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The Genetics of Cancer 

0052 

Ecogenet ics.  t h e  s tudy  o f  h e r i t a b l e  v a r i a t i o n s  i n  response t o  env i ronmenta l  agents,  may be a 
use fu l  concept i n  unders tand ing  carc inogenes is ,  t o  a v o i d  cons ide r ing  exogenous f a c t o r s  t o  t h e  
exc lus ion  o f  gene t i c  de terminants  and v i c e  versa. 
because, a t  t h e  l e v e l  o f  t h e  c e l l ,  cancer i s  a gene t i c  disease, whereas, i n  popu la t i ons ,  
cancer has minor  f a m i l i a l  aggregat ion  and i s  l a r g e l y  a t t r i b u t e d  t o  env i ronmenta l  i n f l uences .  
Ecogenet ics i m p l i e s  t h e  need f o r  j o i n t  s t u d i e s  by  ep idemio log i s t s  ( t o  deal w i t h  popu la t i on  
c h a r a c t e r i s t i c s ) ,  c l i n i c i a n s  ( t o  p rov ide  i n f o r m a t i o n  and specimens on p a t i e n t s ) ,  and labo ra -  
t o r y  s c i e n t i s t s  ( t o  d i s s e c t  mechanisms w i t h i n  t i ssues ,  c e l l s ,  and genes). 
g e n e t i c i s t s  recogn ize  200 s i n g l e  gene t r a i t s  t h a t  have neop las ia  as f e a t u r e  o r  compl ica t ion ;  
13 o f  these, as w e l l  as a t  l e a s t  one i n b o r n  cy togene t i c  d i so rde r ,  c l e a r l y  rep resen t  i nbo rn  
s u s c e p t i b i l i t y  t o  env i ronmenta l  carcinogens. 
xeroderma pigmentosum, a t a x i a - t e l a n g i e c t a s i a ,  and f o u r  o t h e r  t r a i t s ;  v i ruses  i n  the  X- l inked 
h y p e r p r o l i f e r a t i v e  syndrome; and d i e t  i n  the  polyposes c o l i  , hemochromatosis, and t y ros inemia .  
The mapping o f  s i n g l e  gene t r a i t s  i n  man i s  merging w i t h  t h e  chromosomal a b n o r m l i t i e s  i n  
cancers o f  bo th  env i ronmenta l  and i n h e r i t e d  o r i g i n s .  Among the  leads  f o r  f u r t h e r  s t u d i e s  
the  c-onc genes draw c u r r e n t  a t t e n t i o n .  Other  l o c i  deserve e x p l o r a t i o n ,  such as nuc leos ide  
phosphorylase on chromosome 14q, neu ro f i b romatos i s  p o s s i b l y  o f  4p, and t h e  Y chromosome i n  
gonadal dysgenesis and the  K l i n e f e l  t e r  syndrome. Specimens from w e l l  cha rac te r i zed  p a t i e n t s  
and f a m i l i e s ,  s t o r e d  a t  t h e  Na t iona l  Cancer I n s t i t u t e  and elsewhere, cou ld  be a source o f  DNA 
and c e l l  l i n e s  f o r  f u r t h e r  s t u d i e s  o f  cancer genes. 

CLINICAL ECOGENETICS OF CANCER, John J .  M u l v i h i l l  , C l i n i c a l  Epidemiology Branch. 
Na t iona l  Cancer I n s t i t u t e ,  Bethesda MD 20205. 

A paradox i n  t h e  cancer problem a r i s e s  

C l i n i c a l  

Examples i n c l u d e  r a d i a t i o n  s e n s i t i v i t y  i n  

0053 GENE MAPPING IN CANCER STUDIES, Robert S. Sparkes, Department of Medi- 

A number of recent developments have contributed to our understanding of the 
role of genetic factors in cancer. Among these has been the expansion of 
capabilities to map genes. This will be illustrated through the use of gene 
mapping studies in human retinoblastoma, which is a developmental eye tumor 
and occurs with a frequency of 1/20,000 in the first few years of life. In 
slightly less than half the cases, there is a positive family history follow- 
ing an autosomal pattern of inheritance. The remaining cases are sporadic, 
but among these, there is a small group which has a partial deletion of the 
long arm of a chromosome 13. A gene for the enzyme esterase D had been 
mapped previously to chromosome 13 by using interspecific somatic cell hy- 
brids. This enzyme was evaluated in the patients with the small chromosome 
deletion of 13 and was found to be half normal: based upon a gene dose rela- 
tionship, this indicated that the genetic locus for esterase D is located in 
the deleted segment. Through the study of several patients, it was found that 
the comon region of deletion was band 13q14 and that patients having this de- 
letion had half normal enzyme activity. These studies suggested a genetic 
factor located in this band related to retinoblastoma. It was possible in one 
patient to identify a small chromosome’deletion which was too small to be seen 
by cytogenetic techniques, but was inferred by the patient having half normal 
esterase D activity. The patient’s tumor tissue was examined and was found to 
have no esterase D activity: chromosome studies on this tumor demonstrated 
only a single chromosome 13, which although on cytogenetic evaluation appeared 
to be normal, was interpreted to be the chromosome 13 containing the submicro- 
scopic deletion. These studies suggested that at the cellular level, the 
manifestation of the retinoblastoma follows a recessive mechanism. These stu- 
dies are being followed up by recombinant DNA analysis to isolate probes Close 
to the retinoblastoma gene with the ultimate objective being to isolate the 
retinoblastoma gene and identify its normal function. Another question ad- 
dressed was whether the gene for the hereditary form of retinoblastoma is lo- 
cated in the same chromosomal region. Because esterase D shows a genetic 
polymorphism on electrophoresis, it was possible to carry out these enzyme 
studies in families with the hereditary form of retinoblastoma and ,to demon- 
strate close genetic linkage between the gene for the hereditary retinoblas- 
toma and esterase D. 

cine, University of California, Los Angeles, CA 90024 
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THE GENETICS OF SUSCEPTIBILITY TO THYMIC LYMPHOMA IN MICE. Frank Lilly and Maria L. 0054 
During the last twenty years, a number of mouse genes that influence the occurrence of thymic 
lymphoma (resistance genes) have been identified. The mechanism of each of these genes 
appears to be different from that of any other gene of the set. Thymic lymphoma in mice can 
either be MuLV-associated (i.e., induced by administration of exogenous MuLV or associated 
with endogenous MuLV sequences, as in spontaneous AKR lymphoma) or it can result from treat- 
ment of mice with physical or chemical agents (e.q., x-rays or methylcholanthrene). These 
two types of thymic lymphoma are difficult or impossible to distinguish from each other 
clinically and phenotypically. Nevertheless, it appears that the resistance genes that can 
interfere with the emergence of one of the two types of the disease have little or no effect 
on the occurrence of the other type. These genes will be briefly described and their 
mechanisms summarized. It is suggested that, if endogenous MuLV sequences are involved in 
the second category of lymphoma (i.e., induced by x-rays or methylcholanthrene), as has seemed 
possible on certain experimental grounds, then the molecular mechanisms of their involvement 
are likely to fundamentally different from those in classical MuLV-induced thymic lymphoma. 

Duran-Reynals, Albert Einstein College of Medicine, Bronx, NY 10461. 

DNA Damage and Tumorigenesis 

THE IE0L.E OF THE CELLULAR GmW IN THE STAGES OF CARCINOGENESIS, Henry C. 0055 Pitot, McArdle Laboratory, The Medical School, University of Wisconsin, 
Madison, Wisconsin 53706 

The process of carcinogenesis in most instances can be dissected into three distinct 
stages, initiation, promotion and progression. Initiation is an irreversible, 
hereditary process which appears to involve single hit kinetics but no readily 
measurable threshold in response to known physical, chemical and biologic carcinogenic 
agents (1). On the basis of such findings initiation is presumably the result of an 
alteration in the DNA of the cellular genome. Tumor promotion, which follows the 
process of initiation is readily modulated by environmental factors such as nutrition, 
hormonal status and age, and does exhibit a threshold or no-effect level as well as a 
maximal effect following a single dose of an initiating agent (2). Some promoting 
agents exhibit tissue specificity through their interaction with tissue-specific 
receptors. The direct action of promoting agents appears to result from their ability 
to alter gene expression. Indirect actions of sane promoting agents include toxic 
effects on the cell resulting from the formation of reactive radicals of oxygen (3). 
This latter process may effect the transition from the stage of promotion to that of 
progression. Although promoting agents cannot initiate cells, they do promote cells 
fortuitously initiated by ambient environmental factors. Progression results from 
alterations in the genome which are characterized by translocation, addition, deletion 
and/or amplification of genes and/or controlling elements in the DNA of the genome of 
the cell (4). Cells in the stage of progression are capable of incorporating exogenous 
DNA into their genome such that progeny of such transfections exhibit the phenotypic 
characteristics of the new genetic information. Thus a thorough understanding of the 
characteristics and mechanisms of the stages of carcinogenesis can serve to clarify the 
role of apparently divergent observations such as "epigenetic" carcinogenesis, 
transfection of oncogenes and the extreme chemical diversity of pranoting agents in the 
development of cancer. 

1. Scribner, J.D. and Suss, R. Tumor Initiation and Promotion. Int. Rev. Exp. Path. 

2. Boutwell, R.K. Function and Mechanism of Promoters of Carcinogenesis. CRC Crit. 
Rev. Toxicol. 2: 419-443 (1974). 

3. h r s t ,  1. and Cerutti, P.A. Tumor Promoter Phorbol 12-myristate 13-acetate 
Induces a Clastogenic Factor in Human Lymphocytes. Proc. Natl. Acad. Sciences 

18: 137-198 (1978). 

U.S.A. 79: 7509-7513 (1982). 
4. Pitot, H.C. Neoplastic Development and Human Cancer. Cancer Surveys, in the press. 
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THE SOS RESPONSE: IMPLICATIONS FOR CANCER, Evelyn M. Witkin, Waksman Institute of 
Microbiology, Rutgers University, P. 0. Box 759, Piscataway, NJ 08854 

In Escherichia & damage to DNA by ultraviolet light, ionizing radiations and 

0056 

many carcinogenic chemicals induces the derepression of at least 16 genes or operons that are 
otherwise partially or completely repressed. The varied phenotypes coordinately expressed 
after such treatments are collectively known as the SOS response (reviews and references, 
1 , 2 ) .  Some of the induced gene products enhance survival by increasing the cell's capacity 
to repair DNA, to limit DNA degradation and to maintain coordination between cell division 
and DNA replication; others promote a transient but significant increase in genetic varia- 
bility (and possibly in population fitness under stress) by increasing the infidelity of 
DNA replication, the error-proneness of DNA repair and the efficiency of both homologous and 
site-specific genetic recombination. In strains carrying integrated prophages, SOS induction 
triggers the transition from the lysogenic to the lytic state, thus favoring viral rather 
than host survival. Not all known DNA damage-inducible (+)genes have yet been assigned 
phenotypes, nor have all inducible phenotypes been matched to known din genes. 
__ lexA genes. Genetic studies, supported by in vitro experiments with purified proteins, have 
established that the lexA protein is the repressor of all known bacterial din genes, binding 
their operator sites ( "SOS boxes") to limit transcription in the undamaged cell. DNA damage 
generates cofactors (ssDNA, dATP) believed necessary to activate recA protein, which can 
then promote proteolytic cleavage of lexA protein (or prophage repressors) to derepress the 
SOS regulon. including the recA and genes themselves. Nucleotide sequence analysis of 
several cloned din genes has suggested explanations for marked differences in the kinetics 
of their individual expression. 
damage is repaired and DNA replication resumed. 

1) use of various SOS phenotypes in bacterial test systems for detection of carcinogens; 
2 )  evaluation of experimental evidence for and against a comparable regulatory response to 
DNA damage in eucaryotes, and especially in mammalian and human cells, and 3)  theoretical 
considerations as guides to future research strategies. 

1. Witkin, E. M. (1976) E. Rev. 40: 869-907. 
2 .  Little, J. W. and D. W. Mount (1982) Cell 29:ll-22. 

(see also Biochimie 2: 541-850. for proceedings of a conference on Inducible Responses to 
DNA Damage held in Toulouse in May, 1982) 

Regulation of the SOS response depends upon the protein products of the recA and 

Repression of din genes is rapidly restored once DNA 
Implications for cancer of the bacterial SOS response will be discussed, including: 

____ 

0057 CELLULAR PROTOONCOGENES : ACTIVATION BY EXCLUSION?, William A .  Haseltine, Labora- 
tory of Biochemical Pharmacology, Department of Pathology, Harvard Medical 
Schoo1,"Department of Cancer Biology, Harvard School of Public Health, Dana-Farber 
Cancer Institute, Boston, MA 02115, Joseph G. Sodroski* 

tion; they are present in animalss diverse as yeast and humans. Such a degree 
of conservation and their patterns of expression suggest that c-% genes may 
encode factors involved in normal cell growth, homeostasis, and differentiation. 
The association of genes involved in cellular growth and development with trans- 
forming genes leads to a question: if c-= genes are routinely expressed in 
normal cells, why doesn't transformation of those cells occur? 

Cellular protooncogenes (c-onc genes) are highly conserved throughout evolu- 

On answer might be that some cell types are resistant to transformation by 
certain onc genes and only when these genes are expressed in the "wrong" cell 
type doesleoplastic transformation result. 
instances, certain c-one genes are constitutively expressed in all cell types. 
Clearly, mechanisms that prevent the routine development of neoplasia as a result 
of the expression of these genes must exist. 

While this may he true in some 

A second answer might be that qualitative and/or quantitative differences 
between the normal (inactive) c-0"~ gene and transforming (activated) one gene 
account for differences in transforming activity. Recent experimental evidence 
f r o m  many laboratories suggests that qualitative differences play a more prominent 
role in the artivation of most protooncogenes than do differences in levels of 
expression. A recurring theireis that the exclusion, via deletion or mutation, of 
particular protooncogene components may be a requisite event in the activation to 
a transforming state. Thus, the activation of cellular protooncogenes may involve 
damage to regulatory elements that control the activity of the protein product, 
or that control levels of expression of the protein by inhibition of transcription 
or translation. Evidence for and against this hypothesis will be discussed. 
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GENETIC DEFECTS IN DNA REPAIR AND REPLICATION IN HUMAN CANCERS, James E .  Cleaver, 
Laboratory of Radiobiology and Environmental Health, University of California, 
San Francisco, CA 94143 

Oo% 

Elevated sensitivity to carcinogens involving diverse biochemical mechanisms 
is a common feature of a large variety of human genetic disease. In a small 
subset of these diseases, the primary biochemical abnormalities involve DNA repair 
(xeroderma piqmentosum, XP), or DNA replication (XP variant; ataxia telangiectasia, 
AT; Cockayne syndrome, CS). Comparison of the clinical symptoms with biochemical 
abnormalities in each disease allow predictions to be made about possible 
mechanisms of carcinogenesis. 
elevated ultraviolet (W) light induced skin carcinogenesis; these cells share 
common properties of enhanced delays in DNA synthesis and increased mutagenesis 
after irradiation with W light. Since transient delays in DNA synthesis are 
thought to induce gene amplification, the cancers in both forms of XP may involve 
amplification and mutation of critical DNA sequences. Cockayne syndrome, on the 
other hand, shows increased sensitivity to W light and persistent radiation- 
induced delays in DNA synthesis without exhibiting enhanced mutagenesis: cancer 
in this disease is uncommon. AT cells are sensitive to killing by X rays, but are 
resistant to radiation-induced delays in DNA synthesis and show no increased 
mutagenesis, although specific chromosomal translocations are characteristic; 
patients are immunodeficient and lymphoreticular cancers are common. Blooms 
syndrome shows no abnormalities in DNA repair, but does show elevated levels of 
spontaneous mutagenesis and chromosome exchange (sister chromatid exchanges and 
translocations) and lymphoreticular cancers. The clinical symptoms and cellular 
and biochemical abnormalities of these varied diseases, suggest that gene 
amplification and mutation may be important in some carcinogen-induced cancers, 
whereas translocations m r e  important in others (especially lymphoreticular 
types). Work supported by U.S. Department of Energy. 

XP and XP variant patients both show similar 

GENETIC MECHANISMS OF TUMOR PROMOTION. Nancy H. Colburn. Michael I. Lerman, and 
Glenn A. Hegamyer, National Cancer Institute, Frederick, ND 21701 Oo59 

That one o r  more stages of tumor promotion are irreversible suggests that tumor promoters 
can act. on oreneoplastic cells to produce stable switches in gene expression that lead to 
malimancv. We are testing the hynothesis that sensitivity to promotion of neoplastic 
transformation in JB6 oreneoplastic mouse enidermal cells is determined by a gene that is 
inducible by phorbol esters and other tumor oromoters. DNA from promotion sensitive (P+) 
JB6 clonal cell lines can be transfected into promotion insensitive (?-) JB6 clonal cell 
lines with resultant transfer of sensitivity to promotion of anchorage independence by the 
phorbol ester TPA. (1) The DNA containing P+ activity is sensitive to digestion with Ban 
HI, Eco RI, Hind IIT and XhoI but not to Bgl I o r  Bg1 11. ( 2 )  The P+ gene has been cloned 
by sib selection and characterization is underway. To date the only biochemical distinction 
found between ?+ and P- cells has been that P+ cell lines consistently undergo a greater 
than SO% decrease in nrecursor incorporation into cell surface ganglioside GTlb, while P- 
cells do not. ( 7 )  This suggests the possibility that the decreased net synthesis of GT is 
due to increased enzvmatic degradation and that the ?+ gene product is a neuraminidase. 
Alternatively the P+ gene product and GT could act on separate promotion relevant pathways 
or the GT decrease could occur prior to the action of the P+ gene on the same pathway. One 
of the questions being asked regarding the P+ gene function is. does the P+ gene specify 
sensitivity to nonphorbol tumor promoters that do not bind to the phorbol ester recepeor 
such as free radical qenerating agents and growth factors, agents that may be important id 
human tumor nromotion. Differences in the mechanism of tumor promotion for benzoyl peroxide 
and TPA have been sugaested by the observations of lack of cross sensitivity to the two 
ComDounds by different mouse strains and lack of common sensitivity to retinoic acid as an 
inhibitor of tumor promotion. JB6 P+ cells that are sensitive to induction of 
transformation by TPA are also sensitive to benzoyl peroxide, EGF, and certain TGF's while 
P- cells show cross resistance, suqgesting that the P+ gene product may not be 
comoound-specific for its induction, but rather promotion specific. Models are suggested to 
explain the DhenOtyDeS of P+ and P- cells in comparison with tumorigenic transformants. 

1 .  Colburn, N. H., Talmadge. C. B.. and Gindhart, T. n . ,  Molec. Cell Biol., 3: 1182-1186, 
19R-5. 

2. Colburn, N. H.. Srinivas, L.. Hegamver, G. A.. Dion. L. D., Wendel. E. J., Cohen. M.. 

7 .  Srinivas. L.. Gindhart. T. D., and Colburn, N. H. m. 70: 4988-4991, 1982. and Gindhart, T. D., IARC Monograph, in press, 1987 
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0060 CHROMOSOMAL ALTERATION IN CANCER, Peter C. Nowell, Department of Pathology and 
Laboratory Medicine, University of Pennsylvania School of Medicine, Philadelphia, 
PA 19104. 

Most tumors have somatic genetic changes demonstrable at the chromosome level. These are 
usually the same, or related, throughout a tumor, indicating unicellular origin and also 
the selective growth advantage afforded the cells in the neoplastic clone by the chromosome 
changes. Many of the alterations are non-random, involving gain, loss, or translocation of 
genetic material. 
important in human neoplasia, including several examples of known "oncogenes." 
changes are often more extensive in advanced tumors, perhaps the result of genetic 
instability in the neoplastic cells, and apparently reflecting genetic alterations 
contributing to late stages of tumor development as well as early stages. Data from recent 
studies with Burkitt's lymphoma, acute and chronic leukemia, and malignant melanoma will be 
used to illustrate these generalizations. 

These are providing clues to the location and altered function of genes 
Chromosome 

0061 HUMAN CELL HYBRIDS AND THE ANALYSIS OF MALIGNAMCY, Eric J. Stanbridpe, 
Department of Microbiolop, University of California, Irvine, Collepe of 
Medicine, Irvine, CP 92717 

An overview of the use of human cell hybrids in the analysis of the genetic control 
of transformed and tumoripenic phenotypes w i l l  be presented. Previous studies have 
shown that when a tumorigenic cell is fused with a normal cell the resultinp hybrid 
population exhibits the phenotype of transformed cells in culture but has lost the 
ability to form tumors in nude athymic mice ( 1). 
genic hybrid cells are induced to differentiate in the host animal. Tumorigenic segregant 
hybrid cells have been isolated which have fully regained their tumorigenic potential. 
Reacquisition of tumorigenic potential is associated with the loss of specific chromosomes 
from the hybrid cell. 

Recent developnents in the study of these hybrid cells include techniques for the 
identification of tumor-associated antigens and differentiation-specific antigens. 
Techniques for the transfer of single specific human chrmosomes w i l l  be presented. 

the neoplastic phenotype of human hybrid cells will be discussed. 
References 
1. 

0062 

We have established that the nontumori- 

Control of expression of human cancer genes and their possible role in determining 

Stanbridge, E.J. et al. Science=: 252 (1962). 

MCLECULAR DISSECTION OF UNIQUE TUMOR ANTIGENS AND PROGRESSION OF THE NEOPLASTIC 
PHENOTYPE, Hans Schreiber. Hans J. Stauss, Constance Philipps, Robert S. Goodenow 
and Minnie McMillan, Department of Genetics, University of California, Berkeley, CA 
94720 

Tumors induced by chemical or physical agents often express tumor-specific antigens that 

The diversity of 
are unique, i.e.. individually specific for a particular tumor even when tumors are of the 
same histologic type and induced in the same strain by the same carcinogen. 
these unique antigens among different tumors is seemingly endless and has been compared to 
that of immune receptors. We have dissected the nature and complexity of the unique anti- 
genicity for a single tumor (1-3). Using tumor-specific T cell clones and hybridoma anti- 
bodies, we have found that a single malignant cell expressed multiple unique tumor-specific 
antigens (4,5). 
of each other since each T cell clone selected only for loss of the appropriate antigen and 
the simultaneous loss of two antigens was too rare to be detected. 
tumor-specific antigens was affected by the selection pressures of the normal host's imnune 
system. However, it is curious that these multiple antigens which are all expressed on the 
tumor at the same time can only be recognized sequentially by the host (4,6). This hierarchy 
in the host's recognition of these antigens appears to make tumor progression more likely 
since loss of only a single antigen allows the tumor to temporarily escape the immune 
defenses. 
products of a multigene family by analyzing their molecular composition and genetic origins. 
(1) Urban, J.L., Burton, R.C., Holland, J.M., Kripke, M.L., and Schreiber, H. Mechanisms of 
syngenic tumor rejection: 
inununological effector cells. J. Exp. Med. 155:557-573, 1982. ( 2 )  Urban, J.L., Holland, 
M.J., Kripke, M.L., and Schreiber, H. Imnunoselection of tumor cell variants by mice 
suppressed with ultraviolet radiation. J. Exp. Med. 156:1025-1041, 1982. (3) Urban, J.L., 
and Schreiber, H. Selection of macrophage-resistant progressor tumr variants by the normal 
host: J. Exp. Med. 155:642-656, 1983 
(4) Wortzel, R.D., Philipps, C., Urban, J.L., Fitch, F.W., and Schreiber, H. 
immunodominant and imnunorecessive tumor-specific determinants on a ma1 ignant tumor. 
genic dissection with cytolytic T cell clones. J. Imnunol. 130:2461-2466, 1983. (5) Wortze , 
R.D., Philipps, C., and Schreiber, H. 
expressed on a single malignant cell. 
C., and Schreiber, H. Pecking order among tumor-specific antigens. Eur. J. Imnunol., in 
press. 

Tumor variants selected in vitro showed that these antigens were independent 

The expression of the 

We are presently determining whether the multiple unique tumor antigens are 

Susceptibility of host-selected progressor variants to various 

Requirement for concomitant T cell-mediated imnunity. 
Independent 

Anti- 

Multiplicity of unique tumor-specific antigens 
Nature 304:165-167, 1983. (6) Urban, J.L., Van Waes, 
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0063 THE ORIGIN AND PROGRESSION OF CANCER METASTASLS, Isaiah J. Fidler, Department of 
Cell Biology, University of Texas System Cancer Center, M.D. Anderson Hospital and Tumor 

Institute, Houston, TX 77030 
Multiple metastases proliferating in the same host can be heterogeneous with regard to many biologi- 

cal characteristics. This diversity can well be the consequence of both the nature of tumor cell spread and 
continuous tumor evolution. Since metastases, in general, result from the selective growth of specialized 
malignant cells that  preexist within the parental  tumor (I), we determined whether they a re  clonal in their 
origin, and can originate from different progenitor cells. W e  examined the metastases that  arose from 
subcutaneously growing K-1735 melanoma cells exposed to  700 K X-radiation to induce chromosomal 
breaks and rearrangements. W e  reasoned that  if a metastasis were derived from a single cell, all the  
spreads examined would exhibit a uniform karyotype. In contrast, if a metastasis were derived from more 
than one progenitor cell, i ts  consitutent cells would exhibit different chromosomal arrangements. Sponta- 
neous lung metastases were isolated, grown in culture as individual lines, and karyotyped. In 10 of 21 lines, 
all the chromosome were telocentric, and therefore,  these metastases were noninformative. In the other I1 
lines, unique patterns of single or multiple marker chromosomes were observed, suggesting that  these 
metastases originated from the progeny of single but different cells (2). To determine whether melanoma 
metastases arose as a consequence of individual cells surviving in the blood stream, animals were injected 
with clumps of K-1735 cells consisting of 2 lines. Cells of one line exhibit a stable submetacentric chromo- 
somal marker, whereas cells of the other line have a stable, normal karyotype. Twenty lung metastases 
were harvested, grown in culture as individual cell lines, and karyotyped. Spreads from each metastasis 
exhibited a uniform karyotypic pattern, suggesting that  they a r o x  from the proliferation of a single cell. 

Since tumor progression toward malignancy could well be accompanied by increasing genetic 
instability of the evolvin cells (31, we have examined the rates of mutation to  ouabain resistance and/or 6- 
thioguanine resistance o f  paired metastat ic  and nonmetastatic cloned lines isolated from different mouse 
neoplasms by the fluctuation assay of Luria and Delbrkk (4). Indeed we found that  the mutation rate  to 
ouabain resistance was 4-7-fold higher, and that  t o  6-thioguanine was 3-5-fold higher in metastatic clones 
than in low metastat ic  clones (5). 

Our findings that  different metastasis can originate from different progenitor cells accounts for the 
biological diversity tha t  exists among various metastases. However, even within a solitary metastasis of 
proven clonal origin, heterogeneity for various characterist ics can develop rapidly, possibly resulting from 
instability of the phenotype of clonal populations (6) and/or from a high r a t e  of spontaneous mutation in 
cells populating metastases. 

1. Fidler, 1. J. and Kripke, M. 1. Science 197 217:361-363, 1982. 2. Talmadge, J. E., Wolman, S .  R. and 
Fidler, 1. J. Science 217:361-363, 1982. 3. Nowell, P. Science 194:23-28, 1976. 4. Luria, S. B. and 
Delbrlkk, M. Genetics 28:491-511, 1943. 5. Cifone, M.A. and Fidler, 1. J. Proc. Natl. Acad. Sci. USA 
78:6949-6952, 1981. 6. Poste, G., Doll, J., and Fidler, I. J. Proc. Natl. Acad. Sci. USA 78:6226-6230,1981. 

Viral Models for Oncogenes 

0 6 4  EXPLORING CARCINOCENESIS W I T H  RETROVIRUSES,  J.M. Bishop, G .  Evan, K.-H.  Klempnauer, 
R. Parker ,  M .  Pr ivalsky,  G.  Ramsay, M. Schwab, G .  Symonds and H.E. Varmus, Dept.  of 
Microbiology and Immunology, Universi ty  o f  C a l i f o r n i a ,  San Francisco,  Ca. 94143 

The oncogenes o f  r e t r o v i r u s e s  provide valuable  models f o r  t h e  biochemical mechanisms of  
neop las t i c  t ransformation.  New procedures have enabled us t o  s tudy the  products  of t h ree  
leukemogenlc genes:  v - e - B ,  v-= and v-=. Our f ind ings  exemplify the  d ive r se  na tu re  of 
mtrovlral t ransforming p ro te ins .  The product of v - e e - B  ( M r  65-72,000) is a glycoprotein,  
found p r i n c i p a l l y  on dense i n t r a c e l l u l a r  membranes and i n  small  q u a n t i t i e s  on t h e  plasma mem- 
brane. The p r o t e i n  has  ex tens ive  s t r u c t u r a l  homology w i t h  o t h e r  oncogene products t h a t  a r e  
p ro te in  kinases. By c o n t r a s t ,  v-n& and v - 9  encode nuclear  p r o t e i n s  (Mr 45,000 and 58,000, 
r e spec t ive ly )  t h a t  appea r  t o  be  d i s t a n t l y  r e l a t e d  t o  each o t h e r  and t o  t h e  major product of 
the Ela t ransforming region o f  human adenoviruses.  The p r o t e i n  r e s i d e s  i n  the  in so lub le  
matr ix  o f  t h e  nucleus.  The 
p ro te in  is r e a d i l y  apparent  i n  the n u c l e i  o f  myeloblasts  transformed by v-myb and in f ibrob-  
las ts  expres s ing  t h e  sene  but  not  transformed by it. When t h e  myeloblasts  a r e  caused t o  d i f -  
f e r e n t i a t e ,  however, t h e  v-@ pro te in  is  still produced i n  s tandard q u a n t i t i e s ,  but i ts loca- 
t i o n  w i t h i n  t h e  c e l l  may change. 

Re t rov i r a l  oncogenes a r i s e  by t ransduct ion o f  c e l l u l a r  "proto-oncogenes". Two sepa ra t e  
c e l l u l a r  genes ( c - e - A  and c - e - 8 )  have been r epea ted ly  transduced i n t o  the  genome of avian 
e r y t h r o b l a s t o s i s  v i r u s e s ,  even though c - e - A  and c - s - B  r e s i d e  on d i f f e r e n t  chromosomes i n  
t h e  chicken. Transduct ion can i n f l i c t  very l i t t l e  or very s e v e r e  damage on c e l l u l a r  genes,  
two extremes that are embodied i n  t h e  p ro te ins  encoded by v - w  and v-myb. 

The c a p a b i l i t y  o f  una l t e red  proto-oncogenes t o  transform c e l l s  has  been examined w i t h  c-  - src. Expression o f  c - c  t o  l e v e l s  in excess o f  those r equ i r ed  f o r  neop las t i c  t ransformation 
by v-E have f a i l e d  t o  a l t e r  c e l l u l a r  phenotype. 
between t h e  c - ~ r c  and v-ST.~ p ro te ins  a t  t h e i r  carboxy t e rmin i  may account f o r  t h e  tumorigeni- 
c i t y  of V-c. In o t h e r  i n s t ances ,  unal tered proto-oncogenes may a t  l e a s t  con t r ibu te  t o  tu -  
morigenesis.  For example, we have found ampl i f i ca t ion  and enhanced expression of os t ens ib ly  
normal proto-oncogenes ( c - s ,  c - K i - E  and c - e )  in d ive r se  forms o f  human and murine tu -  
mors. In  add i t ion ,  ampl i f i ca t ion  and enhanced expression o f  a d i s t a n t  kin o f  c-myc (denoted 
N--) appears t o  be a common f e a t u r e  o f  human neuroblastomas. 
recognized proto-oncogene whose ampl i f i ca t ion  could r ep resen t  both a molecular marker and p a r t  
of the e t i o l o g i c a l  mechanism f o r  neuroblastomas. 
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Associat ion o f  t h e  r& pro te in  w i t h  t h e  nucleus is more sub t l e .  

We suspec t  t h a t  demonstrated d i f f e rences  

N-G may be a previously un- 
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Oo@j SmSmAlEs m Tywxsm FRvn?.IN KINRSES IN VIRALLY mANsmRMED CELIS. 
Tony Hunter, Kathy Gould and Jonathan A. Cooper, Molecular Biology and Virology 
Laboratory, 'Ihe S a l k  Institute, P. 0. Box 85800, San Diego, CA 92138 

To date s ix  classes of acutely transforming retrovirus are knwn t o  contain genes coding for 
tyrosine protein kimses. Cells transformed by these viruses all shcw 5-10 fold increases in  
the level of Fhosphotyrosine in  cellular protein. Although there is no rigorous proof, it is 
believed that transformation by such viruses is mediated a t  least i n  p r t  through alterations 
i n  the functions of cellular proteins resulting fran tyrosine aosphorylation. Based on this  
aesunption we have been trying t o  identify cellular proteins phosphorylated by this group of 
viral tyrosine protein kinases w i t h  the aim of characterising their functions and the effects 
of tyrosine @~o~@~orylation on those functions. We have detected a nunber of proteins which 
contain increased levels of Fhoqhotyrosine i n  cells transformed ty the relevant viruses. 
'Ihw include the cytoekeletal protein, vinculin, @l, @Or pP2, p36 and the glycolytic 
enzymes emlase, Lotl and aoeFhoglycerate mutase. In general a single tyrosine residue i n  
each protein is modified, fxlt only a -1 fraction of the total populations of these s&ml= 
rates is @~osphorylated on tyrosine a t  steaa state. mere is considerable overlap in  the 
spctrm of Fhosphotyrosine containing proteins in  cells transformed by different virtues 
implying that the viral  tyrosine protein kimses have similar specificities. %he phome 
rylation of vinculin m y  in  sane way mediate the .&ape alterations characteristic of nany 
virally transformed cells. On the other hand none of the three glycolytic enzymes is normally 
considered rate limiting 80 it is unlikely that their FhoeFhorylation plays a role i n  the 
increased glycolytic flux asaociated w i t h  transformation. Nevertheless because of their 
potential for understanding hw tyrosine Fhos@orylation m i g h t  alter protein function, we have 
put sane effoct into identifying the Fhosphorylated tyrosines i n  emlase and LCCI. 'Ihe tyrosine 
@~Fhorylated i n  LIx1 is residue 237, which is found close to  the active site hietidine, but 
the effect of this modification on LCCI function is not yet  knwn. Be aequence of the emlase 

the protein. lhis aequence differs fran other knwn sites of tyrosine @~osphoqlaUon i n  
having acidic residues darnstream rather than uptream of the tyrosine. p36 has been found i n  
many systeos, but although it is kncwn t o  be membrane-associated i n  fibsohlaets, its function 
is still a mystery. A survey of tissues and cell lines shcws that p36 is not experread i n  all 
differentiated cell t y p e .  In prticular it is found a t  high level in  intestinal brueh border 
cells, where it is concentrated i n  the terminal web region, suggesting a structural function 
for p36. 'Ihe effect of ghosphqlation, i f  any, on p36 function is unclear. 

FhOeFhorylatiOn s i te ,  R.A.A.V.P.S.G.A.S.T.G.I.Y.E.A.L.E.L.R, is in a h i w y  COneerVed p r t  of 

Oncogenes In Human Tumors 

0066 TRANSFORMING GENES I N  HUMAN AN0 EXPERIKNTALLY INDUCED TUMDRS, Mariano Barbacid, 
Eugenio Santos, Saraswati Sukumar, Vicente Notar io ,  Juan Carlos Lacal and D ion is io  
Martin-Zanca, Laboratory o f  C e l l u l a r  and Molecular. Biology, National Cancer Inst . ,  
Bethesda, Maryland 20205. 

normal c e l l  l i n e s  have been detected i n  a s i g n i f i c a n t  percentage o f  human tumors. Most o f  
these t ransforming genes o r ig ina ted  by s i n g l e  mutational events w i t h i n  the coding sequences 
of a fam i l y  o f  genes, gener i ca l l y  designated ras. 
are c o n s t i t u t i v e  components o f  the genome o f  eukaryot ic  organisms and have been h i g h l y  
conserved dur ing evolut ion.  Three members o f  the r a s  gene fami ly ,  H-ras, K-ras and N-ras, 
have been molecular ly  character ized i n  several l abo ra to r ies .  
za t i on  i s  q u i t e  d i f f e r e n t ,  they code f o r  h i g h l y  r e l a t e d  p ro te ins  o f  189 amino ac id  residues 
designated as p21. Computer analys is  o f  the p red ic ted  amino a c i d  sequence o f  p21 p ro te ins  
coded f o r  by normal and t ransforming genes suggests t h a t  conformational changes i n  the t e r -  
t i a r y  s t ruc tu re  o f  the mutated molecules are responsible f o r  t h e i r  neoplast ic  proper t ies.  
I n  c o l l a b o r a t i v e  s tud ies w i t h  O r .  R. Crow1 (Hoffman-La Roche) we have achieved e f f i c i e n t  
expression o f  both normal and t ransforming p21 p ro te ins  i n  E. c o l i .  These reagents should 
prove very va luable i n  the  i n v e s t i g a t i o n  o f  the b i o l o g i c a l  f u n c t i o n  o f  these prote ins.  

I d e n t i f i c a t i o n  o f  ras  transforming genes i n  human tumors has r e l i e d  on tedious and 
i n s e n s i t i v e  b i o l o g i c a l  G a y s ,  p r i m a r i l y  t rans fec t i on  o f  NIH/3T3 c e l l s .  However, sequence 
analys is  o f  ras  oncogenes has revealed t h a t  some o f  the p o i n t  mutations responsible f o r  
t h e i r  mal ignant  a c t i v a t i o n  c rea te  r e s t r i c t i o n  enzyme polymorphisms which can be u t i l i z e d  t o  
d i sc r im ina te  between normal and transforming a l l e l e s .  This experimental approach has been 
succesfu l ly  u t i l i z e d  t o  i d e n t i f y  the p o i n t  mutation responsable f o r  the malignant a c t i v a t i o n  
o f  a K-ras oncogene i n  a squamous c e l l  lung carcinoma o f  a 66 year  o l d  male. This c r i t i c a l  
mu ta t i ona l  event d i d  n o t  occur i n  the normal bronchia l  o r  parenchymal t i s s u e  o f  the p a t i e n t  
nor  i n  h i s  blood lymphocytes. These r e s u l t s  demonstrate t h a t  malignant a c t i v a t i o n  o f  a ras 
oncogene i s  s p e c i f i c a l l y  associated w i t h  the development o f  a human neoplasm. 

E f f o r t s  aimed a t  understanding the r o l e  o f  oncogenes i n  human neoplasia are necessar i ly  
hampered by the  i m p o s s i b i l i t y  o f  experimental manipulat ions. Thus, we have inves t i ga ted  
whether c e r t a i n  carcinogens may induce tumors i n  animals by mechanisms i n v o l v i n g  a c t i v a t i o n  
o f  r a s  oncogenes. We have establ ished t h a t  i nduc t i on  o f  mamnary carcinomas i n  Buf/N r a t s  by 
nitroso-methyl-urea i nvo l ves  the a c t i v a t i o n  o f  the H-ras l ocus  by the same mutat ional  events 
observed i n  human tumors. 
the experimental bas is  t o  es tab l i sh  the r o l e  o f  oncogenes i n  human carcinogenesis. 

Transforming genes capable o f  induc ing ma1 ignant  t ransformat ion o f  morphologica l ly  

These genes, i n  t h e i r  nonmalignant state, 

A l t h o u g t h e i r g e n e t i c  organi- 

De ta i l ed  cha rac te r i za t i on  r t h e s e  model systems should provide 
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0067 TRANSFORMING GENES OF SARCOMAS AM) OTHER TUMORS, C.J. Marshall, A .  Hall and 
R . J .  Brown, Chester Beatty Laboratories, Institute of Cancer Research, London, 
SW3 6JB, U.K. 

By the use of transfection experiments with NIH-3T3 cells an activated transforming gene 
has been identified in two human sarcoma cell lines HT1080 and RDr1). 
has been shown to be a member of the ras gene family, N-E, distantly related to the Harvey 
and Kirsten viral 
the normal N-ras gene and transforming alleles in marker rescue experiments the mutation 
leading to trGforming activity in the HT1080 N-sas allele has been determined. 
allele diffeis from its normal counterpart by a single amino acid substitution of glutamine 
by lysine at amino acid 61. 

In order to demonstrate that the HT1080 transforming gene is capable of transforming 
HT1080 cells flat revertants of HT1080 cells have been selected. Introduction of the HT1080 
transforming gene into these cells results in morphological transformation indicating that 
HT1080 cells can respond to their own transforming gene. 
References 
(1) A transforming gene present in human sarcoma cell lines, C.J. Marshall, A .  Hall and 

R . A .  Weiss, Nature 299, 171-173 (1982). 
( 2 )  Identification of transforming gene in two human sarcoma cell lines as a new member of 

the ras gene family located on chromosome 1. 
R . A .  Weiss, Nature, 303, 396-400 (1983). 

This transforming gene 

By theuse of chimeric molecules constructed between part of gene ( 2 ) .  

The HT1080 

A .  Hall, C.J. Marshall, N.K. Spurr and 

0068 HUMAN TRANSFORWNG GENES. Michael Wig le r ,  O t t a v i o  Fasana, E l i zabe th  Taparowsky, 
Daniel  Birnbaum, M i t c h e l l  Go ld fa rb  and Jorgen Fogh*. Cold Spr ing  Harbor,  NY and 
*Sloan K e t t e r i n g  I n s t i t u t e ,  Rye, NY.  

Use o f  NIH3T3 focus assay has revea led  the  widespread presence o f  a c t i v a t e d  ras  oncogenes 
i n  human tumor c e l l  DNA. The th ree  ras  genes found so f a r  encode p r o t e i n s  w% remarkably 
conserved amino a c i d  sequence. 
s u b s t i t u t i o n  a t  m u t l i p l e  s i t e s  l e a d  t o  the  a c t w o n  o f  t he  t rans fo rm ing  p o t e n t i a l  o f  t he  
normal ras  gene produc t . ,  We have begun t o  u t i l i z e  co t rans format ion  o f  NIH3T3 c e l l s  and 
t u n o r i g z c i t y  i n  nude mice as an assay f o r  new human tumor genes. Our i n i t i a l  exper inece 
ind i ca tes  t h i s  assay t o  be f a r  more s e n s i t i v e  than the  focus assay, and revea ls  a s e t  o f  new 
"tumor" genes which a re  n o t  de tec tab le  by prev ious  bioassays. 

Systemat ic i n  v i t r o  nutagenesis i n d i c a t e  t h a t  amino a c i d  

Cellular Oncogenes: Structure, Function and Pathogenicity 

0069 
1 INSERTIONAL YUTATIONS DURING YIRAL ONCOGENESSS:lH. Varmus', D. Westawayl, Y.K.  Fung, 

C. Moscovic i  , A.A. van Ooyen , and R. Nusse 
U n i v e r s i t y  o f  C a l i f o r n i a ,  Sen Francisco, CA; 2VA Hosp i ta l ,  Ga inesv i l l e ,  FL; 
o f  V i ro logy ,  Anton i  van Leeuwenhoekhuis, Amsterdam, The Nether lands. 

Dept. o f  Y i c rob io logy  & Immugology, 
Dept. 

Some v i ruses  w i t h o u t  oncogenes i n i t i a t e  tumor igenes is  by i n s e r t i o n  muta t ions  t h a t  a c t i v a t e  
c e l l u l a r  genes. Th is  phenomenon o f f e r s  a means t o  i d e n t i f y  new oncogenes and t o  s tudy  mecha- 
nisms t h a t  a f f e c t  gene express ion .  ( i )  Dur ing  t h e  development o f  av ian  l e u k o s i s  v i r u s  (ALV)- 
induced B c e l l  lymphomas, ALV p rov i ruses  cause i n s e r t i o n  muta t ions  a t  t he  c - w  locus .  The 
muta t ions  a re  assoc ia ted  w i t h  e f f i c i e n t  express ion  o f  c - w ,  rega rd less  o f  whether the  p ro -  
v i ruses  a r e  upstream from c - w  i n  e i t h e r  t r a n s c r i p t i o n a l  o r i e n t a t i o n  o r  downstream from the  
c e l l u l a r  gene (Payne, Bishop, and Varmus, Nature 295:209, 1982). De ta i l ed  s t r u c t u r a l  a n a l y s i s  
o f  c loned, i n s e r t i o n a l l y - m u t a t e d  c-m c a l l e l e s  i n d i c a t e s  t h a t  secondary mu ta t i ona l  events have 
occur red :  bo th  d e l e t i o n  muta t ions  w&in p r o v i r a l  DNA and n u c l e o t i d e  s u b s t i t u t i o n s  i n  the  
c - w  cod ing  domain. These muta t ions  may augment express ion  o f  c-G, i n c a p a c i t a t e  expres- 
s i o n  o f  v i r a l  genes, o r  a l t e r  t h e  produc t  o f  c - w .  
tumor v i r u s  (MMTV) i s  o f t e n  accompanied by p r o v i r a l  i n s e r t i o n s  i n  a hos t  l ocus  c a l l e d  i n t - 1  
(Nusse and Varmus, C e l l  31:99, 1982). Th i s  l ocus ,  on mouse chromosome 15, harbors a t r a n -  
s c r i p t i o n a l  u n i t  t h a t  i s  g e n e r a l l y  s i l e n t ,  bu t  i t  i s  a c t i v a t e d  t o  produce smal l  numbers o f  
cop ies  o f  a 2.6 kb  po lyadeny la ted  RNA i n  tumors bear ing  i n s e r t i o n  muta t ions .  
most commonly occurs  by an i n d i r e c t  mechanism, w i t h  MMTV p rov i ruses  e i t h e r  upstream from t h e  
gene i n  t h e  oppos i te  t r a n s c r i p t i o n a l  o r i e n t a t i o n  o r  downstream i n  t h e  same o r i e n t a t i o n .  The 
i n t - 1  gene has n o t  been encountered among r e t r o v i r a l  oncogenes, bu t  a t  l e a s t  p a r t  o f  t he  
t r a n s c r i p t i o n a l  domain i s  h i  h l y  conserved. cDNA clones o f  i n t - 1  mRNA have been ob ta ined t o  
i d e n t i f y  t h e  gene produc t .  q i i i )  The av ian  mye lob las tos i s  assoc ia ted  v i r u s  (MAV), l i k e  ALV, 
induces B c e l l  lymphomas by i n s e r t i o n  muta t ions  w i t h i n  c - u ,  b u t  none o f  severa l  t e s t e d  
oncogenes, i n c l u d i n g  c - u ,  i s  a l t e r e d  i n  f1AV-induced nephroblastomas. 
c o n t a i n  novel  t r a n s c r i p t s  o f  c e l l u l a r  DNA promoted by MAV LTRs. 
f l ank ing  a s i n g l e  p r o v i r u s  i n  one nephroblastoma f a i l e d  t o  d e t e c t  rearrangements o f  t he  same 
l o c u s  i n  14 o t h e r  tumors. 
y e t  t o  be i d e n t i f i e d .  
v i r u s  (HBV)-associated hepatomas, we encountered one tumor w i t h  a l a r g e  c e l l u l a r  domain t h a t  
has been a m p l i f i e d  20-50- fo ld  and harbors  an i n t e g r a t e d  subgenomic component o f  HBV DNA. 
None o f  severa l  t e s t e d  oncogenes i s  amp7 i f ied  i n  t h i s  tumor; t h e  s i g n i f i c a n c e  o f  t h e  observed 
a m p l i f i c a t i o n  i s  under s tudy .  

( i i )  Tumorigenesis by the  mouse mammary 

Gene a c t i v a t i o n  

A t  l e a s t  t h ree  tumors 
However, c loned c e l l u l a r  DNA 

Thus the  t a r g e t ( s )  f o r  i n s e r t i o n  muta t ions  i n  nephroblastoma has 
( i v )  I n  a search f o r  common i n t e g r a t i o n  s i t e s  i n  human h e p a t i t i s  B 
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0070 CELLULAR ONCOGENES AND TUMDRIGENESIS BY HTLV. Robert C .  Gallo, M.D. and 
F loss ie  Wong-Staal, Ph.D. Laboratory o f  Tumor C e l l  Biology, National Cancer 
I n s t i t u t e s ,  Bethesda, MD 20205 

HTLV i s  a fami ly  o f  re la ted,  T -ce l l  t r o p i c  exogenous human re t rov i ruses  assoclated w i t h  
a d u l t  T-cel l  leukemia/lymphoma (ATLL) and poss ib ly  w i t h  A I D S .  The v l r u s  geonomes o f  
two d i s t a n t l y  r e l a t e d  subgroups (HTLV I and HTLV 11) have been cloned. Although HTLV 
lacks a c e l l  derlved onc gene, complete nuc leot ide sequence o f  one HTLV I showed tha t .  
I n  add i t i on  to m, r a n d  env genes, t he re  i s  a po ten t i a l  codlng reg ion (pX) o f  un- 
def ined funct ions.  h p o s m e  leukemic c e l l s  are c lonal ,  cons i s ten t  w i t h  HTLV being 
a chronic leukemia v l rus .  However, HTLV can uniquely i m r t a l i z e  and transform 
T-lymphocytes i n  v l t r o .  We conslder t h i s  step as a f i r s t  stage ( I n i t i a t i o n )  o f  trans- 
formation. T h e f r a n k l e u k e m i c  c e l l s  der ived from pat ien ts  may be a t  a l a t e r  stage 
(maintenance) o f  transformation. A l l  i n  v i t r o  i n fec ted  c e l l s  express h igh  l e v e l s  o f  
v i r a l  WNA, i nc lud ing  a 9.0 Kb g e n o m i c ~ z e , 4  Kb env mRNA and a 2 Kb pX mRNA. How- 
ever, f resh  leukemic c e l l s  express low or undetectame leve ls  o f  v i r a l  mRNA. These 
r e s u l t s  suggest t h a t  expression o f  v i r a l  prote ins,  i nc lud ing  pX. may be necessary f o r  
i n l t i a t i o n  bu t  n o t  maintenance o f  transformation. We a lso examined poss ib le  a c t i v a t i o n  
o f  c-onc genes and growth f a c t o r  genes by HTLV. A l l  HTLV in fec ted  c e l l s  express h igh 
l e v e l s f  TCGF receptor b u t  extremely low o r  undetectable l e v e l s  o f  TCGF. thus r u l i n g  
ou t  simple autost imulat ion.  There was a lso no evidence f o r  cons is tent  a c t i v a t i o n  o f  
any onc gene. However, many o f  t he  i n  v i t r o  i n f e c t e d  c e l l s  and c e l l  l i n e s  establ ished 
f rommLV posi  t l v e  tumrs express c - s T s , a e n e  not  normally expressed I n  hematopoietlc 
c e l l s .  From one o f  these l i nes ,  a cDNA was cloned i n  an expression vector. This 
clone. whlch transforms N I H  3T3 c e m i n  v i t r o ,  contalns 2.7 Kb 3 '  sequences o f  the 
4.2 Kb s i s  t ransc r ip t ,  w i t h  no n u c l e o m d e a n g e  from the normal gene. Thus, i t s  
t rans fo rmng  a c t i v i t y  may be due to i t s  t runcated s t ruc tu re  which i s  analogous t o  
v-sis. Since c - s i s  codes f o r  a growth f a c t o r  (PDGF), t h e  s i s  product produced I n  these 
c e m  may a b e r r e m y  st lmulate t h e i r  own p r o l i f e r a t i o n  . I n  summary. t h e  molecular 
mechanism o f  HTLV transformation i s  n o t  understood, b u t  we cu r ren t l y  focus on three 
areas: (1) The TCGF receptor; (2)  The c -s i s  product; and (3 )  c e r t a i n  v i r a l  prote ins,  
t h e  l a t t e r  two, however, on l y  i n  i n l t l a t i o -  transformation. 

0071 THE COMPARATIVE ANATOMY OF VIRAL AND CELLULAR ONCOGENES, Hidesaburo Hanafusal, 
Hideo Ibal, Tstsuo Tskeya', Frederick R.  Cross1, Teruko Hanafusal, Teena Lernerl. 
and Lu-Hai Wangl, lThe Rockefeller University, New York. N.Y. 10021 and *Institute 
for Chemical Research, Kyoto University, Kyoto, Japan. 

The generation of recovered avian sarcoma virus in chickens following infection with 
mutants of Rous sarcoma virus (RSV) containing partial deletions in the e gene suggested 
that the majority of the viral 
encode an active transforming protein. 
of the chicken c-= gene and the viral= gene of SR-RSV showed that these two are very 
similar; however, in addition to 8 single amino acid changes, the 19 carboxy terminal amino 
acids of c - e w e r e  found to be replaced by 12 different amino acids in V-=. The 39 bp 
sequence coding the carboxy terminal sequence of p60v-Src was found about 1 kb downstream 
from the termination codon of the c-= gene. 
of RSV indicated that its 3' end sequence, from the last 16 bp of = through the LTR, was 
virtually identical to a region from downstream of env through the LTR in RAV-2 and also in 
Y73, suggesting that this strain of RSV, which could be the original RSV strain, was derived 
by recombination between RAV and c - e  DNA. 

By transfection of chicken cells with RSV DNA in which various portions of V-=were 
replaced with the corresponding c-E sequence, we found the replacement of v-% either 
upstream or downstream of the Bgll site with c-E sequences did not affect the transforming 
activity of the resultant virus. 
the c-E sequence, we found the product p6OSrC is expressed without appreciable transfor- 
mation of cells. 
in the same way the v--~TC product does. 
weakly transforming viruses. 
viruses carry the unaltered c-= sequence or a mutated one. After passage, however. 
strongly transforming mutant viruses emerged. These results show that after a proto- 
oncogene is incorporated into a retrovirus genome, transforming mutants are rapidly gener- 
ated, and can be selected on the basis of their transforming capacity. 

sequence can be replaced by the cellular = sequence to 
The comparison of DNA sequences of the coding regions 

The analysis of the genome of the Bryan strain 

However, when the v-= sequence is totally replaced by 

Therefore we conclude that the c-= product cannot transform chicken cells 
However, c-= DNA-transfected cultures produced 

We have not yet determined whether these weakly transforming 
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0072 CELLULAR ONCOGENES: STRUCTURE, EXPRESSION Am ROLE IN DEVELOPMENT, I. M. Verma, T. 
Curran, A. D. Miller, R. Miiller and C. Van Beveren, The Salk Institute, San Diego, 
California 92138 

Acutely oncogenic retroviruses cause a host of malignancies in animals and induce cellular 
transformation of a variety of cell types. They all contain in their genomes sequences which 
have counterparts in normal cellular DNA. Acquisition of normal cellular sequences [proto- 
oncogene or cellular oncogene ( c - ~ ) ]  by retroviruses confer on them the ability to induce 
rapid neoplasias. I would like to address two issues: 1) the mechanism by which acquired 
cellular sequences become highly oncogenic, since the c-one genes themselves are generally 
unable to induce transformation, and 2) the role the c-one genes play in the normal develop- 
ment of an organism. 
osteosarcoma virus (FBJ-MUSV) as a model system. The FBJ-MUSV proviral DNA contains 4,026 
nucleotides which include two long terminal repeats, 1,639 acquired cellular sequences (v- 
- fos) and a portion of env gene. Using v-fos specific sequences, the cellular homologs (c- 
- fos) from both mouse and human cells were identified and molecularly cloned. 
sequence analysis reveals that the v-fos sequences have undergone a deletion of 104 bp near 
their 3'-end as compared to the c-fos gene. Consequently the putative 381 aa v-fos and 380 
aa c-fos proteins are nearly identical for the first 332 amino acids but have different C- 
termini. 

unable to induce cellular transformation. Since the proteins encoded by the v-fos and c-fos 
genes are qualitatively different, it was assumed that cellular transformation by v-fos 
sequences is a consequence of its C-termini. To delineate the sequences required for trans- 
formation, we constructed a number of recombinant plasmids containing portions of v-fos and 
c-fos sequences. The results indicate i) the c-fos proteins can induce cellular transforma- 
tion, ii) the c-fos gene needs two manipulations to manifest its transforming potential. 
These include addition of transcriptional enhancer elements and disruption of 3'-interactinq 
sequences. Analysis of recombinant plasmids unable to induce transformation indicates that 
c-fos specific transcripts are synthesized but little or no c-fos protein is detectable. 
To analyze the role of c-one genes during development we undertook a systematic study of 

the expression of c-one genes during pre- and postnatal development of the mouse. Results 
obtained using probes homologous to a number of c-one genes revealed that i) c-one genes are 
expressed during prenatal development in a stage- and tissue-specific manner and ii) some 
c-one genes are expressed in postnatal tissues. 
during embryogenesis lends support to a widely held notion that c-one qenes play a role in 
normal metabolic processes. 

Toward these goals, we have developed the fos oncogenes of FBJ murine 

Nucleotide 

Both the v-fos and c-fos proteins are localized in the nucleus. 
The FBJ-MuSV containing v-fos sequences can transform rat 208 F cells while c-fos qene is 

The differential expression of c-one genes 

0073 THE D R o s o p I I I ~  src, abl AND ras CELLULAR ONCOGENES. 
F.S. Neumann', E. Schejter', F.M. Hoffmann2 and 2 .  Lev'. 
The Weizmann I n s t i t u t e  o f  Science, Rehovot, I s r a e l ,  2Harvard. B io log i ca l  Laboratories, 
Cambridge, M, and 3Departmnt o f  Biology, Hai fa  Technion, Haifa, I s rae l .  

a ~RosopHIm MEUNOGZGTER DNA l i b r a r y  under non-str ingent hyb r id i za t i on  condit ions. 
nuc leot ide sequence o f  the DROSOPHILR src and ebi genes has been determined. Alignment o f  
t he  predic ted amino ac id  sequences i n  the homologous regions shows sequence i d e n t i t i e s  o f  
54% and 74% f o r  the src and &I genes, respect ive ly .  
vertebrate sequences i d e n t i f i e s  m u l t i p l e  amino acids which are essent ia l  f o r  the d i s t i n c t  
ro les  o f  c-src and c-ebi, and places the gene dup l i ca t i on  event which has generated the two 
genes p r i o r  t o  the Chordate-Arthropod divergence. 

The d i f f e r e n t  functions o f  t he  two genes are a l so  r e f l e c t e d  i n  t h e i r  d i f f e r e n t  patterns 
of expression duing DRosopHrwL development. The c-abl gene produces a s ing le  t r a n s c r i p t  o f  
6.2  KB which can be detected only  i n  RNA ext racted from eggs and 0-4 hour embryos. It is 
l i k e l y  t o  be maternal RNA which i s  s tored i n  the egg and i s  requi red f o r  the e a r l y  stages 
o f  embryogenesis. 
I t  produces three t ransc r ip t s  o f  3.1, 4 . 8  and 5.2 KB. 
however, change dur ing development. 

The nuc leot ide sequence o f  two o f  the m o s o p n r m  ras genes has been determined. 
The gene which shows the greatest  homology t o  v-ras (termed c-Dras-1) contains m u l t i p l e  
in t rons.  A cDNA clone conta in ing the e n t i r e  coding region was i so la ted  and sequenced. 
i s  over 70% homologous t o  the V-ras amino ac id  sequence. 
(c-Oras-2) contains a s ing le  in t ron,  and shows 52% homology t o  v-ras. A t  the carboxy 
terminus, the major domain o f  v a r i a b i l i t y  among the vertebrate ras genes,c-Dras-2 i s  most 
s i m i l a r  t o  exon 4B o f  K i r s ten  ras. The aRosopHrm c-Dras-1 and C-Dras-2 genes code f o r  a 
2.1 and a 1.8 KB t r a n s c r i p t  respect ive ly ,  and are expressed a t  a l l  stages o f  development. 

t o  study t h e i r  funct ion by the u t i l i z a t i o n  o f  the genetics and developmental b io logy o f  
~RosopHrLA. 
oncogenes and t h e i r  ver tebrate counterparts have analogous functions. 

B.Z. Shi lo' .  H. Hoffman-Falk'. 
'Department o f  Virology, 

DNA sequences homologous t o  the ver tebrate src, abi and ras oncogenes were i so la ted  from 
The 

Comparison o f  the DROSOPHILR and 

I n  contrast ,  the C - s r c  gene i s  expressed a t  a l l  developmental stages. 
The r a t i o s  between these t ransc r ip t s  

I t  
The second DROSOPHILA ras gene 

The i d e n t i f i c a t i o n  o f  c e l l u l a r  oncogenes i n  D R o s o p n r u  should provide new approaches 

The h igh degree o f  sequence conservation suggests t h a t  the D R o s o P n r u  
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0 7 4  THE SPECIFICITY OF TRANSLOCATIONS I N  HUMAN LEUKENIA AND LYMPHOMA, Janet D. Rowley, 
Department of Medicine, University of Chicago, Chicago, I L  60637 

Most human leukemias and lymphomas have a nonrandom clonal abnormality that are different 
in myeloid and lymphoid neoplasms. For many of the myeloproliferative diseases including 
acute nonlymphocytic leukemia (ANLL), chronic myeloid leukemia (CML) blast crisis,and pre- 
leukemic states, an extra No. 8 is the most common change; a loss of No. 7 also occurs. The 
chromosome gains and losses are more variable in malignant lymphoid diseases, however, gains 
of Nos. 3, 6, 7, or 21 are seen in some of them. In contrast to these aberrations seen in a 
spectrum of neoplastic hematologic disorders, is the remarkable specificity of certain 
structural rearrangements usually translocations. The clearest illustration of this specifi- 
city is seen in ANLL, which can be divided into various subtypes depending on the morphology 
of the predominant leukemic cell. Specific structural rearrangements are each uniquely 
associated with particular subtypes of ANLL. A translocation of Nos. 8 and 2 1  [t(8;21) 
(q22;q22)] is observed in acute myeloblastic leukemia (AML, MZ), whereas a translocation of 
Nos. 15 and 17 [t(15;17)(q22;q21)] is seen only in acute promyelocytic leukemia (APL, M3). 
In monoblastic leukemia (AMoL, M 5 ) ,  the translocation or deletion involves No. 11, usually 
band q23 but also llq13; the translocation partner is variable but often involves the short 
arm of No. 9. An abnormality of No. 16 is seen in patients who have an increase in myelo- 
blasts and monocytes [acute myelomonocytic leukemia, AMMoL (M4)] associated with morphologi- 
cally abnormal eosinophils that may be increased in number; it involves either an inversion 
with breaks in band 16q13 and q22 and or a deletion of 16q22. A translocation involving 
Nos. 6 and 9 [t(6;9)(p23;q34)] was recently identified in patients with either M2 or M4 leu- 
kemia with an excess of basophils. In lymphoid neoplasms, the translocations most commonly 
observed involve Nos. 8 and 14 in Burkitt’s lymphoma or B-cell acute lymphoblastic leukemia 
or Nos. 14 and 18 [t(14;18)(q32;q21)] in follicular small cleaved cell lymphoma. 

tion of tWO critical genes. The identity of these genes is largely unknown except for 
Burkitt’s lymphoma. 
will have general applicability to all of the specific rearrangements described above. 
t(8;14) results in the apposition of a proto-oncogene, c 2, near to an immunoglobulin gene 
which is functionally active in B cells, essentially the only cell type in which a t(8;14) 
has been identified. Recent studies have shown that c on band 9q34, is affected in the 
t(9;22) in CML. One can, thus, propose that the specificity of the translocation is related 
to the active function of a critical gene in a specific cell type interacting with a parti- 
cular growth regulating gene which may be a recognized oncogene, e.g. c 
growth factor, e.g. platelet derived growth factor which is homologous to another proto 
oncogene, c e. 
0075 
Numerous reported chromosome studies of solid tumor tissue and tumor cell lines have documented 
enormous variability in chromosome numbers (from hypodiploidy to heteroploidy) and in the 
presence of structurally rearranged chromosomes of identifiable or of undeterminable derivation 
(“marker” chromosomes). Postulated mechanisms that contribute to the aneuploid tumor cell kar- 
yotypes are endoreduplication, nondisjunction, DNA breakage and repair, nonhomologous mitotic 
recombination, isochromosome formation, and asynchronous and localized repeated unscheduled DNA 
replication. Resulting phenomena may include unstable rearrangements such as ring chromosomes, 
dicentrics, acentrics and newly generated chromosomal material in the form of homogeneously 
staining regions and double minutes that presumably contain amplified DNA sequences. While 
serial studies of tumor cell karyotypes may establish clonality of an individual cancer and al- 
low one to trace the steps in the evolution of a modal tumor karyotype, there is no clear cut 
relationship between biological behavior of the cancer and its apparent level of aneuploidy. 
Whereas marker chromosomes resulting from translocations or deletions appear to involve some 
human chromosomes more often than others, there are at present no markers that are unique and 
specific to tumors of any given site or histologic type (1). The best evidence for involvement 
of specific chromosomal sites exists for two human embryonic tumors that each occur in a spo- 
radic and in a heritable form: Retinoblastoma (RBI and Wilms tumor (WT) (reviewed in 2 ) .  A 
gene of unknown function, located in chromosome band 13q14, predisposes to bilateral (multifo- 
cal) RE when mutated, as in the highly penetrant autosomal dominant form of the disease, or 
when deleted or inactivated due to a cytologically detectable deletion or translocation ( 2 ) .  A 
second mutational event is required for RB to become manifest. Cytological, gene marker and 
molecular studies of the same patients‘ tumor and non-tumorous tissue are now producing evi- 
dence that this second event involves the homologous allele on the other chromosome 13. The 
situation in WT is only partially analogous since deletion of the distal part of band llp13 
does not uniformly lead to development of WT, but only confers a 30% risk. The autosomal domi- 
nant form of WT has reduced penetrance and the gene has not been independently mapped ( 2 ) .  The 
HRASl cellular oncogene is located distal to the region deleted in WT patients (3) which makes 
its direct involvement in tumor formation unlikely. However, the high frequency restriction 
fragment length polymorphism near the %gene makes it a useful marker locus for the detec- 
tion of deletion and/or mitotic recombination events that lead to hemi- or homozygosity of the 
as yet unidentified WT predisposing gene in llp13 in tumor tissues. 
1) Sandberg, A.A.: The Chromosomes in human cancer and leukemia. Elsevier (1980) 
2 )  Francke, U., Chromosomes and Cancer:99-115, Rowley & Ultmann, ed., Acad. Press, N.Y.(1983) 
3 )  De Martinville, B and Francke, U. Nature 305:641-643 (1983) 

These specific rearrangements are important because they define the exact chromosome loca- 

It is quite likely, however, that the observations in Burkitt’s lymphoma 
The 

or c e. or a 

CHROMOSOMAL ANALYSIS OF SOLID TUMORS. Uta Francke, Department of Human Genetics, 
School of Medicine, Yale University, New Haven CT 06510 

- 
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0076 TRANSLOCATION OF AN IMMUNOGLOBULIN K LOCUS TO A REGION 3 '  O F  AN UNREARRANGED 
C-MYC ONCOGENE ENHANCES C-MYC TRANSCRIPTION, C a r l o  M. Croce, The W i s t a r  I n s t i t u t e  
o f  Anatomy and B i o l o g y ,  P h i l a d e l p h i a  PA 19104. 

We have s t u d i e d  somat ic  c e l l  h y b r i d s  between mouse myeloma c e l l s  and J I  B u r k i t t  lymphoma 
c e l l s  c a r r y i n g  a t (2 ;8 )  chromosome t r a n s l o c a t i o n  f o r  t h e  express ion  o f  human 
t h e  presence and rearrangements o f  t h e  human c - w  oncogene and K c h a i n  genes. 
r e s u l t s  i n d i c a t e  t h a t  t h e  c - w  oncogene i s  unrear ranged and remains on t h e  8q+ chromosome 
o f  J I  c e l l s .  Two r e a r r a n g e d  CK genes a r e  d e t e c t e d :  t h e  expressed a l l e l e  on chromosome 2 
and t h e  e x c l u d e d  a l l e l e  t h a t  t r a n s l o c a t e s  f rom chromosome 2 t o  t h e  d e l e t e d  chromosome 8 ( 8 q t )  
Because h y b r i d s  c o n t a i n i n g  t h e  2p- chromosome b u t  n o t  chromosomes 2 and 8q+ and h y b r i d s  
c o n t a i n i n g  t h e  8q+ b u t  n o t  t h e  2 and 2p- c a r r y  V K  genes we conclude t h a t  t h e  b r e a k p o i n t  
o c c u r r e d  i n  t h e  chromosomal r e g i o n s  c a r r y i n g  VK genes and t h a t  t h e  VK genes a r e  p r o x i m a l  
and t h e  CK gene i s  d i s t a l  t o  t h e  b r e a k p o i n t .  The h i g h  l e v e l s  o f  t r a n s c r i p t s  o f  t h e  c-myc 
gene when i t  r e s i d e s  on t h e  8q+ chromosome b u t  n o t  on t h e  normal chromosome 8, i n d i c a t e  
t h a t  t r a n s l o c a t i o n  o f  a kappa l o c u s  t o  a r e g i o n  d i s t a l  t o  t h e  c-myc oncogene enhances c - w  
t r a n s c r i p t d o n .  

cha ins  and f o r  
Our 

0077 
Carcinogenesis, Natl. Cancer Inst., Frederick, Md. and Dept. Cell Biol. and Genet., 
Erasmus Univ., Rotterdam, The Netherlands. 

demonstrated its translocation to chromosome 22q- (the Ph' chromosome) in chronic 
myelogenous leukemia (CML) ( 1 ) .  In two CML patients, the Ph' chromosomal breakpoint has 
been molecularly cloned and localized within 14 kb and 30 kb, respectively, of the most 5' 
v-* homologous region. The possibility that the breakpoint on chromosome 9 may even map 
within the 5' coding region of the human c-* locus cannot be excluded, since the position 
of the most 5 '  exon in human c-& has not been determined (2). Although, as yet, we have 
not localized the chromosome 9 breakpoints of other CML patients, our results establish 
that the site of the Ph' translocation breakpoint is variable and suggest that breakpoints 
of other CML DNAs are located 5' of the approximately 80 kb of cloned DNA encompassing the 
human v-abl homologous sequences. 
5 '  regiozoward the centromere is established by the fact that the breakpoint is 5' with 
respect to the human c-& locus. 
indicated by its translocation to the Ph' chromosome in the t(9;11;22) and t(1;9;22) 
complex transactions associated with CML and the specific amplification of c - g  in the Ph' 
positive K562 cell line (3.4). Using, as a probe, chromosome 22 specific sequences of a 
Ph' chimeric DNA fragment, we have isolated an extended region on chromosome 22 from 
non-CML human DNA. The genomic organization of this region of chromosome 22 was 
investigated in DNAs of a number of CML patients; the majority exhibited abnormal 
restriction enzyme patterns indicating that in Ph'-positive CML a breakpoint generally 
OCCUKS within a single well defined region of chromosome 22 .  These findings strongly 
implicate c-& in CML and suggest that a specific breakpoint cluster region of chromosome 
22 may play a role in c-* activation. 
l)Heisterkamp, N., et al. 1982. Chromosomal localization of human cellular homologues of 
two viral oncogenes. Nature 299:747. 2) Heisterkamp, N., J. Groffen, J. R. Stephenson. 
1983. The human v-* cellular homologue. J. Mole &pl. Genet. 2:57. 3 )  Heisterkamp, N., 
et al. 1983. Localization of the c-abl oncogene adjacent to a translocation breakpoint in 
chronic myelocytic leukemia. Nature (in press). 
Translocation of the human c-& oncogene in variant Ph'-positive but not Ph' negative 
chronic myelocytic leukemia. Nature (in press). 

INVOLVEMENT OF c-abl IN THE 3HILADELPHIA (Ph!) TRfNSLOCATION, J. R. Stephenson', 
N. Heisterkamp', TGrosveld , and J. Groffen Laboratory of Viral 

By somatic cell hybrid analysis, we have localized c - g  to human chromosome 9 and 

The orientation of human c-& on chromosome 9, with its 

The possible involvement of c-& in CML is further 

4) Bartram, C. R., et al. 1983. 

Pathobiology of the Tumor Cell 

0078 CELLULAR ORIGINS, DIFFERENTIATION ARREST AND GENE EXPRESSION IN HUMAN LEUKAEMIA. 
Melvyn F. Greaves, Imperial Cancer Research Fund, London WCZA 3PX. 

The composite cellular phenotype of human leukaemic cells can be determined by immuno- 
logical analysis with monoclonal antibodies and by enzymatic assays. Molecular probes for 
gene re-arrangements (Ig loci) or abundant mRNA species also provide cell type tags. 
Cellular phenotypes so established are being integrated into diagnostic and therapeutic 
programmes. 

progression or show some asynchrony. Nevertheless they predominantly reflect the cell 
lineage and cell type origin of the dominant clone(s) plus the stringency of maturation 
arrest and proliferative activity. Few, if any, qualitative abnormalities can be identified 
other than chromosomal translocations. The overall conservation of phenotype in leukaemia 
is consistent with the view that leukaemogenesis progressively uncouples proliferation from 
differentiation with resultant stabilisation of immature phenotypes that are normally 
transient. 

Several of the cell surface structures expressed by leukaemic cells have recently been 
isolated, biochemically characterised and chromosomally mapped by somatic cell genetics; 
one has been molecularly cloned (the transferrin receptor). Details of these studies will 
be presented. 

The consistent phenotypes expressed in leukaemia are heterogeneous and may shift during 
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The hsp 70 gene of Drosophila nuc le i  was cleaved a t  two pos i t i ons  by s ing le-s t rand 
endonucleases. 
e i t h e r  the  DNase I o r  micrococcal nuclease hypersensi t ive s i t es .  
e n t i r e  coding reg ion p lus  1.5 kb of 5'  f lank ing DNA were n o t  cleaved a t  the pos i t i ons  
recognized i n  chranatln; t h i s  was t r u e  o f  supercoi led plasmids, l i n e a r  plasmids, and DNA 
incubated under condi t ions t h a t  induce Z-DNA formation. Nhen nuc le i  were digested i n  
progressive increments o f  i o n i c  strength, the cleavage s i t e s  disappeared between 200 and 
300 mM NaC1. Thus. presence o f  s ing le-s t rand regions i n  the  con t ro l  reg ion o f  hsp 70 i s  
a t t r i b u t e d  t o  chromatin s t ructure,  poss ib ly  due t o  non-histone prote ins,  o r  to higher  
order conf igurat ions.  

SINGLE-STRANDED REGIONS I N  THE 5 '  FLANKING DNA OF THE DROSOPHILA HSP 70 GENE. Ronald 
L. Seale, Scripps C l i n i c  and Research Foundation. La Jo l l a .  CA 92037. 

The cleavage s t t e s  were i n  the 5' f lank ing reg ion and were no t  i d e n t i c a l  t o  
Plasmids conta in ing the  

0080 
W N G  AGENTS. Leonard C. Erickson*. Chana Zlotogorski**, and N e i l  W. Gibson**. Lab. of 
Cel l  Biology and Pharmacology*, Loyola S t r i t c h  School of Medicine, Maywood. IL, and Lab. of 
Molecular Pharmacology**, National Cancer I n s t i t u t e ,  N.I.H., Bethesda, MD. 

Puman tumor c e l l s  d i f f e r  in t h e i r  a b i l i t y  t o  r e p a i r  DNA les ions  a t  the  06-position of guanine. 
Mer+ (Methylation r e p a i r )  c e l l s  have been shown t o  be capable of reac t iva t ing  Adenovirus which 
has been dama ed by exposure t o  Mh'NG (Day etc., CARCINCGENESIS l-:21, 1980), and a r e  capable 

a r e  def ic ien t  a t  both of these  processes, and have no detectable-methylguanine DNA methyl- 
t ransferase  (Yarosh et a l .  CARCINOGENESIS 4:199, 1983). The CNU's produce DNA in te rs t rand  
cross l inks  (ISC) i n  zr-cells, but not in-Mer+ c e l l s  (Erickson gal., NATURE =:727, 
t980). Recently we have shown t h a t  pretreatment of Her' cells with M " G  or MNU apparently 
f n h i b i t s  the  DNA repa i r  mechanism by which Mer' c e l l s  prevent CNU ISC formation. 
H " G  pretreatment, CNU produces ISC and cy to toxic i ty  i n  Mer' c e l l s  a t  l e v e l s  comparable t o  
Her- c e l l s  (Zlotogorski and Erickson, CARCINCGENESIS 6:759. 1983). We now wish t o  report  that 
the DNA les ions  produced by the  o ther  ISC agents  G - P t ,  HN2, L-PAH, and a Cytoxan der ivat ive.  
are apparent ly  not repaired by t h i s  DNA repa i r  system. 
Oroduced by these agents  was not increased,  and the  cy to toxic i ty  w a s  a l s o  unchanged. 
Col lect ively these  da ta  suggest t h a t  adducts a t  t h e  06-position of guanine a r e  repaired by a 
m e c i f i c  DNA r e p a i r  svstem. which does not recornize a l k v l a t i o n e a t  nther oosltlona in RUA, 

SPECIFIC DNA REPAIR MECHANISMS MAY PROTECT SOME HUMAN TUMOR CELLS FROM DNA INTERSTRAM) 
CROSSLINKING BY CHLOROETAYLNITROSOUREAS (CNU's) BUT NOT FROM CROSSLINKING BY OTHER 

of removing 0 f methylguanine from t h e i r  DNA (Day gt. NATURE 288:724, 1980). Mer- cells 

Following 

Following MNNG pretreatment the  ISC 

0081 BUTYRATE INDEPENDENTLY INDUCES BOTH TRANSCRIPTION OF THE GONMOTROPIN a GENE AND 
A CELL CYCLE SPECIFIC ARREST I N  ECTOPIC TUWR CELLS, Robert B. Darnel1 and 

I r v i n g - h i m e .  Washington Un ive rs i t y  School o f  Medicine, S t .  Louis, No. 63110. 
Several types o f  c e l l s  t h a t  do no t  normally express the gonadotropin a subunit do so when 
they are transformed (ectopic  production). Somatic c e l l  f us ion  studies (Stanbridge e t  a l .  
Science 215:252, 1982) have co r re la ted  the ectopic  expression o f  a pro te in  I n  HeLa c e l l s  
w i t h  the expression o f  a tunor igenic  phenotype. I n  addi t ion,  t rophoblast  c e l l s  o f  t he  
placenta, which do normally express a p r o t e i n  (eutopic  production), have an extremely 
invas lve growth pa t te rn  and anaplast ic  morphology. To address the re la t i onsh ip  between 
expression o f  the s ing le  copy a gene and tumor- l ike phenotypes, we analyzed the e f f e c t s  o f  
sodium bu ty ra te  on a expresslon i n  HeLa c e l l s .  Butyrate has been shown t o  s t imulate a 
subunit product ion i n  ectopic  tw c e l l s ,  bu t  t o  have no e f f e c t  on a expression i n  
eutopic c e l l s .  We found t h a t  5M butyrate increased t r a n s c r i p t i o n  o f  t he  a gene i n  HeLa 
c e l l s  about 10 fo ld .  We determined whether t h i s  e f f e c t  might be due t o  the  known general 
ac t i on  o f  butyrate t o  block c e l l  cyc l ing.  o r  t o  a spec i f i c  ac t i on  on the  a gene i n  ectopic  
tumor c e l l s .  I n  HeLa c e l l s  synchronized by a double thymid lne/aphid ico l in  block, we found 
t h a t  bu ty ra te  s t imulated a t r a n s c r i p t i o n  i n  S phase o r  interphase c e l l s ,  and i n  c e l l s  
blocked I n  m i d 4  phase o f  the c e l l  cycle. However, bu ty ra te  blocked c e l l  cyc le  
progression through G1 by an i n d i r e c t  act ion, requ i r i ng  the presence o f  butyrate 
s p e c i f i c a l l y  l a t e  i n  the previous S phase. Since bu ty ra te  appears to d i r e c t l y  a f f e c t  a 
expression i n  HeLa c e l l s ,  these r e s u l t s  may ind i ca te  t h a t  the con t ro l  o f  a gene expression 
i n  eutopic t rophoblast  c e l l s  and ectopic  tumors d i f f e r s .  
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0082 GENE AMPLIFICATION AND CARCINOGENESIS, Martin L. P a l l ,  Programs in 
Genetics and Cell Biolog and Biochemistry/Biophysics, Washington State 
University, Pullman, WA Jbl64-4350 

Gene amplification of protooncogenes has been proposed by the author to cause 
cancer (Proc. Natl. Acad. Sci. USA 78:2465, 1981). According to this carcino- 
genesis model, initiation involves a tandem duplication of a protooncogene. 
Promotion involves higher level amplification by a series of unequal sister 
chromatid exchanges in different cell cycles. Nine types of observations on 
carcinogens, carcinogenesis, gene amplification and cancer cells provide 
evidence for this model. Three of these were not available when the model was 
published and can, therefore, be considered experimental verification. These 
include evidence that tumor,promoters stimulate gene amplification in cell 
culture, evidence for protooncogene gene amplification in cancer cells and 
evidence that carcinogens induce tandem duplications. Experimental evidence 
on this last prediction will be presented. Other support for the model 
includes cytogenetic evidence for gene amplification in many tumor cells (homo- 
geneously staining regions and double minutes) and evidence for stimulation of 
sister chromatid exchange by carcinogens and tumor promoters. This gene 
amplification model is proposed as a general explanation for the initiation- 
promotion pattern found in chemical carcinogenesis. 

0083 
Ricerca sul Cancro, I.S.T. ,Viale Benedetto XV n.10 , 16132 Genova, I ta ly .  

The methylating carcinogen DMH (1.2-dimethylhydrazine) is,under cer ta in  experimentalconditions, 
organospecific and produces adenocarcinoma of the colon i n  rodents. The compound, although i s  
a very potent  carcinogen, is not a mutagen "per se" since so f a r  has not proven t o  be act ive 
i n  any of the avai lable  " in  v i t ro"  mutagenesis assay. 
We have t r i e d  to access the poss ib i l i ty  t h a t  DMH could be converted " in  Vitro" t o  i t s  mutagen- 
i c  metabol i te(s)  by the appropriate use of microsomal enzymes. In par t icu lar  we have tes ted 
l i v e r  and colon rat microsones-from animals t reated with 6-naphtoflavone o r  phenobarbital, i n  
condition t h a t  would maximize' thd exposure of the t e s t  system t o  vola t i le  metabolites. 
Mutagenic potency was judged by three d i f fe ren t  c r i t e r i a  1)autoradiographic ident i f ica t ion  of 
unscheduled DNA synthesis 2)induction of Gthioguanine r e s i s t a n t  mutants Ln V79 Chinese ham- 
s t e r  c e l l s  3 ) f o r m t i o n  of adducts of DNA bases ( i n  par t icu lar  0-6 methylguanine) and nuclear 
proteins  aminoacids ,using 3H-methyl-DMH and the appropriate analyt ical  and detect ion system. 
Some induction of mutagenicity was detected(organospecific t o  some extent)  i n  a l l  three assays 
but  mainly a s  judged by the charac te r i s t ic  of the DNA adducts formed. 

" I N  V I T R O "  A C T I V A T I O N  OF DMH: MODULATION OF MUTAGENICITl AND CHROMATIN DAMAGE. 
Lidia C.  Boffa, Claudia Bolognesi and Gianfranco Fassina, I s t r t u t o  Nazionale per l a  
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0085 TRANSIENT COMPLEMENTATION OF XERODERMA PIGMENTOSUM CELLS BY MICROINJECTION OF 
POLY(A)+RNA, R. J. Legerski,  D. Brown. C. A. Peterson and D.L. Robberson, 
Department o f  Genetics, The Un ive rs i t y  o f  Texas System Cancer Center, M.D. 
Anderson Hospl ta l  and Tumor I n s t i t u t e ,  Houston, Texas 77030 

Xeroderma plgmentosum (XP)  i s  an autosomal, recessive dlsease o f  humans character ized 
by dermatologic and ocu la r  symptoms and a h igh  p red ispos i t i on  towards sk in  cancer a f t e r  
exposure t o  sunl ight .  Some forms o f  XP a l so  have associated neuro log ica l  d isorders and 
some stud les have suggested i n u n o l o g i c a l  abnormali t ies. Other s tud ies have shown t h a t  
f i b r o b l a s t i c ' t i s s u e s  taken from XP pa t i en ts  are defect ive i n  the  r e p a l r  synthesis o f  
t h e i r  DNA a f t e r  exposure t o  u l t r a v i o l e t  (UV)  l i g h t .  
the UV DNA r e p a i r  de f l c l9ncy  o f  XP c e l l s  i s  t r a n s i e n t l y  complemented, as measured by 
unscheduled DNA synthesis (UQ). by i n t r o d u c t i o n  through m ic ro in jec t l on  o f  cytoplasmic 
poly(A)+RNA der ived from HeLa c e l l s .  Cel l  l l n e s  from fou r  d l f f e r e n t  complementation 
groups o f  XP have been assayed. 
and F do not. Su rv i va l  o f  c e l l s  i n  each o f  t he  groups subsequent t o  m ic ro in jec t i on  i s  
approximately 50%. 
complemented as judged by near normal UDS. F rac t l ona t lon  o f  cytoplasmlc poly(A)+RNA on 
a 15-302 nondenaturing sucrose gradient  and subsequent m l c r o l n j e c t i o n  o f  t he  i n d i v i d u a l  
f r a c t i o n s  revealed t h a t  t he  r e p a l r  mRNA t h a t  complements XP group G sediments a t  12s. 
We be l i eve  t h i s  assay w i l l  be o f  great u t i l l t y  i n  the  c lon ing  and biochmlcal ana lys i s  o f  
DNA r e p a i r  genes. 

We have developed an assay i n  which 

Groups4 and G show complementation whereas groups D 

Approxlmately 10-20% o f  su rv i v ing  c e l l s  from groups A and G are 

0086 CONVERSION OF DNA REPAIR DEFICIENT MER- HUMAN TUMOR CELLS TO REPAIP PROFICIENCY BY 
TRANSFECTION WITH tER+ DNA. Daniel B. Yarosh, Chuck H. J .  Ziolkowskl and Rufus S.  

Day, 111, National Cancer I n s t l t u t e ,  NIH, Bethesda, Maryland 20205 

y\ group o f  human tumor s t r a i n s  which l ack  the  a b l l i t y  t o  r e p a i r  06-methylguanine (06-MeG) I n  
DNA were prev ious ly  i d e n t i f l e d  by t h e i r  defect  i n  r e a c t i v a t i o n  o f  FHNG-treated adenovlrus, 
and have been designated Mer-. These s t ra ins  are hypersensi t ive t o  MNNG-proCced c y t o t o x i c l t y  
and a l l  12 -s t ra ins  r h i c h  have been tested con ta in  l i t t l e  o r  no 06-MeG-ONA methy l t ra  s ferase 

DNA. Ce l l s  f ran  a Mer- s t r a l n  were t ransfected w i t h  a m ix tu re  o f  DNA fran a Mer+ s t r a i n  con- 
t a i n i n g  06MT a c t l v i t y  and plasmld pSV2neo DNA c a r r y i n g  the  Tn5 neo gene, a drug res ls tance 
marker. C e l l s  r e s i s t a n t  t o  the  neomycln analog 6418 were pooled and seven clones were se lected 
based on t h e i r  increased res l s tance  to MNNG-Induced c e l l  k i l l i n g .  

A l l  seven clones re ta ined  t h e  drug res i s tance  marker. The i r  DNAs were a l l  a l k y l a t e d  t o  t h e  
same ex ten t  as the parental s t r a i n s  by treatment I n  v i v o  w i t h  3H-MNNG. and a l l  seve had 

from DNA. contained 06MT p r o t e i n  and a c t i v i t y ,  and r e a c t i v a t e d  MNG-treated adenovlrus as 
w e l l  as Mer+ ce l l s .  The o the r  s ix  clones d i d  no t  renove 06-MeG f r a n  DNA, lacked O M  a c t i v l t y  
and were as d e f i c i e n t  i n  r e a c t i v a t i o n  of t4"G-treated adenovlrus as Mer- c e l l s .  Cel ls  can 
becane more r e s l s t a n t  to the l e t h a l  e f f e c t s  o f  M N G  by a c q u l s i t l o n  o f  06MT a c t i v i t y ,  b u t  
Wler funct lons a l l ow  c e l l s  to t o l e r a t e  damage induced by a l ky la t l on .  

( O M ) ,  an enzyme which i s  present  i n  Mer' c e l l s  and renoves the methyl group fran 0 6 MeG I n  

grea te r  post-MNNG colony forming a b i l i t y  than Mer- c x c O n e  o f  these clones rmoved 0 a MeG 

0087 DNA DAMAGE AND INDUCIBLE REPAIR IN BACILLUS SUBTILIS. Bradford M. Friedman, Purl 
E. Love and Ronald E. Yasbin. University of Rochesta, R- New York 14642 

DNA damage and its relationship to carcinogenesis has been actively studied in mammalian systems. The- 
studies have, to some extent, relied on information obtained from the & toll modeL We have been 
involved in characterizing the inducible DNA repair mechanisms of the gram positive bacterium B. rubtilis. 
Through a combination of molecular biological, genetic and recombinant DNA techniques, a control pattern 
of DNA repair has begun to emerge which varies significantly from that described for & & For 
example, the overproduction of cloned bacteriophage repremr protein inhibits the induction of 
homoimmune prophage and ako decreases the induction of heteroimmune prophage. A mutant strain ha# 
been constructed which c a w s  the induction: (i) of bacterial filamentation, (ii) of prophage, and (iii) of W- 
reactivation at elevated temperatures. Them three phenomena are part of the 'SOS'-like system of E. 
subtilis. The genetic analysh of this mutant strain revealed that W-rcactivation and prophage induction 
are controlled by genes which are essential for recombination and post-replication repah while 
filamentation wan not controlled by these genea In addition, the protein inhibitors PMSF and antipain 
prevented prophage induction but did net affect filamentation and W-reactivation. Them mrults 
necessitate a re-evaluation of the potential mechanisms which control SOS systems in other organinma and 
the relationships of these systems to cucinogeneds. 
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0088 IDENTIFICATION, CHARACTERIZATION AND MAPPING HUMAN TRANSFERRIN COMPLEMENTARY DNA, 
Yang, F., Lum, J.B., McGill. J.R.. Moore, C.M., van Bragt. P.H.. Baldwin. W.D. and 

Bowman, B.H., The University of Texas Health Science Center, San Antonio, Texas 78284. 
Transferrin, the major iron transport protein in vertebrates, belongs to a family of 

homologous proteins that evolved by intragenic amplification of an ancestor gene in pro- 
chordates followed by repeated duplications of this gene in vertebrates. Other members of 
the transferrin family include lactoferrin. a protein in mammalian secretions; ovotrans- 
ferrin, a protein synthesized in chicken oviducts; p97. a membrane protein antigen in all 
human melanoma cells and HuBlym-1, a transforming protein present in Burkitt's lymphoma 
cells. The study described here initiated the characterization of the genes controlling 
the transferrin family by identifying and characterizing human transferrin complementary 
DNA and mapping its chromosomal location. 

Recombinant plasmids containing human complementary DNA encoding transferrin (Tf) have 
been isolated by screening an adult human liver library with a mixed oligonucleotide probe. 
Clones containing inserts have been obtained which span 2.3 kilobase pairs of Tf cDNA. 
Sequencing the Tf cDNA revealed a probable leader sequence followed by two domains, the 
amino (N) and carboxyl (C) sequences with 40% homology. Chromosomal mapping by in situ 
hybridization indicated that the T f .  gene is located on human chromosome 3, strengthening 
the evidence of linkage of T f .  melanoma p97 and the Tf. receptor. The transferrin-like 
oncogene discovered by Diamond et al. in Burkitt'a lymphoma and repeated observations of 
chromosome 3 translocations associated with human cancer and leukemia offer stimulation for 
explodno chis area pf the human zenome for an association with malignant transformation. 

0089 AP (APURINIC-APYRIMIDINIC) SITES IN LNA: IWTKICTIVE OR NoN-INsTI(ucpIVE LESSIONS7 
Dam Sagher and Bernard Strauss, University of Chicago, Chicacp, IL 60637. 

mes, prticularly adenine, are lneferentially inserted appDsite AP (agyrhidinic) 
sites at the w i t h  of T ' s  by either E. coli pol I (large frarpnent), polymerase a or 
AMI reverse transcripase. TO exmine thep3ssibility of residual informattcn at the 
damaged site, lead- to the incorporation of the come& nuclectide (e.g. A oppsite 
T-derived lesions), w deanhated cytosines in CNA and -ed the resulting uracils w i t h  
uracil-N-glyaxylase. W i t h  g. 9 pol I (1.f. ), A is immrprated m r e  readily than G 
OFpOsite both C- and M e r i v e d  AP sites. H-er, Nwikoff heptcnm pol B adds G p f e r -  
entially OpFOsite C-deriwd sites and A opposite T-derived lesions. The inclusion of dAMP 
or in the rezid.cn mixture doea not change the specificity of inserticn. H-er the 
terminatcon pattern w i t h  g. pol I is affected by what we interpret aa inhibition of 
the 3l-5' exanrcleaae activity. AS expected the tenninaticn p t t e m  with pl m i n s  
unchanged. Our results stress the role of polymerase in base selection and hint at the 
cuqlexity of the factors involved in t h i s  selecticn. Wn-k is llow in progress to deter- 
mine the specificity of insertion at a 
[Wco-k suzlported by the NIIi  and the 

inic sites. 

0090 INEFAOIoN OF LNA K&=E AND ADMlCT USEORJWION IN SPECIFICITY OF INCXIRPOR- 
ATICN OPPC6ITE -MC LESICNS IN CNA. Bernard Strauss and Sanuel Win, 

University of olicago, Chicago, IL 60637. 

If CNA polynrerases add any nucleotide p i t e  ncn-instructional sites, that nucleotide is 
likely to be a prine, prticularly adenine. CNA treated w i t h  N-acetoxy acetylamimflum- 
e m  dws not replicate because of the fonmtim at the 0 8  p i t i o n  of AAF-1K; (acetyl 
aminofluorene-aC). E. coli pol I (large fragtrent) and polymerase ,f+ can insert dC and 
0q;Psicnally d~ -item& at certain sites in the CNA. is substituted for 
Mg AMition of dAMP or 
d ~ @  with E. 9 pol 1 (1.f.) erh- the stable imzpration of any of the W ' s .  
Polymerase a 6- to be mre relaxed in specificity than plymerase p. At the majority 
of sites, CNA wi* a base added w i t e  the AAF-dG lesion is not a god subatrate for 
further eluqaticn. The data imply that polymerases dinarily read W-dG in the anti 
canfiguratim but that when elcngaticn o c w s  with ARF-dG in the pition. the rules 
for -instructive lesiotm appl Frame shift mutations induced by AAFdG cculd be the 
result of s l i p g e  at lesians. Fran a PhD thesis by S.  =in. Work supported by the 
N I H a n d C o E .  1 

men MI 
this specificity is broadened so that T or CX: can also be added. 
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0091 REpLIcpLpIa OF CPXXI?Xm DXWE AND SINiLE-STRANDeD W TEWUTS IN 
VIW. Karen L. Laracn, Karel Angelis and Bernard Strauss, University of Chicago, 

olicago, IL 60637. 

W and beneo(a)pyrene lesicns in single stranded INA are blocks to DNA &mlymerases in - vitro. we constructed tenplates f r a n  tacteriophase M13 DNR with unique nicks (daubs 
stranaed) or gaps (single stranded) to evaluate the effect of lesions in double stranded 
DNA. M13 replicative fonn I INA was treated w i a  rsstriction erdmucleasea to prcduce one 
or tsm cuts and the resulting linear f- were denatured and reannealed to circular viral 
strand molecules. DNR plymerases were challenged with lesions induced by W, peoralen, 
angelicin or benzo(a)gyrene diol epxide. In all cases, synthesis catalyzed by E. coli 
pal I, p l  I (large fragnent) or AMI r-e transcriptase stow one nucleotide before- 
presuned lesiam. Termination occurs at these sites with @ymerasq pcducing either 
strand displacanent or nick translation. for Mg + does not change 
the pattern of termination on m l e  s t r d e d  tmplates. HcuRver, when the prcducts $f 
this first stage reactim are extded by plymerase in a s d  round of synthesis, btn 
substitution can affect the plttern of elongation on double as w e l l  aa single stranded 
templates. As yet we see no evidence that the double stranded template is m r e  pzmiS- 
sive . 
Csuppxted by grants fmn the 

Substitution of M 

a d  the m.1 

0092 FACTORS INFLUENU-IAON 1IF REPATOCARCINUGENRT5. G1.K. Kautmann and U.K. 

During the f i r s t  c e l l  d i v i s i o n  cyc le  f o l l o w i n g  the p r o l i f e r a t i v e  s t imulus o f  a 2 /3 's  p a r t i a l  
hepatectomy (PH), r a t  hepatocytes undergo l a r g e  changes i n  s e n s i t i v i t y  t o  i n i t i a t o r s  o f  
carcinogenesis. 
we have t rea ted  r a t s  w i t h  a s i n g l e  dose o f  N-methyl-N-acetoxymethylnitrosamine (OMN-OAc) 
de l i ve red  i n t o  the p o r t a l  ve in  a t  times when p r o l i f e r a t i n g  hepatocytes i n  regenerat ing l i v e r s  
were i n  def ined phases o f  the c e l l  cyc le .  
t o  the  proximate carcinogenic species, DMN-OH, was found n o t  t o  vary s i g n i f i c a n t l y  dur ing 
l i v e r  regeneration. 
a f t e r  treatment a t  se lected t imes a f t e r  PH. 
the p r e r e p l i c a t i v e  phase o f  growth there occurred a 9-14 h delay i n  the onset o f  S phase bu t  
DNA synthesis reached 60% o f  the con t ro l  ra te.  T rea t i ng  hepatocytes i n  S i n i t i a l l y  i n h i b i t e d  
DNA synthesis by 80% fo l lowed by a modest recovery i n  ra te.  
d i e t a r y  phenobarbital hepat ic  tumor incidences and y i e l d s  were greatest  i n  those r a t s  t rea ted  
p i t h  DMN-OAc when hepatocytes were e a r l y  i n  the  S phase. 
e a r l y  i n  G were s i g n i f i c a n t l y  l ess  suscept ib le  t o  i n i t i a t i o n .  
lobserved i x  r a t s  n o t  subjected t o  PH i n d i c a t i n g  a s t r i c t  requirement f o r  c e l l  p r o l i f e r a t i o n  
t o  i n i t i a t e  hepatocarcinogenesis. 
tocytes t o  i n i t i a t i o n  and suggest t h a t  DNA r e p a i r  a c t i v i t i e s  operate before DNA r e p l i c a t i o n  
t o  reduce c e l l u l a r  s e n s i t i v i t y .  

Kaufman. Univ. o f  North Carol ina, Chapel H i l l ,  NC 27514.. J.M. Rice, Freder ick Cancer 
Res. Fac., Frederick, MD 21701, and M.L. Wenk, Micro. Assoc.. Inc., Bethesda, MD 20018 

To f u r t h e r  evaluate the  fac to rs  which under l i e  the  changes i n  s e n s i t i v i t y ,  

Hepatic esterase a c t i v i t y  which converts OMN-OAc 

When l i v e r s  were t r e a t e d  w i t h  DMN-OAc e a r l y  i n  
Pre l iminary s tud ies a l so  have revealed l i t t l e  v a r i a t i o n  i n  b ind ing t o  DNA 

A f t e r  42 weeks promotion w i t h  

L i ve rs  t rea ted  when hepatocytes were 

The r e s u l t s  reveal  an enhanced s e n s i t i v i t y  o f  S phase hepa- 

Very few hepat ic  tumors were 

Supported by N I H  Grant CA32238. 

0093 
Memorial Cancer Research Laboratory, Department of Pathology SM-30. Universi ty  of Washington 
S e a t t l e ,  WA 98195. 

Unt i l  recent ly ,  it has  not been poss ib le  t o  determine the frequency and spectrum of nucleo- 
t i d e  sequence changes occuring in ind iv idua l  eucaryot ic  genes. We have used recombinant DNA 
techniques t o  answer t h i s  quest ion.  Mitochondria1 DNA6 were i so la ted  from normal human 
lymphocytes of 4 ind iv idua l  donors, and from 4 p a t i e n t s  with lymphocytic leukemia ( 2  acute;  
2 chronic) .  The mitochondria1 DNA6 were double-digested with the  r e s t r i c t i o n  endonucleases 
- Sac1 and *I, then l iga ted  i n t o  the filamentous phage cloning vector  M 1 3 m p l l .  Three of the 
four predicted mitochondria1 DNA fragments w e r e  recovered in recombinant plaamids. These 
fragments were i d e n t i f i e d  and p a r t i a l l y  sequenced by the dideoxy chain terminator method of 
Sanger. Data on the  frequency and spectrum of nucleot ide sequence changes occuring in 50 
independently i so la ted  clones from each ind iv idua l  w i l l  be presented. Approximately 10,000 
nucleot ides  have been sequenced from each ind iv idua l .  The majori ty  of changes in normal 
ind iv idua ls  and leukemic p a t i e n t s  are single-base subs t i tu t ions .  These changes a r e  c lonal ;  
t h a t  is, they a r e  present  in a l l  members of t h e  population. The implicat ions of the changes 
i d e n t i f i e d  f o r  neoplas t ic  progression and the monoclonal o r i g i n  of human neoplasms will be 
considered. 

NUCLEOTIDE SEQUENCE HETEROGENEITY I N  MITOCHONDRIAL DNAa OF N O W  AND NEOPLASTIC 
HUMAN LYMPHOCYTES. Raymond J. Monnat, Jr., and Lawrence A. Loeh, The Joseph Got t s te in  
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0094 EFFECT OF DNA REPAIR ON TRANSFECTION ACTIVITY OF 4x174 RF OVA MODIFIED WITH 
CARCINOGENIC AND NONCARCINOGENIC BENZOr a1 PYRENE D IOL EPOXIDE ISOMERS. 

Moon-shonq Tang, Richard P. Doisy and Michael C. MacLeod. The Un ive rs i t y  o f  Texas System 
Cancer Center, Science park, Smi thv i l l e ,  TX 78957. 
Three me tabo l i ca l l y  ac t i va ted  benzoCalpyrene (RralP) de r i va t i ves  - 
( t ) -7 r ,  8t-dihydroxy-9t, 10t-oxy-7,B,9,10-tetrahydo B[alP (BPDE-I), 
(+ ) -F ,  Bf-dihydroxy-9T. lE-oxy-7.R,9,10-tetrahydo BCaIP (BPDE-II), and 
(+)-9F, 1Ut-di hydroxy-7c, 8z-oxy-7.8. 9.10-tetrahydo BraIP (BPDE- I I I ) 
vary Tn t h g i r  mutaqenicTty and carc inogenic i ty .  O f  the three isomers, RPDE- I  i s  the most 
mutagenic i n  mammalian c e l l s  and Is the on ly  Isomer w i t h  carcinogenic a c t i v i t y .  The major 
BPDE-I-DNA adduct has a r e l a t i v e l y  exposed conformation and causes aporeciable d i s rup t i on  
o f  the double h e l i x ;  i n  cont rast ,  BPDE-111-DNA adducts are i n te rca la ted  and therefore,  
r e l a t f v e l y  non-exposed. Althouqh these three isomers d i f f e r  i n  t h e i r  r e a c t i v i t y  and l a b i l -  
i t y ,  which may con t r i bu te  t o  the dif ferences i n  t h e i r  b i o l o g i c a l  a c t i v i t i e s ,  the s t r u c t u r a l  
v a r i a t i o n  i n  DNA adducts per  se may a l so  affect t h e i r  b i o l o g i c a l  potencies. To assess the 
b i o l o g i c a l  r o l e  o f  DNA adducts induced by these three isomers, we have t ransfected 
OX174 RF DNA modi f ied wl th RPDE-I, -1 o r  -111 i n t o  three E. c o l i  DNA-repair mutants 
and w i l d  type c e l l s .  We have found t h a t  the r e p a i r  o f  BPDE-I 3 n d T  DNA damaqe requi res 
uvrA, uvrB and uvrC qenes. However, BPDE-I11 damaqe, which i s  much less  e f f i c i e n t  a t  
S c i - I 7 4  -A t rans fec t i on  a c t i v i t y ,  requi res none of these three genes f o r  
i t s  repa i r .  Research supoorted by NIEHS g ran t  ES 03124 and N C I  qrant  CA 35581. 

0095 INFLUEiJCE OF CHEMICAL CARCINOGENS AND VIRAL ONCOGENES ON THE NEOPLASTIC PROGRESSION OF 
SYRIAN HA14STER EMBRYO CELLS. Tona Gilmer. David G. Thomassen, Lo i s  Annab, and J .  Carl 
Ba r re t t .  N a t ' l  I n s t i t u t e  of Environmental Health Sciences, Res. T r i .  Park, N.C. 27709 

We have prev ious ly  demonstrated t h a t  chemical carcinogen induced neoplast ic  t ransformat ion o f  
Syrian hamster embryo (SH€) c e l l s  i s  a progressive, mu l t i s tep  process. To understand the 
nature o f  carcinogen-induced events and the r o l e  o f  oncogenes i n  t h i s  process, we have compar- 
ed the s u s c e p t i b i l i t i e s  of normal, d i p l o i d  SHE c e l l s  and carcinogen-induced preneoplast ic  SHE 
c e l l s  t o  oncogene-induced neoplast ic  t ransformat ion by t rans fec t i on  w i t h  genomic clones o f  
e i t h e r  Harvey murine sarcoma v i r u s  (HaSV) o r  Rous sarcoma v i r u s  (RSV). Normal SHE c e l l s  treat. 
ed w i t h  HaSV DNA were morphologi5al ly normal, d i d  no t  escape c e l l u l a r  senescence, bu t  d i d  grow 
i n  agar a t  a low frequency (< lo-  ). 
w i t h  the human carcinogen d i e t h y l s t i l b e s t r o l ,  formed progress ive ly  growing tumors i n  nude mice 
< 3  weeks a f t e r  HaSV DNA treatment w h i l e  pBR DNA t rea ted  c e l l s  were nontumorigenic. Tumors 
formed w i t h  DES-4 c e l l s  t rea ted  w i t h  50ng of DNA, whereas SHE c e l l s  t rea ted  w i t h  5000ng o f  DNA 
were nontumorigenic. Cotransfect ion w i t h  HaSV and pSV2-neo DNAs and se lec t i on  f o r  a n t i b i o t i c  
res is tance ind i ca ted  t h a t  SHE c e l l s  were r e c i p i e n t s  f o r  exogenous DNA, bu t  t h i s  treatment d i d  
n o t  r e s u l t  i n  t ransformat lon o f  SHE c e l l s .  However, 50% o f  the cotransfected DES-4 c e l l s  were 
n e o p l a s t i c a l l y  transformed and expressed e levated l e v e l s  o f  HaSV RNA. I n  addi t ion,  DES-4 
c e l l s  t ransfected w i t h  RSV DNA formed tumors i n  nude mice wh i l e  RSV DNA t rea ted  SHE c e l l s  d i d  
not .  These r e s u l t s  support the hypothesis t h a t  Ha-ras and s rc  oncogenes can complete the 
neop las t i c  t ransformat ion of c e l l s  f o l l ow ing  carcinogen treatment bu t  t h a t  these oncogenes 
alone are i n s u f f i c i e n t  t o  cause neoplast ic  t ransformat ion o f  normal c e l l s .  

DES-4 c e l l s ,  a l i n e  o f  preneoplast ic  SHE c e l l s  t rea ted  

0096 EVIDENCE FOR THREE S T E K P N  Ut  bYKIRKHAFlbItH tMBPT0 
CELLS BY CHEMICALS AND VIRAL ONCOGENES, Mitsuo Oshimura, David G Thomassen, Lois Annabl 
and J .  Carl B a r r e t t ,  Na t l .  I n s t .  o f  Environ. Hl th .  Sci. ,  Res. T r i .  Park, N.C. 27709 

Harvey sarcoma v i r u s  (HaSV) and Rous sarcoma v i r u s  (RSV) DNAs can induce neoplast ic  transforma- 
t i o n  o f  carcinogen-induced preneoplast ic  c e l l s  (DES-4), but  not  o f  t h e i r  normal parental c e l l s  
(Sy r ian  hamster embryo f l b r o b l a s t s )  (Gilmer e t  a l . ,  UCLA symposium). We present evidence sug- 
gest ing t h a t  oncogene-induced transformatlon of preneoplast ic  DES-4 c e l l s  involves 2 steps. 
DES-4 c e l l s  formed progress ive ly  growing tumors i n  nude mice a f t e r  treatment w i t h  DNA from a 
genomic c lone o f  HaSV. 
was examined by cot ransfect ing k e l l s  w i t h  pSV2-neo and HaSV DNAs fo l lowed by se lec t i on  f o r  an- 
t i b i o t i c  (6418) res is tance (neo ) encoded by pSV2-neo. 
were tumorigenic and 414 o f  those clones tesked expressed Ha-ras RNA. Transfect ion w i t h  pSV2- 
neo DNA a lone gave 17/18 nontumorigenic, neo clones. There was no c o r r e l a t i o n  between growth 
i n  agar and tumor igen ic i t y  by HaSV transformed c e l l s .  Some grew i n  agar, expressed h igh 
l e v e l s  o f  HaSV RNA, bu t  were nontumorigenic. Cytogenetic analyses demonstrated t h a t  DES-4 
c e l l s  are near d i p l o i d .  No major karyotyp ic  a l t e r a t i o n s  were obs'erved, i r rega rd less  o f  t h e i r  
HaSV expression, i n  a l l  the 20 neo clones analyzed. I n  contrast ,  oncogene-induced tumor 
de rv ied  c e l l  l i n e s  a t  f i r s t  passage had extensive s t r u c t u r a l  abnormal i t ies  and a considerable 
number o f  double minute chromosomes. 
t o  a near neoplast ic  s t a t e  and t h a t  add i t i ona l  karyotyp ic  changes are requi red f o r  c e l l s  t o  
form tumors i n  nude mice. 
induced imnor ta l i za t i on ,  expression o f  Ha-ras oncogene and karyotyp ic  progression. 

The c lonal  evo lu t i on  o f  neoplast ic  t ransformat ion induced by HaSV DNA 

F i f t y  percent (7/14) o f  neo clones 

We propose t h a t  the Ha-ras oncogene converts DES-4 Cel ls  

Thus, neoplast ic  progression o f  the c e l l s  requi red carcinogen- 
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INDUCTION OF MUTATIONS AND GENE AMPLIFICATION IN HOST CELL DNA B Y  HERPES SIMPLEX 
V I R U S  INFECTION, J.R.Schlehofer, B. Matz, L.  Gissmann, R. He i l b ronn  and H. zu r  Hausen, 
l n s t i t u t  f i r  V i  r o l o g i e ,  Un ive rs i  t l t  F r e i b u r g  and Deutsches Krebsforschungszentrum, 
He ide lberg ,  Fed. Rep. o f  Germany 

I n i t i a t o r - I  i k e  func t i ons  o f  herpes simplex v i r u s  (HSV) i n f e c t i o n s  a r e  evidenced by th ree  d i f f e -  
r e n t  approaches: ( i )  P a r t i a l l y  i n a c t i v a t e d  HSV induces muta t ions  w i t h i n  the  HGPRT gene o f  the  
human rhabdomyosarcoma c e l l  l i n e ,  RD. Th i s  i s  shown by an up t o  l o f o l d  inc rease o f  t he  muta- 
t i o n  r a t e  f o r  t he  HGPRT gene i n  these c e l l s  a f t e r  i n f e c t i o n  w i t h  UV- o r  n e u t r a l - r e d - i n a c t i v a -  
t ed  HSV. 
SV40 t rans formed hamster c e l l s .  I t  can be shown by i n h i b i t o r  exper iments and by us ing  t5-mu- 
t a n t s  o f  v i r u s  t h a t  t he  HSV s p e c i f i e d  DNA polymerase i s  an e s s e n t i a l  f u n c t i o n  f o r  t he  i n d u c t i o h  
o f  gene a m p l i f i c a t i o n .  Other s p e c i f i c  c e l l u l a r  genes ( y e t  u n i d e n t i f i e d )  i n  human c e l l s  a5 w e l l  
as v i r a l  genes (adenov i rus  type  12) i n  t ransformed c e l l s  a l s o  become a m p l i f i e d  a f t e r  HSV i n -  
f ec t i on .  ( i i i )  The HSV mediated gene a m p l i f i c a t i o n  as w e l l  as the  i nduc t i on  o f  muta t ions  can 
be prevented  by c o i n f e c t i o n  w i t h  d e f e c t i v e  parvov i ruses .  
Since chemical  and phys i ca l  carc inogens a l s o  induce mu ta t i ons  and gene a m p l i f i c a t i o n  w h i c h a l s o  
can be prevented  by i n f e c t i o n  w i t h  pa rvov i rus ,  HSV shares p r o p e r t i e s  w i t h  these i n i t i a t i n g  
agents.  Th is  c o u l d  suggest an unconvent ional  r o l e  o f  HSV i n  c e r v i c a l  cancer r e c o n c i l i n g  the  
seroep idemio log ica l  evidence f o r  HSV involvement i n  g e n i t a l  cancer w i t h  the  l ack  o f  c o n s i s t e n t  I 

d e t e c t i o n  o f  HSV-DNA w i t h i n  tumor b iops ies .  

0097 

( i i )  HSV i n f e c t i o n  induces a m p l i f i c a t i o n  (more than 1DOfold) o f  SV40 sequences i n  

0098 
A. Vinores, John J. Churey. Joanne M. Hal ler ,  Bernice B. Althouse, Susan J. Schnabel and 
R. P h i l i p  Custer, I n s t i t u t e  f o r  Cancer Research, Phi ladelphia, PA 19111 
A 14,000-dalton polypeptide was prev ious ly  reported t o  be the p r inc ipa l  p ro te in  ta rge t  o f  
the carcinogen, N-2-fluorenylacetamide (2-acetylaminofluorene), i n  l i v e r  cytosol a t  the 
s t a r t  o f  hepatocarcinogenesis i n  rats .  The 14,000-dalton polypeptide was p u r i f i e d  t o  homo- 
geneity according t o  gel electrophoreses i n  both NaDodSO -conta in ing medium and ace t i c  acid- 
urea, and also by imnunogenicity. An imnunological ly re fated form o f  the cy toso l i c  t a rge t  
polypeptide has now been found t o  be present i n  the nuc le i  o f  normal r a t  l i v e r  as a 17,500- 
da l ton  polypeptide t h a t  i s  f i r m l y  bound t o  chromatin. Ext ract ion o f  the 17,500 da l ton  poly- 
peptide from i so la ted  l i v e r  nuc le i  o r  chromatin requi res h igh i o n i c  strenyth. 
short term d iges t i on  o f  p u r i f i e d  l i v e r  nuc le i  w i th  nicrococcal nuclease so lub i l i zes  the 
17.500-dalton polypeptide. I n  normal r a t  l i v e r  only nuc le i  and cytoplasm o f  hepatocytes 
contain reac t i ve  antigen according t o  peroxidase-antiperoxidase imnunohistochemistry, 
s t a i n i n g  most i n tense ly  pe r i l obu la r l y ,  l ess  i n  the l obu la r  midzone, and leas t  cent r i lobu-  
l a r l y .  
ment w i t h i n  a l l  o f  normal l i v e r .  The present f i nd ings  i nd i ca te  a d i r e c t  connection between 
a chromosomal p ro te in  and an imnediate p r i n c i p a l  cy toso l i c  p ro te in  ta rge t  o f  a carcinogen. 

NORMAL LIVER CHROMATIN CONTAINS A FIRMLY BOUND AND LARGER PROTEIN RELATED TO THE 
PRINCIPAL CYTOSOLIC TARGET POLYPEPTIDE OF A HEPATIC CARCINOGEN, Sam Sorof, Stanley 

A l te rna t i ve l y .  

The nuc le i  o f  t he  p e r i l o b u l a r  hepatocytes cons t i t u te  the strongest s ta in ing  compart- 

0099 CORRELATION BETWEEN SPECIFIC DNA ADDUCTS AND MUTATION INDUCTION I N  CHINESE HAMSTER 
OVARY CELLS EXPOSED TO N-HYDROXY ARYLAMINES, David T. Beranek, Robert H. Hef l ich,  
Suzanne M. Morr is  and -Freder ick A. Beland, National Center f o r  Tox ico log ica l  
Research, Jefferson, Arkansas 72079 

- N-Hydroxy arylamines are proposed t o  be u l t ima te  bladder carcinogens. The b i o l o g i c a l  
s ign i f i cance  o f  s p e c i f i c  DNA l es ions  formed from a ser ies o f  N-hydroxy arylamines was 
assessed by us ing a mammalian mutagenesis assay. Suspension cu l fu res  o f  Chinese hamster 
ovary c e l l s  were exposed f o r  1 hour t o  N-hydroxy-2-aminofluorene, N-hydroxy-N'-acetyl benzi- 
dine, o r  1-nitrosopyrene ( t h e  metabol iE precursor o f  N-hydroxy-lzarninopyreiie). Al iquots  
were taken t o  determine the  r e l a t i v e  c lon ing  e f f i c i e n c y  and the  mutations induced a t  t he  
HGPRT locus, wh i l e  the  remaining c e l l s  were used t o  measure the formation o f  DNA adducts. 
Each ccmpound produced a s ing le  amlne-substi tuted DNA adduct through C8 o f  deoxyguanosine. 
A comparison o f  r e l a t i v e  c lon ing  e f f i c i e n c y  and dose ind i ca ted  t h a t  1-nitrosopyrene was the 
most e f f e c t i v e  compound i n  reducing c e l l  su rv i va l .  The mutation frequency increased 
1 i n e a r l y  w i t h  dose f o r  a l l  three der ivat ives,  w i t h  1-nitrosopyrene being approximately 
50- fo ld  more mutagenic than the other  two compounds. However, when mutation frequencies 
were expressed as a func t i on  o f  C8-deoxyguanosine adducts, t he  r e l a t i v e  order o f  mutagenic 
e f f i c i e n c y  was: N-hydroxy-N' -acety l  benzid i  ne > N-hydroxy-2-aminofl uorene = 1-n i  trosopyrene. 
These data d e m o l t r a t e  t h a t  a se r ies  o f  s t r u c f i r a l l y - r e l a t e d  deoxyguanosine arylamine DNA 
adducts induce mutations i n  mammalian c e l l s  w i t h  d i f f e r e n t  e f f i c i e n c i e s .  
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0100 DNA DAMAGE: COVALENT CROSSLINKING OF NUCLEAR MATRTXPROTE-, AnneT. Cress, 

Ma1 ignant transformation of cells in animals and humans can be induced by ionlzing radiation. 
The transformation of cells is most efficient if one uses an efficient inducer o f  DNA double 
strand breaks and DNA protein crosslinking. We have been investigating the production o f  
covalent DNA protein crosslinks (DPC) with ionlzing radiatlon. A particular class o f  non- 
histone chranosanal proteins becunes covalently bound to the DNA after 5,000 rads o f  x-rays. 
We have partial y purified these complexes by CsCl density gradient sedimentation. The in- 

that the proteins involved in the DPC correspond in molecular weight, solubility, and a pre- 
dominance to a subset o f  the nuclear matrix proteins known as the lamins. The proteins in- 
volving the DPC are constitutively synthesized since their presence is independent o f  con- 
current RNA transcription and translation. The DNA imolved in the DPC is distlnct from the 
majority of the cellular DNA as estimated by agarose gel electrophoresis. The DPC are re- 
moved after the repair o f  double and single stranded DNA scissions is complete as judged by 
neutral and alkaline elutions. The r m v a l  process o f  the DPC is also refractory to RNA and 
protein synthesis inhibition. These data are interesting since these proteins have similar 
characteristlcs to the proposed chranatin sites for the nuclear attachment of DNA loops in- 
volved in the organization o f  the g e n m .  Alterations in the DNA topology may be an impor- 
tant component for the transfornation o f  cells to a malignant phenotype. 
(supported by USPHS grant CA31010) 

and Kim Rainey, Arizona Health Sciences Center, Tucson, Arizona 85724 

corporation of i H-tryptophan and the use of SDS polyacryl h i d e  gel electrophoresis reveals 

0101 TWO-DIMENSIONAL ELECTROPHORETIC ANALYSIS OF NONHISTONE CHROMATIN PROTEINS (NHCP) 1. 

PROGENITOR AND RECOMBINANT INBRED ( R I )  M I C E  HARBORING LIVER CANCER GENES. Lewis V. 
Rodriguez, Louis S. Ramagli, Frederick F .  Becker, and James E. Womack$ M.D. Anderson 
Hwpi ta l  and Tumor I n s t i t u t e ,  Houston, TX 77030 and*Texas AM University, College 
S ta t ion ,  TX 77843. 

Analysis of human and animal cancers ind ica te  c e r t a i n  genet ic  s t a t e s  predispose to  spontan- 
eous carcinogenesis. Resulting malignancies exhibi t  a l t e r a t i o n s  i n  cell function control  
demonstrating a l t e r a t i o n  in spec i f ic  gene modulation. Further ,  cumulative evidence indicates  
NHCP catalyze s p e c i f i c  gene t ranscr ip t ion .  Mice i n  t h i s  study consis t  of 8 RI s t r a i n s  de- 
rived f r m  the progenitors C3H/HeN (male) and C57BL/6N (female) and t h e i r  P I  hybrid B6C3. 
Progenitor s t r a i n s  vary dras t ica l ly  in spontaneous incidence (0-100%) of primary hepato- 
c e l l u l a r  carcinoma (PHC), genet ic  const i tut ion.  NHCP, and gene expression. While genet ic  
fac tors  and aging inf luence tumor incidence in progenitor males, genet ic  ana lys i s  was  l imit-  
ed s ince  tumor incidence cannot be evaluated i n  individual  mice of segregating F2 and back- 
c ross  generations. RI strains allow a genet ic  approach t o  the number of genes responsible 
and f o r  changes in gene modulating proteins  that may be c r i t i c a l  f o r  malignancy. NHCP from 
aging progenitors. F1 hybrids, R I  s t r a i n s ,  and PHC's occurring in male C3H. B6C3 and RI mice 
were compared by high resolut ion 2D-PAGE. A l l  R I  s t r a i n s  exhibited grea te r  than 75% NWP 
homology with progenitors and PI hybrids. Less than 3% of the t o t a l  NHCP map (out of a 
minimum of 320 proteins  per map) were colamon t o  two or more of the R I  strains. Analyses o f '  
NHCP occurrance, q u a l i t a t i v e  differences i n  NHCP and a l l e l i c  genetic compositions of 

BT at- Pnntff 

0102 ENHANCED TRANSFORMATION OF HUMAN C n L S  BY W IRRADIATED CHIMERIC PLASMIDS, 
S.A.Leadon, P.C.Hanawalt. G.Spivak, and A.K.Ganesan. Dept. of Biological  Sciences, 
Stanford University, Stanford, Cal i fornia  94305 

We have observed an enhancement i n  the y ie ld  of Gpt+ transformants when the  chimeric plasmid, 
pSVZ-gP_E. was i r r a d i a t e d  with W ( 2 5 4 n m )  p r i o r  to  being introduced i n t o  human c e l l s  by calcium 
phosphate coprecipi ta t ion.  W doses up t o  200 J / m 2  caused a dose dependent increase i n t h e  fre- 
quency of Gpt+ transformants. Usually 2-4 times, and occasionally 10-20 t i m e s ,  a s  many trans- 
formants were obtained from plasmid DNA i r rad ia ted  with 200 J/m2 a s  from unirradiated plasmid. 
The amount of increase w a s  similar f o r  an excis ion prof ic ien t  rec ip ien t  c e l l  l i n e  (HT-1080)and 

excis ion def ic ien t  rec ip ien t  l i n e  belonging t o  xeroderma pigmentosum complementation groupA 
W12RO-SV40). The increase was r e s t r i c t e d  t o  i r r a d i a t e d  DNA and did not extend t o  unirradiated 

A introduced i n t o  rec ip ien t  c e l l s  concomitant ly  with i r r a d i a t e d  DNA. Both superhel ical  and 
near DNA showed the increase.  W doses above1kJ/m2 caused a dose dependent decrease i n  the 
ansfonnation eff ic iency of pSV2-=which appeared t o  be more pronounced in the  excision de- 
c i e n t  c e l l  l i n e  (XP12R+SV40) than i n  the  excis ion prof ic ien t  l i n e  (HT-1080). Our current  
pothesis  is t h a t  W i r r a d i a t e d  DNA can be integrated i n t o  the rec ip ien t  genome more e f f i c i -  
t l y  than unirradiated DNA; however, heavily damaged DNA may not code f o r  an a c t i v e  productas 
f i c i e n t l y  a s  undamaged DNA. To test t h i s  idea we a r e  determining the number of copies of gEf 
tegrated a f t e r  var ious W doses. Because the pyrimidine dimer content of the DNAshouldreach 
steady s t a t e  a t  about 1 W/m2, dimers a lone may not reduce the  transforming. a c t i v i t y  of the  
asmid. To ident i fy  t h e  inac t iva t ing  les ion(s )  we a r e  assaying i r rad ia ted  DNA f o r  other  photo- 
oducts. such as  thymine glycols ,  dipyrimidine ( 6 - 4 )  photoproduct and DNA crossl inks.  

46 



Genes and Cancer 

0103 INDUCIBLE RESISTANCE TO ALKYLATING CARCINOGENS, Regine Goth-Goldstein, Lawrence 
Berkeley Laboratory, Berkeley, CA 94720 

Chinese hamster ovary c e l l s  were t rea ted  w i t h  a h igh l y  t o x i c  dose o f  N-methyl-"-nitro- 
N-nitrosoguanidine (MNNG) and the  su rv i v ing  populat ion was exposed t o  a second dose. 
(as determined by colony forming a b i l i t y )  was increased i n  the  pret reated c e l l s  r e l a t i v e  t o  
untreated c e l l s  and res is tance increased as a func t i on  o f  pretreatment dose. Not a l l  a lky-  
l a t i n g  agents caused increased res is tance i n  the  progeny populat ion. Only methylnitrosourea 
(MNU) gave a s i m i l a r  response as MNNG whereas c e l l s  pret reated w i t h  ethy ln i t rosourea (ENU) 
o r  methyl methanesulfonate (MMS) had the  same s e n s i t i v i t y  t o  a second dose o f  t he  agent. 

A clone i s o l a t e d  from a pret reated populat ion has been characterized fu r the r .  It has 
been stab le i n  c u l t u r e  f o r  10 months wi thout  a change i n  i t s  response t o  MNNG and i t  has the 
same growth r a t e  as the  parent l i n e .  It i s  much more r e s i s t a n t  t o  M " G  (Do% 8 times higher), 
a l so  mare r e s i s t a n t  t o  MNU, s l i g h t l y  more r e s i s t a n t  t o  MMS and has the  same s e n s i t i v i t y  t o  
ENU as the parent l i n e .  
because the  same amount o f  ''C-MNNG i s  bound t o  a c i d  p rec ip i t ab le  mater ia l  i n  C1 3 and parent 
l i n e .  

subpopulation, but  r a t h e r  induced by the a l k y l a t i n g  carcinogen. 

Survival 

The increased res is tance t o  M " G  i s  no t  due t o  decreased drug uptake, 

Our data suggest t h a t  res is tance i s  no t  due t o  the se lect ion o f  a p reex i s t i ng  res i s tan t  

0104 CHROMOSOMAL ANOMALIES IN OVARIAN TUMORS, Marie (3. De Blois, Jean M. BBnard, 

The study of human chromosomes by high banding techniques has shown that chromosomal 
defects are present in most neoplasia. We have analysed the karyotype of 5 human ovarian 
tumors (4 papillary adenocarcinomas and 1 dysembryoma). F i f t y  mi to t ic  cells were studied for 
each cellular material. One ovarian adenocarcinoma exhibited two markers constantly detected in 
al l  the cells whatever the passages of culture (Irst,  5th, 20th) and in nude mice : a paracentric 
inversion beared by the short arm of chromosome 3 with break points located in 3q13 and 3q26 
and a translocation between chromosomes 2 and 5, t(2,5)(q37, q32). The other tumors showed 
the following features : a rearrangement of chromosome 7, an elongation of one achrocentrlc 
chromosome (presumably chromosome 13), and a third unidentified marker. A l l  the examined 
cells showed these three markers. An hepatic metastasis corresponding t o  one of these adenocar- 
cinomas presented the same markers. Other ovarian tumors are under current analysis. The 
translocation t(6,14) was not observed (Wake, N. et  a1 Cancer Res. 40, 4512-4518, 1980). In 
some tumors, chromosomal abnormalities could becorre la ted to the presence of cellular onco- 
genes. Investigations are in  progress to characterize oncogene sequences i n  these ovarian tumors. 

and Guy F. Riou, Inst i tut Gustave Roussy, 94805 Vil iejuif  cedex. 

0105 MECHANISMS OF DNA METHYLATION IN NORMAL AND ONCDGENICALLY TRANSFORMED CELLS. 
Steven S. Smith, Mary E l l e n  Tolberg, and Michael Henke, Beckman Research 
I n s t i t u t e  o f  t he  City o f  Hope, Ouarte, CA 91010. 

RpaII/MspI r e s t r i c t i o n  analys is  coupled w i t h  high-performance l i q u i d  chromatography 
have been used i n  conjunction w i t h  Southern b l o t t i n g  w i t h  probes o f  several types t o  
compare DNA methylat ion pat terns i n  normal and oncogenical ly transformed c e l l s .  
Some, but not a l l ,  oncogenical ly transformed c e l l s  t h a t  we tested were found t o  be 
hypomethylated r e l a t i v e  t o  t h e i r  normal counterparts. Apparent hypomethylation was 
observed i n  the  DNA o f  the mature nondiv id ing lymphocytes o f  pa t i en ts  w i t h  chronic 
lymphocytic leukemia. Thus, i t  i s  not co r re la ted  with t h e  r a p i d  c e l l  d i v i s i o n  o f ten  
associated w i t h  neoplasia. Studies o f  t he  hypomethylation observed i n  Fr iend-ce l l  
DNA suggest t h a t  i t  may be the  r e s u l t  o f  an accumulation o f  d i sc re te  a l t e ra t fons  i n  
methy lat ion s ta te  concertedly a f f e c t i n g  widely dispersed but  c lose ly  re la ted  sequen- 
ces as groups. I n  the  Friend c e l l  l i n e ,  t h e  observed pat terns are i n v a r i a n t  dur ing 
hexamethylene-bis-acetamide i nduc t i on  o f  d i f f e r e n t i a t i o n ,  and appear t o  be stab le 
dur ing normal c e l l  d i v i s i o n  i n  cu l ture.  
a l t e red  methylat ion pa t te rn  o f  these c e l l s  may se t  new l i m i t s  on t h e i r  t ransc r ip -  
t i o n a l  po ten t i a l  and may be an important sanatic determinant o f  t he  transformed 
phenotype t h a t  they exh ib i t .  

Taken together, t he  r e s u l t s  suggest t h a t  t h e  
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0106 SYNl'ESIS OF SIMIAN VIRUS 40 MRoM3soMES IN NUCLEAR EXTRACT FROM D1HYDROXYANIFR-A- 
QUINONE-TREATED CELLS, Robert T. Su and Xiaojun Ma, Universi ty  of  Kansas, Lawrence, 
KS 66045 

The e f f e c t  of dihydroxyanthraquinone(DHAQ), a new antitumor drug, on m a n n n a l i a n  chromosome 
r e p l i c a t i o n  was inves t iga t ed  us ing  simian v i r u s  40(SV40) a s  a model system. 
effect o f  i n h i b i t i o n  on v i r a l  DNA syn thes i s  was observed wi th in  30-40 minutes a f t e r  t h e  addi-  
t i o n  of t h e  drug. The ex ten t  of  i n h i b i t i o n  o f  v i r a l  DNA syn thes i s  appeared t o  d i r e c t l y  rela- 
t e d  t o  t h e  number of  v i r a l  r ep l i cons  which i n t e r a c t  w i th  DHAQ molecules i n  vivo. 

No- apparent  s t r a n d  breakage o f  SV40 DNA was observed i n  in fec t ed  cells-ated wi th  DHAQ 
ranging from 0.3 L I M  t o  10 LIM. 
ab ly  by r e l eased  nuclease. 
syn thes i s  of completed supercoi led SV40 DNA. This  r e p a i r  s y n t h e s i s x a s t l y  confined t o  
t h e  region containing t h e  r e p l i c a t i o n  o r i g i n  o f  SV40 DNA as judged by t h e  d i g e s t i o n  of DNA 
wi th  r e s t r i c t i o n  endonucleases Hind I1 and Hind 111. 
o r i g i n  of  r e p l i c a t i o n  are no t  complexed wi th  h i s tones  t o  form a nucleosome s t r u c t u r e ,  t h e  
r e s u l t s  suggested t h a t  DHAQ may d i s t u r b  chromosome s t r u c t u r e  by i n t e r a c t i n g  p r e f e r e n t i a l l y  
t o  the nucleosome-free regions and causing t h e  abe r ran t  gene dup l i ca t ion  and expression. 

The maximum 

However, s t r and  breakage was induced upon c e l l  l y s i s  presum- 
Repair o f  t h e  damaged SV40 chromosomes in v i t r o  r e s u l t e d  i n  t h e  

Since 3 4 0  DNA sequences c l o s e  t o  t h e  

0107 FIBROBLASTS FROM FANCONI'S ANEMIA PATIENTS ARE ABNORMALLY SENSITIVE TO 
THE 7,8-DIOL-9,10-EPOXIDE OF BENZO(a)PYRENE, BUT NOT TO ULTRAVIOLET 
RADIATION. Veronica M. Maher, Masami Watanabe, and J. Justin McCormick, Michigan 
State  University, E. Lansing, MI 48824. 

We compared fibroblasts derived from skin or lung tissue from a series of such patients to  cells from 
a series of normal persons for sensitivity to  the mutagenic and/or cytotoxic effect of a reactive 
metabolite of benzo(a)pyrene, 76r,~~ihydroxy-9.c,l0~-epoxy-7,8,9,lO-tetrahydrobenzo~a~pyrene 
(BPDE). Cells from all six FA strains tested were more sensitive than cells from normal newborns t o  
the killing effect of this agent, but all showed a normal sensitivity to  the killing effect of UV 254nm 
radiation. Three of the FA strains were from fetal material (one from lung, two from skin). 
Therefore, we also compared the response of skin and lung fibroblasts from a normal fetus. These 
cells proved just a s  sensitive as the 6 FA strains t o  killing by BPDE, but showed normal sensitivity to  
UV. We then compared 3 FA and 3 normal strains for sensitivity to  the mutagenic action of BPDE. 
There was no significant difference between any of the 6 strains. The mechanism responsible for the 
increased sensitivity of the FA cells and the fetal  cells is under investigation. Supported by NCI 
grant CA 21253 and DOE Contract 0459. 

0108 CELLS FROM PATIENTS WITH HEREDITARY CUTANEOUS MALIGNANT MELANOMA 
ARE ABNORMALLY SENSITIVE TO THE MUTAGENIC EFFECT OF SIMULATED 
SUNLIGHT AND 4-NITROQUINOLINE-I-OXIDE. J. Justin McCormick, Jeffery N. Howell, 
Rebecca Corner, and Veronica M. Maher, Michigan State  University, E. Lansing, MI 48824 

and Mark H. Greene, Environmental Epidemiology Branch, National Cancer Institute, Bethesda, MD 
20205 
Fibroblasts derived from patients with an hereditary form of malignant melanoma of the skin and 
the dysplastic nevus syndrome (HCMM/DNS) were compared with cells from normal persons for 
sensitivity to  the mutagenic and/or cytotoxic effects  of simulated sunlight and 4-nitroquinoline-l- 
oxide (4NQO). A11 ten HCMM/DNS cells tested were significantly more sensitive than normal t o  the 
killing effect of 4NQO (slopes of survival curves were 2- to  3-fold steeper); but only one strain out 
of 5 strains tested was hypersensitive t o  killing by Sun Lamp radiation. Two HCMM/DNS strains, 
one from the most sensitive group (3072T) and one with intermediate sensitivity (3012T) were 
compared with several strains of normal cells for the response t o  the mutagenic effect  of these 
agents. Both proved significantly more sensitive than normal t o  the mutagenic effect  of 4NQ0 
( slopes of mutation curves, 7-fold steeper than normal). 3072T was more sensitive than 3012T. 
Only strain 3072T showed an abnormally high frequency of mutants induced by simulated sunlight. 
Evidence that  the increased sensitivity to  4NQO in HCMM/DNS results from a greater ability to  
metabolize this compound t o  the reactive intermediate 4-HAQO comes from our finding that  the 
H A W  survival curves of strains 3072T and 3012T a r e  superimposable on those of normal fibroblasts. 
These results suggest that  hypersensitivity to  mutagens contributes t o  risk of melanoma and support 
the somatic cefl m u t a t i o n m h e s i s  for the origin & c-hy NCL - - _  CP F5 lln79 - aL3- ____________ 
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0109 DNA STRAND BffEAK AND CROSS-LINK REPAIR IN TWO CANCER PRONE DISORDERS. 
Harris 5. Targovnik, Hatsumi Nagasawa, John B. Litt le and Richard J. Reynolds. Harvard 
School of Public Health, Boston, Ma. 021 15. 
Gardners Syndrome (GS) and Basal Cell  Nevus Syndrome (BCNS) a r e  autosomal dominant 

inherited disorders which predispose to cancer. There has been considerable speculation that 
genetic susceptibility to cancer might be related to a DNA repair defect.  Only in t h e  case of 
xeroderma pigmentosum, has a defect  been identifed in a specific molecular repair process. 

Cultured diploid fibroblasts from GS and BCNS patients have been extensively studied in our 
laboratory with respect to their  response to physical and chemical agents. GS fibroblasts display 
sensitivity to 254 nm UV light, x-rays and Mitomycin C (MMC) while BCNS fibroblasts a r e  only 
mildly sensitive to these three agents (3.8. Litt le et al. Mutation Res. 70 (1980) 241-250; T. Kmsella a 9. JNCI 68 (1982) 657-701; H. Nagasawa and7 .K  Little Carcinogenesis 4 (1983) 795-798; G.L. 
Chan and J.B. Litt le Amer. 3. Path. 111 (1983) 50-55). 

Using the  technique of alkaline elution we have examined t h e  induction of DNA strand breaks 
following ionizing radiation and cross-links (DNA-DNA and DNA-protein) following t reatment  with 
MMC. No difference has been observed for t h e  induction or repair of single strand breaks at doses 
up to 600 Rads when compared to normal human fibroblast controls. Double-strand break repair is 
currently being investigated. The production of both DNA-DNA and DNA-protein cross-link is 
identical in BCNS and normal human fibroblasts at t h e  concentrations tested ( 5  X 10-7 y to 
MMC). BCNS fibroblasts appear to have no defect  in t h e  removal of DNA-DNA cross-links following 
5 X 10-6 M MMC. Data for the repair of DNA-protein cross-links will be presented. 

Thirwork supported by Grant Nos. CA-09078 and CA-11751 from t h e  N.C.I. 

0110 
DNA mutagens are frequently carcinogenic. While the molecular mechanism underlying chemical 
carcinogenesis in most specific systems is not understood, activation of the ras gene family 
is frequently associated with point mutations resulting in an altered peptide product. Here 
we describe activation of structurally non-defective, yet transcriptionally silent, v-0s 
genes in response to physical and chemical mutagens. We have derived and characterized a set 
of non-transformed ("flat") normal rat kidney (mK) cell clones which contain either a silent 
v--ST~ of the avian sarcoma virus or silent v-fesof the feline sarcoma virus. In contrast to 
v-=transformed cells, the v-fes or v - s m N A  levels are below detection in the silently 
infected cell clones. 
virus rescued from these cells. These flat cells, however, segregate typical transformants 
which express the respective v-one gene; the conversion occurs at rates predicted f o r  somatic 
mutation. We have therefore examined the effect of known physical mutagens (W light, X-rays), 
and several alkylating agents on the transformation rate. 
highly susceptible to mutagen transformation. The response was dependent, and different nuts- 
gens exhibited different efficiency in individual clones. 
activation of either v-fes or v-=mRNA transcription to levels found in control virus-trans- 
formed cells. 
the unexpressed m d  activated v-one genes, and their adjacent viral and cellular sequences. 

ACTIVATION OF S I L m  PROVIRAL ONCOGEX3 KXPRESSION BY MUTAGENS, L.P. Turek and L. 
Cooling, Dept. Pathology, VAMC awl Univ. of Iowa College of Medicine, Iowa City, IA 

The unexpressed v-011~ genes are biologically active in transforming 

The silently infected clones were 

Transformation was accompanied by 

We are currently studying DNA structure and postreplicational modification Of 

0111 CHROMOSOMAL ALTERATIONS ASSOCIATED WITH AMPLIFICATION OF THE GENE FOR ASPARACINE SYN- 
THETASE, Irene L .  Andrulis and Louis Siminovitch, Hospital for Sick Children, Toronto, 
Ontario, Canada. M5G 1x8. 

Certain tumors express little or no asparagine synthetase activity and are sensitive to the 
chemotherapeutic drug, asparaginase. Those cells which are resistant to treatment with 
asparaginase often have elevated levels of asparagine synthetase. 
developed in cultured Chinese hamster ovary cells to study the regulation of asparagine syn- 
thetase activity. Using the amino acid analog, albizziin, resistant lines have been isolated 
with up to 300-fold elevations in the levels of asparagine synthetase activity. Karyotypic 
analyses of the albizziin-resistant lines show chromosomal alterations including breaks and 
rearrangements affecting the long arm of chromosome 1. Highly resistant lines contain chromo- 
somes with homogeneously staining regions at the break points of translocations. The homo- 
geneously staining regions are most likely the sites of amplification of the gene. 

Poly A+ RNA from the highly resistant lines was used to prepare cDNAs. Recombinant plasmids 
containing cDNAs for asparagine synthetase were identified by differential hybridization and 
irmnunoprecipitation of asparagine synthetase translated from hybrid selected mRNA. Using the 
asparagine synthetase recombinant DNA as probe the albizziin resistant lines were examined 
and shown to contain amplified copies of the gene. We are now in the process of examining the 
copy number and arrangement of the human gene for asparagine synthetase in cells from 
unaffected normals and patients with acute lymphocytic leukemia. 

A model system has been 
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0112 PREFERENTIAL BINDING OF AROMATIC WINES TO RAT REPETITIVE DNA SEQUENCES I N  V I V O .  
Ramesh C. Gupta and Nutan R. Dighe, Department o f  Pharmacology, Bay lo r  Col lege o f  
Medicine, Houston, Texas 77030. 

We have examined the  d i s t r i b u t i o n  o f  adducts i n  t h e  r e p e t i t i v e  DNA sequences i n  r a t s  
fo l l ow ing  a s i n g l e  i . p .  dose o f  t h e  carc inogen N-hydroxy-2-acetylaminofluorene (N-OH-AAF) o r  
N-hydroxy-2-acetylaminophenanthrene (N-OH-AAP). R e p e t i t i v e  fragments (82, 125, 179, 225, and 
370 bp) were i s o l a t e d  by r e s t r i c t i o n  o f  hepa t i c  DNA w i t h  Hind 111 endonuclease and gel  e lec t ro -  
phores is .  The l e v e l s  of N-OH-AAF- 
induced adducts,  a f t e r  24 h t rea tment ,  i n  179, 225, and 370 bp sequences were found t o  be 13.6, 
2.0, and 3.0 t imes h igher ,  r e s p e c t i v e l y ,  t han  i n  t o t a l  DNA, w h i l e  t h e  o t h e r  two sequences were 
m o d i f i e d  t o  s i m i l a r  ex ten ts .  
' d i f f e r e n t  i n  t h e  va r ious  sequences. A f t e r  9 d t rea tment ,  a l l  t h e  DNA repeats  showed 1.3 - 1.7 
t imes h ighe r  b ind ing  than i n  t o t a l  DNA. 
sequences, a f t e r  24 h, were 2.8, 1.7, and 1.8 t imes h ighe r  and a f t e r  9 d, 1.3, 1.6, and 1.3 
t imes h ighe r ,  r e s p e c t i v e l y ,  than i n  t o t a l  DNA. I n  c o n t r a s t  t o  t h e  i n  v i v o  r e s u l t s  t h e  
s p e c i f i c  and t o t a l  adducts were found t o  be d i s t r i b u t e d  randomly when DNA was reac ted  i n  v i t r o  
w i t h  N-acetoxy-AAF. 
t i a l  e x c i s i o n  o f  adducts i n  t h e  DNA repeats  may be a f u n c t i o n  o f  he t rochromat in  i n  which they  
a re  organized. (Supported by USPHS Grant CA30606). 

Adducts were analyzed by a p r e v i o u s l y  descr ibed 32P-assay. 

The r e l a t i v e  d i s t r i b u t i o n  o f  s p e c i f i c  adducts was s i g n i f i c a n t l y  

For N-OH-AAP, adduct l e v e l s  i n  179, 225, and 370 bp 

Taken together ,  these r e s u l t s  suggest t h a t  t h e  enr ichment and d i f f e r e n -  

0113 CLEAVAGE AT IONIZING RADIATION-ALTERED PYRIMIDINES BY GAMMA 
ENDONUCLEASE OF MICROCOCCUS LUTEUS. Patricia Hentoshl, William D. Hennerz, and 
Richard J. Reynoldsl, 'Harvard University, School of Public Health and 2Dana Farber Cancer 
Institute, Boston, MA 021 I5 
Micrococcus luteus extract  contains endonuclease activity which is capable of cleaving 

gamma-irradiated D m t e r s o n  and Setlow, P.N.A.S., U.S.A. 69: 2927, 1972). W e  have used DNA 
fragments of defined sequence and DNA sequencing techniques to study the  sites (sequence 
specificity) of cleavage by this activity. 32P end-labelled DNA restriction fragments of pBR322 
were gamma-irradiated under N2 and in t h e  presence of KI, conditions which minimize the  rat io  of 
strand breaks to enzyme sensitive sites. Gamma-irradiated DNA or control unirradiated DNA 
fragments were t reated with M. luteus extract  and analyzed by electrophoresis on denaturing 
polyacrylamide gels. The M. luteus extract  cleaved irradiated DNA with strong specificity for si tes 
of cytosine and thymine. Litt le or no cleavage occurred at purine sites. 

terminus. The presence of a 5' phosphate terminus was confiG*the alteration in electrophoretic 
mobility observed a f t e r  phosphatase t reatment  of 3' end-labelled DNA fragments. 

sites for excision repair a f t e r  gamma-irradiation of M. luteus. (Supported by NIH grant No. CA 

Strand breaks produced in gamma-irradiated DNA by M. luteus extract  contain a 5' phosphate 

These results suggest t ha t  both radiation-altered cytosines and thymines may be important 

09078). 

0014 CLOSELY OPPOSED PYRIMIDINE DIMERS ARE NONRANDOMLY INDUCED 
Lun H. Lam, John 8. Litt le and Richard J. Reynolds 
Harvard School of Public Health, Boston, MA 02115 
Irradiation of DNA with far-UV light induces lesions that a r e  converted to double-strand 

breaks by incubation with enzymatic activit ies from Micrococcus m. These enzymatically- 
induced double-strand breaks a r e  quantified by velocity sedimentation through neutral  sucrose density 
gradients. No double-strand breaks a r e  detected if t he  UV-irradiated DNA is first  photoreactivated -- in vitro with g. photoreactivating enzyme. In addition, no double-strand breaks a r e  detected if 
only one of t h e  complementary strands of reannealed DNA duplexes has been UV-irradiated. These 
results suggest that t h e  lesions which give rise to the  enzymatically-induced double-strand breaks a r e  
closely opposed pyrimidine dimers. 

Many more closely opposed dimers a r e  induced at low fluences of UV light than a r e  
predicted by models which a r e  based on t h e  assumption that individual dimers a r e  randomly induced. 
This suggests that closely opposed dimers might be induced in a nonrandom manner. To test thls 
hypothesis, several  UV-irradiated 32P end-labeled DNA restriction fragments of defined sequence 
were each incubated with t h e  M. luteus enzyme preparation and e k t r o p h o r e s e d  through 
nondenaturing polyacrylamide gels. A random distribution of closely opposed dimers would have 
resulted in long smears in the  corresponding lanes on autoradiographs. Instead, discrete bands of 
characterist ic and reproducible patterns were observed, demonstrating that the  closely opposed 
dimers were distributed in a nonrandom manner in each of t he  DNA sequences. 

(Supported by NIH grant No. CA 09078) 
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1- 0115 
W e r  S. Yangl, Rama Modalil and George C. Yangl lLaboratory of Cel lu la r  Oncology, N C I ,  
Bethesda MD 20205 and ZDivision of Chemistry And Physics, FDA, Wash., DC 20204 
Alatoxin B1 (AFB1). an Aspergi l lus  flavus toxin,  is known t o  be highly carcinogenic, mutagenid 
and teratogenic  i n  numerous animal species  including t r o u t ,  mouse. rat. hamster, dog, primate 
and human. 
binds t o  the N7 of guanine in both DNA and RNA t o  form adducts (Flg. 1)(2). 
i n  human primary hepatocel lular  carcinoma samples, and in l i v e r ,  blood and ur ine  of p a t i e n t s  
with Reye's syndrome. 
by AFRl and the  mechanism by which neoplas t ic  t r a n s f o r m t i o n  is induced a r e  the  focus of t h i s  
communication. 
(B) a l i v e r  sample of a pa t ien t  with Reye's syndrome, and (C) MAH hepatocel lular  carcinoma was 
invest igated.  AFB1-DNA dducts were analyzed by polyacrylamlde g e l  e lectrophoresis .  Small 
DNA fragments bound t o  [ HI-AFB were readi ly  detected. Their estimated molecular s i z e s  
were 430 bp ( c ) ,  310 bp ( a ) ,  and 185 bp (e). Some AFBl binding with la rger  DNA fragments, 
1080 bp ( a )  and 680 bp ( h ) ,  were a l s o  observed. When analyzed by DNAase  and RNAase hydrolyses 
t h e  majori ty  of the  adducts was DNAase s e n s i t i v e  (75%) and only a minor f r a c t i o n  (25%) was 
RNAase sensi t ive.  
nucleot ide sequences and f o r  studying the  possible  b io logica l  a c t i v i t y  i n  the c e l l  s ince  AFBl 
was  considered an i n i t i a t i n g  agent f o r  neoplas t ic  trsnsformatiou. (1) Mil ler ,  E.C. ti Miller. 
J. A. (1981) Cancer 5, 2327-2345. (2 )  Bennett et.al. (1981) Cancer Research 2,650-654. 

=:& :%RS FROM FETAL, REYE'S SYNDROME AND HEPATOCELLULAR CARCINOMA 

Of s t r i k i n g  i n t e r e s t  i s  i t s  extreme potency i n  hepatocarcinogenesis (1). AFBl 
AFBl were detectqd 

The ChaKaCteKiStiC of the  DNA fragments p r e f e r e n t i a l l y  ta rge t ted  

AFBl binding t o  DNAs prepared from (A) a human f e t a l  l i v e r  obtained by autopsy, 

4 

We a r e  cur ren t ly  i s o l a t i n g  these  AFB1-DNA adducts f o r  resolving t h e i r  

R PA Y E I D RE RETION OF TEMPLATE CAPACITY IN 01' 
-&?:SO&: 3E ~-~Clk.AMI%LUORENE INDUCED PRENEOPLASTIC 
NODULeS. John Y. H. Chan and Frederick F. Becker, M.D. Anderson Hospital and Tumor 
I n s t i t u t e ,  Houston, TX 77030. 

In attempting to  ident i fy  the genomic a l t e r a t i o n s  associated with chemical induced neopla- 
s i a ,  in v i t r o  DNA and RNA synthesis  was compared in chromatin i so la ted  from preneoplast ic  
l i v e r  nodules induced by 2-acetylaminofluorene (AAF) and l i v e r  from control  ra t s .  In the 
nodular chromatin, the  endogenous DNA synthes is  w a s  3 t o  &-fold lower than t h a t  of normal 
l i v e r ,  while endogenous RNA synthesis  was only 20% lower. When the template capacity of 
these  chromatins was assayed with rat l i v e r  DNA polymerase 5 , E c o l i  DNA polymerase 1 
( P o l e l ) ,  and E c o l i  DNA polymerase. the  nodular chromatin was extremely repressed i n  i t s  
template capaci ty  with polymerase 8 , but less so with Pol.1, and not repressed a t  a l l  
with RNA polymerase. Similar differences in DNA repa i r  synthesis  i n  v i t r o  were a l s o  
observed in nuclei  i s o l a t e d  from these  t i s s u e s  when assayed in the  presence of aphidicol in  
t o  i n h i b i t  DNA polymerase a a c t i v i t y .  This defect  was ne i ther  due to  a difference i n  the 
polymerase a c t i v i t y  nor did i t  correspond to  t h e  amount of nucleasea present. It is 
apparent ly  due t o  the r e s t r i c t i o n  of template capacity of the nodular DNA by associated 
chromosomal components s ince  the  i so la ted  DNA did not exhib i t  such differences.  The r e s u l t s  
a l s o  ind ica te  t h a t  the nodular chromatin contains inaccessible  regions f o r  repa i r  enzymes, 
which may then account f o r  the  increase in DNA damage previously observed. 
Supported by N I H  grant CA 20657. 

0117 THE TRANSFORMING ACTIVITY OF sv40 AND THE EJ BLADDER CARCINOMA GENE IN HUMAN 
FIBROBLASTS, Robert J. Zimnerman and Peter A. Ce ru t t i ,  Swiss I n s t i t u t e  f o r  
Experimental Cancer Research, CH-1066 Epal inges s/Lausanne, Switzerland 

We have inves t i ga ted  the frequency o f  i n  v i t r o  oncogenic t ransformat ion as measured by f o c i  
format ion above a monolayer. o r  anchorage independent ( A I )  growth induct ion,  i n  human f i b r o -  
b l a s t s  from normal, Fanconi 's anemia (FA), and Bloom's syndrome (BS). f o l l o w i n g  t r a n s f e c t i o n  
o f  an o r ig in -de fec t i ve  SV40 conta in ing plasmid. Both normal and FA c e l l s  were transformed by  
both c r i t e r i a  a t  frequencies o f  approximately 20 colonies/ug plasmid/l06 t ransfected c e l l s .  
BS c e l l s ,  on the other  hand, were found t o  t ransform a t  10 t o  15- fo ld  lower e f f i c i e n c i e s ,  
which was not  due t o  res is tance t o  the uptake o f  CaPO p rec ip i t a ted  DNA. Further, the t rans-  
formed phenotype was unstable i n  BS c e l l s .  We hypot ies ize t h a t  the inherent chromosomal 
i n s t a b i l i t y  o f  BS a f f e c t s  the  i n t e g r a t i o n  and expression o f  the t ransfected DNA. 

I n  p a r a l l e l  experiments, we have t ransfected const ruct ions conta in ing e i t h e r  the  
normal o r  the mutated c e l l u l a r  proto-oncogene from the EJ bladder carcinoma, w i t h  o r  wi thout  
the dexamethasone induc ib le  LTR from MMTV l i nked  upstream o f  t h i s  c-Ha-ras 1 gene. We have 
selected co lon ies a f t e r  co - t rans fec t i on  w i t h  the pSV-neo plasmid and assayed these c e l l s  for  
e i t h e r  f o c i  format ion o r  A1 growth i n  the  presence o r  absence o f  dexamethasone. We have not 
been able t o  demonstrate e i t h e r  f o c i  formation o r  A1 using any o f  the EJ const ruct ions i n  
these human f i b r o b l a s t s .  We conclude t h a t  t he  c-Ha-ras 1 gene alone, i n  con t ras t  t o  SV40 T- 
antigen, i s  i n s u f f i c i e n t  t o  induce transformation, even i n  f i b r o b l a s t s  from pa t ien ts  

c a l l  v w e d  t o  cancer devol- 
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01 O I D Y  N AND G 0 M LIGN N Y. . et te rbe rg  * and G. '18 ~~~~f~ P ~ e ~ ~ r b n e n : B o ~ R : ~ Y P a t h o l ~ ~ y ~  :rotinskt Enst:tute, 10401 ft tckholm, Sweden 
and ZOepartment o f  MCD Biology, Un ive rs i t y  o f  Colorado, Boulder, CO 80309 

I n  a systematic re t rospec t i ve  study on human tumors we have invest igated the re la t i onsh ip  
between "gross p lo idy  l eve l " ,  as determined from DNA-cytophotometry. and c l i n i c a l  course i n  
terms o f  metastasis formation and death from the tumor disease. We have optimized methods 
f o r  l a r g e  scale q u a n t i t a t i v e  c y t o p h o t a e t r i c  OM-analysis o f  i nd i v idua l  tumor c e l l s  i n  o l d  
cy to log i ca l  s l ides.  which were o r i g i n a l l y  used i n  the rout ine diagnostics, and which have 
been stored i n  our f i l e s  f o r  up t o  20 years. We have analysed near ly  one thousand tumors. A 
very c lose c o r r e l a t i o n  between the cytophotometric DNA-data and c l i n i c a l  course was found. 
Low-grade malignant tumors, w i t h  no or  very slow progress over a 10-20 year per iod were 
almost i n v a r i a b l y  characterized by having predominantly d i p l o i d  or  combined d i p l o i d - t e t r a -  
p l o i d  DNA-contents. Metastases from the low-grade tumors were s i m i l a r  t o  the primary tumors 
i n  t h i s  respect, and the d i p l o i d - t e t r a p l o i d  "DNA pat tern"  appeared t o  be stable, since it was 
most o f t e n  unchanged i n  metastases appearing decades a f t e r  the diagnosis o f  the primary 
tumor. High-grade m l i g n a n t  tumors. t h a t  r a p i d l y  developed metastases, and k i l l e d  the 
pa t i en ts  w i t h i n  1-3  years, were almost i n v a r i a b l y  characterized by having a very small ( o r  no 
detectable)  propor t lon o f  tumor c e l l s  w i t h  d i p l o i d  DNA-contents. Instead these tumors 
contained increased and h igh l y  va r iab le  amounts o f  DNA, suggesting a considerably h igher  
degree o f  aneuploidy i n  these more aggressive tumors, than i n  the low-grade var iants .  Taken 
together these data seem t o  r e f l e c t  the importance o f  genomic i n s t a b i l i t y ,  a t  the chromosomal 
and/or gene leve l ,  f o r  the ra te  o f  progression o f  the tumor disease. 

0119 HYPERSENSITIVITY AND HYPOMUTABILITY OF LYMPHOBLASTS FROM FAMILIAL MELANOMA PATIENTS 
FOLLOWING UV IRRADIATION, Robert G. Ramsay, Wendy Relf and Chev Kidson 
Queensland Institute of Medical Research, Brisbane, Australia, 4006 .  

Cell lines from familial melanoma (FM) patients have been shown to be UV sensitive (1,2). 
Those cell lines from sporadic melanoma patients ( S M )  do not differ from normals in their 
response to UV. 

While induced sister chromatid exchange frequencies following UV treatment were normal, 
chromosome aberrations were higher in FM cell lines. This was also found following 4NQ0 and 
mitomycin C treatment, but not after &irradiation where the frequency of induced aberrations 
was normal. 

(gps A. D 6 V )  were most mutable and SM cells were induced to a similar degree as normals. 
Seven FM cell lines however were refractory to UV induced mutagenesis. When treated with 
EMS, FM cell lines were found to be as mutable as controls and SM cells by this agent. The 
analogies that exist between the response of FM cell lines and mutants of the SOS repair 
pathway E. coli (eg. lex 6 g- mutants) are compelling. 
prone individuals UV sensitivity is not associated with higher UV induced mutagenesis. 
challenges the view that solar radiation operates only as a mutagen in UV sensitive 
individuals. 
(1) Ramsay g (1982) Cancer Res. 42 pp 2909-2912. 

Attempts to show defects in excision and post replication repair have been unsuccessful. 

When cell lines were assayed for UV induced mutagenesis, xeroderma pigmentosuni cell lines 

Therefore, in these skin cancer 
This 

h et - a1 (1982) Int. J. Cancer, 30 pp 3945. 

0120 ADP-RIBOSE IN TIIE REPAIR OF DNA DAMAGE AND IN CARC1"ESIS. 

Sydney Shall, University of Sussex, Brighton, Sussex, England. 

ADP-ribosylation of chromatin proteins is a component of efficient DNA excision repair, 
probably because it regulates DNA ligase activity. 
DNA for its activity because it has a specific requirement for  ends of DNA strands. DNA 
damage activates nuclear ADPRT, stimulates the synthesis of (ADP-ribose), and lowers 
cellular NAD levels, these responses seem to be in proportion to the number of sites in the 
DNA being repaired by strand breakage. 
retard DNA excision repair, and synergistically potentiate the cytotoxicity of many DNA- 
damaging agents, including both chemicals and radiation. In addition, these enzyme 
inhibitors substantially increase the frequency of sister chromatid exchanges. Transformaticn 
of NIH 3T3 cells by SV40 or gpt plasmids is esentially blocked by 3-aminobenzamide. The 
conclusions derived from inhibitor studies have been extended by the isolation, after 
mutagenesis and selection, of-1 variants of mouse leukaemic Ll2lO cells. These cell 
variants confirm the regulation of DNA ligase by ADPRT activity. Experiments indicate that 
human tumour cells may be deficient in this nuclear enzme system. We suggest that inade- 
quacies of the ADP-ribose system may enhance the frequency of translocations and chromosomal 
aberrations. Thus, defects in the nuclear ADP-ribose system may be part of the genesis 
or progression of human turnours. 

Nuclear ADPRT is entirely dependent on 

The inhibitors of nuclear ADPRT especially kernamides 

52 



Genes and Cancer 

0121 THE NATURE OF PERSISTENT CARCINOGEN-CHROMATIN DAMAGE 
Arend Kootstra, Swiss I n s t i t u t e  f o r  Experimental Cancer Research, CH-1066 Epalinges 
s/Lausanne, Switzerland. 

Exc is ion r e p a i r  o f  a v a r i e t y  o f  carcinogenic les ions i n v a r i a b l y  leads t o  pe rs i s ten t  damage 
i n  the i n t a c t  eukaryot ic  c e l l .  When human lung e p i t h e l i o i d  c e l l s  were t rea ted  w i t h  Benzo(a)- 
pyrene d i o l  epoxide ( a n t i ) ,  analys is  o f  the d i s t r i b u t i o n  o f  t he  carcinogen was analysed by 
ONase I digest ions o f  nuc le i  a t  various po in ts  dur ing the exc i s ion  r e p a i r  process. The data 
obtained s t rong ly  suggests t h a t  the m a j o r i t y  greater than 90% o f  the pe rs i s ten t  DNA adducts 
are associated w i th  the i n a c t i v e  reg ion of the chromatin. These r e s u l t s  imply  tha t  f o r  bu lky 
carcinogen-DNA adducts a p re fe ren t i a l  b ind ing occurs i n  the ac t i ve  f r a c t i o n  o f  the genome 
and t h a t  the exc i s ion  r e p a i r  mechanism may be l a r g e l y  concerned w i t h  the removal o f  potent- 
i a l l y  cy to tox i c  and mutagenic les ions i n  the f u n c t i o n a l l y  ac t i ve  reg ion o f  the genome. 

Poster Session No. 2 

0122 HEMATOPOIETIC CELL TRANSFORMATION BY A WRINE RECOFBINANT RETROVIRUS CONTAINING 
THE SRC GENE OF ROUS SARCOMA VIRUS,  Jacalyn H. Pierce, S tua r t  A. Aaronson, National 
C a n c F I n s t i t u t e ,  Bethesda, Maryland 20205 and Steven M. Anderson, Merck, Sharp & 
Dohme Research Laborator ies West Point. Pennsylvania 19486 

A recombinant murine r e t r o v i r u s  (FRSV) conta in ing the s rc  gene o f  avian Rous sarcoma 
v i rus  (RSV) was shown t o  induce hematopoietic colonies- i n f e c t e d  mouse bone marrow. 
FRSV-induced colony format ion fo l lowed s i n g l e - h i t  k i n e t i c s  and requi red mercaptoethanol 
i n  the agar medium. 
as continuous c e l l  l i n e s  which demonstrated u n r e s t r i c t e d  self-renewal i n  v i t r o  and 
tumor igenic i ty  i n  vivo. 
t he  Rous s a r c o m y v r n  t ransforming prote in ,  pp60Z2, appeared t o  be a t  an e a r l y  
stage i n  lymphoid c e l l  d i f f e r e n t i a t i o n .  They lacked Fc receptors and detectable 
immunoglobulin mu chain synthesis, markers normally associated w i t h  comnitted B 
c e l l s .  The m a j o r i t y  o f  t he  FRSV-transformed c e l l  l i n e s  contained h igh  l e v e l s  o f  
terminal  deoxynucleotidyl transferase, an enzyme present i n  lymphoid progeni tor  
c e l l s  comnitted t o  the T c e l l  l ineage. One c e l l  l i n e  expressed Thy-1 antigen, b u t  
none expressed Lyt -1 and Lyt-2, markers o f  more d i f f e r e n t i a t e d  T c e l l s .  These 
f i nd ings  represent the f i r s t  demonstration t h a t  the ~2 gene i s  capable o f  t rans-  
forming c e l l s  o f  hematopoietic o r i g i n .  

Ce l l s  from the co lon ies induced by FRSV could be establ ished 

The transformants, a l l  o f  which expressed h i g K l Z E E  o f  

0123 sv40 SURFACE T ANTIGEN: REACTIVE SITES MAPPED WITH MONOCLONAL ANTIBODIES 
Roger Hand and Lori Whittaker, & G i l l  Cancer Centre, Montreal, H3G 1% 

T ant igen transforms animal c e l l s  from severa l  species .  Recent s tud ies  show i t  is on the  
c e l l  surface.  As i n  o ther  tumor v i r u s  systems, t h i s  may be important f o r  transformation. 
We have used a radioimmunoassay t o  map epi topes on l i v i n g  and formaldehyde-fixed trans- 
formed cells with s i x  d i f f e r e n t  monoclonal ant ibodies  t o  T antigen. I r re levant  monoclonal 
ant ibodies  of the same subclass  served as controls .  With the transformed mouse l i n e  SVTZ, 
ant ibodies  PAb 101 and PAb 423, which bind t o  the Gtermina l  region of T ant igen,  reacted 
with f ixed and l i v i n g  c e l l s .  Of the ant ibodies  aga ins t  the  N-terminus, PAb 430 did not  
r e a c t ,  while PAb 416, reacted with l i v i n g  cells only. PAb 1700. a new antibody, reacted 
s imi la r ly  t o  PAb 416 and therefore  is di rec ted  a t  or near the  same epitope. 
d i rec ted  aga ins t  the c e n t r a l  region of T ant igen,  d id  not  reac t .  
from which SVTZ c e l l s  a r e  derived, d id  not  r e a c t  s p e c i f i c a l l y  with any of the monoclonal 
ant ibodies .  The SV40-transformed human cel l  l i n e  SVBO, and the  hamster c e l l  l i n e  CALwt 
reacted s imi la r ly  t o  SVT2. We conclude t h a t  the  Gterminus and t h e  N-terminal region 
containing the reac t ive  s i te  of PAb 416 are on the  outer  sur face  of the  cel l  membrane. The 
c e n t r a l  region and the  N-terminal region containing the  s i te  f o r  PAb 430 a r e  buried i n  the 
membrane or blocked. Fixat ion blocks the  s i te  detected with PAb 416. Since l i n e s  from 
three  species  gave s imi la r  r e s u l t s ,  T ant igen is most l i k e l y  inser ted  i n  the  membrane of 
a l l  transformed c e l l s  i n  a s p e c i f i c  manner. 

PAb 100. 
Untransformed 3T3 cells, 
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0124 
Erikson' and James L. Maller, U n i v e r s i t y o r a d o h o o l  of Medicine, Denver, CO 
*Harvard University, Cambridge, MA 02138. 

Rous sarcomf virus (RSV) is able to  transform cells through the expression of a single gene product, 
termed pp60 -src, which is a protein kinase that  phosphorylates tyrosine residues. One clue to the 
interaction between pp60v-src and the host cell is that  ribosomal protein 56 is phosphorylated in RSV- 
transformed cells even in the absence of serum (Decker, S., PNAS 78: 4112, 1981). Normally, 56 is not 
phosphorylated in serum-starved cells in culture, but is rapidly phosphorylated in response to  many 
stimuli that  promote protein synthesis and cell division. We have microinjected purified pp60V-srC into 
Xenopus oocytes and observed an increase in 56 phosphorylation on serine residues. Two-dimensional gel 
electrophoresikof ribosomal proteins confirmed an increase in the absolute phosphate cpntent of 56. 
Since the pp60 -'" preparation lacked 56 kinase activity in vitro, we propose that  pp60v-s directly or 
indirectly activates a kinase and/or inactivates a phosphatase for 56. Microinjection o f  pp60v-src into 
oocytes also led to a 2-3 fold imrease in the level of phosphotyrosine and a slight elevation in total  
protein phosphorylation. Additionally, pp60v-src dramatically shortened the t ime course of pro- 
gesterone-induced maturation of oocytes, but appeared unable to  cause maturation by itself. These 
experiments suggest that  mic ro inp t ion  of oocytes may prove useful in identifying the pathway($) by 
which gmwth is regulated by pp60 -ST' and the  role o f  tyrosine phosphorylation in early development. 

THE PHOSPHORYLATION OF RIBOSOMAL PROTEIN 56 IS INCREASED FOLLOWING MICRO- 
INJECTION OF pp60v-src INTO XENOPUS LAEVIS OOCYTES, Jordan G. Spivack, Raymond L. 

80262 and 

0125 QUAIL EMBRYO FIBROBLASTS TRANSFORMED BY FOUR --CONTAINING VIRUS~ISOLATES 
SHOW ENHANCED PROLIFERATION BUT ARE NONTLMORIGENIC. Steven Palmier i  , P a t r i c i a  

Kahn and Thomas Graf. European Molecular Biology Laboratory.  6900 Heidelberg,  West Germany 
and 'NIB, N I A I D ,  Rocky Mountain Labora to r i e s ,  Hamilton, HT 59840 

Q u a i l  embryo f i b r o b l a s t s  i n fec t ed  wi th  any of t h e  fou r  n a t u r a l  a v i a n =  gene-containing 
v i r u s  s t r a i n s  (MC29, C M I I ,  OK10 and MH2) o r  with t h e  a, *-containing E26 a c u t e  
leukemia v i r u s ,  were examined f o r  t h e i r  expression of s e v e r a l  t ransformation-associated 
parameters.  A l l ~ - c o n t a i n i n g  v i ruses .  but no t  E26 o r  Rous sarcoma v i r u s  (used as a 
c o n t r o l )  induced a dramatic  s t imu la t ion  of c e l l  p r o l i f e r a t i o n .  I n  add i t ion ,  t h e  myc- 
v i r u s  transformed c e l l s  exh ib i t ed  prominent nuc leo l i ,  possibly a s  a consequence of t h e i r  
increased p r o l i f e r a t i o n .  Cells transformed by MC29, OK@, hH2, and E26 were capable 
of growing in semisol id  medium and showed a loss of a c t i n  cab le s  and, except f o r  t h e  
E26-transformed c e l l s ,  of an ordered f i b r o n e c t i n  network. The CMII-transformed c e l l s  
resembled normal c e l l s  in t hese  p r o p e r t i e s  but  exh ib i t ed  an a b n o m l  f i b r o n e c t i n  dis-  
t r i b u t i o n .  All of t h e  =-virus transformed f i b r o b l a s t s ,  as w e l l  as t h e  E26-transformed 
c e l l s ,  were unable t o  form tumors i n  nude mice, i n d i c a t i n g  t h a t  t h e  gene (and t h e  
myb/ets genes) are not s u f f i c i e n t  f o r  t he  induc t ion  of a f u l l y  malignant phenotype in 
f i b r o b l a s t s .  

0126 ADENOVIRUS TYPE 12 REGION El SUPPRESSES THE EXPRESSION OF MHC CLASS 1 GENES I N  
TRANSFORMED RAT CELLS,Ren6 Bernards,Peter  Schrier ,Alex van de r  Ji%. Unive r s i ty  of 
Leiden, Holland. 

We have found tha t  oncogenic and non-oncogenic human adenoviruses d i f f e r  i n  t h e i r  p o t e n t i a l  
t o  modulate t h e  expression of c e l l u l a r  genes i n  transformed ce l l s .A t  l e a s t  two genes a r e  
s p e c i f i c a l l y  suppressed 
These p r o t e i n s  a r e  also expressed i n  untransformed rat c e l l s .  One of t h e s e  p r o t e i n s  has been 
i d e n t i f i e d  as t h e  heavy chain of t h e  c l a s s  1 t r a n s p l a n t a t i o n  an t igens  encoded by t h e  major 
h i s tocompa t ib i l i t y  complex.Decreased expression o f  t h i s  p r o t e i n  is brought about by t h e  
product o f  t h e  135 E l a  mRNA at t h e  l e v e l  of mRNA synthesis .The v i r t u a l  absence of c l a s s  1 
an t igens  i n  Ad12 transformed c e l l s  r e s u l t s  i n  a d r a s t i c  decrease i n  s u s c e p t i b i l i t y  t o  
cy to tox ic  T-lymphocytes i n  v i t r o  as compared t o  Ad5 t ransformed c e l l s .  Experiments designed 
t o  f u r t h e r  understand t h i s  switching proces w i l l  be  presented.  

by t h e  h igh ly  oncogenic Ad12 b u t  not  by t h e  non-oncogenic Ad5. 
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0127 PROTEIN PRODUCTS ASSOCIATED WITH HUMAN (G MOUSE MAMMARY CARCINOMA TRANSFORMING GENES, 
Dorothea Becker 

The major aspect of my research concerns the identification and characterization of antiqens 
associated with NIH 3T3 ce l l s  transformed by DNAs from various cellular neoplasms. Up t o  
date four proteins have been identified as being either encoded by or associated with ex- 
pression of neoplasm transforminq qenes. Transforming genes reoresenting members of the ras 
qene family encode proteins of 21 kds. m, the transforming gene of chicken B cell  l y m r  
phomas and human Burkitt 's  lymohomas encodes a protein of 8 kd.  A 185 kd phosphoprotein has 
been shown t o  be associated with the expression of the transforming nene of r a t  neuroblasto- 
mas. 
(gp  86 and pp 72) and two nonqlycosylated oroteins ( p  70 and p 19) beinn associated with the 
transforming qenes of human and mouse manary carcinomas. 
a l l  four proteins represent plasma membrane antiqens, with g p  72  being exoressed on the :ell 
surface. 
turally related nor do they interact i n  the form of a hiqh molecular weight complex. On the 
other hand, studies with respect to  the characterization of p 19 suqpest, that  p 19 i s  most 
l ikely complexed to gp 72. Current investiqations such as hybrid-selection a re  carried out 
usinq a molecular clone which contains the sequence of the transforminn aene of human mam- 
mary carcinomas. 
represents the d i rec t  Protein product encoded by the transforming qenes of human and mouse 
mammary carcinomas. 

Previous investiqations i n  our laboratory led t o  the identification of two qlycooroteins 

Most recent studies indicated that 

Furthermore, we were able to  show tha t  q p  86, gp 72 and gp 70 are neither struc- 

These studies should allow determination which i f  any of these four proteins 

0128 yONOCLONAL. ANTIBODIES ill TEE PROTEIN OF ROUS SARCOMA VIRUS DETECT 
mPIUTICAUY ACTIVE C-SRC FROM RODENT AND EmvLN C E U S .  Sarah J .  Parsons, Deborah 
J. McCarley, Constance M. Ely, David C. Benjamin, and J .  Thomas Parsons, 
Univeraity of Virginia, Charlottesville, VA 22908. 

Transformation of cell. by Pour sarcoma virua (RSV) is mediated by the product of the RSV 
src p p 6 e .  'henty-four hybridoma cell lines producing monoclonal antibodies to 
pp 6 F ; a v e  been isolated from mice immunized with inunoaffinity-purif ied pp6- from 
XSV-transformed field vole cells (SR-IT) and with p 6 e  purified by preparative gel 
electrophoresis from extracts of 8. & expressing the  lf4 gene product. Tbe monoclonal 
antibodies have been characterized a s  to their cross-reactivity with tyrosina protein 
kiluser specified by several acute transforming viruaes of avian, murine, and feline 
origin. In  addition, their ability to recognize the normal cellular hmologue of v-arc 
( i . e . .  c-rrc) present in avian and mammalian apecier, including human. hat been studied. 
Five monoclonal antibodies inmunoprecipitate in viro radiolabeled c-src from rodent and 
human cells. Emever. only two monoclonal antibodies inunoprecipitate enzymatically 
active forms of c - m .  The antigenic detcrminanta recognized by all of the monoclonal 
antibodies have been localized to the amino terminal one-third of the s molecule by 
testing the ability of the antibodies to inmunoprecipitate mutant proteins COUtliniIIg 
deletions in different regions of the molecule. These monoclonal antibodies should prove 
useful in studying the rtrnctnre and function of viral and ceflular 1Tc Proteins. 

0129 Inhib i t ion  of Transformation i n  a C e l l  L i n e  Infected with a Temperature Sens i t ive  Mu- 
t a n t  of Murine Sarcoma V i r u s  (MuSV) by Cytoplasmic Microinjection of Pur i f ied  Ig from 

an Antisera Generated Against a Synthet ic  v-mos Peptide. 
BrownZ. E.C. Murphy', and J. Sparrow3; IScripps, Dept. of Mol-Biol.. La J o l l a .  CA 92037; $.D. 
Anderson Hospital, Houston, TX. 77030; 3Baylor College of Med., Houston, TX, 

The 6m2 cel l  line infec ted  with a temperature s e n s i t i v e  Moloney MuSV mutant ( t s l lO)  pro- 
duces e a s i l y  de tec tab le  leve ls  of an 85,000d gag-mos fusion protein.  Ind i rec t  h u n o f l u o r e s -  
cence s tudies  with a n t i s e r a  t o  a synthe t ic  peptide, comprising amino ac ids  37-55 (cycl ized 
through cysteine residues)  of the  predicted MuSV 124 v-mos sequence, indicated that p858aem0s 
appeared t o  be a so luble  cytoplasmic protein.  To analyze whether o r  no t  the  pur i f ied  antibody 
could i n t e r a c t  with gag-mos proteins ,  i t  w a s  microinjected i n t o  the  cytoplasm of 6m2 c e l l s  a t  
the  permissive and non-permisshe temperatures. Fixed c e l l s  were s ta ined  with f luorescein-  
conjugated goat ant i - rabbi t  IgG and counters ta ined with Evan's blue s t a i n .  Microinjected cellb 
f luoresced br ight  green, whereas uninjected cells f luoresced red. Of the  approximately 90% of 
c e l l s  which survived, i n j e c t i o n  with anti-ovalbumin IgG (as  a control)  had l i t t l e  o r  no e f f e c t l  
In  cont ras t ,  i n j e c t i o n  of anti-mos IgG i n t o  6m2 c e l l s  a t  the  permissive temperature resu l ted  
i n  dramatic changes in many c e l l s ,  e.g. the c e l l s  f la t tened  and displayed extended psuedopodiat 
Similar ly ,  microinject ion of cells a t  t h e  non-permissive temperature with a n t i - e  antibody 
prevented onset  of the  transformed phenotype in a large percentage of cells. These results 
s t rongly suggest t h a t  cytoplasmic i n j e c t i o n  of pur i f ied  IgG from r a b b i t s  immunized with a 
v-E pept ide can i n h i b i t  the  funct ion of the  transforming protein.  

R.B. Arlinghausl. G.E. Gal l ick D.B, 
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0130 PROMOTER ACTIVATION MEDIATED BY SV40 T ANTIGEN. J.M. Keller and 
J .  C. Alwine, Department o f  MicrobiologylG2, Un ive rs i t y  o f  Pennsylvania; Philadelphia, 
PA., 19109. 

We have analyzed the  activation o f  t h e  SV40 late promoter us ing  chloramphenicol acetyltrans- 
ferase (CAT) t rans ient  expression vectors. 
v i ra l  DNA synthesis could not  occur, t hus  el iminating effects caused by genome amplification 
o r  DNA replication. Th is  was accomplished by either mutat ing the  o r ig in  o f  repl icat ion to  
render  it nonfunctional o r  by t ransfect ing plasmids i n to  cel l  lines which produce mutant T 
antigens which a re  unable t o  repl icate v i ra l  DNA. T h e  resul ts  indicate that  T antigen d i rec t l y  
stimulates the late promoter in t h e  absence of, and independent of, genome amplification o r  
DNA replication. The  abi l i ty  o f  mutant T antigens to  stimulate the  late promoter correlates well 
w i t h  t h e  maintenance o f  DNA binding act iv i ty .  The  up regulat ion o f  the late promoter, at a 
time when T ant igen i s  down regulat ing t h e  ear ly  promoter, indicates that  the two SV40 pro-  
moters are qu i te  d i f ferent  in the i r  mechanism o f  activation. 
enhancer dr iven,  while no enhancer-like elements have been ident i f ied w i t h  the  late promoter. 
Thus  t h e  late promoter may define a class o f  RNA polymerase promoters which are activated by 
the  specific act ion o f  cer ta in  proteins. T antigen would be such a prote in  as well as the  .dsm 
v i r u s  E1A protein. 
prote in  wi l l  e f fect ive ly  subst i tu te  fo r  T antigen in act ivat ing the late promoter. 
en t l y  similar promoter st imulatory funct ion o f  T antigen and E l A  prote in  may be invo lved in 
the  turn on o f  cel lular genes which resul ts  in transformation. 

These studies were done under  conditions where 

In addit ion, t he  ear ly  promoter is  

Using o u r  t rans ient  expression vectors we have determined that  the E l A  
Th is  appar- 

0131 ZHARACTERIZATION OF HOST SEQUENCES PRESENT IN SHOPE FIBROMA VIRUS, A TUMORIGENIC POX- 
VIRUS OF RABBITS, C .  Upton, W. Block, A.M. Delange, C. Macauley and G. McFadden, 
University of Alberta, Edmonton, Canada T6G 2H7 

The Shope Fibroma Virus (SFV) genome consists of a 160 kb linear ds DNA molecule with cova- 
lently closed termini and inverted repeat sequences at the terminal 1 2  kb. In Southern blot- 
ting experiments using high complexity rabbit DNA probe the presence of viral sequences homo- 
logous to the host DNA probe was detected in each of the two terminal repeat sequences con- 
tained in Bad.1 fragments C and E. In reciprocal blotting experiments restriction enzyme 
digests of rabbit, monkey, human and mouse DNAs were probed with SFV Barn111 E fragment: the 
resulting profiles indicated that the mammalian DNA sequences homologous to the SFV E clone 
are highly conserved. A part of these host sequences homologous to the SFV probe were found 
to reside within a novel 4.8  kb plasmid species, and the remainder are integrated cellular 
sequences. The human counterpart of these latter sequences has been isolated from a human 
lambda library at a frequency consistent with it being present as a single copy per haploid 
genome. The involvement of these SFV host-related sequences in progression of viral infection 
and tiimorigenesis is suggested by characterization of the newly discovered tumorigenic pox- 
virus, Malignant Rabbit Virus (MRV). The genome of MRV has been mapned and appears to be iden- 
tical to that of a related leporipoxvirus, Myxoma, except for the presence of these host- 
related DNA sequences homologous to SFV E probe in the MRV terminal repeats. We conclude that 
SFV has acquired in each terminal repeat approximately 5 kb of its sequences from the host 
and that acquisition of these same sequences by MRV is responsible for the phenotypic diffe- 
rences between.MRV and Mvxoma. 

0132 CHARACTERIZATION OF THE HUMAN c - s  GENE PRODUCT. G. Ramsay, G. Evans, J.M. Bishop 
and R. Lerner*, Department of Microbiology and Immunology, University of California, 
San Francisco, CA 94143, "Scripps Clinic and Research Foundation, La Jolla, CA 92037. 

The cellular oncogene c-mnc is believed to be involved in the genesis of many types of 
human tumor. 
quires identification of the c-myc protein. 
peptides corresponding to 7 regions from the c-myc gene and used these to raise antisera that 
reacts with protein. 
transformed quail cells and the p58'-= protein from chicken lymphoma cells. In a variety 
of human cell types a candidate c-- protein of 60,000 daltons was detected which could be 
localized to the nucleus by immunostaining. We are mapping the protein in order to confirm 
its relationship with chicken p58'-=. 
protein plays in cell lines containing amplified or translocated C-E genes. 

Elucidation of the mechanism by which human c - 5  elicits tumorigenesis re- 
To this end we have synthesized a series of 

The sera immunoprecipitate the viral protein p l l m - -  from MC29 

Currently under investigation is the role c-= 
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0133 A - C t C N E  CD"AIN1ffi THE C-TEIMINAL mDIffi EGICN OF TWE HIMAN MYB GENE. L. 
%ma, T. ~aone, M. Cline* and D. slamn*. Pmgen, Thwsand oaks, CA 91320; * u r n  
School of Medicine, Division of Hematolqy/Oncolqy, Los Argeles, CA 90024 

poly A+ m l w ~  was i so la ted  f r a n  c i r m l a t i n g  m y e l d l a s t s  taken f ran  a pat ien t  w i t h  acute  
myelqems leukemia a d  f r a n  n o d  tlynus t i ssue  td ten  f ran  another pa t ien t .  
ana lys i s  of hcth mRNA preparat ions s h e d  a bad of *proximately 3.4kb when probed with v i r a l  
myb q u e n c e s .  
chicken cmyb gene a t  approximately 3.6kb. cDNA w a s  prepared using t h e  Gkayam and Berg tech- 
nique fron t h e  leukemic myeloblast mFWA because this was the 
nyb message. V i r a l  myb sequences were nick t rans la ted  with 3 z d C I P  and used as a probe to 
screen 40,000 cCNA clones. 
method using Ml3/€iu-nybl clones as tanplates .  
lmirg feamres :  
2) a 3' untranslated region of about 200 bases containing a p l y  aderylat ion s igna l ,  and 
a h t  100-200 bases of poly A. 
carboxyl terminal 277 amino ac ids  (a.a.) of t h e  human cmyb protein. Canparison of the hu- 
mybl pro te in  sequence with t h a t  of t h e  v i r a l  protein sequence ( h s h l c w e t .  1982. science 
216:1421) shed t h e  f o l l m i n g :  
the  two sequences, 2) there are regions (up to 72 a.a. i n  length) where the hanolqy between 
the two proteins  is as lm as 57%, and 
termination of the v-myb sequence. 
differences i n  lemth n&& 

Northern b lo t  

Similar analysis  of mIINA f r a n  d i c k e n  t lynus t i s sue  placed t h e  s i z e  of the 

t abundant scurce of human c 

Cne clone, Ru-mybl, was isolated ard sequenced by the dideoxy 
The sequence we  obtained contained t h e  fol- 

1) an cpen r e a d i q  frane exterdirg 831 bases €ran the 5' end of the  clone, 
3) 

Translating the 831 base cpen reading frane yielded t h e  

1) there is 84% h a r o l q y  i n  t h e  245 a.a. of overlap between 

3) the  human myb sequence terminates p r i o r  to t h e  
1- 

me r e s u l t s  of the  f i n a l  point  are m i s t a n t  with the 

0134 A PROTEIN KINASE IN MICROTUBULES PHOSPHORYLATES TYROSINE ON MICROTUBLILE 
ASSOCIATED PROTBINS,Arthur H. Lockwood, Maryanne Pendergast and Michael 
Dennis, Temple University School of Medicine, Philadelphia, PA 19140 

Tyrosine specific protein kinases appear to be essential for oncogenic 
transformation by many tumor viruses. 
polypeptide growth factors such as EGF. Transforming viruses and growth factors 
elicit reorganization of the actomyosin and microtubule cytoskeleton concomitant 
with alterations in cell morphology and adhesion. 
likely substrates for phosphorylation by cellular or viral tyrosine kinases. We 
have found that microtubules isolated from mammalian brain contain substantial 
levels of a tyrosine-specific kinase. This enzyme phosphorylates specific micro- 
tubule associated proteins (MAPS) in a CAMP independent manner. Several of the 
MAPS which are substrates for the tyrosine kinase are also phosphorylated by an 
endogenous CAMP-dependent protein kinase. Phosphorylation of the same set of 
MAPS by either CAM€' dependent or tyrosine specific protein kinases may therefore 
regulate the assembly and function of cellular microtubules. 

They may also mediate cellular responses to 

Cytoskeletal proteins are thus 

0135 The Subgenomic mRNA Encoded by V-Re1 and the Quantitation of Re1 Expression in Various 
Cell Lines, Tissues and Organs 

Norbert D. Herzog, William J. Bargman, Barbara E. Moore, Nancy R. Rice and Henry R. Bose,Jr. 
REV-T is a replication-defective avian acute leukemia virus that transforms immature 

lymphoid cells of the B cell lineage in vivo and in vitro. 
unique helper-independent sequence, designated v - g ,  which is presumed to be responsible for 
transformation. 
tion into the env gene. Furthermore, the sequence has revealed a long open reading frame 
that would be transcribed as a subgenomic mRNA of approximately 3.0 kb. Using a molecularly 
cloned 
transformed-nonproducer (NP) cell lines. The cytoplasmic poly A+ RNA from REV-T transformed 
NP cell lines all appear to harbor high molecular weight RNA species that hybridize with re1 
cDNA suggesting the accumulation of incompletely processed c-re1 mRNA. Marek's disease trans- 
formed cells poly A+ RNA was analyzed to identify a 4.0 kb c - z  mRNA but no high molecular 
weight precursor TNA that hybridizes with & cDNA. 
the levels of rel mRNA expression. 

greater than C-K expression in Marek's disease transformed cells. 
normal uninfected chickens can be detected in all organs of the hematopoietic system. 

The genome of REV-T contains a 

Nucleotide sequence data has localized the 1.5  kb v - K  sequence as an inser- 

specific DNA probe, we have identified a single subgenomic 3.0 kb, mRNA in REV-T 

Dot hybridization is used to quantitate 

REV-T transformed cell lines express rel TNA at various levels, generally 4 - 10 fold 
The expression of c-* 
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0136 COMPLEMENTATION OF ADENOVIRUS REGION Ela DELETIONS BY ONCOGENES, J.l .iickb;cd & . A .  .*. 
der Ebf* 
The Netherlands. 

*Institute of Public Healt, Bilthoven and **Sylvius Laboratories, Leiden 

We have studies complementation of defects in the Ela region of adenovirus 12 in transforma- 
tion of BRK cells by cellular and viral oncogenes. The mutant adenovirus DNA used in this 
study is pSVRlI, a plasmid containing the El region of Ad12 with a deletion in the Ela region 
(897-1006), as well as the SV40 enhancer element. This plasmid has a low transforming capa- 
city in primary BRK cells. The transformed cells have lost their tumorigenic potential 
although they normally express region Elb. We have cotransfected BRK cells with pSVRlI and 
various oncogenes. It was found that the rasH gene (E.J 6.6) increased the transformation 
frequency at least tenfold, and that the transformed colonies appear much faster and have 
an altered morphology as compared to cells transformed by pSVRII or intact region El of Ad12 
(the rasH gene alone does not transform the primary rat cells) .These results suggest that 
the ras" oncogene can complement the defect of the Ad12 Ela region in transformation of 
primary BRK cells. The results will be discussed in relation to the tumorigenic properties 
of the transformed cells. 

0137 OLIGONUCLEOTIDES AS SPECIFIC TRANSLATION INHIBITORS, Richard H. Tullis, Robert N. 
Bryan and Vladimir Mackedonski, Molecular Biosystems, Inc., San Diego, CA 92121. 

Hybrid arrest of translation discovered by Hastie and Held and Kuff, Patterson and Roberts 
has been used in number of laboratories to identify specific translation products. Using 
synthetic oligonucleotides capable of spontaneously hybridizing to specific mRNA sequences 
under physiological conditions of salt, temperature and pH, we have been investigating the 
idea that oligonucleotides might be capable of selective protein synthesis inhibition & 
vitro. We have synthesized several oligonucleotides designed to inhibit the translation of 
SV-40 T-antigen mRNA. Under certain conditions, these oligonucleotides selectively inhibit 
the synthesis of immunoprecipitable T-antigen protein in the rabbit reticulocyte cell free 
protein synthesis system. At a 1000 fold calculated sequence excess of oligomer over T-mRNA 
in total poly A mRNA from SV-40 infected monkey cells, protein synthesis can be strongly 
suppressed. The oligomers tested show little apparent effect on normal cellular mRNA 
translation. The oligonucleotides tested, although stable in the reticulocyte lysate, are 
rapidly degraded in serum and after uptake into cells. In order to stabilize these mole- 
cules to nuclease digestion and t o  increase their lipophilicity, we have developed methods 
for the synthesis and purification of specific sequence phosphotriester and methyl phos- 
phonate DNA oligonucleotides. Our eventual goal is to selectively inhibit the synthesis 
of specific proteins in vivo. 

0138 Evidence For I n  Vivo Phosphory la t ion  o f  DNA Polymerase a i n  Rous Sarcoma V i rus  
Transformed Cxlr Robert  W. Donaldson and Eugene W. Gerner. D i v i s i o n  o f  Radia- 
n o n  Oncology, U n i v e r s i t y  o f  Ar izona Hea l th  Sciences Center,  Tucson, AZ 85724. 

Prev ious  work has demonstrated t h a t  DNA polymerase a a c t i v i t y  i s  modulated by phos- 
pho ry la t i on .  Rous Sarcoma v i r u s  (RSV) mediated c e l l  t r ans fo rma t ion  has been shown t o  a f -  
f e c t  a v a r i e t y  o f  c e l l u l a r  f unc t i ons .  S tud ies  i n  t h i s  l a b o r a t o r y  have demonstrated t h a t  
RSV t rans fo rma t ion  a l t e r s  c e l l  c y c l e  p rog ress ion  as we l l  as r a t e s  o f  DNA synthes is .  Rat 
embryonic f i b r o b l a s t s  i n f e c t e d  w i t h  a mutant o f  RSV(tLA24) were used f o r  t hese  s tud ies .  
Rat -1  (tstA24/RSV) a re  permiss ive  f o r  t r a n s f o r m a t i o n  a t  35'C and nonpermissive a t  39°C. 
Using  a1 k a l i  ne phosphatase. a phosphotyrosi  ne p re fe red  phosphatase, we show a concentra- 
t i o n  dependent d i f f e r e n t l a l  i n h i b i t i o n  o f  DNA polymerase a a c t i v i t y  i n  4SV t rans formed 
c e l l s .  The r e s u l t s  suggest t h a t  i n  RSV t rans formed c e l l s ,  DNA polymerase a, o r  an ac- 
cessory p r o t e i n  i s phosphoryl a ted  by pp60srC o r  another t rans format i  on speci f i  c phospho- 
t rans fe rase .  
were used t o  i n v e s t i g a t e  t h e  i n  v i v o  phosphory la t ion  s t a t e  o f  Rat -1  (tsLA24/RSV) DNA 
polymerase a. 
chromatography f o l l  owed by SDS-PAGE revea ls  t h a t  DNA polymerase a copur i  f i  es wi th 
severa l  o the r  p ro te ins .  Phosphoprotein corespondi ng i n  apparent mo lecu la r  weight t o  
DNA polymerase a was observed. 

H i g h l y  p u r i f i e d  p repara t i ons  o f  monoclonal an t i bod ies  t o  DNA polymerase a 

P u r i f i c a t i o n  u m g  e i t h e r  r a p i d  immunoprec ip i ta ion  o r  a f f i n i t y  

These r e s u l t s  suggest t h a t ,  i n  RSV t rans formed c e l l s ,  DNA 
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0139 GENERATION OF ANTIBODIES TO THE PUSHa GENE PRODUCT USING SYNTHETIC PEPTIDES, Dennis J. 
Slamon*, Rabert Steint, Takeo Tanaka*, Edward N. Scolnickt and Martin J. Cline*, 
WCLA School of Medicine, Los Angeles, CA 90024; and tMerck, Sharp & Dohme Research 
Labs, West Point, PA 19486 

Antibodies directed against synthetic peptides derived frcuu the known nucleic acid sequence 
of a variety of genes have been shown to be useful in identifying proteins encoded by the 
genes. 
sequence of the v-msKa gene. I*ro of these peptides, PUSHa #2 (amino acid positions 160-179) 
and M a H a  #6 (amino acid positions 29-44) generated rabbit polyclonal antisera that were 
capable of immunoprecipitating a p-21 protein from cells infected with the Harvey murine 
sarcoma virus, as well as cells transfected with the cloned rueHa gene. 
also easily identified by Western blotting techniques using the same antisera. 
action between the antisera and the p-21 molecule could be ccmpetitively blocked by the 
synthetic peptides. These antisera were also capable of hunoprecipitating a purified 
mammalian msHa p-21 as well as a m s H a  p-21 produced in a bacterial promotion system. 
Examination of the effects of these antisera on the biologic activity of the gene product 
revealed that neither appeared to interfere with GTP binding, implying that these sites, 
1.e.. amino acid positions 29-44 and 160-179, may not be involved in the GTP binding site. 

Using this ap roach we synthesized 6 peptides based on the predicted amino acid 

A p-21 protein was 
The inter- 

0140 TRANSFORMING PROTEINS OF HUMAN ADENOVIRUSES, Philip E. Branton, David T. Rowe, Siu-Pok 
Yee, Michel L. Tremblay and Frank L. Graham, McMaster University, Hamilton, Canada 

Transformation by human adenovirus type 5 (Ads) is induced by products of two earlytranscript- 
ion units, E l A  and ElB, located at the extreme left end of the genome. E1A proteins appear to 
regulate transcription of certain viral and cellular genes and probably act to immortalize 
cells while products of E1B are needed for establishment of fully transformed cells. We have 
used both anti-tumor and anti-synthetic peptide sera to characterize El polypeptides. The E1A 
region produces two mRNA's of 1.1 and 0.9 kilobases. each of which produces two major and two 
minor phosphoproteins. Fluorescent antibody staining and cell fractionation experiments indi- 
cate that the E1A products are located both in the nucleus and the cytoplasm. 
species represent only a subset of the E1A proteins and are stable for up t o  two hours. All 
the E1A species are present in the cytoplasm, with one subset in a membrane fraction and the 
other detectable in cytoskeletal preparations, and all of these species have a half life of 
less than 30 min unless protein synthesis is inhibited. We believe that the nuclear species 
regulate transcription whereas the cytoplasmic polypeptides carry out another function perhaps 
involving the stabilization of -A. E1B encodes two major products. a 58K phosphoprotein 
found both in the nucleus and the perinuclear region of the cyotplasm, and a 19K membrane- 
associated protein. Analysis of a large series of Ad5-transformed cell lines indicated that 
only the E1A proteins and ElB-19K are necessary for the maintenance of oncogenic transforma- 
tion. We believe that transformation by Ad5 is a two-hit process in which the E1A proteins 
endow cells with immortality and one or more E l A  proteins in combination with the ElB-19K 
polypeptide provide functions required for onconenesis. 

The nuclear 

0141 

Identification of Epstein-Barr virus (EBV) genes responsible for inducing lymphocyte immor- 
talization and contributing to the process of lymphomagenesis has been hampered by the lack 
of viral mutants. 
and cloned DNA fragments in normal human lymphocytes, and evaluate their effect on lymphocyte 
immortalization in relation to the endogenous lymphocyte transforming ( c - s )  genes. 
isolated EBV DNA and subgenomic fragment cannot bc efficiently introduced into lymphocytes 
by the known DNA-transfer techniques, we use our recently developed gene tramfer method 
based on reconstituted Sendai virus envelopes (RSVE). 
RSVE-transferred 7.9 kbp SalIP-1 and a smaller 4.8 BamHI-K fragments of EBV DNA induced the 
EBV-determined nuclear antigen (EBNA) in 2-4% of lymphocytes. The antigens associated with 
the lytic cycle of the virus, EA and VCA, were not observed. No stimulation of cellular DNA 
synthesis or promotion of cell immortalization was detected with these fragments, suggesting 
that the EBNA-coding gene(s) is not an autonomous transforming gene of EBV. In contrast, 7.8 
kbp BamHI-D-I, or BamHIXsnd H (1.55 and 6.15 kbp, respectively) fragments of EBV DNA stimu- 
lated lymphocyte DNA synthesis, but no viral antigens could be detected, and Immortalization 
was not achieved. 
between several viral and perhaps cellular genes. Identification of these genes is in 
progress. 

MAPPING OF GENES INVOLVED IN EBV-INDUCED LYMPHOCYTE TRANSFORMATION, David J. Volsky, 
Thomas Gross, Ronald Bartzatt, Charles Kuszynski, Barbara Volsky and Faruk Sinangil, 
U.N.H.C., Dept. of Pathology and Eppley Inst. for Cancer Res., Omaha, NE 68105. 

In an alternative approach, we study the expression of purified EBV DNA 

Since 

We report here that the 

Our results suggest that cell tranformation by EBV requires collaboration 
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0142 EFFECTS OF =GENE MODULATION ON CELLULAR PHENOTYPE, Edward B. Jakobovits, John E. 
Majors and Harold E. Varmus, Dept. of Microbiology E Immunology, University of 
California, San Francisco CA 94143 

Our interest has been in determining whether quantitative modulation of a transforming gene 
within a transfected cell can lead to the generation of intermediate transformed phenotypes. 
For this purpose, we have constructed a hybrid expression vector in which a cloned v - z  
gene sequence has been linked to the glucocorticoid inducible promoter of the mouse mammary 
tumor virus. Transfection of this vector into rat fibroblasts led to the isolation of a 
number of cell lines in which modulatable v--s+c expression could be demonstrated in response 
to hormone induction. 
could reproducibly be demonstrated. 
can be titrated by regulation of oncogene expression and is not a simple on-off phenomenon. 

Within these lines, distinctive levels of uhenotypic transformation 
Our results strongly indicate that the transformed state 

0143 An Adenoviral Super in fect ion System Used t o  Study the Induct ion o f  a V i r a l  Ea r l y  Region 
Gene and C e l l u l a r  Genes by EIa. Roland W. S te in  and Edward B. Z i f f .  Kaplan Cancer 

Center and Dept. o f  Biochemistry, New York Un ive rs i t y  Medical Center, New York. NY 10016. 
We assayed i n  HeLa c e l l s  the EIa dependent a c t i v a t i o n  of t ransc r ip t i on  o f  adenovirus e a r l y  
reg ion genes i n  the mutant d l  312 (an EIa de le t i on  mutant) by EIa products provided by a 
super fnfect ing helper v i rus,  d l  327 (an E3 de le t i on  mutant). We a lso analyzed the e f f e c t  on 
t r a n s c r i p t i o n  from several c e l l u l a r  genes i .e. 6-tubul in. 6-actin, 6-globin. Transcr ip t ional  
a c t i v i t y  i n  E3 o f  d1312 was assayed a f t e r  super in fect ion w i t h  a probe pXba D (78.5-84.3 map 
u n i t s ) ,  and EIa a c t i v i t y  from the d l  327 helper w i t h  a probe pA6 (0-4.5 map un i t s ) .  EIa and 
E3 t r a n s c r i p t i o n  fo l l ow ing  super in fect ion are s i m i l a r  t o  t h a t  found f o r  a wild-type 
in fec t i on .  
be superimposed on d l  312 promoters. C e l l u l a r  gene t r a n s c r i p t i o n  was determined by 
hyb r id i za t i on  o f  pulse labeled nuclear RNA t o  homologous human cDNA probes. 
t r a n s c r i p t i o n  was t r a n s i e n t l y  induced a f t e r  d l  327 super in fect ion w i t h  k i n e t i c s  t h a t  
approximated v i r a l  e a r l y  gene expression. I n  contrast, 6-globin. which i s  no t  t ranscr ibed i n  
HeLa. was n o t  induced. 
continued a t  the same h igh l eve l .  
increas ing m u l t i p l i c i t i e s  o f  helper v i rus ,  b u t  the maximal r a t e  o f  t ransc r ip t i on  was 
unchanged. I n  contrast ,  increas ing helper  m u l t i p l i c i t y  increased the maximal r a t e  o f  
6- tubul in  t ransc r ip t i on .  These studies suggest t h a t  a v i r a l  function, p o t e n t i a l l y  EIa. can 
s t imulate t r a n s c r i p t i o n  o f  c e r t a i n  c e l l u l a r  genes by a mechanism s i m i l a r  t o  t h a t  by which 
v i r a l  e a r l y  gene t r a n s c r i p t i o n  i s  act ivated.  

This imp l i es  t h a t  t he  t ransc r ip t i ona l  regu la t i on  pa t te rn  o f  the d l  327 helper can 

6-Tubulin 

And 6-actin, which i s  a c t i v e l y  t ranscr ibed i n  un infected HeLa, 
The E3 t r a n s c r i p t i o n  plateau s h i f t s  t o  e a r l i e r  times w i t h  

014 
Jonsson Comprehensive Cancer Center, Department of Pathology, UCLA School of Medicine, Los 
Angeles, California 90024 

The two defective leukemia viruses avian myeloblastosis virus (AMV) and E26 exclusively cause 
acute leukemias. Both of these viruses share a c o m n  0.8 kb sequence present within a csll- 
ular insert derived from a highly conserved cellular gene, proto-amv. Interestingly. this 
normal cellular progenitor is expressed only within imature hematopoietic tissues. The onco- 
genes of AMV and E26 differ from their cellular proto-oncogene in gene structure, transcript 
structure, and gene product. The product of the AMV oncogene, p4Eamv, is encoded by short 
viral terminal sequences flankin a transducad, 1.2 kb segment (a%) of roto-amv. The E26 
oncogene product, p135gag-amv et9, is encoded by a significant portion o k a l  structural 
gene (m), 0.8 kb of sequences representing the core of the AMV cellular insert (amv) acd 
a ditional E26-specific transduced cellular sequences (e). 
'" oncogene products have been localized within the nucleus pf-cel Is transformed by these 
viruses. In contrast, their normal cellular homolog, pllOpro 
cytoplasm of both normal and transformed hematopoietic cells. 

related viruses appears to be mediated by functional differences in the proteins coded for by 
structurally altered, transduced proto-amv sequences. Also, leukemogenesis is inde- 
pendent o f  the expression of the normal proto-amv gene. 

THE NUCLEAR AMV AND E26 ONCOGENE PRODUCTS ARE ALTERED FORMS OF A CYTOPLASMIC PROTO- 
ONCOGENE PRODUCT, W.J. Boyle, M.A. Lampert. J .S .  Llpsick, and M.A. Baluda, UCLA 

Both the p4aamv and n 5 0 a g  

, has been localized in the 

Thus, leukemogenesis induced by these two 
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0145 f- HOS EXPRESSION IN CELLS INFECTED YITH A W T W T  OF WSV IS ACTIVATED BY A 
EWERANRE-SENSITIVE RNA SPLICING EVENT, Micheal A. Nash, B i l l  Br izzard and Edwfn C. 

NRK c e l l s  i n fec ted  w i th  a t s  nutant  o f  wi ld-type MuSV-349, designated MuSVtsllO, appear 
transformed a t  33" but normal a t  39°C. A t  39"C, in fected c e l l s  contain a s ing le  truncated 
v i r a l  gene polypeptide P58gag and a 4.0 kb v i r a l  RNA. A t  33OC, however, a a gene/ 
mos-gene fusion prote in ,  ;85gag-mds, appears i n  concert w i th  the appearance o f  %-.5 kb 
*a1 RNA. S-1 nuclease mapping and primer extension sequencing o f  the MuSVtsllO RNA mos 
gene revealed the presence of two v i r a l  RNAs each w i t h  d i s t i n c t  and mos gene d e T F  
t ions.  MuSVtsllO-infected c e l l s  grown a t  39'C contain an RNA i n  wh% 1 4 8 8 T s e s ,  bounded 
by 6-base d i r e c t  repeats, o f  the w i l d  type sequence between the p30 coding o f  the a gene 
and the N-terminal end o f  the gene have been deleted. I n  t h i s  RNA, the a and mos 
genes are fused out o f  frame a t  pos i t i ons  corresponding t o  nucleotides 2404 and%* i n  T E  
w i l d  type sequence. MuSVtsllO-infected c e l l s  grown a t  33"C, however conta in  another RNA i n  
which a gene nucleotide 2017 and mos nucleotide 3935 are n w  fused, an exc is ion o f  430 
b a s e s . 9 h e  a mos junc t i on  i n  t h i s x A  corresponds t o  in-frame s p l i c e  donor and acceptor 
sequences whi&?-ad produce a m - m o s  fus ion protein. Our data support a model I n  which a 
MuSVtsllO 4.0 kb RNA, conta in ing a n x t  o f  frame fusion o f  the a and mos genes, i s  the 
primary t r a n s c r i p t  o f  the MuSVtsllO v i r a l  DNA a t  both 39°C and 33+?HoweK a t  33OC a 430 
base ' i n t r o n '  can be sp l i ced  out o f  the 4.0 kb RNA, producing an i n  frame fus ion o f  the 
and 5 genes, and a l lowing the t r a n s l a t i o n  o f  the transforming protein, P85gag-mos. 

Murphy, Jr. Dept. Tumor Biol. ,  UTSCC M.O. Anderson Hosp., Houston, TX 77030 

0146 SRC INDUCED ENHANCED SELF RENEWAL OF STEM CELLS IN  THE ABSENCE 3 F  CELL 
TRANSFORMATION, David Boet t iger  and T. Michael Dexter, Un ive rs i t y  o f  Pennsylvania, 
Philadelphia, PA 19104, and Paterson Laboratories, Chr i s t i e  Hospital, Manchester, U.K. 

A recombinant mur ine leukemia c a r r y i n g  t h e  s rc  gene from Rous sarcoma v i r u s  was used t o  
in fect  hemopoietic stem cells us ing  t h e  long term mur ine bone marrow cu l tu re  system which main- 
tains t h e  act ive pro l i ferat ion o f  these cells f o r  several months. 
t h e  infected cul tures were assayed in the  s tandard spleen colony assay. 
colony forming cel ls exhib i ted reduced seeding eff iciency in t h e  spleen, suggest ing an a l tered 
cel l  surface, a common p roper t y  o f  Rous sarcoma v i r u s  in fected cells. 
produced 20 t o  50 fold t h e  leve l  o f  CFU-S cells produced by contro l  cultures. These in fected 
CFU-S could be  serial ly passaged in v i t r o  o r  in v i vo  longer than  normal CFU-5, imply ing a 
h igher  se l f  renewal capacity. 

t he  cells were capable o f  reconst i tu t ing potential ly lethal ly i r rad iated mice. 
revealed no evidence o f  leukemic cells ove r  4 t o  6 months by examination and by attempts at 
in vivo passace and in v i t r o  cu l ture.  

The  stem cells produced from 
The infected spleen 

The  in fected cu l tures 

The  spleen colonies produced by t h e  in fected CFU-S contained only  normal cel l  types and 
Leukemia studies 

-- 

0147 HIGH LEVEL PRODUCTION IN E. COLI OF BIOLOGICALLY FUNCTIONAL AD ENOVIRUS EIA PROTEIN, 
B. Fergusonl, B. Kripp12,-H.%tpha12, N. Jones3, J. Richter4 and M. Rosenbergl, 
IDept. of Molecular Genetics, Smith Kline and French Labs, Philadelphia, PA; 2NICHHD, 
NIH, Bethesda, MD; 3Purdue Univ., W. Lafayette, IN; 4Univ. of Tenn., Knoxville, TN 

The human adenovirus EIA gene encodes a product which positively regulates the transcription 
of viral and certain cellular genes and is involved in the transformation of mammalian 
cells. We have designed and constructed a plasmid vector for the controlled, high level 
expression in E. coli of the product of the human type C adenovirus EIA 13s mRNA. 
- coli-produced EIA protein has been purified to near homogeneity in 10-100 mg quantities. 
purified EIA protein was shown to be as effective as the EIA gene in its ability to induce 
expression from the EIA responsive Ad5 E3 promoter in microinjected Xenopus oocytes. 
protein, microinjected into somatic cells, was found to activate the adenovirus E2A gene and 
to complement the EIA deletion mutant d1312. 
the EIA protein was shown to migrate rapidly and quantitatively to the nucleus. Experiments 
are in progress to determine whether the purified E1A protein interacts with DNA or affects 
transcription in an in vitro system. Purified E1A has been used to obtain a high titre 
antiserum from rabbits and attempts to affinity purify cellular factors which interact with 
EIA are now in progress. We have in addition isolated several E. coli-produced mutant EIA 
proteins. Experiments are in progress to determine the effect of these structural 
alterations on the ability of the protein to be transported to the nucleus and to function a s  
a positive transcriptional regulator. 

The g.  
The 

The EIA 

Following microinjection into the cytoplasm, 
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014 [XPRESSION, PURIFICATION AND CHARACTERIZATION OF HUMAN & PROTEINS PRODUCED IN 
- -  COLI, M. . Gross, R. Sweet, G. Sathe, S. Yokoyama and M. Rosenberg, Smith Kline and 
French Labs., Philadelphia, PA 19101, 0. Pasano, J. Feramisco, M. Goldfarb and 
M. Wigler, Cold Spring Harbor Labs, Cold Spring Harbor, NY 11724 

cDNA clones of the T24 bladder carcinoma transforming gene and its normal homolog have been 
described (Fasano %a. J. =. AJJ&. Genet. 2, 173-180 ( ' 8 3 ) ) .  Utilizing these cDNA 
clones, sequences precisely encoding the normal and transforming p21 proteins have now been 
inserted into a derivative of the PAS-1 (Rosenberg et&., Meth. Enz. 101, 123-138 ('83)) E. 
coli expression vector. The T24 construct retains 3T3 transforming activity whereas no foFi 
are observed with the plasmid bearing the normal gene. We chtained high-level expression of 
both polypeptides and have purified the T24 product to greater than 90% homogeneity in a 
soluble form. 
monoclonal antibodies raised against the Harvey p21 and by tryptic mapping contains the 
carboxy-terminal "variable" peptide. 
progress. 
T24 polypeptides. We will report on the in vitro and in vivo, via microinjection, activities 
of these proteins. 

- 
This protein has a MW of 24,000 by SDS/PAGE, is immunoprecipitable by 

Purification of the normal gene product is i n  
We have also constructed plasmids to express both amino- and carboxy- truncated 

0149 EXPRESSION AND CHARACTERIZATION OF THE c-MYC PROTEIN, Rosemary Watt, Allan Shatzman 
and Martin Rosenberg, Department of Molecular Genetics, Smith Kline and 
French Laboratories, Philadelphia, PA 19101 

The human c-mm oncogene has been overexpressed in E. coli in an effort to understand the 
role which c-mm might play in neoplastic development. 
removed from a cDNA clone and inserted into the pOTS5 expression vector under the 
transcriptional and translational control of the efficient phage A regulatory sequences. 
expression of c -mmin this thermo-inducible system is efficient, since the majority of the 
35S methionine incorporated into proteins in a pulse labeling experiment appears in the 
c-mmgene product. 
SDS polyacrylamide gels shows that the c-E gene product accumulates to at least 10% of the 
total cellular protein. 
quantities of the E. coli-synthesized c-nn protein. 
interactions of the purified protein will be examined in cell free extracts of human cells 
and in vivo following microinjection. These studies will be facilitated by antibody being 
r a i s x a n s t  this protein. 
inmunoprecipitate the pll@ag-myc fusion product of MC29 virus and the c-mm protein in 
human cell lines. 
normal differentiation and in neoplasia. 

The entire c - m n  coding region was 

me 

Analysis of the total protein synthesis by Coomassie Blue staining of 

This high level synthesis has permitted us to purify large 
The biochemical properties and 

Additionally, antisera w i l l  be tested for the ability to 

Positively responding sera will be used to monitor c-mm expression during 

0150 MODULATION OF THE EXPRESSION OF v-src AND v-myc AFTER TRANSFECTION INTO MAMMALIAN 
CELLS. Manuel Grez, Michael Karin and Peter K. Vogt. USC Medical School, Department 
of Microbiology, Los Angeles CA 90033 

Expression of various oncogenes under the control of an inducible prmotor should allow the 
study of the cellular events which result in neoplastic transfonnation. For this purpose we 
have constructed recombinant plasmids carrying the v-src and v-myc coding sequences under the 
transcriptional control of the human metallothionein-I1 (hMT-11) promotor, a prmotor known 
to be induced by dexamethasone and heavy metals after transfection into mamnalian cells. Trans+ 
fection of hMT-II/v-src plasmid into established mamnalian cell lines results in only a two- 
fold increase in the number o f  foci present in the induced plates. The low level o f  induction 
was due to a very high constitutive level of expression of v-src and to the toxic effects of 
v-src when expressed at high levels in the induced plates. Therefore,recombinants were cons- 
tructed which contained only a small portion of the hMT-I1 prmotor which is still inducible 
by heavy netals. Co-transfection of this plasmid together with pSV2-neo into Rat I cells result 
ted in several hundred 6-418 resistant colonies. Analysis of some of them revealed the presence 
of 1 to 20 copies of the v-src recombinant plasmid. Some of these clones showed a transformed 
morphology after induction with 10-6 M Cd". Further characterization of these clones is under 
way. Co-transfection of mamnalian cells with the hMT-II/v-myc recombinat DNA and pSV2-neo 
resulted in several hundre 6-418 resistant colonies some o f  which showed an altered morphology 
g&Itifj yAt@s,$ jjidgg)ioggaflnalysis of these clones showed a fusifonn cell shape and a limited 
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9151 CHROMOSOMAL LOCALIZATION OF CELLULAR ONCOGENES IN THE MOUSE, Christine A. Kozak and M .  
David Hoggan, LVD,  NIAID, National Insti tutes of Health, Bethesda, MD 20205 

The retroviral  oncogenes have ce l lu la r  homologs which are highly conserved in a variety of 
species, and these sequences have been imp1 icated i n  various naturally occurring neoplastic 
diseases. Because of the association of some ce l lu la r  oncogenes w i t h  chromosomal regions in- 
volved i n  tumor-specific chromosomal abnormalities, we have continued our e f for t s  t o  map these 
sequences w i t h i n  the mouse genome. Hamster-mouse somatic cell  hybrids were generated which 
contain different complements of mouse chromosomes. High molecular weight DNA extracted from 
each hybrid l ine  was analyzed by Southern blot hybridization for  the presence of the mouse 
sequences homologous t o  various oncogenes. Using th i s  approach, we determined the chromosomal 
locations for  the oncogenes c-fes and c-Ha-ras ( J .  Virol. 47:217), c-sis (Science 221:867), 
c-raf ( J .  Virol.,  In press),  andc-akt (In preparation). More recently,  these hybrids were 
a n G z e d  using cloned probes representing a 0.45 kb  PstI fragment of the v-fms gene of SM-FeSV 
and a 1.0 k b  HaeII-XbaI fragment of the v- b gene o m V .  Unique c-fms a n d - m  b fragments 
were i d e n t i f i r i n  K s e  and some hybrid c% DNAs restricted w i t h  W I  or &I, and the 
chromosomal locations of both oncogenes were determined. 

Cancer Institute, Frederick, MD 21701 

A new replication-defective, acute transforming retrovirus (3611-MSV) was recently isolated 
from mouse and molecularly cloned. The nucleotide sequence of 1.5 kilobases encompassing 
the transforming gene (v-raf) revealed a single open reading frame, continuous with the gag 
gene, which is terminated- an amber codon 
cellular sequences. 
oncogenes revealed significant homologies only withmembers of the "src family" of 
transforming proteins. 
the "src family" progenitor we have been unable to demonstrate a tyrosine-specific kinase 
activ- with v-raf. This is consistent with raf having diverged from the ancestral gene 
prior to the latter's acquisition of tyrosine-Gcific kinase activity. 
the raf gene is also seen in its Drosophila homolog (D-raf-1) which is separate from those 
locidescribed for abl, src, and fps. 
sequence will be presented, as willrestriction maps for the rafhomologs in yeast and 
Dictyostelium. 
determined by transfection of these cells with subgenomic, or Bal-31 resected, cloned DNh. 
Subgenomic fragments required either a 5' LTR or co-transfection with helper virus DNA to 
induce transformed foci. 
peptide structure (common to all "src family" members) abolished transforming activity. 

180 nucleotides from the 3' end of the inserted 
Comparison of the deduced v-raf amino acid sequence with those of other 

Although these homologies align exclusively with the kinase half of 

The unique nature of 

The restriction map of D-raf-1 and its nucleotide 
Finally, those sequences required for the traxormation of NIH 3T3 have been 

Removal from the gag-raf carboxy terminus of a predicted -helical 

0153 
D-1000 Berlin 33, Fed. Rep. Germany, + Laboratory of Viral Carcinogenesis, National Cancer 
Ins t i tu te ,  Frederick, Maryland 21701. 

The avian retrovirus Mill Hill 2 (MHZ) induces in chickens a high incidence of l iver  and 
kidney carcinomas i n  addition to sarcomas and leukemias. The genome of (WZ contains two unre- 
lated and independently expressed oncogenes, v-m.2 and v-myc(l,2). The oncogene v-myc i s  
shared w i t h  three other avian retroviruses which induce acute leukemias, sarcomas and various 
visceral tumors. Oncogenic spec i f ic i t ies  of M H 2  may be due to  the expression of two different 
b u t  possibly cooperative oncogenes, v-mi2 and v-myc. The murine retrovirus 3611-MSV induces 
fibrosarcomas in newborn mice and transforms fibroblasts and epithelial  ce l l s  in culture. The 
genome of 3611-MSV contains a cell-derived transformation-specific sequence, v-mf (3) .  The 
human homologue of v-raf  is  located on chromosome 3. We show now tha t  the two independently 
transduced oncogenes v-mi2 and v-raf are closely related. This was demonstrared by hybridiza- 
tion between cloned DNAs, heteroduplex analysis, complete nucleotide sequence comparison, and 
hybridization of both probes with the same fragments of e i ther  chicken c-mi2 or human c-mf 
clones. We conclude tha t  v - m i Z  and v-raf were derived from homologous genetic loci of avian 
and manalian species. 
1) Jansen, H.W., Patschinsky, T. & Bister, K.(1983) J. Virol. 48: 61-73. 
2 )  Jansen, H . W . ,  Ruckert, B. ,  Lurz,  R.  & Bister, K . ( T 9 8 F O  J. 2: 1969-1975. 
3) Rapp, U.R. e t  a l .  (1983) e. Nat. Acad. Sci.USA 80: 4 m 4 7 2 2 .  

THE miZ/raf FAMILY OF AVIAN AND MURINE ONCOGENES. Klaus Bister*, Hans W. Jansen* and 
Ulf R. Rapp', * Max-Planck-Institut fur Molekulare Genetik, Otto-Warburg-Laboratorium, 
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0154 C.N. Cole:.'d. Tornow! M. Polvino- 
Bod ar land G.M. Santangelo31Department o f  Human Genetics, Yale Un ive rs i t y ,  New Haven, Ct.06510 

Several SV40 mutants w i t h  small de le t i ons  (3-20 bp) a t  D A  I s i t e s  have been prepared and 
characterized. Both f rameshi f t  and in-phase delet ions were obtained a t  many s i t e s  w i t h i n  
the e a r l y  reg ion o f  SV40. 
CV-lp c e l l s ,  but was p o s i t i v e  f o r  v i r a l  DNA r e p l i c a t i o n  and l a t e  mRNA production. 
o f  capsid p ro te ins  was reduced a t  l e a s t  50- fo ld  when canpared t o  wi ld type SV40. 
was de fec t i ve  f o r  adenovirus helper  funct ion.  
those o f  human adenoviruses i n  monkey c e l l s .  These r e s u l t s  suggest t h a t  adenovirus helper  
func t i on  i s  requi red by SV40 f o r  product ive i n f e c t i o n .  
complemented i n t r a c i s t r o n i c a l l y  by co - in fec t i on  w i t h  any SV40 group A mutant having e i t h e r  
an in-phase de le t i on  o r  a po in t  mutation. 
t o  complement dlA2459. Invers ion o f  the B$ H I  t o  Bcl I fragment o f  SV40 y ie lded a v i a b l e  
mutant, inv2408, which produced la rge  T antigen and V P l  polypeptides which have exchanged 
t h e i r  carboxy-termini.  Complementation analys is  o f  add i t i ona l  mutants prepared from inv2408 
ind i ca ted  t h a t  t he  VP1 polypeptide ca r ry ing  the C-terminus o f  l a roe  T antigen could complement 
dlA2459. 
the remainder o f  the polypeptide. A l l  mutants have been tested f o r  v i r a l  ATPase, t r a n s f o r -  
mat ion o f  mouse c e l l s ,  complementation proper t ies and adenovirus helper  funct ion.  

DELETION MUTANTS OF SV40 REVEAL A LATE FUNCTION FOR LARGE T ANTIGEN AND THE EXISTENCE 
OF AT LEAST ThO SEPARABLE FUNCTIONAL DmAINS. 

and !? Department o f  Biochemistry, Dartmouth Medical School, Hanover, New Hampshire 03756. 

One, dlA2459, l ack ing  14bp a t  0.193 map un i t s ,  d i d  not  plaque i n  

The mutant 
The p roper t i es  o f  t h i s  mutant are s i m i l a r  t o  

The l e v e l  

The defect  o f  dlA2459 could be 

Frameshift  de le t i ons  a t  any l o c a t i o n  were unable 

Therefore, the C-terminus o f  l a rge  T cons t i t u tes  a funct ional  domain separable from 

0155 

t h e i r  expression du r ing  normal human development and t o  evaluate poss ib le  changes i n  t h e i r  
expression i n  malignant diseases. 
t h e  pept ide angiotensin 11, pp60src s p e c i f i c  IgG, o r  endogeneous p ro te ins  as substrates. 
Analyses o f  t y r o s y l  kinase a c t i v i t i e s  i n  over 150 serum samples i n d i c a t e  t h a t  l e v e l s  o f  the 
enzyme r e l a t i v e  t o  serum volume o r  r e l a t i v e  t o  o v e r a l l  p r o t e i n  k inase a c t i v i t y  vary  i n  
d i f f e r e n t  age groups. 
newborns. 
decade. F rac t i ona t ion  
o f  t h e  serum enzymes by  column chromatography revealed t h e  presence o f  a t  l e a s t  three t y r o s y l  
kinases. We are c u r r e n t l y  determining which o f  these enzymes are d i f f e r e n t i a l l y  expressed i n  
t h e  serum from i n d i v i d u a l s  of d i f f e r e n t  ages. These s tud ies  were supported by Grant CA-34517 
( G O .  

TYROSYL PROTEIN KINASES I N  HUMAN SERUM, G a i l  M. C l in ton,  Ming-Fing L in ,  Tina 0. Tan, 
and Pat Lobelle-Rich, Louisiana S ta te  Medical Center, New Orleans, LA 70112. 

Human serum was tes ted  f o r  the presence o f  t y rosy l -p ro te in  kinases i n  order t o  evaluate 

Tyrosy l  k inase a c t i v i t y  was detected i n  human serum us ing 

High a c t i v i t y  was observed i n  serum obtained from the cord blood o f  
The l e v e l s  dropped du r ing  e a r l y  development and increased again i n  the  t h i r d  age 

These r e s u l t s  p o i n t  to a r o l e  f o r  these enzymes i n  human developnent. 

0156 THE STRUCTURAL RELATIONSHIP BETWEEN HUMAN PLATELET-DERIVED GROWTH FACTOR AND THE 
TRANSFORMING PROTEIN OF S I M I A N  SARCOMA VIRUS. Ann Johnsson, Chr i s te r  Betshol tz ,  

Ake Wasteson, Bengt Westermark, Carl-Henrik Heldin, Jung San Huang, Thomas F. Deuel, 
Geoffrey T. Scrace, Nige l  Whi t t le ,  Paul Stroobant & Michael D. Water f ie ld .  
Un ive rs i t y  o f  Uppsala, Sweden, Washington Univers i ty ,  S t .  Louis, U.S.A. and Imper ia l  Cancer 
Research Fund, London, U.K. 
P la te le t -de r i ved  growth f a c t o r  (PDGF) i s  the major mitogen f o r  connective t i ssue  c e l l s .  Recent 
s tud ies have revealed an extensive amino a c i d  sequence homology between human PDGF and the 
transforming p r o t e i n  ~ 2 8 ~ ' ~  o f  simian sarcoma v i r u s  (SSV)(Waterf ield e t  a l .  h t u r e ,  304, 35- 
39, 1983; O o o l i t t l e  e t  a l .  Science, 221, 275-279, 1983). PDGF i s  a 30 kDa p r o t e i n  which i s  
composed o f  two d isu lph ide- l inked polypeptide chains, designated A and B. I n  the present study 
we have extended the amino ac id  sequence analys is  on i s o l a t e d  PDGF A and B chains, prepared b$ 
reverse-phase HPLC o f  reduced and a l ky la ted  PDGF. An amino terminal s t re t ch  o f  110 residues oP 
the B chain show v i r t u a l  i d e n t i t y  w i t h  res idue 67 through 176 w i t h  only three amino ac id  sub- 
s t i t u t i o n s .  Further, the 54 amino terminal residues determined i n  the A chain show about 60% 
homology w i t h  ~ 2 8 s ' ~  (corresponding t o  residues 73 through 126). A po ten t i a l  g l ycosy la t i on  
s i t e  has been i d e n t i f i e d  i n  the A chain. SSV has a r i sen  by recombination o f  the r e p l i c a t i o n  
competent simian sarcoma associated v i r u s  (SSAV) w i t h  wool ly  monkey c e l l u l a r  gene sequences. 
Our sequence data suqqest t h a t  SSV has obtained transforminq capaci ty  by acqui r inq qene 
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01 57 CELL CYCLE-LINKED EXPRESSION OF LARGE-T IN TYPE N FR 3T3-SV 40 TRANSFORMANTS, ' STAB1 LlZATlON OF LARGE-T IN TYPE A TRANSFORMANTS, Jean-Jacques LAWRENCE<:-, 
Jean IMBERTO, FranGois COULIERO, Franqoise BIRGO, iblaboratoire de Biologie Molkculaire 
et Cel lulaire, DRF/CEN-G Grenoble, France, O U.119 INSERM, MARSEILLE, France. 

The instability o f  large-T at 32OC (half-life : 30 min) the low level (20 o 3076) o f  T-Ag 
positive cel I s  after inmunofluorescent staining strongly suggested that T-Ag in FR 3T3-SV40 
type N transformants may exhibit a cell cycle-dependent expression of this protein. This was 
investigated using a Fluorescence activated cell sorter and a combination o f  stainings for  
cellular DNA (DAPI) and T-Ag (fluorescein-labeled I&). Such an analysis revealed that in 3 
lines out of 6 (2 N transformants and one WT transformant isolated in the conditions leading 
to an N phenotype), T-Ag could be detected only in cells in the G2 phase o f  the cycle. .n the 
3 other I ines (2 A and one WT),  the accumulation of T-Ag appeared to be independent 0' the 
position o f  the cell in the cycle. This cycle-dependent expression is controlled at the 
transcriptional level (accumulation of viral RNA in cells in G2 in N transformants, SV40 RNA 
detected in similar amounts in G1, S and G2 cel I s  in the case o f  A transformants). 
In both types o f  cel Is, the stabi I ity o f  the associated cellular p53 protein (determined by 
labeling with a s s ]  methionine followed by imnunoprecipitation with monoclonal antibodies) 
appears to fol f ow that o f  large-T. 

01% THE INTERACTION OF POLYOMA MIDDLE T ANTIGEN WITH THE CELLULAR EOHOLOGE OF pp60- RE- 
SULTS IN AN E"CEMENT OF ?SIP SPECIFI 
J. Brugge, H. Israel and J .  Bo en , Dept. OF M l c r ~ ~ o ~ ~ E , A ~ T ~ ~ 7 t ~ ~ , Y ~ # ~ 4  

*The Pediatric Branch, NCI, NIB, Bethesda, MU 20205 
Bacently evidence haa been presented that the middle T antigen of polyoma virus is associated 
with the cellular homologe of the Rous sarcoma virus transforming protein, pp6OSrC. This re- 
sult suggests that pp60C-8rC could be partly, if not wholly, responsible for the polyoma mid- 
dle T associated protein klnase activity. Our laboratory has developed a battery of monoclo- 
nal antibodies (MAbs) directed a6ainst pp6OSrc and we have utilized these HAbs to determlne if 
the interaction between pp60C-" and mlddle T alters the protein kinase activity of pp60C-src. 
These W s  are useful reagents for this study since 1) they are mnospecific antibodies, 2)- 
recognize the lamnalian cellular arc protein, 3) they allow pp60c-Src to autophosphorylate, 
4) they allow imune-complex bod7p60src to phosphorylate exogenous substrates. We have ex- 
amined the autophosphorylation of pp60C-8rC and pp60c-8rc-mediated tyrosine-specific phosphor- 
ylation of exogenous substrates in a variety of polyoma infected and transformed cells. Al- 
though there was no change in the level of pp60c'srC after polyoma transformation. there waa a 
5-10 fold enbancement in autophoaphorylstion of pp60c-src as well as a 5-10 fold increase in 
the phosphorylatbn of the exogenous substrates. casein and angiotensin. 
mate that the association of pp60C-SrC and p o l p o ~  middle T ean result in an increaso in the 
specific activity of pp60c-src. 
ir required for transformation by polyoma virus. 

PHOS 

These results inti- 

It is not known whether this enhanced protein klmre activity 

0159 SV40 LARGE T ANTIGEN DNA BINDING STUDIES, Daniel G. Tenen, Dana Farber Cancer 
Institute, Boston, MA 02115. 
SV40 large T (tumor) antigen is a DNA binding protein which is required for 

regulation of viral messenger RNA synthesis, initiation of viral DNA synthesis , 
stimulation of cellular DNA synthesis, and neoplastic transformation of cells in 
culture. 
of large T. In order to better understand these processes, large T antigen was puri- 
fied from SV40 infected cells and used in DNA "footprinting" assays to analyze the 
specific nucleotide binding sites in DNA sequences located at or near the SV40 origin 
of replication. 
shown that T binds sequentially to a strong affinity site and a second adjacent 
site (site 2) which includes the origin of replication, although the binding to 
sites 1 and 2 does not appear to be cooperative. 
was sequence specific. and occurred in 2 stages, with binding to the "early" half 
(site 2A) preceding binding to the "late" side of site 2. Further experiments were 
performed to look at the effect of a stem-loop structure within the SV40 replication 
origin upon T antigen binding. Such structures have been postulated to play a role 
in origins of replication. Formation of heteroduplexes between SV40 origin-contain- 
ing fragments of wild-type and a mutant containing an 18 base pair deletion in the 
origin results in a stem loop structure, and T binding studies to these structures 
shall be discussed. 

These diverse functions may be mediated by the DNA binding properties 

Using wild type SV40 and a series of deletion mutants, it can be 

Binding to the origin site (site 2) 
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01160 STRUCTURE AND EXPRESSION OF PLATELET-DERIVED GROWTH FACTOR/c-aia GENE, Richard K. 
Earth, Paul Tempat, Aatar Winoto, Lance Force and Lee Hood, California Institute of 
Technology, Pasadena, CA 91125 

Platelet-derived growth factor (PDGF) stimulates the growth of a variety of cells of 
meaenchymal origin. PDGF has been demonstrated to be produced by the human osteossrcoma 
line U-2 0s. Recently POGF has been shown to be homologous to p28 sis, the transforming 
protein of Simian sarcoma virus. Thus the autocrine production of PDGF by U-2 0s may be 
important for the establishment or maintenance of the transformed state of this tumor. We 
have been studying the expression of the PDGF/aia gene in U-2 05 and a variety of normal 
tissues. We have detected two equimolar PDGF/aia transcripts, 3.9 and 3.4 kilobases, in 
U-2 0s cells. The length of these transcripts is at least four times that required to 
encode PDGF; therefora, PDGF may be part of a large precursor polypeptide similar to 
epidermal growth factor. PDGF/aia transcripts have also been detected in bovine pituitary 
and murina aubmaxillary gland but not in liver kidney spleen, brain or thymus. We have 
isolated cDNA and cosmid genomic clones corresponding to PDGF/ais and are engaged in a 
structural analysis of the gene encoding this growth factor. 

Poster Session No. 3 

0161 DETECTION OF MAMMARY CELL TRANSFORMING GENES BY TRANSFECTION AND INDUCTION OF TUMORS 
IN NUDE MICE, Bernd Groner, Sara Kozma and Nancy E. Hynes, Ludwig Institute for 
Cancer Research - Bern Branch, Inselspital, CH-3010 Bern, Switzerland 

A combination of DNA-mediated gene transfer into cultured cells and cellular transplantation 
into nude mice has been used to probe the existence and identity of genes responsible for the 
tumorigenic phenotype of m~umnary tumor cells. To test the validity of this approach nontumori- 
genic rat+ cells and NIH/3T3 cells were transfected with genomic DNA from cells transformed 
by RSV, SV40 or the human EJ-ras oncogene. Transfected cells whose growth was anchorage-inde- 
pendent were selected. They are able to induce tumors in nude mice within 2 weeks after injec- 
tion of 1 x lo6 cells. Genomic DNA from primary human and mouae mammary tumors as well as from 
lung metastases Of moue mammary tumors was introduced into rat+ cells. The highest,incidence 
Of tumors in nude mice was induced by cells which had received the DNA isolated from the mouse 
mammary metastases. The identity of the oncogene responsible is being investigated. Recent re- 
sults relating acceptor cell phenotype and oncogene activity suggest that multiple steps of 
activation of distinct genes are required to elicit the tumor cell phenotype. We have used an 
epithelial cell line derived from the milk of an apparently normal female (HBL-100) as an 
acceptor cell for  the human EJ-ras oncogene and for genomic DNA from mammary tumor lines 
(HS 578 T and BT-20). HBL-100 is rapid-growing and nontumorigenic. Transfected HBL-100 cells 
/are being investigated for tumorigenic growth and an acquired oncogene. 

0162 TRANSFORMING GENES OF HUMAN HEMATDPOIETIC TUMORS. Alessandra Eva and 
Stuart  A. Aaronson, Laboratory of Cellular and Molecular Biology. 
National Cancer Ins t i tu te ,  Bethesda, MD 20205 

We have analyzed a wide variety of human hematopoletic tumors and tumor cell  l ines for  DNA 
sequences able to  transform NIH/3T3 ce l l s  by DNA mediated gene transfer techniques. 
have demonstrated tha t  the oncogene of one intermediate T-cell leukemia was the activated 
human a l l e l e  of c-kls. 
additional cell  lines of intermediate T-cell leukemia, a CML derived cell  l i ne  and an AML 
primary tumor. In e f for t s  to  detect additional human transformin DNA sequences i n  human 
tumors, we have detected an oncogene i n  a primary human poorly differentiated diffused 
lymphoma. Th i s  oncogene induces a d i s t inc t  morphologlc alteration of NIH/3T3 ce l l s  and 
has been transmitted through several cycles of DNA transfection. Moreover, I t  shows no 
detectable homology w i t h  members of the ras family or other available oncogenes. 
now in the process of cloning this transforning gene, and data will be presented about 
its biological and molecular characterization. 

We 

In contrast, n-ras transforming genes were identified In two 

We are 
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0163 MONOCLONAL ANTIBCDIES REACTIVE W I T H  A 185K PHOSPHOF'ROTEIN ASSOCIATED W I T H  THE 
TRANSFORMING GENE(S) OF SEVERAL RAT NEUROBLASTOMAS. 
Robert A. Weinberg*, and Mark I. Greene. 
School, and *The Center for  Cancer Research, Massachusetts I n s t i t u t e  of Technology. 

High molecular weight DNA from severa l  r a t  neuroblastoma c e l l  l i n e s  i s  capable of conferring 
t h e  neoplast ic  phenotype upon suscept ib le  non-transfonnd c e l l s  f ollowini; DNA t ransfect ion.  
C e l l s  transformed by these  DNAs contain a c m o n  185K phosphoprotein (pp185) when immuno- 
prec ip i ta ted  with sera from tumor immune mice, whereas cells transformed by a number of other  
oncogenes do not (Cel l  28:865, 1982). Tunicamycin treatment of pp185 pos i t ive  cell l i n e s  
r e s u l t s  i n  a loss of h u n o p r e c i p i t a b l e  pp185 and t h e  appearance of a new band a t  about 165K, 
suggesting that pp185 i s  heavily glycosylated. 
i n i t i a l  p ro te in  a t  about 170K and subsequent increasing amounts of pp185. 
t i o n  of pp185 immune a s c i t e s  f l u l d  with normal NIH3T3 cells we have found s igni f icant  cel l  
surface f luorescence on r a t  neuroblastoma DNA transformed NIH3T3 c e l l s  but  no r e a c t i v i t y  with 
e i t h e r  NIH3T3 c e l l s  or H-ras transformed NIH3T3 c e l l s ,  a s  determined on t h e  Fluorescence 
Activated C e l l  Sorter  (FACS). 
absolute  concordance between immunofluorescent s ta in ing  with pp185 immune a s c i t e s  f l u i d  and 
t h e  presence of h u n o p r e c i p i t a b l e  pp185. 
s e c r e t e  monoclonal ant ibodies  r e a c t i v e  with pp185, as determined by FACS ana lys is  and immuno- 
prec ip i ta t ion .  Our r e s u l t s  suggest t h a t  these  ant ibodies  r e a c t  with a novel oncogene-related 
glycoprotein a t  l e a a t  p a r t i a l l y  local ized on t h e  ex t race l lu la r  f a c e  of t h e  plasma menbrane. 

Je f f rey  A. Drebin, David Stern*, 
Department of Pathology, Harvard Medical 

Pulse-chase experiments a l s o  demonstrate an 
Following adsorp- 

FACS ana lys is  of a number of d i f f e r e n t  c e l l  l i n e s  has shown 

We have recent ly  developed hybridomas which 

0164 HUMAN H a - E  POLYMORPHISM ANALYSIS IDENTIFIES LOCUS INSTABILITY AND UNUSUAL ALLELES 
I N  SOLID TUMORS, T.G. Kront i r i s  and D.R. Parkinson, Tufts  Univ. School of Medicine 

W e  have character ized the  system of polymorphic a l l e l e s  a t  t h e  human H a - E  locus by 
Southern b l o t  ana lys i s  of DNA preparat ions from normal white c e l l s .  The i d e n t i t y  and 
frequency of appearance of normal a l l e l e s  was thus establ ished.  In addi t ion,  we determined 
t h a t  the  bas i s  f o r  t h i s  polymorphism was a region of var iab le  tandem repe t i t ion  (VTR) and 
t h a t  the VTR was homologous t o  the r e p e t i t i v e  DNA which generates a l l e l i c  d ivers i ty  a t  
both the human insu l in  and <-globin l o c i .  We then analyzed polymorphic a l l e l e s  of H a - E  
i n  tumor t i s sue .  Our r e s u l t s  demonstrated t h a t  (a) the locus was unstable in so l id  tumors, 
with a l t e r a t i o n  of the  normal 1:l a l l e l i c  r a t i o  occurring frequent ly;  (b) a l l e l e s  not 
present i n  the  normal population appeared r e l a t i v e l y  frequent ly  i n  tumor DNA; and (c) 
i n  some instances these unusual a l l e l e s  were present  i n  the p a t i e n t ' s  normal DNA. We 
a r e  continuing s tudies  with paired DNA samples to  determine i f  t u m r  rearrangement of 
H a - x  occurs, a s  suggested by our preliminary data  from severa l  carcinomas. Oncogene 
polymorphisms may be useful  i n  assessing an individual ' s  r i s k  of tumor development and 
i n  analyzing genomic i n s t a b i l i t y  during tumor progression. 

0165 AMPLIFICATIOY OF c-m c AND c-$& ONCOGENSS IN HUMAN COLQN CARCINOMA CELLS 
-- Kari Alitalo 

Uepartment of Virolog;' , Ujiversity of Helsinki; Department of Microbiology, Universijy of 
Cdifornia in San Francisco , Department of Human Genetics, University of Pennsylvania 
We have recently found a 30-40 fold amplification of the c-& oncogene in homo enously 
staining regions (HSRs) of a HSR marker chromosome of human colon carcinoma celvs COLO 320 
(Alitalo et al. PNAS 80, 1707, 1983). Our further studies confirm that the HSR chromosome 
originates from an X-chromosome, since it retains an X-linked repeated DNA marker. Double 
minute chromosomes (DM:s) preceded the HSR marker in COLO 320 cells from the colon carcinoma 
patient. We have now obtained over 30-fold enrichment of c-% in purified DM:n and we 
therefore propose that the translocation of c-gcfrom its resident site in chromosome 8, 
band q24, occurred through a DM intermediate. 
The c-myb oncogene was found about 10 fold amplified in COLO 201 and 205 colon carcinoma cells 
that d o o t  show cytogenetic signs of DNA amplification. In contrast to the amplified c-m c 
in COLO 320 cells, restriction endonuclease mapping shows no apparent rearrangements in dk 
amplified c-myb locus. Amplification of c-m& is refelected as elevated expression of c-r& 
RNA in thesexlls. We have studied the chromosomal localization of the amplified c-r& copies 
by in situ hybridization. Other carcinomas or sarcomas were not found to express detecteable 
l e v g s o f  c-r& RNA. 
Amplification and enhanced or inappropriate expression of cellular oncogenes may contribute 
to the genesis and/or progression of at least some naturally occurring cancers. 

M a n f A  Schwab , C.C. Lin , Donna George ,and J. Michael Bishop 

67 



Genes and Cancer 

I N  VITRO MBLICTNANT TRANSBWMATICN OF PRWIBKY CFLIS By ACTIVE CNCOGEXES, 
Wilkie and Demetrios A. Spandidos, Beatson Ins t i tu te  for  Cancer Research, Glasgow 
C61 lED, Scotland. 

Neil Id. 0166 

U s i n g  eukaryote expression vectors with differing transcription control sequences and 
dominantly selectable genetic markers, active oncogenes have been introduced in to  primary 
ce l l s  from different t issues of a number of animal species. 
from the T24 human bladder carcinuna ce l l  l ine  is capable of inducing malignant trans- 
formation i n  adult mouse muscle, kidney and lung cells,  baby rat muscle, skin, kidney and 
lung ce l l s ,  adult Chinese hamster lung ce l l s  and feline embryo cells.  The ccrintroduction 
of other active oncogenes i s  not required. The ab i l i t y  t o  transform primary c e l l s  depends 
on high expression levels of the  T24ras - l  gene, achieved by eukaryote enhancer sequences. 
Transformed ce l l s  show reduced serum requirement and anchorage independent phenotypes and 
induce metastatic tumours i n  nude mice. In some cases evidence has been obtained for the 
rapid induction of karyotype in s t ab i l i t y  and the presence of marker chromosomes. 
approach i s  being extended t o  other potentially active oncogenes from a variety of sources. 

The mutant E-1 gene derived 

This 

0167 EXPRESSICN CF A p R ~ o h M ( e N E  (Fl3XC-e) IN HJMOKIIETIC TLSSUES CF ?TIE K X G E .  
70112 Diana Sheiness, and Minnetta Qrdinier, LSXJ Medical Sdmol, New Orleans, IA 

This study addressed the pss ib i l i ty  that p r m ,  the ce l lu la r  h l o g u e  of an avian 

C e l l s  fran the thynus, an organ h e r e  T cell differentiation takes place, =re separated 
maturational subclasses i n  tw ways. F i r s t ,  mice m e  injected with hydrocortisone, 
kills cortical (inmxnlogically hmture)  thymic lynphocytes; surviving cells consisted 
ly  of medullary (essentially irmunocwtent) thyrrocytes. The second p e d ~ r e  ex- 

thyFiocytes by the lectin peanut qglutinin 
overed 
aliquots applied to nitrocellulose 

m e  pm- RML w s  present i n  
m s  about ten-fold 1-r in 1ynFh 

cells, hi& mnta 
contrast to the ubiquitous expression of other proto-cmcqenes, pr- expression is 

nfind primarily to hempie t ic  lineages that descend fran a plurip3tential stem cell. 
k r m  trarscription m y  be tumd on in the sten cell, then switched off selectively as 
cells i n  the several hempie t ic  lineages h a n d  off and/or prcgress touards maturity. In 
supprt of t h i s  pqosal, we found that pro- expression decreased significantly i n  T 
c e l l s t a k e n f r c m ~ ~  ' t o g l r r p q c i y p d e g r e e s o f ~  

ptroviral t ransfodng gene, plays a role in imtUration of T ly@mcytes. 

and analyzed after PNl4 €cat- 

to signals dtained mth pa& Relatiw amunts of T R N A  

We T cells, than i n  unfractiomtd thymm cells. 

0168 TRANSFORMING ACTIVITY OF DNA FROM HUMAN MELANOMA, NEUROBLASTOMA, BREAST CARCINOMA 
CELLS AND FROM NORMAL HUMAN LYMPHOCYTES, Reinhold Schafer, Sabine Griegel, Peter 
Knyazev, and Klaus Willecke, Ins t i tu te  of Cell Biology (Tumor Research), University of 
Essen, D-4300 Essen 1, Federal Republic of Germany 

DNA (>20 kilobases) prepared from 21 different human tumor biopsies and cell  l ines was assayed 
for transforming activity by transfection of preneoplastic mouse NIH/3T3 ce l l s .  Transformants 
were selected in semi-solid aga r  medium. DNA from human melanoma, neuroblastoma, and breast 
carcinoma ce l l s  induced neoplastic transformation in NIH/3T3 ce l l s  w i t h  high efficiency ( 2  1 
transformant/ug of DNA/lO'cells). The transformants were analyzed for the presence of human 
repeti t ive sequences (plasmid BLUR-8 used as a probe) and of exogenous sequences related t o  
known transforming genes ( plasmids harboring v-Ha-ras, v-Ki-ras, and N-ras transforming genes 
used as probes). All transformants from human melanoma, neuroblastoma, and  breast carcinoma 
ce l l s  

Sonicated DNA (0.5-2.0 kilobases) prepared from normal human lymphocytes was able t o  
transform NIH/3T3 ce l l s  with low efficiency. In a second cycle o f  transfection, the efficiency 
was increased approximately IOOfold with high molecular weight DNA from primary transformants. 
These results confirm previous data obtained with normal mouse and chicken DNA (Cooper e t  a l . ,  
Nature 284, 418, 1980). Human repetitive DNA was detected in three independent secondary 
'transformants using BLUR-8 DNA a s  a probe. Primary transformants did n o t  form tumors in 
hewborn BALB/c mice, whereas secondary transformants were highly tumorigenic. 

harbored exogenous transforming genes of the ras-Harvey type. 
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0169 A GENE RELATED TO THE myc ONCOGENE (N-myc) IS AMPLIFIED IN CHROMOSOMAi ABNORMALITIES, 
TRANSLOCATED AND OVEREXPBESSED IN HUMANINEUROBLASTOMA, Yanfred Schwab , Karl-Heinz 
Klempqauer , Jay Ellison , ar Alitalo , Harold Varmus , J. Michael Bishop , Jeffrey 
Trent , and Allan Sakaguchi', 'University o California, San Francisco, CA. 94143, 

Cells of human neuroblastomas contain at high consistency conspicuous karyotypic abnor- 

University of Arizona, Tucson, AZ. 85724, 'Roswell Park Mem. Inst.. Buffalo, NY 14263. 

malities, "double minutes" (DMs) and "homogeneously staining chromosomal regions" (HSRS). In 
our initial survey we detected that DNA related to the myc oncogene was amplified. Further 
studiei involving restriction endonuclease mapping and DNA sequencing of molecular clones 
revealed that the amplified DNA was not the previously isolated prototypic version of c - E  
but rather a distant kin which we have provisionally denoted N-myc. 
tion varying from 10 to 150 fold in 9/10 neuroblastoma cell linesand 5 / 5  fresh tumors. 
plasmic mRNA contains an N-myc transcript of approximately 3.7 kb. 
is abundantly expressed, i t z  expressed at low levels in the neuroblaxma line not showing 
amplification, and its expression has not been detected in RNA of cells of other cell lineages. 
In situ hybridization localizes amplified N-myc to HSRs, which are located on different chro- 
mosomes in the different cell lines. Our studies with mouse x human somatic cell hybrids 
showed that N-myc is normally localized on the short arm of chromosome 2 (2p23j pter). Thus 
amplification, translocation and overexpression of N-myc are associated at high consistency 
with human neuroblastoma. 

We have found amplifica- 
Cyto- 

N-myc, when amplified, 

___  

0170 
DNA o f  several human T -ce l l  leukemia c e l l  l i n e s  exh ib i t ed  t ransforming a c t i v i t y  i n  t rans-  
f e c t i o n  assays on mouse N I H  3T3 c e l l s .  
Southern b l o t  analys is  o f  DNAs from secondary and t e r t i a r y  transformed f o c i ,  a f t e r  d iges t i on  
by EcoRI o r  BamHI, revealed conserved fragments conta in ing Alu sequences. S im i la r  b l o t  
h y b r i d i z a t i o r w i t h  a probe s p e c i f i c  f o r  the human N-E oncogene detected a 9 kb B R I  
fragment i n  a l l  cases. 
The transforming gene o f  one o f  the c e l l  l i n e s  was molecular ly  cloned i n  bacteriophage 
lambda; 
R e s t r i c t i o n  map ana lys i s  i nd i ca ted  t h a t  the cen t ra l  p a r t  of  the gene i s  s i m i l a r  t o  the 
N - r a s  c lone obtained by Shimizu e t  a l . 1  Thus the N - r a s  oncogene appears t o  be a c t i v e  i n  
these human leukemias o f  T -ce l l  o r i g i n .  
Fur ther  i nves t i ga t i ons  on the expression o f  the N - r a s  genes i n  human leukemias w i l l  be 
presented. 

ROLE OF N-E ONCOGENES I N  HUMAN LYMPHOID NEOPLASMS, Michele Souyri and Erwin 
Fleissner, Memorial S loan-Ket ter ing Cancer Center, New York, NY 10021 

the cloned gene showed a s t rong focus-inducing a c t i v i t y  i n  t rans fec t i on  assays. 

'Proc. Nat l .  Acad. Sc i .  a, 383-387 (1983). 

0171 F Z A F W N G ~ S  CAN OC(XTR AT EI'MER SIDE OF ?HE C-c ONCOGENE IN BUKITPS ~mmm 
CELLS, Susan Malcolm, Mary Davis and Terry Rabbitts, 
Research Group, Been Elizabeth College London W8 7AH and MK Laboratory for 
Moleczllar Biology, Canhridge CB2 2QI 

H~~R.II  Genetic Diseases 

Specific chmnosane translocations and abnomlities exist in tumxlr cell lines. In 
hrkitt's lympham cells, translocations are found between the long a m  of c h m -  8 
(8q24) and either the long a m  of chrm- 14, the short a m  of chramsane 2 or the long 
a.rm of chmrosane 22. 'Ihe breakpoint on c h m -  8 is close to the site of the cellular 
oncogene c-myc and the other breakpoints are all associated with imnmcglobulin gene loci. 
Heavy chain genes are located at 14q32, K light chains at 2p12 and A light chains at 22qll. 
We have &om, using in situ hybridisation to tumxlr cell lines, that c-inyc is translocated 
frun chrmsane 8 to Z r E s a n e  14 in hudi (an 8:14 type Wlrkitt lyqkam). Hawever, in 
two lines we have examined which contain an 8:2 translocation, J1 and LY91, the c-myc gene 
is found on both the n o m l  and translocated chrammne 8. As clones have been isolated 
frun 8:14 type Burkitt lynpham lines (Taub gal., 1982; Roc. Nat. Acad. Sci. USA 19, 
7837-41) which contain a c-myc gene rearranged at the 5'  end and joined to the Cu region, 
the rearrangement in these cells with the 8:2 translocation mst occur on the 3 '  side of 
the gene. We have shown, also by in situ hybridisation, that at least two m d e r s  of the 
VK group of genes ramin on the translocated &-sane 2. 
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oln INDUCTION OF CELLULAR ONCOGENES I N  POLYOMAVIRUS OR SV-40 TRANSFORWD CELLS OR 
TUMORS. Michele M. Fluck and Lar ry  Winherry. !:ichigan S t a t e  Un ive r s i ty ,  East 
Lansing, M i .  48824-1101 

The t r a n s c r i p t s  l e v e l s  of a number of c e l l u l a r  oncogenes have been determined i n  t i s s u e  
c u l t u r e  t ransfornod ? iq rhe r  r a t  f i h r o i  1-sts a t !  c>-+s-ed t o  tLe : e v d s  fvund  m normal 
c e l l s .  The oncogenes t e s t e d  inc lude :  a b l ,  erb-A, erb-B, Ha-ras, Ki-ras, mos, myc, s r c ,  
f p s ,  and sis. So f a r ,  no s i g n i f i c a n t  d i f f e r e n c e s  have been observed between t h e  normal 
and t ransformed c e l l s ,  f o r  a l l  ca ses  t e s t e d ,  wi th  t h e  except ion  of  one case  of e l eva ted  
sis i n  one SV-40 t ransformant .  We are i n  t h e  process  of s c reen ing  more SV-40 t r a n s f o r -  
mants f o r  sis express ion .  Furthermore,  we a r e  beginning  t o  ana lyze  a s e r i e s  of SV-40 
induced tumors, i nc lud ing  many d i f f e r e n t  t ypes ,  f o r  express ion  of t h e  Oncogenes l i s t e d  
above. The r e s u l t s  of  t h e s e  experiments w i l l  be p re sen ted .  

0173 ALTERATIONS I N  DNA METHYLATION OF GENES OF HUMAN COLON CANCERS AND POLYPS, 
Andrew P. Feinberg, Be r t  Vogelstein, and Susan Goelz, Johns Hopkins Oncology Center, 
Balt imore, MO 21205 

I n  a cont inu ing i n v e s t i g a t i o n  o f  a l t e r a t i o n s  i n  DNA methy lat ion i n  human cancer, we have 
compared the methy lat ion pa t te rn  o f  a panel o f  genes i n  a l a rge  number o f  human co lon i c  
adenocarcinoms w i t h  t h a t  o f  adjacent no rm1 mucosa. 
specimens, digested w i t h  methy lcytos ine-semi  t i v e  r e s t r i c t i o n  endonucleases, and t ransferred 
t o  n i t r o c e l l u l o s e .  
h igh s p e c i f i c  a c t i v i t y  (3  x 109 dpm/ug). The probes included genes unexpressed i n  normal 
colon, genes imp l i ca ted  i n  ectopic  hormone production, and several c e l l u l a r  oncogenes. 
Substant ia l  hypomethylation o f  a wide v a r i e t y  o f  genes was observed i n  the cancers. 
addi t ion,  benign co lon i c  adenomas a l so  demonstrated subs tan t i a l  hypomethylation o f  the 
examined genes. 
w i t h i n  primary tumors and among metastases. 
f o r  a l t e r a t i o n s  i n  DNA methy lat ion i n  tunorigenesis and tumor progression. 

DNA was p u r i f i e d  from f resh su rg i ca l  

The f i l t e r s  were hybr id ized w i t h  gene f ragnent  probes "o l igo labeled"  t o  

I n  

Tumor heterogeneity was r e f l e c t e d  by va r ia t i ons  i n  gene methy lat ion 
These observations suggest a poss ib le  r o l e  

0174 
*obtained human DNA c lones  cover ing  27-31 kb from each of two l o c i  i n  t h e  human genome 
which are r e l a t e d  t o  both  t h e  v-raf and v-u& oncogenes. 
r e l a t e d  genes de t ec t ed  i n  human DNA a t  modera te ly  low s t r ingency .  The sequence of one locus ,  
c-raf-2, demonst ra tes  t h a t  i t  is a processed  pseudogene. The second locus ,  c-raf-1, h a s  9 
8x0118 spanning more than  16  kb which a r e  homologous t o  v-& and v-mil. 
t o  be i n d e n t i c a l  t o  those  of t h e  ch icken  c-mil,  whi le  t h e  i n t r o n  s i z e s  a r e  q u i t e  d i f f e r e n t .  
Overa l l ,  c-raf-1 show 85% DNA sequence homology t o  t h e  murine v-raf and 97% amino ac id  
sequence homology. A t  t h e  p o i n t s  i n  t h e  c-raf-1 sequence, cor responding  t o  t h e  h e l p e r  
virus-oncogene j u n c t i o n s  of v-raf, t h e r e  are s h o r t  sequence homologies t o  t h e  Maloney leukemia 
v i r u s  sequence, sugges t ing  t h a t  t h e  v- ra f  sequence w a s  transduced by homologous recombination. 
The 5 'end  of  v-raf i s  w i t h i n  a n  exon o f - r a f - 1  wh i l e  t h e  3' end is i n  t h e  
p o r t i o n  of t h e  gene. 
hybr id i zes  t o  t h e  pseudogene. 

c o n s t r u c t s  i n  which p o r t i o n s  of  v-raf have been rep laced  by human c-raf-1 sequence. One 
c o n s t r u c t  makes use  of a c o n s e r v e d T h I  s i t e  t o  r ep lace  t h e  3' two thirds of v-raf w i th  exons 
5-9 of c - g - 1 .  Th i s  cons t ruc t  t ransforms NIH3T3 wi th  low e f f i c i e n c y ,  bu t  when f o c i  are 
examined, they  con ta in  t h e  c o n s t r u c t  i n  una l t e red  form and express  t h e  expected polypro te in .  
A complimentary c o n s t r u c t  which r ep laces  a l l  bu t  20 nuc leo t ides  of  t h e  v-raf sequence 5' o f  
t h e  Sph s i t e  is be ing  s tud ied .  

THE flUlGUl CELLULAR KoplDLOGOES OF TFE raffmil 
George Mark and Tom BOMefl, N C I / N I H ,  F rede r i ck ,  MD 21701 and "NIMX, Bethesda MD 20205 

', Ulf Rapp, Pramod Su t rave ,  

These two l o c i  are t h e  only  v-raf 

The exon s i z e s  appear  

3 '  un t rans l a t ed  
There i s  a t  least  one more exon a t  t h e  5' end of  t he  gene which 

The b i o l o g i c a l  a c t i v i t y  of  c-raf-1 has  been demonstrated by t r a n s f e c t i o n  us ing  DNA 
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0175 Isolation of Transforming seqw3lces of nm Hurrsln Lung AdenocarcinaMs: 

Kirofuni Nakano ,  Fmiichiro Yamamoto, Craig Neville and Manuel Perucho 
S t a t e  University of New York a t  Stcny Bmok,  Stmy B n o k ,  NY 11776 

W e  have mlecularly clcned over 40 kb of h m  LNA sequences from 
NIHSP3 transfonmnts derived fmm LNA of two humn lung hrmors, PR371 
and PR310. This allowed us to perform a carparative analysis of the 

famd that the oncogene of PF371 has been activated by a single base 
substitution i n  the f i r s t  exon similar to that of T24-EJ blalder 
arcinam cncogene while the PR310 oncogene contains a base substitution 
a t  position 61 of the seccnid coding exon. 
suggest that the recham ‘sm of activation of the same proto-oncogene 
(c-K-ras) can occur by different mtational events i n  h- lung 

C a r C i m M S  . 
We are 1l0w stuayin4 the transcription of the c-K-ras  oncogene and 

the mechanism which regulate its expression i n  tnman Tiid and t w r  
cells, and i n  mse and r a t  f ibmblasts t r a n s f o d  by the onccqene. 

mchanisrrs by which the c-k-ras onccgene has been ’ fly 

These results strongly 

ISOLATION AN0 CHARACTERIZATION OF A TRANSFORMING GENE DERIVE0 FROM A CHEMICALLY 
TRANSFORMED HUMAN CELL LINE, M. Park,  M. A. Tainsky,  n. 6. B l a i r ,  NCI-Freder ick 
Cancer Research F a c i l i t y ,  F reder i ck ,  MO 21701, and C. S. Cooper, Dana-Farber 
Cancer I n s t i t u t e ,  Boston, MA 02115 

0176 

We have p r e v i o u s l y  repo r ted  t h a t  DNA from t h e  chemica l l y - t rans formed human c e l l  l i n e ,  MMNG- 
HOS, w i l l  t r ans fo rm NIH3T3 c e l l s  i n  DNA t r a n s f e c t i o n  assays. Ana lys is  o f  t h e  a l u  h y b r i d i z i n q  
r e s t r i c t i o n  f raqments i n  secondary t r a n s f e c t a n t s  revea led  a coninon pa t te rn .  N o o m o l o q y  t o  
e i t h e r  v-Ki  pas, v-Ha pas, N-ras, v-mos or v-myc was de tec ted  i n  t h e  human sequences present  
w i t h i n  these-11s. 
k b  o f  t h e  t r a n s f e r r e d  human DNA con f i rm  t h a t  t h e  t rans fo rm inq  sequences a re  d i s t i n c t  f rom 
t h e  known members o f  t h e  r a s  oncogene fam i l y .  
ments o f  t h e  MMNG-HOS der i ved  c lones  as probes, i d e n t i f y  un ique r e s t r i c t i o n  f ragments w i t h i n  
human p l a c e n t a l  DNA. These probes a l s o  d e t e c t  a unique species o f  po lyadeny la ted  RNA i s o -  
l a t e d  f rom MMNG-HOS t rans fec tan ts .  Comparison o f  DNA f rom t h e  pa ren ta l  c e l l  l i n e  (HOS), 
human p l a c e n t a l  t i s s u e  and from severa l  human tumors revea led  t h a t  t h e r e  has been no apparent 
rearranqement o f  t h i s  DNA w i t h i n  t h e  MMNG-HOS c e l l  l i n e ,  o r  w i t h i n  secondary t r a n s f e c t a n t s  
de r i ved  f rom it. A c t i v a t i o n  o f  t h i s  t rans fo rm inq  gene f o l l o w i n g  MMNG t rea tment ,  may the re -  
f o r e  be by mu ta t i on  w i t h i n  t h e  cod ing  sequence o f  t h i s  gene o r  th rouqh aber ran t  o r  enhanced 
expression. 

R e s t r i c t 5  a n a l y s i s  o f  s e v e r a l  ove r lapp ing  lambda clones spanninq 40 

Southern ana lys i s ,  u t i l i z i n q  subcloned f r a q -  

0177 C-MYB TRANSCRIPTS I N  HUMAN SMALL CELL LUNG CARCINOMA CELL LINES. Constance A. 
Gr i f f in ,  Barry D. Nelkin, and Stephen B. Baylin, Johns Hopkins Oncology Center, 
Baltimore, MD. 21205 

Oncogeneshue provided the f i r s t  major group of genes which can be expected t o  play a ro le ,  
as  y e t  unclear, i n  the i n i t i a t i o n  o r  maintenance of human cancers. Small c e l l  cancer of 
the lung comprises ahout 20% of human lung cancers. Biologically an in te res t ing  and aggres- 
s ive tumor, it is i n i t i a l l y  qui te  sens i t ive  t o  chemotherapy and radiat ion,  only t o  relapse 
and become refractory t o  a l l  treatment within a year i n  most pa t ien ts .  We have been study- 
ing the s t ruc ture ,  amplification, and expression of known oncogenes i n  small c e l l  lung car- 
cinoma c e l l  l ines .  Our r e s u l t s  suggest a possible  ro le  f o r  the myb gene i n  t h i s  disease. 
Although mRNA complementary t o  v-myb has not  been detected i n  mst normal and tumor c e l l  
types examined previously (Westin e t  a l ,  PNAS 79;2194-2198,1982; Gr i f f in  and Baylin, un- 
pub1ished)we have observed myb-specific poly(A) RNA of 3.5 kb i n  two small c e l l  l ines .  
The t r a n s c r i p t  i s  absent i n  four non-small c e l l  l ines  and one var ian t  small c e l l  l i n e ,  and 
we are  current ly  t e s t i n g  the hypothesis t h a t  act ivat ion of c-myb cor re la tes  with e i t h e r  the 
ear ly  o r  l a t e  phases of the disease. This involves t e s t i n g  of addi t ional  es tabl ished small 
c e l l  l i n e s  a s  well a s  f resh tumor  lung cancer specimans. Cel ls  containing act ive myb genes 
did not  show evidence of c-myb amplification or  rearrangement. We are  current ly  attempting 
t o  determine i f  the 3.5 kb RNA i n  these c e l l s  i s  t rans la ted  i n t o  a myb-related protein.  
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0178 TRANSFECTION OF MALIGNANT PHENOTYPE BY DNA FROM RAT KIDNEY TUMORS INDUCED BY DIMETWL- 
NITROSAMINE (DMN), S.K. Shore, L.T. Bacheler and P.N. Magee, Fels Research I n s t i t u t e ,  
Temple U. Schl. Med., Phi ladelph ia,  PA 19140 and S.W. Needleman and S.A. Aaronson, 
National Cancer I n s t i t u t e ,  N I H ,  Bethesda, MD 20205 

A s i n g l e  i n j e c t i o n  o f  the r a p i d l y  metabolized a l k y l a t i n g  and mutagenic chemical carcinogen 
dimethylnitrosamine (DMN) w i l l  produce mesenchymal and/or e p i t h e l i a l  kidney tumors i n  
v i r t u a l l y  100% o f  Wistar r a t s  precondit ioned on a low prote in ,  high carbohydrate d i e t .  
i s o l a t e d  from these primary tumors was assayed f o r  transforming a c t i v i t y  by t rans fec t i on  i n t o  
NIH/3T3 c e l l s .  Transformation was induced w i t h  an e f f i c i e n c y  o f  % 0.001 transformants per pg 
tumor DNA. 
formants. DNA from primary transformants was shown t o  conta in  r a t  sequences by hyb r id i za t i on  
t o  a cloned r e p e t i t i v e  r a t  DNA sequence. 
transformants per pg DNA i n  secondary t rans fec t i on  experiments. 
K-ras, and H-ras probes suggested an increased l e v e l  o f  H-ras sequences i n  N I H  c e l l s  t rans-  
f o z d  by t h e r a t  tumor DNA. The de ta i l ed  pathogenesis o f t h e  DMN induced renal tumors and 
the pa t te rn  and persistence o f  i n i t i a l  methy lat ion o f  kidney DNA have been extens ive ly  s tud ied.  
These tumors should, therefore,  be usefu l  models f o r  f u t u r e  i nves t i ga t i on  o f  oncogene a c t i -  
va t i on  by t h i s  important c lass o f  chemical carcinogens. 

DNA 

Transfect ion o f  kidney, l i v e r ,  and b r a i n  DNA from untreated r a t s  y ie lded  no t rans-  

Hybr id izat ion t o  v i r a l  N - s ,  
Transformation e f f i c i e n c y  was increased t o  0.005 

0179 FREQUENT ACTIVATION OF ONCOGENES I N  PATIENTS WITH ACIJTE LEUKEMIAS, 
C h r i s t o p h  Moroni ,  C h r i s t o f  Gambke a n d  H a n s p e t e r  Senn*,  F r i e d r i c h  
M i e s c h e r - I n s t i t u t  a n d  P h a r m a c e u t i c a l s  D i v i s i o n ,  CIBA-GEIGY*, B a s e l ,  
S w i t z e r l a n d  

We a r e  s t u d y i n g  t h e  r e l a t i o n s h i p  b e t w e e n  o n c o g e n e - a c t i v a t i o n  a n d  t h e  c l i n i c a l  
c o u r s e  o f  a c u t e  human l e u k e m i a s .  T r a n s f e c t i o n  e x p e r i m e n t s  i n d i c a t e  t h a t  onco-  
g e n e  a c t i v a t i o n  i s  a f r e q u e n t  e v e n t  a s  D N A  f rom 6/8 c a s e s  i n d u c e d  f o c i  on  
NIH3T3 ce l l s .  The p o s i t i v e  c a s e s  i n c l u d e d  3 / 4  a c u t e  m y e l o b l a s t i c  l e u k e m i a s ,  
1 / 2  a c u t e  l y m p h o b l a s t i c  l e u k e m i a s ,  1 non-Hodgkin lymphoma and  1 m o n o b l a s t i c  
l e u k e m i a .  

I n  o n e  AML c a s e ,  w e  i d e n t i f i e d  t h e  a c t i v a t e d  g e n e  a s  N-ras a s  i n d i c a t e d  by 
S o u t h e r n  b l o t  a n a l y s i s  o f  p r i m a r y  a n d  s e c o n d a r y  t r a n s f e c t a n t s .  T r a n s f e c t a n t s  
c o n t a i n e d  e l e v a t e d  l e v e l s  o f  p r o t e i n  p21.  C l o n i n g  e x p e r i m e n t s  a r e  i n  p r o g r e s s  
t o  compare  t h e  a c t i v a t e d  N-ras g e n e  w i t h  i t s  a l l e l e s  f rom t h e  p a t i e n t s  f i b r o -  
b l a s t s .  A l s o  w e  a r e  c u r r e n t l y  t r y i n g  t o  i d e n t i f y  t h e  o n c o g e n e s  a c t i v a t e d  i n  
t h e  r e m a i n i n g  p o s i t i v e  l e u k e m i a s .  

0180 REGULATION OF =-RELATED PROTEINS I N  THE LIFE CYCLE OF DICTYOSTELIUM DISCOIDEUM,AND 
I N  MAMMALIAN CELLS. Tony Pawson, Nel l ie  Auersperg and Gerald Weeks. 

Dept. Microbiology, Univ. B r i t i s h  Columbia, Vancouver, B.C. V6T 1W5, Canada. 
During the l i f e  cycle of the slime mould Dictyostelium Discoideum c e l l  growth and d i f f e r e n t i a t -  
ion can be mutually exclusive. g. discoideum amoebae grow rapidly and a r e  ind i f fe ren t  t o  one 
another; upon s ta rva t ion  c e l l  divis ion s tops and c e l l s  synchronously aggregate and d i f fe ren t -  
i a t e  i n t o  a s lug  and then a f r u i t i n g  body. C e l l  p ro l i fe ra t ion  i s  ha l ted  throughout d i f fe ren t -  
i a t i o n  with the  exception of a wave of DNA synthesis  i n  the  pre-spore c e l l s  of the ear ly  s lug.  
- D. discoideum amoebae contain a 23,000 M protein (p23) tha t  is ant igenica l ly  and s t r u c t u r a l l y  
re la ted  t o  rat p21ras. P23 i s  apparentlyrthe processed form of a p24 protein which w e  specula- 
te  corresponds t o  the primary t rans la t ion  product of a g. discoideum = gene. Absolute leve ls  
of p23 drop up t o  10-fold during d i f f e r e n t i a t i o n  as c e l l  divis ion i s  ar res ted ,  but a t rans ien t  
r i s e  i s  seen around 15 hours concommittant with reported DNA synthesis  i n  the  slug. The marked 
decrease i n  p23 leve ls  during d i f f e r e n t i a t i o n  argue t h a t  the pro te in ' s  function i s  in the  reg- 
u la t ion  of c e l l  growth o r  divis ion and i s  only negatively involved i n  d i f f e r e n t i a t i n .  Synthesig 
of  p23 continues throughout d i f f e r e n t i a t i o n ,  and i t  i s  not ye t  c l e a r  whether i t s  leve l  i s  
regulated by t ranscr ip t iona l  o r  t rans la t iona l  controls  o r  by s p e c i f i c  protein degradation. 
Similar t o  the  res idua l  synthesis  of p23 i n  a r res ted  d i f f e r e n t i a t i n g  g. discoideum, we have 
i d e n t i f i e d  synthesis  of r a t  p21ras i n  primary c e l l s  such as  those from the ovarian granulosa 
with l i t t l e  or  no p r o l i f e r a t i v e  capacity i n  cul ture .  Rat and human ovarian granulosa c e l l s  
synthesize a 27,000 M pro te in  which i s  immunoprecipiatated by ant i -pzl  ant ibodies ,  as  do many 
primary c e l l s  and celf  l i n e s .  The function of t h i s  ras-related pro te in  i s  under invest igat ion.  
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0181 CHICKEN CELLULAR DNA SEQUENCES HOMOLOGOUS TO THE fPS GENE OF FuSV: ISOLATION OF c-fps 
AND TWO RELATED SEQUENCES WITH LIMITED HOMOLOGY TO THE TYROSINE KINASE PORTION OF THE 
fps GENE, David A. Foster, George 9. Daley, Masabumi Shibuya, and Hidesaburo Hanafusa, 
The Rockefe l ler  Univers i ty ,  New York, New York 10021 

A l i b r a r y  o f  chicken c e l l u l a r  DNA was screened f o r  sequences homologous t o  the transforming 
gene ( fps )  o f  Fujinami sarcoma v i rus .  Three d i s t i n c t  sequences were i so la ted  and p a r t i a l l y  
characterized. One o f  the c e l l u l a r  sequences i s  h igh l y  homologous t o  the  e n t i r e  v i r a l  f ps  
gene and presumably i s  i t s  c e l l u l a r  rogen i to r  (c-fps). 
contained a l l  v-fps sequences (2.3kbY w i t h i n  a 6.8kb region. Heteroduplex and r e s t r i c t i o n  
mapping suggested an i n te r rup ted  gene s t ruc tu re  w i t h  a minimum o f  6 in t rons.  
forming a b i l i t y  o f  t h i s  DNA i s  being analyzed. Two other  c e l l u l a r  sequences were found t h a t  
were weakly homologous t o  fps. The reg ion o f  shared homology between these two fps - re la ted  
sequences and v-fps i s  l i m i t e d  t o  the 3 ’  po r t i on  o f  v-fps which i s  responsible f o r  the t y r o -  
sine kinase a c t i v i t y .  This i s  t he  same region t h a t  shares homology w i t h  o the r  transforming 
genes such as s rc  and yes. Consistent w i t h  t h i s  we have detected weak homology between the  
fps-re la ted sequences and src, yes, and ros gene sequences. 
pression o f  c- fps i n  bone marrow c e l l s ,  we have been unable t o  detect s i g n i f i c a n t  l e v e l s  o f  
expression o f  t he  fps-re la ted sequences i n  these c e l l s  o r  i n  several o thers tested. 

C e l l u l a r  sequences spanning 25kb 

The t rans-  

Whereas we have detected ex- 

0182 EXPRESSION OF THE C-SRC PROTO-ONCOGENE DURING EMBRYOGENESIS OF THE HAWAIIAN SEA URCHIN. 
Alan F. Lau, Tom Rayson, and Tom Hurnphreys, Un ive rs i t y  o f  Hawaii, Honolulu, HI 96813 

C e l l  u l  a r  proto-oncogenes, homo1 ogous t o  r e t r o v i  r a l  transforming genes have been detected i n  
various vertebrates, and some inver tebrates such as sponge and Droso h i l a .  Expression o f  
several proto-oncogenes has been reported t o  occur i n  a develop&egulated fashion i n  
ver tebrate t issues. This repo r t  describes t h e  i d e n t i f i c a t i o n  o f  t he  c-spc proto-oncogene and 
i t s  p r o t e i n  product i n  i nve r teb ra te  sea u rch in  embryos. A c-src clone has been i s o l a t e d  from 
a X Charon 4A l i b r a r y  of sea u rch in  DNA. Results o f  r e s t r i c t s  enzyme mapping of t h i s  clone 
and “Northern” b l o t  analys is  o f  sea u rch in  RNA t o  determine t h e  t ransc r ip t i ona l  a c t i v i t y  of 
t h e  c-s)”c proto-oncogene w i l l  be presented. The putat’ive sea u rch in  c-s)”c p ro te in  was imnu- 
nop rec ip i t a ted  by tumor bear ing r a b b i t  (TBR) serum and was i n i t i a l l y  i d e n t i f i e d  by i t s  
t y ros ine -spec i f i c  p r o t e i n  kinase a c t i v i t y  i n  v i t r o .  Expression o f  t h i s  a c t i v i t y  appeared t o  
be developmentally-regulated as it was highest i n  egg, decreased approximately 5-fold through 
t h e  gas t ru la  stage, then subsequently increased 3 - fo ld  t o  t h e  f i n a l  pluteus stage embryo. 
Phosphoamino ac id  analys is  demonstrated t h a t  t he  expected amino acid, tyrosine, was t h e  
phosphate-acceptor i n  t h e  imnunoglobulin substrate. 
C-Z p ro te in  was a lso accomplished by imnunoprec ip i ta t ion o f  Cg5S1-methfonine-labeled c e l l  
l ysa tes  us ing TBR serum. 
The primary s t ruc tu re  o f  t he  sea u rch in  c-spc prote in ,  pp60v-src from avian sarcoma Virus- 
transformed c e l l s  and pp60c-src from normal ver tebrate c e l l s  i s  being compared by p a r t i a l  pro- 
t e o l y t i c  peptide mapping and these r e s u l t s  w i l l  a l so  be presented. 

D i r e c t  i d e  t i f i c a t i o n  o f  t he  sea u rch in  

I t s  apparent molecular weight was approximately 53-55,000 daltons. 

0183 TRANSFORMING GENES OF COMMON ACUTE LYMPHOCYTIC LEUKEMIAS (ALL), Geoffrey R. 
Kitchingman, St. Jude Children’s Research Hospital, Memphis, TN 38101 

The genes involved in the transformation of early B cell precursors to malignancy are 
DNAs isolated from being determined by the use of the NIH-3T3 cell transformation assay. 

the leukemic bone marrow cells of patients with undifferentiated or common ALL have been 
used to obtain primary transformants of NIH-3T3 cells. To date, 7 of 7 connnon ALL and 1 
of 1 undifferentiated ALLs have yielded transformants. Secondary transformations are in 
progress utilizing representative primary transformants. The primary transformants are 
being analyzed for the presence of known oncogenes. Thus far, we have identified human 
n-% genes in some, but not all, of the primary transformants of 6 out of 6 of the ALL 
DNAs examined thus far. 
transformants is in progress. 

The identification of the transforming genes in the other primary 

The association of n-ras  with common ALLs is intriguing in light of the fact that 
these leukemic cells share a number of cell surface antigens with neuroblastoma, the 
original source where n-= was identified. 

73 



Qener and Cancer 

0184 I S  C-ERE A1 REARRAN"IED I N  ME 15q+;17q- G-KMBXE ?RANSLOCATION ILSSXIATED WITX 
AUJI'E -1C LFOKEMIA? Denise Sheer, Lynne R. H i o r n s ,  N i g e l  Spurr, E l l e n  
S o l m n .  

Analys is  of interspecific -t ic c e l l  hybrids containing the 15q+/17q- translocation 
chrmosarres has enabled us to  l o c a l i z e  t h e  translocation breakpoints t o  15q22 and 17q12-21 
(Sheer et  al,hoc. Nat l .  Acad. Sci.  USn,1983,80,5007). Of particular i n t e r e s t  i s  our 
finding that the r f e a  oncome which maps t o  chmnxsane 15 i s  not present on the 15q+ 
translocation chranosane and therefore probably mves t o  the 17q- chrammm. 
w e  have nnrpped the r e r b  A1 oncogene t o  17pll-17q21, and shown that i t  i s  not present on 
t h e  15q+ translocation chramsom and therefore probably r a i n s  on t h e  17q- c-. 
(Spurr e t  al, E?dED J.,1984, in press). 
stowing this translocation for  rearrangenents of t h e  c-erb A1 gene. These results w i l l  
be presented. 

Furthermore, 

We are currently analyzing DNA f r a n  AF% patients 

0185 PROTOPLAST FUSION TRANSFECTION OF ONCOGENES INTO HUMAN BRONCHIAL CELLS, G.H. Yoakum, 
J.F. Lechner, E.Gabrielson. B.E. Korba, L.Malan-Shibley, J.C. Wfl ley, T. Seeley and 
C.C. Harr is ,  National Cancer I n s t i t u t e ,  Bethesda, MD 20205 

To i nves t i ga te  the r o l e  of oncogenes i n  human c e l l  carcinogenesis, we have developed a proto-  
p l a s t  f us ion  method f o r  the e f f i c i e n t  t rans fec t fon  and s tab le  i n t e g r a t i o n  o f  genes i n t o  human 
c e l l s .  For example, t he  pBR322 plasmid (c lone H1) c a r r y i n g  the cDNA o f  v i r a l  Harvey ras  
(vHa-ras) has been t ransfected by p ro top las t  f us ion  i n t o  normal human bronchial e p i t h e l i a l  
c e l l s .  Although the normal bronchia l  e p i t h e l i a l  c e l l s  are induced by 2% blood-derived serum 
(BDS) i n  LHC-4 medium t o  te rm ina l l y  d i f f e r e n t i a t e ,  t he  t ransfected c e l l s  were r e s i s t a n t  and 
are s t i l l  p r o l i f e r a t i n g  a f t e r  more than 100 c e l l  generations. Between passages 10 and 15, 
c e l l  clones were i s o l a t e d  t h a t  grew as densely packed, mu l t i l aye red  f o c i .  DNA hyb r id i za t i on  
s tud ies us ing Ha-ras gene spec i f i c  and Ha-LTR s p e c i f i c  DNA probes i nd i ca te  t h a t  these c e l l s  
have in teg ra ted  Ha-ras genes i n t o  t h e i r  nuclear DNA and c n t a i n  d i f f e r i n g  amounts o f  mRNA. 
Ha-ras gene product ( ~ 2 1 )  l abe led  w i t h  e i t h e r  35S-met o r  Q2P was detected i n  c e l l  ex t rac ts  
fo l l ow ing  imnunoprecfp i ta t ion w i t h  vHa-ras s p e c i f i c  antf-p21 monoclonal antibody and SDS gel 
e lect rophores is .  These c e l l  l i n e s  are a lso being evaluated f o r  tumorfgenic i ty  i n  athymic 
nude mice, growth i n  semisol id medium, and c e l l  surface ant igenic  markers. (We thank Dr .  
Esther Chang f o r  prov id ing the plasmid H1  and Dr .  Mark Fu r th  f o r  the monoclonal antibody 
Y13-238). 

0186 
The human c e l l u l a r  analog o f  the av ian mc-29 v i r a l  transforming gene i s  known t o  be 
amp l i f i ed  i n  several malignant c e l l  l i n e s  i n  which the expression o f  c-myc i s  enhanced. I n  
one o f  these c e l l  l i nes ,  HL60. the c-myc genes res ide  on r e s t r i c t i o n  endonuclease fragments 
which are d i f f e r e n t  from those present i n  DNA der ived from non-malignant c e l l s .  Despite the 
l a r g e  number o f  c-myc genes i n  HL60 c e l l s ,  accumulation o f  RNA t r a n s c r i p t s  from these genes 
can be diminished by i nduc t i on  o f  d i f f e r e n t i a t i o n  t o  neutrophi ls  w i t h  r e t i n o i c  ac id  o r  
d i b u t y l c y c l i c  AMP, o r  t o  macrophages w i t h  PMA. We have attempted t o  study those c-myc genes 
which remain under some regu la to ry  con t ro l  i n  HL60. To do so we have i s o l a t e d  a l a rge  number 
o f  bacteriophage recombinants w i t h  sequence homology t o  MC29 from a bacteriophage l i b r a r y  
prepared from HL60. The m a j o r i t y  o f  these recombinants (90%) have very l i m i t e d  sequence 
homology t o  MC29 wh i l e  the remainder have moderate t o  very extensive homology. This 
i nd i ca tes  t h a t  a m p l i f i c a t i o n  o f  the gene may r e s u l t  i n  a l a rge  number o f  incomplete c-myc 
genes o r  f us ion  genes and may no t  be a c t i v e  t r a n s c r i p t i o n a l l y .  As such they would no t  
con t r i bu te  t o  the increased c-myc t r a n s c r i p t s  i n  HL60. We are analyzing the apparently 
normal cloned c-myc sequences t o  determine i f  they func t i on  normally i n  short-term 
expression systems and are under regu la to ry  con t ro l  by inducers o f  d i f f e r e n t i a t i o n .  

ISOLATION AND CHARACTERIZATION OF C-MYC GENES FROM HL-60, Russel E. Kaufman and 
Joni Nichols, Duke Un ive rs i t y ,  Durham, NC 27710 
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MiiW HEMTTBOIETIC W%ASIAS, Rlccardo Dal Ie-fovra+, Lulaa 
Lanfracon+, Ulchel Brathualtetr Stetano Uartlnuttlt and Edward P. G.lmannx, b p a r h m n t  
of Rthology. Kaplan Cancar (bntu,  Now Y a k  U n l v r s l t y  Schcol of bd lc lno ,  N a  Y a k ,  NY 10016, 
% d l c l n e  Branch, Natlonal Cancer Inat l tuta,  Whesda, MD 20205. 

0187 

Recent studlor have sugpsted tha t  ceIIuIm- oncog.noa a0 Involved In  chrmosanal abnona l i t l a r  whlch are 
.pec l f l ca l l y  asroclated wlth c u t a l n  types of neoplaslas. In part lcular t he  cmyc locus has bam shorn t o  b. 
d l rec t l y  Involved In  translocattons typlcal  of undtt faont lated B cell lynphcmas and apllfled I n  m o r a l  twr 
c e l l  Ilns. I n  an m p t  to  upand those obrervut lmr n have surveyed a nunbar of d i f f r o n t  h.natoputlc 
noplaslas for r e s r a n g m t s  affecting d l f f a e n t  oncogene locl. Our studles lndlnate t h a t  rea ranpr rmts ,  
s lp l l f l ca t l ons  Q both, a f f u t l n g  the c z  and e% locl are detectable I n  lymphold and myelold nwplaslas. 
T ~ M  f lndlnga ma detectable I n  both c e l l  11110s and pr lnary pathologlc n a t r l a l .  In s m  caws  perrmlc 
rrarangrnents correlate wl th n w  cytogeratlc a lh ru t l ona  whaeas I n  a t h r  caws  no a l t a a t l o n  1s detectable 
suggestlmg tha t  genanlc r e a r a n w n t s  mey be m e  f r e q u n t l y  asroclahd wlth nallgnant cells than curront ly 
detectable wl th o r d l n a y  cytogonetlc analysts. O n c o g m  rewrangpmnts are asroc1at.d wlth d l t f r e n t  
a l h r a t l o n s  In  nRM s t rue two  a d  levels of q r a s s l o n .  Work 1s I n  progress t o  gemrate a t l b o d l e s  agatnst 
oncogene prots ln products I n  an attampt t o  c a r e l a t e  the ef fects of d l t f r e n t  oncogm r e a r a n m t a  on the 
structure or mpreaalon of oncp roh ln r .  

0188 
Lerman,Takeo Kakunaga, Edward M.Kaighn and Umberto Saffiotti,National Cancer Institute,Frede= 
rick, Maryland 21701. 

In order to investigate whether more than one transforming gene could be activated by carcino= 
gens in the same cell system, DNAs obtained from 16 different BALB/3T3 cell lines,transformed 
in vitro by different chemical and physical carcinogens, were transfected into NIH/3T3 cells. 
Transforming activity was obtained from seven different cell lineS,indicating that these cells 
contained alleles that act dominantly in the NIH/3T3 system. The transforming genes activated 
in 3 benzo(a)pyrene-transformed lines were investigated for their sensitivity to digestion 
with 4 different restriction endonucleases. The transforming DNA from each of the 3 lines sho= 
wed s different pattern of sensitivity, indicating that different transforming genes were ac= 
tivated in these 3 lines transformed in vitro by the same chemical carcinogen. Hybridization 
experiments indicated that these transforming genes are different from the Harvey and Kirsten 
- ras oncogenes. Karyotypes of the parent and the transformed BALB/3T3 cell lines were analysed 
and several chromosomal markers were identified, but the presence of these markers was not cor. 
related with transforming ability as detected by transfection in the NIH/3T3 cells, 

ACTIVATION OF DIFFERENT TRANSFORMING GENES IN BALB/3T3 CELL LINES TRANSFORMED BY THE 
SAME CHEMICAL CARCINOGEN, BENZO(a)PYRENE, Margherita Bignami,Eric Westin,Michael I. 

0189 EXPRESSION OF RAS GENE PRODUCTS IN HUMAN LUNG AND COLON TUMORS, Gary E. Gallick, 
Razelle Kurzrock, Jan C. Liang, William S. Kloetzer, Edwin C. Murphy, Jr . ,  Ralph 9. 
Arlinghaus, and Jordan U. Gutterman, M.D. Anderson Hospital. Houston, Texas 77030 

Although expression of cellular oncogenes is usually measured by mRNA levels in "Northern" 
analyses, the level and activity of the protein products of these genes may best correlate 
with the events in malignant transformation. Therefore, we have begun to systematically 
examine human tumors for steady-state levels of oncogene proteins. Initially. we are 
comparing the ras gene products (p21) of colon and lung tumor to adjacent normal tissue. 
Extracts of lf!xlized tissue were inmunoblotted with a rat monoclonal antibody to the p21 
of the v - x  gene. Further, to increase the amount of p21 which could be analyzed, 
extracts which had been inmunoprecipitated with the monoclonal antibody prior to 
inmunoblotting were also examined. By this procedure, p21 waa detected in all tissue 
extracts analyzed. However, 5 of 15 colon tumors and 2 of 4 lung tumors expressed at least 
five-fold elevated p21 when compared to adjacent normal tissue. To determine if chromosomal 
aberrations correlate with -E gene expression. we have cultured cells from several 
tumors. Preliminary cytogenetic analysis of cells from one of the lung tumors with elevated 
p21 indicated trisomy 12 in approximately 20% of metaphase spreads examined. Similar 
cultured cells from histologically normal lung tissue adjacent to the tumor, in which the 
level of p21 was not elevated, did not exhibit trisomy of chromosome 12. These studies 
indicate that elevated ras proteins can be found in some human colon and lung tumors. 
Ongoing analyses may reveal the role of these elevations in tumor development. 
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A recent controversy has a r i sen  regarding the  number of act ivated oncogenes required to  t rans-  
form ta rge t  c e l l s  in-vi t ro .  Although s ingle ,  act ivated oncogenes obtained from spontaneous 
t u w r s  e f f i c i e n t l y  transform 3T3 c e l l s ,  relevance t o  the  t r u e  neoplast ic  condi t ion has been 
dhallenged, inasmuch a s  3T3 c e l l s  a r e  a permanent and establ ished c e l l  l i n e .  More recent ly ,  
i t  was reported t h a t  two or  wre in te rac t ing ,  ac t iva ted  oncogenes were required to  transform 
normal c e l l s .  Therefore, w e  attempted t o  t ransfer  malignant po ten t ia l  from a spontaneously- 
appearing r a t  sarcoma t o  normal r a t  c e l l s  in-vi t ro .  High molecular weight tumor DNA was iso- 
l a ted  and t ransfected t o  low-passage. normal r a t  embryo f ibroblas t s .  Within a few months, 
normal JNA-transfected cont ro l  cu l tures  underwent senescence and died; tumor DNA-treated c e l l s  
continued t o  grow i n  wnolayer  as  wel l  as  i n  0.3% agar. All  of the  normal ta rge t  c e l l s  were 
d ip lo id  (42 chrowsomes); the  "oncogene"-treated c e l l s  contained from 40-135 supernumerary 
and abnormal chromoso-s. Furthermore. malignant t u w r s  i d e n t i c a l  t o  the  or ig ina l  r a t  sarcoma 
were generated within 3 w n t h s  i n  normal, unal tered newborn r a t s  in jec ted  subcutaneously with 
transformed c e l l s .  Prel iminari ly ,  the tumor c e l l s  synthesized [32P]-containing proteins  cor- 
responding t o  21kd and 28kd i n  amounts greater  than control  f ib roblas t s .  Xolecular evidence 
f o r  mRNA corresponding t o  v-Kas-Ki could not be detected. Therefore, our ear ly  data  indicate  
tna t  a s ing le  r a t  oncogene i s  indeed capable of s tab ly  transforming a malignant phenotype 
to  normal rat c e l l s  in-vi t ro  and in-vivo a f t e r  a s ing le  t ransfect ion.  

r4C)RiUL U T  CELLS ARE ONCOGENICALLY TRANSFOPXED BY A SINGLE TRANSFECTION OF RAT TUMOR 
DNA, Stephen A. Schwartz, Peter  Freebeck, and Charles F. Shuler, The University of 
Cnicago, Chicago, I l l i n o i s ,  60637 

0191 MOLECULAR CLONING OF A NEW TRANSFORMING GENE INDUCED BY TUMOR PROMOTING 
12-0-TETRADECAIYOYLPHORBOL-1 ?-ACETATE (TPA) I N  MOUSE EPIDERMAL PRENEOPLASTIC CELLS, 

Nichael T, Lermanl. Glenn A. Hegamyer2 and Nancy H. Colburn'. Laboratory of Experimental 
Pqthologj1 and Cell Bioloey Section, Laboratory of Viral  Carcinoqenesis 2, National Cancer 
I n s t i t u t e ,  Frederick, MD 21701 

Recently Colburn e t  a l .  (Nol. Cell. Biol . ,  '3: 1182-1186, 1983) demonstrated by DNA-mediated 
gene t ransfer  the exis tence of DNA sequences conferring anchorage independent growth on 
clonal  l i n e s  of muee JB6 c e l l s  i n  response to  TPA. 

Now we have molecularly cloned the responsible gene i n  a plasmid vector  by using Lederberg's 
s ib-select ion technique. The gene termed pn0 is found i n  two clonee containing i n s e r t s  of 
about 7 kb and 12 kb respect ively.  
configurat ion i n  non-treated preneoplast ic  c e l l s  end i s  fully expressed i n  TPA transformed 
c e l l s .  The transformed c e l l s  a lso contain another ac t ive  transforming gene dis t inuuishable  
from pm by r e s t r i c t i o n  e n z p e  s e n s i t i v i t y .  The pno gene is  not re la ted to  any of 11 known 
v i r a l n c o g e n e e .  a s  shown by RNA hybridizat ion on expression b l o t s .  The s t ruc ture  and 
function of the pm gene is  under inves t iga t ion .  

T h e e  gene e x i s t s  i n  a t ranscr ip t iona l ly  ac t ive  

- 

0192 CLONED DNA TRANSFORMING RAS RELATED GENE FROM TUMORIGENIC GUNIEA PIG CELLS INITIATED 
I N  VITRO,  Jay Doniger a n n o s e p h  A..DiPaolo, Lab. o f  Biology, NCI, Bethesda, MD 20205 

An oncogenederived fran a tumorigenic MNNG induced guinea p i g  c e l l s  has been cloned. This 
11 Kb sequence, i s o l a t e d  from an 8 t o  12 Kb Eco R 1  cu t  sub-genomic l i b r a r y  from a second 
round transfonnant o f  3T3 ce l l s ,  was detected by hyb r id i za t i on  t o  v-bas under relaxed condi- 
t ions.  
analys is  w i t h  v-bas i n  4 o the r  tumorigenic guinea p i g  c e l l  l i n e s  (Sukumar e t  a l .  Laborator- 
i e s  o f  Biology a n d c e l l u l a r  and Molecular Biology). 
l i n e s  studied, 4 were i n i t i a t e d  i n  v i t r o  and the  f i f t h  i n  utero; 4 d i f f e r e n t  chemical carc in-  
ogens were used. The guinea pigca-genesis model irb-studied because it i s  charac- 
t e r i z e d  by d i s t i n c t  stages i n  the  t r a n s i t i o n  f r a n  non-transformed t o  neoplast ic  growth 
induced by carcinogen treatment. 
c e l l s  but not i n  c e l l s  a t  preneoplastic stages, t h e  a q u i s i t i o n  o f  tumorigenic proper t ies and 
a c t i v a t i o n  o f  t h e  ras  oncogene could have occurred by a cmmon mechanism. 
genetic changes r e F n s i b l e  f o r  transformation. t h e  cloned oncogene sequence w i l l  be compared 
t o  t h a t  o f  i t s  proto-oncogene derived from non-treated normal guinea p i g  c e l l s .  The oncogene 
w i l l  also be used t o  i nves t i ga te  t h e  s u s c e p t i b i l i t y  o f  guinea p i g  c e l l s  a t  d i f f e r e n t  pre-neo- 
p l a s t i c  stages t o  t ransformat ion by t h i s  gene. 

S imi lar  oncogenes have a l so  been i d e n t i f i e d  by DNA t r a n s f e c t z  and Southern b l o t  

Of t h e  5 tumorigenic G i z a  p i g  c e l l  

Because oncogenes were detected on ly  a f t e r  i n  tunor igenic  

To ascer ta in  t h e  
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0193 ENHANCEMENT OF TRANSFECTED GENE ACTIVITY IN N O W  HUMAN CELLS, R. Reeves*, C.M. 
Gormad, and W.R. Clevenger*, 
College of Sci. and Tech.#, London, UK SW72AZ 

Compared to rodent cells, primary cultures of normal diploid human cells are very inefficient 
in the uptake and expression of foreign genes in transfection experiments. 
developed techniques for markedly stimulating the expression, both transient and stable, of 
various bacterial genes (CAT, NEO, GPT) transfected into "established" lines of mammalian 
tissue culture cells (Gorman et al., 1983; Sci. Sci. =:551; Gorman et al.. in the press). 
These optimized transfection procedures, particularly the exposure of newly transfected cells 
for a short period of time to sodium butyrate at appropriate concentrations, are also found to 
enhance the expression of foreign genes introduced into normal human cells. For example, 
butyrate treatment stimulates the expression of the chloramphenicol acetyltransferase (CAT) 
gene by a factor of greater than 20-fold in primary cultures of newborn human foreskin fibro- 
blasts transfected with the vector pSV2.cat and over 8-fold in cells transfected with pRSV.cat. 
Similarly, normal human cells transfected with selectable marker genes such as GPT and NEO 
form 10-15 times more stably transformed colonies under selective conditions after exposure to 
butyrate than do untreated cells transfected with the same genes. And, finally, primary fore- 
ekin fibroblasts tranefected with the human bladder carcinoma oncogene TZ4c-Ha-ras are also 
etimulated 8-10 fold in their levels of oncogene mRNA production following butpratc exposure. 
butyrate enhancement of transfected gene activity appears to require the presence Of DNA 

6n active form of chromatin structure afzer transfection. 

Washington State Univ.*, Pullman, WA 99164 and Imperial 

We have recently 

enhancer" sequences and may be partial1 the result of the foreign genes being assembled *to 

0194 
Cellular immortalization is defined by the acquisition of an unlimited growth potential 
in vitro and may represent an early step in vivo tumorigenicity. Immortalized cell lines 
belong to three main classes : i) post crisis cells ; ii) tumor cells ; iii) virus 
transformed cells. We have developped a transfection assay capable of detecting dominant 
immortalization genes. By transfecting genomic DNAs from SV40 transformed cell lines we 
can transfert immortality to precrisis rat embryo cells. We are currently using the assay 
to investigate the nature of immortality in different classes of established cell lines. 

ABOUT CELLULAR IMMORTALIZATION, Jean Feunteun, Maryvonne Gardes and Helene Jacquemin- 
Sablon, Institut de recherches scientifiques sur le cancer, Villejuif, France 

0195 
*Free University, Amsterdam. 

A region of the mouse genome, called int-1, is occupied by MMTV proviruses in many different 
mammary tumors. A sequence within this region is transcribed into a 2.6 Kb poly (A)+ RNA in 
mammary tumors with a provirus integrated at int-1,  but not in normal tissue. Restriction 
enzyme mapping on the configuration of the inserted proviruses has revealed that virtually 
all proviruses are either on the 5 '  side of the int-1 gene in the opposite transcriptional 
orientation or on the 3 '  side of the gene in the same orientation indicating that activation 
OCCUTS by an indirect mechanism such as the provision of a transcriptional enhancer. Only 
one case of a promoter insertion has been found. 
We have subjected the int-1 gene and the transcript found in mammary tumors to a detailed 
structural analysis: the transcriptional unit consists of at least 5 exons, most of which 
are confined to the region in between the inserted proviruses. In some tumors insertion has 
occurred in the last exon, giving rise to int-1 transcripts that are continuing in the MMTV 
LTR . 
We have cloned the human homologue of int-1, and have used hetercduplex mapping with the 
mouse gene to confirm the intron-exon assignment. 

STRUCTU~ ANALYSIS OF THE int-l MAMMARY ONCOGENE. Albert van Ooyen, Laura van'tveer, 
Harm van Heerikhuizen* and Roe1 Nusse. The Netherlands Cancer Institute, Amsterdam; 
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0196 K562 HUMAN ERYTHROLEUKEMIA CELLS DEMONSTRATE COMMITMENT, Peter T. Rowley, 
Betsy M. Ohlsson-Wilhelm, and Barbara A. Farley, University of Rochester, Rochester, NY 14642 

Commitment, i.e. the decision to express a differentiated phenotype and to terminate prolifera- 
tion irreversibly in the absence of inducer, w a s  investigated in K562 human erythroleukemia 
cells. Cells were cultured for 0, 1, 2, 3, or 4 days with inducer and then plated in methyl- 
cellulose without inducer. Daily following plating, hemoglobin content was  scored by benzi- 
dine staining and growth was assessed by estimating cell number per colony. With all inducers 
used, three types of colonies were found, those containing only benzidine positive cells, 
those containing only benzidine negative cells, and those containing both benzidine positive 
and benzidine negative cells (mixed colonies). Thymidine produced a progressive increase in 
the percentage of positive and mixed colonies and a progressive fall  in the percentage of neg- 
ative colonies. Whereas negative colonies grew a t  an exponential rate with a generation time 
of about 20 hours, positive colonies reached an average maximum size of 16 cells, representing 
a total of four divisions. Butyrate had a similar effect except that the rise was greater for 
mixed colonies than for positive colonies and the plateau in positive colony size was less 
evident. In contrast, C02 depletion or hemin treatment induced benzidine positivity which 
rapidly reverted upon removal of the inducing condition. Thus, of the four conditions, thymi- 
dine and butyrate caused commitment whereas hemin and C02 depletion did not. Thus K562 cells, 
like Friend cells, demonstrate commitment, but, unlike Friend cells, demonstrate a significant 
rate of commitment in the absence of inducer and hence form a significant percentage of mixed 
colonies with or without inducer. 

0197 A NOVEL ROLE OF VIRAL GENE EXPRESSION IN DETERMINING THE TUMOR-INDUCING CAPACITY 
OF TRANSFORMED CELLS. Arthur S. Levine, James L. Cook, Cephas T. Patch, Janet 
Hauser, and Andrew H. Lewis, J r . ,  NICHD and NIAID, Bethesda, Md. 20205 

The lack of a consistent association between cell transformation in vitro and tumor induc- 
tion in vivo is w e l l  documented, but virus-transformed cells that are non-oncogenic are 
immorGland share other properties with oncogenic cells. Non-oncogenic transformed cells 
are usually considered to be more immunogenic than oncogenic cells. However, we and others 
have found, using adenovirus (Ad)-transformed rodent cells, that there is no correlation 
between ilnmunogenicity (as measured by the detection of TSTA in bioassays with sensitized 
hosts) and oncogenic potential, In contrast, we found an excellent correlation between the 
oncogenicity of DNA virus-transformed hamster cells and their in vitro resistance to lysis 
by activated macrophages and natural killer cells. Using a variety of DNA virus-transformed 
hamster cell lines, we have identified a spectrum of tumorigenic phenotypes defined by the 
immunologic maturity and immunologic relatedness of the challenged host. To develop this 
model, which dissociates transformation and oncogenesis, we formed somatic cell hybrids of 
Ad2 (weakly oncogenic) and SV40 (highly oncogenic) transformed hamster cells. Hybrid cells 
which express both Ad2 and SV40 T antigens possess the morphology, oncogenicity, and sens- 
itivity to lysis (by naive effector cells) of the Ad2 parental line; thus, the phenotype 
of these hybrid cells is governed by Ad2 gene expression. Since these large differences 
in biological behavior appear to reflect the differential expression of a small number of 
viral genes, our model should facilitate studies to distinguish between immortalization, 
morphologic transformation, and oncogenesis at the molecular level. 

UNRESTRICTED (H-2) GROWTH OF A MALIGNANT TUMOR OF MOUSE ORIGIN. Guillem Alfaro, 0198 Enrique EscandSn, Veronica Yakoleff and Gabriel Nava. 
Gxico, D. F. 04510, Msxico. 

National University Mexico. 

We have identified a malignant murine tumor of 1ymph.oblastic origin capable of overcoming H-2  
restriction when injected in the peritoneal cavity of mice. 
malignant cells to progress with high efficiency in mice of various haplotypes H-2bn8'k), 
without any detectable difference either in the capacity to produce metastasis (usually very 
poos) or in time required to kill the mice. An interesting property of this tumor is that 
the cells were not only resistant to cytotoxic T lymphocytes raised against different H-2 
products; but also resistant to NK cells. On the other hand, antisera against these cells 
which had been raised in two different species (rabbit and mice), indicated that this tumor 
shared some antigenic determinants with other tumors, such as LW.l (originally thought to be 
L5178Y). e molecules recognized by these two antisera were not H-2, since specific anti- 
"-2brd Or 'failed to react with these cancer cells. 

This ability allowed th 
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At least two genes are altered in the human promyelocytic cell line HL-60 : 
amplified to about 30 copies and there is a transforming allele of N-ras. 
induce differentiation of HL-60 in granulocytes or monocytes and in both cases cell proli- 
feration stops. 
c-onc during differentiation in both lineages. 
shut off of c-myc and the precise correlation between c-myc expression and cell prolifera- 
tion. 
complex regulation during monocytic differentiation. 
in mature monocytes. 
proliferation. 

ONCOGENE EXPRESSION DURING HL-60 DIFFERENTIATION, Franqois G. Dautry and Robert A. 
Weinberg, I.R.S.C., Villejuif, France and M.I.T. Cancer Center, Cambridge, MA 02139 

c-myc is 
It is possible to 

We have studied transcription of myc and N-ras as well as several other 
The dominant feature is the transcriptional 

N-ras transcription is unaffected by granulocytic differentiation while it shows a 
Nevertheless N-ras is still expressed 

Taken together these results suggest a central role for c-myc in Cell 

0200 PARTIAL CHARACTERIZATION OF HTV ASSOCIATEJ SURFACE VOTEINS FRQM AN HTLV INFECTQ 
K.T. Schu l t r  , T.H. Lee , T. H m a  , M. Essex 

Harvard School o f  Publ ic  Health Harvard Medical School 

The c e l l  l i n e  Hut 102 was derived from a leukemia pa t i en t  who was i n fec ted  wi th  t h e  
human T c e l l  leukemia v i r u s  (HTLV). Us ing  membrane immunofluorescence, se ra  f rom 
p a t i e n t s  wi th  adu l t  T c e l l  leukemia react  s p e c i f i c a l l y  wi th  c e l l  membrane antigens 
(HTLV-MA) expressed on Hut 102 and numerous o the r  l i n e s  o f  HTLV-infected lymphocytes. 
Two g l ycop ro te ins  o f  approximately 61 kd and 45 kd are regu la r l y  imnunoprecipitated from 
Hut 102 c e l l s  w i th  HTLV-MA p o s i t i v e  human sera, but  t he  same p ro te ins  are not detected 
w i t h  anitserum t o  HTLV a gene re la ted  core prote ins nor wi th  human sera negative f o r  
an t i bod ies  t o  HTLV-MA. % gp61 and gp45 prote ins have been p a r t i a l l y  p u r i f i e d  using a 
combi na t i on  o f  1 e n t i  1 -1ec t i  n a f f i n i t y  chromotography and imnunoaff i n i  t y  chromatography. 
De ta i l ed  cha rac te r i s t i cs  o f  these prote ins w i l l  be described. 

TUMOR CELL LINE. and M.I .  Greene 

0201 M A N  T CELL HYBRIDS EWESSING NATlRALLY OaXRRlNG KkDR RSTRICTED REcEmoRs MAT RECOGNIZE 
EBV-IWECTED B CELLS. Mary A Valentlne, Omstantine D. TsaJtas, Jchn K Vaughan, and Dennls 
A Carson. Scrlpps CI ln lc  and Research Foundatlm, La Jolla, Callfornla 92037. 

Recepta ln teract lms o f  T cells that react wlth Epsteln-Barr Vlrus (EBV) Infected B cells ~1p8 nut well 
deflned. Several types o f  reccgnl t lm have been descrlbed I n  cells durlng the course o f  EBV Infectlm, 
but clcnal examlnatlcn of natural ly occurrlng receptors showlng t h e  actual requlrements for HLA 
r e s t r l c t l m  has not  been repu-ted. Therefore, we u t l l l zed  sanatlc cell hybr ld lzat lm to create cells 
w h c s e  surface molecules would pertain d l r e d l y  t o  those expressed In vlvn durlng varfous phases of EBV 
I n f e c t l a  The parent lymphoma w a s  a double mutant o f  the human cell llrte, JM, a cell which can 
release 11-2 cn mltogenlc stlmulatlon. Patlent cel I s  used for d l rect  f u s l m  w l t h  JM were aqul red fm 
Vlral Capsln Antlgen IVW negatlve donors. or from a patlent durlng the acute and convalescent phases 
of monmucleosls. Fuslm products w e r e  then characterlzed as hybrlds by phenatyplc and karyotyplc 
analysts, as well as by growth I n  se lec t l ve  medlum and t h e  acqu ls l t l on  o f  funct lonal  receptors. 
Receptw actlvlty w a s  a ~ n l t w e d  by productlm o f  IL-2 fol lowlng ccrculture w l t h  Irradlated autologous 
or allogenelc B cells whlch w e r e  Epsteln-Barr Nuclear Antlgen (EBM p l t l v e  or negatlve. The derlved 
hybrld clones recognlzed specl f lca l ly  autologous EBV-Infected B Iymphoblasts, o r  a1 logenelc EBNA 
pcs l t lve cells sharlng HA-CR antlgens. Stlmulatw cells w l t h  no shared HLA-DR or evldence of EBV 
l n f e c t l m  could never Indua, IL-2 release. These recognlt lm requlrements c lear ly  deflne a populat lm 
of T cells that arlse lnvLvp durlng acute phase EBV l n f e d l m  that Interact wlth EBV transformed cells 
In  a HUCDR rest r lc ted manner. 
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0702 CHEMICALLY-INDUCED CHANGES IN THE ANTIGEN EXPRESSION OF PRELEUKEMIC AND LEUKEMIC 
THYMOCYTES FROM THE RF STRAIN OF MICE, Kelly Switzer-Timmons, Marie Metlay, and Frank 
Lilly, Albert Einstein College of Medicine, Bronx, New York 10461 

Skin painting of RF/J mice with the chemical 3-methylcholanthrene induces T cell lymphomas 
within 8-12 weeks of treatment. We have been studying the effect of this carcinogen on 
the expression of various surface antigens on both preleukemic and leukemic thymocytes. 
In addition, we have compared and contrasted our results with those observed in spontaneous 
lymphomas which occur in the AKR strain of mice. 
selected as a low-leukemic strain from the same outbred stock as AKR. In previous studies 
we have shown that there is a specific loss of expression of Lyt-1 and Lyt-2 antigens 
from the surface of thymocytes as they become transformed. 
subpopulations in the preleukemic thymus reveals that there is no obvious target cell for 
this transformation. 
phenotypes expressed on the tumors, in the RF system there is a consistent trend toward 
loss of expression of both of these antigens. 
endogenous viral cell surface antigens which are expressed on these thymocytes. 
this phenomenon, the disappearance of one viral antigen and the appearance of another i s  an 
age-related effect. There is no difference either qualitativelyispecific size protein) 
or quantitatively (enhancement of expression) between age-matched control mice and MCA- 
treated mice. 
there is no evidence that the mechanism responsible for chemically-induced lymphomas in mice 
Of the RF strain involve qross chanqes in viral antioen exoression. 

The RF strain of mice was initially 

Size-gated analysis of thymocyte 

In contrast to the AKR lymphomas in which there are multiple Lyt 

There is also a shift in the specific 
However, 

Therefore, in contrast to the spontaneous lymphomas observed in AKR mice, 

0203 
!& have inoculated over 1500 embryos in the limb bud on day 4 of development with up to 105ffu 
,of SRD-RSX !The l inb as wel l  as peripheral tissues were evaluated 10 days later. In contrast to 
'ts effect in newborn h i c k s  (palpable tmrs within a week), the virus was remarkably non- 

khcq+c i n  young dryos.  Based on mrpholqic and histologic examinations we have found: !? no evldence of teratogenesis: 2)no eviace  of tmrigenesis; 3)occasional presence of hem- 
rrhagic lesions (endothelial blood blisters). These results confirm observations made over F ourty years ago. In addition we have found:l)the virus w a s  integrated and expressed; 2)the 

W x y o s  were v i d c  and a l l  tissues contained virus; 3)the recovered virus fonred foci in  
p l ture ;  4)al l  tissues contained an elevated level of viral pp6Osrc associated phosphokinase 
activity; 5)tkis activity was detectable as early as 2 days after inoculation; 6 ) t h e  anuunt of 
kinase activity in  the lbb bud was canparable to that found i n  10 day old tmr tissue. ?his 
+qgests that, i n  early d r y o s ,  kinase activity may be necessary but not sufficient for turmr- 
Ggenesis. Furthermore, cells dissociated f m  infected d r y o n i c  lbbs and placed in  culture 
bnitially behaved as normal cells w i t h  reqzect to mrphology and 2-deoxyglucose  take; but 
bqan to assure a transformed phenotype w i t h i n  24 hours, e m  thoqh kinase activity w a s  ele- 
vated i n  the intact tissue. This suggests that &ryonic cells aquire the ability to express 
the transfomed phenotype subsequent to culturinu. Taken tagether these results indicate that 
ml t ip le  factors are involved in % 9 ~  associated ndianancies i n  d r y a n i c  tissues. Lastly, 
qwkknce will be presented which sugqi=sts that W t i p l e  factors m y  also be involved in  turmr 
formtion in hatched chicks 

RSV ASSOCIATED TUMORIGENESIS MAY REQUIRE ADDITIONAL FACTORS FOR TUMOR FORMATION 
David Dolberg and Mina BLssell, Lawerence Berkeley Laboratory, krkekey, CA 94720 

Supp3rted by US D3E and NIH. 

0204 

Although g lucocor t icos te ro ids  s t i m u l a t e  growth i n  3 T 3  mouse f i b r o b l a s t s ,  
they suppress  p r o l i f e r a t i o n  of SV40 transformed 3 T 3  c e l l s .  This  i n h i b i t i o n  
is s p e c i f i c  f o r  g lucocor t ico ids ,  receptor-mediated, r e v e r s i b l e  and not  
cy to toxic ,  and requi res  24-42 hours before  t h e  c e s s a t i o n  of c e l l  d i v i s i o n  
is  complete. 
DNA amounts a r e  e leva ted  and c e l l  d i v i s i o n  occurs r a p i d l y  a f t e r  removal o f  
t h e  s t e r o i d .  Accompanying t h e  growth i n h i b i t i o n  a r e  s t r i k i n g  changes i n  
morphology, e s p e c i a l l y  a t  t h e  c e l l  sur face .  

a c t i o n ,  g lucocor t ico ids  reduce t h e  amount o f  T an t igen  found i n  these  c e l l s .  
This w a s  shown by i n d i r e c t  immunofluorescence, using a mouse monoclonal 
antibody a g a i n s t  T an t igen  and a f luorescein-conjugated,  g o a t ,  anti-mouse 
antibody. This  phenomenon is c u r r e n t l y  being explored by measurements o f  
t h e  amount of T an t igen  by immunoprecipitation from l a b e l l e d  c e l l  p ro te ins  
and of t h e  r e l a t i v e  amounts of T an t igen  mRNA i n  c o n t r o l  and s t e r o i d - t r e a t e d  
c e l l s .  

GLUCOCORTICOID REGULATION OF SVkO LARGE T ANTIGEN EXPRESSION ,+Delano 
V.  Young,fHasi R.  D a s ,  and%litchell F iner ,  %oston Universi ty ,  Boston, 
Mass. and*karvard Univers i ty ,  Cambridge, Mass. 

The c e l l s  appear t o  be a r r e s t e d  i n  G2 of t h e  c e l l  cyc le ,  s ince  

The SV40 oncogene is t h e  l a r g e  T ant igen.  A s  p a r t  o f  t h e i r  anti-tumor 
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0205 ALTERATIONS IN GAG PROTEINS IN MULV-INDUCED CEXL LINES PROMS-CONGENIC MICE. J.H. 
Wolfe, D.M.Murasko. K.J.Blank. Univ. Pennsylvania Sch. Medicine, Phila., Pa. 19104 

Certain H-2 haplotypes. notably &, are associated with susceptibility to endogenous and 
some exogenous (e.g. Friend and Gross) retrovirus-induced leukemias, whereas others, primarily 
- H-Zb, are associated with resistance. In vivo. both i m n e  responses to viral antigens and 
levels of virus replication have been shown to be influenced by genes linked to H-2. In order 
to examine the possible effects of H-2 on viral replication in the absence of anfindirect 
host/virus interaction, e.g. inununoselection, cultured cell lines have been established from 
tumors induced by either Gross or Friend virus in mice congenic at H-2. Of the cell lines 
studied thus far, cells expressing the H-2k haplotype continue to ptoduce infectious, onco- 
genic virus for years in tissue culture,hile those of the H-Zb or  H-Zd genotypes stop pro- 
ducing infectious virus after a few months in vitro. Both G r G  and m e n d  virus-induced cell 
lines that have become non-producers may nonetheless continue to produce MuLV-encoded proteins, 
These cell lines harbor various defects in B protein expression. The best chracterized of 
these is the BbGVl line which produces a morphologically mature virion that is neither infec- 
tious nor oncogenic. This cell line contains a truncated precursor polyprotein of 47Kd 
which does not appear to contain p15. The P47 is also found in small amounts in the virion 
along with other uncleaved proteins. This cell line produces functional reverse trsnscriptase 
but not P r l E O m .  In several new Friend virus-induced lines derived from B b  and Hd 
mice, changes in &T~o.teins are seen after several months in culture. Additionally. cell 
lines from F1 (k x b),have been established and are being analysed. Cells are also being exam- 
ined far diff-onr + - for th- 

0206 THE IETECPION AND IDENTIFICATION OF A MRlAN B-CELL lEUKEMIA VIRUS (HBLV) , Frederick A. 
Gamer, Daniel P. Kestler, Donald Beeshold, and Charles Kiefer. Medical College of 
Georgia, Augusta, GA 30912 

Immunological, biochemical, and morphological evidence will be presented that demonstrates the 
association of a retrovirus with a human B-cell leukemia. This virus has h e n  identified 
directly from primary B-cell leukemia tissue culture fluids of patients' cells which have not 
been induced by IVDR or any other induction method. Xenoantisera against both ths intact and 
disrupted virus have been obtained. Patroviral antisera provided by NIH have h e n  shown to 
cross-react with this virus by a variety of immunological assays. 
microscopic examination of this virus reveals that the morphology is consistent with that of 
known retrovirusas provided by NIH and used as controls in this study. 

In addition, electron 

0207 EPIGENETIC SUPPRESSION OF TIJHORIGENESIS HXDIATED BY 5-AZACYTIDINE 
Cheryl Walker, Jerry W. Shay, University of Texas Health Science Center, 
Dallas, TX 75235. 

Recent models for the origin of cancer have suggested alterations in patterns of DNA 
methylation, as well as somatic mutation, in the initiation and promotion of neoplasia. 
However, the exact relationship between the extent of DNA methylation and oncofenic 
transformation remains unclear, with various investigetors reporting increases, decreases 
or no change between nomal and transformed cells in total levels of methylation. We have 
examined the effect of the hypomethylating egent 5-azacytidine (5-ezaC) on a highly 
tumorigenic murine cell line, T984-15. After treatpent vith 5 pg/ml 5-azd, 6 individual 
clones were isolated and ehmined for tumorigenic potential. While 16 out of 16 untreated 
T984-15 clones produced tumors when injected at loe cells into nude mice, 5 out of 6 of 
the 5-azaC treated clones displayed suppressed tumorigenicity under identical conditions. 
In addition to suppressing tumorigenicity, 5-azaC also induced the differentiation 
defective T984-15 cells to differentiate myogenically. Tumorigenic muppression, however, 
was independent of the induction of myogenesis as 1 tumorigenic clone and 2 of the clones 
whose tumorigenic potential was suppressed remained non-myogenic. The fact that 5-azaC 
has been classified as a possible carcinogen has raised concern over the use of the 
cytosine analog in the treatment of patients with sickle cell anemia and p-thalamsemia. 
The evidence that 5-azaC can also act to suppress tumorigenicity mey be important in 
evalueting the possible theraputic value of the use of 5-azaC in future treatments. 
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(1208 SUCCESSFUL MAINTENANCE OF NORMAL AND CML PERIPHERAL BLOOD HEMDPOIETIC PROGENITORS ON 
SUBCULTURED HUMAN MARROW ADHERENT CELL LAYERS. A l l en  C. Eaves, Dagmar K. Kalousek and 

a n n i e  J. Eaves, Terry  Fox Laboratory, B.C. Cancer Research Centre, Vancouver, B.C. V5Z 1L3 
The most p r i m i t i v e  hempo ie t i c  progeni tor  c e l l  types detectable by colony assays can now be 
r o u t i n e l y  maintained i n  normal human long-term marrow cul tures f o r  periods i n  excess o f  2 
months. The m a j o r i t y  of these progenitors t y p i c a l l y  remain i n  the adherent l aye r  and i t  has 
been suggested t h a t  c lose prox imi ty  t o  other  "non-hemopoietic" c e l l  types may be important 
f o r  t h e i r  long-term su rv i va l  i n  v i t r o .  although very l i t t l e  i s  known about the phenotype, 
o r i g i n  o r  r o l e  o f  the c e l l s  t h a t  may func t i on  i n  t h i s  support ive capacity. As a f i r s t  
approach t o  t h e i r  character izat ion.  we developed a procedure for  reconst ruct fng long-term 
marrow cu l tu res  from subcultured stem c e l l  depleted adherent layers on t o  which per iphera l  
blood c e l l s  of the opposite sex are then seeded. Such systems have been found t o  susta in  
p r i m i t i v e  hempo ie t i c  progeni tors  o f  the peripheral blood genotype f o r  periods i n  excess o f  
4 weeks. O f  p a r t i c u l a r  i n t e r e s t  i s  the observation t h a t  c i r c u l a t i n g  Philadelphia chromosome 
p o s i t i v e  progeni tors  from pa t ien ts  w i t h  chronic myeloid leukemia (CML) are a lso maintained 
i n  such reconstructed cu l tu res  i n  contrast  t o  the usual r a p i d  disappearance o f  the Phi ladel -  
phia chromosome p o s i t i v e  populat ion i n  conventional long-term cul tures i n i t i a t e d  w i t h  Phi la-  
delphia chromosome p o s i t i v e  CML marrow c e l l s .  

(1209 CELLULAR GENES IN THE MOUSE REGULATE IN TRANS THE EXPRESSION OF ENDOGENOUS 
RETROVIRUSES. V. L. Traina-Dorge, J. K. Carr, B. Taylor, J. Bailey-Wilson, R. Elston, 
and J. C. Cohen, Louisiana State University Medical Center, New Orleans. LA 70112, 
and The Jackson Laboratory, Bar Harbor, ME 

The transcription of genetically-transmitted mouse mammary tumor virus (MMTV) sequences v7as 
examined in the lactating mammary gland of recombinant inbred (RI) mouse strains. 
data indicated that expression of viral genes was not dependent upon either the presence of 
any one provirus nor upon the number of proviruses present. 
anlmal was the only environmental factor found to influence virus-specific RNA levels. 
the BXD and BXH RI strains used in these studies, 74 and 55 viral and nonviral loci are poly- 
morphic, respectively. 
alleles were performed. 
sion with mouse loci unlinked to MMTV proviruses. 
the association of MMTV expression with a host gene known to have a phiotropic effect on 
gene expression. 
associated with mammary carcinogeneais in the mouse. 
is regulated by a multigenic mechanism involving trans-acting mouse regulatoey loci. 

These 

The parity of the individual 
In 

Linkage analyses between the level of viral RNA and each of these 
These data revealed the specific association of viral gene expres- 

In one case the linkage analysis revealed 

Data suggest that this locus identified by linkage analysis is 
Thus, the expression of endogenous HM!W 

AMPLIFICATION, CLONING AND EXPRESSION OF THE MOUSE ORNITHINE DECARBOXTLASE GENE, 'lo Philip Coffino, Lisa HcConlogue, University of California, San Franoisoo, San 
Franoisco, CA. 94123 

Ornithine decarboxylase (ODC) is the first and rate limiting enzyme in the pathway of 
polyamine synthesis. Its activity is responsive to multiple effeotors that modulate 
cellular proliferaticn, lnoluding mitogms, t w o r  promotors, oncogenes and hormones. 
Biocheaaical and moleoular biologic analysis of ODC is hampered by its low abundance. We 
havd u8ed an inhibitor of ODC, difluormethylornithine, to select mutants of S49 mowe 
lymphoma cells that overproduce the enzyme several hundred fcld. The mutant cell8 make 
more than 15% of their protein as ODC. In vitro translation experiments demonstrated that 
an increased mRNA pool size accounts for the Increased synthesis. The mutants have been 
Used as a sourEd of ODC mRNA to form oDNA, and ODC-apeoific cDNA clones thus isolated. 
These have been used to study regulation of ODC. In m o w e  kidney, ODC induction by 
andragen was shown to result, at least in part, f r o m  an increase in ODC mRNA levels. 
Southern blot analysis of DNA from wild type and resl8tant S49 00118 showed that both have 
multiple equivalent Eco R1 and Bam H1 Cramants homologous to ODC oDNA. Only one frament 
produced by each enzyme is amplified in the mutant cells. 
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0211 TRANSCR+PTIONAL AND TRANSLYIONAL CONTROL OF c - v  EXPRESSTgN IN HL60 CELLS, Nancy 3. 
Butnick , Chikara Miyamoto , Richard Chizzonite , Grace Ju and Anna Marie Skalka , 

'Roche Institute of Molecular Biology, Nutley NJ 07110, 'Department of Molecular Genetics, 
Hoffmann-LaRoohe Inc., Nutley NJ 07110. 

Our laboratory is interested in the regulation of expression of the c-E oncwene in HL60 calls 
in which c - s  is amplified to 16-20 copies. The c - s  gene contains three exons but it is 
unusual in that the first AUG initiation codon appears in exon 2. Therefore, the c-E mRNA 
contains a leader sequence of over 500 bases. The function of this leader is u n h m  but it has 
been suggested (Saito 2 g., PNAS, in press) that it serves to regulate c - s  expression at the 
translational level. We have isolated two c-E cDNA clones from HL60 cells. One clone contains 
the three exons whereas a second clone initiates in the intron between exons 1 and 2. The clones 
are being used to study the relationship between mRNA structure and c-E expression. The two 
cDNAs have been subcloned into expression vectors and c - z  protein has been detected 
immunologically in COS cells. Quantitation of protein and mRNA levels can be used to determine 
the correlation between the expression of c-E protein and the presence of excn 1 in the c-E 
mRNA . 

0212 
Friedman, Uniformed Services University of the Health Sciences, Bethesda, Maryland 

STABLE PHENOTYPIC REVERSION OF MOUSE CELLS TBANSFORHBD BY BUMAN ras ONCOGENE, 
FOLLOWING INTERFERON TREA"T. Dvorit Samid. Esther 8. Chang, and Robart M. 

20814 

Treatment of NIH 3T3 cells with interferon (IFN) at different timas after transfection 
with c-Ha-rasl or v-Ha-roe oncogenes caused an inhibition of Ha-ran induced oncogenic trans- 
formation. When the cells were co-tranefected with c-Ha-rasl and with pSV Neo (vhich renders 
the cells both oncogenic and resistant to neomycin analogue 6418). the inhibitory effect of 
IFN on the oncogenic transformation vae significantly greater than the effect on the bio- 
chemical transformation. 

A tumor line of NIB 3T3 (RS485N ) wae transformed by human c-Ha-rasl activated by the viral 
long terminal repeat, and by pSV Neo. 
associated with a progressive appearance of reverted flat colonies vhich exhibited a normal 
phenotype with respect to morphology and growth. 
inhibited cells. They did not grow in soft agar and were not tumorigenic in nude mice. yet 
they grew in selective medium containing 6418; therefore the calls revarted with respect to 
oncogenicity, but retained expression of the neo gene. 
IFN on onc gene expression. 
retained their normal phenotype, although they containad an active human c-Ha-rasl and 
produced elevated levels of the encoded protein p21 as compared to NIH 3T3 cells. 

The effect of IFN on oncogene expression of an established tumor line waa also studied. 

Prolonged treatment of the tumor cells vith IFN vas 

The revertants vere well spread, contact 

This indicated a selective effect of 
Revertants g r m  in the abeence of IFN for over 8 passages 

0213 PROCESSING OF MOUSE MAMMARY TUMOR VIRUS MEMBRANE GLYCOPROTEINS DEPENDS ON CELL 
SHAPE, David Kabat, Department o f  Biochemistry, Oregon Health Sciences U n i v e r s i t y ,  
Portland, OR 97201 

MMTV i n f e c t e d  hepatoma ( e p i t h e l i a l )  c e l l s  were grown i n  c u l t u r e  i n  t h e  p r e r w e  of 
dexcrmthasone and were examined f o r  v i r a l  encoded c e l l  surface glycoprotelns. 
Surpr is ingly ,  the  MMTV glycoproteins were heterogeneously d i s t r i b u t e d  on surfaces o f  
d i f f e r e n t  c e l l s  and this heterogeneity was determined by c e l l u l a r  shape r a t h e r  than by 
genetic f a c t o r s .  
t h e  membrane anchor gp36 plus gp52 and t h e  complex i s  t ransferred t o  the  c e l l  surface. I n  
f l a t  r e l a t i v e l y  adherent c e l l s .  gp36 i s  degraded i n t r a c e l l u l a r l y  and t h e  gp52 i s  
subsequently released as a secretory g lycoprote in .  When c e l l s  change shape, a l a g  
precedes remodeling o f  the  plasma membranes. This r e l a t i o n s h i p  between c e l l u l a r  shape and 
attachments and MMTV glycoprotein processing could be involved i n  the  c e l l u l a r  dysplasia 
which i n i t i a t e s  progressive MMTV induced tumorigenesis. 

I n  round c e l l s ,  t h e  glycoprotein precursor i s  p a r t i a l l y  cleaved to form 
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0214 VIRAL ONCOGENES THAT CAUSE PROGRESSIVE LEUKMOGENESIS: MEMBRANE GLYCOPROTEINS 
OF THE SPLEEN FOCUS FORMING VIRUSES, R. Bestwick. C. Machida and 0. Kabat, Oregon 
Health Sciences Univers i ty ,  Portland, OR 97201. 

Analyses o f  Fr iend and Rauscher SFFV mutants w i t h  abnormali t ies i n  t h e i r  gp54-55 membrane 
g lycoprote in  genes have establ ished t h a t  t h i s  gene i s  essent ia l  f o r  i n i t i a t i o n  o f  the 
e r y t h r o b l a s t i c  hyperplasia which progresses t o  form erythroleukemia These are the f i r s t  
oncogenes known t o  be capable o f  causing progressive tumorgenesis. Moreover, the mutants 
conta in  major les ions a f f e c t i n g  d i f f e r e n t  por t ions o f  the g lycoprote in .  We have now 
molecular ly  cloned the  wi ld- type and mutant R-SFFVs and have determined the nuc leot ide 
sequences o f  t he  env gene and LTR regions. Moreover, we have found t h a t  pathogenic 
a c t i v i t y  o f  the m i n t  viruses i s  s u r p r i s i n g l y  dependent on host age. Spec i f i ca l l y ,  
mutations which a l t e r  o r  de lete major regions o f  the g lycoprote in  s t i l l  produce 
erythroleukemia (and never other types o f  tumors) i n  newborn mice. These r e s u l t s  support 
t he  hypothesis t h a t  the env genes o f  leukemogenic dual t r o p i c  c lass re t rov i ruses  are 
oncogenes but t ha t  t i s s u n r o p i s m  may be determined by the LTRs. 

0215 ON THE MECHANISM OF AMPLIFICATION OF THE DIHYDROFOLATE REDOCTASE GENE IN A 
MEl'HOTRFXATE - RESISTANT HVMAN CELL LINE, Robert J. DeLap*, Srinivasan Srimatkandada, 
Mark D. Carman, and Joseph R .  Bertino, Yale University School of Medicine, New Haven, 
CT 06510. ("Present address, Clinical Oncology Research Program, Warner-bmbert/Parke- 
Davis, Ann Arbor, MI 48105). 

Methotrexate resistance has previously been induced in a human myelogenous leukemia cell line 
(K562) by exposure tg gradually increasing levels of this drug. The resistant line (K562R-4) 
is maintained in 10- M methotrexate, has amplified the gene for dihydrofolate reductase 
(DHFR) approximately 200-fold, and has three chromosomal HSRs . Using repeated CsC1-ethidium 
bromide equilibrium density gradient centrifugation, we have now found that a small proportion 
of the K562R-4 amplified DHFR genes appear to exist in circular, supercoiled DNA. 
extrachromosonal genes have the same structure, including introns, as chromosomal DHFR genes. 
Other chromosomal DNA segments have also been identified in extrachromosomal, supercoiled DNA, 
in a variety of eukaryotic systems (data from this and other laboratories). It is reasonable 
to suppose that most or all chromosomal DNA segments can be represented in extrachromosomal 
DNA. 
extrachromosomal gene pools. 
maintenance of an extrachromosomal gene pool may allow for relatively rapid up or down modu- 
lation of gene copy number in a cell population subjected to a changing environment. 

These 

We believe that an equilibrium exists over evolutionary time between the chromosomal and 
Since extrachromosomal genes may segregate unequally at mitosis, 

Oncogene 
of cells with increased onco- 
of ttUsDrocess. 

0216 EFFECTS OF TRANSFORMATION OF CELLS BY HERPESVIRUSES, Joan C.M. Macnab, 
Alex Orr and Morag Park, Medical Research Council Virology Unit, 
Institute of Virology, University of Glasgow, Church Street, Glasgow, 
G11 5JR 

Cultured rodent cells transformed by UV inactivated, g mutant, 
sheared DNA or molecularly cloned fragments of the herpes simplex genome do 
not maintain the transformed state by retention of viral DNA either of the 
transforming fragment or of other viral DNA sequences at the level of one 
copy per cell. The transformed cells cause metastasising tumours. 
Investigation of the cellular DNA extracted from transformed and tumour 
cells reveals that certain cell sequences are both amplified and 
rearranged. In addition, there are quantitative and qualitative 
differences in the cellular proteins expressed in transformed cells 
compared with control cells. These changes will be compared with those 
seen in similar cells transformed by other viruses. 
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show natural or antigen-elicited cell-mediated immunity. Therefore, it was of interest to inve- 
stigate if the functional activity of normal lymphocytes infected in vitro could be affected 
by immunomodulators agents. Ficoll-separated mononuclear cells from normal human umbilical cord 
blood were treated with different doses of Interferon (@-fibroblast, IF) or Thymostimulin 
(TP-1) for 16-18 hrs. The cells were then extensively washed and cocultivated with an HTLV-prc- 
ducing cell line. Functional cytotoxic activity of the cocultivated lymphocytes was tested in 
a 51Cr-4hr release assay against both the infecting donor cells and the natural killer susce- 
ptible K562 line. The results indicated that IF (1000 U / m l )  and TP-1 (25ug/ml) markedly impro- 

0217 
khe interferons, a family of related proteins, are currently in clinical trials to determine 
conditions for maximizing the effectiveness of interferon therapy in cancer treatment. The 
ole of interferon in the antitumor response appears to be complex. Recent data confirmed 
arlier ideas that interferon(1FN) exposure induces a cascade of biological events which cul- 
inate i n  a radical phenotypic change. IFW induced alterations include regulation of the 
mune response, modulation of growth and differentiation,augmentation of NK cell activity and 
n increase in resistance to the spread of infection. 

We investigated gene expression alterations associated with the IFN induced antiprolifer- 
tive response. A 4 hr pulse of low-dose IFN caused the Daudi Lymphoblastoid cell line to be- 
ome “super-sensitive“ to subsequent IFN exposures. This potentiated cell, designated IFNss 
as resistant to viral infection but demonstrated normal growth parameters i n  the absence of 
dditional IFN. A second miniscule dose(l.O IRU/ml) caused very rapid growth cessation and 
prolonged cytostasis. A reduction i n  the quantity of mRNA complementary to the Moloney sarcoma 
Virus oncogene(-?-mos) occurred after the second IFN pulse, but not after the first. 
ther oncogenes, expressed at various levels in the Daudi cell, remained unchanged after IFN- 
’nduced growth arrest. It has long been known that a single low-dose IFN pulse causes protein 
hanges associated with an antiviral state, independent of growth modulation. Here, we show 
ppecific gene regulation associated with growth arrest, but not the antiviral state.Consequent4y 
e propose a 2-stage process in the IFN-induced growth arrest. This occurrs through the regula 

L o f  at least 2 the toy trnnairions in the antipoliferarive craLd. 

INTERFERON INDUCED ONCOGENE REGULATION: THE GENE BANK HYPOTHESIS. L. J. Krueger 
J. Bresser, P. J .  Andryuk, and D. H. Cillespie. Cancer Inst.,Hahnemann U.,Philadelphia 

I 
Several 

I 
i 

0219 
atory ,  B.C. Cancer Research Centre, Vancouver, B.C. V5Z 1L3 Canada 
Previous s tud ies of long-term marrow cu l tu res  establ ished from 11 pa t ien ts  ( 7  untreated, 4 
t rea ted )  w i t h  Phi ladelph ia chromosome (Ph’) p o s i t i v e  chronic  myeloid leukemia (CML) have 
shown t h a t  the Ph’-posit ive populat ion i s  t y p i c a l l y  n o t  maintained even though condi t ions 
w i t h i n  the cu l tu res  are adequate t o  support res idua l  Ph’-negative hemopoietic progeni tors  f o r  
periods o f  a t  l e a s t  6 weeks. We now r e p o r t  a d i f f e r e n t  r e s u l t  obtained i n  long-term cu l tu res  
i n i t i a t e d  w i t h  marrow c e l l s  from a 39-year-old chronic  phase male p a t i e n t  s tud ied 43 months 
a f t e r  diagnosis and i n i t i a t i o n  o f  chemotherapy. Methy lce l lu lose assays revealed r e l a t i v e l y  
h igh numbers o f  p r i m i t i v e  hemopoietic progeni tors  t o  be present i n  t h i s  p a t i e n t ‘ s  cu l tu res  
even by comparison t o  normal marrow cu l tu res  handled i n  a s i m i l a r  fashion. Cytogenetic analy- 
s i s  o f  i n d i v i d u a l  e r y t h r o i d  and granulocyte co lon ies Produced i n  3 and 6 week assays revealed 
exc lus i ve l y  Ph’-posit ive metaphases. These f i nd ings  i n d i c a t e  t h a t  poor su rv i va l  i n  v i t r o  i s  
n o t  an i n t r i n s i c  proper ty  o f  a l l  Ph’-posit ive stem c e l l s  bu t  may r e f l e c t  as y e t  undefined 
d i f ferences between CML clones o r  o the r  marrow parameters t h a t  may be secondar i ly  r e l a t e d  t o  
c lonal  a m p l i f i c a t i o n  i n  v ivo.  

VARIATION I N  Ph’-POSITIVE PROGENITOR MAINTENANCE INTONG-TERM CML MARROW CULTURES, 
Ian D. Dube-, Dagmar K. Kalousek, Connie J .  Eaves and A l l e n  C. Eaves, Terry  Fox Labor- 
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ASSOCIATION OF RECOMBINANT MULL’S WITH SPONTANEOUS PRE B-CELL LYMPHOMA IN CURLY 
WHISKER MICE (CWd/J). 

Christopher Y. Thomas and Bever ly  J. Boykin. D iv i s ion  o f  Hematology-Oncology, Departments o f  
Medicine and Microbiology, Un ive rs i t y  o f  V i r g i n i a  Hospi ta l ,  C h a r l o t t e s v i l l e ,  VA 22908 

We have s tud ied CWd/J mice t h a t  no t  on l y  ca r ry  a recessive mutation f o r  c u r l y  whiskers (cw) 
bu t  a l so  develop spontaneous lymphoma. 
a t  18 months of age. The lymphoma i s  predominantly sp len ic  w i t h  r a r e  thymic involvement and 
has lymphoblastic morphology on h i s t o l o g i c  sect ions.  
showed t h a t  6 o f  8 tumors contained rearranged heavy chain genes (JH), w i t h  one having a re -  
arranged l i g h t  chain gene (JK). Thus, most tumors appeared t o  be o f  e a r l y  B-ce l l  o r i g i n .  
Rearrangement o f  the c-myc oncogene was no t  detected. 
leukemia v i ruses (MuLV) from both leukemic and non-leukemic mice. T i -o l i gonuc leo t i de  f i nge r -  
p r i n t i n g  and mapping o f  v i r a l  RNAs revealed these mice produce ecotrop ic  viruses der ived from 
two endogenous proviruses Emv-1 and Emv-3, located on chromosome 5 and 9, respect ive ly .  
Recombinant po l y t rop i c  viruses were recovered from leukemic c e l l s  from the spleen. The v i r a l  
genomes o f  two i s o l a t e s  s tud ied showed complete s u b s t i t i o n  o f  env and some U3 region 
sequences r e l a t i v e  t o  the ecot rop ic  v i ruses.  
sequences d i f f e r s  from known recombinant MuLV t h a t  cause thymic, lymphomas. 
t e s t i n g  o f  the CWd v i r a l  i s o l a t e s  and immunologic phenotyping o f  t he  lymphomas i s  i n  progress. 

By Kaplan-Meier analys is ,  we estimate a 50% incidence 

Southern b l o t  analys is  o f  tumor DNAs 

I n  addi t ion,  we have i s o l a t e d  murine 

I n t e r e s t i n g l y ,  t he  p a t t e r n  o f  the subs t i t u ted  
Leukemogenici t y  

CELLULAR FUNCTIONS ASSOCIATED WITH THE EXPRESSION OF C-MYC AND N-RAS I N  HL60 CELLS. 
Carole A. Heilman, Robert Maguire, Larry  L inder  and Snorr i  S .  Thorgeirsson. National 

Cancer I n s t i t u t e ,  Bethesda, Maryland 20205 

The human promyelocytic leukemia c e l l  l i n e ,  HL60, has been widely used as an i n  v i t r o  model 
f o r  studying d i f f e r e n t i a t i o n  along the myeloidlmonocyte pathway. Exposure o f  HL60 c e l l s  t o  
phorbol esters  such as 12-0-tetradecanoyl phorbol 13-acetate (TPA) r e s u l t s  i n  an i r r e v e r s i b l e  
comnitment o f  the c e l l s  t o  d i f f e r e n t i a t e ,  both func t i ona l l y  and morphological ly, i n t o  mature 
monocytes. Recently, us ing an i r r e v e r s i b l e  I n h i b i t o r  o f  polyamine synthesis, d i f luoromethy l  
o r n i t h i n e  (DFMO), i t  has been demonstrated t h a t  TPA-induced monocytic d i f f e r e n t i a t i o n  was 
independent o f  the decrease i n  c e l l  p r o l i f e r a t i o n  a l so  associated w i t h  TPA treatment. Thus, 
treatment o f  the HL60 c e l l  l i n e  w i t h  TPA. DFMO, o r  the combination a l lows f o r  separation o f  
the d i f f e r e n t a t i o n  s p e c i f i c  and growth s p e c i f i c  functions. 
examined the associat ion o f  two oncogenes t h a t  are expressed i n  HL60 c e l l s  c-myc and N-ras 
w i t h  c e l l u l a r  f u n c t i o d s )  c h a r a c t e r i s t i c  f o r  e i t h e r  d i f f e r e n t i a t i o n  o r  c e l l u l a r  p r o l i f e r a t i o r j .  
We r e p o r t  here t h a t  the c-myc s p e c i f i c  decrease i n  gene expression associated w i t h  TPA 
treatment o f  HL60 c e l l s  co r re la tes  t o  the d i f f e r e n t i a t i o n  o f  the promyleocytes i n t o  mature 
monocytes and i s  n o t  associated w i t h  the decrease i n  c e l l  p r o l i f e r a t i o n .  Conversly, N-ras 
expression appears t o  be associated w i t h  the r a p i d  growth o f  unt reated c e l l s  dur ing l o g  
phase and i s  markedly decreased when the c e l l s  are maintained i n  the presence o f  DFMD o r  
exposed t o  TPA a t  concentrat ions prevent ing c e l l u l a r  pro1 i f e r a t i o n .  

Using t h i s  approach we have 

0222 G E E S  CONTRaLIffi HYBRID RESISTANCE AND SUSCEPTIBILITY TO W B / C  R A S M C Y T M S ,  J u l l a  H. I h l l l l p s -  

FI hybrlds tatreen W B / c  mlce and vm-lous nanbars of the C57 f a t i l y  of stralns r e s l s t  subcutaneous challenge 
r l t h  nunbars of vlable WC-11 cells suff lc lent  t o  k i l l  la o f  WLWc mice .  
haever, Involved; f a  exanple, C578Ll lOSn (BIO) mlce provlde one gem, fo r  reslstance whereas C 5 7 8 / 6 J  (&) n lce 
provide tw. 
I l n k d  or a i l e l l c  t o  el ther Gv-l a Gv-2, tw 129/J genes bred onto the 86 bakground to make the GIX+ mngenlc 
straln. 
possible nachanloll of actlon has been analysed by conparlng the antl-WC-lI ce l l u la r  cytotoxlc l ty of H-2 matched 
reslstant ( W B / c  X BIOIFl  and susceptlble (BKB/c X W B . B ) F l  hybrlds. 
enhancad natural k l l l e r  ff entlbcdy-depindent ce l l u la r  c y t o t w l c l t y  on the pa r t  o f  reslstant hybrlds. 
both reslstant and suceptlble hybrids w a n t  hlgh prlmary i n  v l t r o  cytotoxic T lymphocyte t C n )  responses to 
WC-I I. The Cn response of susceptlble hybrids dlnlnishes, however, r l t h  tlme a f te r  tunor challenge, the  
dlnlnutlon appear14 f l r s t  I n  the dralning lymph nodes and subsequently I n  the spleen. 
Correlates r l t h  the appearance of suppressor c e l l s  r l t h  cytouan-rensltlve precursors. The suppressors Include both 
Thy I+ and Thy I- cells and are predanlnantly adherent. 
I s  unknown. The main s l t e  of gene a t l o n  In  t h l s  M e 1  of hybrld resistance appears t o  be the reglonal lywph nodes 
vhere reslstant hybrlds malntaln a CTL response long enough to prevent t u x r  escwe and metastaslo. 
Analcan Cancer S a l e t y  grant I H  213E) 

CXagllata, Hark Hers i l l  and Hwy Clare Walker. Nsr Ywk Unlverslty Medlcal Center, New York, N.Y. 10016. 

Olfferent nunbers o f  genes are, 

One of these two genes appears to have been los t  In  F%.Glx+ m l c e ,  suggestlng tha t  It might ba 

The BIO gene for reslstance Is danlnant and autosanal and not linked t o  the H-Zb haplotype. I t s  

Reslstance Is not explalwd by elther 
MaeoHtr 

The splenic dlnlnutlon 

The cause o f  the dlmlnutlon I n  lymph node CTL a t l v l t y  

(Suppcrtd by 
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0223 MODULATION OF KERATIN GENE EXPRESSION I N  MOUSE EPIDERMIS BY TUMOR PROMOTERS, Rune 
Toftgard, Dennis R. Roop and Stuar t  H. Yuspa, NIH,  Bethesda, M.D. 20205. 

To moni tor  t he  i n f l uence  o f  tumor promoters on epidermal d i f f e r e n t i a t i o n  we stud ied the 
expression o f  k e r a t i n  genes us ing cONA clones. 
synthesized i n  the  p r o l i f e r a t i n g  basal c e l l s  and the  55,59 and 67 kd ke ra t i ns  are synthesized 
i n  d i f f e r e n t i a t i n g  c e l l s .  
corresponding t o  t h e  55,59 and 67 kd keratins.At 12 and 24h a f t e r  TPA, l ess  than 20% o f  t he  
l e v e l  f o r  these mRNAs i n  unt reated epidermis was observed.By 48h mRNA f o r  t he  67 kd k e r a t i n  
had returned t o  con t ro l  values wh i l e  t h e  55 kd k e r a t i n  remained low. mRNA f o r  t h e  59 kd 
k e r a t i n  remained lower than con t ro l  f o r  t he  f i r s t  72h a f t e r  treatment but  re turned t o  normal 
a f t e r  7 days.The mRNAs f o r  t h e  50,55band 60 kd ke ra t i ns  were elevated above con t ro l  a t  
12,24,48 and 72h a f t e r  treatment.0ther hyperp last ic  agents which are complete o r  incomplete 
promoters caused the  same changes.The decrease i n  dNAs corresponding t o  t h e  d i f f e r e n t i a t i o n  
associated ke ra t i ns  may r e f l e c t  a promoter mediated acce le ra t i on  o f  terminal  c e l l  maturation. 
The p r i o r i t y  r e t u r n  o f  t h e  67 kd mRNA before t h e  59 and 55 kd mRNA i s  reversed compared t o  
t h a t  observed normally and suggests t h a t  an a l t e r e d  d i f f e r e n t i a t i o n  program r e s u l t s  from 
promoter treatment, perhaps by acce le ra t i ng  the  t r a n s i t  t ime t o  the upper l aye rs  where t h e  
67 kd k e r a t i n  i s  synthesized.The increase i n  the  50,55band 60 kd ke ra t i ns  i nd i ca tes  expansion 
o f  t h e  basal c e l l  compartment by compensatory hyperp las ia  o r  re ta rda t i on  o f  maturation i n  a 
subclass o f  basal cells.The 55,59 and 67 kd k e r a t i n  mRNAs are very low i n  epidermal carcinomas 
whereas i n  papillomas they  are e s s e n t i a l l y  t he  same as i n  untreated epidermis. The WNAs f o r  
t he  50.55hand 60 kd ke ra t i ns  are apparently not  a l t e r e d  i n  e i t h e r  p a p i l l o m ~ o r  Carcinomas. 

The 50,55band 60 kd ke ra t i ns  are predominantly 

TPA treatment caused a decrease i n  the  r e l a t i v e  l e v e l s  o f  RNA 

0224 
The induc t i on  o f  epidermal tumors i n  mouse s k i n  by sequential treatment w i t h  i n i t i a t i n g  
and promoting agents proceeds i n  wel l -def ined stages. An occu l t  populat ion of i n i t i a t e d  
c e l l s  c l o n a l l y  expands t o  form a benign papil loma which may progress t o  carcinomas a l b e i t  
a t  a low frequency. 
f o r  t he  process t o  proceed t o  the  malignant end po in t .  Squamous c e l l  carcinomas induced 
by chemicals appl ied t o  mouse sk in  have been shown t o  con ta in  an ac t i va ted  c e l l u l a r  
homologue o f  t he  Harvey-ras (rasH) oncogene by DNA t r a n s f e r  i n t o  NIH/3T3 f i b rob las ts .  We 
wanted t o  determine i f  a l t e r e d  expression o f  t h i s  o r  o ther  oncogenes could be detected i n  
epidermis exposed t o  tumor promoters o r  i n  papi l lomas and carcinomas. 
from con t ro l  adu l t  back epidermis, o r  epidermis a t  12, 24, 48, 72h and 7d a f t e r  treatment 
w i t h  t h e  tumor p r m o t e r  TPA. RNA was a l so  i s o l a t e d  from papil lomas and carcinomas. 
was analyzed by the  do t -b lo t  technique using probes corresponding t o  the  fo l l ow ing  oncogenes: 
rasH, rasK, myc, myb, fes, fos and abl. Only minimal changes ( l e s s  than 2-3 f o l d )  i n  t ran -  
s c r i p t  l eve l s  f o r  these genes were observed a f t e r  TPA treatment a t  any t ime point .  S im i la r  
r e s u l t s  were ob ta in  f o r  RNA from papil lomas and carcinomas as compared t o  contro ls .  These 
r e s u l t s  suggest t h a t  TPA exposure o r  the hyperplasia which ensues i s  not associated w i t h  
marked a l t e r a t i o n s  i n  expression o f  these oncogenes. 
p l a s t i c  
oncogenes assayed, o the r  than rasH, are invo lved i n  t h e  i nduc t i on  o f  papillomas and carcinom- 
as they are probably ac t i va ted  by a mutat ional  writ rather t h a n  b& 

ONCOGENE EXPRESSION I N  CHEMICAL CARCINOGENESIS, Dennis R. Roop, Rune Toftgard and 
S tua r t  H. Yuspa, NIH,  Bethesda, MD 20205 

Recent s tud ies i n d i c a t e  a minimum o f  two genet ic  changes are requi red 

RNA was i s o l a t e d  

The RNA 

S i m i l a r l y  t he  acqu is i t i on  of t he  neo- 
phenotype does not  requ i re  a l a rge  increase i n  t r a n s c r i p t i o n  o f  these genes. I f  the  

SYNTHESIS, CLONING, AND EXPRESSION OF GENES CODING FOR HUMAN EPIDERMAL GROWTH 
FACTOR AN0 RAT TYPE I TRANSFORWING GROWTH FACTOR I N  E.COLI. David L. Hare+, Margery 
Nicolson*, A l l en  Banks+. +Amgen Development Inc., Boulder CO 80301, *Amgen Inc.. 
Thousand Oaks CA 91320. 

0225 

Human epidermal growth f a c t o r  (hEGF) i s  a 53 amino ac id  p r o t e i n  w i t h  i n  v i t r o  c e l l  
p r o l i f e r a t i v e  a c t i v i t i e s .  Rat type I t ransforming growth f a c t o r  (rTGq-50 amino a c i d  
po lypept ide w i t h  s t r u c t u r a l  features and b i o l o g i c a l  p roper t i es  s i m i l a r  t o  hEGF but l i t t l e  
amino ac id  sequence homology. We have synthesized s t r u c t u r a l  genes f o r  both hEGF and rTGF 
which incorporate the f l e x i b i l i t y  o f  recombining the two genes t o  const ruct  hyb r id  genes 
capable o f  expressing hyb r id  hEGF/rTGF prote ins.  Using d i r e c t  expression vectors we are 
able iq5express hEGF and rTGF at  high l eve l s  i n  E.col i .  
w i t h  I - l abe led  mouse EGF f o r  EG receptors on human A431 c e l l s .  I n  addi t ion,  both 
p ro te ins  are f u l l y  ac t i ve  i n  both 'H-thymidine uptake assays us ing human fo resk in  
f i b r o b l a s t s  and i n  s o f t  agar colony format ion assays us ing NRK c e l l s .  hEGF i s  a lso a c t i v e  
i n  causing premature e y e l i d  opening i n  neonatal mice. hEGF/rTGF hybrids have been 
constructed and expressed i n  E.coli a t  h igh leve ls .  We a n t i c i p a t e  t h a t  these hybrids w i l l  
have novel b i o l o g i c a l  p roper t i es  r e f l e c t i v e  of  t h e i r  composite s t r u c t u r a l  features. 

Both prote ins compete equ iva len t l y  

87 



Genes and Cancer 

0226 TRANSLOCATIONS THAT HIGHLIGHT CHROMOSOMAL REGIONS OF DIFFERENTIATED ACTIVITY. I l a n  R. 
Kirsch, Jud i th  Brown, Cynthia Morton, Stanley Korsmeyer and Gregory H o l l i s ,  NCI-Navy 

Medical Oncology Branch/DCT/NCI/NIH, Bethesda, MD 20814 and Medical College o f  V i r g i n i a  and 
Harvard Medical School and Metabolism Branch, N C I .  

The frequent t rans loca t i on  o f  the oncogene c-myc i n t o  the  immunoglobulin l o c i  i n  tumors o f  
B-lymphocytes prompted us t o  ask whether disease associated chromosomal t rans locat ions i n  
other c e l l  types would a l so  i nvo l ve  regions o f  t he  genome t h a t  encoded important d i f f e r -  
e n t i a t i o n  s p e c i f i c  products made by these ce l l s .  A cytogenetic analys is  o f  two pa t i en ts  
w i th  erythroleukemia and a commonly ava i l ab le  erythroleukemia c e l l  l i n e ,  K562 ( l a t e  
passages), show t rans locat ions w i t h i n  the  regions where the genes t h a t  encode alpha and 
beta g lob in  reside. The t rans loca t i on  i n  K562, not seen i n  e a r l y  passages o f  these ce l l s ,  
has been shown t o  co r re la te  w i t h  a change i n  g lob in  i n d u c i b i l i t y .  
lymphocytes from a pa t i en t  w i t h  atax ia- te langiectas ia  are analyzed, a t rans loca t i on  i n t o  
the regions encoding the  immunoglobulin l i g h t  and heavy chain genes are observed i n  
d i s t i n c t i o n  t o  the t rans loca t i on  seen i n  T-lymphocytes from the same pa t ien t .  Both 
kappa and lambda producing c e l l s  manifest t h i s  t rans locat ion.  
i n s i g h t  i n t o  the  mechanism o f  chromosomal t rans loca t i on  i n  both cancerous and noncancerous 
condi t ions and lead t o  the  speculat ion tha t  genomic a c t i v i t y  i s  a necessary, i f  not 
s u f f i c i e n t ,  f a c t o r  f o r  t he  occurrence o f  such t rans locat ions.  

When cloned B- 

These examples provide 

0227 C-MYC IS EXPRESSED IN AVIAN TUMOR CELL LINES EXHIBITING TWO DISTINCT CELLULAR 
PHENOTYPES. Timothy W. Baba and E r i c  H. Humphries, Department o f  Microbiology 
Un ive rs i t y  o f  Texas Heal th  Science Center a t  Dallas, Dallas, Texas 75235. 

I n f e c t i o n  o f  suscept ib le  chickens w i t h  avian leukosis  v i r u s  (ALV) r e s u l t s  i n  the 
production of lymphomas. The primary tumor develops i n  the Bursa o f  Fabricius, a 
specia l ized organ i n  b i r d s  w i t h i n  which 8-lymphocyte d i f f e r e n t i a t i o n  occurs. Tumor c e l l s  
express imnunoglobulin o f  t he  IgM isotype. It has been demonstrated t h a t  the v i r u s  acts  
as an i n s e r t i o n a l  mutagen, i n t e g r a t i n g  upstream f r o m  the c e l l u l a r  oncogene c - w  and 
enhancing i t s  t ransc r ip t i on .  Recent s tud ies o f  chromosomal t rans locat ions i n  murine 
plasmacytomas and human B u r k i t t ' s  lymphanas a l so  have impl icated c - w  i n  tumorigenesis. 

We have adapted three independently der ived ALV-induced tumors t o  ~ v i t r o  growth. 
These c e l l  l f n e s ,  l i k e  the  primary tumors, contained an i n teg ra ted  prov i rus l oca ted  5' t O  
c - w  and expressed increased l e v e l s  o f  c-m c RNA. FACS analys is  revealed the expression 
o f  ce l l - su r face  IgM. E lec t rophore t i c  ana&is o f  l ysa tes  prepared from metabo l i ca l l y  
l a b e l l e d  c e l l s  demonstrated the synthesis o f  both heavy (mu) and l i g h t  chains. However, 
IgM was secreted by on ly  one o f  these c e l l  l i n e s .  This  c e l l  l i n e  displayed a 
plasmacytoid phenotype and accord ing ly  exh ib i t ed  increased i n t r a c e l l u l a r  complexity, as 
evidenced by f l ow  cytometry and e lec t ron  microscopy. Therefore, these c e l l  l i n e s  
represent two d i s t i n c t  c e l l u l a r  phenotypes. These f i nd ings  prov ide the f i r s t  evidence 
f o r  the involvement o f  the c - w  oncogene i n  two d i s t i n c t  d i f f e r e n t i a t i o n  stages of 
8 -ce l l  der ived tumors w i t h i n  a s i n g l e  animal species. 

0228 
Verena Hug, Gary Spi tzer ,  Benjamin Drewinko and George Blumen- 

schein. M. D. Anderson Hospital and Tumor I n s t i t u t e ,  Houston, TX 77030. 

We determined the e f f e c t s  o f  two peptide hormones (epidermal growth f a c t o r  (EGF), i n s u l i n )  and 
o f  two s t e r o i d  hormones (hydrocort isone, 17- -es t rad io l )  on the clonogenic 
establ ished human breast tumor c e l l  l i n e s  (MCF-7, MOA-231, MDA-453, MDA-4687. 
ceptors f o r  a l l  four  hormones are present i n  MCF-7 c e l l s ,  but  have not  been demonstrated i n  
the other  c e l l  l i n e s .  Our own assay demonstrated 16 fmol/mg cytosol  p ro te in  o f  estrogen re -  
ceptor i n  MCF-7; no estrogen receptor p ro te in  was detected i n  the other  three c e l l  l i n e s .  
Dose-dependent s t imu la to ry  e f f e c t s  f o r  a l l  hormones were observed on a l l  l i n e s ,  regardless o f  
t h e i r  receptor  s ta tus and a t  s i m i l a r  e f f e c t i v e  dose ranges: 25-250 ng/ml f o r  EGF; 10-75 g/ml 
f o r  i n s u l i n ;  10-7-10-5 M f o r  17- -es t rad io l  and 2.5-12.5 g / m l  , f o r  hydrocortisone. Clonogenic 
growth could be increased by 60-70% w i t h  each o f  the hormones alone, and t h i s  improvement was 
only  s l i g h t l y  super ior  i n  the receptor-conta in ing MCF-7 c e l l  l i n e .  Horse serum, a known 
source o f  growth factors  f o r  human breast carcinoma c e l l  l i n e s ,  a t  concentrat ions o f  15-30% 
also increased clonogenic growth, but not  t o  the degree obtained w i t h  the four  hormones. 
conclude t h a t  the absence o f  demonstratable s p e c i f i c  receptors does not  i n t e r f e r e  w i t h  the 
mitogenic e f f e c t s  o f  these four  hormones. 

HORMONE EFFECTS ON CLONOGENIC GROWTH OF BREAST TUMOR CELL LINES ARE INDEPENDENT OF 
SPECIFIC RECEPTORS. 

rowth o f  four  
Functional re-  

We 
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OM9 RETROVIRUSES SPECIFICALLY ALTER THE GROWTH AND DIFFERENTIATION OF MOUSE EPIDERMAL 
KERATINOCYTES, Bernard E. Weissman and Stuart A. Aaronson, Laboratory of Cellular 
and Molecular Biology, National Cancer Institute, Bethesda, MD 20205 

A model system for transformation of epithelial cells using a mouse epidermal keratinocyte 
cell line has been developed. This cell line, designated Balb/MK, is totally dependent upon 
the presence of epidermal growth factor (EGF) for its continued proliferation. It also 
undergoes telminal differentiation in response to high levels of extracellular calcium and 
displays well-known epithelial cell markers such as keratin synthesis and desmosome formation. 
Infection of these cells by a variety of different mammalian sarcoma viruses leads to an 
abrogation of the requirement for EGF as wall as a block in the calcium induced terminal 
differentistion. We will demonstrate by both morphological and biochemlcal markers that each 
retrovirus blocks terminal differentiation of Balb/MK cells in a different point in the path- 
way. Thus each viral onc gene has a specific effect on the normal differentiation of epider- 
m l  keratinocytes. T h G  results bear a remarkable similarity to those observed with retro- 
virus induced alterations in hemapoetic cell differentiation. Our findings extend the range 
of retrovirus effects to cells of epithelial origin and may provide useful insights into the 
relationship between differentiation and transformation. 

023 GLUCOCORTICOIDS INHIBIT C-SIS GENE EXPRESSION AND CELL GROWTH IN THE ANDROGEN-RESPON- 
SIVE DDT1MF-2 SMOOTH MUSCLE CELL LINE, R.G. Smith, A.J. Syms, L.E. Cornett. J.W. 

Hardin and J.S .  Norris. Dept. of Urology, Baylor College of Medicine, Houston. TX and Dept. 
of Medicine 6 Physiology, Univ. of Arkansas School of Medical Science. Little Rock, Arkansas. 

Recently our laboratories have undertaken a series of studies designed to ascertain the mech- 
anisms involved in androgen stimulation and glucocorticoid inhibition of growth of the well 
characterized androgen responsive DDT1MF-2 smooth muscle cell line. When DDT1MF-2 cells are 
treated with 10 nM triamcinolone acetonide (TA) or dexamethasone they are rapidly blocked in 
the G1 phase of the cell cycle. Androgens (10 nM) administered simultaneously with TA failed 
to prevent the G1 block. 
that control or testosterone treated (10 nM) cells expressed an RNA species with close homo- 
logy to a v-sis nick translated probe. The v-sis gene has a close homology to that of plate- 
let derived growth factor (PDGF) a known mesenchymal mitogen; furthermore these cells secrete 
PDGF-like activity into their culture medium and contain receptors for this growth factor (D. 
Bowen-Pope-personal communication). .Cells treated with TA either in the presence or absence 
of testosterone fail to express the v-sis homologous RNA. While TA induces synthesis of se- 
veral new proteins in these cells, a protein of similar ulolecular weight (31,000) and iso- 
electric point (9.5) to PDGF is decreased. Evidence from flow cell cytometric analysis indi- 
cates that exogenously added PDGF (2.5 units/ml) overcomes the glucocorticoid induced G1 
block. 
tion of a c-sis coded growth factor.(Supported by NIH CA36264. AM27450 and NSF ISP8011447.) 

Northern blot analysis of total cellular RNA or poly A+-RNA revealed 

These date suggest that glucocorticoids inhibit cell growth by suppressing the produc- 

0231 IMMUNOGLOBULIN GENE REARRANGEMENTS MARK UNIQUE CLONAL POPULATIONS IN LYMPHOID 
NEOPLASIA, Andrew Arnold. Ajay Bakhshi, Jeffrey Consman, Elaine S. Jaffe, 
Thomas A. Waldmann, and Stanley J. Korsmeyer. NCI, NIH. Bethesda, KD 20205 

Cemline immunoglobulin (Ig) genes must undergo somatic DNA recombinations during B-cell 
development, each such rearrangement being specific for s given B-cell and its progeny. 
Rearrangement of both heavy plus light chain Ig genes is strongly B-lineage associated. 
Southern hybridization can sensitively detect specific clones in lymphoid tissues lacking 
definitive surface markers, and was used to (1) distinguish lymphoma from undifferentiated 
carcinoma in a malignancy of uncertain histogenesis, (2 )  demonstrate clonal B-lymphocytes 
in lymphomas vith numerically predoainant T-cells, (3) find clonal B-cell populations 
within "null" lymphomas and within an atypical follicular hyperplasia. ( 4 )  show that the 
malignant B-cell precursors in a CML lymphoid blast crisis retained the capability of 
further Ig gene rearrangement, which permitted distinguishing between the malignant sub- 
clones of two separate crises in a single patient. 
provides a sensitive, uniquely specific clonal marker which I s  applicable on most clinical 
specimens and is not dependent on expression of the genes. Its capabilities include early 
detection of recurrent or persistent tumor. and the illurination of the pathogenesis and 
natural history of neoplasia by marking clonal cells early in this process. 
molecular marking of non-lymphoid tumors with chromosomal translocations will be possible 
as appropriate probes become available. 

Detection of Ig gene rearrangement 

Similar 
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0232 THE ALTERATION OF TUMORIGENICITY OF TRANSPLANTABLE MOUSE TUMORS BY TREATMENT WITH 
INTERFERON, +P.M. Pitha-Rowe, * V . E .  Vengris, +G. Glasgow and *N.A. Wivel, +The Johns 
Hopkins Un ive rs i t y  Oncology C t r . ,  Balt imore, MD 21205 - *National I n s t i t u t e  o f  Health, 
Bethesda, MO 20205 

A v i rus - f ree  methycholanthrene transformed c e l l  l i n e  (Meth A and CU-7) and B c e l l  l i n e s  
establ ished from NFS and AKV NFS congenic mice were grown i n  v i t r o  and t reated w i t h  p u r i f i e d  
a, 6 and y i n te r fe rons  p r i o r  t o  t e s t i n g  f o r  oncogenicity i n  host  animals. Use o f  i n t e r f e r o n  
-- i n  v i t r o  caused growth i n h i b i t i o n ,  bu t  no t  cytopath ic  e f f e c t s ,  which was f u l l y  reve rs ib le  
upon removal o f  i n te r fe ron .  
challenged w i t h  i n te r fe ron - t rea ted  c e l l s ,  which was no t  observed a f t e r  t ransp lan ta t i on  o f  
i n te r fe ron - t rea ted  c e l l s  i n t o  nude o r  immunosuppressed mice. 
treatment on the a l t e r a t i o n  o f  expression o f  tumor and v i r a l  antigens, r e t r o v i r u s  production 
and expression o f  oncogenes present i n  these c e l l s ,  has been examined and co r re la ted  w i t h  the 
observed tumor r e j e c t i o n .  

There was a s i g n i f i c a n t  decrease i n  tumor incidence i n  mice 

The e f f e c t  o f  i n t e r f e r o n  

0233 TRANSFORMATION OF TUMOR CELLS BY MOMUSV INDUCES TRANSITION FROM CARCINOMA TO SARCOMA 
TYPE. tilrich Scherdin, Sadatoshi Sakuma and Fritz Hblzel, University of Hamburg, FRG. 

The aim of the investigation was to study the effects of sarcoma virus information intro- 
4uced additionally into the genome of cell lines derived from chemically (DMBA) induced rat 
mammary tumor. Cells of the fibroblast-llke sarcoma line HH-16-2/1 and the adenocarcinoma 
line HH-16-4 were transformed by Moloney murine sarcoma virus (MoMuSV) .  The transformed cell 
clones were characterized by morphology, growth properties, virus production and malignancy 
in vivo. Whereas the parental HH-16-2/1 cells were sensitive to glucocorticoids which rever- 
sibly alter the morphology and induce contact inhibition, the transformed cell clones are 
resistant to glucocorticoids. Upon inoculation of rats, the transformed cells produce tumors 
of anaplastic morphology in contrast to fibrosarcomas observed after injection of HH-16-2/1 
parental cells. HH-16-4 adenocarcinoma cells were transformed by MoMuSV, yielding cell clo- 
nes with unchanged epitheloid or fibroblast-like morphology. The fibroblast-like cell clones 
produced sarcomas upon injection into rats. Southern blot analyses demonstrated the MoMuSV 
genome integrated in multiple copies and at different sites in the genome of the transfor- 
med cell clones. Virus production was not correlated with changes of morphology in vitro 
nor with alterations of the tumor type. The data provide evidence that the introduction of 
the MoMuSV sequences into the tumor cell genome can induce the complete change from carci- 
noma to sarcoma type, and from sarcoma to anaplastic type. The system makes it possible to 
investigate the influence of endogenous and exogenously provided oncogene information at 
the molecular level. (Supported by Deutsche Forschungsgemeinschaft, SFB34) 

0234 CHEMICAL TRANSFORMATION OF EPSTEIN-BARR VIRUS (EBV) IMMORTALIZED HUMAN B LYMPHOCYTESF 
Dana J. Kessler, Robert Maguire, Carole A. Heilman and Snorr i  S. Thorgeirsson. 

National Cancer I n s t i t u t e ,  Bethesda, Maryland 20205. 
Both EBV p o s i t i v e  and negative B u r k i t t  lymphoma c e l l  l i n e s  have been extens ive ly  used t o  

study the  r e l a t i o n s h i p  between expression o f  r e t r o v i r a l  oncogenes, chromosomal abnormali t ies, 
and c e l l u l a r  transformation. The r o l e  o f  chemical carcinogens i n  t h i s  process has n o t  been 
f u l l y  i nves t i ga ted  t o  date. Therefore, we have employed a model human B c e l l  system t o  
i nves t i ga te  the p o t e n t i a l  c o r r e l a t i o n  o f  oncogene expression and chromosomal abnormal i t ies  
t o  chemical i nduc t i on  o f  tumorigenesis. EBV immortal ized co rd  b lood lymphocytes and B c e l l s  
der ived from pa t ien ts  w i t h  i n f e c t i o u s  mononucleosis were t rea ted  w i t h  N-acetoxyacetylamino- 
f luorene (1 t o  15 u g h 1  i n  0.5% OMSO), a potent  u l t ima te  carcinogen and frame sh i f t - i nduc ing  
mutagen. Twenty populat ion doublings post  treatment, t rea ted  and unt reated c e l l s  ( 5  x 106) 
were subcutaneously i n j e c t e d  i n t o  athymic mice. Rapidly p r o l i f e r a t i n g  tumors g i v i n g  r i s e  t o  
h igh grade B c e l l  lymphomas were noted a f t e r  one week i n  the t rea ted  l i n e s .  Karyotyping 
revealed modal chromosome numbers ranging from d i p l o i d  (unt reated)  t o  t e t r a p l o i d  ( t rea ted ) ,  
w i t h  one tumorigenic l i n e  d i sp lay ing  a 6p-16p t rans loca t i on .  Oncogene expression o f  c-myc, 
c-myb, c- fes and H-ras. K-ras and N-ras were measured by Northern b l o t  analysis, reveal ing no 
q u a l i t a t i v e  o r  q u a n t i t a t i v e  d i f ferences i n  the l e v e l  o f  expression. These f i nd ings  are i n  
keeping w i t h  repo r t s  from other  sources i n d i c a t i n g  no up regu la t i on  o f  ras  fam i l y  genes i n  
tumorigenic c e l l s .  Di f ferences i n  DNA arrangements are present ly  beingexamined by Southern 
b l o t  analysis. 
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0 2 3 5 ~ ~ 5 ,  a Kirsten associated protein expressed in normal retina. 
Garth R. Anderson and Raul A. Saavedra 

-swell Park Memorial Institute, Buffalo, New York 14263 

LDH is a 56,000 dalton antigen found in diverse cells transformed by the Kirsten sar- 
coma virh and in rat cells expressing VL30 RNA. This antigen copurifies with a navel lac- 
tate dehydrogenase activity. This antigen is also found in cells transformed by the Harvey 
sarcoma virus, and a related enzyme activity is found in Rous transformed cells and in a 
majority of human carcinoma. 

We have mapped L D 5  to human chromosome 11, in the region 11 pll - 11 p13. This region 
is also known to contain the c-ras-H1 locus. This may relate to the sequence homology shown 
between the ras pZ1 and conventional isozymes of lactate dehydrogenase. 

Biochemical characterization of "3 has clarified its direct regulation by oxygen. Km 
values for substrate binding are lo3 fol 
anaerobic conditions. Oxygen additionally appears to function as an electron acceptor. 

In studies of normal tissue expression of LDH we find mammalian retina expresses a 
high level of this activity, although mamlian bdin expresses negligible amounts. 
tissue from lower vertebrates contains much lesser amounts of LDH equivalent to brain 
levels. 
similar to that seen in nbxt malignant tumors, while retina of lower species does not. 

higher under aerobic assay conditions than under 

Retina 

This might relate to the fact that mammalian retina exhiglts high aerobic glycolysis 

0236 HUMAN ALPHA-INTERFERON GENE FAMILY: ORGANIZATION AN0 EXPRESSION, Arthur P. Bollon, 
Motohiro Fuke and Richard Torczynski, Wadley I n s t i t u t e s  o f  Molecular Medicine, 
Dallas, TX 75235 

Several human a lpha- in ter feron genes have been i s o l a t e d  from a human genomic l i b r a r y  using 
two 17-base syn the t i c  probes. One o f  the i s o l a t e d  genes i s  a pseudogene since i t  contains a 
te rm ina t ion  codon i n  the s ignal  sequence and another i s  a new func t i ona l  a lpha- in ter feron 
gene no t  prev ious ly  described. DNA sequencing by t h e  Maxam and G i l b e r t  technique, as we l l  as 
the M13 dideoxy technique, has permi t ted a comparison o f  t he  gene sequences w i t h  sequences of 
the l i m i t e d  number o f  o ther  genmic  a lpha- in ter feron sequences and about ten cDNA sequences 
p rev ious l y  described. The func t i ona l  a lpha- in ter feron gene has been engineered i n  bac te r ia  
f o r  expression and the  human a lpha- in ter feron i s  being character ized i n  terms o f  physical 
p roper t i es  and a n t i - v i r a l  and a n t i - p r o l i f e r a t i v e  a c t i v i t i e s .  The pseudogene s t r u c t u r a l  
sequence i s  being engineered f o r  expression by removal o f  t he  terminat ion sequence by hybrid- 
s ignal  const ruct ion.  Expression and a c t i v i t y  o f  the pseudogene product i s  being compared t o  
the normally expressed genes. F lank ing p u t a t i v e  p r o m t o r  sequences and r e p e t i t i v e  i n s e r t s  
homologous t o  oncogene sequences o f  t he  normal and pseudogenes w i l l  be compared. This work 
i s  supported i n  p a r t  by grants frm NIH, GM28090 t o  APB and the  Meadows Foundation. 

0237 REGULATION OF THE DIFFERENTIATED PHENOTYPE I N  NORMAL AND RSV TRANSFORMED CHICK CHONDRO 
CTTES, G ion t i ,  E., Pon ta re l l i ,  G.. Capasso, O., Quarto, N. and Cancedda,R., I s t i t u t o  
d i  Biochimica C e l l u l a r e  e Molecolare, 2nd Medical School, 80131 Naples, I t a l y .  

Chondrocytes obtained fran ch ick  embryo t i b i a e  2 days before hatching synthesize i n  c u l t u r e  
s p e c i f i c  markers o f  d i f f e r e n t i a t i o n  i .e. t ype  I1 col lagen , sulphated proteoglycans, chondro- 
nect in .  I n  a d d i t i o n  these c e l l s  synthesyze and incorporate i n t o  t h e i r  e x t r a c e l l u l a r  m a t r i x  
a new t ype  o f  co l lagen w i t h  a molecular weight o f  64 K. This  co l lagen can be converted in- 
- t r o  by l i m i t e d  pepsin d i g e s t i o n  i n  a p r o t e i n  o f  lower molecular weight; pulse-chase experimentl 
f a i l e d  t o  show any s i m i l a r  maturat ion i n  cu l tu re ,  b u t  demonstrated a reduced h a l f - l i f e  o f  t he  
64 K col lagen w i t h  respect  t o  the  t ype  11. 
Cul tured chondrocytes can be i n fec ted  and transformed by  RSV. Transformation represses the  
expression of chondrocyte s p e c i f i c  markers ( type I1 col lagen, 64 K col lagen and chondronec: 
t i n ) .  Moreover we observed an enhancement o f  f i b r o n e c t i n  expression and a swi tch on o f  t ype  I 
col lagen,at var iance w i t h  the  observed reduced expression o f  these p ro te ins  i n  RSV t r a n s f o r -  
med f i b r o b l a s t s .  The establ ishment o f  a permanent c e l l  l i n e  o f  RSV transformed ch i ck  embryo 
chondrocytes w i l l  be a l s o  discussed. 
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HTLV-I1 DELETION fiUTALTSA!(D ALTERED GROWTH CHARACTERISTICS OF THE NO CELL LINE. 
Wi l l iam Wachsman, I r v i n  S.Y. Chen, Kunitada Shimotohno. and David W .  Golde, D iv i s ion  

o f  Hematology-Oncology. Depar tmnt  o f  Medicine, UCLA School o f  Medicine, Los Angeles, CA 90024 
Hman T -ce l l  leukemia v i rus ,  type I 1  (HTLV-11). was i s o l a t e d  from the Mo c e l l  l i n e  establ ished 
by primary c u l t u r e  of sp len i c  t i ssue  obtained from a pa t i en t  w i t h  T -ce l l  h a i r y - c e l l  leukemia. 
Continued passage o f  the Mo c e l l  l i n e  resu l ted  i n  a l t e r e d  growth cha rac te r i s t i cs ,  such t h a t  
l a t e  passage Mo cellsbecame capable o f  growing i n  serum f ree  medium and clone spontaneously a t  
l i m i t i n g  d i l u t i o n .  U t i l i z i n g  molecular clones o f  HTLV-I1 p r o v i r a l  DNA we determined t h a t  l a t e  
passage Mo c e l l s  conta in  the 8.7 kb repl icat ion-competent genome o f  HLTV-I1 as we l l  as two 
HTLV-I1 de le t i on  mutants. The e a r l y  passage Mo c e l l  l i n e  contains the w i l d  type HTLV-11. but  
ne i the r  de le t i on  mutant. We are i n v e s t i g a t i n g  the r e l a t i o n  o f  these HTLV-I1 de le t i on  mutants 
t o  the a l t e r e d  growth cha rac te r i s t i cs  o f  t he  l a t e  passage Mo c e l l  l i n e .  R e s t r i c t i o n  enzyme 
mapping o f  t he  3 p r o v i r a l  DNA clones was performed. In add i t i on  t o  conservation o f  the LTRs, 
both the  3.5 kb and the 6.6 kb mutants conserve 1.3 kb o f  sequence a t  the 3' end. 
served reg ion  contalns the pX locus. which may be important i n  HTLV-I1 induced transformation. 
The extent  and l o c a t i o n  o f  de let ions i n  mutant prov i rus DNA make i t  u n l i k e l y  t h a t  e i t h e r  i s  
r e p l i c a t i o n  competent. 
been performed t o  determi ie  the prec ise l o c a t i o n  of t he  delet ions.  The r e l a t i v e  amounts o f  
HTLV-I1 RNA o f  the 3 HTLV-I1 genomes are being measured t o  t e s t  the p o s s i b i l i t y  t h a t  increased 
t r a n s c r i p t i o n  o f  the pX region i s  r e l a t e d  t o  the a l t e r e d  growth cha rac te r i s t i cs  o f  l a t e  passagq 
!%. These stud ies provide i n s i g h t s  i n t o  the mechanism o f  HTLV-11-induced leukemogenesis. 

This con- 

S mapping and DNA sequencing of mutant and w i l d  type HTLV-I1 have 
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