a CD stimulus [9]. 

These findings are illustrated in a schematic fashion in Table 1. The ap-

Table 1. A three-cell experiment for the generation of cytotoxic T lymphocytes 

Sensitizing HLA difTerence 3H-TdR % CML target cell 
MLC between responding and incorporated 

stimulating cell A B C 

ABm HLA-O ++++ 
ACm HLA-A. -B and -C 
ABmCm HLA-A. -B. -C and -0 ++++ +++ 

Typical results of CML studies in a family in which a recombinational event has taken place. 
Siblings A and Bare identical for the HLA-A. -B. and -C loei but difTer for HLA-O. Siblings 
A and C differ for the three SO loei. HLA-A. -B. and -C but are identical for HLA-D. In the 
three-cell experiment. A is simultaneously stimulated with the cells of sibling Band the cells of 
sibling C. [Reprinted from Bach. F. H.: Ann. Rev. Genet. 10, 319-339 (1976)J. 
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Fig. 1. A model illustrating the signals involved in the development ofTe in a primary response. 
This represents a modification of the model presented previously [9] 

parent basis for this phenomenon, which we have referred to as LD-CD col­
laboration, is that functionally different populations of T lymphocytes 
respond preferentially to LD and CD determinants. It is the Th cells that pri­
marily recognize LD antigens and the Tc cells that recognize the CD determi­
nants. In a manner that is not c1early understood at the present time, the reac­
tion ofTh cells to the foreign LD determinants on the allogeneic cell provides 
"help" to the precursor cytotoxic T lymphocytes that have recognized the 
allogeneic CD determinants. This results in the development of a stronger 
cytotoxic response. The cellular model, for which extensive experimental 
support exists, depicting response to LD and CD determinants is shown in 
Fig.l. 

The greater cytotoxic response engendered when both foreign LD and CD 
determinants are present as stimulating determinants can be obtained by us­
ing stimulating cells from a single individual who differs from the responding 
individual by both LD and CD determinants. Alternatively we can use the 
"three-cell protocol" wherein the responding lymphocytes are simultaneous­
ly cultured with stimulating cells from one individual who differs by CD 
determinants and with stimulating cells from a second individual who differs 
by LD determinants [9-11]. The precursor Tc cells of the responding cell 
population presumably recognize the CD determinants on the stimulating 
cells of one individual (depicted as C in Table I) whereas the Th cells respond 
to the LD determinants on the cells of a second individual (depicted as in-
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dividual B in Table 1). It is the interaction between the Th and Tc cells in this 
"three-cell protocol" which leads to the amplified cytotoxic response. In 
some situations, ifthe stimulating cells are presented in such a way that they 
present their CD determinants without "any" LD stimulus, no cytotoxic re­
sponse is generated. However, ifthird party LD different, helper-stimulating 
cells are added, a cytotoxic response is developed against the stimulating cells 
that differ from the responder with regard to CD, but not LD, determinants. 
This last observation is particularly important for our interpretation of the 
data with leukemia. 

Application of Three-Cell Protocol to Leukemia 

Leukemic blast cells from an individual who has active disease at the time of 
taking the cells do not, as a general rule, stimulate a cytotoxic response in the 
remission, normallymphocytes ofthat same individual. This is illustrated in 
Table 2 [12]. On the assumption that the leukemic blast cells may in fact ex­
press a CD-like target determinant which the responding autologous cells 
can "see" but to which they cannot respond because there is no helper stimulus 
available, we have used the "three-cell" approach. We have added stimulat­
ing cells of an unrelated individual who differs from the patient with leukemia 
by HLA-D determinants (i.e. LD antigens) to a mixture ofresponding lympho­
cytes and autologous leukemia stimulating cells. Under these conditions, we 

Table 2. In vitro generation of lymphocytes cytotoxic for autologous acute myelomonocytic 
leukemia cells by a "three-cell" protocol 

Responding Stirn ula ting Effector/ % Specific 51Cr release ± S.D. 
lymphocytes cells target 

cell Leukemic Remission Normal Normal 
ratio cells marrow lympho- lympho-

cells cytes cytes 
fromA from B 

Lx (patient's 
leukemia 
cells) 40: 1 17,8 ± 6,5 3,5 ± 1,4 44,0 ± 4.1 1.8 ± 2,3 

C (patient's + 
lymphocytes) Ax (normal 

allogeneic 
lymphocytes) 

C Lx 40: 1 0,0 0,0 
C Ax 40: 1 2,9 ± 1.1 0,45 ± 1,6 60,7 ± 10,1 2,2 ± 2,2 
B (normal 
individual) Lx 20: 1 17,5 ± 12,0 14,7 ± 2,0 -0,7 ± 3,4 -0,4 ± 2,8 
B Ax 20: 1 27,7 ± 2,3 -0,2 ± 3,4 

Effector cells were collected 7 days after stimulation. and incubated with 1 x lü4 51Cr-labelled 
target cells at the designated effector: target cell ratios. The % specific 51 er release was measured 
after a 6 hoUT incubation of effector cells and target cells at 37°C. [Reprinted from Zarling et al.: 
Nature 262,691-693 (1976)] 



Elicitation of Anti-Leukemia Cytotoxie Responses 373 

Table 3. Generation ofcytotoxie lymphocytes against an HLA identical sibling's aeute lympho­
eytic leukemia (ALL) eells by a "three-ceIl" protocola 

Responding 

eells 

Sib 1 
Sib 1 
Sib 1 
Sib 1 
Sib 1 
Z 

Stimulating eells 

Media 
Sib2m 

Zm 
Pt. ALL blastsm 

Pt. ALL blastsm + Zm 
Pt. ALL blastsm 

% Specific 51Cr Release ± S.D.b 

Target ceHs 

Sib 2 lymphocytes 

- 16,0 ± 5,7 
- 9,4 ± 5.7 
- 6.5 ± 5,7 
- 10.6 ± 5,7 
- 7,2 ± 5,9 

46.6 ± 8,9 

Patient's ALL blasts 

9,8 ± 2,0 
6,8 ± 1,5 

21,4 ± 2,0 
8,6 ± 1,8 

38.7 ± 1,9 
46,2 ± 3,0 

a The ALL patient whose blasts are studied here (Pt. ALL blasts), and his siblings, Sib 1 and 
Sib 2, were found identical for HLA-A and HLA-B haplotypes foHowing serological typing 
of aH siblings at both parents. Individual Z is unrelated .. 

b Six days following mixed leukocyte culture of Sib I's or 2's lymphocytes with mitomyein­
treated(m) stimulating eells, the cell media ted lysis experiment was performed using a ratio 
of 20 effector ceIls: 51Cr labeled target cello Sensitization ofSib l's cells with mitomycin-treated 
HLA identical ALL blasts together"with mitomycin-treated allogeneic eells (Pt. ALL blastsm 

+ Zm) resulted in the generation of a strong cytotoxic response against the patient's blasts 
but not against the other sibling's (Sib 2) lymphocytes. [Reprinted from Sondel et al.: J. Im­
muno!. 117,2197-2203 (1976)J. 

have found that in a certain number of ca ses, we have been able to generate 
cytotoxic T lymphocytes that are capable of lysing the autologous leukemia 
cells but do not lyse normal target cells ofthe same individual. 

An alternative approach to this problem has been to use an HLA identical 
sibling as the responding cell donor and ask whether these cells can generate 
a cytotoxic response against the leukemic cells of the HLA identical sib. 
(Lymphocytes of normal HLA identical siblings do not stimulate each other 
to produce a cytotoxic response.) As with the autologous situation, in most 
instances in which this protocol is attempted, when just the leukemic blast 
cells are used as the stimulating cells, no cytotoxic response is generated. On 
the other hand as depicted in Table 3 [13], a cytotoxic response is generated in 
some cases when the three cell approach is utilized. These findings using the 
three-cell approach have received extensive confirrnation from the recent 
studies ofLee and Oliver [14]. 

Pool Sensitization for Generating Tc Cells 

Several years ago, we noted that if cells from 20 unrelated individuals, chosen 
at random, are mixed in a "pool" in equal numbers, then the resulting "pooled 
stimulating cell" would cause a very strong proliferative response in lympho­
cytes from any one individual, the response being at least as strong and in 
most cases stronger than that induced by any one allogeneic stimulating cell 
[15]. Sub se quent studies by Sondel et al. [16] and Martinis and Bach [17] dem­
onstrated that stimulation with the pooled stimulating cells apparently resulted 
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Table 4. Lysis of autologous hairy cellleukemia cells by T cells sensitized to pooled allogeneic 
normal cellsa 

Responding Stirn ulating cells % 51Cr Release ± S.D. 
cells Target cells 

Patient I's Patient I's Patient l's Individual 
splenic peripheral peripheral A's 
leukemic leukemic T cells peripheral 

Exp. a cells cells T cells 

PI (patient I) PI-Lx~patient I's 1.7 ± 23 0.5 ± 3.0 
leukemia cells) 

PI poolx 24.5 ± 1.8 0.8 ± 2.5 
Exp. b 
PI (patient 1) PI-Lx (patient I's -1.0 ± 0.5 

leukemic cells) 
PI Ax 53 ± 2,6 37.7 ± 3,9 
PI poolx 19,0 ± 3,7 21.1 ± 0.8 -1.5 ± 2.7 36.4 ± 5,6 
A (norm. individ.) PI-Lx 32,8 ± 2,6 
A poolx 29.5 ± 2.8 45.5 ± 3.1 15,8 ± 2.7 -9.2 ± 3.4 

Patient 2's Patient 2's Patient 2's Individual 
splenic peripheral peripheral A's 
leukemic Ieukemic T cells peripheral 

Exp. c cells cells T cells 

P2 (patient 2) P2-Lx (patient 2's -2,6 ± 1.7 
leukemic cells) 

P2 poolx 18,1 ± 5.6 27.2 ± 3.6 
A (norm. individ.) P2-Lx 25.2 ± 4.1 21.0 ± 2.6 16.8 ± 4,9 -3,6 ± 2,0 

Exp.d 
P2 (patient 2) pooIx 18.9 ± 1.5 -03 ± 2.5 
B (norm. individ.) poolx 32,7 ± 2,9 41,0 ± 5.4 

a T cells from normal individuals A and Band from the patients with hairy cellieukemia (PI 
and P2) were isolated as described in the methods and the T cells were stimulated with the 
leukemia cells (PI-Lx and P2-Lx), with cells from a single normal individual (Ax) or with 
normal cells pooled from 20 individuals (poolx)' The ratio of stimulating cells to responding 
T cells was I: I in this experiment, however, in no case when the patients' T cells were stim­
ulated with autologous leukemia cells at ratios of I : 1 to 2: 1 was cytotoxicity against the 

. leukemia cells detected (data not shown). T cells from the normal individuals and the pa­
tients, that were cultured in the absence of stimulating cells, were not cytotoxic for the leu­
kemic cells (-2,3 ± 1,4 to 0,6 ± 2,0% 51Cr release). [Reprinted from Zarling et al.: Nature 
274,269-271 (1978)]. 

in activation of essentially all cells that recognize LD determinants as weIl as 
all cells that recognize CD determinants that differ from those expressed on 
the responding cells. The latter finding was based on the demonstration that 
the cytotoxic T lymphocytes that are generated by stimulation with the pool 
killed virtually any allogeneic cello Subsequent studies in our laboratory 
demonstrated that sensitization with the pool also led to the development of 
cytotoxic cells capable ofkilling autologous lymphoblastoid celllines derived 
by Epstein-Barr virus transformation [18]. 
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We have studied the ability of pool sensitized cells to lyse autologous leu­
kemia cells in two patients with hairy cellieukemia. Results from those studies, 
shown in Table 4 [19], demonstrate that in these two cases of leukemia the 
pool sensitized cells are able to cause significant lysis ofthe leukemia cells but 
not autologous normallymphocytes. 

The reasons why pool sensitization is an effective method ofgenerating Tc 
cells against autologous lymphoblastoid cell line or leukemia targets in at 
least some cases are not understood. Several possibilities exist. First, it may 
be that the CD determinants present on the allogeneic cells cross-react with 
the "CD-like" determinants recognized as foreign on the autologous ab­
normal cells. Alternatively it may be that pool sensitization leads to some 
form of "polyclonal" activation in that all clones oflymphocytes of different 
functional subcategories are activated by pool stimulation; there is no evi­
dence to support such a suggestion for pool stimulation. Whether the target 
antigens recognized after pool-sensitization are tumor-associated antigens 
associated with the leukemogenic process, normal differentiation antigens 
expressed on the leukemic cells as they are on theprecursors from which leu­
kemia was derived. or are derepressed normal histocompatibility antigens is 
not dear. 

Summary 

We have presented the rationale for the in vitro approach es that we have 
taken for generating cytotoxic lymphocytes capable oflysing autologous leu­
kemia cells or leukemia cells from HLA identical siblings. Two different ap­
proaches have been used, both of which are based on earlier findings 
concerning the antigenie and cellular interactions involved in the generation 
of strong cytotoxic responses to alloantigens in mixed leukocyte culture. 
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Despite the enormous number of publications on the subject, there is little 
solid evidence in man for tumour specific antigens which are both antigenic 
and immunogenic compared with the ease to which such antigens have been 
demonstrated for transplantable tumours in experimental animals. The fail­
ure to demonstrate such antigens in arecent study of spontaneously occur­
ring tumours in laboratory mice has been interpreted as evidence against 
the existence of tumour antigens in spontaneous tumours in man. Such data 
cannot exclude the possibility that there may be weakly immunogenic anti­
gens undetected by the systems under test. 

The use ofimmunological stimulation with one molecule to augment re­
sponse to an otherwise non-immunogenic molecule is not new. In experi­
mental animals the use ofcarrier molecules to stimulate antibody response to 
hapten are standard procedures and the interdependence ofT and B cells in 
these responses is weH documented. It is usual in these systems for the hapten 
to have to be attached to the carrier molecule. In contrast for cellular responses 
to transplantation antigen which also have been shown by Eijsvoogel [1] to 
require two signals (i.e. a serologically defined HLA antigen and a lympho­
cyte activating HLA D antigen) it has been clearly demonstrated that it is not 
necessary for the two signals to be presented on the same stimulating cell. 
Using three cell experiments i.e. two stimulators, one differing for HLA A, B 
and Cantigens and one differing for HLA D antigens from the responder, 
Eijsvoogel [1] demonstrated that the two types of antigen can be present on 
separate cells and still produce cytotoxic lymphocytes which retain specificity 
for the target HLA antigen but did not react to the cell which only carried the 
lymphocyte activating HLA D antigen. 

Applying this principal to patients with acute leukemia, Sondell et al. [4] 
demonstrated that HLA identical siblings of patients with acute leukemia 
developed significantly greater cytotoxicity against the patient's leukemia 
blast cell ifprimed in vitro with the patient's blast and a third party allogeneic 
lymphocyte. than when they were primed with the patient's blast cell alone. 
Zarling et al. [5] reported one patient where it was possible to generate sig­
nificant cytotoxicity of remission lymphocytes against autologous blasts by 
priming with the autologous blast cell mixed with allogeneic lymphocytes. 
Lee and Oliver [2] recently applied this technique to study patients receiving 
either BCG or BCG plus allogeneic blast cells as remission maintenance im­
munotherapy. They found that 10 out of 14 patients studied were able to 
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genera te significant T cell mediated cytotoxicity against the specific autolog­
ous blast cell when primed in vitro with the specific blasts in presence of a 
third party allogeneic cello This cytotoxicity was specific for the leukemia as 
no cytotoxicity was demonstrable against PHA transformed autologous re­
mission lymphocytes (or autologous remission bone marrow in the one ca se 
tested). Investigation of the nature of the antigen on the third party helper 
cell using lymphoblastoid celliines showed that the cytotoxic cells could only 
be generated if the helper cell was HLA D antigen different from those of 
responder but not ifthey were only different for HLA A and B loc;us antigens. 
Using this technique it was not possible to use cross killing experiments a­
gainst allogeneic blast cells to investigate whether the target antigen was 
present on allogeneic blast cells. This was because the use of a third party 
allogeneic cell in the priming mixture always led to production of anti-HLA 
cytotoxic cells in addition to anti-Ieukemia cytotoxic cells. However results 
from four indirect approaches (in vitro priming with allogeneic blast cells 
and testing on the autologous blasts [2], cross over experiments with pairs of 
patients [2], absence of any difference in the level of cytotoxicity in patients 
who have received BCG or BCG plus allogeneic blast cell immunotherapy 
[3]. cold target inhibition experiments [2]) suggest that the target antigen is 
not present on allogeneic blasts. 

Recent experiments have been directed to investigate the nature of the 
target antigen on the autologous blast cello To exc1ude the possibility that the 
target antigen was anormal myeloid or Tor B lymphocyte differentiation 
antigen, anti-Ieukemia cytotoxic cells were tested against autologous remis­
sion bone marrow and autologous remission Tor B enriched lymphoid sub 
populations (see Table 1). There was no evidence from these experiments for 
the target antigen being a normal differentiation antigen, though to be ab­
solutely certain of this it would be necessary to use purified stern cells from 
remission bone marrow wh ich would be technically extremely difficult to do. 

The experiments in Table 2 attempt to exc1ude the possibility that the 
cytotoxicity demonstrable in this assay was due to cross reactivity with nor­
mal HLA antigens generated by priming in the presence of an allogeneic 

Table 1. Evaluation ofnormal T and B Iymphocytes as targets for anti leukemia CML effector cells 

Targets 
Priming stimulus Autologous Autologous Autologous 

T lymphocytes B lymphocytes leukemia blasts 
1 2 I 2 I 2 

Autologous B Iymphocytes l a ND 3 ND 0 ND 

Autologous B lymphocytes 
0 ND 5 ND 0 ND + Allogeneic Iymphocytes 

Autologous leukemia blasts 
0 0 8 0 21 13 + Allogeneic lymphocytes 

a % specific 51CR release 



Histocompatibility Antigens and T Cell Responses to Leukemia Antigens 379 

Table 2. Specificity studies on anti-Ieukemia effector cells 

Targets 

Autologous Autologous Allogeneic Daudi 
remISSIon leukemia lymphocyte 
lymphocyte blast 
a b a b a b a b 

GP 0 0 0 25 0 0 ND 20 
EB 0 0 0 0 0 0 ND 40 
JK 0 0 0 46 0 0 ND 70 
1W 0 0 0 25 0 0 ND 90 
MB 2 0 0 44 13 8 ND 45 
LF ND 0 ND 18 ND 0 ND 23 

aRemission lymphocytes cultured 6 days without priming. 
b Remission Iymphocytes primed with autologous blasts plus Daudi. 

lymphocyte. The experiments shown make use of the -fact that Daudi does 
not express serologically defined HLA A, B or C locus antigens, but can help 
in recognition of autologous leukemia antigen. These experiments which 
demonstrate that effector populations with anti leukemia activity do not kill 
allogeneic normal cells are in contrast to those of Zarling et al. [6]. They re­
ported two patients with hairy cellleukemia where cytotoxic cells produced 
by priming the patient's lymphocytes with a pool of allogeneic normal cells 
genera ted significant cytotoxicity against their own leukemia cello It is possible 
than an adequate number ofnormal cells were not tested using our assay or 
that the target antigen in AML is different from that in hairy cellleukemia. 
Further investigation ofthis is clearly required to clarify the difference. 

Conclusions 
The use of allogeneic cells to facilitate recognition of a non-immunogeneic 
leukemia antigen opens up new avenues for development of immunother­
apy in human tumours. The fact that the target antigenhas not been demon­
strated on allogeneic tumours invalidates most ofthe recent studies ofimmuno­
therapy using allogeneic tumour cells. 
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Introduction 

There are several previous reports of proliferative reactions between remis­
sion lymphocytes and autologous or allogeneic cyopreserved blasts, in a pro­
portion ofpatients with granulocytic and lymphocytic leukemias [1,2]. More 
recently, T Iymphocytes cytotoxic for autologous leukemic blasts have been 
genera ted in vitro by a method involving allogeneic help [3-5]. These results 
suggest that leukemia specific antigens may exist on leukemic blast cells, and 
are immunogenic for autologous T lymphocytes. 

If more detailed specificity studies confirm this interpretation, which would 
be compatible conceptually with the central dogma of tumour immunology 
derived from animal experiments, the immunotherapy of human leukemia 
with specifically immune autologous T cells becomes justifiable experiment­
ally. For this approach to be practicable, large numbers ofleukemia-specific 
T cells will be required. 

T lymphocytes from normal donors have been maintained in culture for 
up to 13 months using a factor obtained from conditioned medium (LyCM) 
derived from phytohaemagglutinin (PHA) - stimulated normal human 
lymphocytes [6]. We have used this culture system to grow, selectively, T 
lymphocytes from the peripheral blood ofpatients with granulocytic leukemias 
in the untreated acute phase of the disease, and report here preliminary 
studies on the function of the cultured cells. 

Methods 

1. T Cell Cullure 

The procedure for T lymphocyte culture has been described previously [6,7]. 
Briefly, peripheral blood leukemic cells, obtained by leukophoresis, were 
seeded into 16 X 125 mm plastic tubes (Fa1con Plastics, Oxnard, Calif.) at a 
concentration of 1-2 X 105 per ml of RPM 1 - 1640 medium supplemented 
with 20% heat inactivated fetal calfserum and 20% offour-fold concentrated 
LyCM (Associated Biomedie Systems, Buffalo, N.Y.). Cell concentration 
was maintained between 3 X 105 and 1 X 106 per ml by subculturing the cells 
in the same medium. 
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2. Mixed Leukocyte Culture 

One way mixed leukocyte reactions (MLRs) were set up as described previ­
ously [7], using mitomycin-C treated autologous or allogeneic stimulating 
cells. 

Results and Discussion 

Fresh unfractionated peripheral blood white cells from only 11 of26 patients 
with untreated acute phase myelogenous leukemias responded to allogeneic 
stimulation in the MLR. 

Cells from a total of 15 patients were fractionated on nylon wool columns 
(Table 1). Alloresponsive cells were detected in either non-adherent or ad­
herent populations in 3 out of 9 patients whose unfractionated cells were 
unresponsive. In another 3 patients, 8-03, 7-126 and 7-127, the magnitude of 
the allogeneic response of both non-adherent and adherent fractions was 
greater than that ofthe unfractionated population. 

Table 1. Allogeneic andautologous responses ofnylon fractionated leukaemic and normal peri-
pheral blood white cells 

Patient Diagnosis % Recovery Allogeneic response Autologous 
response 

Nylon Nylon Unfrac- Nylon Nylon Non-
non- adherent tionated non- adherent adherent vs. 
adherent adherent Adherent 

Normal 47,9 14,3 + ++ ± + 

8- 03 CGL 7,6 24,7 + ++ ++ + 
7-126 AML 51.5 31.7 + ++ ++ 
7-127 AML 46.1 19,0 + ++ ++ 

7-105 AML 24,0 72,5 + ++ ND 
7-119 AML 75,9 24,0 + ++ ± + 

7-129 CGL 36,0 35,3 + + 

7-112 AML 50,0 26,7 + + 
7-133 AML 43,3 25,5 + + 

7-115 AML 14,7 19,0 + 

7-107 AML 79,5 21,5 ND + 

7-113 CGLBC 34,0 37,3 
7-117 CGLBC 64,0 23,3 
7-110 AML 57,6 42.4 
7-130 AML 54,7 17,3 
7-131 AML 61,3 24,0 
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In 5 ofthe total of 15 patients whose cells were fractionated on nylon wool, 
non-adherent cells were stimulated by autologous nylon adherent cells. How­
ever, a similar autologous MLR was detected between the nylon wool frac­
tions from all 10 normal donors tested. 

In the residual 5 patients no allogeneic or autologous reactions were seen 
in the unfractionated or in either nylon wool fraction. 

SampIes from 13 patients were cultured in the presence of LyCM. Before 
culture, sampIes from the majority of patients with granulocytic leukemias 
had fewer than 5% E-rosette positive cells. In the presence ofLyCM, the pro­
portion 0 f E-rosette positive cells after 12-17 da ys of culture is between 36 
and 91 %. After 26-36 days in culture, the percentage has increased to between 
61 and 93%. 

Cells cultured from all 13 donors showed significant alloresponses after 
culture (Table 2). SampIes from 4 patients, whose fresh uncultured cells were 
unresponsive, all showed an allogeneic response after between 7 and 29 days 
in culture. The appearance of alloresponsive cells after culture in LyCM pro­
vides functional evidence that the E-rosette positive cells present after culture 
of leukemic peripheral blood are indeed T lymphocytes. 

Cultured T cells from 8 patients were tested in a one way MLR for their 
response to autologous blast cells. In only 4 cases, however, was a significant 
response detected. Ia-like antigens have been detected serologically on a 
variety ofleukemic blast cells [8], and la-bearing human B cells can stimulate 
histocompatible human T cells [9]. Evidence for in vivo immunization by 
leukemia-specific antigens therefore requires analysis ofthe specificity ofthe 
autologous proliferative reactions observed in vitro. 

The present results indicate that T lymphocytes can be cultured from the 
peripheral blood ofleukemic patients in the acute phase ofthe disease, which 
mount an allogeneic blastogenic response comparable to that of cultured T 
cells derived from normal donors. The appearance of such functional T cells 

Table 2. Response of leukemia-derived cultured T lymphocytes to allogeneic stimulation in a 
one-way mixed lymphocyte reaction 

Patient Diagnosis Days in culture Stimulation index 

7-11 AML 62 0,65 
7-18 AML 35 5,92 
7-22 Sezary syndrome 27 21,72 
7-23 CGL 21 9,90 
7-35 AMML 19 1,32 
7-56 CGL 26 1.80 
7-66 Acute undifferentiated leukemia 19 28,08 
7-69 AML 12 156,41 
7-82 ALL 11 10,80 
7-92 AML 29 27.56 
7-93 CGL blast crisis 29 13,89 
7-97 AML 7 1,18 
7-101 AML 21 41,34 
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after culture away from the leukemic microenvironment suggests that there is 
no functional defect in the residual circulating Tcells in vivo. The autologous 
reactivity observed in some patients suggests that leukemic T cells may have 
the potential ofbecoming immunized by antigens on the leukemic blast cells. 
The availability of cultured T cells derived from leukemic donors ofTers the 
possibility ofin vitro boosting ofany such primary immunity, and autologous 
imm unotherapy with in vitro boosted cultured T cells. 
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A. Introductory Remarks 

Previous work has indicated the presence of antibodies in human sera, ca­
pable of reacting with the envelope antigens of murine and primate C-type 
viruses [1-5]. These antibodies are present in the majority of all adult sera 
tested to date, but are absent in cord blood. These, plus related observations 
(discussed in [3,6]) are compatible with the idea, that horizontally transmis­
sable viruses, which are immunologically related to, but not identical with the 
currently known C-type tumor viruses, may have elicited the anti-viral anti­
bodies. 

Because no human type C tumor virus strains have so far been isolated, it 
is imperative that the precise nature of the anti-viral immune response is 
defined and documented beyond any doubt. This is of considerable import­
ance, as two laboratories have been unable to detect anti-tumor virus anti­
bodies in man [7,8]. We have therefore tried to think ofways which, in addi­
tion to the sensitive RIAs previously used by us, would indicate the presence 
of specific anti-viral antibodies in man. 

In this communication, we present evidence that the anti-viral human 
antibodies belong to the immunoglobulin G dass, and that they bind with 
differing affinities to the SSV (SSA V) gp70, the prime target antigen used 
for the human antibodies. Furthermore, evidence is presented showing that a 
recently developed immuno-electron microscopical method (IEM) seems 
suitable to confirm previous positive data, and that sero-epidemiological 
investigations may enable us to easily detect sera with anti-viral antibody 
titers. 
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B. Experimental Approaches 

Virus Antigens 

Simian sarcoma virus (Simian sarcoma associated virus) SSV (SSA V) is a 
mixture of two C-type primate tumor viruses first isolated from a woolly 
monkey fibrosarcoma in 1971. The major envelope glycoprotein gp70 ofSSV 
(SSA V) was purified [9] and kindly made available by Drs. H.-J. Thiel and 
W. Schäfer, Max-Planck-Institut für Virusforschung, Tübingen. 

Sera 

The human sera employed in this study originated either from blood donors 
from the Tübingen area or were obtained through the international services 
of Behringwerke, Marburg. IgG and IgM were purified according to pub­
lished procedures. Anti-human IgG and IgM antisera were prepared in 
goats. 

Hyperimmune goat anti-SSV (SSA V) or anti-gp70 SSV (SSA V) control 
sera were obtained from Dr. F. Deinhardt, Pettenkofer-Institut, Universität 
München, and from Dr. J. Gruber, Office of Logistics and Resources, Na­
tional Cancer Institute, Bethesda, respectively. 

Radioimmunoassays 

A detailed description of our indirect radioimmunoassay procedure has been 
published previously [3,6]. Anti-immunoglobulin antisera were used to cross­
link and sediment antigen-antibody complexes. 

Antibody Affinity Determinations 

The relative affinity (KR, litres/mole) were measured by a double antibody 
precipitation method, as previously described [10], using 10 ~l of serum. 
Briefly, the assay consisted ofthe determination offree and antibody-bound 
antigens at equilibrium over a range of antigen concentrations from 2.5 to 
20 ng. Total antibody-binding site concentration was obtained by extrapola­
tion to infinite free antigen concentration ofa Langmuir plot ofthe reciproca1 
of the bound antigen versus the reciprocal of the free antigen. 

~=_l .~._1_+_1_ 
b k c Abt Abt 

where b = bound antigen, c = free antigen, k = affinity and Abt = total 
antibody binding sites. 

Antibody affinity was calculated from this curvilinear plot as the reciprocal 
of the free antigen concentration when half the antibody-binding sites were 
bound to antigen. 

Immuno-peroxidase (I-POD) Labe/ing 

Besides conventional conjugates ofPOD and anti-IgG antibody [11], a newly 
developed indirect labe1ing technique using protein A-POD was applied in 
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evaluating the immunoreactivity of human and control animal sera. This 
conjugate was prepared using glutaraldehyde (GA) in a two-step procedure 
involving GA-activation of the peroxidase (Boehringer, Mannheim) in the 
first step, removal ofunreacted GA by gel filtration and re action ofthe activ­
ated POD with protein A (Pharmacia, Uppsala). 

A detailed characterization ofthis conjugate and its potential use. in com­
parison with other types of I-POD and immunoferritin conjugates will be 
presented elsewhere (H.G. and W.v., manuscript in preparation). 

Normal rat kidney cells infected by SSV (SSA V) (NRK-SSV (SSA V) cells) 
were grown for 24 to 48 hrs in Microtest No. I plates (Falcon Plastics, Oxnard, 
Calif.) and processed for immuno-Iabeling after GA fixation as published 
previously [12]. Briefly, human as weIl as hyperimmune and negative animal 
control sera where used undiluted, except for the goat anti-SSV (SSA V) which 
was applied at a 1 : 20 dilution. These primary sera as weil as the anti-immuno­
globulin G POD-conjugates were each incubated for 30' at 37°C with the 
NRK-SSV (SSA V) cells. The catalytic activity of the bound enzyme was 
localized according to Graham and Karnovsky [13] using diamino-benzidine 
and H20 2 (Merck, Darmstadt). FoIlowing post-fixation in 1 % OS04 the cul­
tures were dehydrated in ethanol, embedded in si tu in Epon and processed as 
published previously [12]. 

C. Demonstration of Anti-Viral Human Antibodies 

Previous experiments [3] had indicated that the predominant anti-viral anti­
body activity in exposed animals is directed against so-called "interspecies­
specific" determinants on the envelope glycoprotein antigens (gp70s) of the 
mammalian C-type viruses. These interspecies-specific determinants are 
shared by viruses originating from different natural host species. A typical 
titration curve of normal human sera with the gp70 of SSV (SSA V) is shown 
in Fig. I. It can be seen that even the titers of sera which react weIl (e.g. NHS 
No. 29 and No. 30), are relatively low compared to titers observed after infec­
tion with dassical horizontally infectious viruses, e.g. rhino- or influenza­
viruses. NHS No. 41 (~ in Fig. 1) is unusual in that it possesses the highest titer 
by far, and recognizes more than the interspecies-specific determinants on 
gp70 SSV (SSA V). Since this serum is from a laboratory worker who used to 
work with SSV (SSA V) we have reason to suspect that the relatively high titer 
is the result oflaboratory exposure to this virus. 

In Table 1, the precipitation of gp70 SSV (SSA V) by whole sera is com­
pared to that of immunoglobulins isolated from the sera. The precipitation 
by isolated immunoglobulin G can account for the entire anti-viral serum 
reactivity. Only in four out ofover one hundred sera, could a slight anti-viral 
IgM reactivity be observed (R. K. and C. Schmitt, unpublished observation). 
The association of the anti-viral immunity with the immunoglobulin G dass 
is not only confirmed by the use of isolated IgG, but also by the use in the 
RIAs of goat anti-human IgG antisera which by themselves have no anti­
viral or anti-IgM activities. 
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Fig.l. Titration of human sera with gp70 SSV (SSA V). Goat anti-SSV (SSA V) antiserum: 
X. Human sera: NHS 41: .A: NHS 24: 1:::,: NHS 29: 0: NHS 30: e: NHS 63: .: normal goat 
serum: D. Input antigen: 7,72 ng gp70 SSV (SSA V) 

Preliminary sero-epidemiological investigations yield an interesting pat­
tern of the distribution of positive sera (Table 2). Whereas about 50% of the 
sera from the Tübingen area react c1early with gp70 SSV (SSA V), the per­
centage and titers fall drastically when sera from, for example Japan and 
Egypt are tested. In contrast, sera from South America so far possess 
unusually high titers. 

Table 1. Comparative immunoprecipitation of gp70 SSV (SSA V) by human sera and immuno­
globulins 

Serum 

normal goat serum 
goat anti-SSV (SSA V) 
NHS41 
NHS64 
NHS24 
NHS29 
NHS30 
NHS63 

Serum source 

goat 
goat 
laboratory worker 
la bora tory worker 
blood donor 
blood donor 
blood donor 
blood donor 

Precipitation 
by whole seruma 

(ng) 

<0,5 
4,86 
4,07 
UO 
3,22 
2,66 
2,22 

<0,5 

IgG 
(ng) 

<0,3 
4,42 
3,68 
0,7 
3,17 
2,72 
2,46 

<0,3 

IgM 
(ng) 

<0,3 
<0,3 
<0,3 
<0,3 
<0,3 
<0,3 
<0,3 
<0,3 

a Radioimmunoassay using 10 /11 (l : 40 final dilution) whole human serum or the equivalent 
amount ofIgG or IgM. Input antigen: 5.15 ng gp70 SSV(SSA V) 
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Table 2. Immunoprecipitation of gp70 SSV (SSA V) with human sera from different continents 

Sera 

normal goat serum 
goat anti-SSV (SSA V) 
NHS41 
NHS42 

SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 

S19 
S20 
S21 
S22 
S23 
S24 
S25 
S26 
S27 
S28 

S33 
S34 
S35 
S36 
S37 
S38 
S39 
S40 
S41 
S42 

Serum 
source 

Origin 
ofserum 

goat Germany 
goat Germany 
laboratory worker Germany 
blood donor Germany 

Japan 

Egypt 

South America 

gp70 SSV (SSA V) number posi-
precipitated tived sera/ 
(ng)a number tested 

<1,0 
20,9 
17,9b 

< I,OC 

1,28 
3,01 
1,35 
1,60 
1,45 
1,01 
1.33 
2,03 

1,05 
1.30 
0,95 
0,98 
1.76 
1,05 
1,35 
2,48 
1,28 
1,47 

5,91 
4,08 
5,07 

11.30 
6.34 
9,57 
3,37 
4,04 
4,20 
6,24 

3/9 

2/10 

1011'0 

a excess gp70 SSV (SSA V) precipitated by 10 f.LI (1: 40 dil) human serum 
b highest titer normal human serum 
c negative titer normal human serum 
d positive sera (10 f.LL 1: 40 final dilution) precipitate > 1,5 ng gp70 SSV (SSA V) 

When the affinites of antibodies in sera from blood donors and patients 
with various diseases were measured, it was found that a proportion reacted 
as high affinity sera with KR values between 5 X 108 and 2 X 109 (litres X 
mole) (Table 3). Scatchard plots of some of the sera listed in Table 3 are 
shown in Fig. 2. 
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Table 3. Average antibody affinities of human sera to purified envelope glycoprotein (gp70) 
of SSV (SSA V) 

Serum 

normal goat serum 
goat anti-SSV (SSA V) 
NHS22 
NHS24 
E5 
E 33 
M 102 
L38 

.14 

.12 

. 10 
1/b 

.08 

.06 

• 04 

.02 

A 

Serum source 

goat 
goat 
laboratory worker 
blood donor 
teratocarcinoma patient 
teratocarcinoma patient 
melanoma patient 
systemic lupus erythematosus 
patient 

A 

• 

• 

Average affinity 
KR (litres/mole) 

Not calculable 
2,4 X 109 

1,9X 109 

1,0x 109 

1,3 X 109 
1,0x 109 

5,1 X 108 

5,Ox lOS 

o .008 .016 .024 .032 .040 .048 .056 .064 .072 

lIc 

Fig. 2. Relative affinity, (KR)' of anti-gp70 SSV (SSA V) antibody in various human and animal 
sera. Horizontal axis: l/c (reciprocal of free antigen), vertical axis: IIb (reciprocal of bound­
antigen) .• : goat anti-SSV(SSAV), I: 100 initial dilution .• : NHS 41: .: NHS E5: /::,.: NHS L38: 
D:NHSM102 

In an effort to demonstrate anti-viral immunity by additional techniques, 
IEM was employed for the detection of anti-viral antibodies.' Human sera 
which reacted weIl in RIAs also react with the pro tein A:..POD technique 
(Figs. 3 and 4a). Conversely, RIA.negative human and animal control sera 
remained negative (Fig. 4 b). 
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Fig. 3. Low power micrograph showing section of three cells and aggregates of virus particles. 
Virus and cell surface show electron dense label after incubation with NHS No. 41 and pro tein 
A-POD reaction. Bar represents 5 11m; Magnification: X 15000 

D. Discussion and Future Prospects 

In this communication, additional data are presented which support previous 
evidence for a widespread human immune reactivity against C-type tumor 
virus related antigens. The antibodies which react via interspecies-specific 
determinants with the prototype viral antigen, the gp70 of SSV (SSA V), are 
here shown to belong to the IgG-c1ass. RIAs, in which purified gp70 SSV 
(SSA V) was recognized by purified human IgG, and where the cross-linking 
was achieved with the purified IgG-fraction from goat anti-human IgG (data 
not shown here) have been performed. IgM reactivity is found only rarely, if 
at all, and in the few cases where anti-viral IgM activity is observed, the titers 
are low. 

Preliminary sero-epidemiological studies indicate that the percentage and 
titers of positive human sera may be quite different in different areas of the 
world. It is obvious, that the limited number ofserum sampies from overseas 
(approx. 100), which have been tested so far prec1udes any premature con­
c1usions. Nevertheless, the differences in activity between sera from e.g. 
Egypt and South America, are striking. These studies will be extended. 

Anti-viral activity has previously been demonstrated for both human anti­
bodies and lymphocytes [5]. UsuaIly, RIAs as weIl as cytotoxic assays and 
lymphocyte stimulation techniques have been used. The successful IEM ap­
proach with human antibodies made visible by the use ofprotein A-peroxid-
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_ .. 

Fig.4. a) Higher magnification ofa section shown in Fig. 3 revealing heavy electron-dense reac­
tion products indicating positive immune reactions. b) Appearance of NRK-SSV (SSA V) ceIls 
and budding virion after incubation with normal rabbit serum and protein A-POD reaction. Bar 
represents 100 nm. Magnification: x 100000 

ase conjugates adds another method to the arsenal ofrefined immunological 
techniques which detect anti-viral human antibodies. These data confirm 
earlier results by Aoki and co-workers [11 who used ferritin-tagged antibodies 
to monitor the absorption of human antibodies to tumor viruses and virus­
infected target cells. 

One of the strongest pieces of evidence supporting the specificity of the 
antibody-binding to tumor virus antigens can be derived from the (prelimi­
nary in number) affinity data. The high average affinity constants observed 
with a proportion of human sera indicate that whatever the antigens were 
that induced the human antibodies, they must have been very similar in anti­
genicity to the determinants detected on tumor virus envelope antigens. 
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In closing, however, we would not like to leave the interested but experi­
mentally uninvolved reader with the impression that we are here arguing for 
the presence of horizontally transmissible C-type tumor viruses which have 
yet to be identified. Even though this certainly still represents a viable alter­
native - and there are a number of possibilities why horizontal virus trans­
mission may have been missed so far - other mechanisms are easily concei­
vable wh ich may have induced an anti-viral immunity in man. Such alter­
natives have been discussed in some detail previously [6, 14]. Suffice it to say 
that it cannot be excluded at present that antigens may exist which fortu­
itously cross-react ~ith tumor virus antigens. To our knowledge, however, 
no such cross-reacting antigens have yet been demonstrated for any animal 
C-type tumor virus. 

Our present investigations are directed towards elucidating the anti-viral 
immune status in groups ofpatients with various diseases, notably tumors. A 
constant change in immunity in a given group ofpatients, if observed, would 
then justify a detailed search for viral foot-prints in the corresponding dis­
eased tissues, e.g. in neoplasms. 
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Introduction 

The persistent controversy surrounding possible association oftype C viruses 
with human malignancies is the result ofa number ofnot always compatible 
observations -in many laboratories. Thus, while a number ofreports ofvirus­
like partic1es (occasionally with associated infectivity), reverse transcriptase, 
virus-like RNA, viral proteins, and proviral DNA sequences in human tissues 
exist [1], the results must be weighed in relation to negative findings by other 
investigators seeking similar evidence [2]. 

Our approach to the question ofhuman exposure to type C RNA viruses 
has been to investigate human sera for naturally occurring antibodies to such 
agents [3]. Others have followed a similar tactic [4,5]. It is generally accepted 
that, even if humans are naturally infected with a type C virus, overt virus 
replication, such as occurs in cats or gibbon apes, is a rare event, ifit occurs at 
all. With this in mind, we have employed a very sensitive radioimmunopre­
cipitation (RIP) assay in a search for type-C virus-reactive human antibodies, 
which we assumed might only be detectable in relatively low titers. 

We observed that many human sera are in fact reactive with surface anti­
gens of a particular group oftype C viruses and capable ofprecipitating intact 
radiolabeled virions [3]. By this assay approximately 75% ofnormal human 
sera precipitate significant amounts of purified leukemia viruses of woolly 
monkey (SSV-SSA V), murine (Rauscher-MuLV), and cat (FeLV) origin; in 
contrast, tests on endogenous type C viruses ofthe cat (RDI14) and baboon 
(BEV), on an avian leukosis virus (RA V-2) and on two enveloped RNA­
containing non-type C viruses (VSVand Sindbis virus) revealed no appre­
ciable titers (for representative data see Fig. 1). Demonstration of activity in 
the RIP assay with purified IgG and F(ab')2 fragments ofIgG indicated that 
binding ofvirus is mediated by antibody. The observed reactivity cannot be 
attributed to the presence of any known heterophil antibody specificity or to 
the presence of antigens specific to tissue culture cells [3]. 

Evaluation of Evidence for Viral Specificity in the RIP Assay 

The restricted reactivity ofthe human antibodies for a limited group oftype 
C viruses (Fig. 1) was strongly suggestive ofsome viral specificity. Compara­
tive RIP titers for a number ofhuman sera with the above viruses have shown 
that in general, sera react with SSV-SSAV, R-MuLV, and FeLV to roughly 



396 

100 

20 

100r 

80 

60 
x--,~ 

... 
40 ", 

x ... 
" 20 'X ... 

100r 
"0 

80~ ~ 
I2 
'0. 60 '0 
(I) x-- ... x ... ... ... 0. 40 " ::E "x , 
a.. , 
u 20 " , 
~ 'X, 
0 

0 

IOO~ 
80 

x----x -'x" 60 , , 
'\ , 

A 
SSV-SSAV 

B 
R-MuLV 

......... x_ 

c 
FeLV 

....... 

D 
RAV-2 

~ ---x, , 
" 'x, 

" 'x .. ........ 

E 
RD 114 

F 
BEV 

G 
SBV 

Snyder, H. W .. Je. et aL 

j- i 4 

H 
VSV 

40 '\ 
'\ , 

20 x .... .......... x_ 
-- ---

0
10 20 40 80 1603206401280 

~- -~- - ·X-"'_x 
~ ~---~--1---V--4 

10 20 40 80 160 3206401280 
I/dilution of serum 

Fig. I. RIP titrations of two normal human sera (e . .6.) and rabbit anti-FeS serum (x) with I f.Lg 
intact radiolabelIed virus: (A) 3H-amino acid labelIed SSV·SSAV. 4000 cpm. (B) 3H-amino acid 
labelIed R-MuLV. 3200 cpm. (e) 3H-leucine labelIed FeLV-AB. 4100 cpm. (D) 3H-amino acid 
labelIed RA V-2. 8000 cpm. (E) 3H-amino acid labelIed RD114. 2000 cpm. (F) 3H-Ieucine label­
Ied BEV. 3200 cpm. (0) 3H-Ieucine labelIed SBV. 3500 cpm. (H) 3H-Ieucine labelIed VSV. 
3700 cpm. Titrations were performed as described in Snyder et al. [3J 

similar titers. The similarity holds whether titers are high or low. The relation­
ship between the reactive antigens in these viruses was studied in quantitative 
absorption experiments in which increasing amounts of unlabelled virus 
were tested for the ability to compete with 1 flg of labelIed SSV-SSA V (left 
panel, Fig. 2) and unlabelled R-MuLV (right panel) for binding to antibody 
in a limiting dilution of a human serum. Unlabelled SSV-SSAV, R-MuLV, 
and FeLV competed completely in both assays, whereas RD1l4 competed 
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COMPETITION RIP ASSAYS OF HUMAN SERUM 

"0 

.~ 
a. 
u 
Q) 
"-

Cl. 

E 
~ 

E 
)( 

0 
~ 
~ 0 

80 

60 

40 

20 

(3HJ SSV-SSAV Probe 

x x --x 

SERUM ABSORBED 
WITH 

(e) SSV- SSAV/NRK 
(0) FeLV 
(.) R-MuLV 

(x) RD-114 

OL-____ ~ ____ ~ __ ~~~ __ ~ 
0.1 10 100 1000 0.1 

J-Lg virus odded 

(3HJ R- MuLV Probe 

SERUM ABSORBED 
WITH 

(el SSV-SSAV/NRK 
(0) SSV-SSAVlNC37 
(0) FeLV 
(.) R-MuLV 
(x) RD-114 

e 

Fig.2. Competition RIP assay ofantibodies in a limiting dilution ofa normal human serum for 
binding 1 ,....g 3H-amino acid labelIed SSV-SSAV (left panel) or R-MuLV (right panel) while in 
the presence ofthe amounts ofunlabelled virus preparations indicated on the abscissas 

only slightly and then only at the highest concentrations tested. The data sug­
gest that the human antibodies being measured are directed against deter­
minants wh ich resemble, however distantly, the broadly cross-reactive viral 
envelope antigens of the exogenously infectious type C viruses SSV-SSAV, 
R-MuLV, and FeLVrather than antigens ofendogenous viruses belonging to 
the RDI14/BEV dass. 

Additional evidence of viral specificity was provided by the demonstra­
tion that a fraction of SSV-SSAV containing predominantly viral gp70 com­
pletely absorbed human serum activity in a RIP assay while fractions con­
taining other viral structural proteins did not [3]. It should be no ted also that 
the competition experiments ofFig. 2 are consistent with the known antigeni­
cities of the respective gp70s [6J. Recently we purified SSV-SSAV which had 
been radiolabeled in tissue culture to high specific activity with 3H-glucos­
amine (lQ5 cpm/f.1g), lysed the virus with NP40 and centrifuged it at 100000 g 
for 1 hr. Labeled viral gp70 in the supernatant served as a probe for analysis 
of human sera for antibodies. A panel of human sera were analyzed for 1. 
RIP reactivity against intact SSV-SSAVand 2. precipitating activity against 
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the glucosamine-labeled gp70 probe. The sera tested were obtained from 
Dr. R. Kurth (Tübingen) and contained some sampies capable ofprecipitat­
ing a purified SSV-SSAV gp70 probe (Kurth, personal communication). 
While none of these sera reacted with our gp70 probe obtained by gel filtra­
tion in 6M guanidine-HCI [3], our new results show a strong correlation be­
tween the ability to precipitate intact virus and the ability to precipitate deter­
gent solubilized gp70 (Fig. 3). Partial purification ofthe gp70 from this super­
natant by phosphocellulose chromatography (0, 1-0,2 M salt elution) did not 
result in any loss ofthe antigen detected by the human sera. Further purifica­
tion is still required to establish unequivocally that viral gp70 is involved in 
these reactions. Interestingly (and not unexpectedly) observed titers with the 
intact virus RIP assay were higher than cou1d be observed by using a solubilized 
gp70 probe, suggesting that the former system can be more sensitive (Fig. 3). 
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Fig.3. Left: RIP titrations of 5 normal human sera with 1 f.1g intact radiolabeled SSV-SSAV. 
Right: Radioimmunoassay titration ofthe same sera with a solubilized 3H-glucosamine-Iabeled 
gp70 probe from 50 ng SSV-SSAV (approximately 5 ng gp70) 

Evidence for a Limited Role of Fetal Calf Serum (FCS) Components 
in the RIP Reaction 

RIP titration experiments with a rabbit anti-FCS serum indicated the pres­
ence of FCS components in a subfraction of our virus preparations (Fig. 1). 
Human serological reactivity with SSV-SSA V was shown to be diminished to 
a limited extent in quantitative absorption tests with FCS proteins. However 
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human sera quantitatively absorbed with FCS proteins retained RIP activity 
with a reduction in titer onIy averaging approximately 50%. By either 1. 
alcohol precipitation, followed by concanavalin A chromatography and 
Sephadex 0-150 filtration of FCS protein or 2. chromatography of serum 
proteins over a human IgG-containing immunoaffinity column, a glycopro­
tein of approximately 55000 MW has been identified which is a minor con­
stituent ofFCS « 0,1 % oftotal pro tein) [7]. This serum component is thus re­
active with a particular dass of human antibody, distinguishable by absorp­
tion tests from the dass of antibody which reacts with type-C virions [3]. 

Seroepidemiology 

In preliminary seroepidemiological studies we have observed that the RIP 
reactivity in normal sera varies significantly as a function ofage: we find that 
cord sera are barely reactive, maximum titers are reached between 5-10 years 
of age, a new minimum is reached at about 20 years ofage, and there is a slow 
rise in titer thereafter. In experiments involving small numbers ofindividuals 
the sera ofpatients with neoplastic or autoimmune disease, have, in general, 
shown no marked differences in titer compared with sera from normal in­
dividuals. Studies ofnatural antibodies to type C viruses, especially in inbred 
mice,'have shown that a complex group ofgenetic factors can affect immune 
responses to any particular virus dass. Thus further investigations induding 
family studies are planned to identify the basis of human serum reactivity 
with type-C viruses. . 
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Introduction 

Two immunological approach es can be used to search for type-C virus ex­
pression in man. Firstly, viral proteins present on intact cell membranes can 
be detected by using specific anti viral sera in cytotoxic or immunofluores­
cence assays. Secondly, an immune response to the viral ant:6ens can be 
detected by looking for antibody specific for type C viral proteins. Both types 
of studies have yie1ded positive and negative reports. 

Leukemic lymphocytes (Metzgar et al., 1976), a human fibrosarcoma cell 
line in early passage (Smith et al., 1977) and kidney sections from systemic 
lupus erythematosus (SLE) patients (Panem et al., 1976; Mellors and Mellors, 
1976) are reported to possess antigens cross reactive with either SiSV or 
BaEV/RDI14. 

Assays for human antibodies against whole or detergent disrupted primate 
viral particles such as Si SV, GALV or BaEV, have yielded positive results 
(Snyder et al., 1976; Aoki et al., 1976; Kurth et a1., 1977); whereas, other studies 
using purified proteins such as SiSV p30 and gp70 (Stephenson and Aaron­
son. 1976). NZBp30 (Charman et al., 1975), Mason Pfizer monkey virus p30 
(Charman et aL 1977) or FeLV gp70 and p30 (Krakower and Aaronson, 
1978) have produced completely negative results. 

We have surveyed fresh peripheral blood lymphocytes from normal per­
sons and a selection of leukemic patients using a panel of anti type C sera 
inc1uding high titer rabbit antisera raised against the SiSV component of 
HL23 V-I (Teich et al., 1975) and BaEY. 

We have also used a sensitive cell monolayer radioimmunoassay to look 
for differential binding of sera from normal individuals to pairs of virus in­
fected and uninfected celliines (Hogg, 1976). The major advantages of this 
latter approach are that viral antigens may be presented on cell membranes 
in a manner analogous to the way they are presented "in vivo" and that sera 
can easily be assayed for binding affinities on many types of virus infectedl 
uninfected cells. 

Materials and Methods 

Anti Type C Viral Sera 

Rabbit antisera specific for the SiSV component of HL23 V-I and BaEV 
were raised by inoculating rabbits intramuscularly with sucrose gradient 
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banded virus (1 mg X 6 mbnths). Other sera were obtained from sources 
listed in Table 1. Each antiserum was titrated by immunofluorescence on the 
appropriate virus infected and uninfected celliines and was adsorbed with 
the uninfected cell line until the uninfected cell was fluorescence negative. 
This usually required 2 to 4 adsorptions at a ratio of one part cells to four 
parts serum. 

Table 1. Leukemia screening sera (fluorescence) 

Rab anti-BEY (Pepsin) 
Rab anti-HL23-SSV (Pepsin) 
NRS (Pepsin) 

Rab anti-disrupted Mol-MuSV/MuLV 
Goat anti-Rauscher p30 (NCI 2S-658) 
Goat anti-FeLV (Jarrett) 
Goat anti-SSAV (NeI 5S-295) 
NGS 

Immunofluorescence Assay 

Adsorbed with 

Ne37,8155 
KNRK 
Ne37,8155 
KNRK 
TOEF 
MEF 
FEA 
Ne37, Tonsil 
Appropriate cells 

Antisera were used at dilutions of I: 20 to I: 80. (Fab1)2 fragments offluores­
cent goat anti-rabbit immunoglobulin (f-GaRIg) were obtained from Robert 
Sutherland (I.C.R.F.) and used at a dilution of 1: 20. Fluorescent rabbit anti­
sheep immunoglobulin (Miles-Yeda Ltd.) which was cross reactive with goat 
immunoglobulin was also used at a dilution of 1: 20. 

Cell Monolayer Radio Immunoassay 

These assays were done as described by Hogg (1976). The cell monolayers 
were fixed for 10 minutes with 0.25% glutaraldehyde in phosphate buffered 
saline (PBS), then washed with 2% foetal calfserum (FCS) in PBS before use. 
This fixing procedure preserves the antigenicity ofMoloney-MuLV gp70 and 
p30 (N. Hogg, unpublished). 

Human Peripheral Blood Lymphocytes (PBL) and Sera 

Blood sampies were obtained from laboratory workers and from leukemic 
patients at St. Bartholemew's Hospital, London. Upon arrival the PBL were 
prepared by Ficoll-Hypaque density gradient centrifugation and used either 
immediately or after ovemight storage at 4°C in an immunofluorescence 
assay. Sera were obtained ftom four selected individuals and stored at -20°C. 

Results 

Fresh human peripheral blood lymphocytes (PBL) were tested by immuno­
fluorescence for the presence oftype C viral proteins using rabbit antisera to 
HL23 V-I and BaEV viruses. In most cases, the PBL were also examined with 
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Fig. 1. Reaction ofrabbit anti HL23 
V-I (l :40 serum dilution) with 
KNRK-HL23 V-I cells (immuno­
fluorescence). The same antiserum 
was negative when reacted with 
uninfected KNRK cells 

antisera specific for feline leukemia virus (FeLV), subgroup A and B several 
murine leukemia viruses (MuLV) and other sera shown in Table 1. To date, 
30 sam pies from a variety of leukemic patients (ALL, AMC, CML and 
others) plus 19 normal controls have been examined. No virus positive cells 
have been detected. The activity ofeach antiserum was tested with Iaboratory 
cell lines infected with the appropriate virus. For example, the reaction of 
rabbit anti HL23 V-I with KNRK cells infected with HL23 V-I is shown in 
Fig. 1. Uninfected KNRK cells show no fluorescence with this antiserum. 

The second approach has been to look for antibody to type C viral pro­
teins using a sensitive cell monolayer radioimmunoassay to detect differen­
tial bin ding to pairs of virus infected and uninfected celliines in the sera of 
normal individuals. One ofthe selected individuals has been shown to possess 
anti-primate virus antibodies in a conventional radioimmunoassay (Kurth 
et aL 1977). A titration of rabbit anti HL23 V-I and rabbit anti BaEV on 
appropriate infected and uninfected cell monolayers is shown in Fig. 2, dem­
onstrating that this type ofassay is as sensitive as a conventional radioimmuno­
assay. Antibody binding to BaEV, HL23 V-I, FeLV (A and B) and AKR 
MuLV infected cell lines was assessed. There were dramatic differences in 
antibody titers betweenindividuals(l: 10to > 1: 270). However, the titers were 
similar on both infected and uninfected celliines (Figs. 3.1 and 3.2). Adsorp­
tion of sera with uninfected cells (KNRK and 8155) reduced antibody titers 
to virus infected cells to background levels (Figs. 3.1 and 3.2). lfthe sera were 
titrated in the presence ofincreasing quantities ofFCS (5, 10,25,50 percent­
age) the titers also dropped to background levels (Fig. 3.3). 

Discussion 

PBL sampIes from 30 leukemic patients and 19 healthy persons were exam­
ined by immunofluorescence for antigens related to HL23 V-I, BaEVand 
other type C viruses and no positive cells were detected. In another study, 
PBL from 20 SLE patients were also negative when examined with the same 
panel of sera (N. Hogg and N. Zvaifler, unpublished). Therefore, either viral 
antigens were not present in sufficient quantity to be detected or our anti sera 
were not specific for the relevant antigens. 
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Human sera were tested for differential binding to pairs ofvirus infected 
and uninfected cell monolayers. Although antibody titers varied dramatical­
Iy between individuals, each serum had an equivalent titer on both types of 
cells and this binding could be eliminated by adsorption of the serum with 
uninfected cells or by doing the assay in 50% FCS. Therefore, the only type of 
antibody that we are at present able to detect has specificity for a FCS com­
ponent which is adsorbed to tissue culture cells similar to that described by 
Irie et al. (1974) and Snyder and Fox (1978). 
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Introduction 

An in vivo interaction between tumor cells and humoral immune components 
was strongly supported by the findings that malignant tumor cells ofhuman 
and animalorigin are coated in vivo with Ig molecules. In some tumor host 
systems it was possible to show that at least some ofthe tumor bound Ig mole­
cules expressed antibody activity against the tumor cells [13]. 

The type and expression of such an immune interaction between tumor 
cells and immune components may be the outcome of the mutual effects 
which both parties might exert on each other. Cellular factors which may 
play an important role in such an interaction on behalf ofthe tumor cells, are 
lysosom al enzymes which exhibit pronounced activity within [1,10], and in 
the elose vicinity ofthe tumor cells [12]. Such enzymes originating from mouse 
andhuman tumor tissue, have the capacity to degrade in vitro the 
corresponding Ig [6,14]. 

In vitro studies on the interaction between antitumor immune factors and 
tumor cells [5] mainly emphasized its outcome on the viability and cellular 
functions ofthose cells. It is, thus, the interest ofthe present study to demon­
strate how tumor cells and tumor cell components may affect the structure 
and function of antibodies upon such an interaction. 

A. Degradation of Cytotoxic Antibodies by Tumor-Derived Lysosomal 
Extracts (LE) 

1. The Effect on Antibody Structure and Function 

The IgG fraction from rabbit antisera with cytotoxic activity against a mouse 
plasmacytoma (RaPCT-IgG) was incubated at pR 3,8 for 4-6 hr at 37°C, 
with lysosom al extracts (LE) from solid plasmacytomas of BALB/c mice 
(PCn [7]. 

The complement-dependent cytotoxic activity of LE treated RaPCT-IgG 
was markedly reduced after the treatment when compared to RaPCT-IgG 
incubated under the same conditions but in the absence of LE (pH treated 
control) and native RaPCT-IgG (Table 1). 

A kinetic study showed that with incubation time, increasing amounts of 
LE treated RaPCT-IgG were required to obtain 50% cytotoxicity, indicating 
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Table 1. The effect of plasmacytoma (PC1) derived lysosomal extracts on the complement~ 
dependent cytotoxicity ofrabbit IgG anti~PCT antibodies (RaPCT~IgG) 

Reciprocal of RaPCT~IgG dilution 
giving 50% cytotoxicity 

Exp. No.a Lysosome pH treated Native 

I 
2 
3 
4 
5 
6 
7 
8 
9 

treatedb controle 

2-4 
16 
2 

2-4 
<1 
4-8 
2-4 
4-8 
2-4 

128-256 
64 

128-256 
256 

64-128 
128-256 
128-256 

16 
128-256 

256 
64-128 

256-512 
128-256 
64-128 

128-256 
128-256 

64 
128-256 

a Individual experiments were done with a 
different antiserum pool. IgG protein con~ 
centration was constant within each ex~ 
perimental group. 

b Globulin incubated with lysosomal extracts 
(LE) at pH 3,8 for 6 hrs at 37°C. The reac~ 
tion mixture contained an 8~fold excess of 
IgG protein over LE protein. 

e Globulin incubated at pH 3,8 for 6 hrs at 
37°C without LE 

a time dependent process which genera ted non-cytotoxic products during the 
incubation. 

Physicochemical changes of LE treated RaPCT-IgG were observed by 
following the precipitability at different ammonium sulfate (AS) concentra­
tions, and the gel filtration pattern of 1251 labelIed IgG. 

A differential precipitation at 40% and 70% saturation of AS revealed that 
essentially all of the protein bound radioactivity in the pB treated control 
preparations precipitated at 40% saturation of AS, whereas only 60-80% of 
the LE treated IgG could be precipitated. Ten to 30% ofthe radioactive mate­
rial in the LE treated preparations precipitated when the AS concentration 
was increased to 70% saturation. 

1251 labelled LE treated and 1311 labelIed pB treated control preparations 
of RaPCT-IgG were filtered through Sephadex G-I00 columns. The filtra­
tion pattern of LE treated RaPCT-IgG revealed a shift towards the lower 
molecular weigh trange. 

The incubation of RaPCT-IgG with LE was, thus, observed to render the 
antibodies less cytotoxic to the tumor cells and genera ted molecules, which 
compared to the untreated RaPCT-IgG showed a decreased precipitability at 
AS and slower gel filtration characteristics. 

Attempts were made to spearate and study the nature and activity ofthose 
degradation products. 

/1. The Properties ofthe Degradation Products 

Separation of the degradation products from LE treated RaPCT-IgG was 
carried out by an initial step of differential AS precipitation at 40% and 70% 
saturated AS solutions followed by gel filtration on Sephadex G-I00 of the 
resulted precipitates. 

The fraction precipitated by 40% saturated AS solution (LE treated RaPCT­
IgG-40) emerged as a single distinct peak following filtration. The IgG in this 
fraction retained its antigenic characteristics and cytotoxic potential. 
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The fraction which could be precipitated by a 70% (but not a 40%) satur­
ated AS solution (LE treated RaPCT-IgG-70) was separated upon filtration 
into two major dispersed peaks, wh ich were divided into six subfractions 
(I-VI). Subfractions I-IV, which emerged first, contained antigenic IgG but 
lacked any expression of antigenic Fc. All of the above subfractions were 
incapable ofmediating complement-dependent lysis of PCT cells. 

The LE treated RaPCT-IgG subfractions precipitated at 70% saturated 
AS solutions seem, therefore, to contain IgG fragments devoid of Fc expres­
sion in terms ofboth antigenicity and biological activity. 

Some ofthese subfractions could, however, compete with native, cytotoxic 
RaPCT-IgG for cellular antigens. Preincubation of viable cells with 50 f.lg of 
the LE treated RaPCT-IgG-70 subfractions which emerged first from the 
column and designated I and 11, protected the treated cells from lysis when 
subsequently subjected to native, cytotoxic RaPCT-IgG and complement 
(Table 2). These subfractions seem, therefore to maintain their antigen bind­
ing capacity. 

Table 2. The specific blocking activity of rab­
bit IgG anti-plasmacytoma (RaPCT-IgG) 
treated with lysosomal extracts (LE) 

IgG sourceb 

RaPCT 
RaDNP-BSA 

% Blocking of cytotoxic 
RaPCT-IgGa 

LE treated IgG subfraction 
addedc 

62 
o 

11 

87 
o 

III 

o 
o 

IV 

6 
o 

a Blocking was achieved by preincubation 
of target ceHs with 50 fLg of the tested sub­
fractions prior to the addition of native 
RaPCT-IgG which lysed 80% ofthe ceHs in 
the presence of complement. 

b LE treated IgG was obtained from rabbit 
antisera directed against plasmacytoma 
ceHs (RaPCn and a conjugate of DNP­
bovine serum albumin (RaDNP-BSA). 

c LE treated IgG subfractions were obtained 
by precipitation by 70% saturation of 
ammonium sulfate foHowed by filtration 
through a Sephadex G-IOO column 

B. Degradation of Antibodies by Viable Tumor Cells in Culture 

The results presented here indicate that tumor cells contain proteolytic en­
zymes capable of degrading anti tumor antibodies as well as other IgG mole­
cules in cell free systems. We tested next whether or not such a proteolytic 
potential is expressed by the viable cell under physiological conditions. 

Viable or formalin fixed EL-4 lymphosarcoma cells from C57B 1 /6 mice 
were sensitized with 1251-Iabelled 19G isolated from rabbit antisera against 
EL-4 cells (RaEL-4-1gG) and washed of excess unbound IgG. The sensitized 
cells were incubated at 37°C or 4°C in a Marbrook type culture apparatus [8], 
composed of a large external chamber which housed an internal one. The 
chambers which contained culture media were separated by a dialysis mem­
brane and the sensitized cells were placed in the smallinner chamber. At the 
end ofthe incubation we monitored the radioactivity level bound to the cells, 
in the cell culture medium (supernatant), and in the external chamber (dia-
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lysate). Degradation of IgG into dialysable low molecular weight fragments 
should be detected by the appearance ofradioactive materials in the external 
chamber. 

A time-dependent study ofthe degradation ofIgG by viable and formalin 
fixed cells showed a progressive generation of radioactive materials of low 
molecular weight. Up to 40% ofthe labelled proteins initially bound to viable 
cells were degraded at 37°C into dialysable fragments, concomitant with a 
gradualloss of radiolabelIed antibody from the cells (Table 3). 

Table 3. Degradation ofIgG by viable cells in culture 

Cell boundc 

Cell supernatante 
DialysateC 

IgG present in culture compartments 
(% ofinitially cell bound radioactivity)a 

Viable EL-4 cells 

2 hrsb 24 hrs 

79 
17 
4 

30 
27 
43 

Formalin fixed EL-4 cells 

2 hrs 24 hrs 

78 
21 

1,0 

75 
24 

1,0 

a Viable and formalin fixed EL-4 cells were sensitized with 125I-labelled rabbit IgG anti-EL-4 
cells. The cells were washed of excess IgG and incubated in a Marbrook type culture at 37°C. 

b 2 and 24 hrs after the onset of the experiment samples were taken and monitored. 
C At the end of each incubation period the radioactivity bound to the cells (cell bound), present 

in the cell culture medium (cell supernatant) q.nd in the external culture chamber (dialysate) 
was monitored and expressed as percent ofinitial cell bound radioactivity 

The disappearance of functional antibodies from the surface of sensitized 
cells was confirmed by measuring the residual cytotoxicity of RaEL-4-IgG 
upon incubation with cells in culture. 

EL-4 cells were sensitized with a cytotoxic preparation of RaEL-4-lgG 
and incubated at 37°C and 4°C for 24 hr. At the end of the incubation cell 
cytotoxicity was determined following the addition of guinea pig complement. 
The cytotoxicity level of the IgG preparation wh ich initially yielded 90% 
killing of the cells dropped to 25% killing after incubation at 37°C and 70% 
at 4°C. 

Attempts to locate the si te for antibody degradation indicated that the 
process occurred at the cellievel. A pair labelled mixture composed of 1251_ 
RaEL-4-IgG and 131I-RaDNP-BSA-IgG was added to viable cells in a short 
term culture and incubated for 24 hrs at 37°C. The data presented in Table 4 
indicated that only a fraction of the specific RaEL-4 antibody was degraded 
by the viable EL-4 cells as revealed by the appearance of low molecular 
weight fragments in the dialysate. The non-related anti-DNP-BSA incapable 
of binding to the cells remained intact in the cell supernatant. 

Whether degradation occurred on the cell surface or within the cells was 
exaniined next. It was found that a certain proportion of the 125I-labelled 
RaEL-4-IgG remained bound to the sensitized cells after 24 hrs ofincubation 
(see Table 3). These bound antibodies could be eluted from the cells by a low 
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Table 4. Preferential degradation ofrabbit anti-EL-4 antibodies by cells in culture 

Cell bound 
Cell supernatant 
Dialysate 

IgG present in culture compartmentsb 

(% ofradioactivity added) 

125I-RaEL-4-lgGa 

6,5 ± 0,3 
82,5 ± 1,2 
11,0 ± 1,3 

131I-RaDNP-BSA-IgGa 

1,5 ± 0,8 
97,0 ± 0,2 

1,5 ± 0,5 

411 

a Viable EL-4 cells were incubated in culture in the presence of an IgG mixture which con­
tained IgG from rabbit antisera against EL-4 cells labelled with 1251 (125I-RaEL-4-lgG) and 
against DNP-bovine serum albumin labelIed with 1311 (131I-RaDNP-BSA-IgG). Cultures were 
incubated for 24 hrs at 37°C. 

b At the end ofthe incubation, radioactivity levels on the cells (cell bound) in the cell culture 
medium (cell supernatant) and in the external culture chamber (dialysate) were monitored 
and expressed as percent ofradioactivity added 

pH buffer treatment. A comparison ofthe amounts ofelutable antibody with 
the amount of non-elutable antibody revealed a relative increase in the a­
mount of non-elutable antibody as a function of incubation time. It was 
possible to reveal the existence of the intracellular radiolabelled material by 
its release upon celllysis, which indicated that endocytosis of the antibody 
was responsible for the non-elutable antibody fraction. Most ofthe released 
intracellular material could not be precipitated by AS solutions of 50% 
saturation, which suggested an intracellular location of degraded IgG frag­
ments. Such fragments are released thereafter and detected as dialysable 
materials in the external culture chamber. 

Discussion 

Proteolytic enzymes oftumor cell origin playa very important role in the in­
vasiveness and metastatic spread of malignant cells [9]. It was important, 
therefore, to study the effect they may have on humoral immune compo­
nents. 

In the model system used in this study, it was shown that in a cell free sys­
tem tumor derived lysosomal enzymes deprived antitumor antibodies of 
their capacity to mediate complement dependent cytotoxicity, probably by 
degrading their Fc fragment. These antibodies, however, could specifically 
block humoral cytotoxicity at the level of the targef cello In other studies it 
had been shown that alloantibodies rendered non-cytotoxic by lysosomal 
extracts could specifically protect target cells from lysis by alloimmune lym­
phocytes [3]. 

The study was extended to investigate the capacity ofviable tumor cells in 
short term culture to express their proteolytic activity and degrade antitumor 
antibodies under physiological conditions. 

The results show that the elimination of antibody from antibody-coated 
viable cells under metabolism permissive physiological conditions in culture, 
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is associated with antibody degradation. As a consequence ofthis process 10w 
molecular weight degradation products were generated, but no blocking fac­
tors capable of abrogating humoral cytotoxicity could be detected. 

The tumor site serves as an interaction ground for immune effector mech­
anisms, wh ich infiltrate the tumor si te [4, 13], and tumor-derived proteases. If 
indeed the described process occurs in vivo, as suggested by the findings of 
partially degraded IgG molecules on tumor cells and in their dose vicinity 
[2. 11], then the consequence of such an interaction between proteases and 
antitumor components will be a continuous consumption ofthe latter, result­
ing in their selective depletion. 
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The discovery that sequences co ding for C-type viruses were endogenous to 
the genome of a variety of vertebrates raised several important questions. 
Principal among these were the relationship of endogenous viruses to onco­
genic C-type viruses and their putative function during normal differentia­
tion and development of their host cells. Recently a possible link between 
endogenous virus expression and the development of spontaneous leukemia 
has been proposed by the work of Hartley and Rowe with AKR mice [l]. 
Reasons for the retention and expression of these viruses in normal cells, 
however, have been lacking. 

A few years ago we reported that several B-cell mitogens induce the ex­
pression of endogenous virus in murine spleen cell cultures [2,3]. These mito­
gens (lipopolysaccharide E. coli, tuberculin, lipoprotein E. coli) also trigger 
DNA synthesis and the differentiation of precursor B-cells into immuno­
globulin-secreting end cells [4]. Recently we have shown that with hot thy­
midine suicide and inhibitor experiments, the stimulation ofDNA synthesis 
is aprerequisite for virus production [5]. With these facts in mind, we began 
an examination ofthe molecular mechanism ofvirus induction as weIl as the 
relationship between virus expression and the immune response. Here we 
discuss these data in light of our hypothesis that the expression of endogen­
ous viral antigens plays a physiological role in the humoral immune response 
ofmice. 

The molecular mechanism by which mitogens induced virus was investig­
ated by assaying for viral transeripts in lymphocytes. DNA complementary 
to viral RNA was synthesized by the viral endogenous reverse transcriptase 
and used as a virus-specific probe. Hybridizations between controllympho­
cyte RNA and cDNA showed a low level of viral transcripts, homologous to 
approximately 25% ofthe probe (Table 1). This expression ofviral sequences 
in unstimulated control lymphocytes was found both with BALB/c cells, 
which release virus following mitogen stimulation, as weIl as with cells from 
129 mice, which do not release virus. BALB/c lymphocytes treated with 
mitogens increased their expression ofvirus sequences significantly (Table 1). 
We conclude from these results that expression of viral sequences and, pre­
sumably, viral protein(s) is a trait common to murine lymphocytes and that 
additional sequences are synthesized in response to mitogen induction. 

The fact that mitogens mimick antigenic stimulation led us to hypothesize 
that virus expression may reflect a physiological process necessary in the gen-
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Table 1. Endogenous viral transeripts in murine lymphocytes [9] 

Source of RNA Treatment 

Indicator fibroblast liDe 
control 
virus producing 

control 
+ LPS/BUb 

BALB/c spleen cells 

l29/J spleen cells (uninducible strain) ± LPS/BUb 

DeLamarter, J. F. et al. 

Saturation 
hybridization valuesa 

8% 
70% 

23% 
55% 

25% 

a DNA complementary to induced virus was hybridized to saturation with the indicated RNAs 
in excess RNA reactions. 

b Lipopolysaccharide E. coli in combination with bromodeoxyuridine 

eration of immunoglobulin-secreting cells. We tested this hypothesis by in­
jecting mice with a rabbit antibody directed against endogenous virus. Such 
animals showed reduced numbers ofimmunoglobulin-secreting cells follow­
ing antigenic stimulation [6,7]. Experiments with this immunosuppressive 
serum are summarized in Table 2. Immunosuppression was observed with 
different antigens, in all mouse strains tested, and was also observed in in 
vitro systems. Absorption experiments confirmed the viral specificity of the 
immunosuppressive component. Since F(ab')2 fragments were equally effec­
tive in immunosuppression, cytotoxicity can be ruled out as the mechanism 
ofimmunosuppression. Systems measuring cellular immune responses were, 
however, not affected. Surprisingly, the antibody was only immunosuppres­
sive when administered early during the 4-5 day immune response against 
sheep red blood cells. This suggested that it interfered with the events which 
lead to triggering the B-cells to divide, possibly in T-B-cell cooperation. This 
conc1usion was supported by recent experiments using the KLH-DNP car­
rier-helper system, performed in collaboration with Dr. Peter Erb, which 
revealed that activated T-helper cells were one target ofthe serum. A second 
target was the B-cell, since the serum also suppressed the T-independent anti-

Table 2. Immunosuppression by rabbit antiserum directed against BALB/c endogenous xeno­
tropic virus 

Response suppressed: 

Strains suppressed: 

Specificity: 

Mechanism: 

sheep red blood cells, horse red blood cells, 
KLH-DNP, non-soecific polyclonal 
anti-DNP 

BALB/c, C57BL, AKR, DBA, 129 

effect absorbed by purified virus, 
no effect on cellular immunity 

independent of complement, acts early 
during the immune response, possible 
blocking ofT-B-interaction 

References 

6, 7 and unpublished 
results with Dr. P. Erb 

7 

6, 7 and unpublished 
results with A. Brownbill 

7 and unpublished 
resuIts 
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DNP response against bead-coupled DNP (unpublished results). These re­
sults are consistent with data from Wecker and coworkers who demonstrated 
the presence of viral glycoprotein gp70 on T- and B-cells participating in an 
anti-KLH-DNP response [8]. 

It was concluded that blocking ofviral structures present on T-helper cells 
and antigen reactive B-cells suppresses the immune response. Two alterna­
tive mechanisms are consistent with our data. Blocking of viral antigens 
could lead to steric hindrance of a functional structure. Alternatively, viral 
antigen itself may represent a structure necessary for the generation of a 
humoral immune response. The present data do not allow us to distinguish 
between these explanations. However, the hypothesis that endogenous virus 
plays a physiological role remains a plausible interpretation. 

Our studies on the induction of endogenous virus in mouse lymphocytes 
have established several features ofthis phenomenon. When mitogens stimu­
late B-cells of inducible mouse strains to synthesize DNA and differentiate, 
endogenous viruses are activated. Virus induction requires cellular DNA 
synthesis in the stimulated cells. These lymphocytes then transcribe new viral 
sequences not previously found in the population. However, unstimulated 
cells contain viral sequences that may represent memory cells as yet unactiv­
ated. 

The expression of endogenous viral antigens on lymphocytes does not 
appear to be fortuitous since antisera against these viruses block humoral 
immune responses. These data are consistent with viral antigens mediating 
B-cell activation either through a T-cell interaction or directly. On T- and 
B-cells for example, viral antigens could be involved in cell-cell recognition. 
Alternatively, they could be secreted from the T-helper cell and deliver a bio­
chemical signal necessary for B-cell activation. Should this hypothesis prove 
correct, it is conceivable that understanding how viral genes function in 
lymphocyte activation will also shed light on how leukemia viruses are in­
volved in cell transformation. 
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Three immunological areas were represented in this session. The one dealt 
with the detection and characterization of leukemia-specific or leukemia­
associated antigens; the second with the detection of antibodies directed a­
gainst antigens associated with leukomogenic viruses in animals; the third 
topic dealt with two aspects of tumor-host relations. 

1. Membrane Antigens of Leukemic Cells 

Rodt and his associates described an ALL-associated antigen (or group of 
antigens) detectable by a xenogeneic antiserum re agent. This re agent, after 
absorption, reacted only with ALL cells but not with a variety ofnormal adult 
or fetal cells. Cells from 46 patients out of 66 assayed were shown to be posi­
tive. However, it would be desirable to obtain data on the biochemical or 
immunochemical nature ofthe antigens. 

Greaves described this morning the occurrence of an ALL-associated 
antigen which, in view of its presence on certain fetal cells and in regenerat­
ing haemopoietic tissue, was described as a differentiation rather than an 
ALL-specific antigen. In spite of this prima-facie difference between the 
antigens described by the two groups, it would be of interest to find out 
whether or not the Rodt antigen corresponds to the differentiation antigen 
found by Greaves. It would be important to determine whether or not an 
absorption of Greaves' antiserum with cells originating from regenerating 
haemopoietic tissue would removenactivity against these cells but leave a 
residual activity towards the leukemic cells. This situation would fit that de­
scribed by Rodt. On the other hand, the possibility cannot be excluded that 
by using more sensitive assays with their antiserum, the Rodt group will be 
able to detect activity with some fetal cells. 

Kabisch and his colleagues discovered that an ALL-associated antigen 
circulates in leukemic patients. It seems that this glycoprotein antigen (molec­
ular weight of 135000) is shed from leukemic cells and reaches the circula­
tion. As the characteristics of this antigen are very similar to those of the dif­
ferentiation antigen on leukemic cells described by Greaves, it may be useful 
if these groups would exchange reagents in order to ascertain this point. 

It may be ofinterest to determine ifthe ALL-associated antigen is immuno­
genic in humans. In view ofits presence in the circulation it may not be easy 
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to detect the corresponding circulating antibodies. To answer this question it 
will probably be necessary to dissociate putative circulating immune com­
plexes. 

2. Antibodies Reactive With C-Type Viruses 

Two attempts to find circulating antibodies reactive with C-type viral anti­
gens in the normal human population were presented. Snyder's results, in 
conformity with those presented this morning by Kurth, indicated the pres­
ence of antibodies directed against exogeneous animal C-type viral antigens. 
Hogg and her colleagues, on the other hand, in a carefully executed study, 
were unable to detect such antibodies in human beings. Neither did they 
detect viral components on fresh peripheralleukocytes from normal individ­
uals or from leukemia patients. The reason for this discrepancy is not dear. 

Several points oftechnical or methodological nature are probably relevant 
in connection with these and similar findings. 
Cross-reactivity and spec~ficity: Investigators detecting serological reactivity 
against viral antigens must rule out the possibility that this reactivity sterns 
from the exposure to heterophile cross-reacting immunogens present in 
human-associated bacteria, in ingested food, drugs, etc. This was indeed 
done by the present authors. 

On the other hand, it should be remembered that a wide spectrum of 
cross-reactivity does not mean that the re action is non-specific. In this con­
nection it may be useful to consider any immune reactivity involving the 
active-site of the antibody molecule as a specific reaction. Thus, a more ex­
tensive use ofF(ab')2 fragments in selological assays would be encouraged. 
Absorption: The studies summarized here and many of those reported else­
where involve absorptions as an essential step in defining the specificity and 
cross reactivity patterns of antiserum reagents. Absorptions are valuable only 
if a fuH depletion of reactivity against the absorbing antigen was achieved. 
Any study involving absorptions should therefore indude an assay to ascertain 
a complete and exhaustive absorption. 

The Moroni group has previously shown that expression of endogenous 
C-type viruses in lymphocytes is increased as a result of a response to B cell 
mitogens. In another study they asked the question whether or not viral gene 
expression is physiologically required for an immune response. They could 
show that an antiserum directed against an endogenous xenotropic BALB/c 
virus suppressed the immune response of mice against sheep erythrocytes 
in-vivo as weIl as in-vitro. A new finding given in the poster presented by 
DeLamarter is that an antiserum directed against Friend leukemia virus 
acted as aBceIl mitogen. The antibody performing this function was, how­
ever, not sufficiently characterized and its specificity not defined. 

This work, as weH as the studies of others showing that C-type viral 
expression on lymphocytes increases after an immune stimulation, may pos-
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sibly explain antibody formation against such viruses in normal individuals. 
It is thus not unlikely that virus-associated antigens may reach immunogenic 
doses in immunized or mitogen-stimulated animals. Hence, an immune 
response against these antigens may actually be a result of a proliferative re­
sponse oflymphocytes, either to unrelated antigens or to mitogens. 

3. Tumor-Host Relations 

The next two presentations deal with cellular immune functions ofleukemic 
patients. 

In the work of Knight and his colleagues, it was indicated that a certain 
proportion ofpatients with untreated acute phase myelogenous leukemia are 
non reactive towards allogeneic cells. Fractionation of leukocytes from non 
reactive patients on nylon wool columns yielded, in some cases, allorespon­
siveness either in the adherent or in the non-adherent fractions. No explana­
tion was offered for this phenomenon. Reconstitution experiments could 
show whether a suppressor cell population was separated or inactivated dur­
ing the fractionation procedure. 

Culturing ofperipheral blood lymphocytes from leukemia patients in the 
presence of a factor present in conditioned medium brings about increased 
T cell functions of the cultured cells. This finding is of particular interest 
since human T-cell cultures are usually not easy to maintain. 

The increased reactivity ofthe cultured T-cells from patients is in line with 
results of others showing that functions oflymphocytes from tumor-bearing 
individuals may be increased following culturing. This phenomenon may be 
due to the removal ofblocking molecules from the membrane ofthe lympho­
cyte. 

The purpose of the study of Oliver was to augment specific cellular reac­
tivity of acute myeloid leukemic patients toward their malignant cells. To 
achieve this aim Oliver employed the principle of "Pool-priming" described 
this morning by Bach, namely, that generation of cytotoxic T-cells requires 
two types of cellular antigens, the LD and the CD determinants, which could 
even be present on different cells. It was found that Daudi cells, a lympho­
blastoid cellline provided HLA D (LD) determinants wh ich were apparently 
missing from the autologous blasts. Thus, the addition of Daudi cells to 
mixed cultures composed of remission lymphocytes and of autologous blasts 
augmented considerably the cytotoxic activity of the lymphocytes which 
were identified as T cells. Cold-target inhibition assays suggested that the 
target antigen was not present on the allogeneic Daudi cells. 

Oliver also demonstrated that addition oflymphocyte interferon to the 3-
cell mixed culture augmented cytotoxicity. The mechanism for this pheno­
menon is not known. It is ofinterest to mention that interferon seems also to 
augment the cytotoxic activity mediated by natural killer cells. 

The work of Keisari, although not involving human leukemia, is of rele­
vance to this Meeting as will be pointed out. 

Some malignancies, including leukemias, evoke an immune response 
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against antigens associated with the malignant cello It can be shown that as a 
result ofthis response certain immune effector mechanisms such as immuno­
cytes or antibodies make contact with tumor cells in-vivo. For example, several 
authors have found that certain leukemia cells are coated in-vivo with Ig, 
possiblyantibody. 

In-vivo coated tumor cells seem to lose their surface-bound Ig upon trans­
fer to culture conditions. The disappearance of the coating Ig molecules 
might be a result of three nonmutually exc1usive mechanisms: 

1. Endocytosis; 2. shedding; 3. degradation ofthe cell-bound Ig molecules 
by cellular proteases. 

Keisari's findings indicated that tumors contain proteolytic enzymes ca­
pable of degrading anti-tumor antibodies as weIl as other IgG molecules in 
cell-free systems, and that the degradation products of the anti-tumor anti­
bodies blocked lymphocyte-mediated and complement-dependent cytotoxi­
city at the target cell level. These experiments were carried out in cell-free 
systems and at a low pH. Further experiments showed that antibody-coated 
viable lymphoma cells under physiological conditions in culture were ca­
pable of degrading their antibody coat into low molecular weight degradation 
products. Lack of degradation of unre1ated antibodies present in the culture 
medium suggested that under the experimental conditions employed, bind­
ing of antibodies to their target cells is an essential prerequisite for their de­
gradation, and that degradation took place in the dose vicinity of, or inside, 
the cells. 

1t is not unlikely that antibodies localized on the tumor cell, may be affected 
considerably by proteases originating in tumor cells. The results of Cotropia 
et aL showing that 19 molecules coating human leukemic cells are partially 
degraded, indicate that degradation of Ig by malignant cells can occur in­
vivo. The most obvious consequence of such adegradation would be a con­
tinuous consumption of anti-tumor antibodies, resulting in their selective 
depletion. 

The last paper to be reviewed is that of Joshua dealing with the definition 
of certain cell surface antigens of human leukocytes. He used Milstein's ap­
proach of producing hybridomas by fusing non-secreting murine plasma­
cytoma cells with cells producing antibodies to such antigens. This approach 
is being very rapidly introduced to all areas of immunology inc1uding, of 
course, tumor immunology. 

In the present study the authors produced several cell-hybrids recognizing 
individual membrane antigens. They were also able to assign the expression 
of several surface antigens ofleukocytes to particular chromosomes. 
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A. RNA Tumor Viruses 

RNA tumor viruses, or retroviruses as they are now called, are known to in­
duce a variety ofneoplasms in their natural host species. Thus the lymphoid 
leukosis prevalent in cattle, cats and chickens, and the thymic lymphomas 
and mammary carcinomas ofmice are typically caused by retroviruses. Rare, 
extremely acute neoplasms, such as sarcomas, and erythroid and myeloid 
leukemias, are also recognized to result from retrovirus infection, as weIl as 
non-malignant diseases, such as osteopetrosis in chickens, anemia in cats, 
autoimmune and paralytic diseases in mice. The problem of identifying 
retroviruses with neoplastic potential in humans remains equivocal, although 
tantalising items of evidence continue to be thrown up, as described by se ver­
al contributors to this volume. While much of the impetus and funding for 
research in viral oncology is based on the search for human tumor viruses, 
retrovirus research toda y is proving most useful for providing conceptual 
models of oncogenesis and experimental systems for probing the molecular 
and ceIl biology of neoplasia. 

B. Transmission of Retroviruses 

Although the genetic information ofretrovirus particles is contained in RNA 
molecules, upon infection of the host cell this information is transcribed by 
the viral enzyme, RNA-directed DNA polymerase (reverse transcriptase) 
into a double-stranded DNA provirus. This provirus, like the genomes of 
DNA tumor viruses, becomes inserted into host chromosomal DNA, so that 
the "integrated" viral genes become adopted by the host as extra genetic in­
formation. Integration is probably not the oncogenic event itself, although 
the insertion of new DNA sequences at inappropriate sites could very con­
ceivably cause disruption of cellular regulatory mechanisms. Nevertheless, 
integration is the means by which viral genes may be heritably transmitted to 
daughter cells. Furthermore, during the evolution ofretrovirus-host relations, 
retrovirus genomes have on occasion become integrated into cells ofthe host 
germ line, with the result that the viral genes are now inherited from one 
generation to the next as host Mendelian factors. Such stable, inherited viral 
genomes (called endogenous viruses), with the exception of certain inbred 
strains ofmice, are not known to be oncogenic, but may give rise to oncogenic 
agents on reactivation to viral form, and may become recombined with other 
DNA sequences to form new genetic elements that are potentially oncogenic. 
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Thus retroviruses can exist in latent form by masquerading as host genetic 
information. These endogenous viral genes may be unexpressed for many 
host generations, or some viral antigens may be synthesized in certain types 
of host cello On occasion, complete virus may be activated, either spontane­
ously, or by treatment of the host cell with ionizing radiation or chemical 
carcinogens and mutagens. The reactivation phenomenon led to a hypothesis 
that all cases of oncogenesis by diverse agents might be accounted for by 
activation of endogenous viruses. This now seems unlikely, and the most 
efficient virus inducing agents, such as halogenated pyrimidines, have little 
carcinogenetic potential. The latency and inheritance of retrovirus genomes 
considerably complicates any analysis of epidemiology, not least because 
some of the newly activated viruses frequently cannot reinfect cells of the 
species in which they are inherited, but may be infectious for foreign species, 
a phenomenon called xenotropism. 

Leukemogenic retroviruses, with the important exception of murine leu­
kemia viruses, are typically transmitted as infectious agents. Thus leukosis is 
a contagious disease in cats and cattle which is spread horizontally by elose 
contact with infected individuals. Horizontal infection of chickens results 
most frequently in effective viral immunity, but 'vertical' infection of eggs 
leads to immunological tolerance and as a consequence of, perhaps, a persist­
ently high viral load, such congenital infection typically causes lymphoid 
leukemia. Congenital retrovirus infection also occurs in several mammalian . 
species via either the placenta or milk, and activation of endogenous virus in 
mouse embryos can even lead to a 'reverse vertical' infection ofa non-viremic 
mother. 

The evolutionary origin of retroviruses is often obscure. The exogenous 
retrovirus causing bovine leukemia appeared as a new enzootic agent in Dan­
ish cattle some years ago and might have been transmitted from another 
species. The endogenous virus of cats has been acquired from primates re1ated 
to baboons, whereas the exogenous viruses of the gibbon-woolly monkey 
group are related to endogenous rodent viruses. Clearly there has been much 
hopping in and out of host genomes of different species in the evolution and 
spread of retroviruses. 

C. Retrovirus Genes 

The proteins of retroviruses are, of course, antigenic, and the preparation of 
specific antisera for radioimmunoassays and other immunological techni­
ques has been of great use for studying viral gene expression and virus rela­
tionships. The other major analytical tool in molecular virology is nueleic 
acid hybridisation. With the preparation of specific radioactive probes, the 
presence and expression of retroviruses and of single retrovirus genes can be 
accurately monitored, and the evolutionary relationships between retroviruses 
in different host species can be precisely assessed. Many of the papers pre­
sen ted in this volume therefore, describe studies employing refined immuno­
logical and molecular hybridization techniques. 
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Non-defeetive retroviruses have a simple unit genome eomprising three 
well-defined genes eoding for virion proteins. The gag gene eneodes a large, 
preeursor polypeptide whieh beeomes proteolytieally cleaved to genera te the 
internal or eore antigens ofthe virion. These pro teins are named aeeording to 
their estimated molecular weight, e.g. murine p30 denotes the major core 
protein of30000 daltons ofmurine leukemia virus (MuLV). Preeursor poly­
peptides are similarly labeled pr65, or pr90, etc. The env gene encodes the 
proteins located in the envelope of the virion which is derived by budding 
from the plasma membrane of the host cell; thus murine gp70 denotes the 
glycosylated envelope protein of MuLV of approximately 70000 daltons. 
The pol gene encodes the polymerase (reverse transcriptase). 

The three genes are ordered in the genomic RNA molecular in the sequence 
5'-gag-pol-env-3'; apart from some nucleotide sequences at the 3' end ofthe 
moleeule, they appear to account for the entire genome. The genomic RNA 
ean act as a messenger RNA for translation of gag and pol proteins, but the 
env proteins appear to be translated from a separately transcribed mRNA 
speeles. 

D. Oncogenesis 

Retroviruses ean be roughly divided into three groups on the basis of onco­
genicity. Those that eause acute neoplasms with short latent periods between 
infeetion and the appearance of the tumor are called 'strongly transforming' 
viruses. In most cases these viruses will also transform appropriate cells in 
culture. Those that cause tumors only after long latent periods (months rather 
than days in mice and chickens, the most closely studied host species) are 
ealled 'weakly transforming' viruses, and in vitro transformation systems have 
not to date been devized for these viruses. Some endogenous retroviruses 
such as those of cats and chickens, may be regarded as 'non-transforming' 
viruses, but this view may have to be modified when they are studied in more 
detail. 

I. Strong(v Tran~forming Viruses 

These viruses oecur only very rarely in nature, but their reeognition, isolation 
and experimental use has led to major advances in our understanding ofviral 
oneogenesis. The best known and most venerable ex am pie of a strongly 
transforming virus is the Rous sarcoma virus (RSV) of chickens; others are 
avian myeloblastosis and erythroblastosis viruses, and murine Friend ery­
throleukemia, Abelson lymphoma and Moloney, Kirsten and Harvey sarcoma 
viruses. RSV has a gene, designated src for sarcoma induction, in addition to 
the three genes essential for viral replication. Studies of deletion mutants and 
temperature-sensitive mutants have shown that the src gene is essential for 
fibroblast transformation and for sarcomagenesis, but is not required for 
viral replieation. Reeent data from Erikson and his eolleagues (reported in 
this volume) indicate that the src gene product is a cytoplasmic protein of 
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60000 daltons that possesses protein kinase activity. Precisely how this pro­
tein effects transformation and what are the crucial targets in the cell for 
phosphorylation remains to be determined. Nevertheless it is a remarkable 
advance in experimental oncogenesis that an enzyme has been identified 
with an oncogene. 

In most strains of RSV, the src gene is carried as an extra gene to the 
viral genes, in the order 5' -gag-pol-env-src-3'. All other weIl studied strongly 
transforming viruses are defective for replication, that is, new genetic infor­
mation specifying neoplastic transformation (onc genes) appears to be inserted 
in the viral genome in place of essential genes for replication. Apart of the 
gag gene and the 3' end ofthe viral genome are maintained, giving a typical 
structure 5' -ga-onc-3' (see Duesberg's paper, this volume). The infectivity of 
such defective viruses relies on the presence of replication-competent 
'helper' viruses, and the disease spectrum caused by such viruses depends 
on the properties of this complex virus population. Transformed cells can 
be obtained in culture by cloning cells infected with the infectious virus com­
plex at dilutions that prevent infection by the helper virus in addition to the 
defective virus. Such transformed, 'nonproducer' cells have been analysed 
for expression of virus related proteins, and recently several new proteins 
possibly carrying oncogenic functions have been detected, as reported in this 
volume. The polypeptide coded by the supposed onc region of the viral 
genome actually starts in what remains ofthe gag gene. Since the polypeptide 
therefore bears some gag antigens, it can be identified by immunoprecipita­
tion with anti-gag antisera from lysates of transformed cells. Such gag-onc 
'polyproteins' have been detected in cells transformed by avian myelocytoma 
and erythroleukemia viruses (see Grafs paper in this volume) and murine 
Abelson leukemia cells. These pro teins are not re1ated to the src pro tein or to 
each other, and each may have individual functions resulting in neoplastic 
transformation. This would account for the high degree of specificity of the 
target cell for transformation, as each virus causes a specific type of cancer or 
leukemia. 

Oncogenes appear to originate from the host, as genetic elements related 
by molecular hybridization to viral oncogenes are found in the host genome, 
though not linked to endogenous viral elements. Possibly the natural host 
sequences code for normal proteins important in the function or differentia­
tion of particular cell types. When picked up and modified in viral genomes, 
and then re-inserted into appropriate target cells, they may cause disruption 
to regulatory cell functions blocking oreven reversing the normal pathway of 
differentiation. One popular view is that some oncogene products may repre­
se nt or mimic mitogenic hormones specific for the target tissues. Further 
analysis of the oncogenes of strongly transforming viruses should tell us 
much, both about differentiation and neoplasia, especially in hemopoietic 
cells. 



Introduction to Oncogenesis by RNA Tumor Viruses 427 

II. Weakly Trans[orming Viruses 

These viruses do not appear to carry oncogenes distinguishable from the 
three viral genes, gag. pol and env. Commonly occurring weakly transforming 
viruses are the murine mammary carcinoma virus, murine thymic lymphoma 
viruses, avian bursal leukosis viruses, and the leukemia viruses of cats and 
cattle. In contrast to the strongly transforming viruses, the tumors they cause 
appear after long latent periods, and only very few of the cells that become 
infected subsequently give rise to tumors. The tumors are probably c10nal in 
origin, whereas with strongly transforming viruses such as RSV the tumors 
grow as quickly by infection and transformation of new target cells, as by 
mitosis of the originally transformed cello There is growing evidence for the 
murine viruses inducing thymic lymphomas that genetic recombination in­
volving the env gene takes place, often between xenotropic and mouse-tropic 
endogenous viruses, giving rise to new virus variants which may interact with 
and transform different cell types than those recognized by the parental 
viruses. The recombinant env-coded glycoproteins may playa dual role, both 
in allowing the virus to recognize and infect specific target cells bearing ap­
propriate receptors for the glycoproteins and acting as a perpetual mitogenic 
stimulus to such cells. 

E. Human Retroviruses 

Homo sapiens is the only intensively studied vertebrate species from which C­
type viruses cannot regularly be isolated. However, there are now a sufficient 
number ofvirus isolates and reports ofvirus footprints (see Gallo's contribu­
tion to this volume) to take the presence ofretroviruses quite seriously. Ifthat 
is so, the viruses must normally remain latent. Thus two basic questions really 
remain open: whether retroviruses are natural infections ofman and whether 
they playa role in leukemogenesis. In the search for human retroviruses, 
more use might be made ofmarker-rescue techniques in using animal helper 
viruses for complementation or rescue of possible defective or fragmented 
viral genomes in human cells. Even ifviral genomes do not operate in human 
leukemogenesis, the studies ofviralleukemia in animals, and ofthe mechan­
ism of action of oncogenes acquired by retroviruses, will prove to be of great 
importance in our understanding the nature ofleukemia. 
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Introduction 

Avian leukemia viruses comprise a dass of retroviruses isolated in their 
majority from field cases of the domestic chicken. A group of these agents, 
which are defective for replication and are therefore referred to as "defective 
Ieukemia viruses" (DLV), cause a variety of types of acute leukemia and 
other neoplasms of nonhematopoietic origin within weeks or months after 
infection. All DLV-strains isolated so far are capable of in vitro transforma­
tion of hematopoietic tissues (for review see Graf and Beug, 1978). In our 
recent studies, we have mainly concentrated on two model virus strains: 
avian erythroblastosis virus (AEV) and myelocytomatosis virus strain MC29. 
Clone-purified AEV causes an acute erythroleukemia but also sarcomas 
(Graf et al., 1977). MC29 causes myelocytomatosis and tumors ofpredomi­
nantly epitheloid origin (for references, see Graf and Beug, 1978). 

The aim of this artide is to summarize the present state of our research on 
AEVand MC29 with regard to their interaction with hematopoietic cells and 
to present a new hypothesis about their target cell specificity and mechanism 
of leukemogenesis. 

Results and Discussion 

Characterization of Hematopoietic Cells Transformed by AEV and MC29 

The first question we asked was: do hematopoietic cells transformed by AEV 
and MC29 in vitro express erythroid and myeloid differentiation parameters, 
respectively, as do leukemic cells from virus-infected birds on the basis of 
morphological and staining criteria? 

To study this question, chick bone marrow cells were infected with the 
respective virus es and colonies of transformed cells isolated and grown into 
mass cultures as described before (Graf, 1973; Graf, 1975; Grafet al., 1978b). 
These cultures were then examined with regard to the expression of aseries 
of erythroid and myeloid differentiation parameters. The results obtained, 
some ofwhich have been published in a preliminary form (Grafet al., 1976a, 
b; Graf et al., 1977; Graf et al., 1978b) are summarized in Table 1. As can 
be seen, AEV-transformed cells are erythroid in nature, whereas MC29-
transformed cells have myeloid properties and in several respects resemble 
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Table 1. Differentiation parameters in AEV- and MC29-transformed chick bone marrow cells 

Differentiation parameters Virus used for infection 

AEV MC29 

Erythroid Hemoglobin + 
Histone H5 + 
Erythrocyte cell surface antigen + 

Myeloid Phagocytic capacity + 
Fc receptors + 
Macrophage/granulocyte cell surface antigen - + 

macrophages. With both viruses, in particu1ar with AEV, the transformed 
cells express differentiated functions but at a 1esser degree than terminally 
differentiated cells of the corresponding lineage. For example, AEV-trans­
formed cells exhibit levels of hemoglobin which are about 100 times lower 
than those of ad ult erythrocytes (Graf et al., 1978 b). 

Leukemia cells from AEV-infected birds, when brought into culture, were 
indistinguishable from the in vitro transformed cells for all differentiation 
parameters mentioned in Table 1. 

Characterization ofthe Hematopoietic Target Cellsfor Transformation 
bv AEV and MC29 

The second question asked was: do both our modelleukemia viruses affect 
pluripotent hematopoietic stern cells, inducing them to differentiate ex­
clusively into one or the other differentiation lineages, or do AEVand MC29 
transform erythroid and myeloid progenitor cells, respectively? 

That the latter alternative is correct could be shown by the separation of 
the target cells prior to infection and by the demonstration that they already 
express lineage specific membrane antigens. The corresponding body of 
evidence (Graf et al., 1978b; Graf and Beug, 1978, and unpublished results 
of Beug, v. Kirchbach, Meyer-Glauner, Royer-Pokora and Graf) cannot be 
described here in detail and is only briefly summarized in Tab1e 2. 

Taken together, our results suggest that the hematopoietic cells trans­
formed by AEVand MC29 as weIl as the normal hematopoietic target cells 
for transformation by these viruses represent immature erythroid and myel­
oid cells, respectively. 

Table 2. Characterization ofthe hematopoietic target cells of AEV and MC29 

Properties of the target cells of 

AEV 

Nonadherent 
Not phagocytic 
Erythroid cell surface antigens 

MC29 

Adherent + nonadherent 
A ffaction is phagocytic 
Macrophage/granulocyte cell surface antigenes) 
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The above results, in conjunction with the finding that AEV transformed 
erythroblasts could be induced to differentiate by addition of butyric acid 
(Graf et al., 1978b), raised the possibility that AEVand MC29 transform 
hematopoietic cells by blocking their capacity to differentiate. 

The third question, therefore, was: is a viral gene product required for the 
maintenance of the "transformed" state of the leukemic cells? And if so, can 
the leukemic cells be induced to differentiate further by inactivating this gene 
product? 

If both ofthe above assumptions were true, it should be possible to isolate 
mutants of AEV or MC29 temperature sensitive (ts) for the maintenance of 
the undifferentiated state in the respective transformed cells. Attempts to 
isolate such mutants were made in the AEV system, mainly because simple 
assays were available for the qualitative and quantitative detection ofhemo­
globin in chicken hematopoietic cells. 

It was indeed possible to isolate a mutant ofthe desired type (Graf et al., 
1978a). At 35°, cells transformed by this mutant (designated ts 34 AEV) ex­
hibited low amounts of hemoglobin as detected by benzidine staining or by 
radioimmunoassay. After 3 days of shift to 41 0, with both tests, a drastic in­
crease in hemoglobin levels was observed (Fig. 1 and 2; and Grafet al., 1978a). 
Control experiments showed that the ts-Iesion was located in the defective, 
transforming ts34 AEV virus and not in its helper virus (Graf et al., 1978a). 
As shown in Fig. 2, the shift-induced increase in hemoglobin was reversible 

1 

•• 

•• 
Fig.1. Effect oftemperature on the expression ofhemoglobin in ts 34 AEV-infected chick bone 
marrow cells. Erythroblasts from a single transformed colony were grown up at 35° and aliquots 
were seeded at 35° (A) and 41 ° (B). Three days later the cells were stained with benzidine by the 
method ofOrkin et al. (1975) 
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Fig. 2. Kinetics of hemoglobin ex­
pression in ts34 AEV-erythroblasts as 
determined by benzidine staining 

after shift back of the cells to 35 0
• Because of the high body temperature of 

the chicken (41,8 0
), the mutant could also be tested for its leukemogenicity 

under "non-permissive" conditions. As shown in Fig. 3, ts 34 AEV is in fact 
significantly less leukemogenic than the parental wild type AEY. 

The data discussed so far support the notion that AEVand MC29 specifi­
cally transform immature hematopoietic cells already exhibiting lineage 
specific differentiation markers, and that these cells are blocked in their abil­
ity to terminally differentiate by the action of a viral gene product. This con­
cept is schematically depicted in Fig. 4. Similar ideas have been proposed in 
earlier communications (Grafet al., 1976a, b; Grafand Beug, 1978b). 

The model shown, contains no information about the molecular basis of 
the observed target cell specificity nor about the mechanism of leukemic 
transformation by AEVand MC29. In the following, a few hypotheses relevant 
to these topics will be discussed. 

100.--------0 - .----------, 

i I I = 0 • 

~ I 0----.:q,. / _ g _ !!A~ Is34 AEV 

... ~ 0 - \ 
;. :: 50 / 

• - 0 ~ ~ o. / /e-

~! )/ / ~ .i je 
... .. 

U D 0 '--__ 0 __ 0 • I I • ---t;:------' 
5 10 15 20 
Days after inoculation 

Fig.3. Leukemogenicity of ts34 
AEV. Three groups of 8-day old 
chicks were injected i.v. with 
0,1 ml of growth medium contai­
ning either 1000 colony forming 
units of cell-free ts34 AEV (13 
chicks) or 10 colony forming units 
of cell-free wild type AEV (9 
chicks). All animals were observed 
at 2-3 day intervals for the appe­
arance of erythroblastosis by pre­
paring blood smears and for their 
death over aperiod of 3 months. 
Chicks with ts34 AEV. circles: with 
AEY. squares 
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Erythrocyte 
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/~ Fig.4. Diagram illustrating the li­

neage specific leukemic transfor­
mation of hematopoietic cells by 
AEV and MC29. Curved arrows: 
proliferation: broken arrows: dif­
ferentiation. bars: block of diffe­
rentiation 

Basic Possibilities to Explain the Target Cell Specificity of AEV and MC29 

The simplest explanation for the transformation target cell specificity of AEV 
and MC29 would be that these viruses are unable to replicate in cells which 
they cannot transform. We have tested this model using chick macrophage 
cultures free of erythroid cells and fibroblasts. They were shown earlier 
to be resistant to transformation by AEV but not to MC29 (Graf et al. , 1976a, 
b). Macrophages were infected with AEVand tested for the amount and type 
of virus produced at various days after infection. The results in Fig. 5 show 
that after an eclipse period of about two days both transforming AEVand its 
helper virus are synthesized by the infected macrophages. In a similar experi­
ment, MC29 was found to be synthesized by AEV-transformed erythroblasts 
after superinfection with MC29 virus (unpublished results). 

That DLVs can replicate (in the presence of a helper virus) in hemato­
poietic cells not susceptible to transformation rules out the possibility that 
they are restricted in nontarget cells at the level ofpenetration. In addition, if 
it is assumed that integration is aprerequisite for replication (Bishop, 1978) 
these results, together with those obtained with the ts mutant of AEV dis­
cussed above, indicate that integration of the viral genome alone cannot be 
sufficient to induce a leukemic cell transformation. They are neither compa­
tible with any simple model in which an integration specificity accounts for 
the target cell specificity of DLVs. Instead, it appears as if the continuous 
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Fig. 5. Replieation of AEV in maerophages. Tertiary 
maerophage eultures derived from the bone marrow 
of a 3 week old ehiek were infeeted with a RA V-2 
pseudotype of AEV. Virus infeetivity was determined 
at daily intervals thereafter and the medium was 
ehanged after eaeh harvest. Closed circles: foeus 
forming units/ml: open eircles: plaque forming units 
per ml (the number of plaques is a measure of the 
infeetivity ofthe helper virus) 

expression of a viral gene product (probably a protein) is required for the 
maintenance ofleukemic transformation and the restrietion is therefore like­
ly to occur either at the level ofprotein expression or protein recognition. In 
the first case, viral transformation protein would be synthesized in target cells 
only. In the second case it would be synthesized in hematopoietic cells from 
all lineages but since it would not be recognized in nontarget cells, it would 
induce a transformation in specific target cells only. 

We favor the latter possibility and have constructed a new hypothesis which 
will be outlined in the following. 

A Hypothesis Explaining Leukemogenesis and Target Cell Specijicity 
of DLV's (Fig. 6) 

Recent findings have shown that the src gene of avian sarcoma viruses is pres­
ent in the genome of normal cells (Stehelin et al., 1976). Similar data are 
em erging for AEV and MC29-specific sequences (the putative transforming 
sequences or "onc" genes). 

We now propose that certain genes involved in hematopoietic differentia­
tion, arbitrarily termed b, have been picked up (and modified) by DLV's dur­
ing evolution, now constituting the transforming sequences ofthe virus (b*). 
Consequently, transforming proteins of DLV's (B*) represent modified 
hematopoietic differentiation proteins which differ for different virus strains. 
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1. Transforming protein is coded by sequence of a hematopoietic differentiation 
gene acquired by the virus during evolution. 

hematopoietic differentiation 
gene 

transforming sequence of 
virus 

bE --------+~ bE (AEV) 

bM ~ bM (MC29) 

hematopoietic differentiation 
protein 

transforming protein of 
virus 

BE--------+ BE 
BM--------+BM 

(AEV) 

(MC29) 

2. Differentiation in normal hematopoietic cell is a process in which specific 
gene produots react in a sequential manner. 

AI [A B] --+ C -+ terminal differentiation 

B 

3. Transforming protein blocks differentiation in hematopoietic target cell. 

AE -,+[AE BE1+--+proliferation of leukemia 
I cells 

BE BE 

(AEV in erythroblast) 

4. Transforming protein is ineffective in hematopoietic nontarget cell. 

AM T [AE BM]-+CM-+terminal differentiation 

BE BM 
(AEV in macrophage) 

435 

Fig.6. Schematic representation of a hypothesis explaining the target cell specificity of DLV's 
and the mechanism ofleukemogenesis as consequences ofa differentiation block 

Thus, AEV would code for a modified erythroid differentiation protein (B*E) 
and MC29 for a modified myeloid pro tein (B*M)' It should be emphasized 
here that the designations used serve only formal purposes and cellular pro­
teins such as BE and BM are not meant to be homologous in a functional way. 

The second assumption is that a necessary step in hematopoietic differen­
tiation is a process in which specific gene products react in a sequential man­
ner. For example, a differentiation protein B interacts with a receptor A form­
ing a complex [AB] which in turn can be converted to or induces another 
differentiation factor C etc., finally leading to terminal differentiation. 

In the DLV-infected hematopoietic target cell (exemplified in Fig. 6, point 
3 by an erythroblast infected with AEV), viral transforming protein (B*E) is 
synthesized in large amounts, thus displacing by competition its normal cel-
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lular counterpart (BE) from its corresponding receptor (AE). We postulate 
that because ofthe modification in B*E the complex formed is nonfunctional 
and therefore causes a block in differentiation. In the infected hematopoietic 
nontarget cell (exemplified in Fig. 6, point 4 by an immature macrophage 
infected with AEV), there is no receptor of the AE-type for BE to react with 
and terminal differentiation can therefore proceed undisturbed. 

Our hypothesis allows several predictions to be made which are experi­
mentally testable. 

First. sequences related to viral onc sequences should be present in the 
DNA of normal cells. This seems to be indeed the case for both AEV (Saule, 
Roussell and Stehelin, personal communication), and for MC29 (Sheiness 
and Bishop, personal communication). In addition, these sequences appear 
to be highly conserved during evolution as might be expected from genes 
which playa role during differentiation. 

Second. RNA homologous to the onc sequences of AEV should be ex­
pressed in normal erythroid target cells; and those of MC29 should be ex­
pressed in normal myeloid cells. This possibility is currently being explored 
in collaboration with the group of D. Stehelin. 

Third. DLV's which differ in their target cell specificity should have dif­
ferent onc genes and those with a similar specificity should have related ones. 
Preliminary experiments have shown that MC29-specific cDNA (probably 
homologous to the oncMC29 sequences) does not hybridize to AEV RNA but 
to MH2 RNA (Sheiness and Bishop, personal communication). MH2 is a 
virus which has similar biological properties as MC29 (Vogt et al., 1977; for 
discussion, see also Graf and Beug, 1978). Conversely, AEV-specific cDNA 
does not hybridize with RNA from MC29 (Sau1e, Roussell and Stehelin, 
personal communication). 

Fourth, viral transforming pro teins should not only be expressed in target 
cells but also in virus-infected nontarget cells. 

Fifth. transforming protein of AEV should crossreact with a cellular pro­
tein synthesized in erythroid cells but not in other hematopoietic cells while 
that of MC29 should crossreact with a pro tein present in normal myeloid 
cells. Candidates for such transforming proteins are a 75000 d protein syn­
thesized in AEV-transformed cells (Hayman et al., 1978) and a 110000 d 
protein found in MC29-transformed cells (Bister et al. , 1977). We are CUf­

rently trying to develop antibodies against these polypeptides which would 
be ofmuch help in testing predictions 4 and 5. the perhaps most crucial pre­
dictions of our hypothesis. 

Our hypothesis can also be extended to explain leukemogenesis by non­
defective leukemia viruses with a long period oflatency. In this ca se we pos­
tulate that copies oftheir DNA provirus may integrate in or adjacent to genes 
ofthe b-type, thus causing a modification ofthe corresponding gene product. 
The production of aberrant B-type proteins would then lead to an arrest of 
differentiation and to the proliferation of immature "leukemic" cells. The 
long period of latency of nondefective leukemia viruses would be explained 
by the assumption that this process occurs only rarely. 
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Concluding Remarks 

What is the significance of the studies described with defective avian leukemia 
virus[or the problem of human leukemia? 

Earlier hopes that infectious leukemia viruses playa role in the etiology of 
the human disease could not be substantiated. In addition, most if not all 
human leukemias are monoclonal disorders (for review, see Fialkow, 1976). 
Despite these obvious differences a basic similarity to virus-induced avian 
leukemias remains: it is becoming increasingly evident that cells from dif­
ferent types of human lymphoid and myeloid leukemia express differentia­
tion parameters similar to those of normal hematopoietic cells at different 
stages of differentiation (for review, see Greaves and Janossy, 1978; Greaves 
et al., this volume). These cells can be induced in tissue culture to further 
differentiate by the addition of chemicals such as dimethylsulfoxide (Collins 
et aL 1978), in a similar way as Friend leukemia virus- or AEV-transformed 
erythroleukemia cells (Friend et al., 1971; Graf et al., 1978 b) or myeloid cells 
transformed by Rauscher leukemia virus (Fibach et al., 1972). This suggests 
that in both virus-induced leukemias and spontaneous leukemias, the dif­
ferentiation of early hematopoietic cells is blocked during leukemogenesis. 
In the light of our hypo thesis for the mechanism oftransformation by DLV's, 
that specific transformation proteins representing modified hematopoietic 
differentiation proteins of the cell cause a differentiation block in the leu­
kemia cells, analogous proteins might be altered in human leukemia cells 
such as by somatic mutations in the respective genes. . 

Elucidation of the mechanism of leukemic transformation by defective 
avian leukemia viruses may thus lead to a better understanding of human 
leukemia as a disease of differentiation. 
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Infectious Leukemias in Domestic Animals 
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Introduction 

Viruses have been regarded as substantial candidates for the aetiology of 
cancer in man since the demonstration that the prime factors in the patho­
genesis of naturally occurring leukemias in certain domestic animals were 
viruses of wh at is now known as the retrovirus group. Early in this century 
leukosis in domestic poultry was shown experimentally to be infectious and 
enzootie bovine leukosis was long considered by many veterinarians in 
continental Europe to be transmissible on epidemiological grounds. Later the 
discovery of feline leukemia virus added further substance to the suggestion 
that leukemia in most, if not all, animal species might be caused by viruses. 
Since then viruses have been isolated from spontaneous leukemia in captive 
gibbons but no further leukemogenic viruses have been isolated from any 
other domestic animal and the evidence for viral aetiology of leukemia in 
man is still equivocal. 

Obviously it is naive to consider that the natural history ofleukemia in all 
species might be the same: That virus might be isolated from each case of 
neoplasia as easily as it is found in leukemia in chickens or that the thread of 
transmission might be followed as easily as in cats. There is, however, a great 
deal to be learnt from the epidemiological studies which have been carried 
out in these species which is relevant to studies of leukemia in man. In this 
brief review I will discuss some of the evidence from which we derive our 
interpretation of the natural occurrence of virus-induced leukemias in ani­
mals and will outline similarities and differences between the disease in each 
species. Where appropriate the relevance to human leukemia will be discus­
sed. 

Avian leukosis 

Avian leukosis was the first malignant disease shown to be infectious. The 
disease has always occurred among laying birds in poultry flocks throughout 
the world with an incidence of about 4-10% of all deaths. The most common 
form is lymphoid leukosis in which the cells involved are lymphoblasts derived 
from the bursa of Fabricius in which the initial transformation event occurs. 
During the first years of this century leukosis was transmitted to chickens 
using cell-free material derived from spontaneous tumours [1]. Much later as 
methods for demonstrating the avian leukosis viruses (ALV) and anti-viral 
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antibodies were developed, the extent of infeetion in ehieken floeks beeame 
obvious [2,3]. The virus is present in all eommereial ehieken floeks and al­
most all members of the floek beeome infeeted before they reaeh sexual 
maturity. ALV is maintained in ehiekens by a eycle oftransmission in whieh 
virus is transmitted epigenetieally through the egg. Ifthe egg is free ofmaternal 
antibody the growth ofvirus is unrestrieted in the developing embryo and the 
newly hatehed ehieken beeomes persistently infeeted. No antiviral immune 
responses are deteeted in sueh birds, whieh develop into hens produeing eggs 
of whieh. again, a high proportion will eontain virus. Thus the eycle is eom­
plete. It is in these viraemie, non-immune birds that leukosis oeeurs. 

Immunity is, indeed. the major faetor determining the proportion ofhens 
whieh are at high risk of developing disease. Some viraemie hens in a floek 
have in addition to the virus, virus-neutralising antibodies whieh are also 
transmitted in the egg. The proportion of eggs from these birds whieh eontain 
virus is mueh lower than in non-immune birds. Further, maternal antibody 
appears to restriet early replieation ofvirus in eongenitally infeeted ehieks so 
that they are not rendered tolerant to viral antigens and, like their dams, 
develop antibodies. 

It is eonsidered that eontaet transmission is oflittle relevanee in the natur­
al history of ALV or in the pathogenesis ofleukosis. Undoubtedly horizontal 
transmission does oeeur but present evidenee suggests that this results mainly 
in immunity [4]. 

Bovine Leukosis 

A form of leukemia known as enzootie bovine leukosis has been known for 
many years to be prevalent in eattle in Europe. Leukosis in eattle is a lympho­
sareoma whieh oeeurs in four forms: adult multieentrie, adoleseent thymie, 
ealf multieentrie and a skin type. The adult multieentrie form predominates 
in herds affeeted by enzootie leukosis. Typieally in these herds multiple eases 
of the disease oeeur so that time-spaee clusters are evident; the ineidenee of 
the disease may be as high as 10% of the population at risk per annum [5). 

During the early part ofthe eentury it beeame c1ear that enzootie leukosis 
was spreading westwards from eastern Europe. By the time the disease reaehed 
Denmark and Sweden more detailed prospeetive epidemiologieal observa­
tions were made from whieh it was eoncluded that the disease spread from 
hight to low ineidenee areas following the importation of eattle [6,7]. German 
and Danish veterinarians showed that haematological changes occurred in 
eattle in multiple ease herds [6,8]. In particular a persistent lymphoeytosis 
was established in many eows whieh was eonsidered to be a pre-Ieukemic sign. 

Enzootie leukosis is now found throughout eastern Europe, in Sweden, 
Germany, Franee and Italy, and North Ameriea. The British Isles were free 
of the disease until very recently when it was diagnosed in eattle imported 
into Seotland from Canada. In eountries and certain areas within eountries in 
whieh the enzootie disease has not been found, a sporadie form of lympho­
sarcoma is also seen which is discussed below. 
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The major factor in the occurrence of enzootic leukosis is undoubtedly the 
presence in mem bers of the herd of bovine leukemia virus (BL V). Early ex­
periments on transmission ofleukosis by cell-free extracts were unsuccessful 
although transplantation of cells reproduced the disease. Attempts to visualise 
a virus in tumours by electron microscopy met with little success. The virus 
was eventually found when short term cultures ofleukocytes from cattle with 
leukaemia were examined in the electronmicroscope [9]. Subsequently per­
manent virus producing cell cultures were established and antibodies were 
detected which reacted with viral antigens in the cells using immunofluores­
cence. 

The epidemiological studies which followed the development of these 
tests revealed that BLV infection is common among cattle in multiple case 
herds with a prevalence of between 30 and 95% but does not occur in leu­
kaemia-free herds [10]. In this system the presence of antiviral antibodies is 
strongly correlated with the isolation ofvirus. That virus is spread horizontal­
ly between cattle is suggested by the finding that newborn calves have no 
serological evidence of BLV but the age of 48 months most have developed 
antibodies. 

Feline Leukemia 

Leukemia is the most frequently diagnosed neoplasm in domestic cats [11]. 
Involvement of lymphoid cells is most common but myeloid and erythroid 
leukemias are seen quite frequently. The lymphoid malignancies occur in 
four main c1inico-pathological forms: thymic, multicentric and alimentary 
lymphosarcoma and lymphatic leukemia. Feline leukemia virus (FeLV) is 
isolated from 90% ofthe thymic, 70% ofthe multicentric but only 33% ofthe 
alimentary cases. Investigation of communities with a high prevalence of 
active infection (see below) as well as experimental studies have revealed that 
FeLV also causes other diseases: aplastic and haemolytic anaemia, immuno­
suppression and early foetal death [12]. 

FeLV is transmitted by contact and congenitally [12]. Infection of young 
kittens by inoculation ofFeLV experimentally or by contact with cats excret­
ing the virus in the saliva, often results in a persistent viraemia which is pro­
dromal to the development of leukemia often after a latent period of several 
years. Congenital transmission of FeL V is also common. All of the kittens 
born of viraemic dams are persistently infected. These, and kittens experi­
mentally infected within the first 10-12 weeks oflife, never show a detectable 
imm une response to the virus. 

The incidence of feline leukemia is related to epidemiological situation. 
In populations of free range urban and suburban cats, exposure to FeLV is 
widespread based on the prevalence of antibody to FOCMA (feline oncorna­
virus-associated cell membrane antigen) which is present on the surface of 
FeLV transformed leukemic cells. In urban Glasgow, about 50% of all adult 
cats have antibody [12]. The prevalence of these antibodies is related to the 
degree of roaming, young cats having the lowest prevalence and older stray 
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cats the highest. In spite of the frequency of exposure very few cats (less than 
5%) have an active persistent viraemia [14] and consequently the incidence of 
lymphosarcoma is low (estimated at 0,05%). Whether the virus which induces 
persistent viraemia in these cats is obtained by horizontal or congenital trans­
mission is not known owing to problems oftracing contacts and even parents. 

A very different situation is observed in cats in closed multicat households 
in which FeLV is enzootie [12]. There the prevalence of anti-FOCMA anti­
bodies is high but in contrast to free range cats there is a large proportion of 
viraemic cats (30-40%). Virus neutralising antibodies are also common 
among these cats (40%). As might be expected the incidence oflymphosarcoma 
is high, the disease occurring most frequently in cats which have been virae­
mic, often for long periods. 

It is believed that the differences between these patterns is a reflection of 
the dose of virus to which the cats were exposed: free range cats have fre­
quent intermittent contact with other cats, a few of which will be excreting 
FeLV so that the virus dose is low and will tend to immunise. Susceptible cats 
in closed households, on the other hand, are exposed to large, frequent doses 
ofvirus from carrier cats and tend to develop persistent viraemia with greater 
frequency. 

Immunity is again a major determinant of the outcome of FeLV infection 
in individual cats. There is a marked correlation between the presence of 
virus neutralising antibodies and the absence of viraemia suggesting that 
these antibodies are important to the abrogation ofFeLV infection [12]; and 
also between the possession of high titres of anti-FOCMA antibodies and 
protection from leukemia [15]. 

Virus-Negative Leukemias 

Most investigations of leukemia in poultry, cattle and cats have not unnatural­
ly been concerned with those cases in which a virus is involved. However, 
from many cases ofleukemia in cattle and cats no virus may be isolated and 
recently virus-free cases of avian leukosis have been described. 

In areas in which enzootie bovine leukosis is not encountered the occur­
rence of lymphosarcoma in cattle is sporadic and many more cases of the 
adolescent thymic and calfhood multicentric types are seen. These do not 
typically occur in multiple case herds and BLV has not been isolated from 
any such case. 

As mentioned above, virus-negative leukemias are common in cats: in 
our series halfare virus-free and these are mainly from the free range popula­
tion. This re fleets the proportion of alimentary lymphosarcomas only one 
third ofwhich yields virus. As far as is known the clinico-pathological findings 
in virus-negative and virus-positive cases are identical although detailed 
analysis of the cell types and their surface markers have not yet been made. 

The importance of the virus-negative leukemias, especially in cats, is that 
they may be analogous to leukemia in man: And because it is possible to 
study the relationship with a known leukemogenic virus. The evidence for 
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the involvement ofFeLV in the pathogenesis ofvirus-negative lymphosarcoma 
in cats is equivocal. There is some serological evidence ofFeLVexposure in a 
proportion of these cases. We have evidence that cases of FeL V-negative 
leukemia occur in households where FeLV is not present; M. Essex and his 
colleagues have, however, found clusters of virus-free cases in the same 
households where virus-positive cases also occur. Further evidence that 
FeLV may be involved is that FOCMA, which is present on the surface of 
FeLV-positive leukemic cells, is also found in virus-negative tumours [16]. 
However, FeLV-specific proviral DNA in excess of the level found in 
normal, uninfected cat cells has not been found in virus-free tumours [17]. 

Conclusions 

The features which are common to avian, bovine and feline leukemia are: 
many cases are associated with virus which is isolated from the blood; ihe 
viruses are contagious; a persistent virus infection may be established; the 
latent period from infection to clinical disease is long and the disease charac­
teristically occurs after sexual maturity; and animals are often healthy during 
the latent period and may continue to excrete virus. 

There are, however, sufficient differences between the host responses in 
these species to introduce a note of caution in extrapolating findings from 
any one to leukaemia in another species. For example, the presence ofvirus 
in individual cats, hens or cattle indicates a certain risk of developing leu­
kemia; but the interpretation ofthe presence of antibody is different in each 
species: in cattle it means that the animal has an active virus infection; in cats 
virus neutralising antibody is related to the abrogation ofvirus infection and 
resistance to challenge, and anti-FOCMA antibodies protect against leu­
kemia; while in chickens, virus and neutralising antibodies often occur to­
gether. 

A question which concerns epidemiologists studying human leukemia is 
whether epidemiological investigations ofthe distribution of cases can deter­
mine whether leukemia in man is likely to be an infectious disease. In cats, 
chickens and cattle, time-space clusters ofthe disease were found, the nature 
of wh ich strongly suggested that leukemia was infectious. In man the 
evidence for clustering is not strong. However, it is important to note that 
even in cats, epidemiological studies based on cancer registry returns failed to 
produce evidence ofcontagious spread [18]; some clustering was found but it 
was concluded that this might have been due to chance. Ofcourse subsequent 
serological and virological studies established the infectious nature of the 
disease. This was most apparent in closed communities of cats. It would not 
be possible to demonstrate that leukemia was infectious in free range cats 
despite the observation that FeLV is widespread in this population. 
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Abbreviations Used 

10 gp 60: 
RIA gp 60: 
RIA p 24: 
BLV: 
PL: 
EBL: 
SBL: 

Immunodiffusion test based on BLV glycoprotein (MW = 60000) as antigen 
Radioimmunoassay test based on BLV glycoprotein (MW = 60000) as antigen 
Radioimmunoassay test based on BLV internal protein p 24 (MW = 24000) as antigen 
Bovine Leukemia Virus 
Persistent Lymphocytosis 
Enzootie Bovine Leucosis 
Sporadic Bovine Leucosis 

1. Enzootie Bovine Leucosis: The Disease 

One generally distinguishes two types of bovine leueoses: an enzootie type 
and a sporadie type [3]. 

Here, we will be solely dealing with the enzootie type, the so-ealled En­
zootie Bovine Leueosis (EBL) The basie features of this lymphoproliferative 
disease are: 
- it is eontagious; it spreads within a herd through eontaets, saliva, milk, ... 

and from herd to herd mainly through eommereial exehanges; 
- it is indueed by Bovine Leukemia Virus (BLV) a retrovirus exogenous to 

the bovine speeies [10]; 
- it involves the B lymphoeytes [15,17] 
- it ean be easily transmitted by the virus to eattle or sheep. Experimental 

BLV infeetion (but no clinieal disease, sofar) has been obtained in goats 
and ehimpanzees. No natural transmission ofBLVto man seems to oeeur 
[3,6]; 

- BLV infeeted animals develop a humoral response direeted against the 
viral antigens. 
Enzootie bovine leueosis is a ehronie disease that develops over a long 

period oftime (several years generally). In natural eonditions, very few eattle 
less than 2 years of age harbor antibodies to BLVantigens [11]. The same is 
true where BLV is searehed for by its biologieal property ofindueing syneytia 
[7] or early polykaryoeytosis. If, however, a seareh is made among the off-
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spring of BL V infected parents, it appears that as much as 14% 0/ calves are 
infected at birth. As discussed in [3], this situation reflects congenital infection 
by BLVand not true vertical transmission. BLV infection always induces a 
humoral antibody response and sometimes induces an hematological dis­
order called "Persistent Lymphocytosis" (PL). In such cases, the lymphocyte 
population is made ofnormal cells and a variable percentage oftumor cells 
as proven by molecular hybridization studies [3,10]. PL has a genetic back­
ground [I] being much more frequent in some families within a breed than in 
other families of the same breed. With time, tumor development may occur, 
a phenomenon very poorly understood at the present time. Tumors may ap­
pear practically everywhere, in the digestive tract, the respiratory tract, 
m uscles, ... but they are always lymphoId. Most lymph nodes are enlarged, 
sometimes some ofthem only [2,14,19]. 

2. BL V: The Causative Agent of EBL 

BLV is a retrovirus [3] produced in large quantities by essentially two cell 
culture systems, the Fetal Lamb Kidney cell-line [18] and the Tb1Lu, a bat 
cell-line [13]. Morphologically the virus can be considered as aC-type aIthough 
it displays some unusual peculiarities [3]. 

2.1. BLV Genome 

It is a 60-70S RNA molecule associated with reverse transcriptase. The num­
ber of genes and their order along the RNA molecule are not precisely known 
so far. DNA complementary to the RNA genome and representative ofit, has 
been synthesized and extensively used in molecular hybridization experi­
ments. The results of these studies are illustrated in Fig. 1 A and 1 Band call 
for the following comments: 

Ifwe take salmon sperm DNA as a control (histogram 11) it appears that normal bovine DNA 
hybridizes some 4% better than the contro!. We now know that this is due to contamination of 
70S RNA used as template by 28S ribosomal RNA. DNAs from FLK-BLV producing cells 
(histogram 2), from bufTy coat cells of an animal in persistent lymphocytosis with tumor (histo­
gram 4) and from bovine enzootie tumor (histogram 5) hybridize with a maximum of45% ofthe 
probe at a Cot value of30000. This result is compatible with one proviral DNA copy per haploId 
genome. if every cell contains the viral information. DNAs from tissues infiltrated with tumor­
ous lymphocytes, hybridize to BLV c DNA to an extent that is roughly proportional to the degree 
of infiltration (histograms 3,6 and 7). Sheep infected by BLV (histograms 9 and 10) show the 
same pattern othybridization as cattle do. DNAs from human leukemic cells do not anneal to 
BLVcDNA. 

That BLV is exogenous to the bovine genus 'Was definitely established by 
recycling the 3H BL V c DNA probe on normal bovine DNA. Results are 
illustrated in Pig. 1 B. They prove 1°) that BLV is largely if not totally exo­
genous to the bovine genus, 2°) that EBL is an infections disease, thus amen­
able to eradication. 
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1. Normal buffy coat cells. 
2. FLK cellline. 

Fig. 1 A. Hybridization of BLV 3H cDNA 
to various bovine. ovine and human cellular 
DNAs. Hybridizations between 2400 cpm 
of 3H cDNA (specific activity: 1.8 X 107 

cpm/l1g) and 250 I1g of cellular DNA were 
performed in 0,4 M phosphate buffer (pH 
= 6.8) and 0.05% SDS in a final volume of 
85 111 at 68°C. At a Cot value of 30000. 
sam pIes were assayed for S1 resistance. 
Source ofDNA: 

3. Buffy coat cells from a cow in persistent lymphocytosis without tumors. 
4. Buffy coat cells from a cow in persistent lymphocytosis with tumors. 
5. EBL tumor. 
6. Liver moderately infiltrated with lymphocytes (EBL). 
7. Kidney slightly infiltrated with lymphocytes (EBL). 
8. Tumorous lymphnode from an SBL case. 
9. Cutaneous tumor from a sheep infected with BLY. 

10. Liver from the same leukemic sheep. 
11. Salmon sperm. 
12. Human chronic lymphatic leukemia. 
13. Human chronic lymphatic leukemia. 
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2.2. BL V Proteins 
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B LV virions, at least, con tain: 

Fig. 1 B. Hybridization of BLV 3H cDNA 
(panel A) and recycled BLV 3H cDNA 
(panel B) to the following cellular DNAs: 
1. Salm on sperm; 2. normal bovine buffy 
coat cells; 3. EBL tumor; 4. SL tumorous 
lymph node. 2400 cpm of BLV 3H cDNA 
(or recycIed cDNA) and 250 I1g of cellular 
DNA were hybridized in 0,4 M phosphate 
buffer (pH = 6,8) and 0.05% SDS. At a 
cellular Cot value of 30000 sampIes were 
assayed for S1 resistance 

2 glycoproteins: gp60 and gp30 linked together within the virus envelope 
4 non-glycosylated polypeptides p24, p 15, P 12 and p 10 
one reverse transcriptase, MW = 58000-70000 ([4] and Drescher et al. , in 
preparation) 

That the above mentioned proteins are indeed viral antigens rests upon 
two lines of evidence: 
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Fig.2. Auorograph ofSDS-polyacrylamide gel ofimmune precipitates. Oocytes microinjected 
with a 1 mg/mI solution of 30-40S BLV RNA were labeled for 20 hours in Barth medium with 
2 mCi/ml of3H leucine, lysed immediately (D) or chased in culture medium containing excess 
unlabeled leucine for 100 hours (E) and 300 hours (F) and then Iysed. Non injected control 
oocytes were incubated in parallel (A-C) and indirect immune precipitation carried out on the 
same amount ofhomogenate with 4 III ofpolyvalent anti-BLV serum. After 2 hours at 37°C and 
overnight incubation at 4°C 100 III of a 10% W/V Staphylococcus aureus suspension was 
added and incubation continued for another 4 hours at 4°C Bacterial suspension was collected 
by centrifugation and washed. Immune complexes were separated by boiling 2 minutes in SOS 
containing buffer and analyzed by electrophoresis on a 15% polyacrylamide slab gel in the pres­
ence ofSOS. G: 3H amino acids labeled BLV marker 

1. BL V infected animals synthesize antibodies directed against at least 4 of 
them (gp60, gp30, p24, P 15). 
2. BL V infected cells synthesize protein precursors to the gag group (p 24, 
P 15), a presumed gag-pol precursor and aprecursor to BLV glycoproteins. 
In vitro protein synthesizing systems programmed with BLV 30-40S viral 
RNA synthesize gag precursors and the putative gag-pol precursor (Fig. 2). 
In adequate systems, these precursors mature into viral structural antigens [8]. 
Subgenomic fractions of BLV 35S RNA code for a number of polypeptides 
with molecular weights as 58000,45000,40000,35000,18000, ... (Fig. 3). 

The 58000,45000 and 40000 Molecular weight polypeptides are coded by 
m RNAs sedimenting in sucrose gradients in the 16S to 18S region and do 
not seem to be related one to the other by fingerprint analysis. Apparently, 
they are not of viral origin as preannealing of RNAs with BLV 35S-c DNA 
does not block their synthesis in reticulocyte cell-free systems. 

On the other hand, polypeptide 18000 is undoubtedly ofviral origin. Its 
biosynthesis in reticulocyte lysates is blocked if 16S to 18S m RNA is prean­
nealed with BLV 35 S-c DNA. Our present efforts are attempting to identify 
the region ofthe BLV genome coding for polypeptide 18000. 
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Fig.3. Fluorograph of SDS-polyacrylamide gel of translation products of fractionated BLV 
virion RNA. Heat denaturated (95°C for 1 minute in Tris-HCL 10-2 M, pH = 7,4, EDTA 10--3 M) 
BLV 60-70S RNA (80 I1g) was fractionated by oligo dT cellulose chromatography and the poly­
A-containing fraction (lower panel) or poly-A-deficient fraction (upper panel) were sedimented 
in a linear 15-30% glycerol gradient in Tris-HClI0--2 M, pH = 7,4, NaCl 0.1 M, EDTA 0,01 M in 
a SW 41 rotor at 40000 rpm for 4 hours at 20°C. The RNA of each fraction was precipitated 
twice with ethanol, calf liver t-RNA being added as a carrier. One fourth of the RNA of each 
fraction was used to program protein synthesis in a messenger-dependent reticulocyte cell-free 
lysate. Analysis of translation products is made on a 15% SDS-polyacrylamide slab gel. 
Track A: complete translation product ofpoly A-containing (lower panel) or poly A-deficient 
(upper panel) BLV RNA. 
Track B: controL no RNA added 

3. Epidemiology of BL V 

Search for antibodies to BLV structural antigens is the present basis of all 
epidemiological investigations and eradication campaigns [3]. The presently 
most popular serological method is agar gel immunodiffusion based on BLV 
gp60, but other techniques such as radioimmunoassays ([5] and Bex et al.. 
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submitted), Early Polykaryocytosis Inhibition, [9] VSV Pseudotypes Inhibi­
tion [20] are intensively investigated. Direct assessment ofBLVinfection can 
even be obtained by Syncytia or early polykaryocytosis induction but this is a 
too tedious process for large scale application in field studies. 

In 1976-1977 [12] we applied JD gp60 in a survey of l315 cattle herds 
(Table 1). In a first round, we tested 1 blood sam pie out of 4. Every herd in 
which one positive was detected was then more deeply investigated. Every 
animal more than 3 months old was submitted to a blood test As can be seen 
in the last column of Table 1, the percentage of infection observed by the 
method used, varied between 2,4 and 37,4% with an average of 16,1 %. For 
the whole study, 6 herds happened to be infected by BLV over a total of 
1315 examined, which leads to an observed rate of infection of 0,46%. This 
number can be considered as small in comparison with incidences reported 
for other countries [3]. 

Table 1. Survey of 1315 herds by 10 gp 60 and Control of this survey 

Herd n° Survey Control lnfection 
(animals older than 1 year) (animals older than 3 months) levels 

Number ofsamples Number ofsamples 

Received Tested Positive Taken Tested Positive 

1 80 22 8 115 115 43 37.4% 
2 20 5 1 30 30 8 26.7% 
3 60 15 1 83 83 2 2.4% 
4 33 9 1 38 38 4 10.5% 
5 42 12 1 74 74 9 12,2% 
6 84 21 1 114 114 7 6.1% 

Total 323 84 13 454 454 73 16.1% 

Within infected herds, we recently compared (Bex et al., submitted) 3 
serological tests, namely ID gp60, RIA gp60 and RIA p24. Over 345 animals 
tested, 104 were positive in RIA gp60, 101 in ID gp60 and 99 in RIA p24. 
The investigated herds were most probab1y foei of old BLV infeetions in 
which most "susceptible" animals had reached such antibody levels that ID 
gp60 was alm ost as sensitive as RIA gp60 and, indeed, more sensitive than 
RIA p24. 

It should perhaps be mentioned he re that the Commission of European 
Communities reeently reeommended to eradicate Enzootie Bovine Leucosis. 
The strict exogenous character of BLV and its apparent low progression 
power make the European reeommendation quite feasible. 

4. Host-Virus Relationship 

The incoming ofBLV into a recipient immediately elieits an antibody response 
to BLV structural antigens. The intensity of this response probably depends 
on age ofthe host and its genetic make-up, virus dose, health status, environ-
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Fig.4. Evolution ofcytotoxic activity ofa sheep serum (animal n° 328) during the last two years 
of the animal's life. Target cells were Fetal Lamb Kidney cells infected by and producing BLV 
(These cells are most probably not transformed by BLV). One of our best cytotoxic bovine sera 
(R2123) was used here as a reference 

ment, ... In a reeent study (Bex et al., submitted) we followed six sheep in­
oeulated at birth, by the oral route, by whole leukemie bovine blood. As a 
rule, antibody levels to BLV gp60 and p24 rised steadily until the animal's 
death. In parallel we followed the eomplement dependent eytotoxieity of 
these sheep sera toward a BLV-produeer eell line Fetal Lamb Kidney eells 
[16]. Results examplified in Fig.4 dearly show that serum eytotoxieity in­
ereased wi th time, reaehing a maxim um level in the tumor phase of the disease 
at the animal's death. Immunoglobulins aetive in the eytotoxie reaetion be­
long to the Ig G l sub-dass. 

5. Conclusions 

The lymphoproliferative disease, Enzootie Bovine Leueosis, is an infeetious 
disease eaused by a retrovirus ealled BLV (Bovine Leukemia Virus). 

The nature and mode of aetion of virus gene produets and the meehan­
isms involved in the host-virus interplay are presently under intense investi­
gation. 

Acknowledgements 

We warmly thank the "Fonds Cancerologique de la Caisse Generale d'Epargne et de Retraite", 
the European Economic Community (research contract n° 00000150) and the Belgian Ministry 
of Agriculture for their financial support. 

F.B. held a postdoctoral fellowship of the "Institut pour I'Encouragement de la Recherche 
Scientifique dans l'Industrie et I'Agriculture", lG. is "Assistant au Fonds Cancerologique de la 
C.G.E.R.", R.K. and D.P. are "Aspirants du Fonds National de la Recherche Scientifique". 

We greatly appreciated the technical contributions of P. Ridremont. J. Severs, G. Vanden­
daele and G. Vanheule. 



452 Burny, A. et al. 

References 
1. Abt, D. A, Marshak, R R, Ferrer, J. F., Piper, e. E., Bhatt, D. M.: Studies on the develop­

ment ofpersistent lymphocytosis and infection with the bovine C-type leukemia virus (BLV) 
in cattle. Vet. Microbiol. 1,287-300 (1976) 

2. Anonymous: Criteria for the determination of the normal and leukotic state in cattle. Prep­
ared by an international committee on bovine leukosis. 1. Natl. Cancer Inst. 41, 243-263 (1968) 

3. Burny, A, Bex, F., Chan trenne, H., Cleuter, y., Dekegel. D., Ghysdael. J., Kettmann. R., 
Leclercq, M., Leunen, J., Mammerickx, M., Portetelle, 0.: Bovine leukemia virus 
involvement in enzootie bovine leucosis. Adv. Cancer Res. 28, 251-311 (1978) 

4. Burny, A, Bex, F., Bruck, e., Cleuter, y., Dekegel. 0., Ghysdael. J.. Kettmann, R, Leclercq, 
M., Mammerickx, M., Portetelle, D.: Biochemical studies on enzootie and sporadic types of 
bovine leucosis. In: Anti-viral mechanisms in the control of neoplasia. Chandra. P. (ed.). 
New York: Plenum Press 83-99 (1979) 

5. Devare, S. G .. Stephenson, 1. R: Biochemical and immunological characterization of the 
major envelope glycoprotein of bovine leukemia virus. J. Virol. 23, 443-447 (1977) 

6. Donham, KJ.. van der Maaten, M.l, MilleT. J.M .. Kruse, B.e., Rubino, M.J.: Seroepide­
miologie studies on the possible relationships ofhuman and bovine leukemia. J. Natl. Cancer 
Inst. 59, 851-854 (1977) 

7. Ferrer, J.F., Piper, e.E., Baliga, Y.: Diagnosis ofBLVinfection in cattle ofvarious ages. In: 
Bovine leucosis: Various methods of molecular virology. Burny. A (ed.). pp. 323-336. 
Luxembourg: Commission ofthe European Communities 1977 

8. Ghysdael. 1., Hubert, E., Cleuter, y.: Biosynthesis of bovine leukemia virus major internal 
pro tein (p24) in injected cells and xenopus laevis oocytes microinjected with BLV 60-70S 
RNA Arch. internat. Physiol. Biochim. 85, 978-979 (1977) 

9. Guillemain, B., Mamoun, R, Levy, D .. Astier, T.. Parodi, AL.: Serological diagnosis of 
bovine leukemia virus infection by early polykaryocytosis inhibition (EPI). Vet. Microbiol. 
1978 (in press) 

10. Kettmann, R, Burny, A, Cleuter, y., Ghysdael, J., Mammerickx, M.: Distribution ofbovine 
leukemia virus proviral DNA sequences in tissues of animals with enzootie bovine leucosis. 
Leukemia Research 2123-32 (1978) 

1 r. Mammerickx, M., Burny, A, DekegeL D., GhysdaeL J.. Kettmann, R, PorteteIle. D.: Com­
parative study offour diagnostic methods ofenzootic bovine leukemia. In: Bovine leucosis: 
Various methods of molecular virology. Burny. A (ed.). pp. 209-221. Luxembourg: Com­
mission ofthe European Communities 1977 

12. Mammerickx, M., OUe. J .. Rase. F .. Braibant. E .. PorteteIle, D .. Burny. A .. Dekegel. D.: 
Large scale serological detection in Belgium of enzootic bovine leukosis. Zbl. Vet. Med. B 25, 
416-424 (1978) 

13. McDonald. H. e.. Ferrer. J. F.: Detection. quantitation and characterization of the major 
internal virion antigen of the bovine leukemia virus by radioimmunoassay. J. Nat!. Cancer 
lust. 57, 875-882 (1976) 

14. Olson, e., Baumgartener, L. E.: Pathology of Lymphosarcoma in sheep induced with bovine 
leukemia virus. Cancer Res. 36, 2365-2373 (1976) 

15. Paul. P.S .. Pomeroy. KA. Castro, A.E .. Johnson. D.W .. Muscoplat. e.e.. Sorensen. D.K: 
Detection ofbovine leukemia virus in B-lymphocytes by the syncytia induction assay. J. Nat!. 
Cancer Inst. 59, 1269-1272 (1977) 

16. PortetelIe, D., Bruck. e., Bex. F.. Burny, A. Dekegel. D .. Mammerickx. M.: Detection of 
complement dependent lytic antibodies in sera from bovine leukemia virus infected animals 
by the chromium-51 release assay. Arch. internat. Physio!. Biochim. 86, 955-956 (1978) 

17. Takashima. I.. Olson, c.. Driscoll, D. M .. Baumgartener, L. E.: B Iymphocytes and T lympho­
cytes in three types ofbovine lymphosarcoma. J. Nat!. Cancer Inst. 59,1205-1210 (1977) 

18. Van der Maaten, M.J., MilJeT. J. M .. Boothe. A D.: Replicating type-C virus partieies in 
monolayer cell cultures of tissues [rom cattle with lymphosarcoma. l Nat!. Cancer Inst. 52, 
491-497 (1974) 

19. Wittmann, W., Urbaneck, 0.: Leukosen des Rindes. In: Handbuch der Virus-Infektionen 
bei Tieren. Fischer, I. (ed.), Vol. V, pp. 41-174.1969 

20. Zavada. 1.. Dickson, e.. Weiss. R: Pseudotypes of vesicular stomatitis virus with envelope 
antigens provided by murine mammary tumor virus. Virology 82, 221-231 (1977) 



Leukemia Specific Antigens: 
FOCMA and Immune Surveillance* 

Essex, M., Grant, C. K., Cotter, S. M., Sliski, A. H., Hardy, W. D., Jr. 

Department of Microbiology, Harvard University School of Public Health, 665 Huntington 
Avenue. Boston, Massachusetts 02115, USA 
Memorial Sloan-Kettering Cancer Center, New York. New York 10025. USA 

A. Introduction 

The domestic cat is one of few species where most cases of naturally occur­
ring leukemia and lymphoma are known to be caused by viruses [14]. The 
RNA retroviruses that cause these diseases are weIl characterized, and they 
are related to the viruses that cause similar tumors in laboratory mice [13,15]. 
The malignancies associated with feline leukemia virus (FeLV) infection 
include T and B cell lymphomas, lymphoblastic leukemias, and myeloid 
leukemias [7,44,48,56,63]. Feline sarcoma viruses (FeSV), which are defec­
tive for replication, induce multicentric fibrosarcomas and melanomas in 
vivo [36,62,82], and transform fibroblasts in vitro [5,73]. 

Many studies on the biology and natural history of feline Ieukemia have 
been directed to issues that seem appropriate for a further understanding of 
leukemia of man. Among these, we have addressed the following questions: 
a) is leukemia transmitted in a horizontal (infectious) manner or in a "ertical 
(genetic) manner? b) does a specific immunosurveillance response to the 
tumor cells serve to protect infected cats from leukemia development? c) do 
tumor cells have tumor specific antigen markers that are expressed in the 
absence ofvirus structural proteins? and finally, d) is it possible to establish 
whether the feline leukemia virus (FeLV) causes lymphoid tumors that 
neither make virus particles nor express virus structural proteins, nor contain 
full copies of the viral genome. The latter question appears important to our 
understanding of any possible role that retroviruses may play in human 
malignancies since they have generally not been found to be associated with 
these tumors in man. Recent information gathered in the feline model which 
relates to these questions will be discussed below. 
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from the U.S. National Cancer Institute. grant DT-32 from the American Cancer Society. 
and a grant from the Cancer Research Institute. c.K.G. and W.D.H. Jr. are Scholars of the 
Leukemia Society of America. 
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B. Virus-Induced Tumors of Cats 

1. Etiologic Agents 

The genetic map of the feline retroviruses is apparently the same as the map 
for the murine agents [59,83]. From the 5' end ofthe mRNA, the first gene 
(gag) codes for a polyprotein of approximately 75000 daltons which is sub­
sequently cleaved after translation to form 4 sm aller peptides which all be­
come located in the core ofthe mature virion. The peptides, designated pIS, 
p12, p30, and plO, occur in the latter order starting from the 5' end of the 
genome. The major capsid protein is p30, a protein which is immunogenic in 
cats [6,84]. The second gene from the 5' end is pol, which codes for the 
reverse transcriptase-RNase H complex. 

The third gene, env, codes for a polyprotein which is cleaved to form two 
components situated at the surface ofthe virion. The first, usually designated 
gp70, becomes the virion envelope knobs or spikes. It is also immunogenic, 
and the target for virus neutralizing antibody. The feline viruses have been 
divided into 3 subgroups (A-C) based on type specific antigenie differences 
manifested by the gp70 mole eule [74]. The subgroups which are designated 
on the basis ofvirus neutralization serology show a comparable distinction in 
interference concerning host-cell attachment [74]. Differences in sensitivity 
of infection of cells from heterologous species are also partially related to the 
virus subgroup and some evidence suggests a partial correlation between 
subgroup designation and pathogenicity (55]. The second peptide associated 
with the env gene polyprotein is designated pl5e. It is highly conserved among 
viruses that in feet various species and it appears to be associated with 
immune suppression by the virus [3,65]. 

I1. Pathobiology 

FeLV is associated with lymphoma as weIl as lymphoid and myeloid leukemia. 
Although one highly se1ected strain of virus has been regularly associated 
with the induction ofthe thymic form oflymphoma [50], most isolates produce 
various forms ofhematopoietic tumors when inoculated into neonatal kittens 
[64J. The reported relative ratio oflymphoma incidence to leukemia incidence 
in the natural population has varied widely according to geographicalloca­
tion and lor institution. In the British Isles, for example, cases of true leukemia 
appeared to be very rare [18,56]. Conversely, in Boston the relative incidence 
of true leukemia was about the same as the incidence of lymphoma [18]. 
Similarly. geographical variations occurred conceming the form oflymphoma 
observed. In Glasgow, the alimentary form was the most common type of 
lymphoma reported [18J. In Boston, the alimentary form accounted for less 
than 10% of all lymphoma cases while the thymic form was most common 
[18]. A pathologie breakdown of the cases observed at the Angell Memorial 
Animal Hospital from 1972 to 1976 is presented in Table 1. 

Both myeloid and lymphoid leukemias appear to be caused by FeLV [8,44]. 
The clinicopathologic parameters observed in feline lymphoid leukemia 
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Table 1. Classification by pathologie form of cases of lymphoid malignancies observed at the 
Angell Memorial Animal Hospital in Boston for 1972 through 1976 

Pathologie form 

Lymphoid leukemia 
Lymphoma (total) 

Tbymic 
Multicentric 
Alimentary 
Other 

Number 
ofcases 

77 
107 
49 
20 
14 
24 

Proportion 
oftotal 

42% 
58% 
27% 
11% 
8% 

13% 

Number Proportion 
virus VIrus 
positive positive 

52 68% 
71 66% 
37 76% 
11 55% 
7 50% 

16 67% 

have been eompared to the parameters observed in aeute lymphoblastie leu­
kemia of ehildren [8]. 

Most eases of spontaneous feline lymphoid malignaneies appears to be 
T eell tumors [7,48]. Essentially all eases that have a primary loeation in the 
thymus are Teell tumors, although many that arise at a different site are also 
of T eell origin. Some B eell tumors oeeur, primarily originating in the gut 
wall as the alimentary form of lymphoma [63]. Null eell tumors have also 
been reported [48]. 

When inoeulated into newborn kittens, the Riekard strain ofFeLV eauses 
thymie involution as the first apparent pathologie alteration [57]. Following 
this involution, the first eells observed in the thymie site are malignant T eells 
whieh eontain the tumor speeifie antigen designated the feline oneomavirus 
assoeiated eell membrane antigen (FOCMA) [25]. See Table 2. 

Table 2. Expression of FOCMA and FeLV proteins on freshly biopsied lymphoid cells from 
cats inoculated with FeLVa 

Nonthymic ~ymphoid cells Thymic ~ymphoid cells 

Time after Disease FeLV Presence Membrane Fe LV Presence Membrane 
inocula tion sta tus (infectious of FeLVgp70 (infectious of FeLV gp70 
(weeks) centers) FOCMA and p30 centers) FOCMA and p30 

4 normal 4/4b 0/4 4/4 4/4 0/4 4/4 
8 normal 4/4 0/3 3/3 3/3 0/3 3/3 
12 normal 2/3 0/3 3/3 2/3 1/3 3/3 
16 normal 1/1 Oll 1/1 111 1/1 111 

leukemic 2/2 0/2 2/2 2/2 2/2 2/2 
20-24 leukemie 6/6 2/6 6/6 6/6 6/6 6/6 

a Cells from bone marrow, spleen, mesentric lymph nodes. and bullY coat were tested from 
each cat. All preps from different organs of the same animal (other than thymus) gave the 
same result. Tbe only exception was the presence of a significant population of FOCMA 
positive cells in the spleens of2 of6leukemic animals even though less than 10% ofthe cells 
in the bone marrow, buffy coat, or mesentric lymph nodes ofthe same animals were FOCMA 
positive. 

b Number positive over total number tested 
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The proportion of spontaneous cases of feline lymphoma and leukemia 
which contain detectable FeLV varies with both geographical location and 
pathologic form [18]. Both virus isolation procedures and serologic tests have 
established that from 50% to 90% of the spontaneous cases of leukemia and 
lymphoma contain readily detectable FeLY. Although the proportion of 
virus negative cases appears to be highest for the B cell alimentary form of 
the disease, all pathologic, forms include a significant minority that appear to 
be "virus-negative" by all criteria [32]. 

FeLV is regularly excreted in saliva from essentially all healthy and leu­
kemic cats that are viremic [34]. Infectious virus is not ordinarily present in 
significant levels in feces, urine, or fleas taken from infected cats hut the 
levels of infectious virus in saliva are as high or higher than the levels found 
in blood plasma [34]. FeLV is inactivated rapidly within a few minutes at 
56°C, but stable for several days at 25-35°C [33]. 

c. Epidemiology of Feline Leukemia and Lymphoma 

That Fe LV is transmitted as a contagious agent in cats is now weIl established 
[19,46,49,58]. Initially this conclusion was doubted, largely because it had 
been previous established that many related retroviruses were genetically 
transmitted in inbred strains ofmice [52]. The first suggestion that FeLV and 
leukemia might be horizontally transmitted in the cat came with reports that 
leukemia [9,10] and lymphoma [22,46,56,76] occasionally occurred in clus­
ters. Since these reports were sometimes anecdotal and difficult to evaluate 
due to a lack of data on the base cat population, their significance was ques­
tioned [75]. 

We became convinced that the clusters were not due to chance alone when 
the high incidence ofleukemia/lymphoma continued to occur, in a prospec­
tive sense, in the same cluster households [9,22]. Subsequently, extensive 
supporting seroepidemiologic evidence for FeLV transmission was obtained 
in some ofthe same households [9,12,19,28,31,37,38,42,43,45,46,84]. 

Another clue which suggested that FeLV-assoeiated malignaneies were 
horizontally transmitted was the finding that healthy uninoculated control 
cats developed leukemia/lymphoma more often than would be expected due 
to chance alone following exposure to leukemic cats [45,58,71]. This oc-

,curred under both laboratory and field conditions. 
Using serologie techniques, healthy cats known to be exposed to either 

leukemic cats and/or cats viremic with FeLVwere examined for the presence 
of antibodies to FOCMA [9,19,22,26,28,37,38], eomplement dependent 
cytotoxie antibodies [37,38,66], FeLV neutralizing antibodies [19,42,45,72], 
radioimmunoprecipitating antibodies to FeLVp30 [19,31,84], radioimmuno­
precipitating antibodies to FeLV gp70 [19,31,84], and antibodies which 
neutralized the activity of FeLV reverse transcriptase [53]. The healthy cats 
examined included animals exposed to FeLV under both experimental and 
natural conditions. In each case populations of cats known to he exposed to 
FeLV had much higher frequencies ofdetectahle levels ofantibody than cats 
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of comparable genetic backgrounds with no history ofFeLV exposure. Simi­
larly, the geometric mean antibody titers were regularly high er for cats that 
were known to have been exposed to FeLVwhen compared to cats that were 
not known to be exposed to FeL V. The latter category included both "specif­
ic pathogen free" laboratory cats, and conventional cats from laboratory and 
household pet backgrounds. 

Along with the examination of such FeLV-exposed cat populations for 
various antibody activities, numerous individuals from the same populations 
were checked for the presence of circulating infectious virus [19,42,46,55], 
the presence ofmajor viral antigens by fixed cell immunofluorescence [6,22, 
42,46,47,84], and the presence of FeLV p30 and gp70 antigens by radioim­
munoprecipitation [31,84]. Again, healthy cats from populations known to 
be contact exposed to either known FeLV-infected animals and/or known 
ca ses of leukemia/lymphoma were examined. Up to 50% of the healthy cats 
in such populations were found to be actively infected with FeLV [9,22,41, 
42,46]. Conversely, no more than 1-2% ofthe healthy cats with a history ofno 
known exposure to FeLVwere found to be actively infected [17,41,46]. 

Along with the serologic examination of existing cat populations for the 
presence or absence ofFeLV-related antigens and antibodies, tracer specific­
pathogen-free cats were placed in natural environments where FeLV was 
known to be present (leukemia cluster households) and subsequently exam­
ined for prospective seroconversion [19]. The cats placed in this new environ­
ment were previously confirmed to be negative by all of the serologic tests. 
Essentially all developed evidence of either transient or persistent FeLV in­
fections within a few months after being introduced to the new environment 
[ 19]. 

As a final measure, a study was undertaken to determine if subsequent 
infections could be prevented in known high-risk FeLV exposure environ­
ments by the elimination of FeLV-excretor cats [43,45]. This approach was 
also successful, demonstrating that the numbers of subsequent FeLV infec­
tions and cases of FeL V-associated diseases could be either drastically reduced 
or completely eliminated by these procedures [43,45]. 

D. Role of the Immune Response 

All of the FeLV structural proteins appear to be immunogenic in adult cats 
that become exposed to virus. These include each of the gag gene peptides 
pI5, pI2, p30, and piO [20,84,85], reverse transcriptase [53], and the env gene 
proteins gp70 [20,84,85], and p I5e [86]. At least in the case of the major core 
protein (p30) and the major envelope protein (gp70), several antigenic deter­
minants are present on the same molecules, inc1uding those with group, sub­
group, or type, and interspecies specific determinants. In cats the major im­
munogenic determinants of the p30 is group specific while the major im­
munogen on the gp70 is subgroup specific [6,55]. Conversely, different primary 
anti genie determinants on the same molecules may be recognized as signifi­
cant immunogens when non-feline species such as goats or rabbits are inocu-
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lated with Fe LV [20]. This might appear to be inconsequential, except for the 
possibility that different antigenic determinants might be expressed on the 
surface of FeLV-infected cells when compared to reactivities seen with either 
intact virus or purified immunoprecipitating virion components. For ex­
ample, it is conceivable that anti-gp70 serum from the homologous species 
(cat) might effectively neutralize circulating cell-free Fe LV but not attack 
FeLV-infected cells while goat or rabbit antiserum to the same molecule 
might cause cytolysis ofinfected cells. A major consequence ofthis spectrum 
of reactivity might be a more beneficial anti-tumor therapeutic effect in the 
presence of antiserum from a heterologous species which would otherwise 
react similarly to cat antiserum when tested by a radioimmunoassay with the 
purified molecule. 

An effective antibody response by cats to the gp70 is associated with the 
reduction and/or elimination of circulating FeLV [19,42,84). The clinical 
significance of the antibody responses to the other virion structural antigens 
has not been determined. Antibodies to other FeLV antigens are frequently 
present, but they are not always concordant with the presence of antibodies 
to gp70 [31,84]. Cats with persistent viremia appear to lack free antibodies to 
all of the FeLV structural proteins [20,84,85]. 

Aside from the virus structural antigens, an important antigen in both FeL V 
and FeSV induced tumors is FOCMA [23,24,30]. As opposed to the situation 
with the viral structural antigens, the antibody response to FOCMA is closely 
correlated with protection from development of leukemia, lymphoma, and 
fibrosarcoma, whether laboratory induced or naturally occurring [12,14,20, 
23,24,26,28,30,31,37,38]. Cats that become naturally infected with FeLV 
that remain healthy and viremic for long periods, for examp1e, usually also 
maintain readi1y detectab1e levels of antibody to FOCMA [14,26). Cats with 
either naturally occurring leukemia or lymphoma as weH as those cats bear­
ing tumors induced by FeLVand FeSV contain either no detectable antibody 
to FOCMA or very low levels ofsuch antibodies [14,18,26,28). Additionally, 
a poor antibody response to FOCMA serves, in a prognostic sense, as a risk 
factor ~or sub se quent tumor development [14,26]. FOCMA antibody titers 
determmed for cats in several populations are summarized in Table 3. 

Taille 3. FOCMA antibody titers for healthy and neoplastic cats from laborat~ry and field en-

Number 
tested 

Number and percent of cats with 
antibody titers of: 

<4 4-16 > 16 

131 
76 

~P<)sed to virusc 221 

116 (89) 
6 (8) 

218 (99) 

lymphoma. and fibrosarcoma 

15 (11) 
48 (63) 

3 (1) 

or. ~eSV under either laboratory or field conditions 
minimal disease free laboratory cats 

o 
22 (29) 
o 
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Feline serum sampIes which contain detectable levels of antibodies to 
FOCMA usually also contain antibodies which are lytic for cultured feline 
lymphoma cells using the 51Cr release test [37,38]. The complement-depend­
ent antibodies (CDA) function best in the presence of cat complement, but 
the lysis requires up to 20 hours to reach maximum effect. A 90-95% overall 
correlation was found between CDA as detected with cat complement and 
FOCMA antibodies as detected by indirect membrane immunosurveillance 
[37.38]. When guinea pig complement or rabbit complement rather than cat 
complement was used in the CDA assay, the correlation was reduced to 79% 
and 65%, respectively [37,38). 

Cats that become infected with FeLV manifest a generalized syndrome of 
immunosuppression [3,21,42,57,70]. As a result, viremic healthy cats have a 
significantly increased risk for development of various infectious diseases 
[11.21,42]. Many possible explanations can be considered to explain the 
observed immunosuppression. FeLV causes thymic atrophy and wasting 
disease. following either laboratory injections or natural infections [1,46,57]. 
Persistent viremia with FeLV has been associated with depressed numbers of 
peripheral blood lymphoid cells [21], depressed counts of peripheral T cells 
[16]. variations in complement levels [39], and increased suppressor cell activ­
ity [3,4]. One ofthe viral structural proteins, pl5e, has been demonstrated to 
have a profound effect on various lymphocyte functions [3,65]. Persistently 
viremic cats also have a high risk for development of immune complex glo­
merulonephritis [54]. 

E. Tumor Specific Antigens 

FOCMA was first described on cultured feline lymphoma cells taken from a 
cat inoculated with FeLV [23,24]. The antisera which reacted with the lym­
phoma cell surface were taken from cats previously inoculated with FeSV 
[23.24,30]. Subsequent studies indicated antisera taken from cats either in­
oculated with FeLV or horizontally exposed to FeLV gave the same re action 
[12,17.19,22,26,49]. Thus, it was dear that FeLV was capable of inducing 
the antigen. Whether or not FeSV alone could also induce the antigen was 
unclear because the FeSV preparations inoculated into cats always contained 
an excess of FeL V helper virus. 

To determine if FeSV alone could induce FOCMA it was necessary to 
study FeSV transformed nonproducer cells, which were not superinfected 
with FeLV [27,80,81]. The initial approaches involved the examination of 
mink cells transformed by either FeSV or murine sarcoma viruses. FOCMA 
was regularly expressed on cells transformed by FeSV, but not expressed on 
cells that were morphologically transfordted by other viruses. The antigen 
was not expressed on nontransformed cells infected by FeLV, and no change 
in the level of expression was seen on nonproducer transformed cells follow­
ing superinfection with FeLV. No relationship was found between expres­
sion of FOCMA and either activation of the endogenous mink virus or ex­
pression of the mink virus structural proteins [27,80,81,85]. Additionally, 
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FOCMA was found to be specifically induced by FeSV in cells from various 
other species including subhuman primates, dogs, and rats [81]. Conversely, 
FOCMA was not found in feline cells carrying the murine sarcoma virus 
genome, even when these cells were superinfected with FeL V [27,80]. The 
observation that FOCMA induction could be transmitted across species bar­
riers with FeSV strongly suggested that this transformation-specific antigen 
was encoded for by FeSV. The correlation between FOCMA expression and 
FeSV transformation is summarized in Table 4. 

FeSV-transformed nonproducer mink cells were examined by radio-im­
munoprecipitation for all ofthe major FeLV-related virion proteins [77,85]. 
The cells were found to be free of the major env gene product gp70 and free 
ofthe major gag gene product p30. The cells were also free ofpIO, but signifi­
eant levels ofthe gag 5' end peptides pI5 and pI2 were present in the FeSV­
transformed nonproducer cells. Using antisera to FOCMA and/or pI5 and 
p 12. severa1 classes ofmolecules were detected in the transformed cells. The 
first was an 85000 dalton molecule which could be precipitated with antisera 
to each ofthe three antigens. The second species, which could be precipitated 
with antisera to FOCMA but not with antisera to pI5 or pI2, was about 
65000 daltons. The 65000 dalton species was found in largest amounts after 
apparent cleavage from the 85000 dalton species. A10ng with the 65000 spe­
eies. the eells also contained free pl5 and p12, and aprecursor ofapproximate­
Iy 25000 daltons which had both pl5 and pl2 activity [85]. 

The 85000 dalton species was also identified in pseudotyped feline sarcoma 
virions rescued from the mink cells using various serologically distinguish­
able helper viruses such as the endogenous baboon retrovirus and the xeno-

Table 4. FOCMA expression in malignant and non-malignant cells offeline and mink origin 

Species Description ofcells Malignant Antigens present 
phenotype on cell surface 

FOCMA FeLV Fe LV 
gp70 p30 

cat cultured FeLV producer lymphoma cells + + + + 
cat freshly biopsied FeLV producer lymphoma + + + + 

or leukemia cells 

cat freshly biopsied nonproducer lymphoma + + 
or leukemia cells 

cat freshly biopsied or cultured normal cells infected - + + 
with FeLV 

cat fibroblasts transformed with FeSV. + + + + 
superinfected with FeLV 

cat fibroblasts transformed with murine sarcoma + + + 
virus. superinfected with FeLV 

mink fibroblasts infected with FeLV + + 
mink fibroblasts transformed with FeSV. nonproducer + + 
mink fibroblasts transformed with FeSV. + + + + 

superinfected with FeLV 

mink fibroblasts transformed with murine sarcoma virus + 
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tropic m urine retroviruses [77,78]. As in the case of cell extracts, the pseudo­
typed FeSV's contain FOCMA, FeLV pIS, and FeLV pI2. All the p30, pIO, 
and gp70 found in the pseudotyped virions was specific for the helper virus 
[77]. FOCMA is not found in either FeL Vor the helper viruses used to rescue 
FeSY. A radioimmunoassay has now been developed for the 85000 dalton 
species of FOCMA [78]. 

Since FOCMA activity was originally detected using a cultured FeL V­
producer feline lymphoma line, studies were undertaken to determine the 
association between FOCMA, FeLV production, and the malignant pheno­
type in various biopsied lymphoid cell preparations [25,27,29,47,48]. FOCMA 
was found to be present on biopsied malignant feline lymphoid cells, irregard­
less of whether they were taken from T or B cell tumors, or whether or not 
detectable Fe LV was also present (see following section), or whether the cells 
were from cases of lymphoblastic leukemia or lymphoma, or whether the 
malignant cells were from natural cases of tumors or laboratory induced 
cases following inoculation of the animals with FeLV [25,27,29,47,48]. 
FeLV-producer lymphoid cells that were morphologically normal were 
negative for FOCMA, even when the normal cells were taken from cats with 
lymphoma. 

Taken together, these results indicate that FOCMA is encoded for by 
Fe SV, but they do not reveal whether or not the same antigen (or a closely 
related cross-reactive antigen) is also encoded for by FeLY. Several possible 
explanations can be considered. For example, FOCMA might represent the 
src gene of FeSV, which was originally acquired from normal fibroblasts by 
non-transforming FeL Y. In this case, the gene would presumably be some­
what related to those expressed during normal differentiation processes. 
FeLV might then act by derepressing the gene when the virion genome inter­
acts with the cell in such a way as to cause leukemia. IfFeLV was uniquely 
qualified to do this, because ofsome evolutionary process ofco-development 
between the virus and that specific region ofthe cell genome, we might expect 
that tumors of mesodermal cell origin caused by factors other than FeLV 
would not express FOCMA. Alternatively, if FOCMA was a common re­
quirement to the process of de-differentiation associated with malignancy, 
we might expect that tumors induced in lymphoid and/or fibroblastoid cells 
with chemicals, irradiation, or other viruses might also express FOCMA. 
Since "FeL V-negative" lymphoid tumors normally express FOCMA, we 
would obviously have to postulate that the later tumors were initiated by 
FeL V if FOCMA is either FeLV encoded or induced in the cell only by FeL V. 

The possibility that FOCMA is also encoded for by FeLV can also be con­
sidered. Although it does not appear to be gag, pol, or env, it is possible for 
example that feline retroviruses which actually cause leukemia might possess 
a "leuk" or "onc" gene analogous to "src" which codes for FOCMA. An 
FeLV carrying such a gene has not been detected as yet, but classical nucleic 
acid hybridization experiments would not detect such an agent anyway if it 
existed as a small minority in an excess of non-Ieukemogenic helper virus. 
The latter situation is of course present for FeSV, as well as for the defective 
acute leukemia viruses of chickens [2]. Still another possibility is that FOCMA 
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might be encoded for by sequences normally found in replication competent 
FeL V. In the case of Rauscher virus a protein "by-product" of unknown 
function has been identified which arises from the gag-pol precursor poly­
protein. This protein does not become part of the subsequent gag or pol 
virion proteins [78]. Although perhaps even more unlikely, information to 
make FOCMA might be generated from standard FeLV gag, pol, or env nu­
c1eotides in the form of a "spliced" mRNA made from integrated DNA pro­
VIrus. 

F. "Virus Negative" Tumors 

About 20-30% of the spontaneous lymphoid tumors found in cats from the 
northeastern USA lack detectable FeLV [18). In Glasgow, up to 50% of the 
feline lymphomas are negative for FeLV[18,57]. Although the proportion of 
B cell tumors that are "virus negative" is highest (up to 65%) a significant 
minority ofthe Tcell tumors also lack detectable FeLV[48]. Additionally, all 
of the major gross pathologie forms oflymphoid malignancies may occur in 
the "virus-negative" state. The examination oftumor cell homogenates using 
a sensitive radioimmunoprecipitation technique failed to yield detectable 
levels ofany ofthe virus proteins [84,85]. As in the case ofFeSVtransformed 
nonproducer mink ceIls, the "virus-negative" tumors lacked detectable p30, 
piO. or gp70. Unlike the FeSV transformed nonproducer cells, the "virus­
negative" tumors also lacked detectable pl5 or p12. Thus, the question ob­
viously arises concerning the etiology of the "virus-negative" tumors. If, for 
example. it could be established that the "virus-negative" tumors were origin­
ally caused by Fe LV, as were the morphologically indistinguishable "virus­
positive" tumors, one might expect that the "virus-negative" feline tumors 
would be an excellent model for attempting to understand "virus-negative" 
leukemia and lymphomas ofman. 

One obvious approach to study the possible role of exogenously acquired 
FeLV in the etiology of "virus-negative" tumors is the approach of nucleic 
acid hybridization. Several studies have been reported. These inc1ude the use 
of DNA probes, made from FeLV with reverse transcriptase, to test for hybrid­
ization with lymphoma cell RNA [35,61). The DNA probes used represented 
all 3 of the subgroups of FeLV, as weIl as two independently distinguishable 
FeSV's. The results failed to reveal hybridization with the "virus-negative" 
lymphoma cells which was above background levels detected in normal 
feline tissue. A second approach employed iodinated virion RNA as a probe 
to hybridize with lymphoma cell DNA [60]. Again, "virus-negative" lymphoid 
cells lacked evidence of FeLV-related provirus sequences above the back­
ground levels found in normal cells. Levels of hybridization obtained with 
virus negative tissues varied from about 15% to more than 60%, but tumor 
tissues did not necessarily have values that were any higher than normal tis­
sues. 

Other approaches can be used to study the possible association between 
FeLV and the "virus-negative" tumors. Feline lymphoid tumors often occur 
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in clusters within households where eats are exposed to large doses ofFeLV 
[10.22.46.76]. We reeently sought to determine if"virus-negative" leukemia 
oceurred in a large FeLV exposure leukemia cluster household at a higher 
rate that it would be expeeted to oceur in the population at large. This was 
found to be the ease. 

Under experimental conditions, serum immunotherapy directed to circu­
lating FeLV and/or FOCMA has been employed [40,67,69]. Both classes of 
antiserum appear to have a beneficial effeet under appropriate conditions. 
Antiserum to virion antigens could presumably funetion by eliminating FeLV­
producer cells. as weIl as by eliminating free virus. We recently postulated 
that immunoseleetion might be one possible meehanism by whieh "virus­
negative" tumors might be eaused by FeLV and/or FeSV [20]. If fo ex­
ample. an anti-FeLV response was to eliminate virus producer cells in vivo, 
allowing nonproducer transformed cells to "sneak-through", the result might 
be a "virus-negative" tumor. We have observed this apparent course of events 
in a few fibrosareoma-bearing cats treated with anti-FeLV [68]. The absence 
of a parallel anti-FOCMA response apparently allowed the development of 
"virus-negative" tumors following the initial regression of "virus-positive" 
tumors. Whether or not the "virus-negative" secondary tumors were also 
negative for the pro virus genome by hybridization remains to be determined. 
Additionally, a few cats have been observed to develop "virus-negative" leu­
kemia. under natural conditions after previous infections with FeLV [40]. 
Direet evidence that naturally occurring "virus-negative" feline lymphomas 
are caused by FeLVis lacking. However, the regular presence ofFOCMA, an 
antigen known to be encoded by FeSV, on "virus-negative" tumor cells, as 
weIl as the curious epidemiologie association between exposure to FeLVand 
the existence of "virus-negative" tumors cannot be ignored. Further investi­
gations on the identity of FeLV-related partial provirus sequenees in the 
"virus-negative" tumor cells seems warranted. If such tumors can be clearly 
linked to Fe LV, the rationale for an intensified search for analogous defec­
tive viruses in human tumor tissues becomes obvious. 

G. Summary 

In cats. horizontally transmitted viruses eause leukemia and lymphoma under 
natural conditions. As with other retroviruses, feline leukemia virus (FeLV) 
contains products of 3 major genes; the virus co re gag gene products, the 
polymerase. and the virus envelope glycoprotein. When cells are transformed 
in vitro by the related feline sarcoma virus (FeSV), an additional protein, 
FOCMA is expressed at the cell membrane. FOCMA, which is FeSV-coded, 
is transformation and/or tumor specific and expressed regardless ofwhether 
or not the cells make virus or contain virus structural antigens. Lymphoid 
leukemia cells also express FOCMA, both when FeLV is used to induce the 
disease in laboratory cats and when the tumors occur under natural condi­
tions. FOCMA is expressed on both T and B lymphoid leukemia cells, but 
not expressed on non-malignant lymphoid cells, even when they are infected 
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with FeLY. About one-third of the naturally occurring lymphoid tumors of 
cats lack detectable FeLV proteins and varying portions ofthe FeLV provirus. 
Despite this, they regularly express FOCMA, which is the target of an immuno­
surveillance response that functions effectively under most conditions. 
FOCMA thus provides a useful model for antigens that might be expressed 
in "virus-negative" leukemias of man. 
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in clusters within households where cats are exposed to large doses ofFeLV 
[10.22.46.76]. We recently sought to determine if "virus-negative" leukemia 
oceurred in a large FeL V exposure leukemia cluster household at a higher 
rate that it would be expeeted to oecur in the population at large. This was 
found to be the case. 

Under experimental conditions, serum immunotherapy direeted to circu­
lating FeLV and/or FOCMA has been employed [40,67,69]. Both classes of 
antiserum appear to have a benefieial etTect under appropriate conditions. 
Antiserum to virion antigens could presumably function by eliminating FeLV­
producer ceHs. as weH as by eliminating free virus. We recently postulated 
that immunoselection might be one possible mechanism by which "virus­
negative" tumors might be caused by FeLV and/or FeSV [20]. If fo ex­
ample. an anti-FeLV response was to eliminate virus producer cells in vivo, 
allowing nonproducer transformed cells to "sneak-through", the result might 
be a "virus-negative" tumor. We have observed this apparent course of events 
in a few fibrosarcoma-bearing cats treated with anti-FeLV [68]. The absence 
of a parallel anti-FOCMA response apparently aHowed the development of 
"virus-negative" tumors following the initial regression of "virus-positive" 
tumors. Whether or not the "virus-negative" secondary tumors were also 
negative for the provirus genome by hybridization remains to be determined. 
Additionally, a few eats have been observed to develop "virus-negative" leu­
kemia. under natural conditions after previous infections with FeLV [40]. 
Direet evidence that naturally occurring "virus-negative" feline lymphomas 
are eaused by FeLVis lacking. However, the regular presence ofFOCMA, an 
antigen known to be encoded by FeSV, on "virus-negative" tumor ceHs, as 
weH as the curious epidemiologie association between exposure to FeLVand 
the existence of "virus-negative" tumors cannot be ignored. Further investi­
gations on the identity of FeLV-related partial provirus sequences in the 
"virus-negative" tumor cells seems warranted. If such tumors can be clearly 
linked to Fe LV, the rationale for an intensified search for analogous defec­
tive viruses in human tumor tissues becomes obvious. 

G. Summary 

In cats. horizontally transmitted viruses cause leukemia and lymphoma under 
natural conditions. As with other retroviruses, feline leukemia virus (FeL V) 
contains products of 3 major genes; the virus core gag gene products, the 
polymerase. and the virus envelope glycoprotein. When ceHs are transformed 
in vitro by the related feline sarcoma virus (Fe SV), an additional protein. 
FOCMA is expressed at the cell membrane. FOCMA, which is FeSV-coded, 
is transformation and/or tumor specific and expressed regardless ofwhether 
or not the cells make virus or contain virus structural antigens. Lymphoid 
leukemia ceHs also express FOCMA, both when FeLV is used to induce the 
disease in laboratory cats and when the tumors occur under natural condi­
tions. FOCMA is expressed on both T and B lymphoid 1eukemia cells, but 
not expressed on non-malignant lymphoid cells, even when they are infected 
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Introduction 

We have recently described a unique model system for immunotherapy where 
immunological management of a highly lethai tumor, the ascites form ofthe 
Adenocarcinoma 755 (AD755a), could be carried out reproducibly and with 
remarkable efficiency [7]. Some of the basic features of this model are sum­
marized in Table 1. The studies to be described in this report will concern 
themselves primarily with a more in depth analysis of the phenomenon of 
strain variation in relation to the protective capacity of the serum, and were 
done in an effort to gain some insight into the mechanism by which the serum 
mediates its powerful effect. 

Preparation of Hyperimmune Anti-AD755a Antiserum 

Ad755a was uniformly lethai in B6 mice after intraperitoneal (ip) inoculation 
of as few as 50 cells per mouse (Table I). In contrast, when AD755a cells were 
injected subcutaneously (sc) into B6 mice in a dose range between 1 X 105 

and 5 X 105 cells, a transient nodule appeared that was resorbed completely 
by week 2-3 after injection. Mice that had rejected AD755a cells inoculated 
sc were resistant to a later ip challenge with these cells. On this basis, B6 mice 

Table 1. Characteristics of AD755a tumor system 

AD755a is a "universal" tumor and is lethai in all mouse strains tested. Inoculation offewer than 
50 cells intraperitoneally gives 100% lethality and fewer than ten cells results in approximately 
80% lethality. The tumor grows equally weB in aB strains tested. 

Immunization in "syngeneic" C57B 1/61 mice by subcutaneous inoculation of AD755a provides 
proteetion against an intraperitoneal challenge of 104 LDlOO and this protection persists for 
greater than 90 days. 

Serum or immune cells from mice hyperimmunized by multiple intraperitoneal injections after 
an initial subcutaneous immunization can transfer protection to anormal animal in quantities 
of 5-10 f1l against achallenge of 1 X 105 AD755a cells. 

Preliminary study of the protective factor(s) shows it is contained in the IgG fraction. It has an 
efTective half-life in vivo of greater than 45 days and less then 9.0 days. 

Studies in several mouse strains have revealed that the protective capacity ofthe serum is strain 
dependent. 
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were hyperimmunized against the AD755a cells by an initial sc inoculation of 
104 AD755a cells followed by sc inoculations 2-3 weeks later of 1 X 105 and 
5 X 105 cells respectively. Subsequently, increasing doses of AD755a cells 
from I X 104 to I X 106 were given ip over aperiod of seven weeks. After four 
additional ip inoculations with 1 X 106 cells, serum was taken. Animals were 
boosted and bled monthly thereafter. 

Normal B6 mice were inoculated ip with various volumes ofthe immune 
sera at the same time that they were challenged with AD755a cells. Protection 
against 105 tumor cells was obtained with as little as 5-10 ~l of B6 anti­
AD755a serum. Subsequent experiments demonstrated that similar titration 
end points could also be obtained after sc or intravenous injection ofthe serum; 
this indicated that the serum and tumor cells did not need to be administered 
together for successful passive immunotherapy to be achieved. Finally, serum 
administered as late as 3 days after tumor inoculation was also protective, 
although larger quantities were required. 

Protective Capacity of Immune Serum in Various Mouse Strains 

Titration of B6 anti-AD755a immune serum against AD755a tumor cells 
given ip to other strains ofmice revealed a significant strain specificity ofthe 
immune protective capacity (Table 2). 

The results emphasize the variation observed earlier [7] where only a few 
strains were tested. The mice are arbitrarily subdivided into three groups 
based on their titration end point (see legend ofTable 2). All standard C57B 1 
strains, as wen as strains 12911, CBAll and All, were protected by low quan­
tities ofserum (10 ~l) inc1uding strains congenic at H-2 (*) and Fv-2 (**). 

At the opposite end of the spectrum were mouse strains which were not 
protected by at least ten (AKR) or more than 30 times (BALB/cJ) the quantity 
of serum used to protect C57Bl/61. Both Fv-l n (NIH) and Fv-l b (BALB) 
mice were members ofthis group, indicating no relationship to the Fv-l gene. 
A variety of strains, however, could be protected by intermediate quantities 
of serum (group II). 

Some conc1usions can be drawn from this analysis wh ich indicates that 
proteetion did not seem to correlate with the H-2 type or with two well-known 
viral markers. Moreover, the variations observed cannot be explained by a 
difference in growth rate of the tumor since at the dosage given (105 tumor 
cells), the tumor was uniformly lethai within very nearly the same time 
period after administration in all strains tested. 

Genetic Analysis of the AD755a System 

The strain variation observed could be due to a number of factors inc1uding 
several immunological and virological parameters. Since some of the loci 
controlling these factors are known, a genetic analysis of the system might 
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Table 2. Strain analysis for proteetion against 
the AD755a tumor 

Mouse strain 

C57BlI6J 
C57BlI6J (male) 
C57BI/6By 
B6.C-H-2d /By a 

B6.C-H-7b/By b 
C57BlIIOJ 
B IO.A/SgSn a 

B IO-H-2a-H-7bWtsa 

BIO.129(21 M)/SnJ 
BIO.D2/nSna 

C57BI/KsJ 
129IJ 
CBA/J 
A/J 

BIO.Br/SgSn a 

C3H/HeJ 
C3H/HeJ (male) 
C3H.SW/Sn a 

DBA!2J 
SJLlJ 
C58J 
RFIJ 
NZB/BINJ 
STU 
PIJ 
SEC/IReJ 

DBA/lJ 
NIH/Sw 
NIH/Sw (Nu/Nu) 
PLlJ 
RII!2J 
SM/J 
BUB/Bnl 
BALB/c By 
CD-IICr 
AKR 
BALB/cJ 
BALB/cJ (male) 

Minimum protective 
vo/ume (/LI) 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

35 
35 
35 
50 
50 
50 
50+ 
50+ 
50+ 
50+ 
75 
75 

>75 
>75 
>75 
>75 
>75 
>75 
>75 
>75 • 

>100 
>100 
>300 
>300 

11 

III a H-2 congenics 
b Fv-2 congenics 

I. Unless indicated, females were tested 
2. Same serum pool used in all strains tested 
3. Strains titrated at 0, 10,20,35,50,75 or 100 

and 300,...1 where indicated. Four mice 
tested at each level 

provide some clues as to the significance ofthis variation, and even illuminate 
the nature ofthe mechanism ofprotection itseif. Using C57Bl/6J (B6) (pro­
tected [P] at 10/-L) and BALB/cJ (C) (not protected [-] at 300 /-LI) mice, we 
carried out c1assical mating crosses F1, F2, F1 backcrosses) to establish the num­
ber of genes involved in the phenomenon and their penetrance (dominant or 
recessive ). 
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F 1 Generation 

Both FI breeding combinations (C X B6), and the reverse (B6 X C) indicated 
that an intermediate quantity of serum ("-/ 75 ~l) was required for proteetion 
of the FI hybrids and that there was no sex-linked effect (Table 3). The fact 
tha t these animals could be protected exd udes the presence of a single dom i -
nant locus from BALB/cl mice wh ich blocks proteetion. 

Table 3. Protection of parental and F1 mice 
by immune serum 

Mouse strain 

C57BlIb 
BALB/cl 
(B6 X C) F1 

(C X B6) F1 

Parental 

Minimum quanti~v 
o(proteetive serum 

15 /LI 
>300/LI 

75/LI 
75 /LI 

F2 and Fl Backeross Progeny Testing 

The results ofthe second generation cross (e X B6) involving 313 mice, where 
protection was assayed at 15 ~l of serum, are shown in Table 4. Since 22,4%, 
or one quarter ofthe mice resembled the B6 parent, this strongly suggests that 
a single locus is involved in the process. Studies to determine the percentage 
resembling the BALB/cl parent confirm this notion (Table 4). For this study, 
100 ~l ofserum was used; a quantity capable ofprotecting all FI hybrid mice 
and animals resembling the B6 parent, but not capable ofprotecting animals 
resembling the BALB/cl parent. The observed values for the individual FI 

backeross generations are also in dose agreement with the expected values 
for a single operative locus. A diagrammatic representation of the various 
crosses is presen ted in Fig. 1. 

Table 4. Protection ofF2 and F1 backcross (BC) progeny A: By 15 /LI ofimmune serum 

Cross Number Pereent Pereent expeeted 
o(miee proteeted (or one loeus 

(C X B6) F2 313 22,4 25.0 
(B6 X F1) BC 50 42,0 50,0 
(F1x C) BC 52 0 0 

B: By 100 ",,1 ofimmune serum 

(C X B6) F2 51 68,6 75,0 
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TRANSMISSION OF LOCI INVOLVEll IN PROTECTION AND THEIR LINKED ALLELES 

TO F1, F2 AND BACKCROSS PROGENY 

C57Bl/6J BAlB/cJ 

PROTEClION P P 
Locus 

x PARENTAL 

a a 
AGOUTI A 
Locus A 

P (>300 111) 

P P P 

o 0 0 A A A A 

50%'pROTE~TED (43%) 
BV 15 pI 1 0% PROTECTED (0%) 

BV 15 pI 

P P p P 

o o A A 0 A 

25% IPROTECTED (22.4% OBS.) IBV 15 pl (SEE TABlE 4 ) 
75% PROTECTED (68.6% OBS.) BV 100 pI (SEE TAßlE 4 ) 

A 

P 

BC 

0 

F2 

473 

Fig.1. Diagrammatic representation of genetic crosses between C57B 1/61 and BALB/cl mice 
and their offspring demonstrating the putative relationship between loci associated with protec­
tion and that ofthe agouti coat color 

Linkage Studies to Detennine the Position of the Loeus Controlling Protection 

During the course ofthese experiments, we noticed that certain alleles (agouti) 
controlling coat color might be linked to the protection locus. In crosses be­
tween BALB/cJ and C57BI/6J mice, multiple genes located on separate 
chromosomes determine coat color [IIJ. The a locus confers the agouti char­
acteristic which is represented by hair with a yellow banding. The locus is 
dominant except in albino mice where melanin is not produced. The C57Bl/6J 
parents are black mice, homozygous nonagouti (aa), while BALB/cJ mice 
are white (no melanin) but homozygous at agouti for the wild-type allele (AA). 

Analysis of the (C X B6) FI to the B6 parental type backcross generation 
at the 15 t-tl protection end point in relation to coat color yields the results 
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outlined in Table 5. Assuming no linkage with any color marker, one would 
expect that the percentage of mice protected in the agouti and nonagouti 
categories would be the same as the overall percentage protected (ideally 
50%. 43,4% experimentally). On the other hand, a dose linkage to agouti 
should result in no protection for agouti mice since these would resemble the 
BALB/cJ parent; and complete protection of nonagouti animals (like B6 
parents). The observed percentages represent significant deviations from 
either idealized situation suggesting a definitive, but distant, linkage of the 
protective function to the agouti allele. Similar analyses of the F2 generation 
support the linkage to the agouti allele (data not shown). 

Table 5. ünkage ofprotective function to agouti in the backeross of(C x B6) F1 to B6 parental 
type 

Number tested 
Number protected 
Percent protected 
Percent expected without linkage 

Percent recombination 

Agouti Nonagouti 

70 36 
16 30 
22~ 833 
50,0 50.0 
16 + \~~ - 30) x 100 = 20,8 

Total 

106 
46 
43.4 
50.0 

Both agouti mice which are protected and nonagouti animals not protected 
represent recombinants and from the frequency of recombination (20,8%, 
Table 5), one can tentative1y place the allele associated with protection about 
21 map units from the agouti locus. A similar analysis ofthe F2 generation is 
in dose agreement with this condusion (data not shown). Since the agouti 
locus has been mapped, the protective function is located in chromosome 2, 
linkage group V. Our preliminary data employing recombinant inbred 
strains suggests that the function maps toward the centromere from agouti 
(unpublished observations). 

The Speeificity of Pro tee ti on is Dictated by Virus Assoeiated Antigens 

The mechanism by which AD755a tumor challenge is rejected and the iden­
tity of the antigens involved in the induction of immune transfer capacity 
remain to be defined. Possibly relevant to these questions were the observa­
tions of Brandes and Groth [I] that virus particles were present in both the' 
solid and ascites form of Adenocarcinoma 755. We have recently demonstrated 
that this agent, termed ADV (Adenocarcinoma-755a virus) is a type-C virus 
dosely related to the Friend and Rauscher murine leukemia agents [3]. 
Moreover, the B6 anti-AD755a serum could neutralize ADVand viruses of 
the FMR (Friend-Moloney-Rauscher) group, possessed a high antibody titer 
in radioimmunoassays with the major glycoprotein of Friend virus (gp71) and 
effectively lysed AD755a tumor cells or murine cells infected with Friend virus. 
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Indeed proteetion by this antiserum seems to correlate with an antigen 
associated with FMR viruses. Some of this information is summarized in 
Table 6. We have observed complete cross protection with universal tumors 
which likewise express FMR antigen, but none with tumors expressing un­
related viral antigens or no known viral antigens. Of considerable interest is 
that introduction ofFMR viral antigens on a non virus-producing (NP) tumor 
(the Harvey sarcoma virus-induced C57BI sarcoma [C57BI (MSV HA)]) 
now renders this tumor ([C57BI (MSVHA) FLV]) susceptible to rejection by 
an AD755a immune mouse. 

Moreover, it has been possible to immunize mice with intact or disrupted 
Friend virus against challenge with AD755a. The viral specificity extends 
even to this parameter since AKR virus was not able to immunize against the 
tumor (Table 6). 

I. Comp/ete cross-protection 
seen between AD755a and: 
S-180a 
EAC 
C57BI (MSVHA) FLV 

2. No cross-protection 
seen between AD755a and: 
6C3HED 
EL-4 
C57Bl (MSVHA) NP 

3. Immunization against AD755a 
was possible with: 
Intact FLV 
Disrupted FLV 

But not with: 
Intact AKR 
Disrupted AKR 

Associated 
virus type 

FMR 
FMR 
FMR 

Gross-AKR 
Gross-AKR 
None 

Table 6. Specificity of protection 
seems to correlate with oncorna­
virus associated antigens 

Attempts to Achieve Protection Against AD755a Tumor Challenge with 
Anti-Viral Antisera 

The concordance between protection and the presence of FMR viruses sug­
gested that a viral component might represent the target antigen on the tumor 
surface. The most likely candidate for this was the major surface glycoprotein 
of the virus, not only because of its strategie location but also because the 
anti-AD755a serum possessed a high antibody titer against this virion com­
ponent. Thus, it was reasonable to attempt protection with hyperimmune 
antisera to gp71 or whole virus. These antisera had anti-gp71 titers equal 
to or in some cases, much greater than those of anti-AD755a antisera. 
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The results ofthese studies (Table 7) were disappointing, however, since none 
of these antisera were able to mediate protection. Moreover, absorption of 
the protective anti-AD755a antiserum with Friend virus or purified gp71 
under conditions where all ofthe anti-gp71 activity is removed, had no effect 
on its ability to reject AD755a tumor challenge. 

Table 7. Effectiveness of anti-tumor vs. anti-viral antibodies in abrogation of AD755a tumor . 
growth 

Antiserum 

Anti-AD755a 
Anti-AD755a abs. with FLV 
Anti-AD755a abs. with AD755a cells 
Anti-FLV. anti-FLV gp71 

Speci{lcities 

Anti-Tumor. Anti-Virus 
Anti-Tumor 
? 
Anti-Virus 

Prevention o{ 
tumor growth 

+ 
+ 
+ 

Attempts to Identify a Non-Structural Viral-Induced Antigen Associated 
with AD755a Tumor Cells 

The results presented in the previous section could be interpreted to signify 
the presence of a non-structural virus-associated antigen which was responsible 
for induction of the transferable protective antibody population, as well as 
serving as a target antigen. Such virus-induced non-structural proteins have 
been identified on MLV-induced YAC lymphoma [5,6,8J and on feline leu­
kemia and sarcoma cells [9]. A direct attempt to immune precipitate an ana­
logous component from surface labeled AD755a cells with various antisera 
was carried out. As is shown in Fig.2, the major component precipitated 
from surface iodinated AD755a cells with both mouse anti-FLV (Fig. 2A) 
and mouse anti-AD755a (Fig. 2B) antisera is represented by gp71. In fact, 
except for a minor component of about 45000 MW, no other distinct molec­
ular species are evident in the anti-AD755a antiserum immune precipitates. 
That the major component represents gp71 is substantiated by its nearly 
quantitative rem oval subsequent to absorption ofthe antiserum with purified 
Friend virus (Fig. 2 C). Although a few minor components remain after this 
absorption, the results indicate that most ofthe reactivity ofthe anti-AD755a 
serum against iodinated species on the tumor cell surface is directed toward 
gp71. Similar results were obtained when the cell surface glycoproteins were 
labeled with galactose oxidase (data not shown). Thus these results indicate 
that antigens other than gp71 cannot be identified using these procedures. 
However, a second antigen could be either inaccessible to extemallabeling or 
inactivated following disruption of the cells prior to immune precipitation. 
Alternatively, gp71 may indeed represent the only relevant antigen involved 
in production and binding ofprotective antibody, as discussed below. 
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Fig. 2. Analyses of 125I-labeled A0755a cells 
after immune precipitation with various mouse 
sera followed by electrophoresis on SOS poly­
acrylamide gels. (A) M<XFLV (B6 serum raised 
against purified Friend leukemia virus); (B) 
M<xAD (B6 anti-AD755a serum); (C) M<xADI 

200 FLV (B6 anti-A0755a serum absorbed with 
FLV); and (0) NMS (normal mouse serum) 

Protection Appears to Require a Cytophilic Antibody 

An observation which was made early in this study which bears heavily on 
the mechanism ofprotection is that sequential absorption ofthe hyperimmune 
anti-AD antiserum ten times with fresh AD755a cells at its titer end point had 
no effect on the protective capacity ofthe serum (see Table 7). Moreover, al­
though antibodies absorbed to the cell surface under conditions ofgreat excess 
could yield lysis in the presence of added complement; they were unable to 
provide protection when these antibody coated cells were inoculated as tumor 
challenge. Thus, the protective function was not easily absorbed by the target 
cells. 

Along with the in ability to directly absorb the protective serum with the 
target cell, the potent protective capacity of small volumes of the immune 
serum, as weIl as its apparent strain specificity, may be indicative of a cellular 
component in the passive serum transfer process. Phase contrast microscopic 
analysis of AD755a cells after interaction with the B6 immune serum and 
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normal B6 peritoneal exudate cells, both in vivo and in vitro, demonstrated 
the induction oflarge mononuclear cell attachment to the tumor cells (Fig. 3). 
This response was not observed when normal B6 mouse serum was substi­
tuted and suggests that the B6 anti-AD755a serum may be capable of activat­
ing macrophages or other mononuclear cells for tumor cell destruction. It is 
of interest in this regard that antisera directed against FLV or FLV-produc­
ing cells which are not protective, also do not have the capacity to form rosettes 
in vivo. It is thus possible that the protective factor is a cytophilic antibody 
with affinity for a host effector cell, presumably a macrophage. Because of 
the previously described viral specificity of the tumor rejection process, we 
tentatively postulate that a viral component remains the principal candidate 
for the target antigen, but that its function in this regard can only be dem on­
strated through a cooperative action between the antibody and the appropriate 
effector cello Studies are planned to identify this component and the corre­
sponding antibody population through in vitro and in vivo assays involving 
effector cells. 

Fig.3 



A Single Genetic Locus Determines the Efficacy ofSerum Therapy 479 

Fig.3.1-4 Phase-contrast microscopic analysis of mouse peritoneal aspirates collected 2 hr (1). 
3 hr (2) or 6 hr (3) after ip inoculation of AD755a cells and B6 mouse anti-AD755a serum. Note 
that tumor cells (large granular cells) are bound to large mononuclear cells. Similar analyses 
were carried out in vitro by mixing AD755a cells. normal B6 mouse peritoneal exudate cells and 
86 mouse anti-AD755a serum for I hr (4). Note binding of tumor cells to a large mononuclear 
cell in a rosette formation. reverse ofbinding pattern seen in vivo (see 1-3). This rosette reaction 
was not observed when normal 86 mouse serum was substituted for immune serum. x 400 

Concluding Remarks 

In summary, AD755a can be used as an animal model system oftumor rejec­
tion that involves lymphoid ceH and serum factors. This system can serve in 
the examination ofthe immune recognition and immune response mechan­
isms participating in tumor rejection, as weH as in the study ofmouse strain­
specific interactions between serum factors and lymphoid cells, which may 
possibly mediate the observed transfer oftumor immunity. 
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The strain dependence of serum transfer protection was found to be con­
trolled by a locus linked to agouti which itselfis situated on linkage group V, 
chromosome 2. No function has been mapped in this region which could ac­
count for the phenomenon observed suggesting that the locus controlling 
protection by serum transfer is a new discovery. Extensive fine mapping us­
ing appropriate congenic and recombinant inbred strains is in progress to 
better establish its IQcation. 

Several parameters thus far noted in this system may reflect the function 
of this locus. These include 

I. genes controlling various activities related to the virus associated with the 
AD755a tumors, particularly those which might affect the immune system of 
the recipient; or 2. immune response functions which regulate the cooperative 
effects between the protective antibody and the host effector cells, which might 
include factors such as Fc receptor specificity for the protective antibody. 

The question of antigenic specificity remains elusive. The data obtained 
thus far strongly suggest a viral related component as the antigen involved in 
both the generation ofprotective antibody and as a target for tumor rejection. 
The best candidate for the antigen at present is the gp71 surface glycoprotein 
of ADY. However, we would have to postulate that two forms of antibody to 
this antigen are produced during our immunization procedure. One is a clas­
sical antibody and can be measured in virus neutralization, cytotoxicity and 
radioimmunoassayanalyses and can be efficiently absorbed with virus or 
target cells. The other is an antibody with little or no affinity for the target 
cello In the presence of both lymphoid cells and target cells, however, this 
antibody induces rosette formation, linking the target and effector cells very 
efficiently. Antibodies with similar functions have also been described by 
Haskill and colleagues [12,13]. Studies are now in progress to determine the 
nature of this antibody subclass and the mechanism by which it induces 
rosette formation. 

An alternative explanation is that our immunization protocol results in the 
formation of an anti-idiotype antibody. Such antibodies can actively stimu­
late the host immune response in a very specific fashion [4], particularly if 
administered in the presence of antigen [2,10]. Thus, their existence would 
explain both the potency and specificity ofthe protective function, as well as 
the relative inability of the protective factor to bind to the target cello Studies 
are in progress to determine ifsuch antibodies are present and their relation­
ship to the viral gp71 antigen. 

Having noted the powerful protective function of antiserum prepared as 
described against AD755a tumor challenge, we have prepared similar anti­
sera against other murine tumors. Such sera also demonstrate strong anti­
tumor effects, particularly against virus associated sarcomas (see Table 6). 
Application of this principle to sarcomas in cats induced by the Snyder-Theilen 
strain offeline sarcoma virus caused a dramatic regression oflethal tumors in 
8 of9 cats at a relatively late stage oftumor growth, where the primary tumors 
were more than 7 cm in diameter and the animals were near death. Studies to 
deter!lline whether similar factors are involved in this form of tumor rejec­
tion are also in progress (de Noronha and Bolognesi, in preparation). 
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That human leukemia has a viral origin has been suggested many times (see 
[6] for references). Leukemic cells have been shown to bear intracellular virus­
like partic1es [1,4], to share nuc1eotide sequences with murine [1] or primate 
[4] viruses, and to synthesize proteins that cross-react with antibodies to virus­
specific proteins [18]. Some authors reported the release of C-type particles 
from leukemic cells subjected to in vitro culture conditions [11,12, l3, 16], 
and Gallagher and Gallo [3] have shown budding C-type virus in leukemic 
cells sustained proliferating in vitro with medium conditioned by a particular 
human embryonic cell culture. This virus, now called HL23 V, was further 
studied and found to be infectious for a wide variety of cells. Viruses growing 
in these new hosts were referred to as "secondary viruses" [20]. 

During horizontal transmission animal C-type viruses are known to syn­
thesize a provirus composed of double-stranded DNA of about 6 X 1()6 daltons 
which, because of its infectivity, can be conveniently detected in a transfec­
tion assay (see [9] for review). Viral genetic information, endogenously car­
ried in the cellular chromosome, is usually not infectious ([2], for exceptions 
see [17]). In human leukemia an infectious provirus should be found if the 
disease arises from a horizontal spread ofa leukemia virus. We report here on 
our search for such a provirus. 

In initial experiments [7] the DNA was extracted from secondary HL23V-l 
virus-infected bat B88 cells, and used to transfect both human rhabdomyo­
sarcoma A204 and bat B88 cell cultures. Transfeetion assays were carried out 
using calcium phosphate [5] or DEAE-dextran [8] techniques. In these assays 
20 to 50 ~g DNA was delivered per about 107 recipient cells. The cells were 
then kept growing for about 1 month and assayed for reverse transcriptase 
activity in the culture medium. Four out often B88 and none out offive A204 
cultures were found to produce C-type virus. Reverse transcriptase neutrali­
zation tests performed by Robert E. Gallagher have shown that viruses re­
covered in these transfections resemble simian sarcoma virus and baboon 
endogenous virus to approximately the same extent as does the parent HL23V-l 
virus. We conc1uded that after horizontal transmission, the HL23V isolate 
synthesizes an infectious provirus. This was later confirmed by others [14]. 

In order to detect such a provirus before the rounds of virus replication 
in vitro. the DNA was extracted from fresh-frozen uncultured leukemic leuko­
cytes from the HL-23 patient, and also from patients HL-7 with chronic 
myelogenous leukemia and HL-II with chronic monomyelocytic leukemia. 
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Wong-Staal et aL [21J showed by molecular hybridization that leukemic tis­
sues in these patients, unlike normal human tissues, contain baboon endo­
genous virus-specific DNA sequences suggesting that horizontal transmission 
ofa primate virus had occurred among humans. 

The results of transfection assays performed with these DNAs are shown 
in Table 1. It is dear that no infectious virus could be isolated. Some DNA­
treated cultures, however, exhibited a transient burst of DNA polymerase 
activity in the culture medium. This is demonstrated in Fig. 1. To reproduce 
the burst, about 107 days after the first DNA treatment the cultures N° 38 
and 39 and N° 44 and 45 were treated again with HL-7 and HL-ll DNA, 
respectively. Two control cultures received normal human foreskin DNA. 
This time the DNA treatment was repeated 17 times during 20 cell passages 
and 20 I-1g DNA was delivered per culture of 107 cells at each treatment. Re­
verse transcriptase activity was assayed weekly as in Fig. 1 and found to be 
within the background limits. 

In further experiments HL-23 DNA (20 I-1g/l07 cells) was assayed on feline 
embryo cells and also in a mixture ofthese cells and rabbit cornea cells. Trans­
fection assay was carried out using the calcium phosphate coprecipitation 
technique, combined with the boost of DMSO [19J 4 h or 4 hand 10 days 
after transfeetion. Reverse transcriptase assays were carried out in 10 ml of 
the culture medium weekly for up to 2 months and provided only background 
counts. 

The burst of DNA polymerase activity after transfection is reminiscent of 
the transient virus replication observed with HL23V-l virus in various ani­
mal and human cells [20]. The burst shown in Fig. 1 may be due to the release 
of C-type partides. It is not known if these particles were specified by the 
transfecting DNA. We suspect that leukemic cells carry a defective provirus 

Table 1. Transfeetion assays using DNA from fresh-frozen. uncultured human leukemic leuko­
cytes 

Experi- Culture Source Recipient cells /tg DNA Reverse Number of 
ment N° ofDNA per transcri ptase passages after 
N° (patient) culture assay transfeetion 

I 31-35 HL-7 B88, bat lung 50 negative 7 
Ha 36-40 HL-7 SIRe. rabbit cornea 40 burst in N° 39 17 

41-45 HL-II SIRC, rabbit cornea 40 burst in N° 45 17 
46-50 HL-23 SIRe. rabbit cornea 18 burst in N° 47 17 

111 53-55 HL-23 A7573, dog thymus 20 negative 16 
56-58 HL-23 PEF-I, feline embryo 20 negative lost at passage 5 

IV 59-63 HL-23 PEF-I, feline embryo 40 negative 25 

DNA was extracted from cells according to a modified Marmur's procedure ([8.15]. and un­
published data) and then administered to about 107 recipient cells using the Ca phosphate trans­
feetion technique [5]. The cells were passaged once weekly. Before each passage 10 ml of the 
culture medium were withdrawn, clarified at 10,400 g for 30 min. and the particulate fraction 
spun down in a Spinco Ti50 rotor at 38,000 rpm and 4°C for 60 min. The pellet was assayed for 
reverse transcriptase activity as described [10]. 
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Fig.l. Reverse transcriptase assay (given in cpm ofincorporated 3H-1MP) ofthe culture medium 
of DNA-treated cultures N° 39 (X). 45 (0). and 47 (e) at different times after transfection. 
Mean background counts and the standard error of the mean are given by a thick and two thin 
straight lines. respectively. Cell passages are indicated by arrows. Other conditions are described 
in Table 1 

wh ich gives rise to a poorly replicating virus in transfected cells. In this con­
text the results of the last experiments would show that different proced ures 
such as repeated transfections, co-culture with different animal cells, or DMSO 
boosts are aB unable to render this virus fully infectious. 

Other possibilities could not be eliminated. For instance, (i) no virus is 
recovered after transfection ifthe DNA used contains too small an amount of 
infectious provirus. In infections initiated by avian sarcoma virus in virus­
resistant chicken cells no infectious provirus is detected when the virus repli­
cates in less than one per 104 cells. (ii) The fact that endogenous proviruses 
are usually noninfectious [2] suggests that genetic elements of the endogen­
ous provirus are located on different chromosomes or separated by spacers 
large enough to render the provirus inefficient in transfeetion. If this is also 
true ofthe human leukemia provirus, C-type particles may be produced after 
splicing in leukemic cells, but not after transfection ofleukemic cell DNA. 

In conc1usion, transfection assays so far performed failed to detect infecti­
ous provirus in human leukemic cells. A possibility remains, however, that 
these cells carry a defective pro virus or a provirus composed of more than 
one genetic element unable to generate, upon transfeetion, an infectious virus. 
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We have recently described a technique for the establishment of long-term 
cultures ofmouse bone marrow cells (Dexter et al., 1977). In that communi­
cation we reported the successful infection ofthe cells in vitro with the Friend 
leukemia virus complex and the subsequent development of producer cul­
tures ofthe Friend spleen focus-forming virus. Here we describe the infection 
of the mouse bone marrow cultures with Abelson murine leukemia virus 
(MuLV-A) (Abelson and Rabstein, 1970); establishment oflines ofprimitive 
"blast" cells which chronically produce MuLV-A in vitro has been accom­
plished and a proportion of these cells contain intracytoplasmic immuno­
globulin M (lgM). Thus these transformed cells can be classified as early 
B lymphocytes. 

MuLV-A causes a thymus-independent rapidly progressing lymphosarcoma 
in adult mice (Abelson and Rabstein, 1970). Viral infection in vitro and in vivo 
leads to the production oftumours which can be c1assified as null (non-B, non-n 
cell tumours. If mice are pre-treated with the mineral oil pristane, there ap­
pears to be a high incidence ofimmunoglobulin-producing (B cell) plasma­
cytomas (Potter et al., 1973; Sklar et al., 1974; Rosenberg et al., 1975). Previ­
ous reports ofin vitro transformation ofsplenocytes (Sklar et al., 1974), foetal 
liver (Rosenberg et al., 1975) or bone marrow (Rosenberg and Baltimore, 
1976). documented a requirement for a reducing agent such as 2-mercapto­
ethanol for the establishment ofvirus-producing celliines; in our system, this 
requirement is obviated. 

Bone marrow cultures from 6-8 week old female BALB/c mice were estab­
lished from femoral marrow aspirates suspended in Fischer's medium with 
20% horse serum. After 3 weeks in culture, with weekly withdrawal of and 
replacement of one-half of the medium, a second aspirate of syngeneic cells 
was added to each culture. Approximately 2 hours later, 7 X 104 plaque form­
ing units (pfu) ofthe Moloney MuLV-M helper virus and 2 X 103 focus form­
ing units (ffu) of the MuLV-A were added to each experimental culture. All 
cultures were then incubated at 37° with weekly demi-depopulation and 
addition of fresh medium. The cells and media removed each week were as­
sayed by several techniques to ascertain the virus status and the nature ofthe 
cell population. Two assays were used to determine virus production: 1. the 
XC syncytial plaque assay (Rowe et al., 1970) for quantitation of the MuLV-M 
helper virus population and 2. the focus assay (Hartley and Rowe, 1966) on 
NIH/3T3 cells for measurement ofthe transforming capacity ofthe defective 
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Abelson virus component (Scher and Sie gier, 1975). After the first week in 
culture, the titre rose considerably (to > 105 pfu/ml) and thereafter remained 
constant. As expected, the MuLV-M was consistently found to be in excess 
(3-400 fold) ofthe MuLV-A. 

The numbers and types of cells maintained in the suspension fluids were 
analysed by several criteria (Table I). The cultures showed an initial decrease 
in total cell number after one week post-infection. In uninfected cultures, the 
cell number remained relatively constant throughout the course of the 
experiment. On the other hand, the MuLV-A infected cultures showed a 
dramatic increase in total cell number at 5 weeks. At about the same time, the 
cell population in the infected cultures showed apredominant shift toward 
undifferentiated blast cells and a decline in the proportion of granulocytes 
(of all stages) and mononuclear macrophages. This is in marked contrast to 
the control cells in which the predominant population was composed ofmono­
n uclear cells by week 7. 

Weeks in Culture 
culture 

3 
Control 
Infected 

5 
Control 
Infected 

7 
Control 
Infected 

9 Control 
Infected 

Blast 

36 
48 

41 
96 
0 

99 

0 
100 

Morphology (%) 
Table 1. Differential analysis of 
bone marrow cell cultures 

Granulo- Mono-
cyte nuc\ear 

34 30 
12 37 

5 54 
0 4 

0 100 
0 1 

0 100 
0 0 

Two assays for analysis ofstem cell differentiation were also utilized. The 
agar colony assay for granulocytic cell precursors (CFU-C) (Bradley and 
Metcalf, 1966) was performed according to the technique ofDexter and Testa 
(1976). By 4 weeks, neither control nor infected cells formed CFU-C. How­
ever, by the time that the infected cells demonstrated feeder-independent 
autonomy (see below) at week 15, several thousand cells per culture were 
capable of growing as agar colonies. These differed from normal CFU-C in 
forming tightly clustered colonies composed of undifferentiated blasts with 
no evidence of gran ulopoiesis. In addition, there was litde or no decrease in 
the number of "CFU-C" in the absence of granulocyte colony stimulating 
factor (CSF). Furthermore, such CSF-independent colony forming cells could 
be found in infected cell cultures by week 6 if mercaptoethanol (5 X 10-SM) 
was present in the agar medium. These data indicate that the cells are not true 
CFU-C and represent blast cells which have been "transformed" by viral 
infection. thus acquiring the ability to replicate in an agar medium. 

Pluripotent haematopoietic stern cells (CFU-S) (Till and McCulloch, 1969) 
were lost early during the culture period. 



Infection of Mouse Bone Marrow Cells with Abelson Murine Leukemia 489 

At the earliest period checked (one week post-infection), the MuLV-A 
infected cells were capable of inducing leukemia within 2-4 weeks in adult 
syngeneic BALB/c mice and in heterogeneic BDF1 mice as well. The leu­
kemias were characterised by massive enlargement of the spleen and of 
most lymph nodes (cervical, inguinal, brachial, axillary and mesenteric). The 
leukemic cells were identified morphologically as large, undifferentiated 
blast cells. Of particular interest was the finding that these cells lacked both 
6 and surface Ig antigens by immunofluorescent staining techniques. 

At 15 weeks, the cultured bone marrow cells appeared to be autonomous 
and were capable offorming agar colonies in the absence of2-mercaptoethanol. 
Thereafter the cells exhibited an increased ability to grow in suspension with­
out feeder cells. The celliines thus established were uniform in morphology 
and appeared to be large vacuolated, undifferentiated blast cells. 

Although the cells appear to be of the lymphoid series, they do not show 
the typical identifying markers ofT (6 antigen) or B (surface Ig) cells and are 
perhaps best classified as null cells. As cells infected with Abelson are thought 
to be pre-B lymphocytes, we attempted to characterise the nature ofthe estab­
lished celliine. It was found that 2-5% ofthe cells contained intracytoplasmic 
IgM as identified by immunofluorescence techniques. We attempted to in­
duce lymphoblastoid differentiation by a variety ofcompounds. As shown in 
Table 2, the proportion of cells with intracytoplasmic IgM was greatly stimu­
lated by treatment with dimethyl sulphoxide (DM SO) or lipopolysaccharide 
(LPS). No treatment has yet been found to stimulate the production of sur­
face Ig. 

Treatment 

None 

Lipopolysaccharide 
5 f1g/m1 

20 f1g/m1 
Dimethyl sulphoxide. 1 % 
Dextran sulphate. 20 f1g/m1 
Tuberculin PPD. 10 f1g/m1 

% Cells staining for 

Intracyto- Surface 
plasmic Ig 
IgM 

1-4 0 

23 0 
39 0 

23 0 
4 0 
2 0 

Table 2. Stimulation of intracyto­
plasmic IgM production 

We thus conclude that Abelson virus infection of bone marrow cells has 
led to the transformation of cells in the early B-Iymphocyte lineage. In the 
uncloned population, there are two cell populations: One is IgM-negative 
and another which constitutively produces IgM. The experiments using DMSO 
and LPS suggest that such treatment can either cause preferential prolifera­
tion of the IgM-positive cells or induce some of the IgM-negative cells to 
synthesize IgM. Attempts are now being made to select clones from each of 
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these cell types. However, this provides the first proofthat Abelson virus can 
transform cells ofthe B-lymphocyte series in vitro and suggests that such cells 
may be the target for leukemogenesis in vivo. 
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I. Introduction 

In our study on the possible role of type-C oncoviruses in human leukemia 
we applied the technique of cocultivation of human bone marrow cells with 
an animal indicator cellline. The cocultivation technique proved to be very 
usefuL for instance, for the isolation of endogenous primate viruses (Todaro 
et al.. 1978). When bone marrow of a leukemic child was cocultivated with 
the rat XC cellline. a type.C virus was readily detected which was related to 
the simian sarcoma-virus (SiSV) (Nooter et al., 1975). The use of the XC cell 
line has been abandoned by us because of the pronounced cytopathic effect 
of primate viruses in this line and the danger of activation ofthe endogenous 
rat virus. 

We changed to the dog thymus celliine A7573, which is known to be per­
missive for SiSV-related virus es (Teich et aL 1975), without a cytopathic effect. 
Till now. no retrovirus has been induced in. this and any other canine cell 
line. We already reported detection of type~C viruses in bone marrow sam­
plesfrom two leukemic children in this assay system (Nooter et al., 1977). We 
here describe our results on a relative large sc ale study of cocultivation of 
cells and human BM sampIes. SiSV cross-reacting antigens could be detected 
in some of these cocultures by means of the indirect cytoplasmic immuno­
fluorescence assay (IFA). 

11. Characterization of Antisera 

Two rabbit antisera were used in this study: one directed against the p30 of 
SiSVand one the p30 ofRauscher murine leukemia virus (R-MuLV). 

In cytoplasmic IFA antiviral antisera, which have not been absorbed for 
anti-FCS activity. react with every cellline tested. After FCS absorption, the 
antiserum to SiSV-p30 gives a strong reaction (endpoint titer 1: 320-640) 
with cultures infected with SiSVand a weakly positive reaction with cultures 
releasing R-MuLV (endpoint titer 1: 20-40) (Table 1). No re action was 
found with cultures producing bovine leukemia virus. The RA-MuLV-p30 
antiserum gave a considerably stronger re action with cells producing R-MuLV 

* This study has been financially supported by the Königin Wilhelmina Fonds. the Nether­
lands Organization for the Fight against Cancer 
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Table 1. Immunofluorescence endpoint titers ofcontrol cell cultures 

Control cell cultures 

Virus positive: 

REF + SiSVl 
BALB/3D + R-MuLV2 
BoEF + BoLV3 

(N = 3) 

Virus negative: 

animal: 
BALB/3D. REF. RI-694• 

SIRC5. A7573. FRhL6. BoEF 
(N = 7) 

human: 
skin fibrobI. (7). lung fibrobI. (I) 
R9707• WHE8. A2049 . NC3710 

(N = 12) 

RA-SiSV-p30 

320-640 
40- 80 

10 

10 

10 

Antisera 

Nooter. K. et al. 

RA-R-MuLV-p30 

20- 40 
160-320 

10 

10 

10 

primary culture ofrat embryonic fibroblasts (REF) productively infected with SiSV. 
2 mouse BALB/3D cells productively infected with R-MuLY. 
3 bovine embryonic fibroblasts (BoEF) productively infected with bovine leukemia virus (BoLV). 
4 rat osteosarcoma cellline. 
5 rabbit cornea cellline. 
6 rhesus monkey fetallting celliine (Flow Laboratories. Irvine. Scotland). 
7 human osteosarcoma cells nonproductively infected with the Kirsten strain of the mouse 

sarcoma virus 
8 primary culture ofwhole human embryo cells. 
9 human rhabdomyosarcoma cellline. 

10 human lymphoblastoid cellline. 

than with SiSV-positive cells. Neither antiserum reacted with a variety of 
animal (n = 7) and human (n = 12) celliines, which do not release a retro­
virus. The virus negative lines ofhuman origin included the Ne37 celliine, in 
which SiSV was grown, used for p30 isolation and subsequent antiserum 
preparation. 

III. Detection of SiSV -p30 Related Antigens in Human Bone Marrow Cocultures 

After approximately one to two months of culture, in some cocultures ofhuman 
bone marrow and canine A7573 cells, antigens appear which can be detected 
with the RA-SiSV-p30 antiserum but not with the RA-MuLV-p30 antiserum. 
The cytoplasmic fluorescence was of a granular nature. Maximally 60% of 
the cells stained positive. A few positive cocultures were followed at two-week 
intervals and it appeared that the positive IFA staining persisted for about 
2 months but then gradually declined during the following passages and dis­
appeared completely. The endpoint titer on the positive 'cocultures never ex­
ceeded 1: 80. 
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Altogether in 8 out of 38 cocultures SiSV-p30-related antigens appeared 
(Table 2). Most positive cases were found in the group of leukemic donors 

Table 2. Immunofluorescence endpoint titers of antisera to type-C retroviruses in cocultures 
of human bone marrow with dog cells 

Coculture Diagnosis Sex Agein Antisera<l 
years RA-SiSV- RA-R-MuLV-

p30 p30 

Leukemia patients: 
Al ALL Ö 3 + (40) 
A2 ALL Ö 5 
A3 ALL Ö 6 + (80) 
A4 AML Ö 8 + (40) 
A5 ALL ~ 5 + (80) 
A8 AML Ö 66 
A24 CML Ö 31 
A25 AML Ö 70 
A26 CML Ö 76 
A28 ALL ~ 5 + (40) 
A30 AML Ö 74 
A31 AML Ö 52 + (40) 
A32 AML ~ 73 
A35 AML ~ 46 
A36 AML ~ 9 
A37 AMML ~ cong. 
A38 ALL Ö 1 

Non-Ieukemic patients: 
A6 lymphosarcoma ~ 8 
A7 renal transplantation ~ 44 
A9 aplastic anemia Ö 8 
A15 pyruvate kinase deficiency Ö 39 N.T. 
A16 pure red cell aplasia Ö 18 N.T. 
A18 myelofibrosis Ö 68 
AI9 aplastic anemia ~ 12 N.T. 
A20 non-Hodgkin lymphoma Ö 8 + (40) 
A23 non-Hodgkin lymphoma Ö 30 N.T. 
A27 bronchus carcinoma Ö 56 
A29 myelofibrosis Ö 75 
A33 myelofibrosis Ö 72 

Normal individuals: 
A10 normal ~ 14 
All normal ~ 11 N.T. 
A12 normal Ö 9 
Al3 normal ~ 62 
Al4 normal 0 24 N.T. 
Al7 normal ~ 51 N.T. 
A21 normal Ö 32 
A22 normal Ö 8 + (40) N.T. 
A34 normal ~ 14 

a Fluorescence staining was scored as positive when the reciprocal of the end point titer of the 
antiviral antiserum was 40 or higher. The numbers in parentheses indicate endpoint titers 
which are expressed as the reciprocal of the highest dilution showing virus specific staining. 
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(6 of 17). Of these 6 positive cocultures 5 were derived from leukemic child­
ren. In the group ofnonleukemic patients only 1 of 12 cocultures scored posi­
tive. The positive sampie came from a child with a non-Hodgkin lymphoma. 
Only 1 of9 cocultures, derived from normal bone marrow donors, contained 
SiSV-p30 related antigens. This sampie was derived from an 8-year-old child. 

Reproducibility of detection of virus-related antigens in such cocultures 
was demonstrated in two separate instances. Oftwo leukemic donors (num­
bers land 5), which were positive in our assay, additional bone marrow sam­
pIes which had been stored in liquid nitrogen, were also tested with the 
cocultivation technique at a later time and found to be positive as weIl. 

IV. Blocking Tests 

Specificity ofthe detection ofSiSV-p30 related antigens in the cocultures was 
demonstrated by the absorption ofthe reactivity with purified SiSV grown in 
rat cells and not with purified mouse mammary tumor virus (MuM1V). The 
positive staining of both SiSV-producing cells and a positive culturewas 
completely blocked after absorption of the RA-SiSV-p30 antiserum with 
SiSV. while absorption with MuMTV resulted in only a slight decrease in the 
titer of the antiserum. 

V. Reverse Transcriptase Assays 

In addition to IFA, 5 of 8 positive cocultures were screened for extracellular 
reverse transcriptase. These cocultures have been followed for eight months 
(Table 3). In coculture Al a sm all burst of reverse transcriptase was found 
during the first month. No significant activity was found in the seven follow­
ing months. When a second coculture was started from the same bone mar­
row. a similar result was obtained. 

Onlv in coculture A4, which was reinitiated from stored bone marrow, 
high polymerase activity was found, which persists already for two months. 

Table 3. Reverse transcriptase activity ofcocultures positive in the IFA 

RT activity after month in culture (cpm x 10-3) 

Coculture months I 2 3 4 6 8 

Al I 14.7 0.4 0.9 1.6 1.1 1.7 
AlU 12.1 0,3 0.6 1,2 0.8 0,5 

A3 0.9 1.8 2.3 0.4 1.7 N.T. 

A4I 1.7 0.4 0.8 1.9 2.3 N.T. 
A4II N.T. 116.4 236 

A5 2.5 0.5 1.3 0,5 0.6 N.T. 

A22 0.7 0.9 0.1 3.0 N.T. N.T. 
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This isolate in which only one cell line is involved, is highly promising for 
further studies like bioassay as done with SKA21-3, a virus isolated from a 
leukemic child after a complicated procedure, involving several cell lines 
(Nooter et al., 1978). This SKA21-3 virus proved to be leukemogenic to rats. 

VI. Discussion 

In the experiments presented here we detected SiSV-p30 related antigen in 8 
of 38 cocultures of human bone marrow sampies and the canine cell line, 
A 7573. Our recent results obtained by cocultivation can be explained by in­
timate contact between the bone marrow cells and the indicator cells, which 
allow transfer and subsequent propagation ofthe few virus particles, present 
in the original bone marrow sampies. 

Crucial for the detection ofviral footprints in these cocultures is the spec­
ificity of antisera and immunofluorescence technique. After absorption of 
immunoglobulin fractions ofthe sera, no re action was seen with any animal 
or human cellline, which do not produce a retrovirus. Sera ofbovine origin 
may be a source of unwarranted contamination with bovine viruses. How­
ever. no reactions were found with the p30-antisera on bovine leukemia 
virus producing fibroblasts. As the SiSVhas been grown in a human lymphoid 
cell line (NC37), it is possible that the purified SiSV-p30 preparation is con­
taminated with human lymphoid cell antigens. However, absorption of the 
RA-SiSV-p30 antiserum with SiSV grown in rat cells fully blocked the reac­
tion with the positive cocultures. 

All in all, 7 of the 8 cocultures which were positive for viral antigens are 
derived from children. Five ofthe 6 positive donors in the leukemic group are 
children. 

From these results emerges an association between childhood leukemia 
and this virus-related antigen. Coincidentally the two positive cases in the 
control groups are also children. These results and our earlier studies suggest 
childhood leukemia to be a highly suitable disease entity for further viro­
logical studies. 

Our results suggest a transmissible agent to be involved in childhood leu­
kemia. Despite the lack of epidemiological evidence for the infectious nature 
of childhood leukemia, this virus seems to be horizontally transmitted as man 
does not have SiSV-related sequences in its normal cellular DNA. The pos­
sible sources ofvirus with regard to transmission are rather restricted: saliva, 
milk. urine, feces, sperm and placenta. In the cat, the saliva proves to be sole 
source of leukemia virus (Francis et al., 1977). In gibbons apes, however, the 
urine was the main source ofvirus excretion. Milk is the main route oftrans­
mission of exogenous leukemia viruses in mice (Lawand Moloney, 1961). 
Obviously. the route oftransmission in man is unpredictable. 

So far. retroviruses have never been found by means of electron rnicro­
scopy in human urine and feces. The so-called sirnultaneous detection test 
gave repeatedly positive results with regard to retroviruses in human milk 
(Schlorn et al.. 1972). In view of the presence of exogenous viruses in a few 
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human embryonic celliines (Panem et al., 1977), it is tempting to speculate 
that either placenta or sperm are vectors for a putative human leukemia virus. 
Since SiSV-sequences seem difficult to detect in tumor tissues, it must be as­
sumed that only a selected population contains compiete infectious virus. 
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Several re ports suggest that human tumors contain a DNA polymerase with 
biochemical properties resembling reverse transcriptases, associated to RNA 
tumor viruses [1-6]. However, only in a few cases, these enzymes have been 
characterized serologically to make it certain, that they really are of viral 
origin [1-4]. Such studies, in particular, the immunological characterization 
ofreverse transcriptases from human tumors are of great importance in con­
sidering the possibility that humans may harbor viruses related to oncorna­
viruses which induce tumors in non-human primates, or other animal species. 
For the last few years, it has been our objective to purify the cellular DNA 
polymerases ((X, ß and y) and reverse transcriptases from human tumor biopsies, 
and characterize them biochemically as well as immunologically [2-4,7,8]. 

This communication describes the purification and characterization of a 
reverse transcriptase from an orbital tumor ofa child with acute myelomono­
cytic leukemia (AMML). This tumor has been reported to be associated to 
AMML in children in some regions ofTurkey [9, 10] (see R. Miller elsewhere 
in this volume). The tumor consists of primitive white blood cells with sup­
portive connective tissue, stroma, and vessels. Since these tumors were devoid 
of the characteristic green color, and no periosteal or other bone changes 
were present, Cavdar et al. [9] suggest the term granulocytic sarcoma to be 
more appropriate than the chloroma. The striking feature is the occurrence of 
ocular lesions before the onset of AMML varying from 20 days to 8 months [9]. 

The methods employed in the isolation and purification of reverse tran­
scriptase from the orbital tumor are reported elsewhere [2,3]. The activities of 
orbital tumor reverse transcriptase at various steps of purification, using 
different template-primers are documented in Table 1. The single peak of 
activity eluted from the phosphocellulose column at 0,21 M salt concentra­
tion (Fraction V, Table 1), represents a 1340-fold purification over the enzyme 
activity of the crude homogenate using poly rC. (dG)12-18 as the template­
prim er, and 2781-fold purification using poly rA. (dT)12. The optimum reac­
tion conditions for the orbital reverse transcriptase activity with poly rA. (d1)12 
as template-primer were as follows: Ionic concentrations for Mn + +,0.4 mM; 
Mg + +, 0.8 mM; and KCI, 60 mM; and the pH-optimum of the reaction was 
found to be around 7.8. 
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Table 1. DNA-polymerase activities at various purification steps 

Source o(protein Template-primer: (dnI2-18 . (A)n (dG)I2-18 . (C)n (dnlO . (dA)n 
and divalent calion 
protein content Activity and Mn++ Mg++ Mn++ Mg++ Mn++ Mg++ 

Purification 

Crude Tumor Total2 9248.73 7339.43 2307,07 1398,83 11827.17 3145.97 
Homogenate (I) 

Specific3 1.38 1.09 0.35 0.21 1.76 0.47 
6710 mg/90 ml (0.12) (0,02) (0,08) (0.09) 

Purification fold 1.0 1.0 1.0 1.0 1.0 1.0 
Disrupted Total 1443.17 985.72 1248.91 1061.03 1328.34 272.48 
Microsomal Pellet S . fi 37,98 25.94 32.87 27.92 34.56 7.17 
(11) pecl lC (0.66) (0.03) (0.79) (1.71 ) 
38.0 mg125 ml Purification fold 27.52 23.80 93.91 132.95 19.28 15.29 

0.35 M KCI Eluate Total 1122.46 465.24 281.49 883.58 892.64 213.0 
offDEAE23 Specific 70,86 29.37 17.77 55.78 56.35 13.45 
Cellulose (III) Purification fold 51.35 26.94 50.77 265.62 31.96 28.67 
15.84 mg/36 ml 

0.07M KCl Eluate Total 573.84 204.36 255.43 80.28 264.03 57.22 
offDEAE 52 Specific 1093.03 389.03 486.53 152.91 502.92 108.99 
Cellulose (IV) Purification fold 792.05 357.12 1390.09 728.14 285.26 232.39 
0,525 mgl2l ml 

0,21 M KCI Eluate Total 38.38 6.46 4.69 1.56 0.01 <0.01 
off Phospho- Specific 3838.07 646.16 469.16 156.38 l.l4 <0.01 
cellulose (V) Purification fold 2781.21 592.81 1340.46 744.67 0.64 <0.5 
0.01 mg/2 ml l 

DNA polymerase assays were carried out at 30°C for 60 min. in areaction mixture of 0.05 ml. 
which contained: 50 mM Tris/HCI pH 7.8.60 mM KCl. 0.4 mM MnCl2. or 8 mM MgCI2• and 
I mM DIT. The primer-template concentration used was 50 f.1g/ml; other conditions are the 
same as described by Chandra and Steel [2]. Numbers in brackets give the endogenous incorpo­
ration. 

The purified orbital tumor reverse transcriptase showed a strong prefer­
ence for the template-primers poly rA. (d1)12, poly rC. (dG)12-18 and poly­
rC (OMe). (dG)12-18, as seen in Table 2; whereas poly dA. (d1)l0 was clearly 
ineffective. These results agree with those reported for other mammalian 
C-type oncomavirus DNA polymerases [11]. The in ability to utilize the prim­
ers (d1)12-18 or (dG)12-18 indicates no terminal transferase activity was present 
in the purified enzyme preparation. Transcription ofheteropolymeric regions 
of a 70S RNA from R(Mu)LV, and stimulation ofits utilization by addition 
of the prim er (d1)12-18 further support the oncogenic nature of the orbital 
enzyme and its similarity to other known RNA tumor virus reverse tran­
scriptases. 

Table 3 summarizes the responses ofthe orbital tumor and SiSV-I reverse 
transcriptases when challenged with antibodies to various type-C virus DNA 
polymerases. The serological cross-reactivity of SiSV-I DNA polymerase 
with antibodies to gibbon-ape leukemia virus (GaLV) reverse transcriptase 
was previously demonstrated by Sarin and Gallo [12]. As shown in Table 3, 
both the human orbital tumor and SiSV-I enzymes demonstrated marked 
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Table 2. Primer-Template activities ofthe orbital tumor RNA-dependent DNA polymerase 

Primer-Template 

Divalent cation 

activated DNA 
(dnI2-18 . (A)n 
(dnlO . (dA)n 
(dG)I2-18 . (C)n 
(dG)I2-18 . (OMeC)n 
(dG)12-18 
RLV70S RNA 
RLV 70S RNA + (dnl2-18 
(dnl2-18 

pmo1 3 H-dNMP in­
corpora ted in 60 min. 

per mg protein 

Mn2+ Mg2+ 

031 
3476.11 

1.14 
461.01 
53.33 

<0.1 
138.22 
262.61 
<0.01 

0.68 
603.07 
<0.01 
174.92 

3.95 
NT 
NT 
NT 
NT 

Assays were carried out for 60 min. in a reac­
tion mixture described under Table 1. The 
primer-template concentration used was 50 f.Lg 
per ml: R(Mu)LV-70S RNA was used at a 
concentration of20 f.Lg/ml. 3H-dTIP was used 
as the labeled substrate for activated DNA. 
poly rA . (dn12. poly dA . (dnlO' R(Mu)LV­
RNA and oligo dT. 3H-dGTP was used as the 
labeled substrate for (dG)I2-18. poly rC' oligo 
dG. and Poly rC(OMe) . oligo dG. NT = not 
tested. 

Table 3. Preliminary results of the etTect of various type-C virus DNA polymerase antibodies 
on the reverse-transcriptase activity ofthe orbital tumor 

Source of reverse Specific anti-reverse transcriptase (lgG) added: 
transcriptase IgG non-immune anti-RLV anti-AMV anti-GaLV 

(f.Lg) (control) IgG RTIgG RTIgG RTIgG 

3H-dTMP incorporation (% of enzyme activitya) 

8 93.4 91.2 94.5 17.4 
SSV-l 13 101 NT NT 23.0 

32 101 79.0 NT 21.0 

Orbital tumor from 
8 98.2 94.0 97.8 NT 

AMML patient 
13 103 NT NT 443 
32 114 93.2 NT 40.2 

Orbital tumor DNA polymerase (10 f.LI) was incubated with 10 f.LI of non-immune rabbit sera 
IgG. or the indicated immune sera IgG at 4°C for 4 hr. before assaying for the enzyme activity. 
For comparison. SiSV-I reverse transcriptase was similarlv challenged with immune and non­
immune sera. NT = not tested. 
a The % of3H-TMP incorporation expresses activity. compared 10 that of enzyme without IgG. 

inhibition with antibodies to GaLV-polymerase. The orbital tumor reverse 
transcriptase was not inhibited by antibodies to the DNA polymerase [rom 
two non-primate sources. avian myeloblastosis virus and Rauscher leukemia 
virus. at the concentrations challenged thus far. Owing to the low amounts of 
purified enzyme, repetition and further elaboration of the immunological 
data await the availability ofmore tumor material. 
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Inactivation and Lysis of Oncornaviruses 
by Human and Primate Complement 
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Oncornavirus genomes, viral antigens and infectious viruses have been shown 
to be present in malignant and normal tissues and sera ofmany animal species 
including avian, murine, feline, bovine, ovine and recently primates by 
molecular hybridization, immunologically and by virus isolations. To date, 
there is no clear evidence of isolation or the presence of oncornaviruses in 
man. The long history of failures to isolate oncornaviruses from human leu­
kemias and sarcomas, indicates that these viruses do not playa prominent 
role in these malignancies. Although oncornaviruses are antigenic in man, at 
least Rauscher murine leukemia virus, antibodies to viral antigens, have only 
infrequently been found in serum ofpatients with leukemias and in normal 
individuals. However, as many negative results have been reported, using 
same techniques for antibodies detection i.e., radio immuno assays. 

As previously reported (Welsh, 1975; Cooper, 1976; Gallagher, 1978; 
Sherwin, 1978) human and primate sera, inactivates murine, feline, simian, 
and avian oncornaviruses, heated human (56 0 for 30') or fresh guinea pig, 
rabbit, rat, bovine or murine sera had no effect. 

Heated human or primate sera plus guinea pig complement were equally 
ineffective. The inactivation of oncornaviruses was antibodies-independent 
and the mechanism of inactivation was by viral lysis, since the internal en­
zyme, RNA dependent DNA polymerase and viral RNA were released after 
incubation. 

Inactivation was complement-dependent, as heated human or heated pri­
mate sera, or C2, C4 or C8-deficient human sera did not produce viral lysis. 
When purified C2, C4, or C8 were added to deficient human sera, virolytic 
activity has been restored. 

The CIQ subunit ofthe first human C component attaches directly to the 
oncornavirus envelope in the absence of immunoglobulin binding of Cl. 
CIQ leads to activation ofCI and thus ofthe c1assical C pathway, accompanied 
by deposition ofC components on the viral envelope'and lysis on completion 
of complement sequence. 

Recently Gallagher et al. and Sherwin et al. reported and confirmed our 
previous observations of complement mediated lysis of oncornaviruses by 
human and primate sera. Although the gibbons are unusual among the pri­
mates that they are so susceptible to horizontal infection with oncornaviruses 
in captivity. As shown by Gallagher et al., only the viremic gibbon had no 
detectable serum lytic activity. A normal adult gibbon had serum lytic activ-
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ity. before and after deliberate inoculation with gibbon ape leukemia virus. 
Post inoculation, this gibbon was not viremic, developed antibodies within 
three weeks post-inoculation and has remained healthy. It is possible, that 
during the early period of captivity, the gibbons are exposed to many viral, 
bacterial and mycotic infections. Such infections could affect the compliment 
levels and make them susceptible to infection with oncornaviruses of Mus 
caroli or Mus cervicolor as reported by Todaro et al. 

Leukemias and lymphomas among primates are rare and there are few 
reported cases in the literature. In an outbreak of spontaneous malignant 
lymphoma in rhesus monkeys (45/450) at the California Primate Research 
Center at the University ofCalifornia in Davis, oncornaviruses were not iso­
lated and not seen by electron microscopic examination of malignant cells 
(Takemoto, H., Pers. Communication). 

In collaboration with Drs. Russell and Vanderlip, we tried to isolate oncoma­
viruses from a male adult baboon (Papio papio) who developed an osteo­
sarcoma of the mandibule. Cultures were established from tumor and from 
normal tissues. Oncornaviruses were not isolated from the tumor nor from 
long term cultures of normal tissues and are still free of C type viruses 24 
months in continuous cultivation. Electron microscopic examination of the 
osteosarcoma and of kidneys, lungs, brain, epidydimus, testes, and lymph­
nodes were negative for C type viruses. Although as shown by Benveniste 
and Todaro the baboons have multiple oncornavirus gene copies in their 
DNA. However, the virus is under strict cellular control and only seldom ex­
pressed. There is no evidence to date that oncornaviruses of baboons are 
horizontally transmitted in nature. It is ofinterest that majority ofthe isolates 
from human leukemias are identical to C type virus isolate M-7 from Papio 
cynocephalus, which has been distributed to severallaboratories. In labora­
tories where M-7 was not used experimentally, cell cultures from other labora­
tories were obtained, which could have been infected with M-7., 

The fact that all the so called human isolates from leukerilic and normal 
human embryonic tissues are identical to M-7 isolate, deserves great caution. 
As shown by Benveniste and Todaro the three different isolates from baboon 
subspecies: Papio cynocephalus, P. hamadryas and P. papio differ from each 
other by molecular hybridization. There were other excellent markers in the 
27000 Dalton protein which we have established in our laboratory (Gautsch 
et al., 1978) which confirm the identity ofthe so-called "human" isolates. For 
the record, I would like to state that in species where C type viruses are 
horizontally spread, such as gibbons, feline, bovine, and equine, antibodies 
to all viral peptides are readily demonstrated by several immunological tests 
and these results are in fuH agreement between the various laboratories a­
round the world. 

Lysis of oncornaviruses by human and primate complement is of major 
immunological importance as a defense mechanism against horizontal infec­
tion. Since humans are in elose contact with viremic cats the virolytic activ·, 
ity of complement might be responsible as to why infection with these viruses 
doesn't occur. 
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Chromosomes are commonly regarded as conservative structures, in which 
an exact amount of genetic information is arranged in adefinite sequential 
order. This order is normally preserved when information is exchanged be­
tween chromosomes. and guaranteed by a set ofrecombination enzymes that 
function only with paired sectors ofhomologous DNA. But processes such as 
inversion. deletion. duplication and translocation, often involving recombina­
tion between apparently non-homologous chromosomal regions, can alter 
this sequential order. Chromosomal rearrangements resulting from such 
events have been observed. in some cases with a disturbingly high frequency, 
thus inviting speculation about their biological significance. The processes 
involved have been termed collectively "illegitimate recombination", reflect­
ing our bias for conventional pathways based on sequence homology, but 
evidence is accumulating which may legitimatize them as important aspects 
of evolution or even differentiation. 

The presence of IS elements in the chromosome of E. coli was originally 
revealed by the transposition ofthese DNA elements form their natural posi­
tions into indicator systems, resulting in a recognizable mutant phenotype. If, 
for example. the gal operon is used as an indicator system, mutations can be 
isolated which are caused by the integration ofan IS element into one ofthe 
three structural genes ofthe operon. Not only is the thus interrupted structur­
al gene inactivated, but the expression of the promoter distal genes is also 
abolished. These mutations therefore are strongly polar. The analysis of the 
nature ofsuch mutations has been facilitated by the isolation ofgal transduc­
ing phage and the development of techniques for examining heteroduplex 
DNA in the electron microscope. With help ofthese tools it is possible to in­
spect hybrid LNA molecules consisting of one DNA strand carrying the 
strongly polar mutation paired with the complementary strand oL\ dgal in the 
electron microscope. The strongly polar mutation is seen as a single stranded 
DNA loop emerging from a position in the double stranded heteroduplex 
molecule which corresponds to the map position ofthe mutation. Analysis of 
various independently isolated strongly polar mutations with the above tech­
nique revealed the existence of different categories of IS elements. The ele­
ments were numbered according to the order oftheir detection. ISI is about 
800 nucleotide pairs long, while IS2, IS3, IS4 and ISS are each approximately 
1400 basepairs long. (For review see Starlinger and Saedler, 1976.) In the 
following paragraphs we will concentrate on the topics listed below. 
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A. Chromosomal rearrangements mediated by ISI (Reif and Saedler, 1975, 
1977; Nevers, Reifand Saedler, 1977; Nevers and Saedler, 1978) 

B. IS elements found in strategical positions on certain plasmids (Ru et al., 
1975) 

C. Detection of mini-insertion elements (D. Ghosal and R. Saedler, 1977) 

A. Chromosomal Rearrangements Mediated by ISt 

ISI a known to occur in multiple copies in the chromosome of E. 
coli KI2 (Saedler and Reiss, 1973). They also seem to be integral parts of at 
least some bacterial plasmids like P+ and R (Ru et al., 1975). 

The formation of new chromosomal sequences can result from trans­
location, duplication, inversion or deletion of genetic material. All these events 
seem to playa role in the evolution of plasmids as weIl as chromosomes. IS­
elements appear to be responsible for some such chromosomal rearrange­
ments. 

Non-adjacent chromosomal regions can be brought together by deletion 
of the intermittent genetic material, resulting in a new chromosomal order. 
This re action has been studied extensively in ISI induced deletion formation 
(Reif and Saedler, 1975, 1977). The termini ofthe integrated ISI elements are 
most important in this process. ISI is retained in the deletion, thus allowing 
further rounds of rearrangements. ISI can be considered as a generator for 
deletions, sometimes fusing the structural genes of the gal operon to other 
promoters and thus creating a new control circuit (Reifand Saedler, 1977). It 
is not yet clear, however, which enzymes are involved in this rather unusual 
type of recombination. Apparently the normal recombination pathways of 
E. coli are not involved. Rowever, recently mutants were isolated which are 
deficient in ISI induced deletion formation. Such mutants may be helpful in 
the analysis of the enzymes involved in illegitimate recombinational events 
(Nevers and Saedler, 1977). 

B. IS Elements Are Also Found in Strategical Positions on Certain Plasmids 

The R-factors ofthe fi + dass are composed oftwo units, each capable ofrep­
licating autonomously if dissociated from each other. The RTF unit codes all 
functions necessary for cell to cell contact, thus allowing the transfer of the 
plasmid. The r-determinant carries most of the antibiotic resistance genes. 
An ISI-element separates the RTF unit from the r-determinant at each junc­
tion. Both ISI elements are oriented in the same direction (Ru et al., 1975; 
Ptashne and Cohen, 1975). This finding suggests a model to explain the for­
mation and dissociation of R-factors as wen as the amplification of the anti­
biotic resistance genes. Rownd and Mickel (1971) showed that R-factors can 
dissociate into the RTF and the r-determinant in Proteus mirabilis. Dissocia­
tion may occur by recombination between the two homologues ISI substrates 
of the co-integrate plasmid generating two units, each containing an ISI. 
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Fusion results from the reverse reaction. Amplification of antibiotic resist­
ance genes could be due to recombination between the homologous IS 1 ele­
ments of different r-determinant molecules, leading to co-integrate plasmids 
containing multiple copies of the r-determinant units. 

In addition to ISI other IS-elements are also observed on R-factors, either 
as mutations or as integral parts ofthe molecule. For example in R6 ofR 100-1 
IS2 is found at a position within the transfer genes at which it does not cause 
a transfer defective mutation but rather contributes to the transfer positive 
character of the plasmids (Hu et al., 1975). Many of the antibiotic resistance 
genes can transpose to the various other DNA molecules (Cöhen and Kopecko, 
1976). At least one ofthe transposons is flanked by a known IS element (Mac 
Hattie and lackowski, 1977). 

In the evolution of R-plasmids, IS-elements therefore seem to play an 
important role. 

c. Detection of Mini-Insertion DNA Elements 

The detection of IS elements using the heteroduplex technique is limited by 
the size of the integrated DNA element. If, for example, an IS element is an 
order ofmagnitude sm aller than ISI to ISS, it cannot be readily recognized as 
a single stranded loop using the heteroduplex technique. To analyse very 
small insertions another technique is more adequate. If suitable restriction 
fragments are available, one containing an integrated mini-insertion and the 
same fragment without, they will band at different molecular weight posi­
tions when subjected to electrophoresis in agarose or polyacrylamide gels. 
In this manner two mutants were shown to be due to the integration ofa very 
small piece of additional DNA. Fig. 1 gives the pattern of a Hind II, Hind III 
double digest of various plasmid DNAs. Slot 3 shows the pattern of the 
parental plasmid pDG 1, which is Gal positive. The pattern of pDG 12, in 
which an IS2 is integrated in the control region ofthe gal operon, eliminating 
expression ofthe gal genes, is presented in slot 4. Note the appearance ofthe 
new bands (e and f) and the shift in molecular weight of one band (from a to 
b), due to the integration ofIS2. Siots 1 and 5 show the pattern oftwo inde­
pendent Gal positive revertants obtained from plasmid pDG 12. Note the 
increase in molecular weight of only band ein both mutants. This can only be 
explained by assuming that a sm all insertion is present in band e. Using ap­
propriate markers (slot 2) as references, the increase in molecular weight can 
be calculated. Mutation 1 (slot 5) is due to the integration ofabout a 115 base­
pair long piece ofDNA, while the other mutation (slot I) is about a 60 base­
pair insertion. The former has been called IS6 and the latter IS7. 

Both insertions confer a Gal positive phenotype to the cell carrying the 
plasmid. Since they seem to have integrated into IS2, they either destroy the 
polar signal on IS2 or, more likely, each carries its own turn-on signal. 

Recently we sequenced both IS6 and IS7 and compared their DNA se­
quence ofIS2 in the region ofintegration ofthese mini-insertions. 

It is quite obvious that both IS6 and IS7 can be derived from IS2 sequences 
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in a eomplieated manner. That is, genetie information from both DNA strands 
of IS2 seems to have multiplied and re-integrated in a rearranged form, 
resulting in the formation of a turn-on signal. (For detailed diseussion see 
Ghosal and Saedler, 1978.) 

Conclusions 

IS elements are natural eomponents of the E. eoli ehromosome. They ean 
transloeate from one position in the ehromosome to another. Besides stimu­
lating a number of illegitimate reeombinational events, like deletion and 
transposition of other genes, which is thought to be of evolutionary impor­
tanee, they also earry signals neeessary for gene expression (Saedler et al., 
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1974; Ghosa1 and Saed1er, 1977, 1978). Simi1ar events are also known to oc­
cur in higher organism (Nevers and Saedler, 1977). 
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Bacterial Transposons 
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A. Bacterial Plasmids 

Bacterial plasmids have been known for more than twenty years and, during 
this period, one witnessed an extraordinary spread of those extra-chromo-
somal DNA elements. . 

Resistance plasmids were first identified in Enterobacteriaceae but, later 
on. have been found in almost every pathogenic bacterial species, including 
more recently Hemophilus influenzae and Neisseria gonorrheae. 

Plasmids, however, do not only contribute to antibiotic resistance. They 
can code for many other properties, including heavy metal resistance, produc­
tion of a cholera-like enterotoxin, tumorigenicity in plants and the capacity to 
catabolize various substrates. Some plasmids have been found to code for 
lactose fermentation and this type of plasmid also happens to be of medical 
concern. Their presence can indeed obscure the detection ofpathogens such 
as Salmonella and Yersinia since the capacity to ferment lactose is the major 
key in the sorting of the Enterobacteriaceae. 

Plasmids consist of covalently closed circular DNA and their essential 
feature is a replication region that ensures the propagation ofthe entire struc­
ture. 

Some plasmids also contain an operon promoting the transfer of the 
plasmid itself from one bacteria to another one. 

B. Translocation of Plasmid Genes 

In 1974, Hedges and Jacob observed that the ampicillin resistance determi­
nant of a plasmid called RP4 could be translocated to the bacterial chromo­
some and various other plasmids genetically unrelated. From one of these 
derivative plasmids, they could subsequently translocate the ß-Iactamase 
gene to a third plasmid. After transposition, the increase in molecular weight 
was similar in every instance. These authors concluded that a DNA sequence, 
including the ß-lactamase gene, had a specific transposition mechanism and 
they called it a transposon (now Tnl). 

Later on, Berg et al. (1975) observed the transposition of the kanamycin 
resistance genes from two different resistance plasmids to bacteriophage i\ 
(Tn5 and Tn6). 

Gottesman and Rosner (1975) made similar observations with a determi­
nant for chloramphenicol resistance: initially detected on a resistance plasmid 
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and, later, transferred to phage PI, it could subsequently be translocated from 
PI to bacteriophage t.. (Tn9). 

Still in the same year, Kleckner et al. (1975) reported that a genetic ele­
ment. 83 Kb long, carrying the tetracycline resistance gene was also capable 
oftranslocation (TnIO). 

Recently, we showed that genes coding for lactose fermentation can jump 
from pGCL a plasmid that originated in Yersinia enterocolitica, to RPI, a 
resistance plasmid that originated in Pseudomonas aeruginosa (Cornelis et al., 
1978) (Fig. 1). This lactose transposon that alters the biochemical phenotype 
ofits host is 16,6 Kb long and has been given the number 951. 

Some transposons are listed in Table 1. 

host : Versinta 
enterocol1 ti ca 

plaSllld : p6C1 

size : 50 kb 

structure : 

+ 

Pseudolonas 
.erug1nosa 

RP1 

57 kb 

Escherlehia 
eoll 

RP 1-1ae 

74 kb 

Fig.1. Schematic representation of the transposition ofTn951. carrying a lactose operon. from 
pGC1 to RPl. RPI confers resistance to kanamycine (Km). tetracycline (Tc) and ampicillin (Amp). 
The latter gene is part of another transposon (Tn 1) 

Table 1. Some transposable elements 

Transposon Genetical information Size References 

TnLTn2 ß-lactam antibiotics resistance 4,5 Kb Hedges et al.. M.G.G.132, 31 (1974) 
Heffron et al.. 1. Bact. 122, 250 (1975) 

Tn5. Tn6 Kanamycin resistance 3.8 Kb Berg et al.. P.N.A.S. 72, 3628 (1975) 

Tn7 Trimethoprim and 13.5 Kb Barth et al.. J. Bact.125, 800 (1976) 
Streptomycin resistance 

Tn9 Chloramphenicol resistance 2.6 Kb Gottesman et al.. P.N.A.S. 72, 504 (1975) 
TnlO Tetracycline resistance 8JKb Kleckneret aI..J.M.B.97, 561 (1975) 

Foster et al.. J. Bact. 124, 1153 (1975) 
Tn402 Trimethoprim resistance 7.5 Kb Shapiro et al.. 1. Bact. 129, 1632 (1977) 

Tn501 Mercuric ions resistance 7.8 Kb Bennett et al.. M.G.G.159, 101 (1978) 

Tn951 Lactose fermentation 16.6 Kb Cornelis et al.. M.G.G.160, 215 (1978) 
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c. General Features of Transposition 

As suggested by Hedges and Jacob (1974). transposons are specific DNA 
sequences of a precise length. 

The size of any replicon suffering transposition does increase and the in­
crement is constant for a given transposon. 

Transposition does not require extended homology between the two repli­
cons exchanging the transposon. This is shown in Table 2 for pGCI (lac +, 

tra ts. inc unknown) and RPI (Amp, kan, tet, tra, inc P), the two plasmids ex­
changing Tn951. Thus, transposition cannot involve ordinary recombination 
occuring after physical breaking and reciprocal exchange of DNA. Accord­
ingly, in some instances at least, transposition turns out to be independant of 
the rec A gene product, the bacterial function involved in such recombination 
process (Rubens et al., 1976). 

Table 2. DNA-DNA hybridization between pGCI and RPJ 

DNAbound 
to filter 

pDGl 
pGCl 
RPI 
RPI ::Tn951 

3H-pGCl DNA 
hybridized 

Exp I Exp II 

64 
2300 

74 
1490 

101 
2303 

112 

Filters were loaded with 2 mcg of DNA. The 
values given are normalized to 10000 cpm in­
put. pDGI is an unrelated plasmid taken as a 
negative control. For details. see Cornelis et 
aL 1978 

Transposition is therefore considered as some kind of "illegitimate" re­
combination involving the termini. 

The known transposons can jump on a great number of targets such as 
different plasmids, bacteriophages and bacterial chromosomes. There seems 
however to be some kind of specificity: Tnl for instance was found by Hedges 
and Jacob (1974) to transpose from RP4 to three different plasmids but not 
on a fourth one. Bennett and Richmond (1976) also observed that the trans­
position frequencies ofTnl could vary 10000 times according to the chosen 
target. Kretschmer et al. (1977) observed the same phenomenon with Tn3. 

Inserted transposons can readily be detected on sm all replicons such as 
plasmids and bacteriophages by electron microscopy. When a mixture oftwo 
different DNAs sharing homologous regions is denatured and allowed to 
reanneal slowly, a number of hybrid molecules are generated. If such "hetero­
duplex" molecules are constructed between a given plasmid and its own 
derivative carrying a transposon, the structure observed in electron micro­
scopy will be a circular double stranded plasmid carrying a single stranded 
loop corresponding to the transposon. This kind of analysis c1early demon­
strates that transposons are inserted without any loss ofDNA from the recip­
ient plasmid. 

Moreover, heteroduplex analysis will indicate whether the insertions on 
two independantly isolated molecules occur at the same site or at two differ­
ent sites. If the transposon maps at two different loci on the target plasmid, 
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Fig. 2. Heteroduplex molecules formed be­
tween two different RPI :: Tn951 molecules. 
The arrows indicate the positions where the 
single stranded loops (16.6 Kb) emerges 
from the 57 Kb long double stranded cir­
cularDNA 

heteroduplex moleeules will eonsist of a double stranded eireular mole­
eule having the length of the parent plasmid and two single stranded loops 
eorresponding to the transposon (Fig. 2). The distanee between the two in­
sertion sites ean be measured, but this type of analysis however doesn't 
allow to loealize the insertion sites on the plasmid map, at least without any 
refinements. 

This kind of information ean be inferred from experiments using restrie­
tion endonucleases. These nucleases cleave DNA at very speeifie sites and 
thus genera te defined fragments from a given replieon. These fragments are 
subsequently resolved by agarose gel eleetrophoresis. Partial digestions and 
double digestions using simultaneously two different nuc1eases allow to align 
these fragments and to draw a map, referred to as the physieal map. Insertion 
of a transposon into a plasmid will either introduee new cleavage sites, gener­
ating new bands, or speeifieally increase the length of a given fragment. If 
one knows the physieal map of the target plasmid, it is possible to map the 
transposition sites and even to determine the orientation of the transposon, 
making use of the restrietion nucleases. 

Eleetron mieroseopy and restrietion nucleases have been used to map the 
insertion sites of various transposons on a number of targets. Clearly, the 
number ofinsertion sites is usually very high: we mapped eight insertions of 
Tn951 on RPI and found eight different Ioci (Fig. 3). Heffron and co-workers 
(1975 a) could detect at least 19 sites for Tn2 on an 8 Kb long target plasmid! 

Considering that transposition consists ofthe insertion ofDNA sequences 
ofa eertain length into a genome, it is not surprising that it sometimes leads to 
the inaetivation of genes. Plasmid pGC530 is an RPl: Tn95 1 derivative where 
the insertion was found to map at eoordinate 13 Kb, i.e. within the 
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Fig.3. Physical map ofRPI showing the 8 insertion sites ofTn95I. pGC3210. pGCI500. pGC12lO. 
pGC270. pGC530. pGC2910. pGC9114 and pGC210 are the 8 RPI ::Tn951 derivatives. E = Eco 
RI endonuclease cleavage site: B = Bam HI endonuclease cleavage site: P = Pst 1 endonuclease 
cleavage site: H = Hind III endonuclease cleavage site: Ap = ampicillin resistance gene: Tc = 
tetracycline resistance gene: Km = kanamycin resistance gene. Coordinates are in kilobases. The 
inner lines refer to distances measured in heteroduplex analysis 

tetracycline resistance gene (see Fig. 3). In accordance with our physical 
mapping, pGC530 does no more confer resistance to tetracycline. Insertion 
of a transposon not only abolishes the function of the gene into which the 
element lands but it can also be polar, affecting the expression of the genes 
located downstream on the transcriptional wave (Kleckner et al., 1975). For 
instance, Tn2 can land in the sulfonamide resistance gene of a plasmid and 
this inhibits the expression ofthe neighbouring streptomycin resistance gene. 

Since transposons behave like mutagens and since their insertion can 
readily be physically mapped, they appear as valuable tools for the genetical 
analysis ofplasmids. Tn7 has recently been used to analyse the transfer genes 
ofthe plasmid RP4 (Barth et al., 1978). 

Transposons can sometimes be excised from a replicon where they have 
been inserted but the excision frequency is usually lower than the insertion 
frequency. Moreover, the process is often not precise. In our hands, astrain 
carrying pGC530 does not revert to tetracycline resistance, indicating that 
Tn951 does not excise accurately at a detectable frequency. 
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D. Structure of the Transposons 

Five years ago, Sharp and co-workers (1973) discovered inverted repeats on 
plasmid DNA. These inverted repeats consist of identical DNA segments 
occuring twice in a genome but in opposite orientation. When a DNA frag­
ment containing such inverted repeats or palindromes is submitted to hetero­
duplex analysis, intrastrand annealing ofthese fragments takes place giving a 
mushroom like structure (Fig. 4), consisting of a double stranded stern and a 
single stranded loop. 

Later on, the mushroom like structure observed by Sharp et al. turned out 
to contain tetracycline resistance genes, in the loop. Moreover, the tetracycline 
transposon ofKleckner et al. (1975) gave the same structure in heteroduplex 
analysis. Other transposons were also found to consist of a DNA sequence 
flanked by two inverted repeats. For instance, Tnl is flanked by a repeated 
sequence about 140 base pairs long (Rubens et al., 1976) and Tn5 is flanked by 
a repeated sequence ten tim es longer (Berg et al., 1975). These two inverted 
repeats do not correspond to any known Insertion Sequence. Tn9, on the 
other hand, is bordered by the weIl known sequence IS 1 (Starlinger and Sa­
edler, 1976) but repeated in tandem. Transposons are thus, often, if not al­
ways, flanked by repeated sequences. 

Fig. 4. Homoduplex formation of pGCI 
DNA. The arrow indicates a small double 
stranded DNA region due to reannealing of 
small inverted repeats 
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E. Mechanism of Transposition 

Although a number ofmodels have been proposed, we have, so far, no clear 
understanding ofthe transposition mechanism. Experimental data from Hef­
fron et al. (1977) suggest that a central region and the termini of Tn2 are 
required for transposition. The most attractive interpretation of their data is 
that the terminal sequence ofthe transposon serve a structural role while the 
central region encodes an enzyme required for transposition. Apart from 
that. it is not yet clear whether the process requires the recognition ofa special 
sequence on the target. 

F. Role of the Transposons in the Evolution of the Bacterial Plasmids 

The discovery oftransposable elements seems to account significantly for the 
structural and genetic diversity of nlasmids. It has been known for long in­
deed that there is no relation between the genes carried by a plasmid and the 
type ofplasmid. For instance, the TEM ß-Iactamase can be coded by plasmids 
that belong to, at least, 14 different incompatibility groups (Matthewand 
Hedges. 1976). It is very tempting to believe that the spread ofTnl and Tn2 
accounts for this situation. In accordance with this hypothesis, HeITron et al. 
(1975 b) showed that. indeed, a great variety of different plasmids encoding 
the TEM lactamase contain a 4,5 Kb long sequence in common, while the 
TEM gene itselfis much smaller. 

The evolution of plasmids would thus essentially be due to terminus-site­
specific recombination. Plasmids themselves seem to consist oftwo parts: one 
is essential for replication and transfer ofthe plasmid, while the other is a suc­
cession oftransposons (and defective transposons?) acquired and lost during 
the history of the plasmid. In other words, plasmids would be nothing else 
than genetic carriers whose function is to replicate and propagate transpo­
sons. 

G. Origin of the Transposons Carried Genes 

So far, little is known about the origin of the transposons carried genes. For 
instance, the TEM ß-Iactamase coded by Tnl and Tn2 appears different from 
all the known chromosomal ß-Iactamases. 

For the lactose fermentation genes, however, we observed that the Tn951 
coded operon is identical to the E. co li chromosomal lactose operon. In hetero­
duplex analysis, we detected 5,6 Kb homology and this length accounts for 
the genes encoding the repressor, the ß-galactosidase and the permease 
(Fig.5) (Cornelis et al., 1978). This indicates that, at least in some case, a 
transposon coded and a chromosomal (to date non transposable) operon may 
evolve from a common ancestor. 
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Fig.5. Diagram ofan heteroduplex moleeule showing the 5.6 Kb homology between the E. coli 
chromosomal lactose operon (here carried by'\ hdlac) and the Tn9511ac operon. here carried by 
pGCI 
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In recent years it became increasingly clear that infection of the human host 
by a number of viruses results in a probably life-Iong persistence of these 
agents within specific cells (reviewed e.g. zur Hausen, 1977 a). Reactivation of 
persisting genomes is a well-known phenomenon in individuals infected by 
herpes group viruses (herpes simplex virus, varicella zoster virus) where neu­
ral cells have been identified as site of virus persistence. Infection with Ep­
stein-Barr virus, the causative agent ofinfectious mononuc1eosis, leads to vi­
ral genome persistence in certain B-Iymphocytes. They can be isolated and 
are readily propagated in tissue culture even years or decades after primary 
infection (reviewed by zur Hausen, 1975). Transmission of cytomegalovirus 
infections by blood transfusions has been frequently recorded, even from 
donors who acquired the virus several years earlier. 

Besides herpes group viruses, however, it became more and more obvious 
that a number of additional agents may persist continuously ·within the hu­
man host. Adeno-viruses seem to be able to persist for long periods within 
adenoids and specific cells ofthe tonsils (reviewed by Green, 1970), hepatitis 
B virus seems to be a candidate for extremely long periods of persistence 
(Zuckerman, 1975) and the 2 human polyoma-like viruses, BK and Je, appa­
rently remain latent for life-time. Reactivation ofthe latter appears to be medi­
ated by immunosuppression and may result in excretion oflarge quantities of 
viral partieles in the urine of affected patients. The papilloma- or wart viruses 
represent additional candidates for longtime persistence (zur Hausen, 1977b). 

The observations cited above permit the statement that every individual, 
increasing with life-time, is exposed correspondingly to viral infections which 
result in an increasing "burden" of persisting genomes within certain cells. 
Although it is presently impossible to predict the actual percentage of cells 
being affected by viral genome persistence at a given age, it is probably justi­
fied to assurne a substantial number in every cell compartment of human 
adults. This can be considered as an epigenetic potential which may remain 
genetically silent in most instances. 

It is a remarkable feature of a substantial number of these persisting 
agents that many of them are oncogenic when inoculated into non-natural 
hosts: 

Human BK and Je viruses induce malignant tumors after infection into 
newborn rodents. Brain tumors have been induced in owl monkeys after 
inoculation ofJe virus (London et al., 1978). 
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Epstein-Barr virus induces malignant lymphomas and lymphoprolifera­
tive disease in cottontop marmosets (Shope et al., 1973, Epstein et al. , 
1973, Wenner et a1., 1975). 
Certain serotypes of human adenoviruses exert oncogenic potential after 
inoculation into newborn rodents. 
Herpes simplex and cytomegaloviruses are considered as potential tumor 
viruses, since both of them seem to mediate malignant transformation of 
rodent cells in vitro (Duffand Rapp, 1971; Albrecht and Rapp, 1973). 
It would be easy to prolong this series by including persisting animal vi­

ruses, like SV 40, polyoma virus, the herpesviruses saimiri, ateles, papio and 
bovine papillomaviruses. All of these agents represent more or less harmless 
pathogens within their natural hosts but are effective on co gens in certain he­
terologous species. 

Since tissue culture studies reveal that most of these viruses are able to 
transform specific cells oftheir native hosts in vitro, thus exhibiting their pro­
liferation-stimulating capacity also in certain natural host cells, we have to 
postulate an in vivo mechanism which shields the host against the oncogenic 
potential of his usually ubiquitous tumor viruses. Such mechanism seems to 
be mandatory in evolution in order to prevent extinction of the host and 
guarantee optimal spreading for the viruses. 

This protective control could be visualized by immunosurveillance (Bur­
net, 1970) or by intercellular or intracellular interference factors (zur Hausen, 
1977a). Although immunosurveillance appears to play some role in the regu­
lation ofviral particle synthesis as evidenced by BK and (or) JC virus excre­
tion in immunosuppressed patients, the rare occurrence ofprogressive multi­
focalleucencephalopathy (PML) due to JC virus replication within the brain 
of such patients and frequent zoster eruptions in patients with Hodgkin's dis­
ease, there exists little evidence for a role of immunosurveillance in the pre­
vention of oncogenic properties of persisting natural tumor viruses. Experi­
mental data do not support a role of the immune system in the suppression 
of oncogenic expression of such agents. Moreover, the efficient induction of 
tumors by such agents in immunocompetent heterologous species lends little 
support for this model. 

An attractive alternative is the postulation of an intra- or intercellular re­
gulatory system which controls the expression ofviral "oncogens" (zur Hau­
sen, 1977a). Cellular interference factor(s) (CIF) interfer with synthesis or 
function of virus-specified gene products which mediate and maintain the 
transformed phenotype ofa cello The essential features ofsuch model are out­
lined in Fig. 1. A viral transforming factor (VIF) is controlled by a cellular set 
of regulatory genes which mediate this control by a cellular interference fac­
tor (CIF). The intracellular control would represent a direct interaction, inter­
cellular control could be mediated by an indirect interaction requiring the 
existence of a diploid set of "response" genes in the respective target cells. 
They would need activation by factors of different cell compartments in order 
to respond with CIF synthesis. 

According to this model carcinogenesis depends on the presence of an "ef­
fector" mediating the synthesis of a transforming pro tein and the failure of 
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the controlling elF alleles. The postulation of a balanced control by elF of 
the effector gene(s) (zur Hausen, 1977a) predicts an enhanced growth potenti­
al of effector-positive cells carrying a mutation in one elF gene ofthe allelic 
set. This would result in the outgrowth ofmonoclonal, phenotypically normal 
cells and could explain observations by Fialkow (see this volume) in patients 
with chronic myelogenous leukemia and erythrocythemia vera, revealing not 
only monoclonality in the respective tumor cells but also in normal cells deri­
ved from the same stemline. 

Mutations in both sets of elF genes of an effector-containing cell should 
be an extremely rare event ifwe consider the spontaneous mutation rate for 
a specific gene (Spandidos and Siminovitch, 1978; Barret and Ts'o, 1978). 
They would result in immediate "malignisation" of a diploid tumor cello Such 
events, however, would be somewhat facilitated by selective growth advan­
tage of cells carrying a mutation in one elF allele or by specific integration 
ofviral DNA into these genes or specific mutagenisation due to viral or other 
agents (zur Hausen, 1967). 

Polyploidization should enhance the progression to malignancy in some 
subsequent steps. Polyploid cells show an increased tendency to IOS8 ofindivid­
ual chromosomes and it should be statistically predictable how many cell 
divisions are required before the 10ss ofboth functioning alleles results in an 
aneuploid tumor cello 
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The model permits the staging ofrisk levels for malignisation ofindividual 
cells. This is attempted in Fig. 2. An effector-free normal cell would be at risk 
level O. It is questionable whether such cells exist in reality since genes of en­
dogenous (vertically transmitted) viruses and possibly also genes of cellular 
origin may possess effector properties. It is possible, however, that the diffi­
culties in transforming human cells in tissue culture by chemical and physical 
carcinogens (initiators) when compared to rodent cells, may result from the 
lack of effectors or their reduced number in comparison to e.g. mouse cells. 

The model of carcinogenesis described here conveniently explains some of 
the prevalen t features of cancer cells: 

the monoclonality, 
the stepwise tumor progression, going along with long latency periods, 
the prevalent aneuploid karyotype often associated with specific chromo­
somal aberrations and the commonly observed recessive character ofma­
lignancy by intraspecies fusion ofmalignant with normal cells (Stanbridge 
and Wilkinson, 1978). 
Tumor initiators would act by irreversibly mutagenizing elF genes. This 

is in line with the mutagenic potential ofthe vast majority of chemical carci­
nogens and ofX- and UV-irradiation. 



The Virus-Cell Gene Balance Model ofCancerogenesis 527 

The role oftumor promoters which appear to be non-mutagenic would fit 
into the scheme according to recent observations (zur Hausen et al., 1978a 
and b): At least promoters ofthe diterpene type are effective inducers ofper­
sisting genomes ofherpesviruses and probably also ofsome other types ofvi­
ruses. Their role could thus be envisaged in a transient amplification of effec­
tor molecules which would increase the target cell pool for malignant trans­
formation. In addition, an intracellular effector amplification in a CIF-balan­
ced system could shift the balance towards proliferation. 

The reconciliation of a model with most well established observations in 
cancerogenesis does not prove its correctness. It would fulfill, however, its 
purpose by stimulating experiments which prove or disprove its substance, if 
this provides further insight in the complex development of human cancer 
and in effective means ofits control. 
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Introduction 

Comparative structural analysis of RNA tumor virus genomes is relevant to 
several questions regarding the biology ofthese viruses and their role in neo­
plastic disease. We have recently developed and applied procedures that faci­
litate such studies. Using these methods we have studied murine, primate, fe­
line and avian C-type viruses. In some cases our studies permit direct compa­
rison ofthe nuc1eotide sequence. 

The questions investigated that will be discussed here inc1ude: 
1. The relationship amongst viruses isolated from the AKR mouse. Viruses 
that differ in oncogenic potency and in host range have been isolated from 
the tissues of AKR mice. A comparison of the structure of the Akv virus, an 
ecotropic N-tropic virus that forms plaques in the XC test (XC+) with that of 
a xenotropic AKR virus is presented. The structure of an ecotropic, N-tropic 
XC- virus produced by lymphoid cell lines established from spontaneous 
AKR thymomas is also described. These studies structurally define a new 
c1ass of AKR virus. 
2. The sequence relationship amongst primate viruses of the woolly-gibbon 
group. Analysis ofthe structure offour independent isolates of gibbon ape C­
type viruses and an isolate from a woolly monkey are presented. 

The structure of a virus isolated from a patient with acute myelogenous 
leukemia (HL23) that has previously been shown to be related to the woolly 
monkey isolate is also investigated. 
3. The sequence relationships among viruses of the feline leukosis group 
(FeLV): This work shows that these isolates are very c10sely related; the se­
quence ofat least halfthe genome is identical. 
4. The relationships between the transformation defective and non-defective 
Rous Sarcoma virus PrB is investigated. Sequence information ofportions of 
the genome that code for the transformation function and for the structural 
genes is presented. 

Results 

A Micromethod Jor Detailed Characterization oJ High Molecular Weight RNA 

We have developed a method for detailed studies of high molecular weight 
RNA available in small quantities. The procedures (Detailed methods are giv-
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en in Pedersen and Haseltine, 1978 and diagrammed in Fig. 1) involve speci­
fic cleavage of a small amount of non-radioactive RNA after guanosine resi­
dues by ribonuclease Tl followed by 5'-32P-labelling ofthe Tl resistant oligo­
nucleotides. The mixture of5' -32P-labelled oligonucleotides is then fractiona­
ted by two-dimensional gel electrophoresis. By autoradiography of the gel 
these oligonucleotides will show a pattern (termed a RNase Tl fingerprint) 
which is characteristic for each RNA sampie. For further analysis the unique 
oligonucleotides can be eluted and their nucleotide sequence determined 
using recently developed methods for RNA sequencing that depend upon 
partial digestion of 5' end-Iabelled RNA with ribonucleases that cleave the 
RNA at specific nucleotides (Donis-Keller et al. , 1977). 

When these procedures are applied to 200-400 ng of an RNA species about 
10,000 nucleotides long, each Tl resistant oligonuc1eotide will be labell­
ed with 32p at ab out 100,000 dpm. Our high resolution gel electrophoresis sys­
tem makes it possible to isolate 50--80 pure unique Tl resistant oligonuc1eoti­
des from viral RNA. The amount of radioactivity in each oligonuc1eotide is 
sufficient for complete nuc1eotide sequence determination. The total se­
quence information thus obtained from less than 1 f.Lg ofRNA corresponds to 
10--15% ofthe entire RNAmolecule. 

The AKR Viruses 

The AKR strain of mouse was bred for high incidence ofleukemia. Between 
6 to 12 months of age AKR mice develop thymic leukemia. Genetic, virologi­
cal and biochemical studies have demonstrated that a number of genetic fac­
tors are involved. These inc1ude two genetic loci that encode the information 
for the Akv virus (for a review see Tooze, 1973, and Rowe, 1973). The viruses 
(Akv-l, Akv-2) produced by these two loci are identical or very c10sely related 
(Rommelaere et al., 1977). Early in the life of the mouse, this virus appears 
in the tissues ofthe developing embryo. The mice remain viremic throughout 
their life. This virus, the Akv virus, is an ecotropic, N-tropic, XC+ virus. It 
does not induce disease when injected into newborn C3Hf (N-tropic mice) 
nor does it accelerate the time of on set ofthymic leukemia when injected into 
newborn AKR mice (Nowinski and Hays, 1978). 
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The relationship ofthis virus to the ultimate event oftransformation ofthe 
thymic lymphocytes remains unclear. Although the virus itself is not onco­
genie, its expression is correlated with the induction of the disease since 
strains of AKR that do not produce the AKR virus do not develop spontaneo­
us thymic leukemias at a high frequency (Rowe, 1973). 

A further complexity is presented by the observation that the virus is 
present from very early times in the mouse life but that leukemia developes 
only later. 

Recently several viruses with biologic properties different from those of 
the Akv virus have been isolated from the tissues ofleukemic or pre-leukemic 
AKR mice. These include xenotropic viruses, viruses that do not grow on cells 
ofmurine origin, and polytropic viruses, viruses that grow on both cells ofhe­
terologous species and murine origin (Kawashima et al., 1976; Rartley et al., 
1977). The polytropic viruses (also called MCF viruses because they have 
been observed to cause cytopathic effects on mink cells) have been isolated 
by growth of extracts of AKR leukemic and pre-Ieukemic tissues on mink 
cells. The biologic and biochemical properties ofthese viruses resemble those 
ofrecombinants between a xenotropic virus and the Akv virus. The glycopro­
tein of these viruses have tryptic peptides that are characteristic of both the 
ecotropic and xenotropic murine viruses (EIder et al., 1977). Moreover, anal­
ysis of the genome by mapping of the Tl resistant oligonucleotides and by 
heteroduplex analysis shows that these polytropic viruses differ from the eco­
tropic viruses by a substitution of genetic information in the 3' region of the 
genome, the region in which is suspected to encode the glycoprotein. Row­
ever, a simple model for the genesis ofthese viruses via a recombination be­
tween two parental virus appears to be excluded by the observation that the 
sequence of the substituted region differs for independent isolates (Romme­
laere et al., 1978, and see below). 

The appearance ofthese viruses in extracts ofleukemic tissues has promp­
ted speculation that they might be the transforming agents. However, where­
as some ofthese viruses accelerate the appearance ofthymic leukemia when 
injected into newborn AKR mice, others do not (Nowinski and Hays, 1978). 

Recently another family of viruses have been isolated from the tissues of 
AKR mice. These are the viruses produced by lymphoid celliines established 
in culture from the thymus ofleukemic mice (Nowinski et al., 1978). The virus 
produced by 5 of 8 of these spontaneous leukemia celliines (SL1, SL2, SL3, 
SL7, SL8) is ecotropic, N-tropic XC-. Two other lines produce either a poly­
tropic (SL4) or xenotropic (SL5) virus in addition to the ecotropic N-tropic 
XC negative virus and one produces an ecotropic, NB-tropic virus in addition 
to a polytropic virus (SL6). Some of these virus es accelerate the appearance 
ofthymic disease when injected into the newborn AKRmice (SLl, SL2, SL3, 
SL4, SL6) and others do not (SL5, SL7, SL8) (Nowinski and Hays, 1978). 

In order to und erstand the relationships among this complex family of 
virus with the eventual goal ofunderstanding leukemogenesis in terms ofthe 
structure of the viruses, we have begun a detailed characterization of the gen­
omes ofthose viruses using the techniques ofTl oligonucleotide mapping and 
sequence analysis described above. 
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Fig. 2. A. RNase Tl fingerprint of RNA from Akv virus. B. Schematic diagram of this fingerprin t 

Our point of departure has been to characterize the structure of the Akv 
virus genome in detail. The fingerprint ofthe RNA loci ofthis virus is presen­
ted in Fig. 2 together with a schematic representation in which each unique 
oligonucleotide has been assigned a number. This virus produced by an AKR 
embryo fibroblast celliine may be a mixture of two viruses that differ very 
slightly in the sequence. By sequence analysis the two oligonucleotides 1 and 
IA are found to differ by only a single nucleotide. The method used to deter­
mine the sequence of the oligonucleotides is illustrated in Fig. 3. The 5' la­
belled oligonucleotide is divided into aliquots which are partially digested 
with different base specific ribonucleases. The ribonuclease cleavage sites are 
then mapped by electrophoreses on a polyacrylamide gel under denaturing 
conditions (Donis-Keller et al., 1977). 

The order of the Tl resistant oligonucleotides can be determined by anal­
ysis of the fingerprints of poly Aselected fraction of genomic RNA of different 
length. The oligonucleotides present in short poly A containing RNA are clos-
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Fig.3. Autoradiogram of polyacrylamide gel used for 
nucleotide sequence determination of a RNase Tl resis­
tant oligonucleotide. The following sam pies were loaded 
onto the gel. 
No. 1: Unfragmented oligonucleotide~ nos. 2 and 3: 
Oligonuc1eotide partially digested with RNase A (cleaves 
after U and C residues)~ nos. 4 and 5: Oligonuc1eotide 
partially digested with RNase U2 (cleaves after A re­
sidues)~ no. 6: Oligonucleotide digested with Phy RNases 
(cleave after A and U)~ no. 7: Oligonucleotide partially 
digested with RNase T2 (cleaves after all residues) 

est to the 3' end of the genome. We have fingerprinted several size c1asses of 
Akv-RNA that were selected to contain poly A by passage over an oligo dT­
cellulose column. The order of the Tl resistant oligonuc1eotides along the gen­
ome is given in Table l. No order ofthe oligonuc1eotides within the brackets 

TabJe 1. Ordering ofTl resistant oligonuc1eotides on the Akv genome 

GroupNo. Nucleotide No. 

I 5' region (1, lA,2,3,5, 12, 15, 16,21,35,38,40A,41,43,49,54A,59,60,81,98) 

11 (4,6,7, 13, 13B, 26, 28, 29, 37,37 A, 50) 

III (8,9, 13A, 17,20,22,24, 31A, 33,39,46, 64,80) 

IV (10, 11, 18, 31,40B, 40C, 44, 47, 56, 98A) 

V 3' region (68,65,69,57,42,99, 55B, 63, 55A, 34, 25) 



534 

A 

B 

c 

• 

t 

Haseltine. W. A. et al. 

Fig.4. RNase Tl fingerprint of RNA from 
A. Akv B. MCF 247 C. MB34 

is implied. The oligonuc1eotides numbered in Fig. 5 have been identified by 
complete or partial sequence analysis. 

The fingerprints of two polytropic MCF viruses (MCF247 and MB34) are 
presented in Fig. 4. Comparison of these fingerprints with that of the Akv vi­
rus shows that these viruses are structurally related. 

The majority (60%) ofthe oligonuc1eotides are shared by all three isolates. 
However, there are several oligonucleotides that are unique to each polytrop­
ic isolate, and some ofthese are indicated by the arrows in Fig. 6. Moreover, 
a common set of oligonuc1eotides characteristic for the Akv virus is missing 
in each ofthe MCF viruses. These include oligonucleotides 8, 9, 13A, 17,20, 
31A, 46, 10, 11,31,56, 98A, 21. These are located near the 3' end ofthe gen-
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Fig. 5. Diagrams showing the location on the Akv virus genome of RNase Tl resistant oligo- 
nucleotides absent in the two MCF viruses MCF247 and MB34 

Fig. 6. RNase Tl fingerprints of RNA from A. AKR SL2 B. AKR SL3 C. AKR SL7 D. AKR 
SL3 C1 1 

ome. Several other Akv oligonucleotides are missing from the fingerprint of 
each polytropic virus. Some but not all, are located near the 3' end of the 
genome. A schematic diagram that portrays the location along the genome of 
Akv oligonucleotides missing from the fingerprints of each polytropic virus 
is given in Fig. 5. This data is consistant with the observation of Rommelaere 



Haseltine, W. A. et al. 

m 
:P- 

r) 

B 0 - Akv * AKR SLZ 

GROUP I X 

Fig. 7. A. RNase Tl fingerprint of a mixture 
of RNAs from Akv virus and AKR SL2. 
B. Schematic diagram of the Same fingerprint. 
The symbols used are: oligonucleotides 
common to the two viruses: 0 oligonucleo- 
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Fig. 8. Diagram showing the location on the Akv virus genome of RNase Tl resistant oligo- 
nucleotides absent in AKR SL2 

et al., that the major structural difference between the Akv virus and the poly- 
tropic virus consists of a substitution near the 3' end of the genome. The se- 
quence that is substituted is porbably different for each of the polytropic viru- 
Ses. 

The fingerprint of the RNA of the ecotropic, N-tropic, XC- viruses produc- 
ed by AKR thymoma lines are shown in Fig. 6. Surprisingly, the fingerprints 
are identical. The viruses that we have found to have identical fingerprints 
include SL2, SL3, SL7 and SL8 (data not shown) as well as viruses produced 
by cloned cells derived from SL2 (not shown) and SL3. We shall call this virus 
the AKR-SL (spontaneous lymphoma). 

The AKR-SL virus is structurally related to the Akv virus. The majority of 
the oligonucleotides have the Same electrophoretic mobility as shown in 
Fig. 7. However, oligonucleotides are unique to the AKR-SL virus. Moreover, 
a set of oligonucleotides present in the Akv fingerprint is missing from the 
AKR-SL fingerprint. The missing oligonucleotides are all located near the 3' 
end of the AKR genome as shown in Fig. 8. The Set of oligonucleotides that 
is missing from the AKR-SL fingerprint includes some but not all of the oligo- 
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nucleotides located near the 3' of the AKR genome that are missing from all 
the polytropic viruses. 

These studies identify structurally a new class of AKR virus. This virus, the 
ecotropic, N-tropic XC-is the major species produced by AKR thymoma cells 
lines that have been established in culture. It probably differs from the Akv 
virus by a substitution in the 3' region of the genome. Some of the SL lines 
also produce detectable levels of either xenotropic or polytropic viruses. The 
amount of these viruses is not sufficient to appear in the fingerprints. How- 
ever, Passage of this virus on mink cells would favor enrichment of the virus 
for xenotropic and polytropic components. 

The relationship of the AKR-SC virus to the induction of the disease is un- 
clear. Whereas, SL2 and SL3 accelerate thymic disease in AKR mice, SL7 
and SL8 do not (Nowinski and Hays, 1978). It is possible that either defective 
genomes or viruses produced at lower titers that the AKR-SL virus induce 
the disease. 

We have begun a detailed characterization of the genome of a xenotropic 
virus AKR-6, a virus that was derived from a thymus of a two month old AKR 
mouse by Janet Hartley. The fingerprint of this virus (Fig. 9) is very different 

Fig. 9. Comparison of the RNase Tl fingerprint of RNA from Akv virus (A) with the finger- 
print of RNA from the xenotropic virus AKR6 (B) Panel C shows a RNase T, fingerprint of a 
mixture of RNA from the two viruses. (D) Schematic diagram of the picture shown in C. The 
symbols used are: oligonucleotides present in both viruses: 0 oligonucleotides present only 
in AKR6: 0 oligonucleotides only in Akv: 0 oligonucleotides not analyzed 
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from that of the Akv virus. Only a minority of the oligonucleotides have the 
same electrophoretic mobility. However, sequence analysis of some of the 
unique oligonucleotides shows that these viruses share many common se­
quences. The sequence of three oligonucleotides is identical in both viruses. 
Of ten large AKR-6 specific oligonucleotides that have been sequenced, five 
were found to be related by one or two base changes to oligonucleotides pre­
sent in the Akv fingerprint (Table 2). It is noteworthy that a majority of the 
oligonucleotides present in the AKR-SL and AKR polytropic virus that are 
not present in the Akv virus are not derived from AKR-6, at least as judged 
by their electrophoretic mobility. 

Table 2. Examples ofrelated sequence in Akv and AKR6 RNA 

Virus Oligonucleotide Nucleotide sequence 
No. 

Akv 1 UAUCUCCCAAACUCUCCCCCUCUCCAACG 
AKR6 101 UCUCUCCCAAACUCUCCCUCUCUCCAACG 

- -

Akv 15 AAAAAUAAUAAUCCUUCCUUCUCUG 
AKR6 108 AAAAAUAAUAACCCUUCCUUCUCUG 

-

Akv 18 AUCUACUAUUCCUAAAAG 
AKR6 113 AUCUACUAUUUCUAAAAG 

The Woolly-Gibbon Viruses 

C-type viruses have been isolated from a fibrosarcoma of a woolly monkey 
(Theilen et al., 1971), the brains of gibbons (Todaro et al., 1975) and the tis­
sues ofnormal and leukemic gibbons (Kawakami and Buckley, 1974; Kawaka­
mi et al., 1972; Snyder et al., 1973; Gallo et al., 1978). These viruses contain 
immunologically related reverse transcriptases and group-specific antigens 
(p30 proteins)(Scolnick et al. , 1972a and 1972b; Gilden et al., 1974; Hoekstra 
and Deinhardt, 1973; Parks et al., 1973; Tronick et al., 1975). These viruses 
also share nucleic acid homology as judged by molecular hybridization tech­
niques (Benveniste and Todaro, 1973; Scolnick et al., 1974; Todaro et al. , 
1975). Other viruses that are related to these in immunologie and molecular 
hybridization tests have been isolated from tissues ofa patient with acute my­
elogenous leukemia (Gallagher and Gallo, 1975; Teich et al., 1975; Gallagher 
etal., 1975; Okabeetal., 1976; Chanetal., 1976; Reitzetal., 1976). 

To elucidate the structural relationships among these viruses, we have fin­
gerprinted the genomes ofthe woolly monkey virus (SSA Vor WL V) and seve­
ral independently isolated gibbon ape viruses (GaLV) as weIl as virus isolated 
from the cultured cells of a patient with acute mye1ogenous leukemia 
(HL23V). 
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Fig.l0. RNase Tl fingerprints of four isolates of gibbon ape viruses. A. GaLVBrain. isolated by 
cocultivation of normal gibbon brain tissue with human rhabdomyosarcoma cells (A204) 
(Todaro et al., 1975). Virus was a gift from G. Todaro. B. GaLVI-I. isolated from the blood of a 
gibbon with acute lymphatic leukemia (6 GI PB) (Gallo et aL 1978). Virus was obtained from 
R. Gallagher. C. GaLVSF , isolated from a lymphosarcoma and grown in human lymphoblast­
oid cells (NC37) (Kawakami et aL 1972; Snyder et aL 1973). D. GaLVThai • isolated from a 
gibbon with granulocytic leukemia and grown in human osteogenic sarcoma cells transformed 
by Kirsten sarcoma virus (KHOS) (Kawakami and Buckley, 1974). Both GaLVSF and GaLVThai 

were given to us by M. Reitz 

The RNase Tl fingerprints ofthe genomes offour independent isolates of 
gib bon virus and of SSA V are shown in Figs. 10 and 13. The genomes of two 
of the gibbon viruses, GaLVH and GaLVBrain, are closely related to one an­
other as judged by the similarities of their RNase Tl oligonucleotide patterns 
(Fig. 11). By studying the oligonucleotides which comigrated on polyacryl­
amide gels when RNase Tl digests of GaLVH and GaLVBrain RNAs were mixed, 
we estimate that a minimum of 12% of the genomes are identicaL The se­
quence ofmore than a quarter ofthese oligonucleotides was studied. In most 
cases, oligonucleotides wh ich comigrated had the same sequence. The two 
oligonucleotides whose sequences were not identical appeared to be a mix tu­
re of more than one RNase Tl producL In contrast, only 2,5 % of the genome 
of each virus is distincL Assuming that the oligonucleotides are randomly po­
sitioned as much as 70% ofthe genomes could be identicaL 
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Fig.l1. Comparison of the genomes of two gibbon ape viruses. GaLVH and GaLVBrain. The 
RNase Tl fingerprints of A. GaLVH • B. GaLVBrain and C. a mixture of GaLVH and GaLVBrain 
are shown. D. A schematic illustration of the mixture shown in panel C. The oligonuc\eotides 
shared by these two viruses as weil as those unique to one or the other of the viruses are dia­
grammed. The assignment of two oligonucleotides as a shared sequence was also confirmed for 
twenty of the large oligonuc\eotides by the position of adenosine residues within each oligonu­
cleotide by RNase Uz digestion 

The other gibbon viruses and SSAV show a smaler degree of similarity 
by fingerprint analysis of their genomes. For example, fewer of the longer 
characteristic oligonuc1eotides of SSAV RNA and GaLVSF RNA have the 
same electrophoretic mobility (Fig. 12). The fingerprints ofthe viruses shown 
in Figs. 10, 11 and 12 demonstrate that this method provides a means ofiden­
tifying viruses and of distinguishing between closely related isolates of pri­
mate viruses. 

We have also fingerprinted the genomes of SSAV viruses with different 
passage histories (Fig. 13). The RNase Tl fingerprints of these viral RNA iso­
lates are very similar but not identical to one another. WL V RNA has only two 
oligonuc1eotides not present in the SSV-l genome whereas SSV-l RNA has 
four oligonuc1eotides not found in the WL V genome. Because SSA V has only 
been isolated from a single woolly monkey, the nuc1eotide sequence ofthe vi­
ral RNA changed during passage. 
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Fig. 12. Com parison of the genomes of Simian sar­
coma associated virus, WLV, and gibbon ape virus, 
GaLVSF' The RNase Tl fingerprints of A. WLV/ 
A375, iso1ated from a fibrosarcoma of a woolly mon­
key (Theilen et al.. 1971) and grown in human cells 
given to us by S. Aaronson; B. a mixture of WLV/ 
A375 and GaLVSF and C. GaLVSF are shown 

The RNase Tl fingerprints of the genomes of viruses released by eultiva­
tion of leukemie tissues from a patient with aeute myelogenous leukemia 
(HL23V) are presented in Figs. 14 and 15. These viral isolates are closely rela­
ted to SSA V. The majority of the oligonucleotides of HL23V RNA have the 
same eleetrophoretic mobility as those ofWLVRNA (Fig. 14C). Studying the 
oligonucleotides which are present only onee in the genome and shared by 
WL V RNA and HL23V RNA, there appears to be a minimum of 11 % of the 
genomes whieh are identieal. We determined the position of the adenosine 
residues in one-half of the oligonucleotides whieh eomigrated on polyaeryl­
amide gels when digests ofthe two RNAs are mixed. In all cases, oligonuc1eo­
tides which comigrated had the same sequenee. However, a minority of the 
genome is unique to the HL23V isolate (3%) or to WLV (1,5%). Assuming that 
these oligonucleotides are present throughout the genome, we estimate that 
as much as 75% ofthese viral RNAs are identical. 
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A Wl,.V I A.J75 B SSV-I 

Fig. 13. Effect of different passage histories on Simian sarcoma associated virus. The RNase Tl 
fingerprints of two SSAV virus isolates are compared : A. WLV/A375 and B. SSV-l, SSAV 
grown in human lymphoblastoid cells (NC37). This virus was obtained from the FCRC Viral 
Reiources Laboratory 
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Fig.14. Comparison of the genomes of Simian sarcoma associated virus, WLV, and a virus, 
HL23V, released by cultured human myeloid leukemia cells. The RNase Tl fingerprints of A. 
WLV/ A375 ; B. HL23V plO/NRK, isolated by cultivation ofleukocytes from the first peripheral 
blood sam pie that had been passaged ten times before the culture fluid was used to infect normal 
rat kidney fibroblasts (Teich et al., 1975; Gallagher and Gallo. 1975); and C. a mixture of 
WL V / A375 and HL23V p I O/NRK. D. a schematic illustration of the mixture shown in panel C. 
The oligonucleotides shared by these two viruses as weH as those unique to one or the other ofthe 
viruses are diagrammed. The assignment of two oligonucleotides as a shared sequence was also 
confirmed for many of the large oligonucleotides by the position of adenosine residues within 
each oligonucleotide by RNase U2 digestion. H123V plO/NRK RNA was obtained from M. Reitz 
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when injected into newborn kittens (Jarrett et al., 1973; Essex, 1975). More­
over, epidemio10gical evidence demonstrates that these viruses are the causa­
tive agents of feline leukemia in domestic cat populations (Hardy et al., 1973; 
Cotter et al., 1975; Hardy et al., 1976; Essex et al., 1977). 

The feline viruses have been shown to be structurally re1ated by tests of 
molecular hybridization (Levin et al., 1976). However, they are not identical. 
These viruses have been divided into three groups, FeLV A, B, and C, on the 
basis ofneutralization and interference tests (Sarma and Log, 1973). These vi­
ruses also differ in their host range (Jarrett et al., 1973; Sarma et al., 1975). 

To determine the degree ofstructural similarity ofthese viruses at the level 
ofnuc1eic acid sequence, fingerprint analysis ofviruses ofthe three subgroups 
was done. The viruses analyzed inc1ude the c10ned isolates FeLV AI 
Glasgow 1, FeLV B/Sarma (ST-FeSV), and FeLV C/Sarma (FL74) that were 
grown in feline embryo fibroblasts, and FeLV A/Rickard that was produced 
by an established lymphoid tumor line F422 (Rickard et al., 1969) . 

• 

- . 
Fd.V I 

Fig. 16. RNase Tl fingerprints of the subgroups of FeLV. Upper left: FeLV A/Rickard isolated 
and grown in F422 cells, a spontaneous lymphoid celliine, provided by M. Essex. Upper right: 
FeLV A/Glasgow 1 isolated from a cat with alimentary lymphosarcoma and grown in feline 
embryo fibroblasts. Lower left: FeLV B/Sarma (ST-FeSV), the purified subgroup B helper 
virus from a stock of Snyder-Theilen FeSV, grown in feHne embryo fibroblasts. Lower right: 
FeLV C/Sarma (FL74) purified from a mixture ofsubgroups A, B, and C isolated from a spon­
taneous lymphoid cellline, FL 74, and grown in feline embryo fibroblasts. FeLV A/Glasgow 1, 
FeLV Band FeLV C were provided by O. Jarrett 
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Fig. 17. Comparison of the genomes of FeLV: RNase Tl fingerprints of isolates from subgroups 
Band C. Upper left: FeLV B/Sarma (ST-FeSV). Upper right: FeLV C/Sarma (FL 74). Lower 
left: Mixture of FeLV Band FeLV C. Lower right: Schematic drawing ofa mixture ofsubgroups 
Band C 

The fingerprints ofthese viruses are presented in Fig.16. To determine the 
degree ofstructural similarity, RNase Tl oligonucleotides from the subgroups 
were mixed together and the resulting fingerprints are shown in Fig. 17. Ex­
periments done but not pictured include mix es ofFeLV AI Rickard and FeLV 
A/Glasgow 1, FeLV AI Rickard and FeLVB/Sarma (ST-FeSV), and FeLV AI 
Rickard and FeLVC/Sarma (FL74) .. 

These experiments demonstrated that the feline leukosis viruses are struc­
turally closely related. Over half the unique oligonucleotides of each isolate 
are found in all the isolates studied as judged by their electrophoretic mobili­
ty in the mixing experiments. This set of"common" FeLV oligonucleotides is 
diagrammed in Fig. 18. However, a set of oligonucleotides unique to each iso­
late was also observed. The fingerprints ofthe two subgroup A viruses studied 
were not iden tical. . 

The similarity in the fingerprints of the feline leukosis viruses suggests 
that approximately half ofthe genome is identical. 
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Fig. 18. RNase Tl oligonucleotides 
shared between FeLV A/Rickard, 
FeLV A/Glasgow I, FeLV B/Sarma 
(ST-FeSV), and FeLV C/Sarma (FL74) . 
Top: Representative fingerprint of 
Fe LV, FeLV A/Rickard. Bottom: 
Schematic drawing of the "common" 
oligonucleotides 

We have applied the improved fingerprinting technique to Rous sarcoma vi­
rus Prague B in order to obtain more detailed information regarding the se­
quences ofthe sarcoma gene. A variant ofthis strain ofvirus has been isolated 
that lacks the capacity to transform fibroblasts in culture (Coffin and Billeter, 
1976). This transformation defective strain is deleted for a portion ofthe gen­
ome, about 1500 nucleotides near the 3' end ofthe genome (Junghans et al., 
1977). 

RNase Tl fingerprints ofthe non-defective (nd) and transformation defec­
tive (td) strains of the virus are shown in Fig. 19. The arrows indicate those 
oligonuc1eotides that are missing from the td strain. The missing oligonucleo­
tide include numbers: 5,6 (A + B), 48, 42, 45 and 44. Three ofthe oligonucleo-
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Fig.20. Mapping of RNase Tl oligonucleotides derived from different sizes of Pr-RSV-B RNA 
fragments. RNA fragments obtained by heating 35S poly-A-containing RNA were separated by 
sedimentation in sucrose density gradient, followed by poly-A-selection on oligo-T-cellulose 
column. The size ofRN~ftagments increase in order ofa. b, c, d and e. Panel E shows the finger­
print of35S RNA 

Table 3. Order oflarge Tl Oligonuc1eotides on Pr-B RSV RNA 

~ 

5' end (11,8.168.15 ,24.23.25,3. 17,39) (18. 1,36.22.41.20.40.43,9.33.29.28. 12,9) (50B.4.35.16A 
2.32. 20,10.37.38.27) (21 . 53. 50A 30. 31 . 48.42;'47.46.45.44) (26. 14.6.5. 49)-poly A 

a Interferred by visual examina tion ofthe fingerprin ts offractionated Pr-B RNA. as described in 
Fig. 20. The order of oligonuc1eotides within parentheses is undetermined 

--
,. 

• 
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Table 4. Sequence oflarge Tl oligonucleotides from Pr-B 70S RNA 

Spot Sequence Chain 
No. length 

1 AAAACACAAAAACACCAAUACAAAAACAYG 30 
2 YCYCYCCCYAAYAYAACYAAYAYYACYCG 29 
3 UUAUUCUCCACCCAACCCACCAAG 24 
4 YCACCUCCCCUUUUCAAACAUG 22 
9 YACAACCCUCACCUAUCG 18 

10 ACAACAUCACUCCUCG 16 
17 YUUCUUUUCCAUCCCUCUUG 20 
18 UUAAUUAUAUUCUCACUAUYG 21 
19 UUACUCACAUCCUUUUG 17 
20 CAAUUUUCCUUAUUUG 16 
21 YUAUUUACAAUUUG 14 
22 UAAUAUAUCUAUG 13 
23 YUAUCCAUUUUYG 13 
24 AUCACUAUUUUG 12 
25 AUUUCAUUUUAG 12 
26 UUAUUUUAUUG 11 
27 YUAUAAUAAUCCUG 14 
29 YACUUUUCACCAUAYG 15 
30 CUUCAACACUUCUG 14 
31 UUUUACUAAACCAAAG 16 
32 CUCUCAAUCACUUYG 15 
33 CUUUACCCCAUACYG 15 
34 CUCCUCUUCCCCG 13 
35 CCUCCAACUCCUCG 14 
36 ACAUUACCCAACAG 14 
37 YACCUCACACCUG 13 
39 UCCACACACCCAAG 14 
40 AAAACACUACAG 12 
41 AUACACCCACG 11 
42 ACAACAAUACG 11 
43 AYAUAAAAACAG 12 
44 CACCCACCACG 11 
45 YAAACCACAG 10 
46 CAACACCAG 9 
47 AACACCAAG 9 
48 AUACAUCCCCAG 12 
49 AUACAAUAAACG 12 
52 AUAUUUYG 8 
53 AUAAUAUACAUG 12 

est poly A containing RNA fragment. This oligonucleotide is probably the 
one identified by Wang et al. (1975) as the C or constant oligonucleotide, pre­
sent in both RSVtd and nd strains. This oligonucleotide is located between the 
td deletion and the 3' end ofthe genome. 
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To further characterize the structure of the RSV genome the sequence of 
most ofthe unique oligonucleotides was determined as described above. The 
sequences are presented in Table 4. The table includes the sequence of oligo­
nuc1eotides derived from the region deleted in the td strain. 

The spots numbered 6, 16,38 and 50 are not sequenced because they con­
ta in a mixture of oligonucleotides. 

Discussion 

The improved techniques of oligonucleotide fingerprinting using small un­
labelIed RNA have permitted us to extend the range ofproblems that can be 
approached using this method. Viruses that cannot be efficiently labelled in 
cell culture, either because of their low titer or because of the cell type (for 
example the lymphoid lines) can be studied by this method. Moreover, se: 
quence determination ofoligonucleotides permits very detailed comparative 
analysis ofviral genomes. An example ofthe utility ofthis approach is the un­
expected similarity in sequence of the unique oligonucleotides of Akv virus 
and the AKR-6. 

This approach is not limited to the C-type viruses. The method is suitable 
for the study on any high molecular RNA species. We have, in collaboration 
with others, successfully applied the method to problems ofhuman and avian 
influenza viruses, measles virus, vesicular stomatitis virus and silk worm fi­
broin message. 
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Detection of Integrated Type-C Viral DNA Fragments 
in Two Primates (Human and Gibbon) 
by the Restrietion Enzyme Blotting Technique 

Wong-StaaL F., Josephs, S., Dalla Favera, R., Gallo, R. 

National Cancer Institute. Bethesda. Maryland 20014. USA 

There have been reports of sporadic findings of type-C markers in human 
cells. Most commonly these markers were related to the two classes of pri­
mate type-C viruses: The simian sarcoma virus-simian sarcoma associated 
virus complex [SiSV (SiSA V)] and gibbon ape leukemia virus (GaLV) group 
and the baboon endogenous virus, BaEV (see Gallo elsewhere in this book). 
However. detection of proviral sequences related to either of these virus groups 
was rare, and a preliminary survey indicated that DNA from leukemic tis­
sues. although hybridizing more viral probe (SiSA V and BaEV) than DNA 
from normal tissues, displayed a broad range of hybridization values which 
never approached the level of DNA from virus-infected tissue culture cells 
(Gallo, elsewhere in this book). One possible explanation for the low but pos­
sibly significant hybridization values found in fresh leukemic cells is that sub­
genomic fragments could have been integrated in the DNA of these tissues 
rather than complete provirus. However, unequivocal evidence for partial 
provirus integration of type-C RNA viruses is still lacking in the literature. 
In this report we show by restrietion enzyme-blotting analysis, that (i) a few 
tissues from a gibbon ape exposed to GaLV contained an incomplete pro­
virus; (ii) DNA from all human DNA contained sequences that hybridize 
specifically to SiSV-SiSAV genomes, suggesting a recombination event 
between these viruses and human DNA via infection; (iii) DNA from two 
leukemia DNA sampies showed extra, presumably acquired, viral fragments 
rela ted to BaEV One of the sam pies was from the uncultured leukocytes of 
patient HL23 (Gallo, elsewhere in this book). In addition one other human 
DNA sam pie showed extra viral fragments related to SiSA V 

Partial Provirus in a Gibbon Exposed to GaL V 

We obtained tissues from two gibbons from a colony in Hall's Island, Bermuda, 
G-l was leukemic (acute T-cellieukemia) and viremic, and a distinct isolate 
of GaLV (designed GaL VH ) was isolated from its leukocytes after culture 
(Gallo et al., 1978; Reitz et al., 1979). G-4 although terminally ill with 
emaciation (cause unknown), was not frankly leukemic or viremic, but its 
serum contained high titer of antibody against GaLVantigens (Gallagher et 
aL 1978). When DNA from tissues of G-4 were examined for GaLV proviral 
DNA sequences by hybridization, all tissues were negative with the exception 
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ofthe spleen, liver and kidney. DNA from these three tissues hybridized 30 to 
50% of GaLVH or SiSAV probes relative to DNA from G-I tissues (Wong­
Staal, Reitz, and Gallo, 1979) suggesting that these tissues may harbor 
an incomplete provirus, although other possibilities exist. We therefore de­
cided to analyze the sampies by restriction enzymes followed by the blotting 
technique described by Southern (1975) to determine whether proviral frag­
ments may be present. A schema ofthe procedure used is presented in Fig. I. 
DNA digested with the site specific endonuc1ease is fractionated on agarose 
gels and then the DNA is "biotted" onto a sheet ofnitrocellulose filter paper. 
The DNA positioned on these filters is hybridized to excess 1251 viral RNA 
and autoradiographs are prepared. Discrete fragments containing DNA se­
quences that hybridize the labeled probes can be visualized. As shown in 
Fig. 2, after digestion of the cellular DNA's with Bam HI, two viral frag­
ments were detected in tissues ofG-I, corresponding to sizes of2,0, and 1,5 
X 106 daltons. However, DNA from the kidney and liver of G-4 contained 
onIy the 1,5 X 106 dalton fragment (Fig. 2). Since this fragment is subgenomic 
in size, the result c1early indicates that an incomplete provirus is integrated in 

Isolate High Molecular Weight Cell DNA 

Cleave DNA with a Restrietion Enzyme 

Separate Fragments by Electrophoresis 

Infected Control 
Cell DNA Cell DNA 

Blot; Hybridize with 1251-Viral RNA; Autoradiogram 

t t 
Infected Contral 

Cell DNA DNA 

Fig. 1. Scheme for detection of integrated viral 
sequences by restriction enzyme-blotting. High 
molecular weight DNA is purified from cells or 
tissues and cleaved with a given restriction enzyme. 
Cleavage sites for the enzyme are distributed all 
over the DNA inc1uding the provirus (indicated 
here by the dark straight line). The resultant hetero­
geneous collection of DNA fragments is then 
separated by electrophoresis on agarose gels for 
fractionation on the basis of size. After electro­
phoresis. staining with ethidium bromide reveals 
a broad distribution of DNA. However. after 
transfer of the DNA to nitrocellulose filter paper. 
only the fragments containing part or all of the 
provirus will hybridize to 125J-viral RNA. In the 
hypothetical case presented in the schema, there 
are three fragments. These are visualized byauto­
ratiography 
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Fig.2. Ckavage pattern of integrated viral sequences in DNA from tissues of G-I and G-4. 
25 f.Lg of each cellular DNA was digested with Bam HI and electrophoresed in 0.8% agarose. 
Transfer of the DNA to nitrocellulose filters was carried out according to Southern (1975). Hy­
bridization was carried out with 125I-ribosomal RNA as control or 125I-SiSA V RNA in 50% 
formamide. 3XSSC 0.5% sodium dodecyl sulfate. 5 mg/mi tRNA. 0.02% each of ficolL poly­
vinylpyrrolidone and BSA at 37°. Molecular weights are given in daltons x 10-6 a) Normal 
gibbon DNA hybridized to 125I-rRNA as control. b) Normal gibbon spleen DNA x 125J-SiSAV 
RNA. c) G-l heart DNA X 125I-SiSAV RNA. d) G-I Iymph node DNA X 125I-SiSAV RNA. 
e) G-4 liver DNA X 125I-SiSAV RNA. f) G-4 kidney DNA X 1251-SiSAV RNA 

the DNA from these tissues. DNA from a normal gibbon spleen did not con­
tain any viral specific fragments. (The three bands shown in normal gibbon 
spleen DNA are ribosomal DNA bands due to small amounts ofRNA in the 
viral RNA preparation. See 125I-rRNA control.) Thus the 1,5 X 106 dalton 
detected in DNA from kidney and liver ofG-4 represents an acquired partial 
provirus by the anima!. 

Detection of an Endogenous Human DNA Fragment That Hybridized 
Specifically to SiSA V -GaL V 

When DNA from human cells (including fresh tissues of spleen, liver, kid­
ney, placenta, leukocytes or tissue culture cells) was digested with Bam HI, 
and hybridized to 125I-RNA from different type-C viruses, RNA from SiSV­
SiSA V detected a fragment at 8,0 X 106 daltons in size in the DNA of all tis­
sues tested. These results cannot be explained by human cellular nucleic 
acids contaminating the viral 125I-RNA probe because the hybridizations 
were performed with three different strains of SiSV-SiSA V grown in diffe­
rent hosts, marmoset, human and rat and probes from each of these viruses 
gave the same result. 
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Fig.3. Detection of an endogenous human DNA fragment that hybridized to genomic RNA of 
SiSAV-GaL V. Experiments were carried out as described in legend to Fig. 2. Forty different 
human DNA sampies. including fresh tissues ofspleen.liver. kidney placenta as weil as various 
tissue culture celliines gave identical results. therefore only a typical pattern is shown. Human 
DNA digested with Bam HI was hybridized to 125I-RNA of various viruses. A. Viruses of the 
SiSV-SiSAV group: a) rRNA control: b) SiSAV (A204). grown in human rhabdomyosarcoma 
cells; c) 705 RNA of SiSV (SiSA V) (7IAPl). produced by a marmoset tumor cell line: d) 355 
RNA of SiSV (SiSA V) (7IAPI): e) SiSAV (M55). grown in normal rat kidney cells; f) same as 
e). but selected on oligo-dT cellulose column for poly (A). B. Other viruses: a) GaLVH: b) the 
endogenous cat virus RD114; c) Feline leukemia virus. strain Rickard. FeLVR: d) Murine leu­
kemia virus. strain Rauscher. MuLVR : e) Baboon endogenous virus. BaEV (M7); f) Filter from 
e) rehybridized to SiSAV (M55) 
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Fig.4. Digestion 01' thc endogenous SiSA V-relatcd human DNA with Hind 111 human DNA 
digested with Hind 111 was hybridized to : 0) 1251 ribosomal RNA: b) 1251 BaEV RNA: c) 1251 
FeLV RNA: d) 1251 SiSAV (M55) RNA 

All other viruses, including GaLVH and BaEV, did not detect any viral 
specific DNA fragments in DNA from normal human tissues. Representa­
tive results using these viral RNA probes are depicted in Fig. 3. To further 
verify the results with Bam HI, another enzymes, Hind III, was used to an­
alyze the human DNA sequences that interact with SiSV-SSAV, and the re­
sults are shown in Fig. 4. Hind III yielded two fragments of7,0 and 3,5 X 106 

daltons. These sequences were not derived from a conserved set ofmamma­
lian DNA sequences, since DNA from two primates, gibbon and baboon, as 
weIl as two lower species, cat and dog, did not reveal any specific fragments 
hybridizing SiSV-SSA V (see earlier results for normal gibbons, other data 
not shown). The negative data with DNA from these animals also indicates 
that the positive results with human DNA are not from cellular nucleic 
acids contaminating the viral probe. 

Since two ofthe three probes used SiSV (7 1 API), Si SV (NRK) were never 
passaged through human cells in the laboratory, a plausible explanation is 
that viruses of the SiSV-SiSAV group have infected humans in the past, and 
have recombined with human cellular sequences. We plan to study the na­
ture of these sequences and their mode of expression in human cells after 
they are purified and amplified by cloning them in bacteria. 
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Detection of Acquired Viral Fragments Related to BaEV and SiSA V 

We have previously reported detectable proviral DNA sequences related to 
the BaEV in tissues of a few leukemic patients (Wong-Staal, Gillespie and 
Gallo, 1976) one ofthese being HL23, the patient from whose cultured 1euko­
cytes the virus HL23V was isolated (Gallagher and Gallo, 1975). We had the 
opportunity to examine a few of these sampies by "blotting" after restriction 
with Hind 111. DNA from uncultured leukocytes of two leukemic patients, 
HL23 and HlA9 (another patient with AML), revealed several viral specific 
DNA fragments relative to normal controls (which only displayed a 10,0 X 106 
dalton rDNA fragment (Fig. 5 A). DNA from human tissue culture rhabdo­
myosarcoma cells (A204) infected with the M7 strain of BaEV, was used as a 
positive control and yielded a very similar banding pattern as the DNA from 
HL23 and HlA9 leukocytes although there are differences among the three 
sampies. These experiments are preliminary and work is in progress to fur­
ther define these fragments. 

One other human DNA sampie, from an apparently normal human pla­
centa contained more hybridizable SiSA V sequences than the average in an 
earlier survey (Gallo et al., 1978). This DNA revealed viral specific SiSAV 
fragments (Fig. 5 B) in addition to the endogenous viral-related fragments 
described earlier. 
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Fig.5B 

Fig.5. Detection of "acquired" DNA fragments related to BaEV and SiSAV in several human 
DNA sam pies. A. DNA from uncultured leukocytes of two patients. HL23 and HLA9. was 
treated with the restrietion enzyme Hind III and processed as described in Fig. 2. A204 (M7) 
a human rhabdomyosarcoma ceH line infected with BaEV (P. cynocephalus). and normal 
human spleen were used as positive and negative controls respectively. Hybridization was car­
ried out with 1251-BaEV RNA: a) A204 (M7); b) HLA9: c) HL23: d) normal human spleen. 
B. DNA from 2 normal placentas and from NC37 (SiSA V). a human lymphoid cellline infected 
with SiSA V. were digested with Bam HI and hybridized to 1251 SiSA V RNA; 1. NC37 (SiSV): 
2. normal placenta * 6; 3. normal placenta called NP3. (NP3 was previously shown to hybridize 
significantly higher levels of Si SV probes than found with other DNA from normal human tis­
sues) 

Summary 

We have shown that 1. partial provirus integration can be a possible result of 
a natural infection. and ma y serve as a model in animal systems where a viral 
etiology is implicated but detection ofa major fraction ofthe virus genome is 
rare; 2. All human DNA contains some sequences that hybridize specifically 
with genomes of SiSV-SiSA V, suggesting that viruses of this group have 
infected humans in the past and recombined with human cellular DNA. 3. 
Finally, DNA from uncultured leukocytes of two leukemic patients, one be-
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ing HL23, which yielded the virus HL23Vin culture, was shown to have virus 
specific fragments related to BaEY. Another human DNA sampIe revealed 
virus specific fragments related to SiSV (SiSA V). These fragments are prob­
ably acquired by infection. 
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Abstract 

Mice genetically transmitting the exogenous Moloney leukemia virus (Balb/ 
Mo) have been previously derived. These animals carried one copy ofMoloney 
virus DNA (M-MuLV) in their germ line and transmitted the virus as a single 
Mendelian gene to the next generation. 

Homozygous BALB/Mo mice were used to genetically map the M-MuLV 
locus. Embryo fibroblasts were fused to established Chinese hamster cells 
and somatic cell hybrids were selected. Segregation of mouse chromosomal 
markers in the hybrids was correlated to the loss of M-MuLV-specific se­
quences as detected by molecular hybridization. Of 15 isozymes located on 
different mouse chromosomes only triosephosphate isomerase segregated 
syntenic with the M-MuLV gene, suggesting that the virus was integrated on 
chromosome No. 6. This was confirmed by sexual genetic experiments anal­
yzing segregation of Moloney viremia and two markers on chromosome 6 
and 15. respectively. The results show that M-MuLV expression is linked to 
wa-l on chromosome 6 at a distance of about 30 map units. These data define 
a new genetic locus, Mov-l. representing the structural gene of M-MuLV in 
BALB/Mo mice. 

Introduction 

Endogenous C-type viruses are transmitted genetically from one generation 
to the next [1,2,3] and thus are present in every cell ofthe animal. In contrast, 
exogenous C-type viruses, which are transmitted by horizontal infection, are 
not part ofthe germ line ofan animal and thus are not transmitted genetical­
ly. The apparent resistance of the germ line to infection with leukemia virus 
may be explained by the "organtropism" ofleukemia viruses; only certain "tar­
get" tissues such as spleen or thymus cells are susceptible to infection, where­
as most other non-target tissues cannot be infected by leukemia virus [4,5]. 

It has been possible to overcome the "organtropism" restriction of the 
exogenous Moloney leukemia virus (M-MuLV) by infecting mice at the 4-8 
cell preimplantation stage before differentiation into "target" or "non-target" 
cells has taken place. These embryos developed into normal adult animals, 
which carried M-MuLV-specific sequences in all organs including cells ofthe 
germ line [5]. Thus the exogenous virus, M-MuLV, was established as an 
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endogenous virus in these mice (= BALB/Mo). Genetic and biochemical 
evidence indicated that these mice were heterozygous for a single Mendelian 
locus with one proviral copy integrated at this site. Mice, homozygous at this 
locus. were derived and molecular hybridization studies have demonstrated a 
somatic amplification of these virus sequences in target cells during the pro­
cess ofleukemogenesis [5,6]. 

BALB/Mo mice develop a specific thymus-dependent leukemia similar to 
the disease observed in AKR mice. A number ofgenetic factors appear to 
control the development of leukemia by endogenous C-type viruses and/or 
the susceptibility to leukemic transformation by exogenous C-type viruses. 
Attempts to elucidate genetic factors involved in virus replication and trans­
formation inc1ude the use ofsexual genetic experiments and the use ofinter­
species somatic cell hybrids preferentially segregating the chromosomes of 
one species. The following genes related to replication or regulation ofMuLV 
have been assigned to individual mouse chromosomes: Fv-I to chromosome 
NO.4 [7], Rec-l to No. 5 and Ram-l to No. 8 [8], Fv-2 to No. 9 [9] and Rgv-l 
to No. 17 [10]. In human cells a locus controlling the replication of Baboon 
endogenous type-C virus has been assigned to chromosome No. 6 [lI]. So far, 
Akv-l represents the only genetically defined locus representing the proviral 
genome of an endogenous virus. The Akv-Ilocus has been mapped by sexual 
genetics on chromosome 7 near GpI-l [12,13]. Another proviral genome in the 
AKR strain. Akv-2, has not been assigned to a particular mouse chromosome. 

In this paper we summarize our experiments to genetically map the 
integration site of M-MuLV in BALB/Mo mice. 

Methods 

All methods used to quantitate virus-specific sequences by molecular hybrid­
ization and to measure virus expression in animals have been described pre­
viously [4-6]. The M-MuLV cDNA used was selected against uninfected 
mouse DNA to remove all sequences which cross-hybridize with endogenous 
mouse viruses [6]. Cell fusion experiments and isoenzyme tests were per­
formed essentially as described elsewhere [14-17]. Mice were bred in our 
laboratory or purchased from the Jackson Laboratory. 

Results 

We have used both sexual and somatic cell genetic approaches to map the M­
MuLV locus in the mouse genome. First sexual genetic experiments utilizing 
crosses between BALB/Mo and C57BL mice exc1uded five chromosomes as 
potential integration sites. We then utilized interspecies somatic cell hybrids, 
which segregated specifically mouse chromosomes to identify the chromo­
some syntenic with the M-MuLV locus. Evidence described in the following 
section suggested chromosome No. 6 as integration site for M-MuLY. This 
was confirmed in sub se quent sexual genetic experiments using appropriate 
Iinkage test strains of mice. 
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A. Linkage Studies Using Somatic Ce!! Hybridization 

Fibroblast cultures were established from BALB/Mo embryos homozygous 
for the M-MuLV locus. Fibroblasts are non-target cells for M-MuLVand 
therefore spontaneous virus expression is repressed [4]. As expected, molec­
ular hybridization experiments showed the presence of 2 M-MuLV copies 
per diploid mouse genome. However, when these cultures are superinfected 
with M-MuLV, they produce high titers ofvirus and virus production is ac­
companied by an amplification of M-MuLV-specific DNA sequences (un­
published). 

These mouse fibroblasts were fused to established Wg 3-h-O Chinese 
hamster cells [17] in the presence of polyethylene glycol. It has been shown 
previously that somatic cell hybrids isolated after fusion ofsecondary mouse 
fibroblasts and established Chinese hamster cells segregate mouse chromo­
somes [18]. Hybrid clones were selected in HAT medium and analyzed: (i) 
for the presence of mouse chromosomes by isozyme determinations, (ii) for 
the presence of M-MuLV-specific DNA sequences by molecular hybridiza­
tion, and (iii) for virus production by assaying for infectious virus by the XC 
assay. The laUer test was important since it has been observed that fusion of 
mouse macrophages to human cells readily activates endogenous mouse vi­
ru ses [19]. Activation and production of the endogenous M-MuLV could 
possibly lead to reintegration ofthe virus in either mouse or hamster chromo­
somes and thus prevent identification of the original integration site by 
segregation analysis. Therefore, all hybrid clones were tested for the presence 
of infectious virus. None of 30 clones tested produced virus, indicating that 
expression ofintegrated M-MuLV in BALB/Mo fibroblasts was under tight 
control and that M-MuLV was not activated upon fusion of BALB/Mo 
fibroblasts to hamster cells. . 

So far, we have analyzed 30 independent mouse-Chinese hamster clones 
segregating mouse chromosomes. Table 1 is a summary of our observa­
tions correlating M-MuLV-specific sequences with the presence of isozyme 
markers for 15 mouse chromosomes enzyme markers were assayed for 
chromosomes 3, 13, 15, 16 and 17. The expression ofmouse triosephosphate 
isomerase, whose gene has been recently assigned to chromosome No. 6 [20], 
was concordant in 93% ofthe clones with the presence ofM-MuLV specific 
sequences. Only one out of30 hybrid clones had lost the enzyme but retained 
M-MuLV-specific sequences, and one clone had retained the enzyme but lost 
the virus sequences. Karyotype analyses have been performed on these two 
exceptions: no chromosome No. 6 could be identified by morphological 
criteria. This suggests that chromosome No. 6 was fragmented and trans­
posed to another chromosome in these clones. All other enzyme markers 
showed a highly asyntenic segregation with the M-MuLV gene. It should be 
emphasized here that our experiments using molecular hybridization with a 
specific cDNA probe identify the structural gene of M-MuLV and not some 
regulatory locus for virus expression. These data therefore suggest, but do not 
prove, that M-MuLVin BALB/Mo mice is integrated on chromosome No. 6. 
So far, we cannot rule out that chromosomes 3, 13, 15, 16 or 17 were retained 
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Table 1. Correlation between mouse isozymes and M-MuLV-specific DNA sequences in mouse­
chinese hamster hybrid clones 

Mouse isozyme Mouse 
chromosome 

Dipeptidase-l 1 
Adenylate kinase 1 2 
Phosphoglucomutase-2 4 
Phosphoglucomutase-l 5 
Trisephosphate isomerase 6 
Glucosephosphate isomerase 7 
Adenine phosphoribosyl-transferase 8 
Mannosephosphate isomerase 9 
Tripeptidase-l 10 
Galactokinase 11 
Acid phosphatase 12 
Esterase-IO 14 
Dipeptidase-2 18 
Glutamate-oxalacetate transaminase 19 
Hypoxanthine phosphoribosyl-transferase X 

Isozyme retention! 
M-MuLV DNA present 
(% asyntenic segregation) 

27 
40 
53 
50 
7 

22 
30 
40 
27 
50 
43 
30 
43 
57 
37 

Thirty independent somatic cell hybrid clones were analyzed for the presence of 15 mouse 
chromosomes by isozyme determinations and for the presence of M-MuLV-specific sequences 
by molecular hybridization. 

in many hybrids and thus could possibly carry the M-MuLV gene. However, 
results obtained in sexual genetic experiments described in the next seetion 
strongly support the notion that the M-MuLV gene is integrated on chromo­
some No. 6. 

B. Assignment ofthe M-MuLV Loeus by Sexual Genetie Experiments 

In our first genetic experiments to map the M-MuLVlocus we mated BALB/ 
Mo mice with C57BL mice and backcrossed the F-I animals to C57BL. The 
resulting BC-I (= backeross 1) animals were tested for correlation or lack 
of correlation between the presenee of M-MuLV sequences and inheritance 
of 6 markers on 5 different chromosomes. Table 2 summarizes these data. 
It is evident that the M-MuLV gene was not linked to any of the markers 
tested. This inc1uded chromosome 7 on which the Akv-l locus was mapped 
near the GpI-l marker [12]. These results are in agreement with the segrega­
tion data using somatic cell hybrids deseribed above. 

Since the somatic cell hybrid experiments suggested chromosome No. 6 as 
a possible integration site for M-MuLV, we crossed BALB/Mo with ABPI] 
mice. This strain is a linkage test strain carrying the morphological marker 
wa-l (curled whiskers) on chromosome No. 6 and the coat eolour marker bt 
(white belt) on chromosome 15. Since both markers are reeessive, the viremie 
F-l mice show straight whiskers and no belt (F-l genotype: Mo + + + IMo­
bt wa-l). F-I males were baekcrossed to ABP females and the presence ofM­
MuLV in the serum was correlated to the expression ofboth recessive mark-
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Table 2. Segregation analysis of cross between BALB/Mo X C57BL 

Marker Mouse Total No. of Segregation of M-M uLV-
tested chromosome BC-l animals specific sequences and markers 

in BC-I generation 

Parental Recombinant 

Agouti 2 94 53 41 
MUPI 4 94 46 48 
GPI-I 7 90 38 52 
Hbb 7 94 45 49 
Es-I 8 94 54 40 
Mod-l 9 64 33 31 

BALB/Mo animals were mated with C57BL mice. F-l mice were backcrossed to C57BL and the 
resulting BC-I animals analyzed for M-MuLV-specific DNA sequences in their liver DNA and 
for the indicated markers [16]. 

ers. A study ofthe segregation ofthe Mo+ and wa-l markers shows that 69% 
of the BC-l animals were of parental genotype and 31 % recombinants (Table 
3 A). This suggests strongly that the M-MuLV locus segregates together with 
the wa-Ilocus. The frequency ofrecombinants assigns the M-MuLVlocus 31 
map units from wa-l on chromosome No. 6. 

As controls the segregation ofthe M-MuLVlocus and the bt locus as weIl 
as the segregation ofbt and wa-l are given in Table 3B and C. About equal 
proportions of recombinant and parental genotypes are found, indicating 
independent segregation of these loci. These results confirm the assignment 
ofthe M-MuLVlocus to chromosome 6 and argue against chromosome 15 as 
the Moloney virus carrying chromosome (see discussion). 

Discussion 

Integration of exogenous RNA tumor virus sequences into the chromosomal 
DNA ofinfected cells has been demonstrated in many systems [1,30,31]. The 
exogenous Moloney leukemia virus has been established as an endogenous 
virus in mice by infection at the 4-8 ceIl preimplantation stage and integra­
tion of viral specific information into single blastomeres [5]. The subline of 
mice derived from such an infection transmitted the M-MuLV gene in only 
one chromosomallocus, and this virus gene was maintained in the colony by 
paternal transmission from heterozygous males mated with normal females. 
The integration ofM-MuLV into the paternal chromosome complement had 
no detectable effect on normal embryonal and postnatal development ofthe 
animals. Further experiments were performed to determine whether homo­
zygosity at the M-MuLV locus was compatible with normal development. 
Molecular hybridization and genetic experiments were used to identify 
homozygous offspring derived from matings ofheterozygous parents [6]. The 
results indicated that homozygosity at the M-MuLV locus has no effect on 
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Table 3. Segregation analysis of cross between BALB/Mo X ABP 

P-I Mo+ + + /Mo+ + + X Mo-wa-I btlMo-wa-1 bt P-2 

I 
t 

F-I Mo+ + + /Mo-wa-l bt X Mo-wa-I btlMo-wa-1 bt P-2 

A. 

BC-I 

No. of animals 

B. 

BC-I 

No. of animals 

c. 

BC-l 

No. of animals 

I 
t 

C BC-I 

Segregation ofMo+ and wa-I 

Mo+ + I Mo- wa-l 

74 80 

Mo+ wa-I I Mo- + 

37 33 

69% parental 31 % recombinant 

Segregation of Mo+ and bt 

Mo+ + I Mo- bt Mo+ bt I Mo- + 

46 52 65 56 

53% parental 47% recombinant 

Segregation of bt and wa-l 

++ bt wa-l + wa-l bt + 

54 68 49 54 
J J 

54% parental 46% recombinant 

Doehmer. J. et al. 

Homozygous BALB/Mo were mated with ABP mice. The resulting F-I animals were back­
crossed to ABP mice and the segregation of the markers wa-l. bt and Mo+ was determined. 

the normal development of the mice. Furthermore, it was observed that the 
development of leukemia is not influenced by the genotype of the mice be­
cause mice homozygous or heterozygous for the M-MuLV locus or normal 
animals infected at birth with virus developed disease at similar rates. The 
latter animals carry M-MuLV-specific sequences only in their target tissue 
and never transmit the virus genetically [5,6]. 

We have shown recently that BALB/Mo mice express virus-specific RNA 
sequences or virus-specific proteins in target tissues only, whereas the virus 
gene remains repressed in non-target tissues. Similarly, a somatic virus gene 
amplification during the process ofleukemogenesis is observed in target tis­
sues only [5,21, 32J. It has been suggested that the observed tissue specificity 
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of expression and transformation of different RNA tumor viruses may be 
due to different but virus-specific integration sites into the host chromoso­
mes [22]. As a first attempt to approach this question, we performed experi­
ments to identify the mouse chromosome carrying the M-MuLV locus. It 
was of special interest to investigate whether M-MuLV was integrated into 
chromosome 15. since a trisomy of this chromosome has been shown to oc­
cur frequently in M-MuLV or AKR virus-induced lymphomas [23.24]. 

Somatic cell hybrids between BALB/Mo fibroblasts and hamster cells 
were analyzed for segregation of specific mouse chromosomes and M-MuLV­
specific DNA sequences. Our preliminary experiments analyzing isozyme 
markers on 15 mouse chromosomes showed that only triosephosphate iso­
merase segregates syntenic with M-MuLV-specific sequences. The gene cod­
ing for this enzyme has been assigned recently to mouse chromosome No. 6 
[20J. and thus our experiments suggested that M-MuLV in BALB/Mo mice is 
located on this chromosome. This preliminary assignment was confirmed by 
sexual genetic experiments. We used two independently segregating mark­
ers. wa-l on chromosome 6 and bt on chromosome 15, to study possible link­
age of virus induction in BC-I animals. The results in Table 3 show that M­
MuLV was linked to the wa-l marker and unlinked to the bt marker. The 
frequency of recombinants suggested that the M-MuLV locus is approxi­
mately 31 map units away from the wa-Ilocus on chromosome No. 6. On the 
basis of these data we propose to call this gene Mov-l denoting Moloney 
virus in BALB/Mo mice. 

The first structural gene comprised of the proviral DNA sequences of an 
endogenous virus. the AKR leukemia virus, was assigned to the AKv-l locus 
on chromosome No. 7 [12, 13J. Another, unlinked proviral genome in AKR 
mice. AKv-2. has not been localized yet. The similarities between the AKR 
virus-induced and the M-MuLV-induced disease should be emphasized 
here. Both AKR and Moloney virus induce a thymus-derived leukemia with 
a frequent chromosome 15 trisomy. In both cases a somatic amplification of 
virus-specific sequences is observed during leukemogenesis, and in both cases 
virus gene expression seems to be restricted to the target organs [5,21,32]. 
The only two virus structural genes mapped so far, which induce thymus­
dependent leukemia. Mov-l and Akv-l. are c1early non-allelic. We consider 
two alternatives to explain the molecular events during virus-induced thymus­
dependent leukemogenesis. In the first hypothesis, leukemia viruses can 
integrate at a few virus-specific chromosomal sites to induce tissue-specific 
virus expression and virus gene amplification, which is followed by transfor­
mation ofspecific target cells [22]. Alternatively, the virus could integrate at 
one or a few out of a large number ofpossible integration sites. These original 
integration sites would not be specific for the virus, but the observed specifi­
city of expression and transformation may depend on specific secondary 
integrations which occur during leukemogenesis. Only those lymphatic cells 
which carry additional virus sequences at transformation-specific sites might 
be selected for during the process ofleukemogenesis. 

In order to decide between these hypotheses, it will be necessary to devel­
op new mouse lines which carry M-MuLV in their germ line and to map the 
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integration sites. It also would be interesting to study if AKv-2 is integrated at 
a site homologous to Mov-l. These studies will contribute to our understand­
ing of how a virus can transform a specific target cel!. 
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Integration Sites for 
Moloney Murine Leukemia Virus DNA 
in Infected Mouse Cells 

BacheIer. L. T., Fan, H. 

Tumor Virology Laboratory. 111e Salk Institute. San Diego. California 92112. USA 

The integration of viral DNA in mouse cells infected with Moloney murine 
leukemia virus (M-MuL V) has been studied by the "blotting" technology 
introduced by Southern (1975). We were interested in determining if there is 
a single site in the chromosomal DNA at which M-MuLV viral DNA is in­
tegrated, a small number of sites, or a large number of possible integration 
sites. The technique used involved c1eavage ofinfected cell DNA with a se­
quence-specific restriction endonuc1ease, resolution of the resulting DNA 
fragments by electrophoresis in 0,6% agarose gels, and blot transfer of the 
separated fragments to nitrocellulose filters. Detection of DNA fragments 
with sequence homology to M-MuLV was achieved by hybridization with 
32P-Iabeled M-MuLV complementary DNA (cDNA). The labeled cDNA 
(approximately 2 x 108 cpm/j.1g) was synthesized in an endogenous reaction 
using purified virus and added calf thymus oligo-deoxynuc1eotide primers 
in order to generate a uniformly' representative probe (Fan and Verma, 1978). 

The interpretation of the results of these experiments depends upon a 
knowledge of the c1eavage pattern of viral DNA itself by each restriction 
endonuc1ease used. Fig. 1 shows c1eavage of unintegrated M-MuLV linear 
proviral DNA by several restriction endonuc1eases. The molecular weight of 
the linear form ofproviral DNA is 5,8 x 106 daltons. Most important for sub­
sequent experiments is the fact that Eco RI endonuc1ease does not c1eave un­
integrated proviral DNA. Thus, c1eavage of infected cell DNA should result 
in the appearance of virus-specific DNA fragments with molecular weights 
greater than 5,8 X 106 daltons, the exact size depending on the spacing of Eco 
RI c1eavage sites in the host cell DNA surrounding the integrated M-MuLV 
DNA. 

Fig. 2A shows the result when infected and uninfected cells DNAs are 
c1eaved with RI and analyzed. It is immediately apparent that a large number 
of DNA fragments with s~quence homology to M-MuLVare present in un­
infected mouse cells. This is not entirely unexpected since mouse cells con­
tain a family ofsequences present in about 10 copies/haploid genome, which 
have sequence homology to about 50% ofthe genome ofM-MuLV (Jaenisch 
et a1.. 1975). It is presumably these related sequences which are being de­
tected in uninfected cell DNA. There are, however, additional bands present 
only in infected cell DNA, and these are tentatively identified as containing 
the M-MuLV DNA integrated during infection. Fig. 2B shows that the un­
infected cell M-MuLV-related RI fragments are unique to mouse cells, and 
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Fig. 1. Restriction enzyme c1eavage pattern of un­
integrated linear proviral DNA. Proviral DNA was 
isolated from 3T6 cells 20 hr after infection with 
Clone I M-MuLV. DNA was extracted from the 
cytoplasm and digested with various restriction en­
zymes. The DNA fragments were separated by 
electrophoresis in 0.6% aga rose gels and transferred 
to nitrocellulose filters . The filters were hybridized 
with 32P-labeled M-MuLV cDNA. An autoradio­
gram of the washed filter is shown. The molecular 
weight of linear proviral DNA is 5.8 x 106 daltons. 
A - Untreated proviral DNA. B - RI-treated. C­
Hind III-treated. D - Bam HI-treated . E - Hpa 1-
treated . F - Psf I-treated 

not detected in rat DNA. All hybridization can be competed by an excess of 
purified 38 S genomic viral RNA (Fig. 2C). Thus, all of the fragments de­
tected by hybridization to 32p M-MuLV cDNA are related to viral DNA se­
quences, rather than related to possible non viral sequences contaminating 
the 32p cDNA probe. 

Fig.3 shows the results obtained with RJ cleaved cellular DNA from un­
infected and M-MuLV-infected NIH and BALB/c cells . The pattern of M­
MuLV related bands in the two uninfected celllines is similar, but some dif­
ferences also exist. In each infected cell line, at least one additional DNA 
fragment not found in the uninfected parent can be identified and we tenta­
tively conc1ude that these unique fragments contain the integrated M-MuLV 
DNA. 

The molecular weights of the M-MuLV-specific RI fragments unique to 
infected cells are different in each different cellline examined (10 different 
lines examined). In addition, none of the M-MuLV-containing fragments 
from exogenously infected fibroblasts co-migrate with the unique M-MuLV­
containing RI fragment from cell lines carrying an endogenous M-MuLV 
(Jaenisch , 1976; Bacheier and Fan, 1978). Thus, we conclude that many dif-
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Fig.2. M-MuLV related DNA fragments in infected and uninfected cell DNA. Rl c1eaved cell 
DNA from infected and uninfected lines was analyzed as in Fig. 1. 
1. RI cleaved mouse ceIl DNA. a M-MuLV-infected NIH cell. b Uninfected NIH cell 
2. Rl c1eaved mouse and rat cel! DNA. a 3T6 uninfected NIH mouse celliine. b 3D uninfected 
NIH mouse ceIlline. c NRK uninfected rat ceIlline. d A9 M-MuLV infected NIH mouse ceIl 
line 
3. Rl cleaved mouse cell DNA. Replicate blots were hybridized in the presence or absence ofan 
excess of unlabeled. purified 38S M-MuLV genomic RNA. A - Proviral DNA. B - G Clone 1 
celliine from BALB/Mo mouse with an endogenous M-MuLV. C - A9 M-MuLV infected NIH 
cell line. D - 3D uninfected NIH celliine 

ferent sites of integration for M-MuLV are possible upon exogenous infec­
ti on of fibroblasts. This conclusion is based only upon the spacing of RI 
cleavage sites on either side ofthe integrated M-MuLVand it is possible that 
a small DNA region is specifically recognized during integration. 

In each infected cell line examined, we have been able to detect at least 
one unique Eco RI fragment wh ich presumably contains the integrated M­
MuLV proviral DNA. Further evidence for the presence of an integrated 
M -M uL V DNA copy in each of these lines is provided by the results of diges­
tions with Bam HI. Bam HI cleaves linear proviral DNA twice, resulting in 
three fragments of molecular weights of2,5, 1,9 and 1,25 X 1()6 daltons. Verma 
and McKennett (1978) have shown that the 1,9 X 1()6 dalton B-fragment is an 
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Fig.3. M-MuLV related DNA fragments in independently infected NIH and BALB/c ceillines. 
The molecular weight of M-MuLV-specific DNA fragments is indicated in parentheses. The 
position of fulllength unintegrated proviral DNA is indicated by a bar. . 
l. A - 3T6 uninfected NIH. B - 3D uninfected NIH. C - A9 M-MuLV infected NIH (23-32. 21. 
12.2. 8.7). D - B7 M-MuLV infected NIH (28-32. 21. 12.2.8.7). E - E7 M-MuLV infected NIH 
(18.5). F - Clone I M-MuLV infected NIH (30. 21. 18). G - Clone 4A M-MuLV infected NIH 
(16.5 ). 
2. A - M-MuLV infected SVT2 (17.6). B - M-MuLV infected SVT2 (18. 16.7). C - M-MuLV 
infected SVT2 (8.0). D - M-MuLV infected SVT2 (8.3). E - Uninfected SVT2. F - Proviral 
DNA (5.8). 
3. A - Fibroblast line from BALB/c mice. B-G - Clone 1 fibroblast line from BALB/Mo mice 
carrying an endogenous M-MuLV (16.5-17). C _2° MEF. from BALB/Mo mice (16.5-17). D­
Proviral DNA (5.75) 

internal fragment from the "middle" of viral DNA. Cleavage of each of the 
infected cell lines. but not uninfected cell DNA. results in the release of a 
1.9 X 106 dalton fragment which co-migrates with the Bam HI-B fragment 
(Fig. 4). Fragments corresponding to the end fragments A and C are not seen. 
Thus. in each infected cell line, at least one M-MuLV viral DNA sequence 
arrangement retaining the interna} c1eavage sites for Bam HI is found. The 
sequence organization ofthe internal region ofunintegrated proviral DNA is 
therefore retained upon integration. 
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Fig.4. M-MuLV related DNA fragments in infected 
and uninfected cell DNA cleaved with Bam HI. 
A - Clone 4A M-MuLV-infected NIH. B - Clone 3A 
M-MuLV-infected NIH. C - G Clone 1 BALB/Mo 
cell line carrying an endogenous M-MuLV. D - H 
uninfected BALB/e eell line. E - A31 uninfeeted 
BALB/e ceIlline. F - Proviral DNA. RI-treated. G-
Proviral DNA. Bam HI-treated. H - Proviral DNA. 
Hind III-treated. The bar indieates the position ofthe 
1.9 X lOS dalton Bam HI-B fragment 
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Introduction 

Recently a new RNA dependent DNA polymerase has been described [1.2]. 
This enzyme is enclosed in sedimentable structures - "particles" -, and can 
be prepared from the allantoic fluid of embryonated virus free chicken eggs. 
The "particles" and the purified polymerase are different from the known 
avian RNA tumor viruses [1.2,3]. In this report we describe the appearance 
of this enzyme in the culture medium ofprimary chicken and quail embryo 
ceHs. 

Results 

Primary chicken and quail embryo cells release a particle associated RNA 
dependent DNA polymerase into the culture medium. Tbe total amount of 
enzyme released is proportional to the number of cells plated. A maximum 
amount of enzyme is found in the medium when embryos of the age of six 
resp. eight days are used for culturing. The release after the onset of the cul­
tures shows a weH reproducible pattern with a peak around the third day and 
declines then within three to four days to background values. Secondary cul­
tures release a significantly lower amount of enzyme. Tertiary or later cul­
tures do not release detectable amounts of enzyme at all. In Fig. 1 the results 
obtained with primary chicken cells are shown. The experiments with prima­
ry quail cells led to almost identical results. 

To characterize the enzyme, particles were purified from culture medium 
and the enzyme was tested for the ability to transcribe homo- and heteropoly­
meric RNA (Table 1). Table 1 clearly shows that the enzyme catalyzes RNA 
dependent DNA synthesis in the presence of an appropriate template primer 
complex. No endogenous DNA synthesis could be detected under the condi­
tions used. When globin mRNA-oligo dT was used as a template primer 
complex the product was shown to consist of DNA with a base sequence 
complementary to globin mRNA. 

The enzymes have further been characterized by determining the opti­
mum conditions for reverse transcription ofhomopolymeric RNA. As can be 
seen from Table 2 both the enzymes have nearly identical optimum assay 
conditions and they are in this respect somewhat different from the respec­
tive enzyme of the Avian Myeloblastosis Virus (AMV). These differences be-
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Fig. 1. Release of a particle bound DNA dependent DNA polymerase by primary. secondary 
and tertiary chicken cell cultures. Primary cells were plated at a density of IOx 1()6 cells/plate; 
after 5 and after 12 days cultures were passaged (marked by arrows) and seeded at 5 x 1()6 cells 
per plate. Enzyme measurement as described in [4] 

come more pronounced when the optimum conditions are studied in more 
details [2,5]. A distinct difference is found in inhibition experiments with IgG 
directed against the AMV-enzyme. In contrast to the viral enzyme the enzymes 
from primary quail and chicken cell cultures are not or only weakly inactiv­
ated under identical assay conditions. To obtain 50% inhibition ofthe "chicken 
enzyme" a 40-200 fold excess of IgG compared to the homologous AMV 
enzyme must be added [1,4], whereas in the case of the "quail enzyme" no 
inhibition could be observed (Fig. 2). In contrast to that, the polymerases 
from Rous Associated Virus ü (RA V-ü), an endogenous Avian Leucosis 
Virus (ALV) as weH as polymerases from exogenous ALV/ ASV are in­
hibited to the same extent as the AMV-enzyme [5]. This result shows that 
1. all the polymerases within the ALV/ ASV group behave identical in this 
assay and are 2. different from the enzymes described here. 

The chicken- and quail-enzymes can also be distinguished from the AMV­
enzyme when the enzymes are incubated at high temperatures (52°) with or 
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Table 1. Reverse transcription of heteropolymeric RNA by particle associated reverse tran­
scriptase released by chicken and quail cells 

Template Primer Conditions cpm 3H-dGMP incorporated 

a b 

globin mRNA (dnl2 complete 5000 819 
globin mRNA (dnl2 complete + RNAse 270 n.t. 
globin mRNA complete 190 93 
70SAMVRNA complete 220 n.t. 
70SAMVRNA (dnl2 complete 2340 n.t. 
poly (C) (dG)I2-18 complete 113700 11300 

The reaction mixture contained as described in the standard polymerase assay for reverse tran­
scription of homopolymeric RNA (1): Magnesium acetate (10 mM). KCl (40-80 mM). Tris­
HCI pH 8.3 (50 mM). dithioerythritol (10 mM). A TP (1 mM). BSA (50 flgl 100 fll). template 
primer complex (l flg). except that 3H-dGTP (19 Ci/mMole) was present at a concentration of 
26 flM (50 flCi per 100 fll assay). 

The assays for reverse transcription of heteropolymeric RNA contained 3 flg RNA and 1 ,.... 
(d1)12 respectively and unlabelled dATP. dCTP and dTTP at concentrations ofO.3 mM. When 
particle-bound polymerase was tested. the assay contained 0.1 % NP40. The reaction volume was 
100 fll. The incubation was at 37°C for 35 minutes for the chicken enzyme (a) and 45 minutes 
for the quail enzyme (b). Incorporation was determined as TCA precipitable counts in 30 fll 
(a) and 100 fll (b) resp. 

Table 2. Different optimum conditions for AMV- and particle-polymerases 

Enzyme from Mg2+ Mn2+ K+ pH Temp. KwdGTP 
(mM) (mM) (mM) (0C) (flM) 

AMV 10 0.8 80 8.5 40 3.3; 2()a 
Quail cells 5 0.5 60 8.5 45 4.0: 28a 

Chicken cells 5 OA 60 8.5 45 25 

a biphasic Lineweaver-Burk plot 
Standard polymerase assay conditions were as described in Table 1 with poly (C) (dGh2 as 
template primer complex at a concentration of 1 flg per 100 fll assay and 3H-dGTP (19 Cil 
mMole) at a concentration of2.6 flM (5 flCi per 100 fll assay). 

without 70S AMV RNA (Table 3). They are significantly more stable at high 
temperatures compared to the AMV polymerase. In the presence of 70S 
RNA. AMV polymerase is markedly protected against heat denaturation; no 
such stabilizing effect of 70S RNA is detectable with the enzymes prepared 
from cell culture medium. 

The chicken- and quail-enzymes are also different from the polymerase of 
the Reticuloendotheliosis virus (REV). As shown in Table 4 they prefer as 
cation Mg2+ instead of Mn2+ as does the REV enzyme. The ratios are 7,2, 
4.6 and 0,4 resp. 
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Fig. 2. IgG inhibition test of RNA 
dependent DNA polymerases from 
chick and quail embryo cell cul­
tures. compared to AMV polymer­
ase. Constant amounts of enzyme 
were preincubated with increasing 
amounts of IgG directed against 
AMVpolymerase. Experimental de­
tails are as described in [4J. except 
that the incubation was carried out 
at 37°C for 15 min instead of O°C 
for 15 h. This modification leads to 
a less rapid and less compIete in­
activation ofthe AMV enzyme than 
reported in [4]. but the activity of 
the quail-enzyme even in absence 
of IgG is better conserved 

TabIe 3. Thermal inactivation of different reverse transcriptases with and without 70S AMV 
RNA at 52°C 

Enzvme from 

AMVa 
Chicken cells 
Quail cells 

a Avian mveloblastosis virus 

Time for 50% inhibition 
(min.) - 70S 

0.8 
12 
/9 

Time for 50% inhibition 
(min.) + 70S 

4.7 
12 
20 

The enzymes were preincubated with and without 70S AMV RNA at 52°C for varying times 
and the residual activity determined in a standard polymerase assay with poly (C) (dGhz as 
template primer complex. 

Table 4. Different cation preference of REV and partide polymerases 

Enzyme from M22+ Mn2+ Relation of activities 
3H~ cpm 3H cpm Mg2+ IMn2+ 

REVa 478 x 103 1080 x 103 0.44 
Quail cells 2.7x 103 0.6 x 103 4.62 
Chicken cells 13.0x103 1.8 X 103 7.22 

a Reticulo endotheliosis virus 
Standard polymerase assay conditions were. as described in Table I. using 10 mM Mg2+ and 
0.4 mM Mn2 + resp. Poly (e) (dGhz was used as template prim er complex at a concentration 
of I flg per 100 fll assay and 3H-dGTP (19 Ci/mMole) at a concentration of 2.6 flM (5 flCi per 
100 fll assay). 
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No difference, however. is detected between the chicken-enzyme and the 
particle bound polymerase isolated from the allantoic fluid of embryonated 
chicken eggs [1]. For all properties tested [1,2,3,7] identical values were 
found. 

Conclusions 

These results show that primary chick embryo cells in culture release a par­
tide bound RNA dependent DNA polymerase into the culture fluid. The 
enzyme is also found in the allantoic fluid of embryonated chicken eggs. This 
phenomenon is not restricted to the chicken system because primary quai! 
em bryo cells which are not known to express the so far known endogenous 
viruses release a partide bound RNA dependent DNA polymerase as weIl. In 
both cases this enzymes may be part of an hitherto unknown endogenous 
viral system. However, since the expression ofthe chicken- and quail-enzyme 
goes through a sharp peak during embryogenesis one may speculate on a 
physiological role for the newly described enzymes during development. 
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Pluripotent Teratocarcinoma - Simian Virus 40 
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Introduction 

Mouse pluripotent embryonal carcinoma cells have been shown to be resist­
ant to infection with polyoma virus and simian virus 40 but become suscepti­
ble to both viruses when allowed to differentiate in vitro [1, 15]. The mechan­
ism for this restriction is unknown but the block in the infectious cycle has 
been located after penetration of the virus particles and before synthesis of 
the early T antigen [2,16]. 

In this paper we describe the properties of hybrids between em bryonal 
carcinoma cells and SV40 transformed mouse fibroblasts. This cross was 
undertaken in the hope to obtain hybrids with an embryonal carcinoma 
phenotype and containing an integrated SV40 genome. Such hybrids would 
be useful to study the expression ofviral genes in embryonal carcinoma cells 
and during their differentiation. It is known from previous studies that differ­
ent types of hybrid cells can result from crosses between embryonal carcinoma 
cells and differentiated cells. Whereas fusion with thymocytes [10] or Friend 
erythroleukemia cells [11] can give rise to hybrids with an embryonal carci­
noma phenotype, fusion with fibroblasts have so far only given fibroblastic 
hybrids [3,7,9]. It has been proposed that the hybrid phenotype might at least 
in part depend on the chromosome constitution ofthe differentiated parent: 
the subtetraploidy of the fibroblasts used in these studies could favour the 
expression of the differentiated function [10]. 

In the experiments reported here, we have chosen as the fibroblastic 
parent cells from the SVf2 line of SV40 transformed fibroblasts, because of 
their near diploid chromosome constitution [8]. We have not yet succeeded in 
obtaining a stable embryonal carcinoma like hybrid and most hybrids appear 
to be fibroblastic. However we show that it is possible to obtain a new class of 
hybrids which retain some of the properties of the embryonal carcinoma 
parent. 

Results 

The cell lines used are: 1. PCC4azaL an azaguanine resistant clone of the 
embryonal carcinoma line PCC4 [6] which is ne ar diploid [4]; 2. A clone of 
the SV40 transformed fibroblast line SVf2 which is resistant to 30 flog/mI 
of 5-bromodeoxyuridine (BUdR). 



582 Boccara. M .. Kelly. F. 

Table 1. Chromosome constitution ofhybrid and parent cellsa.h 

Chromosomes no. 
mean (range) 

PCC4 39 (39-40) 
SVf2 40 (35-45) 
FIO 68 (63-80) 
02 74 (71-78) 

PCC4 markersc 

111 13113 

I or 0 
1 

1/3 

1 or 0 
I 

SVf2 markersc 

14114 19/19 

lorl9/MI 
1 or 19/MI 
o 

19/M1 

I or 19/19 
1 or 19/19 
I 

a Cells were grown in Dulbecco modified Eagle's medium containing 10% foetal calf serum in 
an atmosphere of 12% COz and at 37°C. 3.105 cells from both parents were seeded in the 
same 100 mm dish and fused according to the Polyethyleneglycol procedure (12). 24 hours 
later. they were seeded at lower density (2.105 cells per 100 mm dish). After an other day 
hybrid cells were selected in HAT medium (supplemented with 68 mg/l hypoxanthine. 
0.88 mg/I aminopterin and 19 mg/l thymidine) with medium changes every two days. After 
two weeks the morphology ofthe colonies was examined and clones were isolated. 

h Chromosome preparations were made according to a standard air drying procedure. Individ­
ual chromosomes and markers were identified by their G-banding pattern using the trypsin­
Giemsa method (14). 

c PCC4 markers (4) and SVf2 markers (8) have been described previously 

Hybrids between cells from the two lines have been selected in HATmedi­
um as described in legend for Table 1. Colonies arise at a frequency of ab out 
1 in 104 cells, most ofwhich resemble the fibroblastic parent. However one in 
ten colonies appears to be composed of cells with a different morphology. 
Colonies were isolated and two ofthem were chosen for further studies: FIO 
which is fibroblastic and D2 which is made of round and loosely attached 
cells. 

It is shown in Table 1 that both clones are subtetraploid and contain 
marker chromosomes from both SVf2 and PCC4. They therefore appear to 
contain most chromosomes from both parents. This is particularly striking 
for the D2 hybrid which contains all marker chromosomes as weIl as four 
copies ofmost autosomes as illustrated in Fig. l. 

Some properties related to the transformed phenotype of the SVI2 cells 
are shown in Table 2. FIO is as tumorigenic as the SVf2 parent and the 
tumors produced are typical fibrosarcomas. The SV40 T antigen is expressed 
in 100% of the cells. Saturation density in 10% fetal calf serum does not cor­
relate here with tumorigenicity and is ten times lower for the hybrid than for 
SVf2 cells. N2 is less tumorigenic and the tumors obtained are sarcomas of a 
different type. The T antigen is heterogeneous with only 80% ofpositive cells, 
approximatelya third ofwhich are weakly stained. 

We have also examined the distribution of cell surface antigens which 
have been studied in the mouse teratocarcinoma system [5]: 1. The early 
embryonie F9 antigen which is common to all embryonal carcinoma cells 
tested, cleavage embryos and spermatozoa, but is absent from differentiated 
cells. 2. The H-2 antigen, from the .major histocompatibility locus, which is 
present on a variety of differentiated cells and also appears on embryonal 
carcinoma cells when they are allowed to differentiate. Results in Table 2 
show that the FIO hybrid carries the H-2d haplotype from SVT2 cells (Balb/c 
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Markers 

SV-T2 

2 3 4 5 

6 7 8 9 10 PCC4 -

l I 

11 12 13 1'. 15 

16 11 18 19 x 

Fig. 1. Trypsin-Giemsa karyotype of one 02 hybrid cell 

Table 2 

Morphology Tumorigenicity SV40T Saturation Cell surface 
antigen density antigensd 

Effi- Type of tumorb % positive cells per 
ciencya cellsc cm2 X 10-5 F9 H-2d H-2b 

PCC4azal embryonal high embryonal eareinoma 0 ND + 
earinoma with multiple 

differentiations 
SVf2 BUdRr fibroblast high fibrosarcoma 100 10.6 + 
FIO 
D2 

a 

b 

c 
d 

fibroblast high fibrosarcoma 100 1.1 + traces 
round low polymorphie sarcoma 80 1.2 + 

Cells were injected subcutaneously and intraperitoneally in (l29/SVx Balb/c) FI hybrid 
mice irradiated with 600 rads from a cesium source. "High" refers 10 tumor formation in 
100% ofthe mice after injection of3.H)6 cells: "Iow" corresponds to tumor formation in 50% 
of the mice when injected with 107 cells. 
Histological preparations were made and examined by Or. 1. Gaillard (Institut Pasteur) as 
described previously (6). 
SV40 T antigen was detected by indirect immunofluorescence (I). 
Cell surface antigens were detected as described previously (5). In brief. the specific antisera 
were absorbed with the cdls to be tested. Residual activity was examined in directcytotoxi­
city tests with adsorbed rabbit complement on the appropriate cells: F9 cells for the anti-F9 
serum, DBA/2 (H-2d) and 129/Sv (H-2bc) lymphocytes for the anti-H-2d and anti-H-2b sera 
respectively. Antisera were kindly given by P. Dubois (Institut Pasteur) 
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strain) and traces ofthe H-2 b haplotype present on cells from strain 129, but 
no F9 antigen. The N2 hybrid has a reversed pattern: F9 antigen is present 
but H-2 antigens cannot be detected. 

Discussion 

The results presented above show that the product offusion between embryonal 
carcinoma cells and fibroblasts may not necessarily be a fibroblast. Although 
most hybrids obtained in the cross between PCC4 and SVI2 cells were fibro­
blastic. the properties described for the hybrid 02 show that it is indeed pos­
sible to obtain a hybrid line with a different phenotype. The pattern of cell 
surface antigens is comparable to that described for the embryonal carcinoma 
cells: i.e. presence ofF9 and absence ofH-2 antigens. The identification of 4 
chromosomes 17 (which carry the major histocompatibility locus) suggest 
that the absence ofH-2d determinants may be due to a change in regulation 
rather than to a loss of chromosomes. The morphology ofthe 02 cells and the 
type of tumor obtained differ from those of both parents but do not aIlow a 
clear identification to a particular ceIl type. These cells might represent an 
intermediate state of differentiation. The use of a pseudo diploid fibroblast 
may have allowed the obtention of such cells. 

The expression of the transformed phenotype of SVI2 cells is modified in 
the 02 hybrids as shown by decreased tumorigenicity and reduced expres­
sion of T antigen. The heterogeneous staining for T antigen resembles that 
described for SV40 intermediate transformed cells [13]. These results encour­
age us to think that such hybrids might be useful to study the effect ofthe host 
genome on the expression ofviral genes. Further characterization ofthis and 
other independently isolated hybrids is in progress. 
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Summary of Meeting on Modem Trends 
in Human Leukemia 
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An international meeting concerned with various aspects ofleukemia, inc1ud­
ing etiology, diagnosis, pathogenesis, and clinical treatment, represents a 
major challenge and a promise for interaction among scientists with various 
backgrounds and representing many disciplines. The organizers of the third 
meeting on human leukemia in Wilsede molded the framework for this inter­
action by assembling a distinguished group of scientists, thus providing both 
formal and informal opportunities to discuss problems pertaining to leukemia. 
All sessions included highlights of new and exciting findings that were weIl 
presented by the investigators. Regrettably, many found it difficult (and in 
some instances impossible) to communicate information to a mixed group of 
scientists in such a way that those not directly involved in a particular type of 
research were able to digest, interpret, and comment on the work. Despite 
this shortcoming, it became obvious during the meeting that major progress 
is being made in better diagnosis of different forms ofleukemia and that the 
clinician is better able to respond to the challenge of curing the patient be­
cause of it. 

The magnitude ofthe problem in the human population can best be sum­
marized by noting that there will be an estimated 88300 cases of leukemias 
and lymphomas in the United States resulting in approximately 57900 deaths. 
Translated on a worldwide level, these estimates would suggest thatl 766000 
new cases will develop during 1978 and that approximately 1160000 deaths 
will occur because of these diseases. Leukemia alone will claim 21500 new 
victims in the United States and 430000 victims globaIly, causing an estim­
ated 15100 deaths in the United States and approximately 300000 deaths on 
an international basis. Thus, these diseases represent a significant impact on 
society and the number ofcases is likely to increase as the population contin­
ues to rise unless measures are found to prevent new cases or to abort the 
disease early after its onset. 

It is obvious that the etiology ofleukemias and lymphomas in the human 
population still remains elusive despite. Jarge-scale efforts to demonstrate 
causation. While some epidemiologists continue to claim that the absence of 
clusters of childhood leukemia indicates that an infectious entity plays no 
role in the disease, it has become increasingly evident that no single environ­
mental factor or group of factors can yet be singled out as the offending 
agent. This, coupled with the well-known ability ofviruses to cause leukemia 
and lymphoma in a wide variety of animal species, continues to focus atten-
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tion on this area. Recent information concerning feline leukemia suggests 
that clusters are absent in the natural population (except when cats are con­
centrated in large numbers in households) despite the fact that this disease 
clearly appears to be caused by a leukemia virus which generally spreads by 
horizontal transmission. In fact, cat registries did not reveal that the disease 
was infectious until households were examined and seroepidemiology was 
employed. Of great importance is the recent finding concerning the absence 
of additional copies ofvirus sequences in some leukemic cats, a situation that 
may be analogous to human leukemia and may explain the difficulty in find­
ing specific sequences relatable to viruses in human leukemic cells. 

It has not yet been possible to incriminate recent human oncornavirus 
isolates in the etiology of leukemia. Clouding these isolations of putative 
human viruses is the fact that after careful examination, most of the isolates 
consist of a mixture of viruses of simian and rodent origin. The explanation 
for such mixtures remains obscure. It is noteworthy, perhaps, that sequences 
that can be related to those found in the genome of Gibbon ape sarcoma 
virus have been detected in human cells. These results require confirrnation 
and their significance is unclear at this time. Thus, the continued failure to 
come to grips with the etiology ofleukemia focuses more attention on early 
diagnosis and better classification ofthe various neoplasias. 

Improved methods of chromosome analysis continue to reveal specific 
changes in the karyotype of leukemic cells. For example, in 97% of chronic 
myelogenous leukemia, chromosomes 9 and 22 are involved in transloca­
tions. In 50-75% of acute promyelocytic leukemia, there is a translocation of 
chromosome 17 to chromosome 15 and in Burkitt lymphoma cells, a trans­
Iocation of chromosome 8 to chromosome 14 is regu1arly observed. The 
origin of these translocations is not known, but they clearly serve as useful 
markers for diagnosis and it is beginning to appear that they will help clarify 
the regimen of therapy to be used in individual patients. The use of enzyme 
markers, such as glucose-6-phosphate dehydrogenase, is also proving useful 
in the continued study ofpathogenesis. Certainly, these and other studies are 
valuable in understanding differentiation, but the hope that differentiation 
studies will further knowledge of the neoplastic process has not yet been 
definitively realized. 

Even though progress in pathogenesis ofhuman leukemias and lymphomas 
is agonizingly slow, major advances are being made in model systems de­
signed to demonstrate how the addition ofvirus genetic information can cause 
transformation. Thus, one of the more exciting reports at the meeting in­
volved the possible structure and function of the gene product coded by the 
sarcoma (src) gene of the avian sarcoma viruses. Identification of a protein 
with a molecular weight of 60000 daltons by immunoprecipitation using 
rabbit serum revealed that the purified product has pro tein kinase activity 
wh ich may affect regulation ofvarious cell characteristics. What remains un­
known is how this kinase specifically affects regulation and leads to a malig­
nant phenotype. Additional information concerning the gene products of 
other sarcoma and leukemia viruses and their roles in oncogenesis should be 
forthcoming soon. 
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The isolation of putative human leukemia viruses and the possible exist­
ence of some simian sarcoma virus sequences in human leukemic cells has 
also prompted examination of human sera for reactivity against a variety of 
known animal oncornaviruses. Regrettably, observations concerning anti­
body in the sera of some patients against the simian sarcoma virus p70 anti­
gens are not matched by findings ofthose antigens in human tissues. Rather, 
human tissues contain a protein that appears to be similar to the p30 ofthese 
viruses and this discrepancy clearly needs to be resolved. Overall, evidence 
that human neoplastic tissues contain virus-specific antigens and that the sera 
contain antibodies against those antigens remains relatively weak and re­
quires further clarification. 

Luckily, progress in leukemia treatment has been substantial and represents 
a major achievement. Remission rates remain better than those observed in 
other common neoplastic diseases such as breast and lung carcinomas, al­
though improvement is still required to reduce both morbidity and mortality. 
Treatment results still vary considerably from one center to another and more 
communication between clinicians and basic scientists would go far to facili­
tate new approach es. Unfortunately, the language of the research scientist 
and clinician often differ, and their views of the problems involved often 
diverge considerably. It is meetings ofthe kind that took place in Wilsede that 
hopefuHy will bring those divergent views to a common level. Among the 
major problems besetting continued progress is the variety of systems being 
developed by individual investigators despite their similarities to many exist­
ing systems. Perhaps it is time to remind those working in oncology that great 
progress was made in understanding the properties of bacterial viruses be­
cause most investigators agreed to work on only certain viruses in an effort to 
facilitate progress. In an era of diminished funding, this may weIl serve as a 
model for current studies in oncology. 

The relative rarity of leukemia in the human population remains instru­
mental in its confusing etiology. However, there are numerous infectious 
diseases known to be caused by viruses that are equally uncommon (such as 
encephalitis due to herpes simplex virus or subacute sc1erosing panencepha­
litis due to measles virus) and which fail to cluster in the population. Clinic­
ians, with the help ofvirologists, immunologists, and pathologists, have been 
able to demonstrate etiology using sensitive virus isolation techniques and 
sensitive (and specific) methods involving serology. However, this requires 
the preparation of specific probes which, unfortunately, are not yet available 
for studies ofhuman leukemias and most lymphomas. The failure to generate 
such specific molecular and immunologie probes has perpetuated confusion 
when looking for genetic sequences and antigens in human tissues, and the 
corresponding antibody in sera or other fluids in the human body. Hence, as 
brought out by the meeting, further refinement oftechnology and extremely 
conservative and careful interpretation of observations continue to be the 
leading requirements in this field. 

In summary, it would appear that leukemia may be the first important 
human neoplastic disease to be controllable. Theoretical model systems are 
highly encouraging, and are leading to a better understanding of ceH conver-
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sion from anormal to a malignant phenotype. If etiologic studies concerning 
viruses are to be pursued, it would seem logical to look for agents early in life 
(in healthy children and during pregnancy), because ifsuch viruses are to per­
sist in the population, they c1early must replicate in most members of the 
population early in life, only to cause disease at some subsequent time. AI­
though viruses may play a prominent role in cancer etiology it is plausible that 
other factors are involved in initiating disease. Techniques that have been 
developed in the infectious disease laboratory c1early should be applied more 
effective1y to study the etiology of human leukemia and other neoplastic 
diseases with the long-range hope that isolation ofsuch agents and identifica­
tion ofthe disease may lead to prevention, rather than to the more expensive 
and more traumatic treatments that are now available. The field seems ripe 
for a breakthrough. No one will benefit more than future generations who 
will thank the dedicated efforts of investigators such as those attending the 
Wilsede meeting. 
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