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Negative Growth Control 

The Cell Cycle (Joint) 
G 001 

Institute, 10666 North Torrey Pines Road, La Jolla, CA 92037 

Gl/S-PHASE CONTROL IN YEAST AND HUMAN CELLS, S.I. Reed, V.DuliC, J. Ghiara, M. Hentze, D. Lew, N. Marint, ti. 
Richardson, C. Stueland, K. Sugirnoto, C. Wittenberg, Department of Molecular Biology MB-7, The Scripps Research 

The S. cerevisiae gene CDC28 encodes a 34 kilodaiton protein kinase 
catalylic subunit with highly conserved couterparls in all eukaryotic 
organisms. In both S. cerevisiae and fission yeast. S. pombe, genetic 
analysis indicates a rde for this protein kinase, p34. both in regulating the 
G1 to S-phase transniin and the G2 to M-phase transition. In S. cerevisiae 
our investigations suggest that these diverse regulatory activiies are 
achieved by assembling active heteromultimeric complexes with G1- and 
G2-specdlc subunits. GI regulation depends upon accumulation of a class 
of unstable cyclin-like proteins that are essential for the assembly of active 
Cdc28 protein kinase complexes. These proteins (G1 cyclins). designated 
Clnl. clnz and CIn3, normally accumulate late in GI and are prevented 
from accumulating by signals that restrain cell division in Gt. Furthermore, 
mutationai analysis suggests that the accumulation of these proteins is rate 
limiting for Cdc28 protein kinase activi and passage through G1. Passage 
through G2 depends upon accumulation of four different cyclins. Scbl. 
ScM. Sctw and ScM, that show a high degree of similarily to cyclin B. and 
assembly ol a different Cdc28 protein kinase complex. In this case, 
however, cyclin accumulation. although periodic, is not rate limiting. The 
action of a regulatory network that controls the kinase by phospho#ation 
and dephosphoryiatlon of the catalytic subunit appears to be rate limiting 
for activi in 62. This is analogous to the mitotic regulation of p34 and 

cydins in animal cells. We have found, surprislngly. that B-type cydins in 
budding yeast have a rde in the lnfiiation of S-phase In addition to their 
mitotic rde. Genetic experiments place thls cyclin function downstream of 
the major GI regulatory point. START. but prior to DNA replication. This 
function may be analogous to that ascribed to cydin A in animal cdls. 

In order to address the issue of whether GI cyclins and p34 control 
the GllS-phase transition in animai cells. human cDNAs that can rescue 
deletion ot the GI  cyclin genes in yeast were isolated. Three novel human 
cyclins have been identified that have been designated cyclins C. D and E. 
The mRNAs corresponding to cyclins C and E show G1 periodicity in Hela 
cells. The encoded protein and associated protein kinase activny 
corresponding to cyclin E exhibn maximal levels at the Gl/S-phase 
boundary. In addtion. cydin E shows a complex panern of intmcellular 
localization that is dynamic through the cell cycle. Although dfiicult to 
assay, the protein kinase aaMty associated with cydin C appears to be 
periodic through the cell cyde. Immunofluorescence staining suggests that 
cyclin C is primarily nudear. We are attempting to determine the targets of 
the cyclin C- and E-associated kinases. in addition, we are determining the 
sjxsiiic members of the human Cdc2 kinase superfamily (p34s) that are 
activated by each cyclin. 

GO02 

Center, Frederick, MD 
Research Triangle Park, .E;C 27709. 

component of cytostat ic  factor  (CSF), an ac t iv i ty  i n  unfertilized amphibian eggs believed t o  be responsible for  the i r  
a r res t  a t  metaphase 11. 
high levels  of maturation promoting factor  (MPF). 
its ac t iv i ty  i s  direct ly  or indirect ly  responsible for  the s tabi l izat ion of MPF. 
and M-phase cel l  cycle regulation could be responsible for  cer ta in  phenotypes of transformed ce l l s .  

/I-tubulin is preferent ia l ly  associated with and phosphorylated by the Xenouus product from e i ther  transformed c e l l s  o- 
unfer t i l ized eggs. 
transformed c e l l s  co-localizes with tubulin in microtubules as well as in the metaphase spindle pole and early telophase 
mid-body and as te rs .  We speculate tha t  the m o ~  product may contribute t o  the formation of the spindle pole as well as the  
spindle and thereby contribute (as CSF) to  metaphase arrest .  
for  morphological transformation, but only ce l l s  expressing low levels of pp3gWs can grow as transformed ce l l s .  We 
postulate that  tnis amount of product i s  not suff ic ient  to  cause mitotic a r res t  but i s  enough t o  impart M-phase phenotypes 
during interphase. 
changes that  normally occur during mitosis. 

PROTO-ONCOGENE AN0 CELL CYCLE REGULATION. George F. Vande Woude, Renping Zhou, Richard 5 .  Paules', Ira Oaar, 
Nelson Yew, and Marianne Oskarsson. ABL-Basic Research Program, NCI-Frederick Cancer Research and Development 

21702; 'National Ins t i tu te  of Environmental Health Sciences, Mamnalian Molecular Genetics Group, 

The proto-oncogene product, pp39"*, i s  required for  meiotic maturation i n  vertebrate oocytes and i s  an active 

F i rs t  described 20 years ago, CSF was shown to  a r res t  egg development a t  M-phase by s tabi l iz ing 
Thus, the m ~ s  product functions a t  a major cel l  cycle control point, and 

This l ink between proto-oncogene functioc 

O u r  analyses have also shown that  

product in 

We have found that  product is  associated with and phosphorylates tubulin in vi t ro .  

Imunofluorescence and imunoelectron microscopy analyses have shown that  the 

Constitutive expression o f  m o ~  in somatic c e l l s  i s  suff ic ient  

Altered cel l  morphology and loss  of contact inhibition during interphase could be due t o  cytoskeletal 

Research supported by the National Cancer Ins t i tu te ,  DHHS, under contract No. N01-CO-74101 with ABL. 

Negative Regulation By TGF-Beta 
G 003 GROWTH INHIBITION BY TGFB, Harold L. Moses, Department of Cell Biology, Vanderbilt University School of 

Medicine. Nashville, Tennessee 37232 
TGFDl is the protothe of a large family of genes involved in growth 
control, exuacellular mauix production, and development. TGFGI has 
marked stirnulatory effects on connective tissue formation. It is 
chemotactic for fibroblasts, an indirect mitogen for cenain mesenchymal 
cells and a stimulator of extracellular manix deposition. The TGFBs are 
also potent inhibitors of proliferation of most cell types in  culture. In vivo 
studies have indicated that the prcdominant effect of TGFBl on  cell 
proliferation is inhibition. We have investigated the mechanism of TGFBl 
inhibition of skin keratinocyte proliferation. Earlier studies demonstrated 
that TGF-El inhibition of keratinocyte proliferation involves suppression 
of c-myc transcription and indirect evidence suggested that pRB may be 
involved in this process. Skin keratinocytes transformed by SV40 and 
human papilloma virus-I6 (WV-16) or HPV-I8 were demonstnted to be 
resistant to the growth inhibitory effect of TGFB. TGFB was unable to 
suppress c-myc mRNA levels in these DNA tumor virus transformed 
cells. Transient expression of HF'V-16 E7 gene, adenovirus EIA, and 
SV40 large T antigen (TAg) blocked the TGFBl suppression of c-myc 
transcription in a transient assay using human myclCAT consuucts. 
These DNA tumor virus oncoproteins have been demonstrated to bind 
the protein product of the retinoblastoma gene (pRB). Murants of EIA 
and TAg that do not bind pRB are transformation defective and 
expression of these proteins in the keratinocytes failed to block the 
TGFDl suppression of c-myc. These studies suggested that a cellular 
pmtein(s) that interacts with a conserved domain of the DNA tumor virus 

oncoproteins blocks TGFDl suppression of c-myc transcription and 
keratinocyte growth. Several cellular protcins. in  addition to pRB, bind to 
the same conserved domain in the viral oncoproteins, and any of these 
proteins could be necessary for suppression of c-myc transcription in 
response to TGFDl treatment. More recently, transient expression of 
pRB in skin keratinocytes was shown to repress human c-myc 
promoterKAT rranscription as effectively as TGF-51. The same c-myc 
promoter region, termed the TGFD control Element (TCE), was required 
for regulation by both TGFDl and pRB. Oligonucleotides containing the 
TCE bound to several nuclear factors in mobility shift assays and a 
cellular protein of approximately 106 kD in Southwestern assays. 
Binding of these factors could be demonstrated in cells with or without 
normal pRB. and the binding of some factors was rapidly inhibited by 
TGFDl treatment of TGFB-sensitive but not TGF-5-insensitive cells. 
These data indicate that pRB can function to inhibit c-myc transcription 
and suggest the involvement of cellular factor(s) in addition to pRB in the 
TGFDl pathway for suppression of c-myc transcription and growth 
inhibition. The possible involvement of pRB in the TGFDI pathway for 
suppression of c-myc transcription has a number of implications. Tumor 
suppressor genes may function in the response pathway for diffusible 
growth inhibitors analogous to nuclear protooncogene involvement in the 
growth factor pathway. This prcdicts that one mechanism for loss of the 
growth inhibitory response to TGFB would be inactivation of the 
retinoblastorna gene. 
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G 004 REGULATION OF TRANSCRIPTION OF THE TGF-8 ISOFORMS, Anita B. Roberts, Seong-Jin Kim, Wage M. Wakefield, Michael 
A. OReilly, Andrew G. Geiser. Su Wen Qian. James K. Burmester, Klaus Busam, Keunchil Park, David Romeo, and Michael 8. 

Sporn. Laboratory of Chemoprevention, National Cancer Instiiute, Bethesda, MD 20892. 
Three distinct isoforms of TGF-8 are expressed in mammalian 

tissues. Although the biological effects of the mature forms of each 
of these isoforms are often indistinguishable in vitro, their patterns of 
expression are often distinct as in embryonic development, tissue 
differentiation, and in response to treatment with members of the 
steroid/ retinoid family of compounds. These effects probably involve 
differential control of both transcription and translation of the isoforms. 
TO study transcriptional regulation, the 5' flanking sequences of each 
of these 3 genes have been cloned and characterized with respect to 
known transcription factor binding sites. Expression of the TGF-81 
gene is upregulated by several oncogenes including ras, src. abl, iun, 
and fos. It is also induced by the Tax transactivator protein of the 
HTLV-1 virus. Together, the action of these factors probably is 
responsible, in part, for the elevated level of TGF-81 expression often 
seen in carcinoma and leukemia cells. Expression of TGF-61 is also 
upregulated by the product of the retinoblastoma gene, Rb, through 
a response element called RCE. Although RB has been shown to act 
indirectly, recent studies implicate several known transcription factor 
binding sites, including Spl, in the TGF-81 RCE. Whether this 
regulation by Rb constitutes an important feature of cell-cycle control 
is not known at present. 

The control of transcription of the TGF-82 and TGF-83 genes is 
less well understood. In contrast to the TGF-81 promoter which 
lacks a TATAA box, each of these genes contain classic TATM 
boxes just upstream of the transcriptional start sites and a CRE site 
approximately 30-40 bp 5' of the TATM box. Studies using 
Drosophila Schneider cells have demonstrated that Spl sites in the 
TGF-81 and TGF-83 promoters are essential for their activii; in the 
TGF-B3 promoter, AP-2 enhances the promoter activity in the 
presence of Spl , but not alone. The TGF-82 promoter is not 
responsive to Spl under similar conditions. The CRE sites in the 
TGF-82 and 3 promoters are essential for basal promoter activQ, 
since mutation in these sites abolishes the a c t i i  of upstream 
promoter dements. The TGF-82 and 3 genes are induced in 
response to differentiation signals; the sequences involved are 
presently being characterized, but appear to represent novel 
transcription factor binding sites. In additional to transcriptional 
regulation, translation of the TGF-8 isoforms is also differentially 
regulated. Studies of translational regulation of the TGF-8 isoforms 
suggest that regions of the 5' UTR's of the TGF-8 mRNAs can form 
stable stem-loop structures, and that control of translation can be 
localized to these domains. 

Gene Loss in Tumor Progression 
GOO5 CELL CYCLE REGULATION AN0 CELLULAR SENESCENCE, J .  Car l  B a r r e t t ,  Cynthia A. A fshar i .  L o i s  A. Annab, Barbara A. 

Burkhart ,  Je f f  Boyd, Russel l  D. Owen, P. Andrew Fut rea l ,  G l o r i a  Preston, and I;. Hartmut Richter,  Laboratory of  
Molecular Carcinogenesis, Nat iona l  I n s t i t u t e  o f  Environmental Hea l th  Sciences, Nat iona l  I n s t i t u t e s  o f  Health, P.O. BOX 
12233, Research Tr iang le  Park, N.C., 27709 
We have proposed the hypothesis t h a t  C e l l u l a r  senescence i s  
c o n t r o l l e d  by normal genes t h a t  are a c t i v a t e d  o r  whose 
func t ions  become manifest a t  the  end o f  t h e  l i f e  span of  a 
c e l l .  Defects i n  the func t ion  o f  these genes can a l l o w  
c e l l s  t o  escape t h e  program o f  senescence and becmne 
imnortal .  This hypothesis i s  based on our  a b t l i t y  t o  map 
senescence genes t o  s p e c i f i c  chromosomes us ing  s m t i c  c e l l  
hybr ids  and mic roce l l -med ia ted  chromosome t rans fer .  
Candidate genes on hOman chromosomes 1, 4, and X have been 
mapped by these techniques, and we a r e  c u r r e n t l y  a t tempt ing  
t o  c lone a gene on chromosome lq25. I n  o rder  t o  understand 
the  mechanisms o f  growth a r r e s t  i n  senescence, we examlned 
the  s ta tus  o f  the RE p r o t e i n  i n  senescent Cel ls.  Senescent 
c e l l s  f a i l e d  t o  phosphorylate the  RB p r o t e i n  i n  response t o  
serum. Since a c e n t r a l  r o l e  f o r  the ~ 3 4 ~ ~ ~ ~  p r o t e i n  k inase 
t s  postu la ted  i n  c o n t r o l  o f  the  Ce l l  cyc le  and RB 
phosphorylat ion,  we examined the  s ta tus  o f  t h i s  k inase i n  c o n t r o l s  a re  a l s o  a f fec ted .  
senescent c e l l s  and o ther  growth-arrested c e l l s .  

senescent Ce l ls ,  which f a i l e d  t o  incorpora te  ['H]-thymidine, 
t h e r e  was no p34cdc2 mRNA. 
i n  0.5% serum a l s o  r e t a i n e d  on ly  marginal  Cdc2 expression. 
A f t e r  s t i m u l a t i o n  of low serum-arrested c e l l s  by a d d i t l o n  o f  
10% serum, the  quiescent c e l l s  showed a time-dependent 
increase o f  cdc2 mRNA. which was n o t  seen when senescent 
c e l l s  were serum st imulated. I n  o ther  g rowth- inh ib i ted  
states,  brought about by i so leuc ine  d e f i c i e n c y  i n  Gl, by 
a p h i d i c o l i n  a t  GlIS, by etoposide i n  G2, o r  by coicemid i n  
M-phase of the  c e l l  cyc le ,  cdc2 ~ R N A  was expressed a t  h i g h  
leve ls .  Fo l low ing  t r a n s f e c t i o n  o f  a plasmid conta in ing  the  
human cdc2 gene i n t o  hamster c e l l s ,  expression o f  cdc2 mRNA 
f a i l e d  t o  overcome t h e  b lock  t o  DNA synthes is  i n  senescent 
Cel ls.  Taken together,  these data support t h e  concept t h a t  
a chain of events leads t o  senescence, where p34cdC2 kinase 
i s  one o f  t h e  c r i t l c a l  elements bu t  o ther  c e l l  c y c l e  

Young c e l l s  maintained f o r  48 h 

I n  

G 006 APC (ADENOmTOUS POLYPOSIS COLI) GENE, MCC (MUTATED IN COLOFSCTAL CANCER) GENE, AND C O L O L E C T ~  
TUMOR, Yusuke Nakamura', Isamu Nishisho', Yasuo Miyoshi', Keneth Kinzler', Bert vogelstein', 

Yoshio Miki', Akira Horii', Hiroshi Ando', 'Department of Biochemistry, Cancer Institute, 1-31-1, xmi- 
Ikebukuro, ToShima, Tokyo 170, Japan; 'Oncology Center, Johns Hopkins University, Baltimore, Maryland 
21231, USA 
Familial po~ypo~is coli (PAP) is an autosoma1 lost in six independent tumors was identical, it was 
dominant hereditary disease characterized with suspected that 2% somatic interstitial deletion may 
hundred to thousand of benign adenomatous polyps in be caused not by random mechanism, but by a specific 
colon, some of which progress to colon carcinomas if mechanism. In contrast to 5q, LOH on chromosome 37p 
left without surgical treatment. Recently we have (the p53 locus) was observed only in colon cancers, 
isolated the APC (Adenomatous Polyposis Coli) gene but in none of 15 adenomas in these patients. LOH on 
responsible for FAP by the positional cloning method chromosome 18q (the DCC locus) was not detected in 
and identified germ-line mutations of the APC gene any of tumors. This result has confirmed the model 
in more than 50 FAP patients. Most of them were that the gene on chromosome 17p has a critical roll 
disrupted the gene product due to point mutation, or for malignant transformation of adenomato carcinona 
new termination due to frame shift by 1 - 5 bp of colorectal tumor. 
insertion or deletion. Anino acid changes (Arg to In one colon cancer developed in a FAP patient, 
cys and Ser to Thr) due to a single base mutation we found the disruption of the APC gene by the 
were observed in only two cases. Mutations are insertional mutation of LINE-1 (Ll) sequence which 
scattered throughout the gene, which codes 2843 composed of 6 0 0  bp of 3'  portion of L 1  sequence and 
amino acids, and no hot spot of mutation was 150 bp of poly A residues. In addition, an 8 bp 
identified. Furthermore, we have examined somatic target-site duplication was observed. Hence, the 
mutations in multiple colorectal tumors in four FAF' mechanism of this insertionalevent was suspected as 
patients. In one case, loss of heterozygosity (LOH)  retro-transcriptional insertion of a kuman mobile 
on chromosome 5q was detected in five adenom& and genetic element. 
one colorectal cancer. In this case, as the region 
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G 007 BIOCHEMICAL BASIS FOR p53 ACTION, Jennifer  Pietenpol', Scot t  Kern', Waf i k  El-Deiry', Paula Friedman', 
Carol Prives', and B e r t  Vogelstein', 'The Johns Hopkins Oncology Center, Johns Hopkins School of 
Medicine, Baltimore, HD 21231 and %he Department of Biological Sciences, Columbia 

University, N e w  York, NY 10027. 

Although p53 is t h e  most commonly mutated gene ye t  t h e  polymerase chain react ion,  w e  have ident i f ied  
ident i f ied  i n  human cancers, l i t t l e  is known about over 15 d i f f e r e n t  sites i n  the human genome which 
its normal funct ion(s)  o r  t h e  effect of mutations on have t h e  capacity t o  bind t o  p53. Each of these 
such func t ion(s ) .  Recent data  suggest t h e  hypothesis sites is current ly  being tested t o  determine (i) t h e  
t h a t  p53 binds spec i f ica l ly  t o  DNA and t h a t  t h i s  c r i t i c a l  nucleotides required f o r  binding: (ii) 
binding might mediate t ranscr ip t iona l  ac t iva t ion  or  whether mutant p53 proteins  consis tent ly  l o s e  the 
suppression of repl icat ion.  T o t e s t  t h i s  hypothesis, a b i l i t y  t o  bind t o  these sites: (iii) whether p53- 
w e  have used various techniques t o  def ine human DNA associated proteins  are required f o r  t h i s  binding: 
sequences t o  which p53 can spec i f ica l ly  bind and ( i v )  whether these sites can mediate biologic  m. Using "whole genome PCR", a technique i n  effects i n  vivQ on t ranscr ip t ion  o r  rep l ica t ion .  
w h i c h  t h e  complete human genome can be amplified by 

P53 
G 008 

Molecular Virology, *Center for Comparative Medicine, and 31nstitute for Molecular Genetics, Baylor College of Medicine, Houston, Texas 

p53DEFICIENT MICE DEVELOP NORMALLY BUT ARE SUSCEPTIBLE TO TUMORS 
Lawrence Donehower', Michele Harvey', Betty Slagle', Charles Montgomery, Jr.2, Janet Butel', and Allan Bradley3, 'Division of 

~. 

77030 

Mutations in the p53 tumor suppressor gene are the most 
frequently observed of the genetic lesions found in human cancers. 
Germ line p53 mutationsin humans have been recentlyassociatedwith 
an inherited cancer syndrome (Li-Fraumeni syndrome). To examine 
!he role of p53 in mammalian development and tumorigenesis, a null 
mutation was introduced into mouse embryonic stem (ES) cells by 
homologous recombination, An ES cell clone containing the null 
mutation was used to generate mice heterozygous and homozygous 
forthe disrupted p53allele. Germ line heterozygotesand homozygotes 
are normal by gross physical examination and histopathology. The 
homozygote mice do not express intact p53 mRNA in any of three 

tissues examined. Embryo fibroblasts derived from homozygote mice 
contain no detectable intact ortruncated p53 protein. Wild type controls 
and heterozygotes have not developed tumors (up to 9 months of age). 
However, homozygote mice show an early susceptibility to an anay of 
different tumors by the age of four months. The tumor types most 
frequently observed include lymphomas, testicular carcinomas, 
hemangiosarcomas, and undifferentiated sarcomas. Five of the first 
eleven animals with tumors had multiple primary tumors of different 
cell type origin. Our results indicate that while p53 is dispensable for 
normal development, its loss may predispose mice to a variety of 
spontaneously arising neoplasms. 

G 009 LESIONS DISRmING GROWTH CONTROL IN LUNG CANCER. John D. Minnal, Domenic D'Amico1, Scott 
Bader', David P. Carbonel, Michael Chia2, Adi F. Gazdarl, Josef Geradts2, Rhoda F. Maneckjee', Marion Nau2, 

Tamar Unger2, Stefan Winter'. Simmons Cancer Center', University of Texas Southwestern Medical Center, Dallas, TX 
75235-8590, and NCI-Navy Medical Oncology Branch2, Bethesda, MD 20889 

Lung cancer cells exhibit many mutations inactivating 
"tumor suppressor" genes. These mutations are indicated 
by the large number of chromosomal deletions, unbalanced 
translocations, and RFLP loss of heterozygosity for multiple 
sites including chromosomes 1,3p14,3p21,3p24-25, l lp ,  13q 
(rb gene), & 17p (p53 gene), as well as other chromosomes 
such as 9p and 5q. The large number of genetic lesions 
(estimated to be 10-20 per cancer cell) raises the question of 
whether or not the mutations arose independently. 
Candidate genes assigned to 3p include retinoic acid 
receptors and phosphatase genes and lung cancer cells 
appear to  have greatly dimished or absent growth 
regulation by retinoic and. The rb gene is mutated in 
nearly all cases of small cell lung cancer (SCLC) and in - 
20-30% of non-SCLCs. Absent expression of r b  protein is 
usually seen, presumably allowing the uncontrolled 
function of nuclear proteins usually bound by r b  that 
participate in growth regulation. p53 is mutant in 50% or 
more of all lung cancers, and is nearly always found in a 
mutated form in SCLC. However, we have not yet found an 
inherited p53 mutation in patients with sporadic lung 

cancer. Most mutant p53 proteins found in lung cancer 
have greatly diminished transactivation capacity, a finding 
consistent with the hypothesis that p53 participates in the 
transcription of other genes regulating cell growth. We 
have identified a new autocrine/paracrine regulatory 
systems involving opioid and nicotine receptors where the 
expression of opioid peptides and their cognate receptors 
represent a system of "tumor suppression" whose function 
can be inactivated in some cancer cells by nicotine. Lung 
cancer cell lines of diverse histologic types express 
multiple, high amnity membrane receptors for p, d, and k 
opioid agonists and for nicotine and a-bungarotoxin. Lung 
cancer cells also express various combinations of 
immunoreactive opioid peptides. p, d, and k opioid agonists 
a t  low concentrations (1-100 nM) inhibit lung cancer growth 
in uitro . While nicotine at concentrations (-100 nM) found 
in smokers has little effect on the in uitro growth of most 
lung cancer cell cell lines, it can partially or totally reversed 
opioid induced growth inhibition in several lung cancer cell 
lines. 
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Growth Regulation By R A S  and GAP (Joint) 
G 010 

Institute of Microbiology, Copenhagen, Denmark. 

ACTIVATION AND SUPPRESSION OF RAS, Douglas R. Lowyl, Ke Zhangl, JefEey E. DeCluel, Hui Cenl, 
Maureen R. Johnsonl, and Berthe M. W i l l u m s e n 2 ,  1National Cancer Institute, Bethesda, MD and 2 U n i v e r s i t y  

Ras proteins (Ras) bind guanine nucleotides with high affinity, possess 
intrinsic GTPase activity, a n d  cycle between a n  active GTP-bound s t a t e  
and  a n  inactive GDP-bound state. The GTP-bound form of mammalian 
Ras can be negatively regulated by GAP or  NF-1, which accelerate 
conversion t o  the  inactive GDP-bound form. We have been studying 
regulation of mammalian Ras activity by GAP, NF-1. a n d  s t imulated 
guanine nucleotide exchange, which may be mediated by a mammalian 
homolog of CDC25. 

Ras activity is required for t he  induction of DNA synthesis by mitogens 
such as serum and  PDGF, a n d  t reatment  of NIH 3T3 cells with these 
mitogens induces a rapid increase in  GTP-bound Ras. Using Ras  
mutants, we have found that  this  higher concentration of GTP-bound Ras 
may be induced by stimulation of guanine nucleotide exchange, r a the r  
t han  by a decrease in the activity of GAP and/or NF-1. We have also 
identified a region of Ras t ha t  is more critical for t he  biological activity 
of normal Ras than for t he  activity of a GAP and NF-1 resistant activated 
Ras. This  region of Ras may be involved in nucleotide exchange, since 
the  activity of normal Ras i3 more dependent on stimulated exchange 
than mutant  Ras. 

Using RaslRap chimeric proteins, we have determined tha t  sensitivity to  
GTPase acceleration by GAP is mediated by the effector region and loop 

4 of Ras, presumably by stabilizing Ras in a conformation tha t  fosters 
hydrolysis of bound GTP. Chimeric proteins that are sensitive t o  GAP 
may be resistant to NF-1, which suggests that additional regions of Ras 
a re  required for NF-1 sensitivity. 

From in vivo results obtained with chimeras that are sensitive to GAP bu t  
resistant to  NF-1 in  vitro. we infer that endogenous GAP in NIH 3T3 
cells is sufficient to negatively regulate Ras. although the cells contain 
NF-1 protein. By contrast, each of two malignant Schwannoma cell lines 
from NF-1 pat ients  display abnormally high concentrations of GTP- 
bound, normal Ras at low cell density. Abnormal regulation of Ras 
activity in these cells correlates with a reduction of NF-1 protein in one 
line and  i t s  absence t h e  other. Even in the  cell line that lacks NF-1 
protein, the concentration of GTP-bound Ras i s  reduced t o  normal levels 
when cells become confluent. A qualitatively similar, bu t  less dramatic, 
reduction of GTP-bound Ras h a s  also been noted in  confluent NIH 3T3 
cells. These changes correlate with increased GAP activity in confluent 
cells. In the  cell line that lacks NF-1 protein, overexpression of the GAP 
catalytic domain can induce morphological reversion and reduce GTP- 
bound Ras a t  low cell density. The  resul ts  suggest that NF-1 may 
function as s tumor suppressor gene product by negatively regulating 
Ras in Schwann cells. 

G 01 1 REGULATION OF RAS pZ1 AND K-rev1 PROTEINS BY GTPase ACTIVATING PROTEINS (GAP)% Frank McCormick'. George Martin', Gail Wong'. Paul 
Polakis'. Robin Clark', Gideon Bollag', Bonnee Rubinfeld'. Atsuko Yatani'. and Anhur Brown'. 'Cems Corporation. Emeryville. CA 94608 and 'Depanment 

of Molecular Physiology and Biophysics. Baylor College of Medicine, Houston. TX 77030. 
Ras p21 is regulated by at least three distinct GTPase Activating Proteins 
(GAP)% each o f  which converts active. GTP-bound ras p21 to the inactive, GDP- 
bound form. pl20-GAP and p100-GAP are generated from the same gene by 
aliernative splicing events. These proteins contain regions of  homology with src 
oncogenes (SH2 and SH3 regions) which allow GAP to interact with specific 
proteins containing phosphotyrosine. PDGF-receptor is the best known of these 
proteins. The ability of pl20-GAP and p100-GAP to interact with ras p21 and 
tyrosine kinase substrates suggests that GAP connects ras and tyrosine kinase 
signalling pathways. We have studied the nature of rh is connection using a cell- 
free system in which recombinant GAP has a measureable biochemical activity. 
In ilifs sysrem. GAP uncouples a muscarink receptor from i s  G-protein. This 
effect of GAP is ras dependent. We have found that the SH2/SH3 region of 
GAP is sufficient for l h is  effect, and rhat this isolated domain acts in a ras- 
independent manner. Based on these data, we propose that the ras-binding 
region of GAP is a regulatory domain that normally prevents C A P S  SH2/SH3 
region from binding its target. This consuaint is relieved by binding ras p21, or, 
in b e  cell-free system by removal of the domain. We are currently testing 
whether ras regulates binding to PDGF-receptor. and other target proteins, One 
of these targets is p62. a major tyrosine phosphoprotein in many transformed 
cells. We have cloned this protein. and find it has strong homology to hnRNP 

and snRNP proteins. suggesting a role in mRNA metabolism 

The product of the gene responsible for neurofibromatosis type 1 (NF1) is also a 
GAP for ras p21. M I - G A P  has a very high affinity for ras p21: the binding 
constant for the oncogenic leucine-61 H-ras protein to NFl is 2 nM. Nonnai ras 
p21 also binds tightly to MI-GAP.  and this interaction is stabilized by signalling 
lipids. such as PIP2 and phosphatidic acid. These compounds inhibit the GTPase 
effect of  M I - G A P  on ras p21. but allow tight binding. A model will be presented 
in which GAP and MI are dual effectors of ras p21 action. that allow ras p21 to 
co-ordinate two signalling pathways. One Of these pathways includes tyrosine 
kinases (the pl20-GAP pathway) and other Rlates to lipid merabolism (Ihe NFI- 
GAP pathway). 

The biological activity of ras p21 is inhibited by K-revl, a protein 50% identical to 
ras p21. The GTPase activity of K-rev1 is regulated by at least one GAP. We have 
cloned K-rev1 GAP. and examined its biological and biochemical activities. K-rev1 
GAP is unrelated to p120 raS GAP or NFI ras GAP. but has some interesting 
suuctural properties. such as sites for phosphorylation by kinase A and p34. We 
will discuss the possible relationship between K-rev1 GAP action and ras p21. 

G 012 STUDY ON THE Krev-1 TRANSFORMATION SUPPRESSOR GENE, Makoto Nodal, Hitoshi Kitayama2, Naoki Nishind,  
T o m o k o  Mat sumki t ,  and  Yoji Ikawa2, 3,  +Cancer Institute, Japanese Foundation for Cancer  Research, Kami-Ikebukuro, Toshima-ku, 

Tokyo 170, Tsukuba Life Science Center, The Institute of Physical and Chemical Research, Koyadai, Tsukuba, Ibaraki 305, T o k y o  Medical and  Dencal 
University School ofMedicine,  Yushima, Bunkyo-ku, Tokyo 113, Japan. 

K R v  -1 cDNA was originally remverFd from a "flat" revertant 1R16) derived from 
Kirs t sr~~v irus - trans fonnedNIH3T3al l s (Ml in )  ahsbansfectionofapcD2- 
based buman fibroblast cDNA u p m s i m  IibrarJr followed by auichment for cells with 
in& attachment to the plastic dish. The h v  - I-enccded potein was found to be 
identical to Rsp la  and smg p21, independently d i v o v d  by other groups through 
different approaches, and it rbans around 50% amino acid identity with Ras proteins. 
Besides the conserved motifs m m m d y  found in G proteins, Krev-l and Ras share an 
identical amino acid sequence in the region know as the effector-binding domain. The 
carboxy trrminal region of the h v  -1  prolein conrains two characteristic structures 
playing rola in membrane association: lysine-repests and a CAAL box. The latter 
serves as the signal for geranylgcranylation on the cysteine residue. The serine residue 
adjacent to the CAAL box has been shown to serve as a target for A-kinase. Two 
types of proteins modulating the biocbemicsl activities of the Krev -1 protein (i. e. 
GDPETP-bmding and CTPase) have been found: GTWV activating proteins (rap1 
GAPS) and GDP-dissociation stimulator (smg GDS). The smg GDS has an additional 
activity to remove smg p21 from the membme and this process is accelerated upon 
the serine-phospborylation of smg p21 by A-kinase. The Krev -1 gene d o r  its close 
homologue (rnplB) is expressed ubiquitomly in various firsues and especially 
abundant in neurons, platelets and neutrophils. Association of h e  Krev -1 protein 
with the Golgi appamhm in fibroblasts bas been dernonstraIed. 

Wben &v-l expreision plasmid is transfected into DT cells, a few percent 
of the lmnsfedant colonies show flat morphology, and only a subtle morphological 
changes could be found in the r o t  of the transfedants. A part of the renson for t h i s  
low efficiency of revenant-induction may be explained by the madel in which the 
k e v - i  pmtein is switchedan in response to an unknown upstrm signal. Althou& 

certain point mutations in the k v  - I  gene, that are expected to impair the inlrinsic 
G T P m  activity of its product ("activating" mutation), in& the efficiency of 
revertant-induction up to 5 fold, more (han 80% of the tnursfectants still remain 
ttansformui. Tbese fmdings may suggest the existence of additional regulatory 
mechanisms for the Krev- I protein, besides the GDPGTP-exchange reaction, and/or 
the existence of clonal betemgeneity m-8  the recipient DT cells in the levels of 
molecules essential for the Krev-1 protein in exerting its biological effects. To 
understand the molecular basis UndnlyinS the nppmmtly w i n g  biological activities 
between Res and h v -  1, we prwiously dyrd the lnnsforming Md the rwertan- 
inducing activities of a series of chimeric H - ~ c l o r v - l  genes, and found that small 
clusferr of divergent amino =id residues surrounding the putative effector-binding 
domain ase probably responsible for the difference in the activitia. Recently, we have 
examined the Krev-l as well BS H - n r c g e n e s ~ h g  amino acid substitutians at these 
divergent residues, and found that ~UbStiNtioos of two amino acid residues in H-Ras 
protein to Krev-l type amino acids (D3OE and E31K) arc sufficient to mnvm the 
oncogenic H-Rar protein to a transformation suppressor. To examine wbtther 
alterations of the KJW -1  gene is involved in the pass of human minogenesit, we 
are wying to: 1) develop a retrovinrr-bared KEV - 1 u-ion system to t a t  its effects 
on various typs of tumor cells, aud 2) to detmnine the smmurd of the p o m i c  lo rv  
-1 gene to facilitate the survey of possible gene alten(ons in tumcfs samples. In the 
first line of expaimmts, we have found that the "activated" Krev -1 gene exibits 
growth suppressing or Nmor Suppressing activity on certain cell ha derived from 
f i b r o m m  and mlorectat carcinoma In the d, we have leamed 10 far that the 
Krpv -1 gene is split by a! least 6 i n b m ~ ~  (3  h the codii  ~ g i c m ) ,  and there is af lcsa 
one pseudogene exists in the human genome. 
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The Retinoblastorna Gene 
G 013 

of Immunology and Cancer, Hospital for Sick Children Research Institute, and Departments of Ophthalmology and Molecular 
and Medical Genetics, University of Toronto, Canada M5G 1x8. 

The observed general role of the RBI gene in the cell cycle is 
inconsistent with the highly t i s u e  specific oncogenic effect of RBI 
mutations. G e d i n e  RBI mutation imposes a 40 ,Wfo ld  relative risk (RR) 
of rehnobkstoma on the infant, a 5OC-fold RR of osteosarcoma in the second 
decade, but no increase in RR for hematopietic and some other 
malignancies. Thus, the role of RBI a s  a strong tumor suppressor is 
restricted to  critical stages in specific differentiative pathways. O n  the 
other hand, once malignancy is initialed in a broad specbum of tissues, 
mutation of RBI contributes a selwtive growth advantage. 

In comparison to resultsof others, we  have found that reconstitution 
with wild-type pRB has only a subtleeffect on growth of tumor cell lines 
with multiple mutations in other tumor suppressor genes and oncogenes in 
addition to RBI .  Thus, mutation of genes regulated by pRB, or  w h e  

THE FUNCTION OF RBI AS A TUMOR SUPPRESSOR GENE DEPENDS ON INTERACTING FACTORS, 
Brenda L. Gallie, Brenda L. Cohen, Monty Gill, Paul A. Hamel, Michelle Muncaster, and Robert A. Phillips. Division 

products interact with pRB, may abrogate the tumor suppressive effect of 
replacement of R B I .  Important growth-related genes are tranniptionally 
regulated by pRB in complexes with other proteins. We have shown that 
the pRB weakly represses transcription from the c-fos promoter, but 
strongly represses transcription from the c-myc promoter, dependent on both 
intact Large T binding domains and certain 5' sequences. Furthermore, the 
modulation of these important oncogenes is dependent on the state of 
differentiation of the cells. 

analysis of the transcriptional activity of pRB in the cells most a t  risk, the 
developing rehM and bone. Cancer may be the consequence of a tissue and 
developmental-specific function of pRB related to  the cellular decision to 
cease proliferation and terminally differentiate. 

Understanding the role of RBI mutations in oncogenesis will require 

A class of cellular genes m which loss-of-funcuon mutations are tumorigenic 
has been proposed. The RB gene (RBI appears to operate in exactly thls fashion. The 
RB gene contains 21 exons dispersed over more than 200 kb and expresses a 4.7 kb 
mRNA ubiquitously. From the sequence analysis of the RB cDNA. the predicted RB 
protein has 928 amino acids with m.w. about 110 kd. The RB protein IS a nuclear 
phosphoprotein capable of binding to DNA and to form a m p l e x  with oncopmtems of 
several DNA tumor viruses. 

RB was found LO be mutated in many other cancea such as osleosircoma, breast 
carcinoma, small cell lung carcinoma. and prostate carcinoma. In order to develop a 
biological assay for tumor suppressor genes, and LO determine the significance of these 
mutations in adult cancers, a cloned RB gene was inuoduced, via retrovirus-mediated gene 
transfer. into retinoblastoma, OSteOSarcoma and prostate carcinoma cells that have 
inactivated endogenous RB genes. Expression of the exogenous RB gene consistently 
suppressed their tumorigenicity in nude mice, suggesting that RE may act a~ a general 
oynor suppressor gene. 

How RB acts to bring about this suppression is not completely clear. The RB 
gene pmduct mdezgoes changes in phosphorylation in synchrony with the ceU cycle. 'Ile 
phosphorylation slaw of the protein fluctuates with the unphosphorylated form existing 
in the G1 phase and d i s ~ c t  phosphorylation events occuning in late GI phase, early S 
phase, and at the G2 to M transition point. The parallel between this cyclical 
phosphoryktion pattern and the cyclical acuvity of the CDCZ protein kinase complex has 
engendered the hypothesis that this kinase is responsible, at least in pan, for RB 
phosphorylation. The presence of multiple CDCZ consensus target sites in the RB 
protein sequence and the ability of MPF to phosphorylate RB protein on these sites in 
viuo pv ided  funher evidence that RB serves 

To test whether RB regulates cell cycle progression directly. purified RB 
proteins, either full-length or a mcaIed form containing the T-antigen bindmg region, 
have been in)ected mto cells and the effect on enuy into S phase determined. 

a substrate of CDC2 kin=. 

G 014 MOLECULAR BASIS OF CANCER SUPPRESSION BY THE HUMAN RETWOBLASTOMA GENE. Wen-Hwa Lee, PhD. Cenm for Molecular 
Medmneilnsutute of Biotechnology, University of Texas Health Science Center, 15355 Lambda Dnve, San A n t o ~ o ,  Texas .78245 

Synchronized cells inrecied early in G I  with either RB protein exhibit blocked 
progression into S phase. This -effect is antagonized by &njection with either 
anubodies direzted against RB or with T antigen peptide. Injection of RB protein into 
cells arrested at the GlIS boundary or 6-10 hours before the end of GI has no effect on 
BrdU incorporation suggesting that RB protein does not directly mhitit DNA synthesis in 
S phase. These results further indicate that RB may regulate cell proliferauon by 
restricting cell cycle progression at a spgific point m GI. 

Two regions of RB essential for forming complexes with oncoproteins of several 
DNA tumor viruses frequently contain mutauons in tumor cells. These observauons 
suggest that endogenous cellular proteins may bind to the same regions of RB and thereby 
mediate RBs function. By adding exogenous, purified RB pmcin to cell lysates to drive 
complex formation, we have identified a cellular 46kd protein that specifically binds LO 
RB. To purify this 46 kdpmtein, an affinity column consisung of a truncated 56kd Rb 
protein was used. In addition to the 46kd protein. about 8 different proteins were 
reproducibly eluted from this column after stringent washings. These proteins failed to 
bind the column when T peptide. but not K peptide ( a mutant version of T pepude) was 
used as competitor for binding to the column, suggesting that these proteins spec6ically 
bind to the Rb protein. 

Using purified RB protein, we have extended our characterization of the 
interactions of this molecule. As predicted by sequence similarity to the mtermediite 
lidamen! family of proteins (of which the nuclear lamins are members). RB protein can 
polymerize into microscopic filaments in VitrO. Fufiher, the RB protein forms stable 
complexes with two distinct members of the ClX2 protein family. Based on these 
findings and on previous discoveries. a model in which the RB protein acts as a negative 
regulator by sequestering or "corralling" a variety of growth-promoting proteins into an 
inactive subnuclear suucture or compartment, which may disassemble upon 
phosphorylation of the RB subunits. was proposed to describe how RB functions in the 
cells.. 

DNA Era1 Oncoproteins and Growth Control 
G 015 
Laboratory of Tumor Virus Biology, National Cancer Institute, Bethesda. Marvland 20892 
Insight into the mechanisms by which DNA tumor Viruses transfom cek bas come 

THE HPV ONCOPROTEINS AND THEIR MECHANISMS OF ACTION, Peter M. Howley, Martin Scheffner, Jon M. Huibregtse, Karl Miinger, 

from the recognition that oncoproteins encoded by these viruses interact specilically with 
important cell regulatory proteins. The E7 proteins of the ano-genital spe&c HPVs, 
the large tumor antigens of the polyomaviruscs, and the adenovirus EL4 proteins fan 

bind the product of the retinoblastoma tumor suppressor gene. The ano-genital human 
papillomaviruses can be divided into a 'high risk' group such as HPV-16 and HPV-18 
and "low risk' group such as HPV-6 and HPV-11 based on their association with human 
cancer. The "high risk' HPVs are more efficient in their h m o r t a h t i o n  and 
transformation capacity in tissue culture than the 'low risk" HPVs. In correlation with 
theu transforming potential, the E7 proteins of the "high risk' HPVs bind pRB with a 
higher aff~ty than the E7 proteins of the "low risk' HPVs (1). 

Like SV40 large T antigen and the adenovirus 5 ElB 55kD protein, the €55 proteins of 
HPV-16 and HPV-I8 can complex with the tumor supprcssor protein p53, whereas 
blnding of p53 to the E6 proteins of the "low risk" HPVs has not been demonstrated 
(2). Recent studies suggest that an additional cellular protein of 1W kD is required for 
the interaction of pS3 with HPV-16 and HPV-18 E6. Further evidence that p53 and 
pRB are relevant targets in cenkal carcinogenesis has come from studies cxaminiig the 
state of pS3 and RB genes in HPV-positive and HPV-negative carcinoma cell lines (3). 

~ ~ ~ ~~~ 

The& %dies rivealed that in the HPV-negative casts both the p53 and RB genes are 
mutated, whereas in the HPV-positive cases no mutation could be detected. These data 
indicate that in these cancers, the normal fundion of these tumor supprcssor genes is 
abrogated either by mutation or as a consequence of the interaction of their products 
with the HPV oncoproteins. 

A possible mechanism by which the 'high risk' HPV E6 proteins abrogate the normal 
function of p53 has k e n  provided by the fmding that the E6/pS3 interaction results in 
the accelerated degradation of p53 in vim (4). The E6 promoted degradation was 
specific for pS3 in that other proteins such as pRB or SV40 large T antigen whjch do 
not interact with E6 remain stable in the presence of E6. Recent studies indicate that 
the ability of the 'high risk" HPV E6 proteins to promote the degradation of assodated 
proteins seems to be a function common to the 'higb risk' and "low risk' =*genital 
specilic HPVs. 

(1). Miinger el aJ, EMBO J. 840994105. 1989. 
(2). Werness et af+ Science. 228:7&79, 1990. 
(3). Scheffner et al, Prw. Acad. Sci. USA. 88:5523-5527, 1991. 
(4). Scheffner el al, Cell. 631129-1136,1990. 
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G 016 FUNCTIONAL ANALYSIS OF THE RE3 GENE PRODUCT AND RELATED PROTEINS. Mark E. Ewen, William G. 
Kaelin, Thomas Chittenden, Suman Shirodkar, James DeCaprio, Eric Flemington, James D. Griffin, 

Florence Ajchenbaum, Charles Sherr’, and David M. Livingston. Dana-Farber Cancer Institute and Harvard Medical 
School, Boston, MA;  and ’St. Jude Hospital and Research Institute, Memphis, TN. 
RE and p107 are related members of the nuclear family of ‘pocket’- such a tripartite complex in crude cell extracts. In addition, in cycling 
containing proteins. Each can form specific complexes with a defined set and primary. non-cycling cells driven into cycle with a suitable 
of nuclear proteins of unknown function in ceil-free assays. Each can mitogen. pl07-EZF-cyclin A Complexes appear first in S. The 
also form a complex with the ‘immediate-early’ transcription factor. suspecled role of cyclin A in promoting cellular DNA replication and its 
EZF. Such complexes can be detected in crude cell extracts. implying synlhesis near the GllS boundary are both  consistent with when in the 
that they exist in vivo. RB and pi07 are both suspected of having cell cycle the aforementioned tripartite complex appears. From the 
cycle regulatory function(s).Recent evidence suggests that EZF-RB and avaiiable data, one can hypothesize that release of E2F from RB oaurs 
E2F-pl07 complexes form in a cell-cycle dependent manner. The at a time in G I  when this factor is needed for activation of certain, 
timing of RB and p107-EZF complex formation is different, and major important ‘immediate early’ genes. One could also argue that i t  is 
aspects of the timetable are reproducible in different human cells. brought back under control in S by p107. There is also reason to 
Moreover, at least one such complex (p107-EZF) contains a third suspect that release from, or failure to bind to RB at the appropriate 
component. cyclin A. In in vitro assays, Cyclin A can bind specifically to time in G1 may be linked to RB phosphorylation. I f  true, it will be 
a -200 aa segment of the p107 ‘pocket‘ domain, while other ‘pocket‘ interesting to determine whether these findings contribute to the 
structures are responsible for E2F binding. These discrete structure- mechanism which underlies Go/Gl->S progression. 
function relationships underscore the potential significance of detecting 

G 017 Tumor suppressor activities of wt p53: biological manifestations and molecular mechanisms. 
D. Ginsbergl, E. Yonish-Rouachl, D. Michael*, J. Lotemz, L. Sachs2, A. Kimchiz, M. Yaniv3 and M. Orenl ,  

Departments of Chemical Immunology1 and Molecular Genetics and Virology2, The Weizmann Institute, Rehovot 76100, 
Israel, and Department of Biotechnology, Institut Pasteur, Paris, France3. 

In an attempt to  understand the basis for the tumor 
suppressor activity of wt p53, a temperature-sensitive p53 
mutant was used in order to induce the overexpression of 
functional wt  p53. The consequences varied greatly among 
cell systems. In rat fibroblasts, excess wt p53 activity 
caused a reversible growth-arrest. On the other hand, the 
overexpression of wt p53 in cells of the M1 mouse myeloid 
leukemia line led to the induction of apoptosis (active cell 
death). This effect was inhibited by Interleukin-6 (IL-6). 
IL-6 has two effects on M1 cells: induction of growth arrest 
and induction of differentiation into monocytes. To 
determine which of these activities of IL-6 underlies the 
interference with p53-mediated apoptosis, we tested the 
effect of various growth-inhibitory and differentiation- 
promoting agents on this process. It was found that the 
mere inhibition of cell proliferation, induced by various 
cytokines (interferon, TGF-P) or by hydroxyurea, did not 
provide any protection against p53-mediated apoptosis. 

Some, but not all, inducers of M1 differentiation had a 
similar effect to that of IL-6. Hence, it is not differentiation 
per  s e  but rather the activation of particular signalling 
pathways that inhibit p53-mediated apoptosis. 
It has been suggested that p53 is a transcriptional 

modulator. To determine whether such property of wt p53 
could account for its antiproliferative activities, we assessed 
the ability of p53 to affect the expression of potentially 
relevant genes. It was found that the steady-state levels of 
c-myc mRNA, as  well as those of serum-inducible c-fos 
mRNA, decreased rapidly after the activation of wt p53. In 
cotransfection experiments, wt p53 effectively reduced 
transcription from a series of promoters derived from 
growth-related genes, including c-fos and c-myc, but not 
from a major histocompatibility (MHC) gene. Attempts to 
map the sequences responsible for p53 responsiveness, as  
well as  to define the molecular mechanism underlying p53- 
mediated transcriptional repression, will be described. 

Regulation of Gene Expression (Joint) 
G 01 8 RETINOID RECEPTORS M DEVELOPMENT AND DISEASE, Ronald M. Evans’, Akira Kakizulca, Steve Kliewez 
David Mangelsdorf, and Xazuhiko Umesonol, Howard Hughes Medical Institutel. The Salk Institute. La Jolla CA 92037. 
The cellular responses to RA are mediated by two families of 
transcription factors, which include the RA receptors (RARs) and 
the retinoid X receptors (RXRs). Although both RAR and RXR 
respond specifically to RA, they differe substantially from one 
another in primary structure and ligand specificity. A major 
question raised by the discovery of two retinoid-responsive 
systems is whether their functions ax. independent, interactive, or 
redundant. One approach to answer this question is to determine 
whether they share. common or distinct downstream target genes. 
In regard to target sequences we have recently described ppcrtics 
of direct repeats (DRs) of the half-site AGGTCA as hormone 
response elements. According to our results, spacing of the half- 
site by 3.4, or 5 nuclmtides dewmines specificty of response for 
vitamin D3, thyroid hamone and rctinoic acid receptors. 
respectively. This so-called “3-4-5” rub suggests a simple 
physiologic code exists in which half-site spacing plays a Critical 
role in achieving selective hormonal response. As part of these 
studies, we have also identified that the RXR, but not the RAR, is 
able to activate through a dircct repeat spaced by one nucleotide. 
In 

con&& bo& G R  and RXR arc able to commonly activate 
through a DR with a spacing of 5. Evidence that RXR 
heterodimers modulate the RA response will he presented. 

Finally we will discuss the isolation and characterization of 
a fusion product produced as a consequence of a t(l5;17) 
translocation characteristic of human acute promyelocytic 
leukemia. This translocation which occurs in the retinoic acid 
receptor gene generates a unique &A which encodes a fusion 
protein between the retinoic acid receptor alpha (RARa) and a 
myeloid gene product d e d  PML. Structural analysis ~ ~ v c a l s  that 
the PML protein is a m e m k  of newly rccognizcd protein family 
that includes a variety of putative transcription factors as well as 
the recombination-activating gene @uct (RAG-1). The abbnant 
PML-RAR fusion product, while typically retinoic acid 
responsive, displays both cell type and promoter specific 
differences from the wild typc RARa. Because patients with 
APL he induced into remission with high dose RA therapy, we 
propose that the non-liganded PML-RAR is a new class of 
dominant negative oncogene product 
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G 019 ACTIVATION AND ANTIREPRESSION OF TRANSCRIPTION BY PROMOTER- AND ENHANCER-BINDING FACTORS, Paul 
J. Laybourn, Rohinton T. Kamakaka, Glenn E. Croston, and James T. Kadonaga, University of California, San Diego. 

Transcripbon by RNA polymerase II involves me basal transcnphonal machinery 
sequence-specihc DNA binding factors that interact wlm promoter and enhancer 
elements, and me tempate DNA, which is packaged into chromatin In addition. 
it appears that there may be another class of factors, which have been named 
coachvators mediators, or adapters, that are required for activation of 
transcription by the promoter- and enhancer-binding factors The basal 
transcriptional apparatus comprises RNA polymerase II as well as several 
auxiliary factors which are generally referred to as the general factors Several 
of the general factors. including the TATA-box binding polypeptide of TFIID. 
TFIIA, TFIIB, TFIIE. and TFIIF. have been purified and cloned from various 
organisms. but the exact number of general factors that are required for basal 
transcnption has not yet been elucidated Furthermore, it is not known whether 
all promoters require the same set of general factors The first portion of the 
lecture will describe our r m n t  studtes on the punhcation, characterization and 
cloning of the general tranxripbon factors from Drosophila The remainder of 
me talk will be devoted to the antirepression hypomess and the use of chromabn 
templates for tranSCnpbOn in vitro Briefly, it can be imagined that promoter- and 
enhancer-binding factors may activate transcnption by either or both of the 

following two mechanisms First, the sequenca-specific factors may facilitate the 
inherent transcription reaction -- we refer to this as 'true activation * 
Alternatively, the promoter- and enhancer binding factors may counteract a 
general repression of basal transcripbon by a nonspecific DNA binding entity 
( I  e , chromabn) -- we have designated this effect as 'antirepression . In our 
earlier studies on transcriptional acbvahon in vitro, we had found that Spl (which 
contains a glutarnine-rich acbvation region) and the GALI-VP16 fusion protein 
(which contains an acidic activation region) were capable of both true activation 
and antirepression The antirepression effect was unexpected, however, 
because chromatin assembly did not occur under the reaction conditions We 
thus purified the DNA binding repressor and identified the protein as histone ti1 
A number of studies, both in vivo and in vitro, have suggested that H1 is involved 
in transcriptional repression We have extended these studies with chromatin 
templates, and it presently appears that promoter- and enhancer binding factors 
function both for true activation and antirepression and that under certain 
circumstances. there is a competition for promoter binding between the 
sequence-specific factors and histone H1 that leads to either gene activahon or 
repression 

G 020 STRGCTURE AND FLNCTIONAL INTERACTIONS OF GENERAL INITIATION FACTORS, REGULATORY FACTORS AND CC?qC'l'OI!S ~ l <o lw : -~  (,. 
Roeder. Aiianda Roy, Micheal Meisterernst. Philippe Pognonec, Yan Luo, and Hiroshi Fujii, Laboro:oi-y ur Bioct3e!jlis:L-y 

and Moleculsr Biolagy. The Rockefeller University, New York, NY 10021. 
Conrinuec studies of the purification and 

=?ard;terizacIcn of general factors, which are ubitquitous 
2 r d  commonly required by most class I1 genes, have 
:.-?:icrced factors !I&., 119, IIC, TIP, IIF, IIG, and IT-I in 
-.anscr;ptlon atlor; from, m i n i m a ?  (core1 promoters by 

op.gst these factors, TFIIA and TFII-I 
? r e  f d n e t i o n d  ,terchangeaole and :orm alternate 
I - el n I t i a t 13.~. c s on the adepavirus ML promoter, which 
sxqgest3 the po t y  of selective responses to different 
regulatory factors Unlike TFIIA, TFII-I binds stably to a 
number of :nitiato: elements, but, like TFIIA, interacts 
Cooperatively with TFIIC. TFII-I also has been showr. to 
Interact cooperatively with the upstream activator USF (a 
helix-loop-hell? protein), suggesting a novel mechanism for 
communication between regulatory factors and the general 
cranscriptlonal machinery. The cloning of TFII-I has 
revealed structural relationships with helix-loop-helix 
3rate:ns 

Studies of the AdML rnd HIV promoters have identified a 
novel cofactor ( U S A 1  that IS required for physiological 
levels of promoter induction in purified systems (with 
;aneral factors) by L'SF (AdML), S p l  (HIV) and NFkB (HIV), 
... e act-or: oi USA involves both a large net increase in 
I-3p10ter ac~ivlty l i i  con]unction with the activator and a 
-" -~ 

repression of activator-independent Y C L I L . ; ~ ~ .  P ~ b c t : ~ i . ~ t ~ o n  
ar.d mechanisric studles indicate rhe ~nvclvenent c f  DO h a 

response. These results, a l o n g  wlth tr. 
other negative and positive factors lnte 

isolation and characterization of a novel a ce?:-spszlfic 
accessory factor (BAFI thac specifically a n d  !rmar6edly 
enhances Ig promoter activity via Octl or O c i 2  sugges:s the 
e x i s t e n c e  of a new c l a s s  of :issue sptclfic 
cofactors/coactivators that may play a ' o a ]  
determination of promoter specificity nna a r t  

Wlms Tumor and Neurofibromatosis Genes 
G 021 MOLE(NLAR ANALYSIS OF THE NEUROFIBROMATOSIS GENE AND ITS PROTEIN PRODUCI', Francis Collins', David 

Gumannl, Douglas March&', Lone Andenen], Paula Gregory', Margaret Wallace1, Susan Wilson-Gunnl, Anna Mitchelll, Deborah 
Wcodl, Roxanne Tavakkoll, Manju S w m p l ,  Roymarie Ballesterz, Michael Wigler2, lUniversity of Michigan, The Howard Hughes Medical 
Institute. Ann Arbor. MI 48109-0650. ZCold SDnne Harbor Laborarorv. NY 11724 L "  ,,- .~ 
Type 1 neurofibromatosis (W1) is  a common autosomal dominant condition 
characterized by cafL-au-lait spots, multiple neumfihmas, Lisch nodules of the ms, 
and a variety of other variable complications including seizures, learning disabilities. 
and an kreased risk of malgnancy, particularly of the nezvw system. The NFl gene 
was successfully identified in the summer of 1990 using a positional cloning smtegy. 
The complete codmg region of the gme has now been cloned and sequenced using a 
cDNA walking strategy. ?he gene extends across approximately 300 kilobases of 
chmmosome 17. and encodes a protein of 2.818 amino acids. ?he entire locus has been 
cloned in a series of yeast artificial chromosomes (YACs), and these have been 
reconsmuxed by homologous recombination into a single large YAC containing the 
entire gene and extensive Sianking sequences. Southern analysis using various 
subfragments of the gene indicate that there are other homologous loci on 
chmmosomes 14, 15, and 22, although at least m e  of these appear 10 represent 
pseudogenes. Analysis of the NFl gene in patients with NFI has uncovered several 
examples of mutation. Only a small minority of patients have grossly apparent 
rearrangements by Southern bloaing. The vmt majority appear 10 have more subtle 
sequence alterations, including single nucleotide substitutions and small insertions or 
dekrims. 

~~ 

The predicted amino acid sequence of the NFl protein product has homology in its mid- 
ponion to !he mammalian GAP protein and the IRA1 and IRA2 genes of 
Saccharomvces cerevisia. Gene transfer experiments show that this sullcturat 
holomogy is reflected by the ability of a cenval domain of the NFl protem to 
complement iral- ira2- mufans in yeast. Biochemical evidence of GTPase activity of 
this domain against human and y m t  RAS genes has also teen obtained. Gene uansfer 
experiments in yeast document that this homology is reflected by GTPase activity of a 
central domain of the NFl protein. Preliminary mutagenesis analysis of this domain 
suggests that i t  may be possible to separate the GTF'ase activity rium the ability to 
complement the heat shock sensitivity phenotype of irul' i r d -  yeast snains, which is  
an unexpected finding. Using a sene of fusion proteins and synthetic peptides. it has 
been possible to raise several antisera which detect the NF1 protein in a multitude of 
species and rissue sources. As was suggested by previous Rh'A analyses, it appears 
that the protein is ubiquitously expressed. Immunofluonscence experiments have 
revealed unexpeeIedly that the NFI protein appears to be associated with microtubules. 
A careful reanalysis of the amino acid sequence indicates the presence of a domain 
which may be responsible for this association. The role of the NFl protein. which we 
suggest denoting NFlGRP for "NFI GAP-Relatad Rotein." in the pathways of signal 
transduction in the cell is unda active investigation. 
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G 022 WILMS TUMOR: RECONCILING THE GENETICS WITH THE BIOLOGY, Veronica van Heyningen, Melissa Little, Kathryn Pritchard- 
Jones. Jane Armstrona. Jonathan Bard. Jane Prosser. Nicholas Hastie and Wendy Bickmore. MRC Human Genetics Unit, Edinburgh ". 
EH4 ZXU, UK 

Wilms tumor (WT) is genetically and biologically more complex than retino- 
blastoma. The existence of at least three tumor-predisposition genes is predicted: 
at chromsome 1 lp13, p15 and elsewhere in the genome. The WAGR-associated 
zinc finger gene, W, (11~13) has been identilied Spatial and temporal 
expression suggests an important roie in developmental regulation in both kldneys 
and gonads, at a basic level in control of proliferation and differentiation. Mutations 
in are being observed in about 8-10% of "sporadic" tumors analyzed. The 
nature of the alterations Observed may give clues to function Most mutations so 
far described have led to premature chain termination. but we have observed two 
independent point mutations (one constitutional). which, from predicted ziw finger 
structure, are expected to lead to akered DNA binding capacity. Reduced binding 
is indeed suggested when protein expressed from one of these mutant sequences 
shows a reduced ability to bind 10 the zinc finger target sequences which we have 
found to be very similar to consensus sequences defined by a ditferent approach. 
However identiliiation of real physiological targets is much more difficult. Partly 
with this aim in mind we are making antibodies to the WT1 protein. A second gene 
at llp15 is implicated in WT, through loss of heterozygosity confined to this 
chromosomal region. Whether loss of function mutations in both copies of YLU 
are necessary for malignancy (ie whether the gene behaves as a tumor 
suppressor) is not clear. Dominant negative mutations may exist. Or perhaps 

interaction between heterozygws altered genes at two different loci can lead to 
uncontrolled growth. Unravelling m function will clarily this. Manipulation of 
kidney differentiation in organ culture. with antisense probes, growth control 
molecules and antibodies should give insight into function. We have achieved 
knockout of m by homologous recombination in ES cells and Chimaeric mice 
are being produced for further study of the developmental role of this gene. The 
statistically hgh association of gonadal anomalies in male WT patients led us to 
suggest pleiotropic effect of the WT gene on gonadal development. Deletion 
studies supported this hypothesis and now constitutional m mutations have 
been described in two patients. In one case the mutation was transmined from 
father, without genital abnomalny but wah WT. to son with both afflictmns. When 
allele loss is seen, >95% is of maternal origin. This suggests involvement of 
imprinting phenomena in tumorigenesis. However, we have shown that both 
parental alleles of U are expressed in normal and tumor tissue. Therefore 
imprinting may be confined to the p15 region, where it has been demonstrated m 
Beckwith Wiedemann Syndrome (EWS), itself associated with hgh WT incidence. 
Two genes which map to this region, IGFZ and H19, are known to be imprinted in 
the mouse. Upstream IGFZ regions contain U target sequences - is this of 
physiological sgnihcance?. 

Cell Membrane and Extra-Cellular Matrix 
G 023 STRUCTURE AND FUNCTION OF RECEPTOR-LINKED PROTEIN TYROSINE PHOSPHATASES 

Haruo Saito, Michel Streuli, Neil X. Krueger, Michiyasu ltoh, and Alex Y.M. Tsai, 
Division of Tumor Immunology, Dana-Farber Cancer Institute 
Protein tyrosine phosphoryiation by protein tyrosine kinases (PTKases) 
plays an important role in the regulation of cell proliferation. The 
positive signals for cell proliferation transmitted by PTKases must, 
however, be counterbalanced by protein tyrosine phosphatases (PTPases). 
Given that hyper-phosphorylation of protein tyrosine residues can cause 
cell transformation, i t  is plausible that lack of dephosphorylation 
resulting from loss of a PTPase function may be oncogenic Indeed. the 
human hPTPa and LAR genes have been mapped to chromosomal regions 
that are frequently implicated in several types of human tumors. As was 
the case with PTKases, there are two types of PTPases: soluble cytoplasmic 
PTPases and transmembrane receptor-linked PTPases. By using 
consensus oligonucleotide probes or cross-hybridization to previously 
identified PTPase cDNAs, we have isolated and determined the structures of 
cDNA clones that enmde eight distinct human receptor-linked PTPases. 
Receptor PTPases are composed of one or two cytoplasmic catalytic 
domain(s) and an extracellular receptor region connected by a 
transmembrane peptide. The structures of these PTPases suggest an 
evolution by gene reshuffling. The extracellular receptors of human LAR 
and hPTPS, and Drosophila PTPases DLAR and DPTP are all composed of 
several immunoglobulin-like domains and Fibronectin type-lli domains. 
This organization is similar to that of cell adhesion molecules such as N- 
CAM. Thus, I A R .  hPTPS, DLAR. and DPTP might be themselves cell 
adhesion-type receptors. This raises a possibility that their function is to 

Harvard Medical School, Boston, MA 021 15. 
suppress cell growth upon cell-cell contact.. lmmunohistochemistry on 
human tissues demonstrated LAR expressed by various cell lineages, 
including epithelial cells, smooth muscle cells and cardiac myocytes. LAR 
is expressed on the cell surface as a complex of two non-covalently 
associated subunits (extracellular E-subunit and cytoplasmic P-subunit) 
derived from a precursor protein. The E-subunit is shed during cell 
growth, suggesting that receptor-shedding may be a part of the regulation 
of the LAR PTPase. Other human receptor-linked PTPases have receptors 
of various sizes and structures. For example, the very large extracellular 
receptor of hPTPp is composed of 16 fibronectin type-Ill domains but 
contains no lg domain. Although no ligands have been unequivocally 
identified to these receptor-linked PTPases. the diverse receptor 
structures suggests that there also exist diverse types of ligands. which 
may include cell surface molecules, extracellular matrix, and soluble 
factors. Thus, i t  is likely that receptor PTPases are involved in the 
regulation of a wide variety of cell activities. One of the interesting 
features of the receptor PTPases is the presence of two tandemly duplicated 
PTPase domains in their cytoplasmic regions. Deletion and site-directed 
rnutagenesis analyses indicated that only the membrane proximal domain 1 
is enzymatically active, even though the C-terminal domain 2 is highly 
homologous to other PTPases. In vitro characterization of LAR PTPase 
suggested that the domain 2 regulates the activity of the domain 1. 
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The Cell Cycle; Negative Regulation by TGF-Beta 
G 100 ANALYSlS OF THE INVOLVEMENT OF PROTEIN 

PHOSPHATASE-ZA IN GOIGI AND GIIS TRANSITIONS, 
Arthur S .  Alberts, Andrew M. Thorburn, Marc Mumby+ and lames R. 
Feramisco, Depanments of Pharmacology and Medicine. University of 
California at San Diego. Cancer Center, La Jolla, CA 92093-0636; 
+Department of Pharmacology, University of Texas, Southwestern 
Medical Center at Dallas, Dallas, Texas 75235-9041 

We have studied the effects of the microinjection of serine-. 
threonine-specific protein phosphatase-ZA (PPZA) on gene expression in a 
series of mammalian cell lines containing an integrated lac2 gene under the 
control of different enhancers, i .e. ,  serum responsive (SRE), phorbol 
ester responsive (TRE), and CAMP responsive (CRE) elements. In 
add i t ion ,  endogenous  c - fos  expres s ion  w a s  mon i to red  by 
immunofluorescence. Cells were arrested in GO by serum deprivation, 
injected with PPZA or other proteins and were refed with medium 
containing serum. P-galactosidase activity was measured in sifu at various 
times thereafter. It was found that injection of PPZA catalytic subunit 
inhibited serum activated SRE-lac2, but potentiated serum induced TRE- 
lac2 expression. Following serum stimulation, c-fos expression was 
greater in fibroblasts injected with PPZA than those injected wilh a marker 
antibody alone as a control. PPZA catalytic subunit had no effect on the 
CRE-lac2 reporter following stimulation by 8BrcAMP. We have begun to 
examine the role of PPZA in events in the cell cycle. Purified catalytic 
subunit of protein phosphatase markedly inhibits serum-stimulated DNA 
synthesis when microinjected into synchronized cells during late GI,  but 
not earlier. Currently. we are studying the effects of microinjected PP2A 
in DNA synthesis in cells previously injected with the oncogenic form of 
ras (T24), which like serum, initiates entry into the cell cycle It has 
recently been shown that the RB protein I S  phosphorylated during the 
G l l S  transition and becomes extractable from the nucleus. We are 
currently examining whether microinjection of PPZA effects either the 
localization of plO5-RB or the expression of p53 in the nucleus during the 
cell cycle. 

G 102 BIOLOGICAL PROPERTIES OF BETAGLYCAN, A 
BIFUNCI'IONAL GROWTH FACTOR BINDING 

PROTEOGLYCAN, J.L. Andres, M. Noda, S .  Cheifetz, F. Mpez- 
Casillas, and I. Massaguk. Depanment of Cell Biology and Genetics, 
Memorial Sloan Kettering Cancer Center, 1275 York Avenue, New 
York, NY 10021. 
Betaglycan is a heparan sulfate/chondroitin sulfate proteoglycan which 
binds TGF-B through its core protein with an affinity in the picomolar 
range. It exists in both a membrane-bound and soluble form. 
Beraglycan has now been purified to near homogeneity, cloned, and 
expressed in eukaryotic cells. We repon here that purified betaglycan 
can also bind a second growth factor, fibroblast growth factor, through 
its glycosaminoglycan chains and that in some TGF-8 and FGF- 
responsive systems this may be a regulated function. In addition, 
expression of the cDNA for betaglycan indicates that the soluble form 
of betaglycan is produced by cleavage of the mature molecule from the 
cell surface, and sequence analysis reveals that betaglycan contains a 
sequence identical to the regulated cleavage site for TGF-a. This 

finding suggests an additional site for regulation of the growth factor 
binding function of betaglycan. We suggest that betaglycan, through 
its unusual abiliry to bind one hormone through its core protein and 
another through its glycosaminoglycan chains, may provide a very 
specific mechanism for regulating the information available to 
signalling receptors at the cell surface. 

G 101 ROLE OF BCL-2 IN THE PROTECnON AGAINST 
APOPTOSIS INDUCED BY DEPRIVATION OF 

GROWTH FACTORS OR CROSSLINKING OF mig RECEPTORS IN 
IMMATURE B CELLS, J. E. Ales-Martinez, E. Cuende, C. 
Martinez-A. and L. Ding t  and G .  NuBezt,  Centro de 
Biologia Molecular, C.S.I.C. and U.A.M. 28049 Madrid,  
Spain, and TDept. of Pathology, Ann Arbor,  Michigan 

m l g  cross- l inking induces a cel l -cycle  block in G1 ,  
followed by apoptosis  in immature B cells.  I n  other 
studies,  i t  has  been shown that increased expression of 
t he  bcl-2 gene  confers resis tance against  g rowth -  
factor deprivation induced apoptosis.  Also, in a bcl-2 
t ransgenic  model ,  t he  B-cell  population is expanded 
and this expansion could be d u e  to interference with 
the normal processes which regulate the life-span of B 
cells. In  this work, we  investigate first, whether forced 
hyper-expression o f  bcl-2 interferes with apoptotic cell  
death induced through the mIg receptor.  If this i s  the 
case,  i t  could provide a rationale for  the development  
of au to reac t ive  B-ce l l s  and  an t ibod ie s  in ce r t a in  
lymphoprol i ferat ive disorders.  Secondly,  w e  intend to  
ask,  on the basis  of t he  effect  of bcl-2 expression,  
whe the r  s e r u m  depr iva t ion  a n d  m l g  c ross l ink ing  
p r o v o k e  a p o p t o s i s  by at l ea s t  pa r t iy  s e p a r a t e  
p a t h w a y s .  

48109-0602,  USA 

G 103 CHARACTERIZATION OF A PUTATIVE SE-1 
T H R E O N I N E  K I N A S E  R E C E P T O R ,  Liliana Attisano, 

Jeffrey L. Wrana and Joan Massague, Cell Biology and Genetics 
Program, Memorial Sloan-Kettering Cancer Centre. New York City, 
New York, 10021. 
Using a PCR-based approach we have isolated a putative senndthreonine 
kinase receptor from Balb/c 3T3 fibroblasts. A unique PCR-generated 
DNA clone was used to screen a Balb/c 3T3 fibroblast cDNA library and 
several partially overlapping clones were identified. Sequence analysis 
of these isoiares identified a contiguous nucleotide sequence of 1636 bp 
with an open reading frame encoding a 512 amino acid polypeptide. The 
predicted product of this cDNA has the characteristics of a 
transmembrane protein inchding a N-terminal hydrophobic signal 
sequence, a short extracellular region (116 amino acids), a 
nansmembrane region and a large cytoplasmic region. The cytoplasmic 
domain has features typical of a serine/threonine kinase. This 
polypeptide is similar to the mouse activin receptor in terms of both 
amino acid sequence and domain structure. The extracellular domains 
share approximately 50% amino acid identity with all 10 cysteines and 2 
N-linked glycosylation sites conserved. In addition, the cytoplasmic 
domain is approximately 75% identical. This receptor exists in two 
alternatively spliced forms. and their mRNAs are present i n  
approximately equal abundance i n  Balb/c 3T3 cells. Mammalian cell 
nansfections are presently underway in order to identify the ligand for 
this receptor and to determine the functional relevance of these two 
forms. 
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G 104 DIFFERENTIAL IMMORTALIZATION POTENTIAL 

RESPONSIVENESS. Jane L. Brokaw, Karl Miinger, and Peter 
M. Howley, Laboratory of Tumor Virus Biology, National 
Cancer Institute, Bethesda, MD 20892 
The growth of normal human keratinocytes and cervical 
epithelial cells is markedly inhibited by TGF-B. Human 
keratinocytes immortalized by human papillomavirus type 16 
(HPV-16) are also susceptible to the growth-suppressive effect 
of TGF-B, and display a reduction in transcription of viral E6 
and E7 early genes. In contrast, HPV-18-immortalized lines 
are resistant to the growth suppressive effects of TGF-B, and 
the transcription of the the early viral genes remains relative- 
ly unaffected. It has been reported that cervical carcinoma 
lines are also insensitive to the inhibitory effect of TGF-B. 
While both HPV-16 and HPV-I8 are associated with invasive 
squamous cell carcinomas and precancerous lesions, HPV-18 
is predominantly associated with invasive carcinoma and is 
less frequently associated with premalignant cervical intraepi- 
thelial neoplasia. Moreover, HPV-18 is several-fold more 
efficient than HPV-16 in the in vitro immortalization of 
human keratinocytes. Therefore, it has been suggested that 
HPV-18 may behave more aggressively in the carcinogenic 
process. The enhanced transforming capacity of HPV-18 may 
be related to its resistance to inhibition by TGF-8. Studies are 
currently underway to delineate the sequence within the HPV- 
18 long control region (LCR) that confers HPV-18 with its 
heightened transforming efficiency and distinguishes it from 
HPV-16, and to define the TGF-B-responsive element in the 

OF HPV TYPES 16 AND18 AND THE ROLE OF TGF-B 

HPV-16 LCR . 

G 106 IN VITRO APOPTOSIS IN THE HUMAN HEPATOMA 
CELL LINE INDUCED BY TRANSFORMING GROWTH 

FACTOR-BETA (TGF-P) , Chen-Kung Chou and Jen-Kou 
L in  , Deparment o f  Medical Research and Department 
of  Surgery, Veterans General Hospital, 201, Section 2, 
Shih-Pai Road, Shih-Pai, Taipei, Taiwan, R.O.C. 

The e f fec t  o f  t ransforming growth  factor-beta (TGF- 
p) on human hepatoma ce l l s  (Hep 38) was studied. Cell 
death was observed when the serum starved Hep3B 
ce l l s  were exposed t o  a very l o w  dose o f  TGF-P . The 
ha l f  maximal cytocidal  concentrat ion o f  TGF-P was 
around 20 pM. Cell death began approximately 24 hours 
fo l low ing  treatment, w i t h  more than BOX of the ce l l s  
dying a f t e r  48 hours. In contrast ,  the control  cel ls,  
wh ich  were  cu l tu red  i n  serum free cond i t ion  s t i l l  
gradual ly p ro l i fe ra ted .  Furthermore, the cy toc ida l  
e f f e c t  o f  TGF-P on Hep 3 8  ce l l s  was not a l te red  by 
e i t h e r  cyc lohex imide  o r  ac t inomyc in  D. I t  was  
discovered, using diphenylarnine assay, t ha t  TGF-P 
induced DNA fragmentat ion i n  Hep 38  cel ls,  w i t h  a 
t i m e  course p r i o r  t o  t h a t  o f  ce l l  death. Using gel  
e lec t rophores is ,  the  f ragmented DNA, cou ld  be 
displayed, and showed a cha rac te r i s t i c  step ladder 
pa t te rn .  Thus, i t  appeared tha t  TGF-P induced a 
par t i cu la r  pathway i n  Hep 3 8  ce l l s  i n  wh ich  de novo 
p ro te in  syn thes is  was no t  ac t i ve l y  involved, bu t  
endogenous nuclease was ac t i va ted  wh lch  cleaves 
ce l lu la r  DNA and induces ce l l  death. 

G 105 ISOFORM-SPECIFIC TGFB BINDING PROTEINS 
SENSITIVE TO PIPLC, Sela Cheifetz and Joan 

Massague, Cell Biology and Genetics Program and 
Howard Hughes Medical Institute. Memorial Sloan 
Kettering Cancer Center, New York, NY 10021 
Novel cell surface proteins that bind TGFR in an 
isoform specific manner were identified on FBHE fetal 
bovine heart endothelial and MG-63 human osteosar- 
coma cell lines. These include three proteins of 90, 
100, and 180 kDa and two proteins of 60 and 140 kDa 
that preferentially bind to TGFBI and TGFB2 respec- 
tively. The 180-kDa TGFBl binding proteins and the 
60- and 140-kDa TGF-02 binding proteins were 
released from the cell surface by treatment with 
phosphatidylinositol-specific phospholipase C, sugges- 
ting the presence of a phosphatidylinositol anchor. The 
90- and 100-kDa TGF-81 binding proteins are compon- 
ents of a 190-kDa disulfide linked complex. The struc- 
tural properties and the selective affinity of these 
proteins for the different TGFB isoforms defines them 
as distinct from TGFB receptors I and II or the TGFR 
binding proteoglycan betaglycan. 

G 107 DNA-DEGRADATION (APO!TOSIS) OR DNA 
REPLICATION: DEFINITION OF A CONTROL POINT FOR 

INTERLEUKIN-2 DEPENDENT CELLS IN THE LATE GI PHASE, 
Ge Deng and Eckhard R. Podack, Department of Microbiology and 
Immunology, University of Miami School of Medicine, Miami, FL 33101 
DNA degradation (programmed cell death, apoptosis) is a biologically 
imponant mechanism to eliminate superfluous cells in multicellular 
organisms. In the immune system, growth factor (Interleukin-2. IL-2) 
availability conuols the extent of clonal expansion and the elimination by 
apoptosis of T-cell clones during and after an immune response, 
respectively. IL-2 deprivation from unsynthronized IL-2 dependent cells 
cause cell death within 16-24 h by DNA degradation. Our studies define a 
critical p i n t  in the cell cycle of CTLLZ, an IL-2 dependent cell line, in late 
G I  phase, where IL-2 controls the decision between DNA replication (IL- 
2 present) and DNA degradation (IL-2 absent). Once the cells pass the 
commitment point for DNA degradation in the absence of IL-2. readdition 
of IL-2 does not prevent apoptosis. Death committed cells degrads their 
DNA within 1.5 h at 37°C to fragments of 200 bp or multiple intergers 
thereof by intemucleosomal cleavage. Uncommitted cells after 1 - 2  h 
bejp to replicate their DNA without a requirement for continued IL-2 
presence. Prior to the commitment point in late GI, CILL2 can be 
rescued from apoptosis by the readdition of 11-2 or, alternatively. of 
cycloheximide. The rescue effect of IL-2 is dependent on gene 
transcription, since actinomycin D abolishes the rescue from apoptosis by 
IL-2. The rescue by cycloheximide is dependent on its ability to block 
protein synthesis. These data indicate that IL-2 depcndent CILL2 contain 
a long lived mRNA whose uanslation causes directly or indirectly. DNA 
degradation and programmed cell death (pcd-RNA). IL2 protects, via 
gene nanscription in late GI, mLL2 from the effect of the pcd-RNA. 
We postulate that C n L 2  survival is dependent on the continuous 
protection of its DNA from the killer (pcd) mRNA by L-2 dependent, 
cell cycle dependent synthesis of a protecting factor. 
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GI08 THREE CELL CYCLE CHECKPOINT CONTROLS ARE 
DEFECTIVE IN TRANSFORMED RODENT CELL LINES 

C. Stephen Downes and Robert T. Johnson, Cancer Research 
Campaign Mamnalian Cell DNA Repair Research Group. 
Department of Zoology, University of Cambridge, Cambridge 
CBE 3EJ, UK.  

The mechanisms of cel l  cycle control are  highly 
conserved i n  eukaryotes. A normal feature i s  tha t  
completion of each cel l  cycle stage i s  monitored by 
checkpoint mechanisms, which allow progression to  the next 
stage only when the essential previous ac t iv i t ies  have 
been completed. Recently, however, Kung e t  a l .  (Proc Natl . 
Acad. Sci. 87, 9553, 1990) i t  have reported tha t  
transformed?;odent cel l  l ines  evade one of these normal 
cel l  cycle checkpoints: they can proceed into the next 
cel l  cycle when spindle assembly and cytokinesis are 
blocked. We here show that  rodent cel l  transformation 
allows two other cel l  cycle checkpoints - controlling 
progression from S-phase into G E ,  and preventing entry 
into S-phase without passage through 62 and mitosis - to  
be bypassed, by different  mechanisms. Transformation Of 
human ce l l s  does not normally affect  these checkpoints. 

Rodent transformation allows cycle controls to  be 
altered i n  S-phase a r res t  induced by hydroxyurea, so that  
treatment with caffeine produces rapid S-phase 
condensation. I t  a lso causes c e l l s  treated with 
doxorubicin to  omit the subsequent mitosis, and to  
endoreduplicate. Such behaviour is not character is t ic  of 
transformed human cel l  s. However, transformed or  d i p 1  oi d 
human c e l l s  lose the i r  coordination of mitotic controls, 
and behave in th i s  respect l ike  transformed rodent c e l l s ,  
when treated i n  mitosis w i t h  aminopurine protein kinase 
inhibitors. The human response to  doxorubicin is not 
affected by aminopurines. The transformed rodent S-phase 
response to hydroxyurea can be suppressed with purine 
deoxyribonucleosides; these do not a f fec t  the response of 
mitotic human c e l l s  to  aminopurines, or of rodent c e l l s  to  
doxorubicin. The loss of coordination of cycle controls 
produced by rodent transformation is  therefore a complex 
phenomenon. 

G110 CYCLIN A FORMS COMPLEXES WITH SEVERAL 
CELLULAR PROTEINS, Barbara Faha, Li-Huei Tsai , Matthew 

Meyerson, and Ed Harlow, Molecular Oncology, MGH Cancer Center, 
Bldg. 149, 13th Sueet, Charlestown, MA 02129. 

The adenovims ElA proteins associate with a group of cellular 
proteins in virus transformed or infected cells. One of these proteins has 
been identifed as human cyclin A (Pines and Hunter, 1990). We have been 
studying cyclin A as a means to understand the functional implications of 
ElA binding to cyclin A. To do this, we have investigated the cellular 
proteins that co-immunoprecipitate with cyclin A. One such protein is the 
EIA-associated p107 protein. The association between cyclin A and p107 
is not dependent upon the presence of EIA or the retinoblastoma protein 
(pRB) and occurs in all cell lines tested. p107 has recently been cloned 
(Ewen et al., in press) and was shown to have homology with pRB within 
the EIA binding region. The association between E1A and p107 has been 
shown to be important for oncogenic uansfomation by adenoviruses. In 
addition, p107 has been shown to associate with the large T antigens of 
SV40 and JC viruses. The sign5cance of cyclin A's association with p107 
has yet to be determined. We are currently investigating the cell cycle 
regulation of this association. 

We have also shown that cyclin A associates with both ~ 3 4 ' ~ '  and 
p33, a protein originally described by Pines and Hunter (1990). V8 partial 
proteolytic analyses demonstrated that these proteins are distinct, however, 
N-chlorosuccinimide digestion suggested that they were related. Based on 
these analyses, we hypothesized that p33 might be encoded by a cdc2-related 
gene. Using degenerate oligonucleotides derived from conserved regions 
of the cdc2 gene family, fragments were amplified by PCR from cDNA 
made from two cell limes, HeLa and Nalm-6. These fragments were used to 
screen cDNA libraries for full length clones. Eight novel human cdc2-relatzd 
genes were obtained. One of these clones showed 65% identity with human 
cdc2 and 89% identity with Xenopus Eg-I at the amino acid levei. In 
addition, by several criteria, we have shown that this clone encodes the 
cychn A-associated p33. Th& clone has been named cdk2 for &ir-dependent 
b a s e .  We also show that p33& is found in anti-E1A immune complexes. 
Since we have been unable to detect 34&' in these complexes, it appears 
that EIA may target the cyclin A/p33& complex. 

G 109 CELL CYCLEDEPENDENT NEGATIVE 
REGULATION OF p34& BY TRANSFORMING 

GROWTH FACTOR E l ,  Scott T. Eblen, Prashant Joshi, 
Rebekah Bumette-Greene and Edward B. Leof, Department of 
Cell Bioloev. Vanderbilt University School of Medicine. 
Nashville,yN 37232 
The ability of Transfo-K Growth Factor E l  (TGFEl) to act 
as a cell-type specific a c t i v k r  or suppressor of cell growtb is 
an interesting and perplexing phenomenon. It has been 
established by our lab that TGFEl arrests quiescent 
restimulated epithelial cells at the Gl/S phase border. 
Inhibition of DNA synthesis occurred through a post- 
transcriptional action of TGFE~.  The mechanism of this 
growth arrest has not been conclusively established. To further 
address this problem we are currently investigating the effects 
of TGFEl in cycling CCL64 cells, a mink lung epithelial ccll 
line growth-arrested by TGFEL. Release of sparse CCL64 
cultures from TGFEl growth inhibition similarly indicated a 
Gl/S phase cell cycle arrest. A potential regulator of both 
Gl/S as well as G2/M traverse in all eukaryotic systems 
studied is the p34& protein h e .  Addition of TGFEl to 
cycling cells decreased the synthesis of ~ 3 4 ~ .  Protein levels 
decreased within 3-6 hours following T G F E ~  addition and 
continued to decline to only 10% of control levels by 24 hours. 
The kinetics of TGFEl action on p34& synthesis preceded any 
effect on cell division and paralleled the observed decrease in 
DNA synthesis. These effects of TGFEl are cell cycle- 
dependent in that they are G1 specific. Moreover, this 
decrease in p34- synthesis by TGFEl is not simply reflecting a 
general decrease in protein synthesis Jince other growth 
regulatory proteins are unaffected. T G F E ~  also decreased both 
the phosphorylation and histone H1 kinaae activity of p34*. 
Western analysis indicated that 24 hour treatment with TGFEl 
did not signiftcantly affect total p34& levels; the half-life was 
approximately 18-24 hours in either the presence or absence of 
TGFE1. Understanding the control of p34& activity may 
provide insights into the biochemical mechanism(s) of TGFEl 
growth inhibition. 

G 111 INCREASED EXPRESSION OF TGF-B ISOFORMS BY 
MALIGNANT GLIOMAB, Leslie I. Gold, Babita Saxena, 

David Zagzag, Douglas C. Miller, Maxim Koslow, Leslie 
Brandeis, and Jean-Pierre Farmer, Departments of Pathology, 
Neuropathology, and Neurosurgery, New York University 
Medical Center, New York, NY 
TGF-B is a potent biregulator of cellular growth and 
differentiation, is involved in angiogenesis. and also is an 
immunosuppressive cytokine. Because of these characteristics, 
it was our interest to examine the expression of the three 
mammalian isoforms of TGF-R (TGF-B1, TGF-B2, TGF-B3) in 
gliomas, ranging in grade of malignancy, to  understand the role 
TGF-13s might play in the behavior of these tumors. The 
expression of TGF-13s in gliomas compared to  normal cerebral 
cortex and cerebellum was examined by immunohistochemistry 
using peptide affinity purified anti-peptide antisera specific for 
each isoform. TGF-BZ and TGF-B3, but not TGF-Bl, were 
expressed by normal astrocytes and oligodendrocytes of both 
grey and white matter; TGF-81 only showed immunostaining of 
myelin. Also, in the cerebellum, TGF-82 and TGF-133. but not 
TGF-81, specifically stained the cell bodies and dendrites of the 
purkinje cells. Conversely, all three isoforms of TGF-B stained 
both reactive and tumor astrocytes in all grades of 
astrocytomas (I-IV; IV = Glioblastoma multiforme). pilocytic 
astrocytomas, PNETs. and gliosarcomas In = 5 of each). In 
mixed gliomas, the oligodendrocytic constituent demonstrated 
higher immunoreactivity than in normal brain tissue. Although 
TGF-B expression was generally much greater in the astrocytes 
of tumor tissue compared to normal, the presence of a specific 
isoform of TGF-B and the apparent intensity of expression did 
not correlate with the grade or tumor type. There was very 
striking expression of TGF-B2, and especially TGF-B3 in the 
smooth muscle cells of the blood vessels in all the gliomas 
examined and all three isoforms were expressed by the 
endothelial cells in most of the tumors. In all cases, the normal 
tissue adjacent to  the tumor demonstrated intense 
immunostaining of TGF-Bs that progressively decreased distally 
to  the tumor. This may indicate a paracrine effect of the tumor 
on the surrounding normal tissue. Further studies will examine 
the biological significance of the increased expression of TGF-B 
in gliornas and the specific activation of the'expression of the 
TGF-Is1 isoform. 

10016. 
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G 112 MULLERZAN INHIBITING SUBSTANCE ( M I S )  SLOWS 
THE CELL CYCLE PROGRESSION OF HUMAN 

EPIDERMOID CARCINOMA, A431, CELLS, *$P.L.Hudson, 
+F.Preffer, tD.Domkowski, $D.T.blacLaugNin, *J.K.Biusztajn, and 
SP.K.Donahoe, *Department of Pathology, Boston University School of 
Medicine, Boston, MA 021 18, tkpamnent  of Pathology and SPediaeic 
Surgical Research Laboratories. Massachusetts General Hospital, Boston, 
MA 021 14 
MIS is an embryonic regulator of morphogenesis which causes the 
regression of growth of the mullerian ducts in males. It is included within 
the Transforming Growth Factor fi group due to it's C terminus amino acid 
homology and similar growth regulating uaits. Previous work has shown 
MIS to have antiproliferative activity against human ovarian and endometrial 
tumors as well as a human ocular melanoma in in vivo and in v i m  studies. 
We have found that an early indication of inhibition of growth by MIS is a 
slowing of G1 cells in their transition to S phase. We used Flow Cytomeuy 
to assess the ability of MIS to prevent cell cycle progression. A431 cells 
grown to 100% confluency were found to be primarily in the G1 phase 
(e.g., 87.7% G1. 1.4% S, 10.9% G2/M phase). When replated at a 
subconfluent density the cells began to divide and at 24 hours 39.1%. 
52.3% and 8.6% were found to be in G1, S and G2/M phases respectively. 
In contrast cells replated in media containing 20 pg/ml human recombinant 
MIS (143 nM) did not progress from GI  arrest and at 24 hours 73.9% were 
still in G1 whereas 23% were in S phase. The human ocular melanoma, 
OM431 cells, found to be growth inhibited by MIS, also exhibited this cell 
cycle effect. Cells exposed to MIS do slowly leave G1 phase and replicate, 
however, the slowing of cell cycle kinetics results in 50% inhibition of 
growth at 72 hours in comparison to untreated controls. Ion exchange 
@ E m ) ,  dye affinity (Mamx@ Green Gel A) purifted MIS was consistently 
more effective in inhibiting growth of A431 cells than immunoaffinity 
purified MIS (UP MIS). The decreased inhibition of growth by IAP MIS 
could reflect : 1. molecular latency due to incomplete enzymatic processing, 
2. aggregation of the molecule preventing processing or 3. absence of an 
essential cofactor. Experiments are underway to characterize these 
molecular events. 

G 114 Macrophage cell cycle arrest by cAMP occurs in mid-G1 and 
overrides constitutive c-myc expression, Suzanne Jackowski, John L. 
Cleveland and Charles 0. Rock, Department of Biochemistry, St. Jude 
Children's Research Hospital, Memphis, Tennessee 38101. 

A murine macrophage cell line (BAC1.2F5) was employed to 
investigate the inhibition of colony-stimulating factor 1 (CSF-1)-dependent 
proliferation by elevation of intracellular cAMP via prostaglandin E, 
( P G Q .  BAC1.2F5 cells were synchronized in early G1 following 
transient removal of CSF-1 from the medium and required the presence of 
CSF-1 throughout G1 to obtain the maximum mitogenic response. PGE, 
was an effective inhibitor of ['H]thymidine incorporation when added up 
to 4 h after CSF-1, but addition at later times did not block the onset of 
S phase. The time required to enter S phase following release from cAMP 
arrest was midway between the G U S  boundary as defined by arrest with 
aphidicolin and the time to S phase entry following CSF-1 addition to 
CSF-1-starved cells. BAC1.2F5 cells released from aphidicolin block 
entered S phase in the absence of CSF-1, but cells arrested with a cAMP 
analog required the presence of CSF-1 to initiate DNA synthesis. PGE, 
or cAMP analogs did not block the initial induction of c-myc mRNA by 
CSF-I, but did abolish the CSF-1-dependent expression of c-myc mRNA 
in the mid-GI stage of the cell cycle. PGE,-mediated reduction in c-myc 
RNA levels required protein synthesis and, based on nuclear run-on 
experiments, the reduction in c-myc mRNA levels occurred at the level of 
transcription. BAC1.2F5 cell lines in which c-myc expression was 
independent of CSF-1 were derived using a Moloney murine leukemia 
virus-derived vector encoding c-myc. Stable clones constitutively 
producing c-myc mRNA still required CSF-1 for growth and survival. 
These cell lines were also growth-arrested by PGE, and cAMP analogs in 
mid-GI supporting the view that the reduction in endogenous c-myc 
mRNA levels by PGE, was a consequence rather than the cause of growth 
inhibition and demonstrating that constitutive expression of c-myc can not 
overcome cAMP growth stasis. Taken together, these results suggest that 
CAMP-mediated growth arrest and the inhibition of c-myc mRNA 
transcription is mediated by a CAMP-inducible gene product(s) that arrests 
macrophage cells in the middle of the GI phase of the cell cycle. 
(S~pponed by ACS BE-lZIB, GM45737 and DK44158) 

G113 INTERLEUKIN-6: A POSSIBLE MEDIATOR OF 
SOME OF THE ACTIONS OF TGF-P1. Ronald 

A. Ignotz and Chris Bombara. Dept. of Cell 
Biology, Univ. Massachusetts Ned. School, 
Worcester MA 01655. 

Transforming growth factor-pl elicits a variety 
of responses in many cell types. In some 
instances, these responses may be mediated 
through the induction of secondary factors such 
as & in proliferative responses. Here, we 
report that antibodies which neutralize 
Interleukin-6 (IL-6) can block the growth 
inhibitory effects of TGF-p1 on human TIIP-1 
promonocytes. Interestingly, IL-6  itself is 
capable of inhibiting the proliferation of 
promonocytes suggesting that TGF-0 may elicite 
some effects through the induction of this 
cytokine. TGF-p1 is also capable of inducing 
the expression of IL-6  mRNA 8-10 fold in human 
diploid fibroblasts. Preliminary studies with 
promoter sequences for the IL-6 gene linked to 
a reporter gene and transfected into cell lines 
also indicate that TGF-81 is capable of 
activating IL-6 gene transcription. In 
contrast, others have reported that TGF-8 
suppresses IL-6 expression in endothelial 
cells. our results are in agreement with the 
report of Guerne el. on induction of IL-6 in 
chondrocytes. Thus, the regulation of IL-6 
expression by TGF-p1, both positive and 
negative, is an attractive model for examining 
tissue specific effects of TGF-PI. In 
addition, this comparison may give insight into 
the complex pattern of responses OCCUring in 
tissues. Some effects attributed to TGF-81 may 
be indirect and the result of other induced 
cytokines which show a higher level of cell 
type discrimination. 

G 115 IDEN"ICATRX4 AND CEARACl'ERIZATION OF TBE 
CHICKEN TRANSFORMING GROWTH FACTOR-03 

PROMOTER, Sonia B. Jakowlew. Robert Lechleider, 
Andrepr 0. G&ser, SgargJh Kim, Tomas S a n b  Colon4 
nichael B. Sporn and A n i t a  B. Roberts, Laboratory of 
ChemcpIWvmtiOn, N a t h i a l  Cancer InatitUte, Bethesda, 
MD 20892 
The promoter regions of the three mammalian 
transforming growth factor-beta genes (TOP-0s 1, 2 
and 3) have been cloned and characterized. The 
sequences show little ' ity suggesting different 
mechanisms of transcriptional control of these  
genes. A s  an i n i t i a l  step in understanding 
t r a n s c h i p t i o n a l ~  ' of Caicken TOP-0, w e  have 
cloned and sequenced the 5'-flanking region of 

TGF-03. Ch- ' tion of the L#-flanking 
region showed a 94 base pair S'-untranelated region, 

start site, and cmP-responsive e l e m e n t  (cRE) and 
l\p-2 binding s i b  amseasus sequences starting at 
and 28 bp, respech 'vely, upstream f r o m  the TATA box. 
Morwver, 14 additional putative AP-2 sites and 10 
binding sites for the transcription factor Bpl were 
also i d e n t i f i e d  as  w e l l  as one potent ia l  

binding aita Ex- for 32 bp of identity centered 
around the  TATA box and CRE site, and other 
relatively small regions of identity, the chicken 
TGP-03 promoter was found t o  be structurally very 
diff-t fmm the human TGP-03 promoter. Promoter 
fragments were  c l ~ ~ e d  hto a chlorampheniml acetyl- 
transfarase reporter plasmid to study functional 
activity. B a s a l  transcriptional act ivity O f  the 
promotar was regulated by m u l t i p l e  upstream elemsnts 
including the TATA, CRE and AP-2 sites in human 
adenocKdnoma A375 calls and in quail fibrosarwma 
Q M 7 c e l l s  our rmulta indicate a complex pat.+arn of 
regulation of the  chickerm TGP-03 gena. 

a TATA M 352 bp up- from the transcriptional 

lZ-O-~-Oylpho&d U-BCetate (TPA) CoIIsenzNs 
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G 116 POSITIVE REGULATION OF CELL CYCLE 
PROGRESSION BY TGFR ON MOUSE 

FIBROBLASTS, Tae A .  Kim, Alan J. Kinniburgh, 
and Charles E. Wenner, Experimental Biology 
and Human Genetics, Roswell Park Momorial 
Institute, Buffalo, NY. 14263 
In mouse C3H 10T1/2 fibroblasts, TGFR ( 5  
ug/ml) exerts a growth stimulatory effect 
and a somewhat delayed EGF-, PDGF-induced S- 
phase entry. This positive effect of TGFA 
involves several possible parameters 
including (1) a slower induction of c-irys 
expression by TGFD, (2) autocrine/paracrine 
induction of PDGF by TGFB and (3) induction 
of AP-1 related "immediate early gene" 
expression such as c - k ,  c-fos and m. 

Moreover, we have recently observed that 
TGFR upregulates the expression of 
retinoblastoma gene (Rb) within 3 hr. The 
mRNA levels of Rb increase 5-8 fold between 
3 to 12 hrs after TGFB treatment. The 
induction of Rb gene expression was also 
detected by stimulation of EGF ( 2  ng/mf) 
and tumor promoter, TPA (2XlO-'M), In 
quiescent, postconfluent C3H 10T1/2 cells. 
Interestingly, the significant induction ( 5  
fold) of Rb gene by TPA occurs within 1 hr. 
The upregulation of Rb mRNA by growth 
factors or tumor promoters can generate the 
high level of Rb gene product (pRb). Since 
underphosphorylated pRB is known to be a 
growth suppressor, we propose that growth 
stimulation leads to the hyper- 
phosphorylation of pRB that is generated by 
growth factors in mouse embryonic 
fibroblasts. 

G 118 EXPRESSION OF HUMAN RETiNOBIASTOMA GENE PRODUCT IN MOUSE 

FIBROBLASTS: REGULATON BY MOUSE CELL FACTORS AND EFFECTS ON CELL 

GROWTH. Marikki Laiho and K imm Pitkilnen, Lkpatlment of Virology, 

University of Helsinki, 00290 Helsinki, Finland. 

Expression of human relinoblastoma cDNA in human retinoblastoma and 

osleosarcoma cells defective of the retinoblastoma gene (RB1) almost fully 

arrests the growth of the cells and prevents tumor formation in Vivo. TO 

evaluate the characteristics and functions 01 the human retinoblastoma gene 

product in a heterologous system we have attempted to stably express 

human full-length RB cDNA in normal mink epithelial cells or mouse fibroblass 

using a mammalian expression vector. Whereas high levels of RB expression 

was readily observed in mouse fibroblasts, no stable epithelial cell lines 

expressing human FIB were obtained. The mouse fibroblast produced human 

RB protein appears to have similar properties as in human Cells. It IS 

phosphorylated and dephosphorylated in a cell cycle dependent manner 

indicating that the rodent and human kinases and phosphatases are closely 

related. Moreover, human RB protein expressed in mouse cells is able to form 

complexes with SV 40 large T antigen, suggesting that it is functionally active. 

In contrast to tumor cells and the mink epithelial cells the expression of normal 

RB does not affect the growth properties of mouse fibroblasts. In epithelial 

cells RB may mediate the growlh inhibitory signals generated by transforming 

growth factor-I31 (TGF-Ol). Although TGF-I31 prevents the proliferation of 

most epithelial cells, it weakly stimulates mitogenic responses in mouse 

fibroblasts. The growth responses of RE expressing cells to TGF-81 were, 

however, comparable to those of RB- fibroblasts. Thus the expression of RB 

in mouse fibroblasts did not atler the growth regulatory circuits of TGF-I31 

G 117 MECHANISMS OF KERATINOCME GROWTH INHIBITION BY 
CALCIPOTRIOL AND VITAMIN D3: ENHANCEMENT OF TGFp EXPRESSION 
AND DECREASE OF PLASMINOGEN ACTIVATOR ACTIVITY. Katri Koli and 
Jorma Keski-Oja, Departments of Virology and of Dermatology and 
Venereology, University of Helsinki, SF-00290 Helsinki, Finland. 

Vitamin D3 and its metabolites regulate the growth and 
differentiation of  several cell types. 1 ,25(OH)*D3 and its analogue 
calcipotriol (MC 903) inhibit the proliferation of cultured human 
and mouse keratinocytes and induce keratinocyte differentiation. Since 
TGFP is a very potent inhibitor of keratinocyte growth we investigated 
the effect of vitamin D3 on the secretion of TGFpl and TGFp2. We found 
that vitamin D, and calcipotriol [10-8M] inhibited the DNA-synthesis 
of EGF stimulated mouse keratinocytes by 40 %. The inhibition was 
time and dose dependent. Keratinocytes secreted into their medium 
activily that inhibited the growth of Mvl Lu cells. Activation of latent 
forms of  TGFP by heat-trealrnent revealed even more growth 
inhibitory activity in vitamin D3 and calcipotrloi treated than in 
control cultures indicating that a fraction of TGFp was in a latent 
form. Antibodies to TGFp1 and TGFp2 decreased, and when used 
together, prevented the observed inhibition of growth. These results 
suggest that TGFpl and TGFp2 mediate the growth inhibitory effects of 
vitamin D, 

Calcipotriol is effective for the treatment of psoriasis 
where increased plasminogen activator activity has been reported. We 
analyzed the effects of calcipotriol and vitamin D3 on the production of 
piasminogen activator activity by mouse keratinocytes. Caseinolysis- 
in-agar assays indicated that vitamin D3 decreases total plasminogen 
aclivator activity in murine keratinocyles. Zymographic analyses of 
the medium indicated that the activator was of the urokinase type (u -  
PA). Unlike in TGFp treated keratinocyte cultures decreased secretion 
of plasminogen activator inhibitor-I (PAI-1) was observed. The 
resuits suggest that vitamin D3 and calcipotriol decrease plasminogen 
activator activity independent of TGFp induction, in association with 
growth inhibition of keratinocytes, which is mediated via TGFp1 and 
TGFl32. 

G 119 AN EPIGENETIC MECHANISM MAY COORDINATELY 
REGULATE EXPRESSION OF SEVERAL HUMAN 

BRONCHIAL EPITHELIAL CELL GENES. J.F. Lechner', K.A. 
Elliget', V.L. Wilson3, R. Modali4, B.I. Gerwin' and C.C. 
Harris', 'Inhalation Toxicology Research Institute, 
Albuquerque, NM 871 85, 'Dept. Path., Univ. MD, Baltimore 
MD 21201, 3Mol. Genetics/Path.. Univ. CO, Denver CO 
80281, 'Bioserve, Inc., College Park, M D  20742, and 'Lab. 
Human Carcinogenesis, NCI, Bethesda, M D  20892. 
Two isogeneic subclones of the SV40 T-antigen 
immortalized human bronchial epithelial cell line (BEAS-2B) 
exhibit several dissimilar characteristics. S.6 cells undergo 
squamous differentiation when exposed to  TGF-B,, but  R. 1 
cells continue replicating. In addition, S.6 cells have 
relatively higher steady state levels of TGF-a & EGFR 
rnRNAs. Also, only in S.6 cells do TGF-B, and epinephrine 
repress and induce, respectively, the steady state level of c- 
rnyc rnRNA in S.6 cells. We have now found that the TGF- 
pi receptor binding kinetics and physical characteristics of 
S.6 & R.l  cells are indistinguishable. Thus, gene regulation 
of these expressions by TGF-B, is distal t o  Iigand binding. 
On the other hand, the genomic level of 5-methyl cytosine 
of R.1 DNA is twice that of the S.6 cell DNA. This 
observation suggests that the differential expressions of  S.6 
and R . l  cells could be due to  an epigenetically based 
mechanism that coordinates a global change in gene 
regulation that includes TGF-B, signal transduction. Since 
lung squamous cell carcinomas contain both squamous 
differentiating S.6-like and continuously replicating R. 1 -like 
cells, understanding the mechanisms that govern the 
epigenetic interconversion of  these phenotypes could 
possibly provide novel clinical intervention modalities. 
Sponsored in part by US DOEIOHER contract No. DE-AC04-70EV01013 
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G 1-20 EXPRESSION CLONING OF THE TYPE I1 
TGF-P RECEPTOR. &rhert Y. b, Xiao-Fan 

Wang, Elinor Eaton, Robert A. Weinberg, and Harvey F. 
Lodish. Whitehead Institute for Biomedical Research, 
Cambridge, MA 02142, and Department of Biology, 
Massachusetts Institute of Technology, Cambridge, MA 
02139. 

We have succeeded in isolating the cDNA encoding the 
type I1 TGF-P receptor by expression cloning in COS cells. A 
cDNA mammalian expression library was constructed from 
L L C - P K 1  porcine kidney epithelial cells and plasmid 
miniprep pools representing -10,000 independent cDNA 
clones were transfected into COS cells grown on glass slide 
flaskettes. 48-60 hours after transfection, cells were 
incubated with iodinated TGF-PI, then extensively washed, 
and autoradiographic analysis was performed. After 
screening 400,000 recombinants, one positive pool of 6000 
recombinants was identified and a single clone with an  
insert of 0.9 kb was isolated through serial subpooling. 

Northern analysis using this cDNA as  a probe shows 
that the corresponding message is a 5 kb message which is 
expressed in different tissues and cell lines. A full length 
cDNA was subsequently isolated by high stringency 
hybridization from a human HepG2 cell cDNA library. 
Sequence analysis indicates that  the cDNA has an open 
reading frame encoding a core 573 aa residue protein with a 
single putative transmembrane domain, several consensus 
glycoslyation sites,  and  a putative intracellular 
serine/threonine kinase domain. Crosslinking experiments 
using iodinated TGF-P1 in transiently transfected and stably 
transfected cells indicates that the expressed protein has all 
the characteristics of the type I1 receptor: binding to TGF-P1, 
correct expressed protein size and expression pattern. 
Surprisingly, the ability of the type I receptor to  bind TGF-P1 
is increased by the expression of the type I1 receptor. 

G 122 

A COMPONENT OF THE TGF-8 RECEPTOR SYSTEM, 
Fernando L6pez-Casillas. Sela Cheifetz, Jacqueline Doody, 
Janet L. Andres, William S. Lane and Joan MassaguC, Cell 
Biology and Genetics Program and Howard Hughes Medical 
Institute, Memorial Sloan-Kettering Cancer Center, New 
York, NY 10021, and Harvard Microchemistry Facility, 
Harvard University, Cambridge, MA 02138. 
The primary structure of rat betaglycan, a polymorphic 
membrane-anchored proteoglycan with high affinity for 
transforming growth factor4 (TGF-8) is described. As 
deduced from its cDNA sequence, the 853 amino acid core 
protein of betaglycan has an extracellular domain with 
clustered sites for potential attachment of glycosaminoglycan 
chains. These chains are dispensable for TGF-8 binding to the 
core protein. The transmembrane region and the short 
cytoplasmic tail of betaglycan are very similar to these 
regions in human endoglin, an  endothelial cell membrane 
glycoprotein involved in intercellular recognition. The 
ectodomain of betaglycan can be released as a soluble 
proteoglycan; a potential cleavage site near the 
transmembrane region is identical to the highly regulated 
cleavage site of the membrane-anchored transforming growth 
factor-a precursor. The unique features of betaglycan suggest 
important roles in cell interaction with TGF-8. 

STRUCTURE AND EXPRESSION OF THE 
MEMBRANE PROTEOGLYCAN BETAGLYCAN, 

G 121 DOMINANT NEGATIVE MUTANTS OF TRANSFORMING GROWTH 

TRANSFORMING GROWTH FACTOR-B ISOFORMS. Alfred0 R. L O p e ~ l . ~ ,  
Prescott L. Deiningefi. and Rik Derynck'3 
Developmental Biology, Genentech Inc. South San Francisco CA 
94080. Departments of ZMedicine. 3Growth and Development, and 
Anatomy, University of California San Francisco, San Francisco 
CA 94143. and 4Department of Biochemistry and Molecular 
Biology, Louisiana State University Medical Center, New Orleans, 
LA 70121. 
Transforming growth factor+ (TGF-8) is a secreted polypeptide 
factor that is thought to play a major role in the regulation of 
proliferation of many cell types and various differentiation 
processes, Several related isofoms have been structurally 
characterized, three of which, TGF-81. -82 and -83, have been 
detected in mammalian cells and tissues. Each TGF-b form is a 
homodimer of a 112 amino acid polypeptide which is encoded as a 
larger polypeptide precursor. We have introduced several 
mutations in the TGF-8 1 precursor domain using site-directed 
mutagenesis. resulting in an inhibition of the TGF-8 1 secretion. 
The most potent of these mutants A RK. lacks the highly charged 
sequence that follows closesly the signal peptide at amino acids 41 
to 62 and is identical in the precursor polypetides for all t h e e  
TGF-p  sequences. Coexpression of these mutants with wild type 
TGF-81. -82 and -83 results in a competitive and specific inhibition 
of the secretion of different TGF-b forms, indicating that these 
mutated versions act as dominant negative mutants for TGF-@ 
secretion. Overexpression of dominant negative m u t a m  can thus 
be used to abolish endogenous secretion of TGF-8 and structurally 
related family members both in vitro and in vivo, and to probe in 
this way the physiological functions of the members of the TGF-8 
super fami ly  . 

FACTOR-BI INHIBIT THE SECRETION OF DIFFERENT 

1Department of 

G 123 EXPRESSION OF TRANSFORMING GROWTH 
FACTOR BETA IN THE CENTRAL NERVOUS 

SYSTEM, Ursula Malipiero, Daniel Constam, Jeannette 
Philipp, and Adriano Fontana, Section of Clinical 
Immunology, University Hospital Zurich, 8044 Zurich, 
Switzerland. 
In inflammatory diseases of the central nervous system 
(CNS), activation of infiltrating T- and B- cells from the 
blood may not only depend on presentation of antigen by glial 
cells in a MHC dependent manner, but also on local 
production of cytokines that modulate the immune response. 
Intrathecal synthesis of some cytokines such as E-6 and LFN- 
y, which regulate B-cell differentiation, can be measured in 
the cerebrospinal fluid in infectious diseases of the CNS. A 
negative regulator of the immune response that inhibits the 
antigen dependent growth of T-cells was found to be 
produced by human glioblastoma cells and belongs to the 
family of the transforming growth factors+ (TGF-P). The 
factor was isolated, cloned and the sequence is termed TGF- 
PZ. In the present study, we show that not only transformed 
glial cell lines but also mouse astrocytes express TGF-P2 
mRNA and prote;n but no TGF-P1 and 4 3  protein. In 
contrast, TGF-P rotein was found to be produced by 
microglial cells ne TGF-Ps have multiple effects on 
immunoregulation, cmbryogenesis, cell division as wen as 
differentiation. In order to investigate the nervous system for 
the regulation of activation of the TGF-P genes, we cloned 
and sequenced the promoter region of the human TGF-P2 
gene and determined the transcription initiation sites. A 
comparison with the TGF-P 1 promoter reveals considerable 
differences. Putative TATA boxes and AP-2 sites were found 
in TGF-P:! but not in TGF-P1. By footprinting analysis, we 
further investigated the promoter region. 
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G 124 CONVERSION OF A HUMAN COLORECTAL ADENOMA 
CELL LINE TO A TUMORIGENIC PHENOTYPE IS 

ACCOMPANIED BY A REDUCED RESPONSE TO THE ~~. . 

\"r INHIBITORY EFFECTS OF TRANSFOR ING GRO 
FACTOR B. Anna %Manning1, Ann C WilliamY, Angela Hague , 
Stephen M Game and Christ- Paraskeva!. lDepartment of 
Pathology & Micrqbiology, University of Bristol, University Walk, 
Bristol BS8 lTD, Department of Oral Medicine, Lower Maudlin 
Street, Bristol BSl 2LY, United Kingdom. 
The growth of three non-tumorigenic human colonic adenoma cell 
lines at early passage, designated AA/Cl, RG/CZ and RR/Cl was 
significantly inhibited by TGFB (50% inhibition of DNA synthesis 
after 24 hours of TGFB at 0.05-0.5ng/ml). A foulth adenoma cell line, 
BR/Cl although inhibited by TGFf3 was relatively resistant (30% 
inhibited by lOng/nl TGFp after 24 hours) compared to the other three 
adenoma cell lines. Five human colon cancer cell lines under identical 
conditions, however, were resistant to high concentrations of TGFP (2- 
lOng/ml) This is the first report of well characterised premalignant 
human colonic cells showing sensitivity to TGFP. 
The TGFp sensitive cell lines AA/Cl and RG/C;? were derived from 
relatively large adenomas and have either a k-ras or p53 gene mutation 
indicating that loss of response to TGFB occurs at a relatively late 
stage in colorectal carcinogenesis and the presence of these mutations 
do not necessarily confer resistance. The conversion of the AA/C1 
adenoma cell line to a tumorigenic phenotype (Williams et al., 1990, 
Cancer Research, 50, 4724) is accompanied by a reduced response to 
the inhibitoty effects of TGFB up to 10 ng/ml. Of further interest 
continuous in vitro passage alone results in a significant increase in 
resistance t o m b y  both the AA/Cl and RG/Q cell lines. Both the 
TGFp sensitive adenoma cell line AA/CI and its TGFf3 resistant 
transformed derivatives have similar numbers of TGFB receptors 
indicating a post-receptor mechanism is involved in the development 
of TGFp resistance in this system. Using Western blotting techniques 
we have found no clear correlation between the expression of the 
retinoblastoma gene product and sensitivity to TGFB. Reduced 
responsiveness to the inhibitory effects of TGFB may be an important 
event in the loss of growth control in colorectal carcinogenesis. 

G 126 KINETICS AND MECHANISM OF TGFB MEDIATED 

Karl Miingerl, Jennifer A. Retenpol2, Peter M. Howley1 and 
Harold L. Mosesz, ]Laboratory of Tumor Virus Biology, 
National Cancer Institute, Bethesda, MD 20892; ZDepartment 
of Cell Biology, Vanderbilt University, Nashville TN 37232 
Transforming growth factor t3 (TGFB) excerts strong growth 
inhibitory activity on a variety of cells including keratinocytes. 
TGFD inhibits keratinocyte growth when added at any time 
during GI but not in the S phase of the cell cycle. The synthe- 
sis of the c-myc protein is also downregulated by TGFD 
treatment even when added after G l / S  progression. This 
suggests that the c-myc protein may be important for the 
initiation of S phase in epithelial cells but is not absolutely 
required for progression in S phase. In TGFB treated primary 
human keratinocytes and a series of human papillomavirus 
and SV40 immortalized human keratinocyte cell lines the 
phosphoryla- tion status of pRB strictly correlated with cell 
growth in that there was an accumulation of hypophospho- 
rylated pRB in G1 arrested cells. No evidence was found for a 
direct effect of TGFD on the pRB phosphorylation status in 
these cells. 

GROWTH ARREST IN EPITHELIAL CELLS, 

G 125 ISOLATION OF MAMMALIAN HOMOLOGS OF YEAST 
CELL CYCLE INHIBITORY GENES FARl AND FUS3, 

Andrew R. Mendelsohn and Roger Brent, Department of Molecular 
Biology, Massachusens General Hospital Boston, MA 021 14 

We are in the process of identifying human homologs of 
yeast genes that are. critical in negatively regulating the cell cycle. 
When S .  cerevisiue haploid cells are exposed to mating factor from 
cells of the opposite mating type, FARl inhibits CLN2, a yeast 
cyclin that promotes transit from G1 to S ,  and FUS3 inhibits CLN3, 
a cyclin that also promotes uansit through the Gl/S boundary. 
Thus, FARl and FUS3 can be considered negative regulators of the 
cell cycle. If the mechanics of cell cycle regulation are conserved 
between yeast and vertebrate cells, then it should be possible to 
identify mammalian homologs of FAR1 and FUS3. 

FUS3 by complementation of S .  cerevisiae farl andfus3 mutant 
suains. Our scheme takes advantage of the fact that haploidfarl 
yeast mate far more poorly with a farl strain of opposite mating w e  
than with a wild type FAR1 strain of opposite mating type. This 
same pattern also holds true forfus3 strains. We hope to isolate a 
FAR1 human homolog by transforming a furl trpl S.  cerevisiue 
strain with a human cDNA library in a galactose inducible 
expression vector. In the presence of galactose the cells are mated to 
anotherfarl rrpl strain of opposite mating we. Only cells in which 
farl is complemented should mate efficiently and form diploids. A 
second round of screening will be used to c o n f m  potential 
homologues. We will use a similar strategy for the isolation of fur-' 
complementors. 

MAT~,wa3,leu2,t~l,metl far1 -1 strain and constructed a trp1 
derivative of a MATgwn3,leuZ.his4farl-l strain, which can be. 
transformed with ow cDNA libraries that contain the TRPl gene. In 
addition we have constructedfur3 saains from a 
MAT~,ura3,trpl,his3,le9 strain and a MAT&ade,his3,lys2,ur& 
strain by integration of a FUS3 gene interrupted in its coding region 
by a hisG-URA3-hisG construct. We are trying to use this strategy 
to clone the putative FUS3 and FARl human homologs. 

We are attempting to isolate human homologs of FARl and 

To expedite this work we have obtained a 

G127 EVIDENCE FOR THE INVOLVEMENT OF 

SIGNAL TRANSDUCTION; Masahiko Ohtsuki and Joan 
MassaguC#. Cell Biology and Genetics Program and 
#Howard Hughes Medical Institute, Memorial Sloan- 
Kettering Cancer Center, New York, New York 10021 

Transforming growth factor41 (TGF-81) rapidly 
increases the expression of JunB transcription factor and 
plasminogen activator inhibitor-1 (PAI-l), and prevents the 
cell cycle-dependent phosphorylation of the RB protein 
during late GI  phase in MvlLu lung epithelial cells. We 
show that these responses are blocked when the potent 
serine/threonine protein kinase inhibitor, H7, is added 
together with TGF-Bl. Added alone, H7 does not alter the 
basal junB or PAI-1 mRNA levels, the deposition of PAI-I 
into extracellular matrix or the phosphorylation of RB in 
late G I  phase. The analogues H8 and H9, which are 
preferential inhibitors of cyclic nucleotide-dependent 
protein kinases, are 5-fold less potent than H7 as inhibitors 
of the TGF-R response. The PAI-1 response to TGF-Rl is 
not affected by simultaneous addition of the protein kinase 
C inhibitor, staurosporin, or by prolonged preincubation of 
cells with phorbol 12-myristate 13-acetate which down- 
regulates protein kinase C. We conclude that H7 and its 
analogues block various early TGF-B responses by 
inhibiting a serinehhreonine kinase(s) that mediates TGF-B 
action. 

PROTEIN KINASE ACTIVITY IN TGF-B 
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G 128 IDENTIFICATION OF DIFFERENT LATENT 
FORMS OF TGF-Dl, -02 AND -I33 

SECRETED BY A HUMAN GLIOBLASTOMA CELL LINE, 
Anders Olofsson, Pascal Colosetti, Tetsuto Kanzaki, 
Kohei Miyazono, and Carl-Henrik Heldin; Ludwig 
Institute for Cancer Research, Box 595. Biomedical 
Center, S-751 24 Uppsala, Sweden. 

Transforming growth factor beta-1 (TGF-81) is 
secreted as latent high molecular weight complexes, 
with of without an associated component denoted latent 
TGF-01 binding protein (LTBP). We have found that a 
human glioblastoma cell line (U-1240 MG) secretes all 
isoforms of TGF-8 found in mammalian cells (TGF-81, 
-02 and -83). Approximately 26% of the secreted TGF-8 
was in  active form. Latent TGF-8:s were partially 
purified from medium conditioned by the U-1240 MG 
cell line. Anion exchange chromatography followed by 
immunobiotting using antibodies against precursor 
parts of the different TGF-13 isoforms, and against 
LTBP. revealed that all three isoforms of TGF-8 occured 
in high and small molecular weight forms. The high Mr 
forms occured both in complexes asociated with LTBP 
and in complexes associated with a protein(s) distinct 
from LTBP. LTBP has several EGF-like repeats and 
another repeat containing eight cysteine residues; 
fibrillin, a protein responsible for Marfan syndrome was 
recently found to have a similar structure. The EGF-like 
repeats have been implicated in the binding of Can+. 
Structural and functional properties of the second form 
of latent TGF-0 binding protein is under investigation. 

G 130 REVERSAL OF RESISTANCE TO TRANSFORMING 
GROWTH FACTOR41 IN STABLE SO.MATIC CELL 
IWRRIDS OF IIUMAN SOUAMOUS CARCINOMA -~ ~~-~~ ~ ~ 

CELLS AND NON-NEOPLASTIC~kERATINOCYTES, Michael 
Reiss and Vincent F. Vellucci. Section of Medical Oncology, Dept. of 
Medicine and Yale Comprehensive Cancer Center, Yale University 
School of Medicine, New Haven, (3 06510 and Janet M. Cowan, 
Dept of Pediatrics. East Virginia Medical Schwl, Norfolk, VA 23507. 

Based on our previous observarion (Cancer Commun. 2:363, 
1990) that human squamous carcinoma cell lines (SqCCs) are frequently 
refractory to the anti-proliferative action of Transforming Growth 
Factor-51 (TGFD1) in vitro, and that this phenomenon cannot be 
attributed to an altered expression of cell-surface receptors for TGFDI, 
we wished to determine whether resistance to TGFDl is a dominant or a 
recessive property of SqCCs. The TGFDl -resistant aneuploid human 
SqCC line, FaDu, was used to generate a Hygromycin B-resistant 
subclone (FaDu-Hyga). by infection with pSV2-HYG, packaged in a 
defective amphotropic retroviral vector. In addition, an HPV16- 
immortalized, TGFDl -sensitive. diploid human foreskin keratinocyte 
cell line, R12 HKc/HPV16, was used to generate a G418-resistant 
subline (HKc-nee@) by infection with pC6M-ne0, contained in a 
defective amphotropic retroviral vector. These 2 parental cell lines were 
fused in the presence of polyethylene glycol, and the resulting hybrids 
selected, ring-cloned, and expanded in culture in the presence of both 
Hygromycin B and G418. Two individual hybrid cell lines 
(FaDuXHKc.1 and FaDuXHKc.2) have now been passag@ in culture 
continuously for 10 months. Cytogenetic analysis of these lmes revealed 
chromosome numbers consistent with hybrid formation (FaDuXffKc.1: 
120 and FaDuXHKc.2 110 chromosomes). Each of the 2 hybrids have 
retained different sets of marker chromosomes from the parental FaDu- 
Hyg@ cells, as well as many normal chromosomes, presumably 
conmbuted by HKc-neo@ cells. These findings indicate that these cell 
lines are true hybrids. TGFBI maximally inhibited the incorporation of 
[3H]-thymidine into DNA of HKc-neo@, FaDuXHKc. 1 and 
FaDuXHKc.2 cells by 70 to 85%. with an ICso between 2 and 5 pM. In 
contrasL DNA synthesis of parental FaDu-Hyg@ cells was not inhibited 
by TGFLll at concentrations up to 100 pM. Thus. TGFBI-resistance of 
FaDu cells appears to be recessive and presumably due to the loss of 
post-receptor elements of the signaling pathway. Cytogenetic 
differences between the 2 hybrid cell lines may aid us in localizing the 
recessive genefs) that play a role in this pathway. 

G 129 

J. Silverthorne, Stephen M. Game, Mary J. Donnelly, Andrea 
M. Stone, Andrew Yeudall and Crispian Scully, Centre for 
the Study of Oral Disease, Department of Oral Medicine, 
Surgery and Pathology, University of Bristol, UK. 
This study examined the response of normal and malignant 
human oral keratinocytes to exogenous EGF and TGF- t? and 
correlated the findings to cell surface receptor expression 
and the autocrine production of growth factors. 
Normal (n=3) keratinocytes were stimulated by EGF (0.1-10 
nglml); 5/8 malignant cell lines were stimulated at higher 
EGF concentrations only (>0.5 nglml) whilst the remaining 
3 lines were refractory to EGF. Malignant cell lines 
predominantly over-expressed both high (Z  Bmax 61,941, 

0 23 nM; 11-41 and low ( a  Bmax 524,366. 17.1 nM; n=8) 
5fikity EGF receptors compared to normals?% HA:Bmax 
17,685. \ 0.27; LA:Bmax 534,938, 16.4). Malignant 
keratinocytes produced more TGE- Q?? 37.4 pg/lO cells148 
hr) than normals (X 15.2 pg/lO cells/48 hr). All of the 
malignant cell lines were inhibited by exogenous TGF-8 
(>0.1 nglml) but, by contrast to normals, malignant cells 
showed a loss of response to TGF- 8 at lower concentrations 
(<0.1 ng/ml). 618 malignant cell lines expressed more 
TGF-6 receptors of lower affinity (x Bmax 4014, 22.8pM) 
than normals (? Bmax 1125, 
lines bad < 100 TGF- 6 recekors per cell. TGF-8 autocrine 
prgduction was less in 5/8 malignant cell lhnes (x 6.5 pg/ 
10 cells148 hr) than normals (X 16.0 pg/lO cells/48 hr). 
but ig 3 cell lines TGF- 8 production was increased (x 22.4 
pg/lO cells148 hr). 
This study demonstrates that EGF and TGF-8 growth factor 
control is not always lost in human oral squamous carcinoma 
cell lines. The response to exogenous ligand correlated 
directly to the expression of the specific cell surface 
receptors (EGF p < 0 . 0 5 ;  TGF-8 trend only) and indirectly 
with the autocrine production of growth factors (TGF-Q 
p < 0.05; TGF- 8 p < 0 .05 ) .  There was no evidence, however, 
for a down-regulation of either EGF or TGF-6 receptors by 
the autocrine production of ligand. 
The authors wish to acknowledge the support of Denman's 
Charitable Trust and the Cancer Research Campaign. 

EGF and TGF- 8 PROFILES IN NORMAL AND MALIGNANT 
HUMAN ORAL KERATINOCYTES, Stephen S. Prime, Andrew 

13.3 pM); 2 maligna2 cell 
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ON HUMAN MELANOMA CELLS. Ulrich Rodeck. Csaba 
Kari .  Anna Bossler. and Ullrich Graeven. The Wistar 
Institute. Philadelphia. PA 19104. 

We have shown previously that  cultured human 
normal melanocytes and  metastatic melanoma cells 
express  TGF-Pl mRNA. Binactive platelet-derived 
TGF-0. however. reversibly inhibited melanocyte and  
melanoma cell growth associated with a n  incomplete 
cell cycle block a t  the G l / S  boundaly. As determined 
in MvlLu assays. conditioned media of melanoma cells 
in cul ture  (8/8) b u t  not  normal melanocytes (4/4)  
contained biologically inactive. latent TGF-I) which 
could be converted into the bioactive form by acid-. 
and, to a lesser degree, heat-treatment. Neutralizing 
antibodies to TGF-P abolished the  growth-inhibitory 
activity of acid-activated, melanoma-derived TGF-I) in 
the  MvlLu assay.  However, no  effect of TGF-I) 
neutralizing antibodies on melanoma cell proliferation 
was detected consistent with the  notion tha t  only 
latent TGF-P is secreted by these cells. 

Although a l l  melanocyte and  melanoma cultures 
tested so far were growth-inhibited by exogenous 
bioactive TGF-P (ED50 0.5 - 2 ng/ml) immortalized 
h u m a n  melanocytes transfected with t h e  SV4OT 
antigen were not responsive to treatment with TGF-!3 
even a t  high concentrations (10  ng/ml). Together 
with our finding t h a t  TGF-P inhibited entry of 
melanoma cells into S-phase this result suggests that  
SV4OT antigen interactive nuclear proteins such a s  the 
retinoblastorna protein (pFU3) or p 5 3  a r e  potential 
targets  for TGF-0 mediated growth inhibition 0: 
rnelanocytic cells. We a r e  current ly  testing this  
possibility using antisense strategies that  suppress pRB 
and p53 protein synthesis. 

TGF-P PRODUCTION AND NEGATIVE 
GROWTH REGULATORY EFFECTS OF TGF-I) 
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G 132 THE ROLE OF TRANSFORMING GROWTH FACTOR-P 
(TGFP) IN THE GROWTH REGULATION OF PRIMARY 

RAT TRACHEAL EPITHELIAL (RTE) CELLS DURING 
DIFFERENT STAGES OF GROWTH. Joyce E. Rundhaug, 
Ronald W. Ste ige rwa l t ,  T h o m a s  G r a y ,  and Paul 
Nettesheim. Laboratory of Pulmonary Pathobiology, Natl. 
Institute of Environmental Health Sc iences ,  Resea rch  
Triangle Park,  NC 27709. 
The  purpose of our studies was to determine whether  
RTE cell cultures produce TGFP, what isoforms of TGFp 
are being produced and whether  t he  autocrine growth 
factors play an important role in restraining growth.  
Northern analysis  of RNA obtained from the  cultures 
indicated tha t  TGFp1  t ranscr ipts  were e x p r e s s e d  at 
early as well as late s t a g e s  of growth, but  T G F P 2  
transcr ipts  were not detected. Media obtained from 
cultures in late exponent ia l  growth and through t h e  
piateau p h a s e  of growth contained TGFP, as measured by 
radioreceptor a s s a y .  Using TGFPl a n d  TGFP2 specific 
ant ibodies ,  we  demons t r a t ed  that  active TGFPl w a s  
already being produced during t h e  ear ly  exponent ia l  
growth p h a s e  of the  cultures,  while TGFP2 was produced 
only after plateau w a s  reached.  This was shown  by 
adding t h e  respect ive ant ibodies  to t h e  media during 
different stages of growth a n d  measuring DNA synthesis.  
In sp i t e  of t h e s e  resul ts ,  it is not certatn tha t  t h e  
au toc r ine  TGFP's are t h e  crucial factors triggering t h e  
onset of plateau, which occurs a t  cell densities of 5-10 
X lo4 cellslcrn2, since w e  found that preplateau a n d  
p l a t eau  p h a s e  cultures h a v e  a markedly r e d u c e d  
responsiveness  to t h e  growth inhibitory effects of TGFp 
compared to cultures in early exponential growth phase .  

G 134 TRANSFORMIh'G G R O W 3  FACTOR BETA (TGFB) 
SUPPRESSES THE RAS-TRANSFORMED PHENOTYPE, 

R.Sena. M.F.Verderame, H.C.lsom, Department of Microbiology and 
Irrmunology, tiershey Medical Center, Hcrshey, PA 17033 
We have developed a series of sirman virus 40 (SV4O)-immonalized 
(Mol. Cell Biol. 7: 3740-3748.1987) and ras-transformed, SV40- 
immoitalized hepatocyte cell lines. One of the SV40-immonalized cell 
lines, CWSVl, has been well charactertzed. CWSVl cells arc not 
transformed the cells will not grow in soft agarose and will not form 
tumors when injected into newborn syngeneir rats. Tumongenic cell 
lines. NR3 and NR4, were derived from the CWSVl cell line by 
transftxtion with the activated c-[ la-rr  and neomycin resistance genes 
followed by selection in G418 containing media. Control cells, N1, 
containing only the ncomycin reststance gene and selected in (3418 
contaming media were also derived. In this study, we examined the 
effects of TGFB on primary hepatocytes, CWSVI, XI .  NR3 and hT4  
cells. TGFB inhibited DNA synthesis in EGF stimulated primary 
hepatocyte cultures but did not inhibit DNA synthesis or anchorage 
dependent growth of CWSV1,Nl and NR4 cells. Even though TGFB 
did not inhibit DNA synthesis in the cell lines the NR3 and A'R4 ceUs d d  
respond to TGFB. TGFB caused NR3 and YR4 cells to revert to a more 
CWSVI-like morphology. The change in morphology was accompmied 
by a dramatic increase i n  the organization of the actin cytoskeleton. The 
ability of NR3 and NR4 cells to demonstrate anchorage-independent 
growth in soft agarose was inhibited by TGFB in a dose dependent 
manner. TGFB also altered expression of specific genes in NR4 ce!ls. 
The expression of mRNA for the 81 subunit of integnn increased two to 
three fold, the al integrin transcnpt increased by three to ten fold while 
the aS integnn nanscnpr increased less than two fold. Fibronectin 
mRNA levels wen  iricreased 2.5 to 3.5 fold in response to TGFB. The 
levels and profile of integnns on the cell surface as detemuned by cell 
surface protein iodination of NR4 cells treated wtth TGFB were altered 
so that the integrin profile on treated NR4 cells resembled that for 
CWSVl cells. No changes were detected in the cell surface integrin 
profile of CWSVl cells treated with TCFB. c-Ha-ras and c-myc 
expression were not altered in h'R4 cells treaimented with TGFB. We 
conclude that TGFB can suppress the rr-transformed phenotype. These 
expenments suggest *at TGFB acts through multiple pathways: a 
parhway blocked by SV40 T antigen and a pathway which is not 
blocked by SV40 T antigen. We are in the process of testing the 
possibility that TGFB may act to suppress uansformation by altenng 
tntcgnn expression. 

G 133 
LYMPHOMAS CAN CAUSE UNDERPHOSPHORYLATION OF pRB 
INDEPENDENT OF TGF-p. David W. Scott, Gawin I_ Warner, Arti 
Gaur, Deirdre 0. Nelson and John Ludlow". Divisions of Immunology 
and lmmunotherapy and of Tumor Biology*, University of Rochester 
Cancer and Dept. of Microbiology and Immucology, University of 
Rochester School of Medicine and Dentistry, Rochester. NY 14642 

Treatment of the WEHI-231 and CH31 6-cell lymphomas with anti- 
immunoglobulin (lg) causes growth arrest at G,/S, leading to 
apoptosis and cell death. We previously found that these lymphomas 
produce active transforming growth factor p (TGF-p) when treated 
with anti-lg, and that their hierarchy of sensitivity to TGF-8 correlates 
with their growth inhibition by anti-lg. Since TGF-p interferes with the 
phosphorylation of the retinoblastoma gene product, pRB, we 
determined the state of phosphorylation of pRB in WEHI-231 B-cell 
lymphomas treated with anti-lg for 24 hours. Interestingly, pRB protein 
was found to be predominantly in the underphosphorylated form in 
these cells, as previously reported for cells arrested by the 
exogenous addition of TGF-p. Surprisingly, neutralizing antibodies to 
TGF-p were unable to prevent growth inhibition by anti-lg in WEHI- 
231 and CH31. Moreover, in WEHI-231 lymphoma cells selected for 
growth in TGF-p, the majority of the TGF-p-resistant clones remained 
sensitive to anti-lg-mediated growth inhibition; pRB in these clones 
was in the underphosphorylated form after 24 hours treatment with 
anti-lg, but not with TGF-p. Our results suggest that anti-lg treatment 
of rnurine B-cell lymphomas stimulates the production of active TGF- 
p, but that a TGF-p-independent pathway may be responsible for the 
pRB underphosphorylation and cell cycle blockade. [Supported by 
grants from the ACS (IM-495) and NIH (CA11198).] 

ANTI-IMMUNOGLOBULIN TREATMENT OF MURINE 8-CELL , 

G 135 tfEGAnVE REGULATION OF PANCREA77C BETA-CELL GROWTH, 
h e  Sj6holm. Department of Endocrinology. Karolinska Institute, Karolinska 

Hospital. Box 60500, S-104 01 Stockholm. Sweden. 
A common denominator of dl forms of diabetes melliius is insufficient extenr of 
pancreatic beta-cell replication needed to expand the beta-cell mass in order to 
compensate for the decreased insulin output by the pancreas resulting in hyperglycemu 
While a number of stmulators of beta-cell replicauon have been idenufied. 
considerably less attention has been pad to inhibitors of this process despite the 
possibility that they may be of regulatory impomce. In the present study I have 
utilized a system of fetal rat pancreatic islets ennched in rapidly proliferaung beta-cells 
in order to study the putauve antiproliferative actions of a vanety of different factors. It 
was found lhal among peptides known to be produced by islet cells. pancreastaun and 
diazepam binding inhibitor exerted inhibitory effects on beta-cell growth in a dose- and 
glucose-dependent manner, while somatostatin, glucagon and galanin were without 
effect. Interesungly. pancreastatin, but not diazepam binding inhibitor, also lowered the 
islet contents of polyamines and insulin and suppressed theu secreuon of insulin TGF- 
beta was found in the Same system to block the mitogenicity of glucose, but no1 that of 
GH. while at the same time stimulate insulin sscreuon. The effects of TGF-beta were 
obviously not effected Uuough cbanges in polyamine synthesis. because the islet 
content of these amines were not altered by the pepude. A lack of autocnnelparacnne 
control of islet cell function by TGF-beta is suggested by the finding that neutralizing 
TGF-beta antibodies did not modify beta-cell DNA synthesis or semeuon rates The 
isles form a highly innervated organ, unpllcaung a possible regulatory role of 
neuromsmittors released from nerve terminals. While it was found that carbachol did 
not influence DNA synthesis. me alpha-adrenergic agonists phenylephnne and 
clonrdine and the beta-adrenoceptor antagonist propranolol potently inhibited 
proliferauon and lowered tbe islet CAMP content. When islets were exposed to the 
stisnulatory CAMP analog SpcAMPISl or pretreated with pertussis toxin. which 
enhanced DNA synthesis the repressive acuons of the adrenergic factors were blocked, 
indicating that they suppress beta-cell repllcation at least in pan Uuough interference 
with an inhibitory GTP-binding protein connected to adenylyl cyctase. Preliminary 
findings indicate that a similar pathway is affected by prostaglandins of the E-senes. 
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CELLS, Miriam J Smyth and Walker Wharton. Cellular and 
Molecular Biology Group, LS1, Los Alamos National Laboratory. 
Los A!arnos, NM 87545 
The differentiation of A3116 (BALBlc 3T3) munne fibroblasts is 
being studied using a muniparameter flow cytometer When 
medium containing insdin,  dexamethasone, and indomethacin 
is added, t h e  cells convert into adipocytes and accumulate copi- 
ous amounts of lipid By day 12, for example, a control sample 
contains 18% differentiated cells whereas a sample treated with 
insulin, dexamethasone. and indomethacin contains 73% differ- 
entiated cells We present data showing both the progress and 
extent of differentiation by use of fluorescent intensity spectral 
analysis We find that exposure to indomethacin alone is suffi- 
cient to achieve maximal lipid accumulation in individual cells In 
control samples, 13% of the cells have high extent of differentia- 
tion and the  value is 50% in response to treatment with in- 
aomethacin Addition of indornethacin in combination with any of 
the other agents promotes the rate of differentiation By day 6, 
58% of the  cells are differentiated in response to exposure to in- 
domethacin and dexamethasone whereas either indomethacin 
alone or the cornbination 01 insulin and dexamethasone reaches 
only 20% Our investigations of the role of protein kinases show 
that the phorbol ester. TPA, inhibits acquisition of the highly diC 
ferentiated phenotype but does not inhibit early differentlation 
By day 15. 32% of the cells in samples treated with insulin and 
dexarnethasone are highly differentiated whereas the value is 
19% In samples treated with TPA at confluence Cholera toxin, 
in contrast. tnhibi!s differentiation The rate at which :hese cells 
lose the ability to respond to mitogens is proportional to the rate 
at which they acquire the differentiated phenotype TPA is not 
preventing differentiation by stimulating cell cycle traverse 
Differentiation-promoting agents, instead, cause loss of mito- 
genic responsiveness to TPA 

LOSS OF MITOGENIC RESPONSIVENESS 
DURING ADIPOCYTE DIFFERENTIATION IN A31T6 

G 138 EGF/TGFa AND TGFp CONTROL OF NORMAL AND 
IMMORTALIZED HUhIAN MAMMARY EPITHELIAL CELL 

GROWTH IN CULTURE, Martha Stampfer, Junk0 Hosoda, C.-H. Pan 
and Paul Yaswen, Lawrence Berkeley Laboratory, Berkeley, CA 94720. 
I n  order to examine and compare cell cycle events in finite lifespan vs. 
immortally uansformed human mammary epithelial cells (HMEC), we 
have been exploring potential methods for obtaining reversible growth 
arrest. Our HMECculture system permits active long term growth (45-80 
pd) of fmite lifespan cells derived from individual reduction matnmoplasty 
tissues. Previous studies have indicated that normal HMEC have a 
stringent requiremenr for EGF for clonal growth, but grow in mass 
culture in the absence of exogenously added EGF due to the endogenous 
production of TGFa. A rapid, efficient, and reversible growth arrest can 
be achieved by addition of a blocking antibody to the EGF receptor (MAb 
225). Overall protein synthesis remains depressed in the presence of the 
antibody, and DNA synthesis is sharply decreased by 24hr. Removal of 
MAb 225 leads to a rapid increase in protein synthesis; DNA synthesis 
increases only after lOhr and peaks around 18hr. A lhr exposure to EGF 
is sufficient to allow the majority of cells which are capable of cycling to 
subsequently enter S phase. High levels of synthesis of mRNA for the 
early response genes c-myc, c-for, c-jun. and MGSA are observed within 
1 hr of antibody removal. It thus appears that blockage of EGF receptor 
signal transduction is sufficient by itself to cause normal HMEC to enter a 
Go-like resting state. A Go-like growth arrest similar to that observed 
with MAb 225 in normal HMEC was obtained in the immortal cell line 
184B5, derived from normal HMEC specimen 184 following exposure to 
benzo(a)pyrene, by removal of EGF from the culture medium. TGFp is 
growth inhibitory to normal HMEC. In this case, growth arrest occurs 
during the late GI phase of the cell cycle and is correlated with increased 
protein synthesis, particularly components of the extracellular matrix. 
Reversal of TGFp growth inhibition does not produce the level of 
synchronous re-entry into the cell cycle observed with reversal of MAb 
225 inhibition. The phenotype observed with MAb 225 is dominant in 
most aspects to that seen with TGFp, except in the level of synthesis of 
secreted proteins. Addition of MAb 225 to cells growth arrested at late GI 
with TGFp can at least pmially alleviate the GI/S block, suggesting that 
EGFnGFa is required for this acrion of TGFp. 184B5 cells maintain 
active growth in the presence of TGFP; however, they show similar 
induction of secreted protein sqnthesis. Further studies will examine 
possible differences in expression, activity, and phosphorylation patterns 
of cell cycle related proteins in normal FLMEC vs. immonally uansformed 
HMEC cell lies. 

G 137Expression of the v a n d i n e  receptor, an endoplasmatic 

Is the intracellular Ca2+ concentration involved in TGFP 
Ca2+ release channel, is controlled by TGFFI. 

signaling 1 
Giusevve Giannini, Roberta Ceci and Vincenzo Sorrentino, 
European Molecular Biology Laboratory, Heidelberg, F.R.G. 

As a step toward a more complete understanding of the 
molecular basis of TGFB actions we have screened a cDNA 
library from TGFP-treated CCL64 cells and identified clones 
corresponding to mIWAs whose levels are either induced 
or repressed by TGFB. 
One of these clones corresponds to the sarcoplasmatic Ca2+ 
channel gene, ryanodine receptor. Expression of the 
ryanodine receptor mRNA is specifically stimulated by 
TGFB while does not respond to EGF, TPA or fetal calf 
serum, and does not reflect the growth state of the cells. 
Induction by TGFB of the ryanodine receptor expression 
does not require on-going protein synthesis, but may 
depend on phosphorylative events not involving Protein 
Kinase C. 

Transduction of many extracellular stimuli, including 
hormones and neurotransmitters is mediated by an increase 
in the level of cytoplasmic Ca2+ which is released, through 
endoplasmatic Ca2+ release channels (like the ryanodine 
receptor or the Ins(l,4,5)-P3-binding protein), from 
specialized regions of the endoplasmatic reticulum. 
The finding that ryanodine receptor gene expression is 
stimulated by TGFB suggests a possible link between Ca2+ 
regulation and TGFB signaling. Work is in progress to 
verify whether modifications in Ca2+ homeostasis may be 
involved in long term TGFP signal transduction. 

G 139 EXPRESSION CLONING OF THE TYPE I11 
TGF-P RECEPTOR. &o-Fan W w  , Herbert Y. 

Lin, Elinor Eaton, Harvey F. Lodish, and Robert A. Weinberg. 
Whitehead Institute for Biomedical Research, Cambridge, 
MA 02142, and Department of Biology, Massachusetts 
Institute of Technology, Cambridge, MA 02139. 

We have succeeded in isolating the cDNA encoding the 
type I11 TGF-P receptor by expression cloning in COS cells. A 
cDNA mammalian expression library was constructed from 
A-I0 rat embryonic aortic smooth muscle cells and plasmid 
miniprep pools representing -10,000 independent cDNA 
clones were transfected into COS cells grown on glass slide 
ffaskettes. 48-60 hours after transfection, cells were incubated 
with iodinated TGF-P1, then extensively washed, and 
autoradiographic analysis was performed. After screening 
860,000 recombinants, one positive pool of 7500 recombinants 
was identified and a single clone with an insert of 2.6 kb was 
isolated through serial subpooling. 

Northern analysis using this cDNA as  a probe shows 
that the corresponding message is a 6 kb message which is 
widely expressed in different tissues and cell lines. A full 
length cDNA was subsequently isolated by high stringency 
hybridization. Sequence analysis indicates that the cDNA has 
an open reading frame encoding a 853 aa residue protein with 
a single putative transmembrane domain, several N- 
glycosylation sites and a consensus proteoglycan site. 
Crosslinking experiments using iodinated TGF-Dl i n  
transiently transfected and stably transfected cells indicates 
that the expressed protein has all the characteristics of the 
type I11 receptor: binding to TGF-P1, proteoglycan 
modification, correct expressed size and mRNA expression 
pattern. Not suprisingly, the sequences of two peptides, 
previously obtained by microsequencing of purified type I11 
TGF-P receptor, can be identified in the coding region of the 
cDNA. Surprisingly, the ability of the type I1 receptor to bind 
TGF-PI is increased by the expression of the type I11 receptor 
in L6 myoblasts. 
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G 140 CLONING AND EXPRESSION OF NOVEL MEMBERS OF 
THE SERINUIHREONINE KlNASE RECEPTOR FAMILY 

UTILIZING PCR-EASED STRATEGIES. Jeffrey L. Wrana, 
L. Attisano and I. MassaguC, Cell Biology and Genetics Program, 
Memonal Sloan-Kettering Cancer Centre, New York City, New York, 
10021. 

The recent cloning of the activin receptor and the C. elegans 
gene daf-l has identified novel ransmembrane signalling mechanisms 
involving serinehhreonine kinase receptors. In order to identify new 
members of this family of receptors, a PCR-based cloning strategy was 
developed. Comparison of the sequence of the kinase domains of the 
activin receptor and daf-I has revealed several regions of identity which 
were used for the design of PCR amplification primers, Degenerate 
sense and antisense oligonucleotides that corresponded to the peptide 
sequence within two of these areas of high conservation were 
synthesized and used as primers in a polymerase chain reaction utilizing 
cDNA from Balb/c 3T3 fibroblasts as the template. Amplified products 
from the PCR were subsequently subcloned into pBluescript and 
random clones sequenced. Sequence analysis of several of these clones 
revealed that they encoded novel cDNAs with many of the conserved 
features of serinelthreonine kinase domains. Two of these clones, 
designated D22 and D51 also displayed, respectively, 75% and 30% 
identity to the activin receptor. To further characterize D22 and D51, a 
Balblc 3T3 cDNA library was screened with the PCR-derived probes in 
order to obtain sequence encompassing their entire open reading frames. 
Transient expression of D22 in COS cells is cunently being utilized to 
identify the ligand for this novel member of the serinehhreonine kinase 
receptor family. 

Gene Loss in Tumor Progression; p53 
G 200 

Ep-myc TRANSGENIC MICE, Kiwamu Akagi and 
Ken-ichi Yamamura, Institute for medical genetics, 
Kumamoto University Medical School, Kumamoto 862, 
Japan 
c-myc is a nuclear proto-oncogene that, when 
activated, induced malignancies in a variety of tissue. 
But not only the activation of c-myc but also the other 
events ate necessary for the development of tumor. We 
produced transgenic mice bearing the human c-myc 
gene activated by an immunoglobulin heavy chain 
enhancer(Ep) to study the multistep process of 
tumorigenesis and the influence of genetic 
background. C57BLI6 transgenlc mice bearing Ep-myc 
gene mostly developed B cell lymphomas, but C3HIHeJ 
transgenic mice bearing Ep-myc gene developed T cell 
lymphomas. We carried out cytogenetic studies to see 
whether specific chromosomal abnormality was 
observed in lymphoma cells derived from 86 and C3H 
transgenic mice. Interestingly, most of lymphoma cells 
from C3H transgenic mice had an abnormality of band 
C-G in chromosome 6 where T cell receptor I3 chain, K- 
ras, CD4, CD8 are mapped. In addition, lshizaka et a1 
reported the existence of tumor suppressor gene in this 
region from the studies on 3-Methylcholanthrene 
induced T cell lymphoma. It is possible that the same 
gene is disrupted by chromosomal aberration leading 
to T cell lymphoma. No specific chromosomal 
aberration was found in B cell tumors of 86 transgenic 
mice. 

SPECIFIC CHROMOSOMAL ABNORMALITIS IN G201 THE DCC GENE IN NERVE GROWTH FACTOR-INDUCED 
NEURONAL DIFFERENTIATION, Jeff  Boyd and John I .  

Risinger, Gene Expression Section, Laboratory of 
Molecular Carcinogenesis, NIH/National Ins t i tu te  of 
Environmental Health Sciences, Research Triangle Park, 
NC 27709 
The DCC gene was recently identified as a candidate 
tumor suppressor gene by vir tue of i t s  local izat ion t o  a 
region of chromosome 18q tha t  i s  subject t o  a l l e l i c  
deletion in human colorectal carcinomas; in addition, 
mutations and reduced expression of the gene occur in 
colon tumors and ce l l  l ines  (Fearon e t  a l .  Science 
247:49-56, 1990). We have obtained evidence that  DCC 
mutations also occur i n  human endometrial carcinomas 
(Boyd e t  a l . ,  unpublished). Since DCC mRNA levels  are  
extremely low in most epi thel ia l  t issues ,  w i t h  highest 
levels  i n  brain, we examined the hypothesis that  c e l l s  
of neuronal origin would f a c i l i t a t e  studies on the 
regulation of DCC expression. Furthermore, since DCC 
encodes a novel protein w i t h  greatest  homology t o  neural 
cel l  adhesion molecule, we addressed the possibi l i ty  
tha t  DCC expression i s  associated w i t h  cel l  and/or 
surface adhesion, and possibly the morphologic 
different ia t ion of neuronal c e l l s .  
c e l l s  of neuronal origin for  DCC expression, we observed 
tha t  the IMR-32 human neuroblastoma ce l l  l i n e  exhibited 
unusually high levels  of DCC mRNA, rendering t h i s  ce l l  
l i n e  a potentially powerful tool i n  the  characterization 
of DCC expression and function. Among a number of 
growth factors  tes ted with these ce l l s ,  nerve growth 
factor  (NGF) was found to  reproducibly up-regulate DCC 
expression a t  the mRNA level (serum was found to  inhibi t  
DCC mRNA levels) .  When cultured on an extracel lular  
matrix surface, t h i s  stimulation of DCC mRNA levels  by 
NGF was associated with the induction of neuri te  
outgrowth. 
the molecular basis of DCC regulation by NGF, as well as 
t o  demonstate a d i rec t  role  f o r  the DCC gene product i n  
cel l -surface adhesion and neuronal different ia t ion.  

While examining 

Current studies are  designed t o  determine 
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G 202 ALTERATION OF THE WTl TUMOR 
SUPPRESSOR GENE IN WILMS' TUMOR. 

Keith Brown, Jo Watson, Veronique Poirier, 
Jem Berry, Martin Mott h Norman Maitland. Dept. 
Pathology, Medical School, University Walk, 
Bristol BS8 1TD. U.K. 

A candidate gene (WT1) has recently been 
isolated for the Wilms' tumor suppressor gene 
at llp13. This gene codes for a zinc finger 
protein, which can bind to a specific 
transcriptional control sequence. Twenty Wilms' 
tumors have been examined for alterations in 
this gene. No homozygous deletions were 
detected by Southern blotting, using a cDNA 
probe to the 3 '  region, and no abberent RNAs 
were detected by Northern blotting, although 
expression levels showed great variation. The 
entire coding region was amplified by RNA-PCR, 
in 4 fragments ranging in size from 
approximately 200bp to 600bp. In a single tumor 
a deletion of 226bp was observed in the 3 '  
region. The deletion causes a frameshift which 
leads to a premature termination of 
translation, completely deleting the zinc 
finger region. A small deletion was detected in 
the genomic DNA from the tumor, using the 
normal cDNA from the deleted region as a probe. 
This deletion was in a tumor from a WAGR 
patient, who had a constitutional, 
cytogenetically visible deletion of llp13. The 
small intragenic deletion therefore represents 
the second hit at the WTl gene, and provides 
strong evidence that loss of function of WTl is 
an important factor in the development of at 
least some Wilms' tumors. The other tumors are 
now being examined for the presence of small 
deletions and point mutations, by separating 
the RNA-PCR products on SSCP gels. 

This uork uas supported by the Cancer h 
Leukaemia in Childhood Trust. 

G 204 IDENTIFICATION OF ALLELIC LOSS IN LIVER 
TUMORS FROM THE B6C3F1 MOUSE William J. 

Casparyl, Lisa Davisz, John Hozierz, Sameer Sakallahz, J. Carl Barretts, 
Roger Wiseman3 and Robert Maronpotl. ]Experimental Toxicology Branch, 
NIEHSMM, RTP, NC, *Applied Genetics Laboratory, Melbourne, FA and 
3Laboratory of Molecular Carcinogenesis. NIEHS/NIH, RTP, NC. 
Loss of alleles at heterozygous loci in tumors is considered an indication of 
involvement of a tumor suppressor gene. Spontaneous and chemically 
induced tumors in the B6C3F1 mouse offer a unique opportunity to identify 
such allelic losses because the parental strains, C3WHe and C57BU6, are 
laboratory inbred strains and are globally homozygous. Genetic differences 
that exist between the two strains will appear as heterozygous loci in the F1. 
The identification of consistent loss of heterozygosity over a number of 
independent tumors but identical in their etiology would suggest the location 
of a putative tumor suppressor gene on that chromosome. We have 
identilied three different types of allelic differences between the two parental 
suains: a) restriction fragment length polymorphisms at known mapped 
genes or anonymous DNA sites, b) the presence or absence of unique 
restriction fragments created by the evolutionarily ancient and stable 
integration of nonecohopic murine leukemia viruses into the mouse genome 
and c) amplification by the polymerase chain reaction of mimusatellite repeat 
sequences which vary in length between the two parental snains. Of the fmt 
60 microsatellite sequences we have examined, 31 are identical between the 
two parental strains and 11 reprcducibly identify heterozygous differences 
between the parental suains. These eleven microsatellites are located on 
chromosomes 1, 3, 4, 6, 7, 11, 12, 14 and 15. Among the three types of 
polymorphisms, we have identified a total of 116 allelic differences between 
the parental strains with a chromosome dismbution ranging from as few as 
one marker (chromosome 10 and 18) to as many as fifteen on chromosome 
11. We are examining a series of spontaneous and tetrachloroethylene, 
methylene chloride and chlordane induced liver tumors for losses at these 
loci. Our preliminary examination of microsatellite loci reveal no losses on 
chromosomes 1,4,  and 11 but suggest a loss of heterozygosity at the LY-3 
locus on chromosome 6 in a small number of tumors. 

G 203 p53 MUTATIONS IN BREAST AND LUNG TUMORS, 
Graham Casey, Martha E. Lopez, Jane M. Arboleda and 

Dennis J. Slamon. Department of Pediatrics, University of 
California, Irvine, lrvine CA 92717 (GC, MLL); Department of 
Medicine, UCLA School of Medicine, Los Angeles, CA 90024 
(JLA, DJS) 
Recent studies suggest that many common malignancies 
involve mutations in the same genes. The most frequent 
genetic alteration identified in human cancers are mutations of 
the p53 gene. Mutations are clustered in regions of the gene 
which are most highly conserved between species, and some 
are known to result in functionally different mutant proteins. 
This functional differecce suggests that there may be a 
correlation between tumor progression and specific mutations. 
Further, there is a suggestion that the type and distribution of 
p53 mutations may be influenced by the cancer type or cellular 
origin. Clearly environmental factors strongly influence the 
development of certain tumors, for example lung tumors. Are 
certain types of p53 mutations more frequent in these 
malignancies? 

To answer some of these questions we have undertaken 
a comparative analysis of p53 mutations in two malignancies, 
breast and lung, in which alterations of the p53 gene are 
strongly implicated. We have analysed over 200 tumor 
samples by reverse-transcriptase PCR amplification followed 
by direct sequencing and have identified mutations of the p53 
gene in approximately 45% of lung tumors, and 30% of breast 
tumors. Mutations occur primarily in the conserved regions of 
the gene, and there are tumor-specific hot spots. Interestingly 
the type of mutations differs between the two tumor types. In 
lung tumors the most frequent (greater than 30%) mutation 
involves a G to T transversion, which is consistent with 
mutations induced by benzo(a)pyrene exposure, a component 
of tobacco smoke. Therefore there is a strong correlation in 
lung cancer between environmentai exposure and mutarions of 
the p53 gene. The clinical significance of p53 mutations will be 
discussed. 

G205 MUTATION OF p53 BY HOMOLOGOUS 
RECOMBINATION. Clarke AR, Purdie 

CA, Peter A, Dobbie L, Hooper ML, Wyllie AH. 
To investigate further the possible role of 
P53 as a tumour suppressor gene, we have 
sought to use homologous recombination in 
mouse embryonic stem cells (ES cells) to both 
inactivate the gene by creating exonic 
deletions and also to generate point 
mutations within exons. Inactivation of the 
gene has been attempted with both insertion 
and replacement type vectors. Data will be 
presented on recombination frequencies and 
attempts to obtain germ line colonization. 
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G206 USE OF TRANSGENIC MICE TO STUDY TUMOR 

Cochrap l ,  P e t e r  S o d e r k v i s t ' ,  Nary Moore2, A r n o l d  
L e v i n e  , and  Roger W i s e m y ' ,  L a b o r a t o r y  o f  
M o l e c u l a r  C a r c i n o g e n e s i s  , N a t i o n a l  I n s t i t u t e  o f  
E n v i r o n m e n t a l  H e a l t h  S c i e n c e s ,  R e s e a r c h 2 T r i a n g l e  
P a r k ,  NC 27709 a n d  P r i n c e t o n  U n i v e r s i t y  , 
P r i n c e t o n ,  NJ 08544 
R e c e n t  s t u d i e s  by o u r  g r o u p  i n d i c a t e  t h a t  l o s s e s  
o f  h e t e r o z y g o s i t y  o c c u r  f r e q u e n t l y  on mouse 
chromosome 4 and 11 i n  c h e m i c a l l y  i n d u c e d  l u n g  
a n d  mammary c a r c i n o m a s ,  r e s p e c t i v e l y .  L i k e w i s e ,  
m u t a t i o n s  i n  t h e  p53  tumor s u p p r e s s o r  g e n e  h a v e  
b e e n  i d e n t i f i e d  i n  a n\;mber of  t u m o r s  w i t h  a l l e l e  
l o s s  on chromosome 11. We h a v e  e x t e n d e d  t h e s e  
f i n d i n g s  t o  t u m o r s  of t r a n s g e n i c  mice  t o  t es t  t h e  
h y p o t h e s i s  t h a t  tumor s u p p r e s s o r  g e n e  i n a c t i v a -  
t i o n  r e p r e s e n t s  a s e c o n d a r y  g e n e t i c  a l t e r a t i o n  
d u r i n g  m a l i g n a n t  p r o g r e s s i o n .  Mammary c a r c i n o m a s  
f rom t h r e e  t r a n s g e n i c  l i n e s  (MMTV-ras, MMTV-neu, 
and  MMTV-myc) have  been  s c r e e n e d  by immuno- 
b l o t t i n g  w i t h  p53  a n t i b o d i e s .  A l t h o u g h  t h e  p53  
p r o t e i n  was u n d e t e c t a b l e  i n  no rma l  mammary t i s s u e  
or  t u m o r s  f rom MMTV-ras and  MMTV-neu m i c e ,  e a c h  
MMTV-myc tumor e x h i b i t e d  p53 o v e r e x p r e s s i o n .  
S i n c e  e x a m i n a t i o n  o f  p53  cDNA/PCR p r o d u c t s  f rom 
t h e  MRTV-myc t u m o r s  by SSCP a n a l y s i s  a n d  d i r e c t  
s e q u e n c i n g  h a s  f a i l e d  t o  r e v e a l  p o i n t  m u t a t i o n s ,  
w e  a r e  c u r r e n t l y  i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  
t h a t  p53 o v e r e x p r e s s i o n  r e s u l t s  f rom myc b i n d i n g  
a t  a h e l i x - l o o p - h e l i x  m o t i f  i n  t h e  p53  p r o m o t e r .  
We have  g e n e r a t e d  n i n e  t r a n s g e n i c  l i n e s  c o n t a i n -  
i n g  m u t a t e d  a l l e l e s  of t h e  mouse p53  g e n e  u n d e r  
i t s  own p r o m o t e r  t h a t  d e v e l o p  l u n g  t u m o r s  a n d  
lymphomas a f t e r  one  y e a r .  Tumors a r e  b e i n g  gen-  
e r a t e d  i n  h e t e r o z y g o u s  mice  f rom p53  X MMTV-myc 
c r o s s e s  a s  w e l l  a s  a v a r i e t y  o f  c r o s s e s  b e t w e e n  
t r a n s g e n i c  l i n e s  a n d  MUS s p r e t u s ,  MUS C a s t a n e o u s ,  
o r  C3H/HeJ. A n a l y s i s  o f  t h e s e  t u m o r s  f o r  a l l e l e  
l o s s  n e a r  known tumor s u p p r e s s o r  g e n e s  u s i n g  
RFLPs a n d  m i c r o s a t e l l i t e  l e n g t h  po ly ino rph i sms  
w i l l  be  p r e s e n t e d .  

SUPPRESSOR GENE ALTERATIONS, C h a r l e s  

G 2- CHANGES INTHE ABUNDANCE AND CELLULAR LOCAL 
IZATION OF THE M U R W  C-REL PROTEIN IN P75 

DURING B-CELL DIFFERENTIATION, Steve Gerondakis and Raelene 
J Grumont, The Walter and Eliza Hall Institute of Medical Research, 
PO, Royal Melbourne Hospital, ParkviUe, Victoria 3050, Australia. 
v-rel, the oncogene canied by the avian retrovirus Rev-T causes an 
acute B cell leukemia in infected birds. The cellular homologue, c-re1 
a member of the M-KB family of Banscription factors is expressed in 
a wide range of cell types. However, only in the B cell lineage is 
c-re1 constitutively expressed, with the level of gene expression in 
B cell lines presenting different stages of development varying in a 
differentiation stage specific manner. 

We have analyzed murine c-re1 expression and the sub-cellular 
localization of the c-re1 protein p75 in cultures of normal splenic 
B cells undergoing proliferation and differentiation when stimulated 
with mitogens and cytokines. While c-re1 is consritutively expressed 
in normal B cells, it exhibits a biphasic 5-10 fold induction of 
expression due to increased transcription that peaks 2 and 72 hours 
after initiating these cultures. Western blot analysis of the nuclear 
and cytoplasmic fractions reveal quantitative changes in p75 levels in 
these cellular compartments during the rime course of B-cell 
stimulation. These findings suggest that c-re1 is implicated in the 
genetic regulation of a number of cellular events that occur during 
B cell proliferation and differentiation. 

G 207 DNA POLYMORPHIC DIFFERENCES BETWEEN 

DETECTED USING POLYMERASE CHAIN REACTION (PCR) 
WITH ARBITRARY PRIMERS, Peter Economou', Gregory 
Kelly, Jonathan Samet' and John F. Lechner, lnhalation 
Toxicology Research Institute, Albuquerque, NM 871 85. 
'Department of Pulmonary and Critical Care Medicine, 
University of New Mexico at Albuquerque. NM 87131. 
Williams, et al., NAR B:6531( '90)  and Welsh, et al., NAR 
=:303('91) have reported that simple and reproducible 
fingerprints of complex genomes can be obtained using 
single arbitrary primer PCR (AP-PCR). We have found that 
the AP-PCR technique can also be used to  detect 
polymorphic differences between normal and tumor DNA 
samples from human donors with lung cancer. Specifically 
amplified DNA sequences are obtained when the PCR 
protocol consists of first, t w o  low stringency cycles of 94°C 
for 5 minutes, 48°C for 5 minutes and 72°C for 5 minutes 
and second, 3 0  standard high stringency cycles. The 
arbitrary primers used to date have been the 5' lambda 
GTlO and 3' lambda GTlO cloning sequences of 21 and 24 
nucleotides in length, respectively and AP2, a 10 nucleotide 
sequence of CGGCCCCGGC. These primers yield distinctive 
fingerprints consisting of more than 50 bands. Polymorphic 
differences between normal and tumor DNAs have been 
found with all primers. In addition, donor specific 
polymorphisms have also been detected. The results of 
these preliminary observations suggest that AP-PCR may be 
a useful technique to  reveal polymorphisrns between human 
normal and tumor tissues that may be seminal in 
transformation. AP-PCR may also be useful in revealing 
animal tumor/normal polymorphisms where restriction 
fragment length polymorphism analysis is impractical. 
Research sponsored by U S  DOE/OHER under contract No. DE-AC04- 
70EV01013 

NORMAL AND TUMOR SAMPLES CAN BE 

G209 
WULTISTAQE CARCINWENESIS OF TEE SKIN, ADAM B. GLICK, HENRY 
HENNINGS, KATHLEEN C. FLANDERS,, MICHAEL B. SPORN' , and STUART 
H. YUSPA, Laboratory of Cellular Carcinogenesis and Tumor 
Promotion, and *Laboratory of Chemoprevention, National Cancer 
Institute, Bethesda XD 20892 
Normal mouse epidermis and cultured keratinocytes express low 
levels of TGF-a. TGF-(I increases in initiated cells due to 
- ras gene activation, and elevated expression is maintained 
in benign and malignant tumors. In vitro sensitivity to TGF-81 
growth inhibition is similar among normal, initiated, 
papilloma and carcinoma cells. However neoplastic progression 
is associated with changes in expression of the TGF-B's. TGF- 
02 is  expressed by differentiating cells of normal 
keratinocytes both in culture and in vivo. In contrast, 
keratinocytes infected with a v-rasni retrovirus express 
predominantly TGF-81. v-ras and chemically-induced 
papillomas express high levels of TGF-01 Ln the basal and 
spinous layers and TGF-82 and TGF-83 in the differentiating 
cell layers. Treatment of chemically-induced papillomas with 
TPA results in an increase in basal and spinous expression of 
TGF-81 and a loss of expression of TGF-82 and TGF-03. In 
benign tumors with a high r i s k  for malignant conversion, loss 
of expression of all TGF-8 isoforms is common. Furthermore in 
chemically and oncogene-induced carcinomas, expression of TGF- 
0 protein is not detectable. Katched malignant and benign 
tumor cell lines express similar amounts of TGF-R~ ~ R N A  
suggesting that post-transcriptional mechanisms regulate the 
loss of TGF-81 protein. Basal and spinous co-expression of 
TGF-U and TGF-01, as well as loss of TGF-82 and TGF-03 
following TPA treatment, may be important for generation of 
the benign tumor phenotype. Loss of TGF-0 expression in benign 
tumors may be relevant to outgrowth of malignant cells. 

CHANGES IN EXPRESSION OF TQF-E and TGF-fi IN 

H I  

Ha 
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G 210 THE IDENTIFICATION OF MUTATIONS IN 
THE GENE FOR ADENOMATOUS POLYPOSIS COLI IN 
PATIENTS WITH FAMILIAL POLYPOSIS, Joanna 
Groden, Lisa Spirio, Larry Gelbert, Andy 
Thliveris, GeOff Joslyn, Wade Samowitz, Mary 
Carlson, Mark Leppert and Ray White, Howard 
Hughes Medical Institute, University of Utah, 
Salt Lake City, UT 84103 
Familial adenomatous polyposis (APC), an 
inherited syndrome of colon cancer, is 
characterized by hundreds to thousands Of 
adenomatous colonic polyps. The gene for this 
disorder recently has been isolated from a 
region of DNA deleted in two APC patients and 
was more precisely identified by the presence 
of inactivating mutations in the coding region 
of four other affected individuals (Joslyn et 
al, 1991; Groden et al, 1991). Further study 
of the APC gene, by genomic PCR and single 
strand conformation polymorphism (SSCP) 
analysis of DNAs from the original set of 60 
APC patients, has revealed other inactivating 
mutations. These include a single base pair 
change that introduces a stop codon into the 
coding region and base pair deletions that 
introduce frameshifts. One mutation, a five 
base pair deletion, is present in more than 
one, unrelated, affected individual. In the 
kindred of one sporadic patient, this is a new 
mutation, as both normal parents and a normal 
sibling do not exhibit the novel SSCP 
conformer. Also, the position of this 
deletion is within 50 base pairs of a stop 
codon found in another APC patient. Both 
mutations occur in a region of the gene that 
encodes an amino acid repeat. Mutations now 
have been observed throughout the APC gene; 
all are inactivating mutations. 

G212 

FOLLOWING INTRODUCTION OF CHROMOSOME 11, Carol Bova 
Hill and Tona M. Gilmer, Glaxo Research Institute, 
RTP, NC 27709 
Several lines of evidence suggest that the 
accumulation of genetic changes in both oncogenes and 
tumor suppressor genes is responsible for many adult 
cancers. The location of tumor suppressor genes to 
specific human chromosomes has been facilitated by 
the microcell transfer technique whereby a single 
"normal" human chromosome is introduced into 
tumorigenic cells. Suppression is then analyzed by 
tumorigenicity in nude mice. A number of genetic 
alterations have been identified in human head and 
neck SCC. Our laboratory and others have found 
amplification of chromosome l lq13 sequences in 
approximately SO% of head and neck tumors. Since 
tumor suppressor genes have been mapped previously to 
chromosome 11 in other cancers, we wanted to ask if 
chromosome 11 also contains tumor suppressor qenefs) 
relevant to head and neck SCC. We therefore 
introduced a chromosome 11 tagged with a neomycin 
resistance gene into three established head and neck 
SCC cell lines, FaDu, SCC-4, and SCC-25 by microcell 
transfer. The cell lines contain approximately lox ,  
6X, and 3X amplification of l l q 1 3  sequences, 
respectively. Tumor latency was altered in the FaDu 
microcell hybrids. The SCC-4 hybrids showed changes 
in cell morphology and loss of tumorigenicity. A l s o  
a significant number of the hybrids appeared to 
senesce with time. The transfer experiments with 
SCC-25 cells rarely gave 6418 resistant colonies, and 
all colonies appeared to senesce after a limited 
number of population doublings. We conclude that the 
introduction of chromosome 11 does appear to 
influence growth and tumorigenicity in head and neck 
SCC cell lines. 

TUMOR SUPPRESSION IN HUMAN HEAD AND NECK 
SQUAMOUS CELL CARCINOMA (SCC) CELL LINES 

G 211 

Monika E. Hegi, Marshall W. Anderson and Roger W. Wisemanl, 
Laboratories of Molecular Toxicology and Molecular Carcinogenesisl, 
National Institute of Environmental Health Sciences, Research Triangle 
Park, NC 27709 
Tumor suppressor gene inactivation appears to play an important role in 
carcinogenesis, especially during tumor progression. Loss of specific 
chromosomal regions can unmask mutations in the remaining allele of 
tumor suppressor genes. To localize potential suppressor genes in 
B6C3F1 mice, we have examined methylene chloride-induced lung 
tumors for losses of heterozygosity at loci on eight different chromosomes 
using length polymorphisms in resmction fragments and microsatellites. 
Allelic losses on most chromosomes were infrequent. However, allelic 
losses were observed on chromosome 4 in twenty of forty chemically 
induced lung carcinomas. One of six spontaneous lung carcinomas also 
lost chromosome 4 markers, but no alterations of chromosome 4 were 
detected in five lung adenomas. There was a strong bias for the loss of the 
maternal C57BL/6J chromosome (17 of 20 cases). With the exception of 
three tumors that retained both copies of the Mos proteoncogene near the 
centromere and another that retained a distal marker (Pnd), most tumors 
showed losses at each of six chmosome  4 markers analyzed. This 
suggests that nondisjunction events are more common than somatic 
recombination or deletion. No cornlation between allelic loss on 
chromosome 4 and K-ras activation, carcinoma type, or tumor size was 
observed. A tumor suppressor gene was previously mapped to mouse 
chromosome 4 in somatic ceU hybrid studies and homozygous deletions 
and frequent allelic losses have been reported in a homologous region of 
human chromosome 9p in various human cancers, including lung tumors. 
Allelic losses were also detected in five of forty tumors with markers 
surrounding the p53 tumor suppressor gene on chromosome 11. Further 
examination of the p53 gene in these tumors by single saand 
conformation polymorphism analysis suggested the presence of mutations 
in exon 5.6, and 7. Characterization of these. p53 mutations by direct 
sequencing and analysis of allelic losses on other chromosomes are under 
investigation. 

ALLELIC LOSS DURING METHKENE CHLORIDE- 
INDUCED LUNG CARCINOGENESIS IN B6C3F1 MICE, 

~ 2 1 3 ~  CELLULAR PROTEIN MEDIATES ASSOCIATION 

PAPILLOMAVIRUS TYPES 1 6  OR 18. Jon M. 
Huibregtse, Martin Scheffner, and Peter M. 
Howley. Laboratory of Tumor Virus Biology, 
National Cancer Institute, Bethesda, MD 20892. 

The E6 protein of human papillomavirus 
types 16 and 18 (HPV-16 and HPV-18) can stably 
associate with the p53 protein W . In 
the presence of rabbit reticulocyte lysate, 
this association leads to the specific 
degradation of p53 through the ubiquitin- 
dependent proteolysis system. We have 
examined the E6-p53 complex in more detail and 
have found that association of E6 with p53 is 
mediated by an additional cellular factor. 
This factor is present in rabbit reticulocyte 
lysate, primary human keratinocytes, and in 
each of five human cell lines examined. The 
factor is designated E6-AP, for E6-associated 
protein, based on the observation that the E6 
proteins of HPV-16 and 18 can form a stable 
complex with the factor in the absence of p53, 
whereas p53 association with the factor can be 
detected only in the presence of E6. Gel 
filtration and coprecipitation experiments 
indicate that E6-AF is a monomeric protein of 
approximately 100 kd. 

OF p53 WITH THE E6 ONCOPROTEIN OF HUMAN 

133 



Negative Growth Control 

G 214ALTERATIONS IN p53 M TRANSPLANTABLE PRENEO- 
PLASTIC MAMMARY OUTGROWTHS AND TUMORS, 

D. Joseph Jerry'. Daniel Medina'. Frances httrell', and Janet S. Butel'. 
Divisions of Molecular Virology' and Cell Biology'. Baylor College of 
Medicine, Houston. TX 77030 
Point mutations in the tumor suppressor gene p53 are the most frequently 
observed alteration in breast cancer. However, it is unclear whether 
mutation of p53 is an obligate change found in preneoplastic lesions or is 
acquired during progression to overt tumors. In mice, hyperplastic alveolar 
nodules (HAN) represent a preneoplastic intermediate in mammary 
tumorigenesis allowing the status of p53 10 be analyzed at the earliest 
stages of tumor development. Transplantable HAN lines that give rise to 
tumors at a predictable frequency have been established (designated the 
DIM and TM series). These HAN lines and HAN-derived tumors have 
been analyzed for alterations in p53 by immunoprecipitauon with 
monoclonal antibodies followed by immunoblot detection with a polyclonal 
anti-p53 antiserum. In 5 of 6 HAN lines, p53 was below the limit of 
detection. In tumors derived from these HAN, the incidence of detectable 
p53 ranged from 0% in TM2 to 67% in TMlO. The DIM3 HAN line 
differed in that the majority of the p53 appeared to be mutant (PAb240'). 
Tumors arising from DIM outgrowths maintained this pattern of PAb240' 
p53 expression. The absence of detectable accumulation of p53 in any 
TM2 tumors whereas p53 accumulation and mutation were evident in 
nearly all DIM tumors suggests that TM2 tumors and DIM tumors 
represent distinct pathways by which mammary tumors can develop. The 
strong PAb240-reactivity of p53 from DIM outgrowths and tumors was 
also in stark contrast to the very low level of PAB240' p53 found in the 
parental COMMA-D cell line from which the DIM lines were derived. 
Sequence analysis of p53 exons 4-10 of DIM tumor cDNA revealed a 
single C to G Wansversion causmg a replacement of a valine with a glycine 
at codon 271. Surprisingly, this mutation was also present in the parental 
COMMA-D cells. These data suggest that DIM cells have acquired 
additional mutations in p53 that lie outside the region analyzed or other 
factors that influence p53 conformation arc altered in DIM cells. 

G 216 NEGATIVE GROWTH REGULATION BY OVER- 
EXPRESSED RPIl IN &ccharomvces cerevisiae. 

JaeHong Kim and Scott Powers, Dept, of Biochemistry, 
UMDNJ- R.W.J. Medical School, Piscataway, NJ 08854 

RPII, a novel down-regulator of Ras, has recently been 
identified in S. serevis iae  (MCB11:3894 '91). The activity 
of the RPIl gene product is suggested to operate 
upstream of Ras on the RaslcAMP signal transduction 
pathway and also to require the presence of one of the 
two Ras GTPase activators, IRA1 and IRAZ. These 
results prompted us to propose that RPIl acts as a 
positive regulator of IRA activity. 

inducible promoter, RPIl  induced a strong growth 
suppression. This growth suppression activity was 
demonstrated on all the mutant strains tested except the 
i r a l  i ra2  double disruption strains. This suggests that 
the growth suppression activity by RPIl  again requires 
the presence of one of the two Ras GTPase activators, 
IRA1 and IRAZ. Surprisingly, the growth suppression 
by RPIl/IRA seems not to require Ras activity, 
indicating that the negative growth regulation by RPIl  
acts independently to its activity as a down-regulator of 
the RaslcAMP pathway. 

Unexpectedly, when overexpressed under the GAL10 

G 2 1 5  DEFINITION OF A TUMOR SUPPRESSOR LOCUS AT 3p21-p22 
A.M. Killary' and S.L. Naylor. * ' Hematopathology 

Program, U.T.M.D. Anderson Cancer Center, Houston, Texas 
and ?Department of Cellular and Structural Biology, U.T. 
Health Science Center at San Antonio, Texas. 
Cytogenetic abnormalities and high frequency allele losses 
involving the short arm of human chromosome 3 have been 
found in a variety of histologically different neoplasms. 
These findings suggest that a tumor suppressor gene(s) may 
be located in the region of 3p14-p25 although definitive 
functional proof for the involvement of a particular region 
of 3p has not been generated. We report a rapid genetic 
assay system vhich has allowed the functional analysis of 
defined regions of 3p in the suppression of tumorigenicity 
_ _ _  in vivo. Interspecific microcell hybrids containing frag- 
ments of chromosome 3p were constructed and screened for 
tumorigenicity in athymic nude mice. Hybrid clones vere 
obtained which showed significant tumor suppression and 
contained only the region 3p21 near the interface with 3p22 
in a murine cell background. With these hybrid clones we 
have defined a genetic locus at 3p21-pZ2 intimately in- 
volved in tumor suppression. 
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G 218 ELEVATED EXPRESSION OF MITOCHONDRIAL GENES IN 
SENESCENT HUMAN FIBROBLAST CELLS, Seljl Kodama, 

Hideto Yamada and J .  Carl Barrett, Laboratory of 
Molecular Carcinogenesls. NlEHS/NIH, Research Triangle 
Park, NC 27709 
In order to isolate cONAs expressed differentially in 
senescent cells, we constructed a AZAP cDNA library from 
polyA+ mRNA o f  senescent human fibroblast cells and 
screened 10' cDNAs by the + I -  differential screening 
method. mRNAs were isolated from cultured human 
fibroblasts at early and late culture stages and used to 
prepare cONA probes. 
isolated five cDNA clones expressed preferentially in 
senescent cells. These five clones were divided into two 
groups by cross-hybridization. Sequence analysis 
revealed that one o f  two clones was homologous to human 
mitochondrion cytochrome b gene and the other was 
homologous to human mitochondrion N04/4L gene. These two 
mitochondrion genes were expressed at levels three- to 
five-fold higher in late passage, senescent cells than in 
early passage cells. However, the expression of 
mitochondrion cytochrome oxidase I gene was not changed 
during in vltr0 culture, suggesting that the elevated 
expression in senescent cells was selective for certain 
mitochondrion genes, specifically mitochondrion cytb and 
ND4/4L genes. This result implies that upregulation of 
these two genes may be involved in the process o f  
cellular senescence. 

After two cycles of screening, we 

G 220 MALIGNANT TRANSFORNATION OF A HUNAN FIBROBLAST CELL 

8-DIOL-9,lO-EPOXIDE. J. Justin HcCormick, Dajun Yang. Calvert 
Louden, David Reinhold. Suzanne Kohler, and Veronica M. Naher. 
Departments of Microbiology and Biochemistry. Carcinogenesis 
Laboratory, Michigan State University, East Lansing, HI 48824 
We have found that treatment of cells of the infinite life 
span human fibroblast-derived cell strain, MSU-1.1, induces 
focus formation in a dose dependent manner. Cells were 
isolated from eight independently derived foci. As expected 
these eight cell strains all grew to a higher density in 
medium containing 1% serum than did MSU-1.1 cells they were 
derived from. Three of the 8 cell strains were able to form 
low to high grade sarcomas in athymic mice in 2 - 3  weeks. 
These three cell strains had the following properties: ])they 
grew rapidly in serum-free medium without added growth 
factors, 2)they formed anchorage independent colonies >120 pm 
in diameter at a frequency of 5-19%, 3 )  they exhibited the 
loss of 2-3 chromosomes, from the following group, chromosomes 
13, 16, 17, 19, and Y, 4) they were round or spindle shaped. 
One of the  other five strains formed a high grade sarcoma 
after 11 weeks. The cells derived from that tumor had the 
same growth properties as the three focus-derived strains 
described above. In addition to loss of 1 or 2 chromosomes, 
these cells showed a chromosome rearrangement. Since the pre- 
tumor focus-derived cells of this strain had in vitro 
characteristics like the non-tumorigenic, focus-derived 
strains, it appears that the cells injected into mice 
contained a smaTl sub-population of highly tumorigenic cells. 
Three of the four non-tumorigenic strains grew moderately well 
in serum-free medium without growth factors, one grew rapidly. 
These four non-tumorigenic stains 1)formed anchorage 
independent colonies > 120 pm in diameter at a frequency of 
only t0.03 to 0.3% and 2 )  were chromosomally the same as the 
MSU-1.1 cells, except f o r  the presence of a minority of 
chromosomally abnormal cells in one strain. The in vitro 
characteristics of the four tumorigenic strains are the same 
as those of MSU-1.1 cells malignantly transformed by 
transfection of the ras  oncogene. Supported by DHHS Grant 
CA21289, DOE Grant ER60524 and NIEHS Contract N0l-65152. 

STRAIN. MSU-1.1 BY THE CARCINOGEN BENZO[A]PYRENE-7- 

~ 2 1 9  NOLECULAR CLONING OF CDNA SEQUENCES 
DIFFERENTIALLY EXPRESSED DURING UALIGNANT 
PROGRESSION IN MOUSE SKIN CARCINOGENESIS, 

Robert Ri5sters, Peter Krieg, Gerhard FUrstenberger 
and Friedrich Marks, German Cancer Research Center, 
Im Neuenheimer Feld 2 8 0 ,  D-6900 Heidelberg, Germany 
We have used the d e l  of multistage carcinoganesis 
in mouse skin to identify and study genes the 
expression of which changes during tumor 
progression from benign papillomas to malignant 
squamous cell carcinomas. In order to isolate genes 
which are transcriptionally activated or repressed 
during this step of malignant progression 
subtractive CDNA cloning was applied. Nouse skin 
tumors were induced by combined DMBA/TPA treatment 
and cDNA libraries were constructed from 
polyadenylated RNA extracted from either pooled 
papillomas or one individual squamous cell 
carcinoma. Subtraction of these libraries was 
performed in both directions yielding a total 
number of 4 9  cDNA-clones, expected to be 
diffentially expressed during malignant 
progression. So far three different genes 
specifically overexpressed in the carcinoma state 
and two genes overexpressed in the papilloma state 
have been identified. Sequence analysis revealed 
that one of the carcinoma specific clones is 
identical to mouse lipocortin I. The second 
carcinoma specific clone shovs strong homology to 
human and chicken alpha-1 type three collagen and 
represents probably the respective mouse homologue. 
The third carcinoma specific clone shows extensive 
homology to the 3-untranslated region of human ADP- 
ribosylation factor 4 (hARFI), a member of a family 
of highly conserved small GTP-binding proteins. Of 
the two different cDNA clones representing 
papilloma specific sequences one has been 
identified as mouse keratin XI, whereas the other 
one displays no sequence similarity to any known 
gene. Other cDNA clones obtained in our cloning 
approach are currently under further investigation 
results of which will be presented at the meeting. 

G 221GROWTH FACTOR STIMULATION OF NADH OXIOASE ACTIVITY 
OF RAT LIVER PLASMA MEMBRANES IS REDUCED OR ABSENT 

WITH HEPAJOMA PLASMA MEMBRANE, O.J. Morre, M. Bruno, 
A.O. Brightman. J. Lawrence, O.A. Werderitsh and D.H. 
norre, Department of Medicinal Chemistry and Department 
of Foods and Nutrition, Purdue University, West 
Lafayette, IN 47907 

NADH oxidase activity (electron transfer from NADH to 
molecular oxygen) of plasma membranes purified from rat 
liver was studied. The enzyme was stimulated (2- to 3 -  
fold) by growth factors (diferric transferrin and 
epidermal growth factor) and hormones (insulin and 
pituitary extract) to which liver cells were known to 
respond. Additionally NADH oxidase was inhibited up to 
80% by several agents known to inhibit growth or induce 
differentiation (retinoic acid, calcitriol, and the 
monosialoganglioside, The growth factor- 
responsive NAOH oxidase ??)isolated plasma membranes 
was not !nhibited by KCN or comnon inhibitors of oxido- 
reductases of endoplasmic reticulum or mitochondria. 
As well, NADH oxidase of the plasma membrane was 
stimulated by concentrations of detergents which 
strongly inhibited mitochondria1 NAOH oxidases and by 
lysolipids or fatty acids. Taken together, the 
evidence suggests that NADH oxidase of the plasma 
membrane is a unique oxido-reductase and may be 
important to the regulation of cell growth. In 
striking contrast, hepatoma plasma membranes 
demonstrated an intrinsically increased level of NADH 
oxidase activity which was not stimulated further by 
the addition of growth factors. The results suggest 
that the NADH oxidase of the hepatoma plasma membrane 
is no longer correctly coupled to hormone and growth 
factor receptors. This biochemical defect may parallel 
the loss of growth control that is characteristic of 
neoplastic transformation in hepatocarcinogenesis and 
other transformation systems. 
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(-3222 FUYCTIOYAL SIGYIFLCAYCE O F  P H O S P H O R Y L l T l O Y  OF p53 
B Y  C d c 2  K I N A S E ,  Michael M O Y O t  and N a n c y  S t e w a r t ,  

M a n i t o b a  I n s t i t u t e  of Cell B i o l o g y ,  U n i v e r s i t y  o f  M a n i t o b i ,  
1 0 0  O l i v i a  S t r e e t ,  Yinnipeg. Canada. R3E O V 9  

T h e  f u n c t i o n a l  s i g n i f i c a n c e  o f  p h o s p h o r y l e t i o n  o f  p53 by the 
c e l l  c y c l e  p r o t e i n  c d s 2  k i n a r e  is n o t  k n o u n  PI  p r e s e n t .  i t  
has b e e n  p r e v i o u s l y  s h o w n  that g e n e s  m u t a t e d  a t  t h e  c d c 2  
p h o s p h o r y l s t i a n  s i t e  ( s e r i n e  3 1 2 )  r e t a i n  many of the wild 
t y p e  c h a r s c t c r i r t i c s  of t h e  p 5 3  gene p ~ o d u c t ,  including a 
s h o r t  h a l f  l i f e ,  r e c o g n i t i o n  by wild t y p e  s p e c i f i c  p53 
a n t i b o d y  ( p l b  246). and i n h i b i t i o n  o f  S V 4 0  r e p i t c a t i o n  (1). 
T o  t e s t  t h e  r o l e  o f  c d c 2  p h o s p h o r y l a t i o n  of p53 u e  h a v e  
t r a n r f e c t e d  t h e s e  p l a s m i d s  into the R E F 5 2  c e l l  line. ue 
h a v e  previously s h o w n  that t r a n s f e c t l o n  of wild t y p e  p53 
e x p r e s s i n g  p l a s m i d s  i n t o  R E F 5 2  c e l l s  p r e v e n t s  c o l o n y  

f o r m a t i o n .  P r e l i m i n a r y  r e s Y l t s  i n d i c a t e  t h e  c d c 2  
p h o s p h o r y l s t i o n  site m u t a n t s  w e r e  8s e f f i c i e n t  a t  c o l o n y  
f o r m a t i o n  a s  c e l l s  e x p r e s s i n g  m u t a n t  p53 T h e  c d c 2  
p h o r p h o r y l a t i o n  s > t e  m u t a n t  c o l o n i e s  m a i n t a i n e d  t h e  
a p p e a r a n c e  of the parental c e l l  type, end e x p r e s s e d  p 5 3  
p r o t e i n  a t  l o u e r  l e v e l s  than m u t a n t  p53 ~ e . 1 ' ~ ~  colonies. A S  

I e i l ,  y e  a r c  i n t e r e s t e d  ~n whether t h e s e  c d c 2  p h o r p h e r y l a t i o n  
s i t e  m u t a n t i  h a v e  a c q u i r e d  the ability t o  r e s c u e  R E F 5 2  c e l l s  
from r a s - i n d u c e d  growth arrest. C o t r s n s f e c t i o n  a l o n g  with 
plssmid e x p r e s s i n g  r a ~  g a v e  a s i m i l a r  e f f i c i e n c y  of c o l o n y  

f o r m a t i o n  a s  c e l l 6  c o t r e n s f e c t e d  with p53 v a 1 1 3 5  end r a s .  T h e  
c d c 2  p h o s p h o r y l a t i o n  s i t e  m u t s n t l r a s  c e l l s  d i d  not a p p e a r  
transformed. T h e s e  results s u g g e s t  c d c 2  p h o s p h g r y l a t i o n  m a y  
be required for ~ 5 3 ' s  n e s a t i v e  growth r e g u l a t i o n  properties. 
Lack of phorphorylation. however. rney n o t  be s u f f i c i e n t  t o  
block e n d o g e n o u s  p53 n e g a t i v e  g r o w t h  f u n c t i o n s .  In addition. 
ue have t r a n r f e c t c d  the p53 c d c 2  p h o r p h o r y l a t i o n  s i t e  mutant 
g e n e s  into a Friend c r y t h r a l c u k e a i e  c e l l  line. T h i s  c e l l  line 
d o e r  not e x p r e s s  p 5 3  d u e  to rearrangement o f  both alleles o f  
t h e  p53 g e n e .  P r e l i m i n a r y  r e s u l t s  i n d i c a t e  that h a l f  o f  t h e  
c l o n e s  e x p r e s s  p53 p r o t e i n  at v e r y  Lou Levels c o m p a r e d  t o  
c e l l s  e x p r e s s i n g  mutant p53 V S ~ ~ ~ ~ .  T h i s  is in c o n t r a s t  t o  
t r s n r f e c t i o n  o f  a wild type g e n e  into t h i s  c e l l  l i n e  in which 
e x p r e s s i o n  o f  w i l d  t y p e  p 5 3  i s  not s e e n .  Y e  uill be 
r e p o r t i n g  on f u r t h e r  c h a r a c t e r i z a t i o n  o f  t h e s e  c e l l  Lines. 
1. Meek, D . Y .  and E c k h e r t ,  V. ( 1 9 9 0 )  J .  Virol. 64. 1734. 

G 224 GERMLINE MUTATIONS IN THE WTLMS' TUMOR GENE, 
WTl, CONTRIBUTE TO ABNORMAL GENITAL SYSTEM 

DEVELOPMENT AND HEREDITARY WILMS' TUMOR. Jerry 
Pelletier, Wendy Bruening. and David Housman. McGill Cancer Center, 
McGill University, Montreal, Canada, H3G 1Y6 and M.I.T. Cancer 
Center, Boston, MA 02139. 
Wilms' tumor, a malignancy of embryonal kidney cells, is found in 
association with three other cardinal features: aniridia, genitourinary 
abnormalities, and mental retardation in patients with hemizygous 
deletions of DNA sequences in band 1 lp13 (WAGR syndrome). A key 
issue raised by the association of these phenotypes is whether some or all 
of these are due to hemizygosity at a single locus or whether several 
independent genetic loci are involved in the etiology of the WAGR 
syndrome. The tumor suppressor gene for Wilms' tumor (WTl) residing 
in band 1 lp13 is expressed at high levels in the glomeruli of the kidney 
during organogenesis and is likely to play a significant role in conwlling 
the program of kidney differentiation. WTl is also expressed in the 
gonadal ridge of the developing gonad, the Sertoli cells of the testis, and 
the epithelial and p u l o s a  cells of the ovary. These results suggest the 
possibility that the WTl gene might play an equally important role in 
controlling the development of the urogenital system. We have sought to 
test the hypothesis that hemizygous expression of the WTl gene is 
directly responsible for the urogenital abnormalities in the WAGR 
syndrome. To address this question, we chose to study a rare class of 
patients, those with Wilms' tumor and urogenital abnormalities without 
other stigmata of the WAGR syndrome. We hypothesized that these 
patients would have constitutional point mutations or deletions in the 
WTI gene which would lead to reduced expression levels of the WTl 
transcript as well as providing the first hit in the process of Wilms' 
tumorigenesis. We have characterized two such individuals. One patient 
(PG) had bilateral Wilms' tumor, hypospadias, and an undescended left 
testicle. The second patient (TS) was born with hypospadias and bilateral 
cryptorchidism and recently developed a Wilms' tumor. A detailed 
examination of constitutional DNA from PG revealed a 17 bp deletion 
within exon 4 of one allele of WTl; whereas DNA from TS revealed a 
single nucleotide deletion within exon 6 of one allele of WTI. Both of 
these alterations result in translational frameshifts leading to early 
termination of translation. All mutated copies of WTl have undergone 
reduction to homozygosity in tumors from both individuals. These results 
provide genetic evidence that germline inactivation of the WTl gene can 
cause abnormalities in genitourinary development as well as being 
implicated in some. familial cases of Wilms' tumor. 

G 223 p53 Changes in Murine Mammary Preneoplasia. 
Michelle A. Ozbun, Frances S. Kittrell', Daniel Medina', 

and Janet S. Butel. Division of Molecular Virology and 
Department of Cell Biology*, Baylor College of Medicine, 
Houston, Texas 77030. 

Mutations in the p53 gene are a commonly identified 
alteration in human cancer. To study the potential role of p53 
mutations in early stages of breast cancer, we are using a mouse 
model system in which hyperplastic alveolar nodules (HAN) 
represent a clear preneoplastic lesion. Mammary epithelial cell 
lines have been established that display dissimilar outgrowth 
characteristics when transplanted into cleared mammary fat 
pads. The FSK-7 cells give rise to only normal ductal 
outgrowths, while COMMA-D and FSK-3 cells produce only 
HAN. FSK-2, FSK-4, and FSK-6 cells give rise to both ductal 
and HAN outgrowths in vivo. MOMA-I cells produce no 
outgrowths. The status of p53 has been analyzed in these 
different cell populations using monoclonal antibodles that 
distinguish between the wild-type (PAb 246-reactive) and 
mutant (PAb 240-reactive) forms of p53. MOMA-! and FSK-7 
cells express only wild-type conformations of p53 having a 
short half-life of -30 min. Conversely, both COMMA-D and 
FSK-3 cells contain approximately equal levels of wild-type and 
mutant p53. The other cell hnes express wdd-type p53 and 
variable amounts of mutant forms of p53, as evidenced by an 
extended half-life or reactivity with PAb240. The areas known 
to be hot-spots for mutation (exon 5-9) in p53 are being 
analyzed at the nucleic acid level, using PCR-based techniques. 
Initial data indicate that FSK-7 cells express only wild-type p53. 
These observations suggest that mutant p53 is not essential for 
mammary epithelial cells to be established in culture. While 
primary mammary epithelial cells and cells that generate 
ductal outgrowths in vivo fail to express mutant forms of p53, 
cell lines that grow out as hyperplasias in viuo contain mutant 
p53. It appears that changes in p53 may be involved in the 
early stages of mammary tumorigenesis. 

G 225 Abstract Withdrawn 
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G226 FUNCTIONAL EVIDENCE FOR A TUMOR SUPPRESSOR GENE 
FOR RENAL CELL CARCINOMA. Y .  Sanchez and A.M. 

K i l l a r y ,  Div is ion  of Laboratory Medicine, U n i v e r s i t y  of 
Texas M.D. Anderson Cancer Center ,  Houston, Texas. 
Non-papillary r e n a l  c e l l  carcinoma is a n  a d u l t  cancer  Of 
t h e  kidney which has  been c h a r a c t e r i z e d  by s p e c i f i c  cyto- 
g e n e t i c  d e l e t i o n s  and h igh  frequency a l l e l e  l o s s e s  on the  
s h o r t  a m  of chromosome 3 .  Two c r i t i c a l  r e g i o n s  on 3p 
have r e c e n t l y  been i d e n t i f i e d  vhich  may encode tumor 
suppressor  l o c i ,  one o r  more of which may be i n t i m a t e l y  
involved i n  t h e  g e n e s i s  of t h i s  cancer .  To assay  f o r  t h e  
f u n c t i o n  of g e n e t i c  l o c i  on chromosome 3 and subsequent ly  
r e g i o n s  of 3p,  we c o n s t r u c t e d  monochromosomal m i c r o c e l l  
hybr ids  c o n t a i n i n g  a normal i n t a c t  chromosome 3 i n  t h e  
r e n a l  c e l l  carcinoma c e l l  l i n e  SNlZC. These hybr ids  
showed s i g n i f i c a n t  tumor suppress ion  when i n j e c t e d  i n t o  
athymic nude mice. To p r e c i s e l y  d e f i n e  t h e  reg ions  of 3p 
involved i n  tumor suppress ion ,  neo-marked fragment- 
c o n t a i n i n g  m i c r o c e l l  hybr ids  were c o n s t r u c t e d  i n  t h e  mouse 
A9 c e l l  background. S p e c i f i c  fragments of 3p a r e  b e i n g  
in t roduced  i n t o  the  r e n a l  c e l l  carcinoma l i n e  t o  d e f i n e  
t h e  r e g i o n  or reg ions  requi red  f o r  t h e  suppress ion  of 
tumor igeoic i ty  i n  t h i s  system. 

G228 p53 GENE STRUCTURE AND EXPRESSION IN 
LYMPHOID TUMORS 1NDUCED IN c-myc 
TRANSGENIC MlCE 

Richard H. Scheuermann't and Steven R. Bauer*O. 'Basel 
Institute for Immunology CH-4005 Basel. Switzerland; 
?present address Dept. of Pathology, Southwestern 
Medical Center, Dallas, TX 75235. "present address 
Molecular Immunology Laboratory, Division of 
Biochemistry and Biophysics. CBER, FDA, Bethesda. MD 
20892 
Alterations in the p53 gene are repeatedly found in 
human colon and lung carcinomas. More recently 
mutations in p53 have also been found in several human 
lymphocytic leukemias. We have analyzed the expression 
of the p53 gene in B cell-lineage tumors arising 
spontaneously in transgenic mice carrying the c-myc 
gene under the control of the IgH p enhancer. A 
significant fraction of these tumors express little, if any, 
p53 FUiA as measured by quantitative PCR. Additional 
experiments to determine the nature of these loss-of- 
expression "mutations" will be presented. This loss of 
p53 expression was found in tumors with both preB and 
mature B phenotypes. Alteration of p53 expression in a 
relatively large proportion of tumors derived from these 
transgenic mice suggests that p53 can effectively 
collaborate with myc in transformation. In addition. 
these experiments demonstrate that the investigation of 
the expression patterns of known oncogenes in 
spontaneously arising tumors is a useful model for 
identifying genes involved in transformation. 

G227 CHARACTERIZATION OF PROTEIN KINASE ACTIVI- 
TIES INVOLVED IN PHOSPHORYLATION OF THE 

CELLULAP. PROTEIN P53. Karl H. Scheidtmann, Elke 
Bartsch, Doris Hecker, and Birgit Jaitner, Dept. 
of Molecular Genetics, University of Bonn, FRG. 
P53 is involved in cellular growth control. Re- 
cent data suggest that its subcellular locali- 
zation, its conformation, and its activities vary 
and are regulated during the cell cycle, but the 
mechanisms underlying these variations are un- 
known. P53 is phosphorylated at multiple sites, 
presumably by three or four different kinases. 
Two of these have been identified as cdc2 kinase 
and casein kinase 11. These kinases are probably 
constitutively expressed in all proliferating 
cells but their activities are regulated during 
the cell cycle. In rat cells, there appear to be 
additional kinases that are induced or activated 
upon infection and transformation of cells by 
SV40 large T antigen. All these kinases seem to 
be assembled in p53 immunecomplexes from SV40- 
transformed, but net from normal cells as re- 
vealed by phosphopeptide analyses of in vitro 
phosphorylated p53. We are trying to dissect the 
individual kinase activities by cell cycle expe- 
riments and by inhibitionfcompetition experiments 
in vitro and to elucidate the functional signifi- 
cance of individual phosphorylation events by 
biochemical analyses of differentially phosphory- 
lated p53 species. 
Supported by Deutsche Forschungsgerneinschaft, 
grant Sche 24611-4 

G 229 SPATIAL DISTRIBUTION OF TRANSFORMING GROWTH 
FACTORS IN PAPILLOMAS AND CARCINOMAS: ENHANCED 
EXPRESSION DURING MALIGNANT PROGRESSION OF MOUSE 
SKDJ CARCINOGENESIS 

R. Schnapke. G. Furstenberger. P. Krieg, S. Feil and F. h k s  
Departments of Biochemistry and Virology, German Cancer Research Center. 
D-6900 Heidelberg. Germany. 

Experimental evidence from varios animal models suggests that waunding am 
as a promoter of tumor formation in tissues upon peceding initiauon with 
chemical carcinogens or viruses. This indicates chat the post-ini&on stage of 
tumor development may be entirely conmlled by endogenous factors, which are 
released at high levels upon wounding. Among these factors strongly 
accelerating woilnd heating are TGF-a and TGF-B. Indeed. the innxumeous 
injection of both factors into initiated mouse Slun has been shorn to induce 
tumors upon subsequent c h i c  gmwth stimulation. Thus. the elabaration of 
endogenous TGF-a and TGF-p in wounds may k responsible for the promaing 
effect of wounding and of phorbol ester tumor promoters. which are h w n  u) 
induce the expression of both factors in the epidamis. N o n h m  blot analysis of 
RNA hom tumors arjnng along the initiation-pmnotion-polocd revealed 
slightly inmead levels of TGF-0, mRNA in papillomas but Unstimtive 
overexpression in carcinomas zs canpand with normal epidermis. In situ 
hybridization localized th~s TGF-B mRNA expression to the epithelial 
companment of the md, unmunocytochemical analyses using TGF-p,f 
subtype-specific anubodies and antibodies against the protein pncwsor 
demonsuated he m a m  protein in epitheli areas of the armors, predominanlly 
in the suprabad regions. lhwe was no drastically diffmnce in the expression 
of the different prolein subtypes. A d d i ~ i d y .  these m r s  also produced TGF- 
a in high levels, shown by immunocytochemical swdies. but with a l o c a l i o n  
predominanlry in stroomai elements. 
These data suggest thar the endogaous gena;uion of TGF-a and TGF-B is 
involved in both. early and tate nags of tumor developnent in hitiatad mouse 
skin. TGF-a may function as an aurocrine srimulata of epithelial and 
mesenchymal growth, whereas TGF-B affects s m a l  elemcnu by the induclion 
of tumor s m a  and keratimqte growth. It is assumed that TGF-8 inhibits 
proliferation of normal keraunccytes rathu lhan the initiated ells which would 
rault in a clonal selecticn of &me cells culminating in the dcvctopment of 
tumors. 
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G 230 CHARACTERIZATION OF p53 MUTATIONS AND 
ALLELlC LOSSES ON CHROMOSOME 4.11, AND 14 IN 

BUTADIENE-INDUCED TUMORS OF B6C3F1 MICE, Peter 
Soderkvistl, Tamra Goodrow2, Charles Cochsanl, and Roger 
Wiseman', Laboratory of Molecular Carcinogenesisl, National Institute 
of Environmental Health Sciences, Research Triangle Park, NC 27709 
and Merck, Sharp, and Dohme Research Labs2. West Point, PA 19486 
As a means of identifying the potential involvement of tumor suppressor 
genes during carcinogenesis in B6C3Fl mice, we examined DNA from 
buradiene-induced lung and mammary carcinomas and lymphomas for 
losses of hetemzygosity. Both traditional RFLP analysis and a novel PCR 
protocol based on microsatellite length polymorphisms between mouse 
snains wen utilized Analysis of five markers flanking the p53 gene on 
mouse chromosome I1 revealed allelic losses in thirteen of seventeen 
mammary tumors as well as three of ten lymphomas and two of eight lung 
tumors. Nondisjunction was responsible for the majority of chromosome 
11 losses but at least six examples of somatic recombination or deletion 
were also detected. To determine its relationship to the chromosome 11 
alterations the p53 tumor suppressor gene was examined by direct 
sequencing of PCR products from cDNA or genomic DNA. To date seven 
point mutations have been identified in highly conserved regions of the 
gene. These mutations were confirmed by analysis of single saand 
conformation polymorphisms (SSCP) in multiplex PCR reactions. Altered 
mobility, consistent with mutations in exons five through eight, was 
detected by SSCP for each of these tumors. Southern analysis also 
revealed a homozygous deletion including exons 5 through 9 of the p53 
gene in another mammary tumor. RFLP analysis of endogenous virus loci 
indicated that allelic losses were relatively common on chromosomes 4, 
12, and 14. Allelic losses of the Rb-1 tumor suppressor gene and a distal 
marker on chromosome 14 (Hpg locus) were observed in 7 of 17 
mammary tumors. Of six markers on chromosome 4 analyzed, the Ifa-2 
locus was lost most frequently. Six of eight butadiene-induced lung 
tumors, and four of ten of lymphomas exhibited allelic losses. A tumor 
suppressor gene was previously mapped to this chromosomal region in 
somatic cell hybrid studies by Harris and coworkers. In addition 
homozygous deletions and frequent allelic losses have been reported in a 
homologous region of human chromosome 9p for a variety of human 
cancers including lung tumors. Current studies are directed at the 
generation of a physical map of this chromosome 4 region using a panel of 
microdissection clones (generously provided by J. Freidman, Rockefeller 
University) that are tightly linked to the Ifa gene cluster 

MOLECULAR AND GENETIC ANALYSIS OF 
f,3,',BLE PHENOTYPE ADENOMATOUS POLYPOSIS COLI 
(APC) PATIENTS, Lisa Spirio, Mark Leppert and 
Ray White, Department of Human Genetics and 
the Howard Hughes Medical Institute, 
University of Utah, Salt Lake City, UT 84112 
Familial adenomatous polyposis coli (APC) 1s 
an autosomal dominant disorder characterized 
by multiple adenomatous, colonic polyps that 
eventually progress to carcinomas. A subset 
of this disorder exists in which affected 
individuals have a variable phenotype, with 
the number of colonic polyps varying markedly 
in affected family members who have inherited 
a predisposing allele. Additionally, the 
average age of colon cancer onset is older 
than that of classical polyposis patients. 
The same set of DNA markers used to establish 
linkage in APC families has been applied to 
five variable phenotype colon cancer families. 
This includes a prototype family, a large Utah 
kindred which has previously been shown to 
segregate a defective APC allele (Leppert et 
al., 1990). Multilocus linkage analysis was 
performed on the four additional families and 
the disease phenotype mapped to the APC locus 
with a combined LOD score of approximately 6.0 
(Spirio et 81. ; unpublished data). Recently 
the APC gene has been identified and found to 
contain inactivating mutations in the coding 
sequence of APC patients (Josyln et al., 1991; 
Xinzler et al., 1991; Groden et al., 1991; 
Nishisho et al., 1991). The polymerase chain 
reaction (PCR) followed by single strand 
conformation polymorphism (SSCP) analysis has 
been used to screen for mutations in the APC 
gene in the five variable phenotype families. 
A four base pair deletion in the five prime 
end of the APC gene has been found in one of 
the families. This mutation creates a 
downstream stop in the new reading frame. 
Therefore, we have found an apparent null 
allele in a family that has an attenuated 
polyposis phenotype. 

~ 2 3 1  ANALYSIS OF GENETIC CHANGES IN NON MALIGNANT 
BRONCHIAL EPITHELILM, PRENEOPLASTIC LESIONS AND 

LUNG CANCER. Gabriella Sozzi. Monica Miozzo, Tania C. 
Cariani, Ugo Pastorino*, Silvana Pilotti" and Giuseppe Della 
Porra. Division of Experimental Oncology A ,  *Division of 
Chest Surgery and "Division of Anatomical Pathology and 
Cytology - Istituto Nazionale Tumori, Via G. Venezian 1 - 
20133 Milan, Italy. 

To identify and characterize the early genetic changes 
occurring in lung tumor development. we performed a 
cytogenetic a n d  immunohiscochemical analysis o n  non- 

malignant bronchial tissues and in lung tumor specimens. In 
tumor cells of 1 1  case5 comprising different histotypes, 
that showed heavily rearranged karyotypes, deletions or 
rearrangements at 3p were the most frequently observed 
chromosomal changes. The analysis of non-malignant bronchial 
samples of 41 patients, showed chromosomal abnormalities, in 
particular deletions, in 13 cases. Interestingly, the 
deletions involved chromosomal regions where tumor- 
suppressor genes have been previously located: chromosome 3p 
(3 cases), llp ( 1  c a s e )  and 17p (3 cases). In two cases with 
a 17p- chromosome, the histopathologic examination revealed 
the presence 0 :  a severe dysplasia while an 
immunohiscochemical analysis, with anti-p53 antibodies, 
indicated the presence of a mutated form of the dominant 
tumor-suppressor gene product p53. Ongoing molecular studies 
on the same specimens are aimed to confirm these previous 
results and to associate the occurrence of cytogenetic 
alterations in non-malignant and malignant lung lesions vith 
the inactivation of putative tumor-suppressor genes. The 
present results indicate that specific genetic abnormalities 
are present both in the non-malignant bronchial epithelium 
and in preneoplastic lesions and can represent early changes 
in the multistep lung carcinogenetic process useful for the 
diagnosis of premalignant lesions and early cancer. 

G 233 REINSERTION OF CHROMOSOME 1 0  INTO 
GLIOBLASrOMA CELLS; BIOLOGICAL AND 
MOLECULAR ANALYSIS. Peter A. Steck. Mark A. 

Pershouse. Azra Hadi, Ann M. Wary.  Elton Stubblefield. 
and W. h Alfred Yung. Departments of Neuro-Oncology 
and Molecular Genetics. U.T. M.D. Anderson Cancer 
Center, Houston, TX 77030 

The loss of alleles on chromosome 1 0  has been 
observed to be the most common genetic alteratton to 
occur during the development of mallgnant glioblastomas 
(GBMs]. We have reinserted an intact chromosome 10 
into two independent glioblastoma cell clones by 
microcell-mediated chromosomal transfer. The 
presence of the new chromosome 1 0  or control 
chromosomes (2 & 15) were documented by karyotypic 
and molecular methods. The hybrld cells containing an 
new chromosome 10 showed a reversion of thelr 
oncogenic phenotype as compared to the parental cells. 
with a dramatic decrease in their abilIty to growth under 
anchorage-independent conditions and a loss of 
tumortgenicity in nude mIce. The cloned hybrid cells 
also showed a more "astrocyttc" morphology, particularly 
at low cell densities. The exponential growth rate of the 
Individual hybrid clones was variable. however. all the 
hybrids exhlbited lower saturation densities. ?he 
presence of chromosome 10 also did not effect the 
differentiation status of the cells as assessed by CFAP. or 
the expresslon of tumor suppressor genes Ip531 and 
proto-oncogenes mF-a or EGF-receptor) that have been 
implicated in gLIal tumorlgenesis. To further examine 
the effects of reinsertion of chromosome 10. subtractive 
hybridization was performed between cDNA from a 
hybrid cell with an intact chromosome 10 and mRNA 
from the parental CBM cells which are devoid of intact 
chromosomes 10s. Presently. about forty cDNA clones 
are being analyzed to determined the nature of genes 
which are differentailly expressed as a result of the 
reinsemon of chromosome 1 0  into GBM cells. 
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G 234 IS THE GENESIS OF ANEUPLOIDY RELATED TO LOSS 
OF KINETOCHORES ? 

H. Stopper, S. Kirchner. H. J. Yo0 *, T. Papp, B. K. Vig and D. 
Schiffmann, Institute of Toxicology, WLirzburg, Germany, 'Dept. of 
Biology, University of Nevada, Reno, USA 

Some chromosomes in rat fail to display the presence of kineto- 
chore proteins (K-, Vig and Sternes, 1991), which may constitute a 
mechanism for the genesis of genomic loss. We have analyzed the 
metaphase ring arrangements in three mouse cell lines (A9, LA9, 
immortalized; MBT, brain tumor) and a human tumor cell line (He- 
La) for the presence of kinetochore proteins, detected by antikine- 
tochore antibody. In the tumor cell lines with a high degree of vari- 
ation in chromosome number (HeLa. MBT) we observed that 5-10 
% of the cells carried a dislocated K- chromosome. In the immorta- 
lized cell lines with less variation (A9, LA9) only 5-6 % of the cells 
contained K-. Even though the frequency of such akinetochoric 
chromosomes was not high enough to account for the known vari- 
ability in chromosome number, this phenomenon may contribute to 
this variability. In addition, we have analyzed dislocated K- chro- 
mosomes in HeLa cells for the presence of centromeric DNA (in 
situ hybridization). Our results indicate that the observed loss of ki- 
netochores is not necessarily due to a loss of centromeric DNA. - 
Nevertheless, a number of kinetochore bearing chromosomes (K+) 
was also observed to be dislocated in metaphase. It is still an open 
question whether these are also associated with the genesis of an- 
euploidy since they still may be or may become attached to the 
spindle. 

G236 INCREASED FREE INTRACELLUIAR CALCIUM (Ca,) AND 

SUPPRESSOR GENES. Jennifer Luzietti*, Cindy Afshari', J. 
Carl Barrett.. and Robert U. Tucker+. +Johns Hopkins 
Oncology Center, Baltimore, MI), and 'National Institutes of 
Science; Enviromntal Health. Research Triangle Park. NC. 

Anchorage- independent growth is an important 
phenotype of many tumor cells. We previously reported that 
a novel tumor suppressor gene for fibrosarcomas negatively 
regulates growth in agar. Nontumorigenic subclones of an 
immortal Syrian hamster cell line were isolated that either 
retained (sup&) or lost (supB-) the ability to suppress 
tumorigenicity of a fibrosarcoma in cell hybrids. Because 
blockage of early signals (e.g. Ca, and pH, increases) have 
been implicated in the failure of non-neoplastic cells to 
grow in suspension (anchorage-dependence). we used digital 
image analysis of Fura 2-loaded SupB+ and SupB- cells to 
investigate the relationship between Ca, increases and cell 
growth in suspension. Combinations (EPI) of growth factors 
(EGF + PDGF + Insulin) stimulated colony growth of SupB-. 
but not SupB+. cells suspended in agar. EPI stimulated 
different Ca, increases in two paired SupB+/SupB- cell 
lines: In one pair (low), changes in Ca, were similar. but 
basal Ca, was elevated in SupB- compared to Sup& cells; in 
another pair (DES). the magnitude of Ca, increases was less 
in SupB- cells than in SupB+ cells in suspension. Thus. 
SupB- cells growing in suspension have altered Ca, 
signalling. either with higher peak Ca, increases (low). or 
with absence of induced Ca, increases reminiscent of ras- 
transformed fibroblasts (DES) . Ca, changes were measured in 
suspension culture on Hydron (non-adhesion polymer) without 
any supporting matrix. while colony growth was measured in 
agar. However, recent measurement of DNA synthesis in 1oW 
cells (+ and - )  on Hydron revealed no differences in EPI- 
stimulated DNA synthesis, in contrast to dramatic 
differences in agar. Experiments are in progress to 
determine whether EPI-induced Ca, transients are different 
in low(-) and low(+) cells in agar. Suspended SupB- cells 
may have decreased dependence on early mitogenic signals 
(e.g. Ca, increases), thereby contributing to their 
anchorage-independent growth in agar in the presence of EPI. 

ANCHORAGE-INDEPENDENT GROWTH: EFFECT OF TunOR 

G 235 p53 INDUCES CATHEPSIN L GENE TRANSCRIPTION, 
BR Troen and MY Chang, Internal Medicine, University of 

Michigan & VAMC, Ann Arbor, MI 48109 
Cathepsin L is a lysosomal protease whose synthesis is induced by 
malignant transformation, tumor promoters (TPA), and second 
messengers (CAMP). Because rm-transformed and colon carcinoma 
cells express high levels of cathepsin L. cathepsin L gene expression 
may be a model system for studying mechanisms of transcriptional 
regulation by the rus and p53 gene products. Therefore, we have cloned 
the gene for cathepsin L from N M  3T3 (NIH) cells and constructed a 
series of transcriptionally active chloramphenicol acetyl transferasc 
(CAT) plasmids containing various regulatory regions of the cathepsin L 
gene. Deletional mutations of the cathepsin L-CAT plasmids and 
transient transfection analysis have allowed us to localize CAMP 
responsive sequences to the first 81 base pairs upstream of the 
transcriptional initiation site. Furthermore, our results demonstrate that 
a minimum of three distinct regions within base pairs -273 to -28 
mediate basal activity. Sequence analysis of the promoter region reveals 
multiple putative transcriptional factor binding sites, including 3 AP-2 
sites and 1 EGR-1 site. Co-transfection of wild-type p53 with 
cathepsin L-CAT plasmids containing either 4000 or 300 base pairs 
upstream of the transcriptional inititation site stimulates CAT 
expression. A mutant p53 (ArgpHis, a.a. 175) does not appear to 
stimulate cathepsin L-CAT expression. In contrast, co-transfcction of 
the K-rar oncogene reduces expression of the same cathepsin L-CAT 
plasmids. Rimer extension analysis of transiently nansfccud plasmids 
that also contain the first thre-e inuons and exons of the cathepsin L gene 
demonstrates that sequences downstream of the transcriptional inititation 
site are necessary for stimulation by TPA. Of note is that the first intron 
contains 2 AP-I and 2 AP-2 sites. Therefore, cathepsin L gene 
expression appears to be regulated in a complex manner where upsacam 
regions mediate p53 responsiveness but are not sufficient to mediate 
stimulation by ras. Conversely, downsueam elements mediate tumor 
promoter stimulation of cathepsin L gene expression. These cathepsin 
L-CAT consuucts will pennit us to localize. the p53 responsive element 
within the cathepsin L gene and to assess whether downstream elements 
also mediate the response to rm . 

G 237 INVOLVEMENT OF THE TUMOR SUPPRESSOR 
GENES IN ESOPHAGEAL SQUAMOUS CELL 

CARCINOMAS, Takashi Wagata, Kanji Ishizaki, 
Masayuki Imamura, Yutaka Shimada, Mituo Ikenaga 
and Takayoshi Tobe. First Department of Surgery 
and Radiation Biology Center, Kyoto University, 
Kyoto, Japan. 
To know whether tumor suppressor genes are 
involved in the development of esophageal 
squamous cell carcinomas (ESC), we have analyzed 
allelic deletion at 23 loci on 18 different 
chromosomes in 35 ESC tissues by using RFLP 
markers. Loss of heterozygosity was detected on 
chromosomes 2,3,6,7,11-14,16-18,21,and 22, while 
no loss was detected on chromosomes 1.4, and 8 -  

10. Only the loss of chromosome 17p was detected 
with high frequency(45%) and losses on other 
chromosomes had frequencies less than 22% which 
might be caused by random loss of chromosome in 
the course of tumorigenesis. These results 
suggest that the loss of 17p might play an 
important role in the development of ESC, such 
as inactivation of a tumor suppressor gene. 
Since the p53 gene is located on 17p and 
mutations of this gene are observed in variety 
of tumors, we have supposed that the p53 gene is 
also changed in ESC. We have analyzed these 
samples for mutations of the p53 gene by using 
SSCP analysis. The p53 mutations were detected 
in 53%(17/32) cases. Most of these mutations of 
the p53 gene are observed in tumors which showed 
loss of heterozygosity on chromosome 17p. 
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G 238 INVOLVEMENT OF RB AND p53 IN TUMORIGENESlS 
IN A LI-FRAUMENI FAMILY, Sally Warneford, Leah 

Witton, Megan Townsend, Antony Braithwaite, Lucian0 Dalla- 
l'ozza, Geoff Symonds, Leukaemia Research and Viral Pathology 
Unit, Children's Medical Research Foundation, Sydney, Australia, 
2050 
Li-Fraumeni syndrome is a rare autosomal dominant susceptibility 
to a variety of cancers including breast, adrenal, brain, muscle and 
leukemia. Affected individuals develop cancer at a young age and 
often at  multiple primary sites. This laboratory has been 
conducting a study into the genetic basis of cancer in a particular Li- 
Fraumeni family. Because of the lack of consistent chromosomal 
abnormalities in this syndrome, the tumor suppressor genes RB 
and p53 were selected for study on the basis of their involvement 
in the genesis of sporadic tumors of the same type as  those 
occurring in Li-Fraumeni families. RB mRNA and protein levels 
were examined in tumor and normal tissue from two related 
individuals in this family and were found to be elevated in an  
adrenocortical carcinoma from a young boy when compared to 
controls. The RB gene was found not to be rearranged or amplified 
in this tumor. RB expression was not elevated in the breast 
carcinoma from the other individual examined, the implication 
being that the RB over-expression was involved in the progression 
of the adrenal tumor but not in the family's susceptibility to cancer. 
When p53 was examined as a candidate susceptibility gene it was 
found that in affected individuals there was an  aberrant larger 
transcript present in both tumor and constitutional material in 
addition to the normal-sized transcript. Sequencing revealed a 
point mutation in a splice donor site in one allele in affected 
individuals, which could account for the appearance of the larger 
transcript. The demonstration of a germline splicing mutation in 
affected individuals from a Li-Fraumeni family provides for a 
novel mechanism of p53 inactivation not seen previously in other 
affected families. 

Growth Regulation by RAS and GAP; The Retinoblmtoma Gene 
G 300 INDUCTION OF c-fos FAILS TO INDUCE DNA SYNTHESIS 

IN SENESCENT HUMAN FIBROBLASTS. Hark..J. Adler*, 
David W. Rose*+, Greg McCabe*,and James R. Feramisco*+. 
*Departments of Medicine* and Pharmacology+, and UCSD 
Cancer Center*, University of California San Diego, La 
Jolla, CA 9093. 

The demonstration that serum does not induce c-fos 
transcription i n  senescent fibroblasts has raised the 
issue of a central role for fos in the Gl/S blockade of 
cellular senescence. Since fos is produced in cycling 
cells,and required for re-entry of serum starved Go 
cells into G 1 ,  its absence could explain persistent 
non-proliferative states such as senescence and 
terminal differentiation. Moreover, evidence for a 
retinoblastoma control element (RCE) within the fos 
promoter, suggested that fos repression might mediate 
the anti-pro1 i f  era t i v e  activity of the re tinoblas toma 
(Rb) gene product. We sought in the present 
experiments a more direct test of the role of fos by 
inducing its expression in senescent cells by 
microinjection of oncogenic ras (T24). While ras 
induced marked nuclear fos expression and functional 
AP-1 activity this did not lead to DNA synthesis in 
senescent fibroblasts. The absence of fos, therefore, 
does not sufficiently account for senescence, and if RB 
plays a critical role, its effect is apparently 
mediated through alternate mechanisms. 

G239 pS3 MUTATION AND PRESENCE OF HPV-16 DNA IN HUMAN 
ORAL SQUAHOUS CARCINOMA CELL LINES, Andrew 

Yeudall, Kathryn A. Elsegood, Andrea M. Stone, Crispian 
Scully and Stephen S .  Prime, Centre for the Study of Oral 
Disease, Department of Oral Medicine, Surgery and Pathology, 
University of Bristol, UK. 

Viral and cellular oncogenes and tumour suppressor genes 
are closely associated with tumour development as a 
consequence of their vital role in control of cellular 
proliferation. The molecular events which occur in oral 
cancer are largely unknown. Previous studies have shown 
that gene mutations are rare in this tumour type; this 
study examines the presence of HPV-16 and pS3 mutation and 
gene loss in eight newly described oral squamous cell 
carcinoma lines. 

Polymerase chain reaction (PCR) and sequencing of amplified 
DNAs was used to locate pS3 mutations. PCR was used to 
identify HPV-16 DNA. Eight of eight malignant cell lines 
harboured HPV-16 early region (LCR-Eb-E7) sequences. One 
cell line (H157) had a single C to T point mutation at the 
end of exon 8 resulting in the substitution of an arginine 
residue with a stop codon. Another (H103) had a G to T 
point mutation in exon 7 which changed a glycine to a 
cysteine residue. A third (H191) showed complete absence 
of p53 sequences. Currently we are undertaking further 
genetic and functional analysis of these cell lines. 
The results indicate the frequent occurrence of HPV-16 
in oral cell lines and that pS3 may be a common target 
for DNA damage during oral carcinogenesis. 

G 301 DOWNREGULATION OF WILDTYPE RAS 
ACTIVITY B Y  P l Z O - G A P ,  Nadia AI-Alawi, David W. 

Rose, Judy L. Meinkoth, Vickie LaMorte, Robin Clark', George 
Martin*, Frank McCormick', and James R. Feramisco, Departments of 
Pharmacology and Medicine, Univ. of California at San Diego. Cancer 
Center, La Jolla, CA 92093-0636; * Department of Molecular Biology, 
Cetus Corporation. Emeryville. CA 94608. 

Mutations of cellular ras proteins are frequently associated with 
several types of human cancers. The GTP-bound forms of ras, 
members of the GTPase superfamily, are involved in signal transduction 
pathways. Despite the importance of ras proteins, their mechanisms of 
action are not fully understood. pl20-GAP is a GTPase activating 
protein which binds ras proteins and stimulates the hydrolysis of GTP 
bound to wildtype (wt) ras. Previous studies have shown that the 
number of foci produced by cells transfected with wt ras can be 
decreased by cotransfection with pl20-GAP. Similarly,  the 
transformed morphology of wt ras-transformed cells was reverted to a 
normal phenotype following transfection with pl20-GAP. These 
results suggest that pl2O-GAP may act as a negative regulator of wt ras. 
To directly test this hypothesis. we investigated the effects of p120- 
GAP on wt ras by microinjection techniques. Microinjection of ras 
proteins into fibroblasts that contain the reporter gene lac Z under the 
regulation of AP-1 promoter elements leads to the rapid induction of 
expression of B-galactosidase. We injected wt ras and pl20-GAP 
proteins into this reporter cell line to assess the role of pl20-GAP. As 
expected, injection of wt ras alone into the reporter cell line induced 
expression of the lac 2 gene. Injection of pl20-GAP did not induce 
expression of this reporter gene. Coinjection of pl2O-GAP with wt ras 
abolished the induction of the reporter seen with ras alone. These 
experiments strongly support  the notion that pl20-GAP can 
downregulate wt ras activity. To map the regions of pl20-GAP 
responsible for downregulation we are currently investigating the effects 
of specific pUO-GAP domains on wt ras activity. 
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G 302 Cloning and analysis of the human tyrosine 
kinase controlling c-src activity, a potential anti- 
Oncogene Juha Partanen, Elina Armstrong, Mathias Bergman, Tomi 
P. Makela, Harri Hirvonen, Kay Huebner and Kari  Alitalo 

We have cloned the cDNA for a cytoplasmic tyrosine kinase 
(TK) which contains amino terminal SH2 and SH3 domains 
and a n  unusually short carboxy-terminal tail. One distinctive 
feature distinguishes this TK from all other known members 
of the TK gene family: i t  lacks a tyrosyl residue in the  position 
corresponding to the autophosphorylation site in the catalytic 
domain of the src TK (Y416), which is conserved among other 
known TKs. The novel gene i s  located in chromosome 15q22- 
qter and is expressed as mRNAs of approximately 2.5 and 3 kb 
i n  several human leukemia cell lines and  in a variety of 
human fetal tissues. Human embryonic thymus and spleen 
contain similar amounts of the  two mRNA forms, whereas 
predominantly the 3 kb form is  found in  brain, choroid plexus, 
kidney and  cardiac muscle. Also, K562 leukemia, A549 
alveolar carcinoma and  Tera-2 teratocarcinoma cell lines 
express only t h e  3 kb  mRNA, indicating independent  
regulation of the two mRNA forms. Recent data indicates that  
this TK is  the human homologue of the recently cloned rat 
CSK TK which phosphorylates c-src in  the  Y527 position. As 
this site is  lost in  all oncogenic pp6Osrc proteins and  the crk 
and mT oncogenes apparently transform by interference with 
the phosphorylation of this site, one may speculate tha t  the 
CSK TK is  a candidate anti-oncogene. Experiments to test this 
hypothesis a re  underway. 

G 3 0 4  IDENTIFICATION AND CHARACTERIZATION OF 
HUMAN cONA SEQUENCES WHICH ARE PROBABLY CONNECTED 

WITH TUMOR SUPPRESSION, Sergei Arsenian, Department of 
Pathology and Microbiology, University of Nebraska Medical 
Center, Omaha, N E  68198-5660 
Retinoblastoma (Rb) is a prototype model for the study of 
recessive oncogenes, the inactivation of retinoblastoma 
susceptibility gene is correlated with the development o f  a 
subset of human neoplasias. After introduction, via 
retroviral mediated gene transfer, into retinoblastoma, 
prostate and bladder carcinoma ce l l s ,  the intact  Rb gene 
suppressed the neoplastic phenotype of the target  ce l l s .  
Using the subtractive cDNA technique we had identified cDNA 
sequences, which different ia l ly  expressed in wild type WERI- 
Rb-27 retinoblastoma c e l l s  compared to  the reconstituted 
cel ls .  The cloned cDNA sequences are in the process of 
characterization. Their possible role  in the reversion of 
tumorigenic phenotype will be discussed. 

G 3 0 3  HA-RAS ONCOGENE ACTIVATION IN MAMMARY 
GLANDS OF N-METHYL-N-NITROSOUREA-TREATED 

RATS GENETICALLY RESISTANT TO MAMMARY 
ADENOCAFCINOGENESIS, Michael C. Archer and Shi- 
Jiang Lu, Department of Medical Biophysics, 
University of Toronto, Ontario Cancer Institute, 
500 Sherbourne St, Toronto, Canada M4X 1K9 
A single dose of N-methyl-N-nitrosourea given to 
sexually immature, female Buf/N rats, produces a 
high incidence of mammary adenocarcinomas. A 
large percentage of these tumors contain the Ha- 
ras oncogene, activated by a G to A transition at 
the second nucleotide of codon 12. Copenhagen 
rats, on the other hand, are completely resistant 
to mammary tumor induction by a number of 
carcinogens including N-methyl-N-nitrosourea. 
Here we show, using a sensitive method involving 
the polymerase chain reaction, that codon 12 Ha- 
ras mutations occur in the mammary glands of both 
Buf/N and Copenhagen rats 30 days after N-methyl- 
N-nitrosourea treatment. These mutations were 
evenly distributed amongst individual mammary 
glands, and were present in purified mammary 
epithelial cells. In Buf/N rats, the fraction of 
cells containing a mutated Ha-ras allele 
increased by a factor of 10-100 between 30 and 60 
days, whereas in Copenhagen rats, there was no 
such increase during this time period. We 
conclude that the resistance of the Copenhagen 
rat to mammary carcinogenesis is not due to a 
defect in initiation, but rather appears to be 
due to the action of a suppressor gene that 
prevents cells containing a mutated ras allele 
from undergoing sustained clonal expansion. 

G 305 MECHANISM OF NEGATIVE GROWTH CONTROL BY 
CYCLIC AMP IN A HUMAN PROSTATE CARCINOMA 

CELL LINE: CYCLIC AMP INDUCES PRODUCTION OF 

RETINOBUSTOMA PROTEIN, Yung-Jue Bang,' Jane B. Trepel,' 
BIOACI'IVE TGF-v AND UNDERPHOSPHORYLATION OF THE 

Michael A. OReilly. David Danielpour, Won-Ki Kang,' Charles E. 
Myers.' and Seong-Jm Kim2, 'Clinic& Pharmacology Branch, and 
zLabomory of Chernoprcvention, National Cancer Institute, National 
Institutes of Health, Bethesda, MD 20892 
While studying the signal aanductions that regulate the growth of 
androgen-independent prostate carcinoma cells, we found that elevation 
of intraccllular cyclic AMP (CAMP) through addition of CAMP analogs 
or phosphodieste-fase inhibitors induces GI synchronization and growth 
arrest in the human androgen-independent prostate carcinoma cell line 
PC-3. Although it is known that CAMP can inhibit the expnssion of 
growth stimulatory genes such as c-myc and the oansferrin receptor, the 
rcgulation of negative growth regulatory peptides or tumor suppressor 
genes by CAMP is an unexplored area. The most potent negative growth 
regulatory peptides for most epithelial cells are the hansforming g r o h  
factor beta (TGF-0) polypeptide family. We found that growth 
inhhition induced by dibutyryl (db)cAMp was associated with the 
concentrationdependent production of bioactive TGF-f32 and a marked 
in- in TGF-V messenger RNA. The level of TGF-PI messenger 
RNA and TGF-PI -tion were unchanged. PC-3 growth was 
inhibited by TGF-i3 in the same concentmion range as that induced by 
dbcAMP. TGF-p has been shown to regulate the level of 
phosphorylation of the retinobIastorna gene product RB, and RB has 
been shown to regulate TGF-Bl gene expression. To assess the role of 
RB in CAMP-induced growth arrest, we examined the effect of dbcAMP 
on RB phosphorylation. When confluent, growth inhibited PC-3 cells 
were released into logarithmic growth in the psenee or absence of 
dbcAMP. dbcAMP-mated cells showed a marked underphosphorylation 
of the RB protein compared to cells in the absence of dbcAMP, for up to 
48 hours after dbcAMP addition. These data demonshate that in the PC- 
3 prostate carcinoma cell fine. in which CAMP is highly growth 
inhibitory, addition of dbcAMP induces the expnssion of bioactive TGF- 
82, and the underphosphorylation of the RB protein. These data suggest 
that EF-pZ and the RB protein can act as lransducers of the growth 
antst signal initiated by elevation of in~acellular CAMP. 
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G 306 EPINEPHRINE SUPPRESSES RAP1B.GAP ACTIVATED 
GTPASE ACTIVITY. Kim Bencke Marti and Eduardo G. 

Lapetina. Division of Cell Biology, Burroughs Wellcome C., 
Research Triangle Park, N.C. 27709 
Platelet lysate from quiescent cells promotes rapid hydrolysis of 
[+2P]GTP bound to RaplB. Various platelet agonists including 
platelet-activating factor, phorbol 12.1 3-dibutyrate, a-thrombin, 
epinephrine, ADP and noprost which affect platelet metabolism by 
different signal transduction pathways were used to stimulate intact 
platelets to study their effects on RaplB.GAP activated GTPase 
activity. Only epinephrine was found to dramatically decrease not 
only the hydrolytic rate, but also the amount of hydrolysis of 
RaplBGTP activated by RaplB.GAP.This effect is dose dependent 
and occurs rapidly. The suppression of GTPase activity is specific 
for RaplB.GAP, in that, Ras.GAP and Rap2B.GAP activated 
GTPase activity were not affected by epinephrine stimulation. This 
effect appears to be mediated by the a2-adrenoceptor. as evidenced 
by a similar suppression of GTPase activity by stimulating platelets 
with the synthetic a2-adrenoceptor agonist, UK14304 
(bromoxidine). Furthermore, the selective a2-adrenoceptor 
antagonist. yohimbine, blocked the suppression of GTPase activity 
expressed in epinephrine stimulated cell lysates. No apparent 
changes in the patterns of protein expression or tyrosine 
phosphorylation were observed. Although the migration 
characteristics upon anion exchange chromatography of 
RaplB.GAP, as well as Ras.GAP activities were unaffected by 
epinephrine stimulation, the relative speciiic activity of RaplB.GAP 
was noticeably decreased with 25QM and 500pM epinephrine. 
These results suggest a possible role for RaplB and RaplB.GAP in 
epinephrine-stimulated s i sa l  uansduction. 

G 308 CHARACTERISATION OF RB BINDING 
PROTEINS, Rod Bremner, Brenda Gallie and 

Robert A. Phillips, Department of Immunology and 
Cancer, Hospital for Sick Children, Toronto, 
Ontario, Canada, M5G 1x8. 
The product of the retinoblastorna tumour 
suppressor gene plays a critical role in the 
regulation of a number of promoters. It is 
assumed that these effects, and their resultant 
cellular consequences, are mediated by Rb's 
interaction with other regulatory proteins. By 
using different parts of Rb fused to glutathione- 
S-transferase we are determining important 
interactions in a variety of cellular contexts. 
Thus, the pattern of Rb binding proteins (a) 
during differentiation of embryo carcinoma and 
hematopoietic lineages; (b) during passage 
through the cell cycle; and (b) before and after 
transformation of cell cultures with oncogenes 
will be reported. Differences in the binding 
patterns in these systems will give insight into 
crit ical points of regulation by Rb. To 
complement this work, we are using the same 
cell systems to monitor the interactions of Rb 
binding proteins which have already been 
identified; namely, c-myc and 2 newly cloned 
genes RBP-1 and 2. 

G 307THE MECHANISM OF P2lras ACTIVATION BY INSULIN 
J.L. Bosl, R.H. Medemal, B.M.Th. Burgeringl. A.M.M. de 

Vries-Smitsl, G.J. Pronkl , F. McCormickZ, A.Osterop3 and J.A. 
Maassens. 1 Laboratory for Physiological Chemistry, University of 
Utrecht, Utrecht, The Netherlands; 2Cetus Corporation, 
Emeryville, CA.; 3Department of Medical Biochemistry, Sylvius 
Laboratory, Leiden, The Netherlands. 
Previously, we have suggested a possible involvement of p21 ras 
in the insulin signal transduction pathway in rat fibroblasts. 
Recently, we obtained firm evidence for this hypothesis by 
measuring the effect of insulin stimulation on the activation of 
p21 ras in NIH/3T3 cells overexpressing the insulin receptor. A 
conversion of rasGDP into rasGTP (20 to 70% GTP as 
percentage of total nucleotides bound) was found within 1 min 
after insulin stimulation. Using cells overexpressing high levels 
of EGF- or PDGF-receptors, we were not able to detect a 
significant shift in the GTP/GDP ratio after stimulation with EGF or 
PDGF, stressing the specificity of insulin in the activation of 
p2lras (Burgering et al., EMBO J. 10, 1991, 1103). Using 
dominant inhibitory mutants of p21 ras we have investigated 
which cellular effect of insulin stimulation is mediated by p21ras. 
We found that these mutants inhibit insulin-induced activation of 
the c-fos promoter. We conclude from our results that p21 ras is 
involved in insulin-induced signal transduction. in particular in 
the induction of gene expression. Our results do not exclude a 
role of p2lras in other signal transduction pathways. 
To study the mechanism of insulin-induced activation of p2lras 
in more detail, we used the putative phosphatase inhibitor 
phenylarsine oxide. This compound both inhibited insulin- 
induced p21 ras activation and stimulated insulin-induced 
phosphorylation of GAP. These and other results suggest a 
model in which GAP mediates insulin-induced activation of 
p21 ras. 

G 309 lsolatlon of rsp-1, a Novel cDNA Associated 
with Reversion of v-Ki- ras Transformation. 
L. Zanoni, N. Talbot, R. Bassin, and M.L. Cutler. 
Laboratory of Tumor Immunology and Biology, National 
Cancer institute, Bethesda, Md. 
To isolate genes capable of suppressing the v-Ki-ras 
transformed phenotype a vector primed cDNA expression 
library was constructed using polyadenylated RNA from the 
ras revertant cell line, CHP 9CJ. CHP 9CJ cells were 
isolated from the v-Ki-ras transformant, DT, and contain v-Ki- 
ras RNA and high levels of viral p21, but are phenotypically 
non transformed. Following transfection of the cDNA library 
into the transformed DT cell line, and selection in G418, a 
small percentage of the resulting colonies appeared 
phenotypically flat. The cDNA recovered from one of these 
flat transfectants, referred to as rsp-7, suppressed growth of 
DT cells in agar. In addition, rsp- 7 specific RNA is 
overexpressed in the ras revertant cell line, C11, and 
underexpressed in ras and mos transformed NIH3T3 cells in 
comparison to NIH3T3 cells. The DNA sequence was 
determined following isolation of a full length rsp-7 cDNA 
from an NIH3T3 cell library. Analysis revealed that rsp-7 is a 
novel gene with no significant homologies to any other 
reported sequences at the nucleic acid level. It contains a 
long open reading frame which. when translated, encodes a 
277 amino acid protein. The major features of the protein 
include a series of eight leucine rich repeats which match the 
consensus for the leucine repeats in the regulatory region of 
the yeast adenylyl cyclase and a pair of cyclic AMP 
dependent protein kinase phosphorylation sites. Moreover, 
the mouse rsp-7 cDNA hybridizes equally well to mouse, rat, 
cat and human DNA at high stringency, suggesting that the 
rsp-7 gene is very highly conserved. Our current efforts are 
aimed at determining the biological activity of the full length 
cDNA and deletion mutants in both transformed and normal 
cells in order to elucidate the normal function of this gene. 
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G 310 CHARACTERIZATION OF A PROTEIN P37 THAT 
INTERACTS WITH THE RETINOBLASTOMA GENE 

PRODUCT, Elizabeth Fortunato and Suresh Subramani, 
Dept. of Biology, University of California San 
Diego, La Jolla CA 92093 

The retinoblastoma gene product (RB) is believed to 
act as an important cell cycle regulator. The early 
proteins of several DNA tumor viruses complex with 
RB. Sequence comparison between the viral proteins 
within the regions that bind to RB has shown strong 
similarities. Prompted by the notion that this 
conserved region may be used by the viruses to mimic 
a cellular protein with which RB normally interacts, 
we designed a peptide to the conserved region in the 
BK virus T antigen sequence and have generated a 
polyclonal antibody. 

The antibody recognizes a primary band with a 
molecular weight of 37 kd by western blot analysis. 
This band can be competed to an appreciable extent 
with peptide conjugated to BSA. Immunofluorescence 
data indicate that the antibody recognizes a protein 
or proteins that colocalize with RB to the nucleus 
during GI, S, and G2 phases of the cell cycle, but 
localize to the spindle pole during mitosis. 
Imnunoprecipitation data indicates a specific 
interaction between p37 and RB that can be competed 
by the presence of a functional SV40 T antigen (in 
a temperature sensitive cos cell line). The normal 
cytoplasmic localization of p 3 7  is indicated by 
immunofluorescence in mutated and RB minus cell 
lines. Functional studies, as well as the cloning 
of p37, are underway. 

G 312 Transcription regulation b y  the 

Nobuo Horikoshi. Meenhard Herlyn and Roberto Weinmann. 
The Wistar Institute, Philadelphia, PA 19104. 

In addition to hereditary human retinoblastoma, 
deletions or mutations of the retinoblastoma 
susceptibility gene, which result in a loss or aberrant 
production of the retinoblastoma protein (pRB). have 
been detected in several human tumors, including 
osteosarcoma, breast carcinoma and small cell lung 
carcinoma. Although the normal pRB has been shown to 
be phosphorylated in a cell cycle specific fashion and to 
form complexes with transforming proteins of DNA 
tumor viruses, like SV40 T, adenovirus E1A and 
papillomavirus E7, the exact function of this tumor 
suppressor remains to be determined. Recent results 
showing that pRB is a component of a complex (E2Fi) 
that inhibits DNA binding of the transcription factor 
E2F (Bagchi, Weinmann & Raychauduri 1991 ,Cell 
65:1063-72) and that this inhibition can be competed 
with purified E l A  suggest an important function for 
pRB in transcription regulation. To study the potential 
effect of pRB on gene expression, we have co- 
transfected RB-sense and -antisense expression 
vectors together with promoter-reporter constructs for 
EPearly, c-fos and RB into several cell lines. 
Expression of RB-antisense mRNA resulted not only in 
activation of the heterologous promoters of E2early and 
c-fos but also in activation of the autologous RB 
promoter. These results suggest that pRB modulates 
transcription of cellular and viral genes and that pRB 
expression might be autoregulated. 
Supported by Deutsche Forschungsgemeinschaft Gr 984/2-1 

retinoblastoma protein. Ullrich Graeven, 

G 31 1 CLONING, EXPRESSION AND CHROMOSOMAL 
LOCALIZATION OF A NEW PLlTATlM RECEPTOR- 
LIKE PROTEIN TYROSINE PHOSPHATASE, 

Martijn F.B.G. Gebblnk, Ingrid van Etten, Gum Hateboer, Ron 
Suijkerbuijk, Roderick L Beljembergan, Ad Geurtcr van Kerurel 
and Wouter H. MOOleMar. Division of Cellular Biochemistry. 
The Netherlands Cancer Institute. Plesmanlaan 121, 1066 CX 
Amsterdam, The Netherlands 

Protein tyrosine phosphorylation plays a maior role in the 
regulation of eukaryotic cell proliferation and differentiation and 
is regulated by the activities of both protein tyrosine kinases 
(PTKs) and protein tyrosine phosphatases (PTPs). We have 
isolated a mouse cDNA of 5.7 kb, encoding a new member of 
the family of receptor-like protein tyrosine phosphatases, termed 
mRPTPp. The cDNA predicts a protein of 1432 amino acids (not 
including signal peptide) with a calculated Mr of about 162 k. In 
addition, we have cloned the human homolog, hRPTPp, which 
shows 98% amino acid identi to mRPTPp. The RPTPp protein 
is composed of a 722 amino acid extracellular region, containing 
13 potential N-glycosylation sites, a single transmembrane 
domain and a 688 amino acid intracellular part containing two 
tandem repeats homologous to the catalytic domains of other 
tyrosine phosphatases. The N-terminal extracellular part consists 
of a 160 amino acid region with no sequence similarities to 
known proteins followed by one Ig-like domain and four 
fibronectin type Ill-like domains. RNA blot analysis reveals a 
single mRNA transcript, showing highest expression in lung and 
much lower expression in brain and heart. Transfection of the 
mRPTPp cDNA into COS cells results in expression of a protein 
with an apparent Mr of 195 k, as detected in immunoblots using 
an antipeptide antibody. The human RPTPp gene is localized on 
chromosome 18 band 11 p2. To further characterize the role of 
RPTPp we have made chimeric constructs containing the 
extracellular part of the EGFR and the intracellular part of 
hRPTPp. Transfection studies using EGF as a ligand are 
planned. 

G 313 THE NEUROFlBROMATOSlS TYPE 1 GENE PRODUCT 
ENCODES A SIGNAL TRANSDUCI'ION PROEIN 

WHICH CO-LOCALIZES WITH MICROTUBULES. David H. Cutmuur, 
Paula E. Gregory, Deborah L. Wood and Francis S. Coilins, The Howard Hughes 
Medical Institute, University of Michigan, AM Arbor, MI 4810906M 
The gene for von Recktinghawn oeurofibromatosis type (NFI) was recently 
identified by pmitional doniog and found to code for a protcin with q u c n c c  
simiilarily to a family of GTF'ase activating proteins (GAPS). In an effort to 
ideotlfy the NFI gene produd, antibodies were generated against both syothdc 
peptides and fusion proteins. A panel of rabbit antirera directed a p k t  thc NR 
protein all identified a unique protein migrating at 2y) kDa by 
hmunaprecipitation and immunoblotting The diRerencc between thc predicted 
molecular size (327 kDa) and the SLC seen on SDS-polyanylamidc gels doea not 
appear to be due to protein pi& as antibodies directed against the amino 
terminal, carboxy terminal and various cpitopcs in between 9 I& a w )  
kDa protein. This protein, ~ermed NFIGAP-related protein (NFICRP) to 
underscore the known relationship between NFI and these GAP-related proteins, 
was detected in a wide variety of cultured cell lioes. Immunoblottiog d 
homogenates from adult m o w  tissues demonstrated lbat NFlGRP was 
expressed in all tissues examined. As was predicted from the amino a d  
sequence. NFlGRP was detected predominantly in the cytoplasm and is no( 
heavily E- or Q- glycnsylated. Indued immunofluorescencc cnnfmed t h e  
fmdings and suggested that NFlGRP was expressed in a fibrilla pattern. 
reminiscent of cytoskeletal elements. NFlGRP and tubulin appear to cdcelizc 
by immunofluorescence and treatmentr. which disrupt microtubules alro destroy 
the NFlGRP fibrillary Staining panern. Rat brain homogenate fradiona enriched 
in miuatubules by repeated cycling demonstrats tbc presence d NFlGRP by 
immunoblotting. Therc was no aoss-readiVity between the NFlGRP antiura 
and other microtubule -led proteins (MAPI. MAp2, and tau) as 
determined by immunofluoresccnce, immunopruipitation and immunoblotling 
After stimulation with growth factors, there is M tyx&e phosphorykion d 
NFlGRP, as observed with mammalian GAP, in k c c p q  with thc lack of SH2 
and SH3 domains in NFlGRP. changes in NFlGRP subccllvlar locabfion 
were &wed with growth factor stimuldon, s u g g e d q  that NFIGRP, like 
GAP, partiapates in signal transduction pathways. The fmding tbat NFlGRP 
localizes to microtubules underscores its role in signal transdudion pathways and 
may relate to growth factor-mediated changes in thc cyroskekton, as microtubule 
asembly and disayembly are GTPdepcndent prmsscs. 
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G 314 Transcriptional Repression of E2-containing 
Promoters by the Murine Retinoblastoma Protein. 

Paul A. Hame 1, Montgomery Gill, Robert A. Phillips and Brenda L. Gallie 

Division of Immunology and Cancer Research, Hospital for Sick Children 
Research Institute, Toronto, Ontario, Canada 

The murine retinoblastoma gene product, ~ l l @ ~ I ,  has recently 
been demonstrated to be present in protein complexes which modulate 
transcription from the E2 element. In order to examine the role of pl l W 1  
as a transcription factor, we have assessed the ability of ~ l l @ ~ l  to 
suppress activity of the adenovirus EIIaE, c-fos and c-myc promoters in 
undifferentiated and retinoic acid (RA) induced P19 cells. Similar to 
previous reports, we consistently observe a 1.5 to 2 fold reduction of c-fos 
promoter activity when co-hansfected with wild type pIl@BI. However, 
P I  loRBI was observed to consistently suppress EIIaE activity 8 fold in 
differentiated PI9 cells. CAT consuucts containing 2.0 kb of the c-myc 
promoter, including both initiation sites in exon 1 (PI and P2). 1 l@BI 
were suppressed transcriptional activity 5 to 8 fold by pll@fl. Only 
IOObp 5' of P2 was sufficient for pl l@Bl suppression of c-myc. 

As expected, Large T-binding domains were required for 
transcriptional repression of the EIIaE promoter. A panel of RB proteins 
with intact Large T domains but containing deletions in the flanking regions 
or mutant in p34Cdcz consensus sequences were also studied. Although 
mutation of a single p34cdC2 site was observed to revent the shift in 

PAGE gels, and mutation of 8 p34CdCP sites prevented hyper- 
phosphorylation of pl smng repression of the EIIaE promoter was 
retained. These msults indicate that repression of promoters by pl is 
nor dependent on the integrity of the regions flanking the Large T-binding 
domains. 

molecular weight of hyper-phosphorylated 1 l p E  P observed in SDS- 

G 316 Characterization of PTPase Monoclonal Antibodies 
David E Hilll, Karen A Johnsonl, Arthur Bruskinl, 

Sheryl Brown-Shimerl, Andrea Schiavelli2, Ray Erikson2, 
Norbert Zander3, Carolyn Dadaby3, and Deborah Cool3. 
1. Applied bioTechnology, Cambridge, MA. 
2. Harvard University, Cambridge, MA. 
Washington, Seattle, WA. 
Phosphotyrosine phosphatases (PTPases) appear to 
perform a critical role in signal transduction mediated by 
tyrosine kinases. We have recently shown that PTPase 1B 
and the T cell PTPase are capable of suppressing 
oncogenic transformation by tyrosine kinase oncogenes. 
In order to further characterize the roles of PTPases in 
cellular processes, we have developed a panel of 
monoclonal antibodies to both PTPase 1B and the T cell 
PTPase. Two of these antibodies appear to be specific for 
the full length forms of either PTPase 1B or T cell PTPase 
presumably recognizing unique epitopes in each protein. 
Other antibodies show pan reactivity toward PTPases. 
The antibodies are capable of immunoprecipitating 
enzymatically active PTPase. Furthermore, using the 
antibodies in immunofluorescence experiments suggests 
that both PTPases are localized to the endoplasmic 
reticulum. The availability of both monospecific and pan 
reactive antibodies will facilitate determining the role of 
PTPases in signal transduction and cell cycle regulation. 

3. University of 

G315 CELL CYCLE-DEPENDENT EXPRESSION OF THE 
RETINOBLASTOMA GENE. Tomoko Hashimotoll, 

Jun-ichi Furuyamal), Hideki Shindo21, Eiichi 
Tanizl, Hidekazu Nakabayashi31, Taiki Tamaokisl , 
and Rei Takahashiq), 1)Department of Genetics, 
ZIDepartment of Neurosurgery, Hyoyo College of 
Medicine, Nishinomiya, 663, Japan, 3lDepartment of 
Medical Biochemistry, Faculty of Medicine, 
University of Calgary, Calgary, AB T2N 4N1, 
Canada, 4)Center for Biotechnology, Baylor College 
of Medicine, The Woodlands, TX 77381 
?he retinoblastoma (RB) gene is inactivated in 
various human tumor cell lines and RB protein has 
been considered as one of the key factors which 
suppress cell growth. However, little is known 
about the level of expression of the RB gene 
during cell cycle. In this study, we analyzed the 
expression of the RB gene and factors that control 
the expression of the RB gene in relation to cell 
cycle. 
Normal human fibroblasts arrested in a quiescent 
stage with serum deprivation were stimulated by 
adding FCS to the medium. Within 1 hr, 
significant expression of the RB gene was observed 
as analyzed by dot blotting. At the same time, 
the RB protein was detected in nuclei by 
immunostaining, whereas it was not detectable 
before stimulation by FCS. lThese results suggest 
that RB gene expression might be controlled by 
growth factors in an early stage of the G1 phase. 
To examine transcriptional control element ( s )  of 
the RB gene, we isolated genomic sequences 
upstream of the RB gene. In CAT assays, 0.8kb 5 ' -  
flanking region exhibited promotor activity. 
However, the CAT expression supported by this 
sequence was different among cell lines, 
suggesting that RB gene expression could also be 
controlled by cell-specific transcription 
factor(s). 

G 317 DELETION OF THE 3 '  REGION OF THE RB 
GENE WHICH WAS OBSERVED IN SOMATIC 

CELLS OF AN INHERITED RB PATIENT AND IN A CELL 
LINE ESTABLISHED FROM THE TUMOR TISSUE, Kanji 
Ishizaki, Mitsuo Kato, and Masao S. Sasaki, 
Radiation Biology Center, Kyoto University, 
Kyoto, 606, Japan. 
Many of mutations of the RB gene observed in 
tumors involve the domains of the RB protein 
which are required for binding to the SV40 T 
antigen. However, we recently found a deletion 
of the 3 '  region of the RB gene which is outside 
of the binding domains in an inherited RB 
patient. The somatic cells are heterozygote of 
this mutation and the cell line established from 
the tumor tissue is hemizygous for this 
mutation. RT-PCR analysis have shown that mRNA 
in somatic cells dose not contain mutant type 
suggesting some mechanisms to suppress the 
expression of a mutant allele. On the contrary, 
mRNA of the tumor cell is deleted exon 24 and 
this deletion gave rise a stop codon in exon 25. 
Since this mutant gene is supposed to produce RB 
protein with truncation of COQH-terminal, this 
mutation may be useful to know the function of 
COQH-region of the RB protein. 
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G 318 CHARACTERIZATION OF THE CATALYnC DOMAINS OF HUMAN 

Michiyasu Itoh, Michel Streuli. Neil X. Krueger, Alex Y.M. Tsai and 
Haruo Saito. Division of Tumor Immunology, Dana-Farber Cancer 
Institute, Harvard Medical School, Boston, MA 021 15. 

The recent identification and characterization of a family of protein 
tyrosine phosphatases (PTPases) suggests that dephosphorylation as 
well as phosphorylation of tyrosine residues of proteins plays an 
essential role in regulating diverse cell activities. Given that 
hyper-phosphorylation of protein tyrosine residues can cause cell 
transformation, it is possible that loss of a PTPase function may also 
be oncogenic. Indeed. the human gene encoding the receptor-linked 
PTPase, hPTPy, was mapped to the chromosomal region 3 ~ 2 1 ,  which 
is frequently deleted in renal cell carcinomas and lung carcinomas. 
Thus, it seems likely that PTPases are  tumor suppressor genes. 
Human hPTPp, LCA, and LAR are transmembrane receptor-linked 
PTPases whose cytoplasmic regions contain either one (HPTPB) or 
two (LCA and LAR) domains that are homologous to PTPases. 
Whereas the membrane-proximal domain 1 has enzymatic activity. 
the membranedistal domain 2 of both LCA and LAR has no detectable 
catalytic activity. In order to understand the physiological role of 
these receptor-linked PTPases. it is important to characterized the 
properties of the catalytic domains. Therefore, we expressed the 
cytoplasmic regions of HPTPB. LCA, and LAR in E. cob. and purified 
to greater than 90% purity. Modulatory effects of various low 
molecular weight compounds and homo- and co-polymers of amino 
acids were examined. Several polypeptides that contain a high 
proportion of tyrosine were strongly inhibitoty to these PTPases. To 
determine a possible role for the catalytically inert LAR domain 2, 
the properties of recombinant LAR PTPases containing both domains 
1 and 2 (LAR-DlD2) or only the domain 1 (LAR-D1) were 
compared. In nearly all aspects examined, LAR-D1 and LAR-D1D2 
were indistinguishable. However. polycationic polypeptides strongly 
stimulated the PTPase activity of LAR-DlDZ but not LAR-D1. Thus, 
basic polypeptides seem to indirectly stimulate the catalytic activity 
of the domain 1 by interacting with the domain 2. suggesting that the 
presence in human cells of a basic protein that regulates PTPase 
activity by interacting with the domain 2. 

RECEPTOR-LINKED PROTEIN TYROSINE PHOSPHATASES, 

G 320 EIA Domains that Bind plO5Rb and p300 are Required 
to Block NGF-induced Differentiation of PC12 Cells. 

Daniel Kalman+ , J. Michael Bishop+ and Paul H. O'Lague' 
'UCLA Department of Biology, Los Angeles CA 90024 and +The 
G.W. Hooper Foundation. UCSF, San Francisco CA 94143-0552. 

Nerve Growth Factor (NGF) causes PC12 cells to cease division 
and undergo sympathetic neuron-like differentiation 
including neurite outgrowth. We are testing whether 
differentiation and division share overlapping control 
mechanisms in these cells. To do this we are perturbing the 
activity of proteins known to participate in cell cycle 
regulation by introducing the EIA oncogene or its mutant 
forms via microinjection. E1A acts in pan through specific 
binding domains to titrate putative cell cycle control proteins 
including. for example, plO5Rb (he  product of the retino- 
blastoma susceptibility gene) and p60 Cyclin A. as well as 
others of unknown function such as p107 and p300 (Whyte et 
at. 1989; Cell 56:67). Similar to previous results (Maruyama et 
a1.1986: Oncogene 1:361), we find that wild type EIA, detected 
immunohistochemically, blocks NGF-induced neurite 
extension. However NGF does cause neunte outgrowth in the 
presence of EIA mutants known to have greatly reduced 
binding to either plO5Rb or p300. These results suggest that 
cell cycle regulatory proteins such as plO5Rb and p300 might 
play an overlapping role in the NGF signal transduction 
pathway. Biochemical experiments with Rh isolated from 
untreated or NGF-treated PClZ cells using immuno- 
precipitation techniques suggest that NGF affects Rb phos- 
phorylation. Rb from untreated PC12 cells migrates as a 
hyper- and under-phosphorylated form on SDS-PAGE (-1 lOkD 
and 105 kD respectively). However, Rb isolated from NGF- 
treated cells that are growing neurites migrates only as an 
underphosphorylated species (-105kD). Similar effects on Rh  
phosphorylation havc been observed with other growth 
factors that inhibit cell proliferation such as TGF-P (Pietenpol 
el al 1990: Cell 61~777). Experiments are currently under way 
to determine cellular mechanisms by which under- 
phosphorylared Rb contributes to NGF-induced morphological 
differentiation. 

G 319 MULTIPLE PATHWAYS FOR THE REGULATION OF 
p2lraS IN T LYMPHOCYTES. M. Izquierdo, J.D. 

Graves, J. Downward and D.A. Cantrell. Lymphocyte 
Activation Laboratory. I.C.R.F. Lincoln's Inn Fields. 
London WCZA3PX. 
T lymphocyte activation via the antigen receptor complex (TCR) 
and CD2 antigen results accumulation of p2lraS in the active 
GTP bound state.  Stimulation of protein kinase (PKC) can also 
activate p2lraS and we have proposed a model that the TCR 
regulating p21ras occurs as a consequence of TCR regulation of 
PKC. The T cell growth factor Interleukin-2 (IL-2) does not 
activate PKC in T cells and  yet IL-2 can induce ~ 2 1 " s  activation. 
These data  imply that both PKC and  non PKC mediated 
pathways for activation of p21rasexist in T cells. To test the role 
of PKC in TCR regulation of p21 ras we have used a 
permeabilized cell system to examine TCR regulation of ~ 2 1 " s  
under conditions where TCR activation of PKC is blocked i.e. 1) 
u se  of a PKC pseudosubstrate inhibitor , 2)use of ionic 
conditions (OnM Ca2+ in the permeabilisation buffer) that block 
diacylglycerol production by phospholipase C. TCR stimulation 
of p21 ras was  much less sensitive to PKC pseudosubstrate 
inhibition comparing to that exerted by PDBu. On the other 
hand, when PLC-induced PKC activation w a s  blocked the 
stimulation of the TCR w a s  still able to activate p21 ras. The 
results obtained suggest  that there a re  two main pathways for 
TCR regulation of p2lras in T cells, one involving PKC activation 
and one that does not. 

G 321 THE RETINOBLASTOMA PROTEIN IS PHOSPHORLYATED 
BY CDC2 OR A CDC2-RELATED KINASE IN VIVO, Jacqueline 

Lees, Qianjin Hu, Karen Buchkovich and Ed Harlow, Molecular Oncology, 
MGH Cancer Center. Building 149,13* St.. Charlestown, MA02129. 

Recent work from a number of laboratories has shown that the 
transforming proteins of small DNA tumor viruses often form 
protein/protein complexes with the products of tumor suppressor genes. 
The best studied example of this is the interaction found between the EIA 
proteins of adenovirus, the large T antigens of polyomavirus or the E7 
proteins of papillomavirus and the rerinoblastoma gene prcduct, plO5-RB. 
Genetic studies of these three viruses have shown that any mutation that 
abrogates the binding of plO5-RB drammatically reduces the transformadon 
potential of these viruses. This suggests that these virus may stimulate 
cellularproliferation by binding to, and therefore sequestering, plO5-RB in 
a manner that mimics the loss of plO5-RB in naturally occuring 
retinoblastomas. 

Although plO5-RB is postulated to act to inhibit cellular 
proliferation, it continues to be expressed in actively dividing cells. 
However, a number of studies have shown that plO5-RB becomes 
phosphorylated on transition from G1 to the S phase of the cell cycle, 
suggesting that the tumor suppressor function of the retinoblastom protein 
is regulated by phosphorylation and that the unphosphorylated form of 
plO5-RB is the active repressor. Using a number of monoclonal antibodes 
we have shown that plO5-RB forms a complex with human cdc2. 
Moreover, cell staging experiments show that there is a direct correlation 
between the association of this kinase and the timing of plO5-RB 
phosphorylation. purified cdc2 is also able to phosphorylate plO5-RB in 
vitro, and 2D tryptic maps show that the pattern of phosphorylation is very 
similar so that found in vivo. By analysing the phosphorylation of pRB 
peptides we have been able to identify five of these phosphorylation sites, 
each of whjch correlates with an in vivo phosphorylation event. In each 
case sequencing has confirmed that these correspond to the concensus cdc2 
phosphorylation site. Taken together these results suggest that either cdc2 
or a cdc2-related b a s e  acts to regulate plO5-RB function in vivo. 
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G 322 EJ-AAS INDUCES MORPHOLOGIC 
TRANSFORMATION AND GROWTH ARREST IN A 

HUMAN COLON ADENOMA CELL LINE CONTAINING A 
MUTANT P53 ALLELE. Sanford Markowitz, Louis Myeroff, Bin 
Yang, Kay Molkentin, Margaret Lyon, James Wilison, Case 
Western Reserve University, and University Hospitals of 
Cleveland, Cleveland, OH 44106. This study tests the 
transforming acitvity in human colon epithelium of combined 
expression of mutant ras and mutant p53 alleles. Combined 
expression of mutant ras and mutant p53 alleles transforms 
primary rat embryo fibroblasts. Roughly half of colon cancers bear 
combined mutations in both ras and p53 alleles. We have 
coexpressed mutant ras and mutant p53 alleles by transfecting 
into a human colon adenoma cell line, VACO-330, a transforming 
EJ-ras allele. VACO-330, a nontransformed cell line established 
from a benign human colon polyp, bears one mutant p53 allele 
(codon 248 val to trp), one wild type p53 allele, and only wild type 
ras alleles. Control VACO-330 were transfected with an empty 
expression vector bearing only sequences for G418 resistance. 
The parent VACO-330 cell line exhibits epithelial morphology, 
growing as islands of cells with apical polarity and tight junctions, 
and exhibits neither tumorigenic growth in the nude mouse nor 
anchorage independent growth in soft agar. Control transfectants 
1) form G-418 resistant colonies which grow as islands of 
epithelial cells with morphology identicai to parental VACO-330; 
and 2) are easily expanded into daughter cell lines. In contrast, 
G418 resistant colonies bearing the EJ-Ras allele 1) grow as large 
individual cells lacking cell to cell contacts and 2) cannot be 
carried past 7 to 8 passages. PCR analyses confirms to presence 
of EJ-ras in the morphologically altered clones. Coexpression in 
VACO-330 of EJ-ras and a codon 248 mutant p53 allele induces 
altered morphology, but the altered cells rapidly growth arrest. We 
conclude that 1) EJ-ras expression is growth inhibitory to the 
VACO-330 cell line; 2) Full transformation of the VACO-330 
adenoma cell line likely requires genetic events additional to the 
expression of transforming ras alleles; 3) In colon epithelium, 
complementation of ras and p53 transforming activities may 
require interaction of only certain mutant ras and p53 alleles. 

G 324 

BY PHOSPHORYIATION IN THE NORMAL CELL CYCLE, 

* Koichiro Mihara and Masayoshi Namba, Department of Cell 
Biology, Institute of Molecular and Cellular Biology, Okayama 

University School of Medicine, Okayama, Japan 700 

THE HUMAN RETINOBLASTOMA GENE PRODUCT 
(Rb) DISSOCIATES FROM THE CYCLIN A COMPLEX 

Rb labeled with [ Y - ~ ~ P I A T P  by in vimphosphorylation was 

detected in the supernatant of the cyclin A immunocomplex after an in 
v i m  kinase reaction, but not in the binding fraction. Our result 
demonstrates that Rb is present in the cyc l i  A complex and dissociates 
from it as a consequence of phcsphorylation. Dissociation from the 
cyclin A complex is found only at the G 1/S and S phase in the cell 
cycle. These fmdmgs suggest that growth suppressing function of an 
underphosphorylated form of Rb in G1 is inactivated by dissociation as 
a consequence of phosphorylation of Rb. Furthermore, when 
bacterially expressed Rb proteins were used as a substrate for in vitro 
kinase reaction, the domain of Rb necessary to bind SV40 large T or 
adenovirus EIA was found to be necessary for pbosphorylation of Rb 
by the cyclin A mmplex. 

Recently, several other studies have revealed that the Rb and 
cyclin A are involved in the cellular t-ription factors DRTF and 
E2F. Furthermore, the association of Rb and thae transcription 
factors is regulated by El A. EIA is presumed to inactivate the growth 
suppressing function of Rb by its dissociation from the transcription 
factor complex. 

Our results represent a direct evidence of activation mechanism 
of the transcription factors by dissociation of transcription suppressing 
factor, Rb. The G b3 block of cell proliferation by Rb may therefore 
be liberated by cyclin A in normal cell cycle control. 

G 323 NOT AN ANTI-ONCOGENE? A STRUCTUWU 
FUNCTIONAL ANALYSIS OF Krev-1 p21. Mark 

S .  Marshall. Elizabeth A. Eklund and Theodore G. Gabig. 
Department of Medicine,Hematology/Oncology Section, Indiana 
University School of Medicine, Indianapolis, Ind. The K w -  1 
gene is aMe to suppress =-mediated transformation at low 
frequency y&3 when expressed at high levels. Both the & 
and K w - 1  proteins have identical -effector’ domains (residues 
32-40), which are required for biological activity and for 
interaction with Ras GTPase Activating Protein (GAP). It has 
been demonstrated that the differing Ras p21 and Krev-l p21 
-activities- are determined by amino acids 16-60. We have 
identified five specific amino acid residues flanking the Ras p21 
effector domain (N26,H27,D30.€31 and V45) which promote 
activation of the g.s tarcet. The substitution of Krev-1 ~ 3 1  
residues 26,27,30.31 and 45 witli the corresponding amino acid 
residues from Ras p21 resulted in a K a - 1  protein which had 
m function in both mammalian and yeast biological assays. 
Substitution of corresponding Krev-1 p21 residues into Ras 
p21 resulted in biologically defective proteins. 

Although structural and functional comparison of Ras p21 
vs Krev-1 p21 has yielded significant information, it is 
conceivable that suppression of the =-transformed phenotype 
by overexpression of K m - I  is not based on a physiological 
pathway. Krev-1 p21 is physically associated with the oxidase 
cytochrome of neutrophil NADPH oxidase, suggesting a 
functional interaction. The neutrophil NADPH oxidase can be 
reconstituted and requires a GTP-binding protein for 02- 
generation. We have identified the regulatory GTP-binding 
protein as a small 21 kDa protein. When the 21 kDa protein 
was immuno-depleted from the reconstitution mix, no 02- was 
generated. We were able to restore NADPH oxidase activity in 
a GTP-dependent manner by adding back K w - 1  protein but 
not protein. These results suggest that a physiological 
function of Krev-1 p21 is the regulation of NADPH oxidase and 
not control of Ras p21 function. 

G325 

and Sheila L. Morris, Department of Pharmacology, Pennsyl- 
vania State University, College of Medicine, Hershey, PA 
17033 
The transforming growth factor B (TGFB) family of 
polypeptides are ubiquitously expressed and control a 
variety of cellular processes by interacting with at least 
two types of high affinity cell surface receptors. 
However, the primary signal transduction mechanism of the 
receptors is unknown. The ras-encoded 21 kDa GTP binding 
proteins have recently been shown to mediate the effects 
of other polypeptide growth factors. Here we show that 
both TGFBl and TGF& (200 pM) result in a rapid (within 6 
min) stimulation of GTP bound to p21ras in TGFB-sensitive 
intestinal epithelial cells, but not in TCFB-resistant 
cells derived from the same parent cell line (IEC-18). 
The CCL64 epithelial cell line (extremely sensitive to 
growth inhibition by TGFp) displayed a concentmtion- 
dependent increase in GTP bound to p21ras by TGFB1. and a 
rapid activation of p21ras by TGFp2. The results provide 
the first evidence for a direct receptor coupling event 
for TGFp signal transduction in epithelial cells. 

ACTIVATION OF p21ras BY TRANSFORMING GROWTH 
FACTOR p IN EPITHELIAL CELLS, Kathleen M. Mulder 
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G 326 RB GENE INACTIVATION IN HUMAN BREAST 
CANCER SPECIMENS AND NUDE MOUSE 
XENOGR AFTS 

Peter T. Reissmann, Rei Takahashi, Beppino Giovanella, Juan-Carlos 
Ramos, Michael F. Press, and Dennis J. Slamon. Department of 
Medicine, UCLA School of Medicine, Los Angeles, CA 90024, Center 
for Biotechnology, Baylor University, The Woodlands,TX 7738 1, 
Stehlin Foundation, Houston, TX 77380, and the Department of 
Pathology, University of Southern California School of Medicine, Los 
Angeles, CA, 
Inactivation of the retinoblastoma susceptibility gene (RB) has been 
implicated in the development of a number of human malignancies. In 
order to define more precisely the role that RE gene mutations may play 
i n  human breast cancer, we undertook a comprehensive analysis of RB 
gene structure and expression in resected breast cancer NmOr specimens 
and in human breast cancers propagated as nude mouse xenografrs. RE 
gene suucture was studied by Southern analysis, and expression was 
studied by Northern analysis of the RB transcript and 
immunohistochemical analysis of the RB protein (plO5RB). Structural 
alterations of RB gene were detected in only 2/109 tumor specimens, 
but were found in  4/17 nude mouse xenografrs. Absence or alteration 
of the RB transcript was found in 2/49 primary tumor specimens, and in 
6/15 nude mouse xenografts. lmrnunohistochem~cal analysis of tumor 
specimens revealed 10/34 (29%) to lack the normal expression of the 
RB protein. These data confirm that RE gene inactivation occurs in a 
significant fraction of human breast cancers. Propagation of human 
breast cancer in nude mice may select for tumors which have RB gene 
mutations and/or may facilitate the detection of these alterations by 
molecular techniques. 

G 328 REGULATION OF SP1, E2F, A N D  ATF 
TRANSCRIPTIONAL ACTIVITY BY THE RETINOBLASTOMA ANTI- 
ONCOGENE PRODUCT, Paul D. Robbinsl, Zhauhui Shaol, Dennis 
Templetonz, and Seong-fin Kim3. 1Department of Molecular Genetics, 
Universiry of Pjtrsburgh School of Medicine, Pittsburgh. PA, 2Department 
of Pathology, Case Western Reserve University School of Medicine, 
Cleveland, OH and 3Laboratory of Chemoprevention, National Cancer 
Institute. Bethesda. MD. 
The retinoblastoma anti-oncogene product has been shown to positively 
and negatively regulate transcription from several promoter elements. We 
have identified a similar motif (RCE) within the TGF-81, c-fos. c-myc, 
and IGF-II promoters that is responsible for conferring positive activation 
by Rb. Using several different methodologies, we have demonstrated that 
the tianscription factor Spl binds to and activates transcription through the 
RCE. Furthermore, we have demonstrated directly that Rb can stimulate 
Spl uanscription in vivo using a vector expressing a GAL4-Spl fusion 
protein and a GAL4 reporter plasmid. Moreover, we have mapped the 
regions of Rb responsible for confemng stimulation of GALA-Spl activity 
to the T-antigen/Ela binding pocket as well as to a region in the amino 
terminus of the protein. In a related set of experiments, we have 
demonstrated that Rb is able to negatively regulate transcription of the 
Adenovirus E2 promoter through both an E2F binding site and an ATF 
binding site. Although the E2 promoter contains two E2F binding sites, 
only the most proximal binding site is affected by Rb. Analysis of the Rb 
domains involved in the negative regulation of E2F activity suggests that 
similar, but not identical regions of Rb, are responsible for negative 
regulation of E2F and positive regulation of Spl. The involvement of the 
ATF site in the regulation of the E2 promoter by Rb has led us to examine 
the ability of Rb to regulate ATF-1 and ATF-2 transcriptional activity. 
Results of experiments examining the ability of Rb to regulate ATF-1 and 
ATF-2 aanscriptional activity will be presented. Moreover, results of 
experiments analyzing the effect of SV40 T-antigen on the regulation of 
GAL4-Spl and GAL4-ATF transcription by Rb also will be presented. 
The above observations suggest that Rb does not function solely by 
interacting with and inactivating certain transcription factors, but instead 
plays a more active role in nansniptional initiadon. 

G 327 EXPRESSION OF RETINOBLASTOMA PROTEIN IS 
REGULATED IN NORMAL HUMAN TISSUE, 

Victoria M. Richon. Maria Dudas, Thomas Tolentino, 
and Carlos Cordon-Cardo, Departments of 
Developmental Cell Biology, and Pathology, 
Memorial Sloan Kettering Cancer Center, Hew York, 
NY 10021 
The retinoblastoma protein (pRB) has been 
implicated in the control of cell cycle 
progression and differentiation in a wide variety 
of cell types. Inactivation of RB gene pre- 
disposes to the development of hereditary and 
sporadic retinoblastoma. RB defects have been 
observed in cell lines and tumor tissue derived 
from patients with small cell carcinoma, breast 
cancer, osteogenic sarcomas and bladder carcinoma, 
suggesting that loss of RB function results in 
lack of growth control. We have examined the 
expression of pRB in normal human tissue using 
immumohistochemical techniques on frozen tissue 
sections. pRB is expressed in all tissues 
examined, however, the expression within certain 
tissues is limited to specific cell types. In 
cells of the stratified epithelium from skin, 
cervix, and esophagus, pRB is barely detectable in 
the highly proliferative basal layers, but 
expressed at much higher levels in the 
differentiating suprabasal layers. In lymph node, 
pRB is easily detected in the germinal center, 
composed of proliferating B lymphoctyes, but 
barely detectable in the surrounding B and T 
cells. In testes, pRB is restricted to the 
Sertoli cells, with little or no expression of pRB 
in the spermatogonia and spermatozoid cells. In 
thyroid, prostate, brain, liver, adrenal and 
kidney pRB is expressed in only a subset of cells. 
Therefore, the regulation of expression of pRB is 
complex and appears to be dependent upon several 
factors including the proliferative and 
developmental state of the cells. 

G329 IDENTIFICATION OF AN INSERTION IN EXON FOUR OF 

PUTATIVE TUMOR SUPPRESSOR GENE. Peter T. Rowley, Barbara 
A. Kosciolek, and Gary R. Skuse. University of Rochester 
School of Medicine and Dentistry, Rochester, New York. 
von Recklinghausen neurofibromatosis (NFI) is an autosomrl 
dominant disease caused by a single gene and involves a 
diverse set of manifestations including benign and 
malignant tumors. In order to determine whether the NFl 
gene product has a tumor suppressor function we have 
tested the two-hit hypothesis using markers which detect 
restriction fragment length polymorphisms (RFLPs) from the 
region of chromosome 17 surrounding the NFl gene. Ue have 
previously reported a loss of heterozygosity for those 
markers in malignant tumors but not in benign 
neurofibromas (Skuse et al., Genes Chromosomes Cancer 1, 
36-41, 1989). This finding suggests that Inactivation of 
the NF1 gene leads to malignant tumor formation, a 
contention supported by others when sequence homology was 
found between a region of the NF1 gene and the human 
GTPase activating protein (GAP) and the yeast inhibitor of 

findings and the sequence homology suggest that the NFl 
gene product plays an important role in the regulation of 
cell growth. In order to delineate the precise mutations 
leading to tumor formation in NF1, we have been using a 
combination of the polymerase chain reaction and single 
strand conformation polymorphism analysis (PCR-SSCP). 
Using primers flanking the 193 bp fourth exon o f  the NFI 
gene, we have detected an insertion in a patient with the 
familial form of NF1. An insertion of approximately 200 
bps was found approximately 37 bases from the 5’ end and 
130 bases from the 3’ end of the exon. There appears to 
be a 26 bp deletion of exon 4 accompanying this insertion. 
It is likely that this interruption of the NFI gene led to 
its inactivation and to the disease manifested in this 
patient. 

THE VON RECKLINGHAUSEN NEUROFIBROMATOSIS GENE, A 

(IRA) genes (Xu et al., Cell a, 599-608, 1990). Our 
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G330Effect of mutated alleles of PSRI  , a gene 
homologous to K u - 1 ,  on the B.@..S-mediated 

growth pathway in Saccharomvces c e r e v l w  . R. 
Ruggieri, DNAX Res. Inst.. Palo Alto, and CETUS. 
Emeryville, CA 94608, A. Bender, Indiana Univ., 
Bloomington, Y.Matsui and Y. Takai, Kobe Univ., Japan, 
S.  Powers, UMDNJ-R. Wood Johnson Med. Sch.. J. 
Pringle, Michigan Univ., Ann Arbor, and K. Matsumoto, 
Nagoya Univ., Japan 
The Saccharomvces arev is i -  8.AS-like gene, B.SBL. 
was originally isolated as a multicopy suppressor of 

and found to be highly homologous to the 
mammalian Krev-1 gene. We showed that this 
sequence homology extended to a functional homology 
because expression of Krev-1 in yeast suppressed the 
growth defect of as R S R I  did. Since K u - 1  is 
known to suppress transformation by m, we tested 
the ability of PSR 1 to affect the pathway in 
w a r o m v w  Cerevisiaa. Overexpression of 
U V a l l 2 ,  which contains a mutation analogous to 
that of mammalian m v a l 1 2  and yeast u v a l l 9 ,  
suppressed the lethality of a strain lacking both 5A.S 
genes through activation of adenylyl cyclase. The 
interaction of R S R I  with the yeast effector of 
provides in v i v o  evidence suggesting that in 
mammalian cells K m - 1  may revert -- induced 
transformation by affecting interaction with its 
effector. 

. .  

G 332 IMMUNOFLUORESCENCE DETECTION OF THE 
RETINOBLASTOMA PROTEIN IN MOUSE FETUSES 

Laszlo Szekely, Wei-Qin Jiang; Floriana Bulic-Jakus; 
Anders Rosen; Nils Ringertz; George Klein and Klas G. 
Wiman, Department of Tumor Biology and Department of 
Medical Cell Genetics Karolinska Institute, S-104 01 
Stockholm, Sweden 
The expression pattern of the retinoblastoma (Rb) protein 
has been studied at the single cell level in frozen sections 
of 16-18th days old SCID mouse fetuses by 
immunofluorescence staining with mouse monoclonal and 
rabbit polyclonal antibodies, using conventional 
epifluorescence and confocal laser scanning microscopy. 
The nuclei of megakaryocytes, hemopoetic islands of the 
fetal liver, osteo- amelo- and odontoblasts, and skeletal 
muscle were strongly stained. There was no detectable Rb 
in the basal cell layers of smtified squamous epithelia, 
but the 
positive. Intestinal crypts were negative, while the villi 
were positive. In the retina the Rb protein was detectable 
in the inner ganglion layer but not in the outer 
neuroblastic layer. In the central nervous system the Rb 
was expressed in neurons and glia cells as well. The nuclei 
in the collecting tubules of the kidney, in the pancreas 
and the adrenal cortex showed positive staining. Analysis 
of the differentiation dependent expression of the Rb 
protein in relation to the prospective life cycle of the cells 
in which it appears may pave the way towards an 
understanding of the strictly tissue specific oncogenic 
effect of Rb loss in families with hereditary 
retinoblastoma. 

differentiating, more superficial layers were 

G 331 INFLUENCE OF DE NOVO DNA METHYLATION ON C-HA- 
RAS EXPRESSION AND GROWTH OF NEOI'LASTICALLY 

TRANSFORMED SYRIAN HAMSTER EMBRYO (SHE) CELLS 
Dietmar Schiffmann, Rolf Ebert and Reinhard PechanJnstitute of 
Toxicology, University of Wiirzburg, 87 Wiirzburg, Germany 

The degree of DNA methylation is inversely correlated with gene ex- 
pression. In vitro methylation of a number of genes causes inhibition 
of their expression after transfer into cells. - It is known that Concana- 
valin A (Con A) is able to activate the de novo methylation activity of 
the cytosine-5-methyltransferase without affecting the maintenance 
methylation activity of this enzyme. Moreover, Con A inhibits tumor 
cell growth in vivo and in vitro. - Con A (2 &gg/ml, nonagglutinating 
dose) induces a 33% growth inhibition after 5 days in a SHE cell line 
neoplastically transformed by diethylstilbestrol (DFS T2). With another 
cell line, transformed by ethionine, growth inhibition and induction 
of de novo methylation were observed simultaneously. No change in 

growth and de novo methylation of normal SHE cells was found 
(same conditions). In DES T2 cells we observed a Cfold overexpression 
of the c-Ha-ras gene (compared to normal SHE). Since it is known that 
expression of c-Ha-ras is influenced by its methylation status, we have 
investigated whether Con A mediated de novo methylation reduces c- 
Ha-ras overexpression. In fact we found a reduction to 2-fold expres- 
sion (48 h Con A treatment). These results suggest that stimulation of 
de novo memethylation may reduce oncogene expression and most 
likely, as a consequence, tumor cell growth. Our findings also provide 
a possible new approach to influence the malignant phenotype of 
transformed cells. 

G 333 ACTIVATION OF Ki-= IN RADIATION-INDUCED 
PRENEOPLASTIC VARIANTS OF RAT TRACHEAL EPITHELIAL 

CELLS, David G. Thomassen and Gregory Kelly, Inhalation 
Toxicology Research Institute, Albuquerque, NM 87185 
Specific, transforming point mutations of Ki-= have been 
described in proliferative lesions and neoplasms in the 
lungs of rats exposed to arrPu by inhalation (Molecular 
Carcinogenesis 4:43-51, 1991). Forty-six percent of the 
radiation-induced neoplasms and 27X of the proliferative 
lesions had point mutations in the 12th codon of K i - E .  
Eighty-eight percent of the observed mutations were G to A 
transitions in the first position of the 12th codon. No 
mutations were observed in the 13th or 61st codons. These 
data suggest that Xi-= activation is an early lesion 
associated with the multistage development of radiation- 
induced pulmonary tumors in the rat. To further 
characterize the time during pulmonary carcinogenesis when 
Ki-= activation may be important, we have examined the 
12th, 13th, and 61st codons of Ki-= in a series of X ray 
(4 variants) and alpha radiation (9 variants) induced 
preneoplastic variants of rat tracheal epithelial cells 
using oligonucleotide mismatch hybridization. In contrast 
to the results described above for radiation-induced 
proliferative lesions and tumors, none of 13 radiation- 
induced variants isolated following selection in vitro had 
mutations in the first position of the 12th codon of Ki- 
ras. Some variants may have G to T transversions in the 
second position of the 12th codon, vhich will be clarified 
by DNA sequencing. No mutations were observed in the 13th 
or 61st codons of Ki-= in any of the variants. These 
data suggest (1) that alterations in Ki-ras are not 
critical events at the earliest detectable stage of 
carcinogenesis of respiratory epithelial cells, (2) that 
pathvays of carcinogenesis for respiratory cells 
irradiated and selected in vivo may be different Lrom 
those for cells i r r a d x t e d n  vivo or in vitro and 
selected in vitro, or ( 3 )  that path= of c Z c i G e s i s  
for proximal and peripheral airway cells may be different. 
(Research was supported by U.S. DOElOHER under contract 
No. DE-AC04-76EV01013.) 
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G 334 DIFFERENTIAL EXPRESSION OF TWO TYPES OF 
THE NEUROFIBROMATOSIS TYPE 1 (NFI) GENE 

TRANSCRIPTS RELATED TO NEURONAL DIFFERENTIATION, 
Toru Nishi. Hiroshi Mochizuki, Polly Lee, Athanassios Kyritsis, 
Kenneth K. Tanabe, Janet Bruner, Victor Levin, and Hideyuki Saya, 
Depamnent of NeumOncology and Pathology, The University of Texas 
M. D. Anderson Cancer Center, Houston, TX 77030 
The human N F I  gene which is responsible for the genesis of 
neurofibromatosis type 1 has been recently identified. A 360-residue 
region of the NF1 product shows significant homology to the catalytic 
domains of both mammalian GTPase-activating proteins (GAP) and 
yeast IRA proteins. This GAP-related domain of the NFI product (NFI-  
GRD), like the GAP and IRA protein, has been reported to mediate 
hydrolysis of RAS-bound GTP to GDP, resulting in inactivation of RAS 
protein. This result suggested that the N F l  gene plays a role in the 
signal transduction pathway by interacting with the RAS gene product or 
RAS-like protein and is, thereby, heavily involved in growth and 
differentiation of cells. In these studies, we identifed two different types 
of the NF1-GRD transcripts in both normal and cancer cells. One (type 
I) had the sequence identical to that previously reported, and the other 
(type 11) contained an additional 63 bp insert that encodes for a region of 
21 amino acids in the center of the NFl-GRD molecule. The alternative 
splicing appears to be the most likely mechanism by which the type I and 
type I1 NFI-GRD transcripts arise. We confirmed that the rat NF1 gene 
also has two types of NFl -GRD transcripts and the 63 bp insert 
sequence in type I1 transcript is identical to the human sequence. The 
type 1 transcript was predominantly expressed in undifferentiated 
neuronal cells, whereas the type I1 transcript predominated in 
differentiated cells. We also examined the type Vtype I1 ratio of the NFI 
transcript in brain tumor tissue samples by RNA-PCR method. As 
consistent with the result of cell line analysis. primitive neuroectodermal 
tumor tissues predominantly expressed type I transcript. The type Vtype 
I1 ratio is a potential indicator for assessing the differentiation level of 
neuroectodermal tumors. In addition, the expression pattern of the two 
types of NFl-GRD transcripts immediately changed, from type I to type 
11, in a neuroblastoma cell when the neuronal differentiation was induced 
by retinoic acid treatment. We propose that this evolutionarily conserved 
alternative splicing might regulate the catalytic activity of the N F l  
product and play an important role in the implementation of a neuroblast 
differentiation program. 

DNA Mral Oncoproteins and Growth Control; 
Other Growth Inhibitory Peptides and Genes 
G 4M) TRANSCRIPTIONAL ACTIVATION MEDIATED BY SV40 U R G E  T 

ANTIGEN. James C. Alwine. Maryann C. G r u b .  Gwen 
Gil inger .  Hariana Nacht, Henry Chiou and James C. Alwine. 
Department of Microbiology, School of Medicine, University of 
Pennsylvania, Philadelphia,  PA 19104. 
The t r ansc r ip t iona l  ac t iva t ion  function of T ant igen (T Ag) 
has been m o s t  s tudied using the SVGO late promoter. Hovever. 
T Ag is  a promiscuous ac t iva to r  of many heterologous 
promoters which may account f o r  the dramatic a l t e r a t i o n s  i n  
c e l l u l a r  gene expression seen during transformation and l y t i c  
infect ion.  Our analysis  of the t r ansc r ip t iona l  ac t iva t ion  
mechanisms mediated by T Ag has shown tha t  the promoter 
s t ruc tu re  necessary f o r  ac t iva t ion  is r e l a t i v e l y  simple. A 
TATA or i n i t i a t o r  element with an upstream binding s i t e  f o r  
a t r ansc r ip t ion  f ac to r  is  sufficient.  A g rea t  deal of 
v a r i a b i l i t y  i n  elements is allowed which may explain promis- 
cuous ac t iva t ion  by T Ag. Our data suggest tha t  the late 
promoter is an overlapping s e t  of these m o r e  simple pro- 
moters.  Through the study of simple promoters ve have found 
t h a t  a late promoter element containing overlapping binding 
s i tes  f o r  octamer and TEF t r ansc r ip t ion  f ac to r s  (OCT/TEF 
region) ,  is a spec i f i c  upstream region through which T 
ant igen mediates t r ansc r ip t iona l  ac t iva t ion .  Act ivat ion is 
mediated through the TEF s i t e s ,  w h i l e  octamer f ac to r  binding 
po ten t i a l ly  mediates negative regulat ion.  I n  the simple 
promoter context .  the  OCT/TEF region. plus  e i t h e r  a TATA o r  
i n i t i a t o r  element. can be t r ansc r ip t iona l ly  activated by T 
Ag. In the  context of the whole l a te  promoter the OCT/TEF 
region functions as i n  the simple promoters, shoving ac t iva -  
t i o n  mediated through TEF sites and possible  negative regula-  
t i o n  through the OCT sites. A monkey c e l l  binding f a c t o r  
with propert ies  similar t o  H e L a  TEF-I has  been iden t i f i ed  and 
is being character ized.  The late promoter can be 
t r ansc r ip t iona l ly  ac t iva t ed  i n  Saos-2 c e l l s  which a r e  mutant 
for both the RB p ro te in  and f o r  p53; hence in t e rac t ion  with 
these proteins  does not appear t o  be e s s e n t i a l  f o r  
t ranscr ipt ional  activation of this promoter. 

G 335 GROWTH SUPPRESSION BY THE RETINOBIASTOMA 
(RB) GENE IN OSTEOSARCOMA CELLS IS ABROGATED 

BY CONSTITUTIVE C-MYC EXPRESSION, Klas G. Wiman, Laszlo 
Szekely, Gabor Dobos, George Klein, and Joseph Segal, Department 
of Tumor Biology, The Karolinska Institute, Box 60400, S-104 01 
Stockholm, SWEDEN 
The retinoblastoma (Rb) gene is inactivated or lost in a variety of 
human tumors. Introduction of an intact Rb gene into tumor cells 
lacking a functional Rb gene may antagonize the malignant 
phenotype. Rb interacts with several cellular proteins, including the 
E2F transcription factor, suggesting that Rb could function by 
regulating the expression of other genes. Experimental evidence 
points to a negative effect of Rb on c-myc and c-fos transcription. 
These findings prompted us to ask whether Rb inhibits growth by 
downregulating c-myc. We have transfected OHS osteosarcoma cells 
that do not express any Rb protein, with plasmids containg Rb and c- 
myc, alone or in combination. pTKRbneo contains Rb driven by the 
HSV thymidine kinase promoter, and the neomycin resistance 
marker. pSVmyc carries the two coding c-myc exons driven by the 
SV40 early promoter, and is thus devoid of the normal c-myc 
promoter. Transfection of pTKRbneo alone into OHS cells resulted in 
complete inhibition of growth. However, when pTKRbneo was 
cotransfected with pSVmyc, numerous G418 resistant cells were 
obtained that continued to grow. Cells from one colony, that 
expressed both Rb and exogeneous c-myc, divided with a prolonged 
doubling time compared to the parental OHS cells, or cells 
transfected with pSVmyc and a neomycin resistance plasmid. Soft 
agar clonability and tumorigenicity in SClD mice were also reduced. 
Cotransfection of Rb and constitutvely expressed c-myc thus rescues 
the cells from Rb-mediated growth suppression. The effect falls short 
of complete reversion of suppression, however, since the cells were 
phenotypically different from the parental OHS cells. This implies that 
Rb may inhibit the expression of other genes in addition to c-myc. In 
conclusion, our results suggest that downregulation of c-myc is 
required for suppression of cell growth by Rb. 

G 401 Purification and analysis o f  growth regulating 
proteins, secreted by a human melanoma cell l ine 

R.Apfel, U.Bogdahn. F.Lottspeich. J.Hoppe. C.Behl 
Department of Neurology, University of Wuerzburg , 
Department of Biochemistry. MPl Martinsried. 
Department of Physiological Chemistry, University of 
Wuerzburg 
A human melanoma cell line. HTZ-19, was shown to 
secrete a tumor-specific growth-inhibiting activity 
(MIA). The crude activity is correlated to a pattern 
of 7 proteins in the lower molecular weigth (21 kD- 
6 kD). detectable in SDS-PAGE and 2D-Gel analysis 
after a BioGel P-10 gelfiltration chromatography. 
Further purification by rpHPLC. and amino-terminal 
sequencing. respectivly CNBr or trypsin cleavage and 
purification of the resulting peptides. followed by 
sequencing. resulted in the identification of T i w  
Inbibitor of Metdloproteinuea 2 (TlMP-2. 21 kD). 
Di.wpuu B e  Inhibitor (DBI, (8  kD)). Beta-2 
Microglobulin (10 kD) and Ubiit ine (6 kD). 
The main inhibitory activity in related to a single 11 
kD protein with unique amino acid sequences of the 
amino terminus. as well as of the tryptic peptides, 
sequenced so far. 
The secretion of DBI and the sensitivity of the cell 
line (HTZ-19) to Dkcepuu in a dose dependent 
inhibitory manner let us suggest a growth-regulatory 
activity of DBI in vitro. 
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G 402 LIGAND BINDING TO FCyRIIIA INHIBITS IL-2-1NDUCED 
PROLIFERATION IN HUMAN NATURAL KILLER CELLS 

Livio Auoni', Malek Kamoun", Bice Perussia' 
Thomas Jefferson University, Dept. Microbiology and Immunology, 
Philadelphia. 'Hospital of the University of Pennsylvania PA, Dept. of 
Pathology and Lab. Medicine, Philadelphia PA. 

Interaction of IL-2 with the B chain of the IL-PR, constitutively 
expressed on NK cells, results in ehancement of NK cell cytotoxicity, c- 
fos and c-myc mRNA accumulation, production of lymphokines and 
proliferation. FcyRXII (CD16) ligands induce similar effects, except for 
the proliferation. IL-2 and FcyR ligands synergize to induce lymphokine 
production and accumulation of c-fos and c-myc mRNA. We analyzed 
the effects of simultaneous stimulation of NK cells with mitogens and 
FcyR ligands on their proliferation. The L-2 induced proliferation is 
inhibited under these conditions. However, proliferation induced by 
Natural Killer cell Stimulatory Factor (NKSF, IL-12) is not. In order 
to study the role of FcyR-dependent signals on cell proliferation in the 
abscence of IL-2, Jurkat cells expressing FcyRIII have been produced 
and studied. Stimulation of either FcyRIII A or B induces activation of 
the transfected Jurkat cells, as detected by the c-fos mRNA 
accumulation, independently of whether increased [Ca2+], is induced 
(FcyRIIIA) or not (FcyRIIIB). This is analogous to what is observed in 
peripheral blood granulocytes and NK cells. Both in FcyRIIIA and in 
FcyRIIIB-transfected Jurkaf cells proliferation is not significantly 
affected upon FcR ligand binding, unlike what we observed in IL-2 
stimulated NK cells. Altogether these data support the hypotheses that 
1) the proliferative capability of NK cells is not directly affected by 
FcyRIII ligand binding, and 2) IL-2-induced proliferation is specifically 
inhibited in NK cells by FcyR ligands, possibly depending on effects on 
the IL-2R signalling pathway. This hypotheses are now being 
investigated. 

G =DIRECT INHIBITORY EFFECT OF THE TETRAPEPTIDE 

PROLIFERATION OF HUMAN PURIFIED BONE MARROW 
CD34+ CELLS , Dominique Bonnet, FranGois M. Lemoine, 
Claude Baillou, Sabine Pontvert-Delucq, Albert Najman 
and Martine Guigon, Department of Hematology, FacultC 
de MCdecine St Antoine, Pans, France 
We have shown that the synthetic tetrapeptide AcSDKP, 
an inhibitor of murine CFU-S, reversibly reduces the 
number and the percentage in DNA synthesis of human 
marrow CFU-GM and BFU-E. Here, we evaluated the 
effect of AcSDKP on highly purified hematopoietic stem 
cells (HSC), when these are stimulated by various 
combinations of recombinant human growth factors 
(GFs). Therefore, HSC were sorted by flow cytometry 
from bone marrow mononuclear cells after staining with 
CD34 and HLA-DR monoclonal antibodies. The CD34++ 
HLA-DRhigh cell fraction was seeded in liquid culture in 
the presence of optimal concentrations of either 3GFs : 
interleukin-3 (IL3), Tumor Necrosis Factor alpha and 
Stem Cell Factor (SCF) or 7GFs : IL-3, II-1 beta, IL-6, 
granulocyte-macrophage colony stimulating factor, 
granulocyte-colony stimulating factor, erythropoietin 
and SCF ; AcSDKP (10-10M) was added daily for 6 days. 
Then, cell proliferation was measured by 3H-thymidine 
incorporation. As compared to control (FCS 5% alone), 
the addition of 3GFs or 7GFs increased the CD34++HLA- 
DRhigh cell proliferation 30 and 95 fold respectively. 
Interestingly, under these conditions, whatever the 
combination of GFs used, the addition of AcSDKP 
decreased this proliferation by more than 50%. These 
data indicate that AcSDKP has a direct inhibiting effect 
on HSC. 

ACETYLN-SER-ASP-LYS-PRO (AcSDKP) ON THE 

G 403 SYNCnGiSilC EFFECTS OF CHftAOTHERAPY AND ANTI- 
EPIDERMAL GROWTH FACTOR RECEPTOR (EGFR) 
r8ONOCLONAL ANTIBODIES (!JAB). J Baselya. W Miller, L 

Notion, I4 Masui, C Cordon-Cardo. MG Kris. and J Mendelsohn. 
Memorial Sloari-Kellering Cancer Cenler, New York, NY. U S.A 

Overexpression of EGFr occurs Irecjuenlly it1 lion-small cell 
lung cancer To delcrmine &hetiler chcniolherapy ellecls Ihe EGFr 
or ils liyaild, Irarisfortiiitig growth faclor-a (TGFn). we conditcled 
expcriinents wilh squamous carcinoma cell line A431 lhal 
expresses highnumbers of EGFr. TrealmenlofculluredA.131 cells 
will1 Adriamyciii (ADR) al a conccnlralion of 40 nM produces a 5 
lold iiicrease 01 TGFa rnRNA This iiicrease is delccted during Ihe 
firs1 2 hrs. reaches ils peak a16 hrs. and returns lo baseliiie by 72 
hrs Since this could represent an aclivalion 01 Ihe TGFdEGFr 
loop iii response lo ADR we llien added anti-EGFr MAh 520 lo 
the ADR Ire6;cd A431 cells While ADH alone (20nMx2days) 
caused a 10% iiihil,ilion by day five, II s inhibition increased lo 
67% wlieti anii-EGFr MAbs was admd.  In nude niice wlti 
eslabiished A431 xenogralls we lesled ADn (IOmgiky), anli EGFr 
MAb 528 (1 nig twice weekly). or a conibinalion of both. all yiven 
inlraperiloneally. While ADR or MAb 520 alone produced lransien! 
growlh inhibilioii. all aiiiiiials treated wilh ADR plus anti EGFr MAb 
had cornplele regression 01 Iheir tumors, with no regrohlh afler 
70 days. The animal dectlh rate was also signilicanlly lowr wilh 
the cornbinalioti. We coticlude liial in A431 cells. 1) ADR increases 
TGFo niRNA; 2) The conibirialion 01 ADH atid anli-EGFr MALI is 
synergistic i t i  cell cullure and xenoyralts, 3) Trials in hunians with 
conilxiialion chemoiherapy plus aiili-EGFr MAbs arc warranled. 

G 405 CELL CYCLE-DEPENDENT INDUCTION KINETICS 
OF CYTOKINSMEDIATED TUMOR CELL DEATH 

Jorg Breder, Jiirgen v a n  der Bosch Stephan Riiller and 
Max Schlaak. Forschungsinstitut Borstel, 206 1 BorsteLFRG 

During monocytejtumor cell(TC)-interaction in  serum-free 
medium TC accumulate in C 1  and die due to cytokines 
including TNF. IFN-a. IFN-J3 and IL1. which are released 
into the supernatant (SU). S U  exerts basically growth 
inhibitory effects and TC responding to it by transit into 
GO a r e  protected against induction of death. On the other 
side, growth promoting signals favouring G 1/S-transit 
increase TC-susceptibility to induction of cell death by SU. 
In order to unravel the complex interrelationships 
between stimulatory and inhibitory pathways involved TC- 
phases  sensit ive to  signal reception have been 
discriminated from TC-phases during which the lytic 
pathway is activated With synchronous TC-populations it is 
found that TC in G1 can be induced by S U  to die within 
the same Gl-phase. In order to induce measurable rates of 
cell death a minimal SU-pulse of 3h to 6 h  duration is  
neccessary. Such an SU-pulse has to be positioned in G1. 
It i s  not effective. i f  applied in  the preceeding cell cycle. 
Minimal lag periods of about 20 h between SU application 
and initiaton of the lytic pathway and maximum cell death 
rates are observed if the signal pulse is  applied between 9 
and 15 hours following stimulation of G1 cells with fresh 
growth factor supplemented medium. Clucocorticoids 
prevent the induction of cell death i f  applied at  least 24 h 
before induction by SU. suggesting not a direct 
interference with mechanisms of the lytic pathway but 
rather transcriptional modulation of the components 
involved. The fact that rather late in G I  (9 to 15 h after 
stimulation by growth factors) a maximum of sensitivity for 
induction of cell death exists, suggests that preparations 
for entry into S-phase have to be rather advanced before a 
state permissive of cell death is  reached 
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G 406 CONSERVED REGION 1 OF ADENOVIRUS 5 ElA ONCO- 
GENE. BUT NOT CONSERVED REGION 2, INDUCES 
TRANSFORMED PHENOTYPE IN A RODENT CELL LINE, 

Thierry Buchou, Hans van Dam, Alt Zantema. Frederick L. Hall'. 
and Alex van der Eb, Department 0: Medical Biochemistry, Sylvius 
Laboratory. PO Box 9503. 2300 RA Leiden, The Netherlands, and 
* Division of Orthopaedic Surgery, Childrens Hospital of Los 
Angeles. PO Box 54700. Los Angeles. California 900544700. 
USA. 
Adenovirus EIA proteins carry two conserved regions (CR1 and 
CR2) which are required for cooperation with other oncogenes in 
the transformation of primary rodent cells. Sequences in these 
regions are essential for the association of EIA protein to cellular 
regulators of the cell division cycle, including p58-cyclinA and 
pl05-retinoblastoma proteins. However, association experiments 
have been performed in cellular systems other than those used for 
transformation assays. In normal rat kidney cell lines expressing 
different mutant Ad5 ElA genes,  we show that CR2-. but not 
CR1-deletion mutants. can induce a transformed phenotype as 
manifested by morphological transformation, absence of density- 
arrest, loss of requirement for serum factors, and resistance to 
butyrate. No strict correlation between p58-cyclinA and pl05-RB 
bindings to ElA protein, and 5ElA-mediated transformation w a s  
observed: CRI- and CR2-mutants both bind significantly smaller 
amounts of p.58 and p105 as compared to wild type ElA. 
However, total p58 levels are higher in cell lines of transformed 
phenotype. Although 5E1A proteins are sufficient t o  trigger 
transformation in NRK cells, a more pronounced effect is obtained 
when 5ElB proteins are co-expressed. One  of the 5E1B effects, 
is a sequestering of the p53-tumor supressor protein as a 
p53/5ElB-55kDa complex into a filamentous cytoplasmic cluster. 
Interestingly, in 5ElB-55kDa expressing cell lines, we observed 
p58 not only in the nucleus but also a fraction in the cytoplasmic 
cluster with p53. The functional relevance of the cytoplasmic 
localization of p58-cyclinA will be discussed. 

G 408 STUDIES O F  MUTANT SV40 LARGE T ANTIGENS REVEAL 

MATION, AND BINDING TO RB AND p53. Charles N. Cole, Jiyue 
Zhu. Philip W. Rice, Lisa Gorsch. and  Manna Abate. Department of 
Biochemistry. Dartmouth Medical School. Hanover, NH 03756 . 

W e  have been characterizing the properties of mutants of SV40 
which contain small insertions or deletions within the  T antigen 
gene. We have determined their ability t o  transform two established 
cell lines, mouse lOTf/2 cells and rat REF-52 cells, to  immortalize 
primary mouse and rat fibroblasts, and to bind p53 and Rb. The only 
mutants unable to transform 10T1/2 cells a t  near  wildtype efficiency 
were those with mutations in the  first exon of large T (shared with 
small t)  or one affecting t h e  unique region of small t antigen. 
Mutations in t h e  Rb binding domain had only a small effect on 
transformation efficiency. Therefore, neither Rb nor p 5 3  binding 
appea r  to be required for 10T1/2 cell transformation. Mutants 
unable to transform REF-52 cells at  near wildtype efficiency 
included those with mutations in the first exon defective for 10T1/2 
transformation, mutations in the  Rb binding domain ( a a  105-1 14),  
and  mutations a t  various sites within the C-terminal half of large T. 
All mutants within the  C-terminal half of large T that were unable to 
transform REF-52 cells also failed to bind p53. Therefore, binding to 
Rb and  to  p53  appea r  necessary,  but not sufficient for REF-52 
transformation, a n d  binding of T antigen to a n  additional cellular 
protein may be required for transformation of REF-52 cells. 
Immortalization of primary MEFs required only those portions of 
large T between aa 345 and  626. All mutants with small deletions 
or linker insertions within t h e  345-626 region that  failed to  
immortalize were also unabte to bind to p53. Thus,  immortalization 
of primary MEFs co-segregated with p53  binding but did not appea r  
to require either Rb binding o r  the first exon of large T. This is in 
contrast  to immortalization s tudies  in other laboratories using 
primary rat embryo fibroblasts, where Rb binding appeared to  be 
required. Experiments a r e  currently in p rogres s  to compare  
immortalization in rat a n d  mouse  cells using t h e  same s e t  of 
mutants. 

RELATIONSHIPS AMONG IMMORTALIZATION, TRANSFOR- 

G 407 RECOMBINANT HUMAN INTERFERON ALFA-2a 
SUPPRESSES COLONY FORMATION OF HUMAN 

MARROW FIBROBLASTS (CFU-F). Barrett H. Childs, Cornel 
Tomelden, Richard J. OReilly and Hugo Castro-Malaspina. Bone 
Marrow Transplant Service, Department of Medicine, Memorial 
Sloan-Kettering Cancer Center, New York, NY. 
Alpha interferon has been shown to inhibit colony formation of 
human multipotential (CFU-GEMM), burst-forming unit-etythroid 
(BFU-E) and day 7 and day 14 granulocyte-macrophage (CFU- 
GM) hematopoietic progenitor cells. To assess the influence of 
this agent on the proliferation of human marrow fibroblast 
progenitors (CFU-F), we cultured human marrow cells in the 
presence of varying doses of alpha interferon. Normal human 
buffy coat marrow cells, 5 x l@/flask, were inoculated in 75 c d  
tissue culture flasks in alpha medium containing 20% fetal bovine 
serum. The flasks were incubated at  3?C in a humidified chamber 
with 5% CO,. After 24 hours the flasks were washed twice with 
PBS to remove nonadherent cells. Fresh medium along with 
varying concentrations (0, 1, 10, 100, 1O00, and 10,ooO units/cc) of 
recombinant human alfa-2a (Roche Laboratories, Nutley, NJ) 
were added to the flasks and incubation was resumed. Flasks were 
scored for CFU-F after 14 days of culture by Wright-Giemsa 
staining. Colonies were defined as aggregates of >50 cells with 
fibroblastoid morphology. Alpha interferon at concentrations of 
0, 1, 10, 100, 1000, and 10,000 units/ml inhibited day 14 CFU-F 
production by a mean (s ix  experiments) of 0, 17.1,23.8, 41.8, 64.0. 
and 91.8%, respectively. Monocyte depletion by 2 hour incubation 
of Ficoll-Hypaque separated marrow cells with monoclonal anti- 
body to CD14 and rabbit complement prior to adherence did not 
affect the results, ruling out an indirect effect of interferon, via 
monocytes, on fibroblast progenitors. We conclude that recombi- 
nant human interferon alfa-2a suppresses in vitro proliferation of 
human marrow fibroblast progenitors, similar t o  its previously 
described effects on human hematopoietic progenitors. Clinical 
trials incorporating alpha interferon as treatment for disorders 
associated with abnormal marrow fibroblast proliferation, such as 
primary myelofibrosis, may be warranted. 

G409 LEUKEMIC CELLS (HL60)  CQNSITWIIVELY 

LATES BONE MARROW FIBROBLAST EXTRACELLULAR 
MATRIX TURNOVER AND CELL GROWTH. Klaus H. Ditt- 
mann ', Friedrich Lottspeich' and Petro E. Petrides 's3 ' Laboratorium fur Molekulare Onkologie, Medizinischc Klinik 111, Universitat 
Munchen. Marchioninistrasse 15, 8ooo Miinchen 70; Max-Planck-Institu& fiir 
Biochemie, Genzentrum, 8033 Martinsried; GeseIIschah fiir Strahlen- und 
Umweltforschung, Inslitut fur klinische Hhatologie ,  Marchioninistrasse 25, 8ooo 
Muncben 70; Germany. 
The extracellular matrix of the bone marrow plays an important role 
for the development of normal hematopoietic cells. Malignant 
hematopis is  in leukemia is accompanied by defective interactions of 
leukemic cells with this stromal cell derived matrix. In a coculture 
system of human bone marrow fibroblasts and leukemic cells (HL-60) 
we have identified a leukemic cell derived proteolytic activity which 
causes loss of spreaded shape of stromal fibroblasts and inhibition of 
cell growth. The release of this activity is discontinued after induction 
of terminal differentiation of HL-60 cells to phenotypically normal 
monwytic cells. Purification to homogeneity shows this activity to be a 
type IV collagenase distinct from HL-60 derived gelatinase. SDS-gel 
electrophoresis reveals a molecular mass of 55 kDa for the enzyme. 
The protease cleaves peptide bonds between alanine and glycine 
residues. Although it is unable to degrade purified native collagen type 
I, it causes collagen degradation by fibroblasts in tissue culture. The 
degradation occurs in the presence of a fibroblast derived collagenase 
inhibitor (TIMP). This lack of inhibition may be due to a proteolytic 
degradation of such an inhibitor, since the metalloprotease described 
by us is able to degrade recombinant t h e  inhibitor of metallo- 
proteases. 
N-terminal sequence analysis reveals a homology to plastin, a protein 
present in transformed fibroblasts, which is probably involved in cytos- 
keleton remodeling. 
Supported by grants from the Deutsche Forschungsgemeinrchaft and 
GSF. 

RELEASE A METALLOPROTEASE WHICH MODU- 
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G 410 A NATURALLY OCCURRING CELL SURFACE 
NEGATIVE REGULATORY SIALOGLYCOPROTEIN 

AND ITS SIGNAL TRANSDUCTION. D. J. Enebo, P. J. 
Moos. H. K. Fattaey, and T. C. Johnson. Division of Biology, 
Kansas State University. Manhattan, KS 66506. 

An I8 kDa cell surface sialoglycopeptide (SGP) released 
by mild proteolysis and purified from intact bovine cerebral cor- 
tex cells. has been shown to be a potent and reversible inhibitor 
of cell proliferation. The SGP binds to a specific cell surface 
receptor. arrests and synchronizes a wide variety of exponential- 
ly growing cell at the CIIS interphase of the cell cycle and an- 
tagonizes the mitogenic activity of epidermal growth factor 
(EGF). platelet-derived growth factor (PDGF). bombesin and the 
tumor promoter 12-o-tetradecanoylphorbol- 13-acetate (TPA). 
The early SGP signal opposes Ca?' mobilization and cytosol al- 
kalinization although not the expression of several genes asso- 
ciated with cell proliferation (ie.. JE. KC. c-myc, c-fos. c-ras. 
omithine decarboxylase, and thymidine kinase). The SGP is 
shown to abrogate the phosphorylation of the retinoblastoma 
susceptibility gene product (RBI, and the SV40 transformed cell 
line SW-2, in which the large T antigen binds RB, is refractory 
to the biological inhibitory activity of the SGP. A highly specif- 
ic polyclonal antibody. raised to the SGP, was used to visualize 
the parental sialoglycoprotein (pSGP) on the cell surface by im- 
munofluorescence. The pSGP has been identified on plasma 
membranes by Western analysis and purified from bovine cere- 
bral cortex cells. The pSGP has been shown to have a molecular 
weight of 66.000. a pl of 5.1, a relative biological inhibitory 
specific activity consistent with that of the SGP. and may poten- 
tially play the role of a tumor suppressor. 

G412 THE 13s PRODUCT, BUT NOT THE 12S, OF THE 
ADENOVIRUS ElA GENE BLOCKS DIFFERENTIATION AND ,IN 
COOPERATION WITH OTHER ONCOGENES,INDUCES THE 
NEOPLASTIC PHENOTYPE OF THE RAT THYROID CELL LINE 
EPITHELIAL CELL LINE PC Cl 3. Alfred0 Fusco', Maria T. 
Berlingieri'*, Caterina Battaglia*, M. Gr im**  and Massimo 
Santoro**.*) Dipartimento di Medicina Sperimentale e Clinica, 
Facolta di Medicina e Chirurgia di Catanzaro, CATANZARO 
**)Dipartimento di Biologia e Patologia Cellulare e Molecolare, I1 
FacoltA di Medicina e Chirurgia di Napoli, NAPOLI 
The PC C1 3 cell line is a well characterized epithelial thyroid cell line 
of Fischer rat origin. This cell line has the peculiarity to retain 
the typical markers of rat thyroid differentiated markers ( thyroglobulin 
synthesis and secretion, iodide uptake and dependence on TSH for the 
growth) and does not become always fully malignantly transformed 
after infection with several murine acute retroviruses, even though the 
thyroid cells become no longer dependent on TSH for the growth after 
retroviml infection. 
The PC C1 3 cells have been transfected with the E1A gene of 
Adenovirus 5.  The EIA transfected cells, PC ElA, became partially 
independent from TSH for the growth and lost the capability to trap 
iodide and synthesize thyroglobulin, however no typical markers of the 
neoplastic phenotype appeared. A highly malignant phenotype was 
achieved after infection with retroviruses carrying the v-&, v-&J and 
the polyoma virus middle T oncogenes. In contrast the PC ElA 
transfected with the ElB gene of Adenovirus are not tumorigenic at all, 
and those infected with retroviruses carrying oncogenes of the ras 
family showed a very weak tumorigenic phenotype. All these effects 
induced by the ElA gene are due to the 13 S ElA product, since the 
same effects were obtained transfecting the thyroid cells with a vector 
carrying only the 13s gene, whereas no effect on differentiation and on 
transformation was achieved after transfection of the PC C1 3 with a 
construct coding for the 12s ElA product only. 

G411 SUPPRESSION OF B CELL COLONY FORMATION BY IMMUNO- 
GLOBULIN, Louis A. Fernandez, J .  Michael MacSween 

and Donalda A. Robson, Department of Medicine, Camp Hill 
Medical Center and Dalhousie University, Halifax, Nova 
Scotia, Canada B3H 362 
We have previously reported the existance of feedback 
suppression of B cell colony formation by mature colony 
cells with the markers of CD5+ B cells. We therefore 
investigated the nature of the suppression. Supernatants 
from either CD5+ or CD5- B cells from mature colonies 
mediated a similar degree of suppression of new colony 
formation. I n  trying t o  identify candidate mediators of 
suppression we found that transforming growth factor beta 
and tumor necrosis factor did not  suppress B cell colony 
formation. We therefore explored the possibility that 
immunoglobulin might be responsible for feedback 
suppression. Cells were recovered from 8 cell colonies and 
their capacity to produce immunoglobulin tested using 
reverse hemolytic plaque assays. One million colony cells 
contained 2130 f 353 IgG, 447 f 211 IgA, and 509 i 184 IgM 
producing cells. 
(Cutter Ltd) resulted in suppression of B cell colony 
formation in a concentration dependent fashion. These 
results are consistent with the concept that feedback 
suppression of B cell colony formation is mediated by 
immunoglobulin produced by mature colony cells. 

Addition of purified gammaglobulin 

G 413 TISSUE SPECIFIC EXPRESSiON OF HPV-16 E6 AND E7 
ONCOGENES LEADS TO DEVELOPMENTAL DEFECTS 

AND TUMOR FORMATION IN TRANSGENIC W E .  Anne E. GrlepV, Renee 
HWbf@, Jan LohseHeidemarP, Saewha Jeona, and Paul F. Larnbert3, 
Department of Anatomyy, Biotechnokgy Cent@, and McArdb Laboratory 

The human papillomavirus type-16 (HPV-16) is one of the papillomavirus 
genotypes which is frequently associated with cervical carcinoma. In cervical 
carcinoma tissue and in cell lines derived from cervical carcinoma, two 
translational open reading frames of the HPV-16 genome, E6 and E7, are found 
to be structurally intact and actively transcribed, implicating their gene 
products as agents in the development of epithelial cancer. The E6 and E7 gene 
products have been charactarized as immortalizing agents on the basis of ir 
vitro assays and are also known to interact with tumor suppressor gene 
products, p53 and retinoblastoma, respecbvely. To study the specifc activities 
of !he E6 and E7 gene products in a differentiating epithelial tissue in vivo, we 
created transgenic mice carrying a chimeric DNA fragment in which the E6 and 
E7 open reading fames are fused to the transcriptional regulatory signals for 
the a A  crystallin gene. This promoter directs expression of E6 and E7 
specifically to the developing ocular lens. All transgenic mice in three 
independent lineages developed bihteral microphthalmia during embryonic 
development. Histological examination of lenses from transgenic mice indited 
an efficient inhibition of lens cell differentiation and hyperproliferation of 
undifferentiated lens cells. Lens tumors were detected in !hese mice, but only 
rarely and after a long latency. Lens epithelial cells placed in tissue culture 
from transgenic animals are immortalbed, in contrast to the limited lifespan of 
normal lens epithelial cells. After continued passage, these cells acquired a 
transformed phenotype, as measured by growth in soft agar and tumor 
formation in syngeneic mice. E6 and E7 mRNAs were detected specifilly in 
the lens tissue of neonatal and aduR transgenic mice. Our results suggest that 
the primary effect of HPV-16 E6 and E7 gene expression on this epithelial cell 
type is an inhibition of differentiation and an induction of proliferation. 
Subsequent tumor formation requires additional events and perhaps is 
dependent upon the level of E6 and E7 expression. These preneoplastic and 
neoplastic characteristics may relate to the etiologic role of these genes in 
cervical carcinoma. 

krcanCar lbsearm, unhrenity of W i S a w Q  ysdlson, wl53706. 
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G 414 A DOMINANT MUTATION IN THE WLMS 
TUMORGENE WTI COLLABORATES WITH 
EIA TOTRANSFORM PRIMARY KIDNEY CELLS. 

Daniel A. Haber, H. Th. Marc Timmers, Jeny Pelletier, and 
David E. Housman , Cater for Cancer Research, Massachusctt 
Institute of Technology, Cambridge, MA 02 139 and Massachusetts 
General Hospital Cancer Center, Charlestown, MA 02129. 
The WI gene maps to the chromosome 1 lp13 locusassociated 
with Wilms' tumor and encodes a zinc finger protein whose expression 
is strictly regulated during normal kidney development. A propottion 
of Wilms' tumors show mutations and deletions within this gene, 
consistent with its identification as a potential tumor suppressor gene. 
However, not all WTl mutations found in Wilms' tumors are 
homozygous, as would be expected if the inactivation of both alleles 
were essential for a malignant phenotype. We have previwly 
described a WT 1 mutation in which the third zinc finger domain and 
alternative splice Il have been removed by an in-frame deletion. 
This sporadic Wilms' tumor (AR) expressed equal levels of wild type 
and mutated WT 1 transcripts, leadingus to suggest that the mutant 
gene product (WT/AR) might act by a dominant supprrssor 
mechanism. We have now investigated the properties of both wild 
type WT 1 constructs and the mutant W/AR gene in the baby lilt 
kidney (BRK) transformation assay. The BRK system appears 
particularly well suited for functional analysis of a Wilms' tumor 
gene, since the 5 day old rat kidney cells used as recipients are derived 
from the developmental time when WTI expression peak. In this 
assay, the mutant W/AR gene was found to collaborate with the 
adenovirus EIA gene, as demonstrated by growth in soft agar and 
tutnorigenicity in nude mice. The wild type WTI gene, in all of its 
alternatively spliced forms, neither suppressed E1A-induced focus 
formation, nor collaborated with EIA. Our results indicate that an 

alteration in the DNA binding domain of the WTI tumor suppressor 
gene can result in a dominant suppressor mutation, which is capable 
of collaboration with another nuclear oncogene. 

G 416 BIOCHEMICAL AND BIOLOGICAL DIFFERENCES 

LOW RISK Hl'V TYPES, Donald V. He&, Carole L. Yee, Peter 
M. Howley, and Karl Munger Laboratory of Tumor Virus 
Biology, National Cancer Institute Bethesda, MD 20982 
The E7 proteins of the "high risk" HPVs differ from the E7 
proteins of the "low risk HPVs in a number of biological and 
biochemical properties. Differences which have been mapped 
to the amino terminal half of E7 include aberrant migration 
on SDSpolyacrylamide gels, cooperation with a rus oncogene 
to transform primary baby rat kidney cells (BRK assay), high 
affinity binding of the retinoblastoma tumor suppressor gene 
product IpRB), and abrogation of TGFl3 mediated repression of 
c-myc expression. In addition, the amino terminal half of the 
E7 proteins is a substrate for phosphorylation by casein kinase 
(CK) I1 at serines 31 and 32. In this study, a series of chimeric 
HPV-16/HPV-6 E7 proteins was synthesized. All of these 
contain the carboxy terminus of HPV-16 E7. The amino 
termini contain combinations between HPV-16 E7 and HPV-6 
E7 of the following regions: the extreme amino terminus, 
which shares homology with conserved region I of the 
adenovirus EIA proteins; the pRB binding domain; and the 
CKII phosphorylation site. Also presented are two E7 point 
mutations which decrease or increase the pRB binding affinity 
of HPV-16 E7 and HPV-6 E7, respectively. Finally, three HPV- 
16 E7 phosphorylation mutants were synthesized by exchang- 
ing for serines 31 and 32 two cysteine, two aspartic acid, or two 
alanine residues. The biological and biochemical activities of 
these recombinant E7 proteins are presented. 

BETWEEN E7 ONCOPROTEINS OF THE HIGH AND 

G 415 TRANSFORMATION BY ADENOVIRUS EtA INDUCES 
HYPERPHOSPHORYLATION OF THE C-JUN TRANSAC- 
TIVATION DOMAIN. 

Bertine Hagmeyer. Peter Angel'. Rienk Offringa. Hans van Dam, 
Alt Zantema. Peter Herrlich' and Alex van der Eb. 
Sylvius Laboratory, Dep. of Medical Biochemistry. University of 
Leiden. P.O. Box 9503. 2300 RA Leiden. The Netherlands. 
'Kernforschungszentrum Karlsruhe, lnstitut f u r  Genetik und Toxikc- 
logie. P.O. Box 3640. 0-7500 Karlsruhe 1. Germany. 

In cells that are transformed by the adenovirus ElA oncogene, the 
genes encoding the metalloproteases stromelysin and col- 
lagenase are strongly repressed. This repression seems to be a 
specific feature of EIA-induced transformation since several other 
oncogenes, including c-jun. c-fos, ras and src give rise to an 
elevated expression of these genes. Our previous work showed 
that repression of the collagenase promoter by ElA was mediated 
through the TPA-responsive element, which is the binding site for 
the transcription factor AP-I. a heterodimer of the oncoproteins 
c-Jun and c-Fos. The inhibition of AP-1 by Eia was not caused by 
decreased c-Jun and c-Fos levels. Also, the in vttro binding of 
AP-t to  its target sequence in the collagenase promoter did not 
seem to  be affected. However, immunoprecipitation studies 
showed that EtA-transformed human embryonic kidney cells (293 
cells) and human embryonic retinoblast cells contain multiple 
forms of Jun protein with different electrophoretic mobilities while 
in untransformed cells only the form with the highest mobility is 
found. Tryptic phosphcpeptide mapping of these proteins revealed 
that also the additional bands were c-Jun and that in ElA- 
transformed cells the c-Jun protein is phosphorylated to a higher 
extent than c-Jun from untransformed celis. Phosphorylated 
tryptic peptides are largely from the N-terminal transactivation 
domain of the protein. This El A-induced hyperpbsphorylation of 
the c-Jun transactivation domain may hamper its transcriptional 
activation function. 

G417 A YEAST SYSTEM TO STUDY THE INTERACTION 
BEIWEEN HUMAN PAPULOMAVIRUS TYPE 16 E7 AND 

THE R E l l N O B ~ M A f R b ~ G E N E  PRODUCE. D L  Homer-Nieken 
and J.S. Logan. DNX, Inc. 3036 College Road East, NJ 08540 
Human papillomaviruses (HPV), type 16 and 18 are associated with 
human cancer, particularly cervical carcinomas. The regions thought 
to be responsible for the transforming pro rties of HPV are 
localized to two open reading frames designated and E7. The HPV 
E7 and E6 gene products interact with cellular tumor suppressor 
r e s ,  the retinoblastoma (Rb) and p53 gene products, respectively. 
t is likely that these interactions render the Rb and p53 gene 

y d u c t s  inactive in their normal roles of cell cycle regulation. 
o define the sites of interaction between HPV16 E7 and the human Rb 

gene, we have a set up a system in yeast which will allow a genetic 
evaluation of the  interactions. The system utilizes a 
transactivator protein, HPV E2, which regulates the synthesis of the 
0-galactosidase gene. The HPV E2 gene contains two domains, one 
for DNA binding and one for transactivation. The first of the two 
constructs fuses the human Rb gene to the DNA binding domain of HPV 
E2. The second fuses the E2 transcriptional activation region to 
the HPV E7 protein. Either construct expressed alone with a 
reporter plasmid in yeast yields no B-galactosidase. However, 
when the two constructs are expressed together 0-galactosidase 
is e 
of €%V E7 to human Rb brings the transactivator domain of the E! 
protein into the vicini of the promoter to which the DNA binding 
domain is bound. %erefore, the color of the yeast colonies 
indicates interactions between HPV E7 and human Rb. In the case of 
a mutant in HPV E7, which no longer binds human Rb, the yeast will 
be white. an assay in the appropriate manner, 
revertants of mutant H f V  E7 proteins will be the result of 
compensating mutations within human Rb and thus, should define the 
direct interaction site between HPV E7 and human Rb. By using the 
advanta es of yeast genetics, we can define the interaction site of 
HPV E! on human Rb. This site is likely to be important in normal 
human Rb function. 

ressed and the yeast are blue. This occurs when the bindin 

By setting u 

153 



Negative Growth Control 

G 418 CELL CYCLE CONTROL BY THE RFIWOBLASTOMA 
GENE IN QUIESCENT AND SENESCENT HUUAN 

EMBRYO FIBROBLASTS: DEPENDENCE ON DEFERENTIATION 
STATE, Kazuichi Sakamoto, Tazuko H. Howard, Claire T. Ranjan, and 
Bruce H. Howard, Laboratory of Molecular Growth Regulation, NICHD. 
NIH, Bethesda. MD 20892 
A novel gene transfer approach was used to investigate whether the 
retinoblastoma (Rb)-binding domain of simian virus 40 (SV40) T antigen 
is required for optimal T antigen-mediated stimulation of DNA synthesis in 
quiescent or senescent human embryo fibroblasts (HEiF). In senescent 
cells, comparison between wild type T antigen and a mutant defective for 
Rb binding (l(nGlu-+Lys) revealed the latter to have =&fold lower 
mitogenic activity. This finding suppons a previous study which reported 
that Rb hypophoshorylation correlates with senescence in HEF (Stein, et 
al. (1990) Science 249,666). In contrast, when wild type and Rb- 
T antigen mitogenic activities were compared in serum-starved quiescent 
cells, no reproducible difference (a-fold) was observed. Interestingly, 
quiescent HEF could be rendered sensitive to the activity of Rb by 
treatment with the diffmntiating agent sodium butyrate: thus, in HEF 
mainrained for 48 hrs in low serum medium containing this differentiating 
agent, a large (~15-fold) difference between wild type and Rb- T antigen 
activities was evident. These results indicate that Rb (or another protein 
that binds T antigen via its Rkomplementary domain) is a major 
determinant in the groowth arrest state characteristic of senescence. The 
apparent difference between the magnitude of Rb conbvl in quiescence vs. 
senescence is likely to reside in post-translational mcdification(s), since 
the quantity of Rb protein is similar in young and old HEF (Shigeoka and 
Yang (1991) Mech Ageing Re5 57.63-70). These results further imply 
that the role of Rb in control of the cell cycle is dependent both on 
differentiation state and the mechanism of G1 phase arrest. 

G 420 Schwannoma-derived growth factor (SDGF) 

promotes the neuronal differentiation of PC12 cells. 

Hideo Kimura and David Schubert. The Salk Institute. P.O. Box 85800, 

San Diego. CA 92186-5800 

Schwannoma-derived growth factor (SDGF) was 

initially isolated from schwannoma cells as a mitogen 

for glial cells and fibroblasts. The present data show 

that SDGF causes the morphological and molecular 

differentiation of rat PC12 cells in a manner similar to, 

but distinguishable from, NGF. SDGF induced changes 

include neurite outgrowth and the induction of the 

mRNAs for GAP-43 and transin, proteins which are highly 

expressed in axons. In addition, both SDGF and NGF 

induce the transcription factor, NGFI-A. The time course 

of the response to SDGF is similar to that for NGF. GAP- 

43 mRNA induction by both SDGF and NGF is inhibited by 

dexamethasone, but dexamethasone has no effect on 

NGFI-A mRNA synthesis. These observations show that 

SDGF has a differentiation promoting effect on PC12 

cells in addition to its mitogenic activity on glial cells 

and fibroblasts. 

G 419 Modulation of the Intracellular Status 

human E2F protein by viral oncoproteins 
P. Jansen-Diirr, Projektgruppe Angewandte Tumor- 
virologie; Deutsches Krebsforschungszentrum, Im 
Neuenheimer Feld 5 0 6 ;  D-6900 Heidelberg/FRG. 

We are interested in the modulation of the 

and Transcriptional Activity of the 

transcriptional activity of cellular genes by 
viral transforming proteins. In particular we 
study the effects exerted by the El gene pro- 
ducts of human papillomaviruses on a subset of 
cellular genes, the expression of which is corre- 
lated with increased cell proliferation. Such 
studies should provide a biochemical basis for 
the process of immortalization and transformation 
of mammalian cells by viral oncoproteins. 

that E2F can form complexes with pRE3 as well as 
with cyclin A.We show that binding of E2F to RB 
is abolished in HPV 16 immortalized keratinocytes 
and in cell lines derived from HPV-positive cervix 
carcinomas. In keratinocytes which became sponta- 
neously immortalized in the absence of HPV DNA, 
the interaction of pRB with E2F is preserved. The- 
se findings are consistent with a role for pRB in 
repressing E2F activity. 

It has been published that cyclin A is removed 
from E2F by viral oncoproteins like Ela. In contrast 
to these findings, we report that E2F/cyclin A-com- 
plexes are stable in cell lines expressing high 
doses of E7. In vitro binding assays confirm that 
cyclin A remains attached to E2F under conditions 
where the E2F/pRB-complex is destroyed. These re- 
sults point to a possible positive role of  cyclin A 
in the process of oncogene-mediated activation of 
EZF. This question has been addressed more directly 
in a separate Set of experiments involving cyclin A 
protein and cDNA.These results will be discussed. 

It has been shown by several laboratories 

G421 ISOLATION OF A GROWTH INHIBITOR FROM 
HUMAN FIBROBLASTS, A. Macieira-Coelho, A .  

Soderberg and A. Wasteson, Department of Cell 
Biology, Faculty of Health Sciences, 581 85 
Linkoping, Sweden. 
We isolated a novel glycopeptide from culti- 
vated human fibroblasts in resting phase. The 
molecule was purified by its molecular mass, 
electric charge and affinity chromatography. 
The molecular weight is around 1,200 Daltons. 
It was found to be a growth inhibitor. Its 
synthesis decreases during the early stages of 
the G1 period after adding growth factors to 
resting phase cultures. The synthesis remains 
steady during the S period and increases pro- 
gressively back to resting phase levels during 
the G 2  period. The molecular weight of this 
glycopeptide and  the kinetics of its synthesis 
in relation to the division cycle, are dif- 
ferent from that of all growth regulators des- 
cribed so far. The reduced synthesis of this 
inhibitor induced by growth factors, seems to 
be one of the requirements f o r  the initiation 
of the division cycle by normal human fibro- 
bl ast s . 
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G 422 NEGATTvE GRCWIli RECULATICN IMXKP) THIwlclI 
XUJIATICN OF CELL SURFACE REcEpToRs, Raphael 

J. Hannino, Department of Laboratory PWicine and 
Pathology, UPmpJJ-New Jersey Medical School, Newark. N.J. 

A wide variety of transfoemad cells can be inhibited by 
succinylated concanavalin A, (succinyl-conA), a nowtoxic 
and non-agglutinating derivative of the Jack bean lectin 
concanavalin A. Cells inhibited by succinyl-conA 
a c d a t e  in the GI phase of the cell cycle, analogous 
to contact-inhibited normal cells. ?hey re-enter the 
cell cycle upon the addition of u mcthyl mannoside, a con 
A hapten sugar. Ihe density at which growth ceases is 
inversely proportional to the concentration of 
succinyl-conA in the medium. Cultures inhibited by 
succinyl-con A beccire quiescent at sub-confluent 
densities, a c d a t i n g  in small patches, leaving large 
areas of the substratum devoid of cells. lhis is not due 
to a decrease in interaction with the substratum, but 
rather an increase in lateral cell to cell adhesion. 
scanning electron microscopy indicates a greater number 
of "rnicrovilli-like" structures connecting cells in the 
presence of succinyl-conA than are seen in control cell 
cultures. This is a specific phenomenon, as other 
molecules which cause increased cellular adhesion do not 
cause growth arrest. While m y  structural and 
biochemical characteristics of the cell which are not 
causally related to transformation remain the same upon 
succinyl-corn treatment, several changes at the molecular 
level which have potential functional importance have 
been noted. succinyl-conA induced growth arrest is 
characterized by reduced SV40 T antigen and p53 messenger 
m and protein levels. In contrast, mRNA for the GAS-1 
gene, which is associated with density-iependent growth 
arrest of 3T3 cells, is increased. upon release from 
succinyl-conA arrest by treatment with a 
methyl-mnnosid~~vels of SV45 T antigens and P53 
rapidly rise, overshooting control levels at 1 hr. Our 
current working hypothesis is that succinyl-conA 
interacts with cell surface receptors resulting in 
increased cell-cell contacts which stimlate an 
intracellular negative growth regulating pathway. 

07103-2714 

G424 GROWTH INHIEITION IN H U W  LEUKEUIC CELL LINES 
BY A tRNA-UEDIATED HECHANISN. CJ Horgan, GM 

Siravo-Sagraves, BT French, RU Trewyn, Departments of 
Surgery and Medical Biochemistry, The Ohio State 
University, Columbus OH 43210. 

The development of resistance in patients with acute 
lymphocytic leukemia to the chemotherapeutic agents 6- 
mercaptopurine (6MP) or 6-thioguanine (6TG) is often 
associated with the generation of HGPRT-deficient 
lymphocytes, lacking the purine salvage pathway. In human 
leukemic cell lines made HGPRT-deficient by selection with 
6MP, the cytotoxicity of 6TG is reduced, but it is still 
able to inhibit cell proliferation and induce 
differentiation, putatively by a tRNA-mediated nechanism. 
In normal mamalian cells, guanine in the anticodon wobble 
position of tRNAs for aspartate, asparagine, histidine and 
tyrosine is replaced enzymatically with the 7-deazaguanine 
analog queuine. Exogenous 6-thioguanine can be 
incorporated into tRNA in place of queuine, and this 
anticodon alteration has been implicated in the 
differentiation of HGPRT-deficient HL-60 cells (Kretz 
etal., Mol. Cell. Biol. 1:3613-3619, 1987; French etal ., 
PNAS @:370-374, 1991). Treatment with 6TG inhibits 
growth and induces differentiation of the human HGPRT- 
deficient leukemic cell lines HL-60, CEM and U937 along 
the granulocytic, lymphocytic and monocytic pathways, 
respectively. In HL-60 cells, 676 induction of 
differentiation is associated with early down-regulation 
of c-myc mRNA expression. Addition of the tRNA base 
queuine prevents growth inhibition, such that 
differentiation is delayed until cultures reach 
confluence, but does not affect the early down-regulation 
of c-myc induced in HL-60 cells. These observations 
suggest that 6TG-induced growth inhibition is a tRNA- 
mediated process. In ongoing studies, the role of the 
cytokines TGFB, TNF, lymphotoxin and IFNy in this process 
is being investigated. 

G423 The Role of PDGF la Myellnatlon of the Rat Optic 
Nerve: Further Eoldeace for Oltgodendroryte 

Formatton via a Conrtltutlve Developmental Pnthway. 
Hureyin Mehmet and Mutin Riff, Biology Department, 
Mediwu Building, Univtnity College London. Ooww Street, 
h d o n  WClE 6BT. U.K. 
Oligodendrocytes, the major myelin-forming cells in the CNS, 
arise on i precise developmentil achedule from i bipotential 
precursor, termed the oligodendrocyte-type-2 eavocyte (0-ZA) 
progenitor cell. Current evidence indicates that 
oligodendrocytes arc fonncd by defrult when 0-2A progenitan 
are deprived of environmental signals. Under normal 
conditions c u h  progcnitor 0011 undergoo# n limimd number of 
diviiionr before it differentiates into i non-dividing 
oligodendrocyte. It has been demonatrated that the mitogen 
nrponrible for the proliferation of 0 - 2 A  progenitor cells ir 
plrrclci-dcrlrcd growth factor (PDCP). It apponra that on 
intrinsic 'clock' in the progenitor cell limiu the number of times 
it can divide in response to PDGP. At chi point the cell drops 
out of the division cycle md. conlequontly. differentiates into 
M oligodendfocytc. 

Since the numbcr d binding oapwicy of P W P  noeptorc 
ia initially conserved on newly-formed oligodendrocytes. it ir 
liiely that a block in i post-nceptor signalling step umea the 
evcetull lorr of the mitogenic rerponre to P W P  in 0-2A 
progenitor cells. In order to .ddresr rhir point we have uaed 
tho growth inhibitor amiloridc to block the mitogenic 
nrpolus cf-0-ZA progeeisor cells mrtcd wltb PDOP. We found 
that amiloride inhibited DNA ryntherir in PDGP-treated 
progenitor cellr. Purthermore. in pirillel cultures the 
proportion of oligodendrocyte8 increared markedly in the 
prercncr nf rmilnridr. Thmr. t M d t R  indicate thit inhibiting 
cell division in 0-2A progenitors, normally reoponsive to PDGF. 
In sufficient to trigger differentiation and also provide further 
evidence that oligodendrocytes are the product of L 

conctitutive developmental pathway. 

G 425 OF'TIMIZATION OF INTERFERON PRODUCTION 
FROM HUMAN PERIPHERAL BLOOD 

LEUKOCYTES, Manisha Padhye, Abbas Rashidbaigi, Mei-June 
Liao, and Douglas Testa, Interferon Sciences, Inc. 783 Jersey 
Avenue, New Brunswick, NJ. 08901 
Human leukocyte interferons (IEN-alpha) are a family of more 
than 15 proteins with anti-viral, antigrowth and immunoregulatory 
activities, and have been demonstrated to have important medical 
applications. Large scale interferon production is required for 
clinical trials, and for those patients who are under interferon 
therapy. Alpha interferons are produced by inducing human 
leukocyte suspensions with Sendai virus. Methods previously 
reported were not efficient, and therefore large scale production 
of natural interferons from leukocytes was an expensive multi-step 
procedure. W e  have made attempts to optimize the different 
steps used in the production of natural alpha interferon. This 
could make the process more efficient and less expensive. W e  
show that the major factors which cause significant variation in the 
amounts of interferon produced from peripheral blood leukocytes 
are the source of leukocytes, density of cells used daring induction, 
and the Sendai virus itself. Composition of the media plays a 
very significant role in affecting the alpha interferon yeilds. W e  
also show that kinetic factors for priming cells, storing leukocytes 
for various times, and methods for challenging cells with virus, all 
have important effects on the amount of alpha interferons 
produced. 

155 



Negative Growth Control 

G 426 TRANSFORMING GROWTH FACTOR-a FORMS AN AUTOCRINE 
GROWTH INHIBITORY FEEDBACK LOOP IN PITUITARY CELLS 

THAT IS UNDER ESTROGEN REGULATION. John S. Ramsdell, Debbi A. 
Paquette and Eric L. Finley. Department of Anatomy and Cell Biology. 
Medical University of South Carolina. Charleston. SC 29425. 
Transforming growth factor-a (TGF-a) is a polypeptide factor 
expressed by prolactin-secreting cells of the anterior pituitary (AP) 
gland. Using dual label immunofluorescence of enzymatically dispersed 
rat AP cells, we find that TGF-a and ils receptor are expressed in the 
same cells, suggestive of an autocrine mechanism. To evalulate the use 
of a clonal cell line for regulatory studies, we next examined whether 
TGF-a is also expressed GH4 cells, a rat pituitary tumor cell line that 
secretes prolactin. lmmunostaining of western transfers of extracts of 
GH4 tumors, identified TGF-a as a 15-16 kDa form and to a lesser 
extent. a 24 kDa transmembrane precursor. No evidence of the fully 
processed 6 kDa form was evident in GH4 tumor or rat AP gland 
extracts. A growth regulatory action of TGF-a was assessed by celi 
cycle distribution using flow cytometry of bromodeoxyuridine- and 
DNA-labeled cells. TGF-a (10 nM) decreased the percentage of S- 
phase cells by 74 f 3 at 18 h and caused a proportional increase in Go- 
GI phase cells. This indicates that TGF-a has a cytostatic action to block 
G j  cells from entering S-phase. We next examined regulalion of TGF-a 
in vitro and in vivo. Treatment of GH4 cells for 48 h with 10 nM EGF 
(which binds the same receptor as TGF-a, yet does not crossreact with 
TGF-a antisera) caused a 2-3 fold increase in TGF-a expression as 
determined by ELISA. Another growth inhibitory agent for GH4 cells, 
12-0-tetradecanoylphorbol-13-acetate. caused a smaller increase in 
TGF-a expression and yet. given together with EGF. caused a marked 
increase. The effectiveness of these agents (EGF+TPA>EGF>TPA) to 
enhance TGF-a expression marches their effectiveness to inhibit GH4 
cell proliferation and suggests that TGF-a expression may be a common 
mediator for growth inhibitory agents in these cells. Rats bearing GH4 
tumors and treated for 10 days with implants containing the synthetic 
estrogen. diethylstilbestroi, showed a substantial increase in TGF-a 
immunoreactivity as judged by immunostaining of paraffin sections and 
by western analysis of tumor extracts. Taken together, these findings 
demonstrate that TGF-a forms a pcsitive autocrine feedback loop that 
inhibits proliferation of GH4 pituitary tumor cells and is under 
estrogen regulation in vivo. These findings are of importance because 
they have identified an estrogen regulated autocrine pathway; 
one that may serve to shut off estrogen induced proliferation. 

G 428Doss down-regulatlon of elongallon factor 2 klnase rnedlate the 
antlmltogenlc eftect of Nerve Growth FactorSAlexey G. 

Ryazanov2a4 Victor S. Prisyazhnoy’, Karine Kindbefie?. Jean-Jacques 
Diaz3, Jean-Jacques MadjaG. Haya Abdelmajidl and Brian B. Rudkin’ 
Laboratoire de Bologie Moleculaire el Celtulaire, UMR 49 CNRSlEcole 

Nomnale Sup4rieure de Lyon. 69364 Lyon Cedex 07. France. ‘Institute of 
Protein Research of the Academy of Sciences of the USSR, Pushchino. 
MOSCOW Region, USSR; 3Facult4 de MBdicine Alexis Carel. Lyon France, 
4Rutgers University, C a w s  at Newark, Newark. NJ USA. Elongation 
factor 2 (eEF-2). a 100 kd protein which catalyses ribosomal translocation. 
Is the substrate for Ca2+/calmodulin-dependent eEF-2 kinase. 
Phosphorylation of eEF-2 by eEF-2 kinase makes it inactive in translation 
(reviewed in Ryazanov A.G. and Spirin A.S. (1990) New Biol. 2, 843-850). 
During the call cycle eEF-2 becomes phosphorylated only at mitosis (Celis 
J.E. el al. (1990) Proc. Natl. Acad. Sci. USA 87. 4231-4235), i.e. when 
there is transient increase of Ca2+ mncentratin and decrease in the rate 
of protein synthesis. It was suggested that inhibaion Of protein synthesis 
during mitosis is important for degradation of short-lived proteins. 
According to this idea, in situations where cells are induced to exit from the 
cell cycle (e;g; during differentiation) there should be mechanisms lor 
preventing eEF-2 phosphorylatwn and the resulting inhibition of protein 
synthesis durinp mitosis. Treatment of the rat pheochromocyloma cell line 
PC-12 with nerve growth factor (NGF) has been shown to result in the 
stimulation of neurite outgrowth. accompanied by the cessation of cell 
division. Flow cytometric analysis has indicated that the cells so treated 
accumulate in a Gl-like state of the cell cycle. The mechanism by which this 
antimitogenic eflect of NGF o c ~ l r s  remains to be elucidated. An early efleci 
of NGF treatment on PC-12 cells is the down-regulation of the eEF-2 
kinase and fi was suggested that this down-regulation serves to prevent 
phosphorylation of eEF-2 and the subsequent inhibition of protein 
synthesis dunng mitosis ~ mndaions which wuld facilitate arrest in a G1-like 
state (Rudkin B.B. et al. (1989) EMBO J. 8.  3319-3325). Here we report 
results supporting this hypothesis. eEF2 kinase activay. the degree of eEF- 
2 phosphorylation and the rate of protein synthesis were monitored in 
PC12 wltures enriched in cells at different phases of the cell cycle. We 
found that : 1) eEF-2 becomes maximally phosphorylated at mitosis, 2) 
NGF treatment decreases phosphorylation of eEF-2 at mitosis. 3) Protein 
synthesis rate during mitosis was significantly higher in NGF treated cells 
than in control cells 4) in vitro eEF2 phosphorylating activity of extracts 
varies during the the cell cycle eliciting a maximum during the M phase. I1 
appears. therefore. that previous results describing the effect of NGF 
addition on kinase activity in asynchronous cuitures reflects the response of 
Only those cells undergoing mitosis. The fact that NGF treatment prevents 
the normally-occuring phosphorylation of eEF2 during the M phase, 
suggests that it may be essential in preparing the cells for arrest in G1. 

G 427 RESTORATION OF DENSITY DEPENDENT 
GROWTH CONTROL IN T U M O R  CELLS BY 
MONOCYTES SIGNALS 

Stephan Rulier. Jurgen van der Bosch, Jo rg  Breder and  
Max Schlaak Forschungsinsti tut Borstel. 2061 Borstel. 
Fed.Rep.Germany 
I t  i s  shown in a serum-free.hormone supplemented 
system w i t h  h u m a n  tumor  cells (TC). t ha t  during 
monocyte (MO)/ tumor cel l  i n te rac t i ons  s ignals  are 
generated, w h i c h  restore the p r inc ip les  of densi ty  
dependent  i n h i b i t i o n  o f  g r o w t h  In t u m o r  ce l l  
populat ions. Tumor  cells. w h i c h  fa i l  t o  comply w i t h  
these principles are induced to d ie .  These signals can 
be detected in supernatant (SU) of  MO/TC- in teract ion 
cu l tures a n d  consis t  o f  several cy tok ines i nc lud ing  
TNF. IL-1. IFN-a and  IFN-IJ each of w h i c h  b y  i tself  i s  
n o t  able t o  m i m i c  these effects. TC con t inuous ly  
exposed to S U  for several days reach a stat ionary cell 
density. which i s  approached f rom lower cell densities 
by  at tenuated g rowth  rates and from h igher  ce l l  
densities b y  cell loss due to  cel l  d e a t h  T h i s  cell death 
i s  a n  ac t i ve  process in ta rge t  ce l ls  i n v o l v i n g  
proteinbiosynthesis and tumor cell derived signals. The 
former i s  shown by cycioheximide. w h i c h  can prevent 
S U  i nduced  cel l  death a n d  the la t ter  i s  shown b y  
TC-cond i t i oned  m e d i u m  w h i c h  causes increased 
TC-death rates. TC-contr ibut ions t o  SU-induced cell 
death are also demonstrated in co-culture experiments 
invo lv ing SU-pretreated TC and  untreated TC. In such 
co-cultures - depending o n  the r a t i o  o f  the two cel l  
types a n d  o n  overall cel l  density - g rowth  i nh ib i t o ry  
effects a n d  induc t i on  o f  TC-death can h e  observed. 
These  e f fec ts  a r e  d u e  t o  the  SU-p re t rea ted  
TC-population, wh ich  causes the overall populat ion to 
adjust i t s  cell density in a density dependent manner  
reminiscent o f  normal  cell populat ions l i ke  mouse 3T3 
cells. suggesting that SU-pretreatment h a s  l ed  to a 
restorat ion o f  densi ty  dependent g rowth  con t ro l  in 
previously unrestr icted growing TC. 

G 429 MECHANISMS OF CELL CYCLE ARREST IN G1 BY a-INTERFERON. 
N.S.B. Thomas, A. Bybee and L. C. Burke, Dept. of Haematoiogy, 

University College and Middlesex School of Medicine, 98 Chenies Mews, 
London WClE 6HX, England. 
We have shown that cell cycle arrest of a human B-cell line (Daudi) by 
a-IFN results in an accumulation of cells in early and late GI ( G ~ A  and 
G ~ B  respectively) and these cells contain mainly pRB1 lo. In contrast, 
actively cycling human lymphoid cells contain partially phosphorylated 
pRB even in G ~ A .  These G ~ A  cells contain intermediate forms of pRB 
which become further phosphorylated to pRB1 1 2 - l r 4  as cells traverse 
GIB. Since pRB1l0 is thought to prevent cell proliferation. our data 
would suggest that the cytostaiic effect of a-IFN may occur by 
preventing the initial phosphorylation of pRB during or prior to G ~ A .  
The cdc2 kinase family may play a role in pRB phosphorylation: we have 
shown that G1 arrest caused by a-IFN or phorbol ester leads to 
dephosphorylation of ~ 3 4 ~ ~ ~ 2 ,  which may inhibit its kinase activity 
against pRB. However, others have shown by antisense methods that cdc2 
may not be required for the initial. partial phosphorylation of pRB, 
suggesting that at least one other unidentified kinase is needed. The action 
of the non-cdc2 kinase(s) which partially phosphorylates pRB in GIA is 
therefore also inhibited by a-IFN. pRB may function in the G1 to S- 
phase transition by interacting with transcription factors and also with 
cyclin-A. We have found that cyciin-A is not present in a-IFN-arrested 
Cells. however it is present in proliferating cells and in cells arrested in 
late GI by aphidicolin. Taken together our data suggest that a-IFN may 
cause cell cycle inhibition in G1 by preventing the phosphorylation of 
PRB by p34Cdc2 and by other kinase(s) and by preventing the synthesis 
of cyclin-A. To investigate the mechanisms of cell cycle arrest in more 
detail we are currently characterizino proteins which comDlex with ORB _ .  
and with p34CdC2 and other related kinases in proliferating and in 
a-IFN-inhibited cells. 

Supported by the Kay Kendall Leukaemia Research Fund and The Cancer 
Research Campaign. 
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G 430 CYTOKINE-MEDIATED TUMOR CELL DEATH - 
A CONSEQUENCE OF SIMULTANEOUSLY ACTI- 

VATED GROWTH STIMULATORY AND INHIBITORY 
SIGNAL TRANSDUCTION PATHWAYS 
Jurgen  van der  Bosch. Stephan Rdller. Jorg  Breder a n d  
Max Schlaak. Forschungsinst i tut  Borstel, 2061 Borstel. 
Germany. 
Cytokine-containing superna tan ts  (SU) generated during 
interact ion of e lutr ia ted h u m a n  monocytes (MO) with 
various clonal human tumor cell (TC) lines in  a serum-free 
medium are  shown to cause  cell cycle a r res t  i n  G 1  i n  
subconf luent  arid cell d e a t h  i n  pos tconf luent  TC- 
populations. Removal of individual cytokines (TNF, IFN-a. 
IFN-J3. 1L- 1) by affinity chromatography causes  roordhafe 
reduction of SU-induced cell death a n d  growth inhibi t ion 
sugges t ing  partially overlapping s igna l  t ransduct ion  
pathways leading to Gl-arrest  a n d  cell d e a t h  This  view i s  
supported by the observation that  hydrocortisone (HC) also 
causes  coordi~afe suppress ion  of TC-susceptibility to  
growth inh ib i t ion  a n d  to i n d u c t i o n  of cell death.  
Furthermore,  aur intr icarboxyl ic  acid,  an endonuclease 
inhibitor, not only suppresses  TC-death b u t  a lso growth 
arrest  i n  G1. During SU-  or  MO-exposure par t  of the TC- 
population is driven into ?he quiescent  (Ki67-negative) 
s ta te  GO. This  reversibly arrested TC-population i s  shown 
to  be  insusceptible to  induct ion of cell death. Factors  
promoting Gl/S-transi t  (EGF. insulin) on the  other hand 
increase TC-susceptibility to induction of cell d e a t h  These 
data suggest a coupling or overlap of signal transduction 
pathways leading to Gl/S-transi t  a n d  to  TC-death Based 
on these observations the  hypothesis i s  pu t  forward that 
susceptibility to induction of cell death i s  a consequence of 
simultaneously activated growth inhibi tory a n d  growth 
stirnulatory signal transduction pathways, the stirnulatory 
pathway caus ing  chromat in  relaxat ion a n d  thereby  
exposing DNA to nucleases  activated b y  the  inhibi tory 
pathway. 

G 432 INAffIVATION OF THE RETINOBLASTOMA GENE 
PRODUCT VIA TRANSGENE EXPRESSION OF THE 

POLYOMAVIRUS LARGE T ANTIGEN I N  MOUSE 
MAMMARY EPITHELIUM. Marc A. Webster and William J. 
Muller, The Institute for  Molecular Biology and 
Biotechnology, Mc Master University, Hamilton, Ontario, 
Canada, U S  4K1. 
The inactivation of the retinoblastoma gene product 
( R b )  has been implicated as an obligatory event i n  
either the initiation or progression of many human 
cancers including those of the eye, bladder, prostate, 
lung, and breast. To directly assess the role of Rb i n  
mammary tumorigenesis, we have taken advantage of 
the ability of polyomavirus large T (PyLT) antigen to 
complex and inactivate cellular R b  function. Eight 
transgenic strajns carrying a cDNA encoding PyLT 
antigen linked to the Mouse Mammary Tumor Virus 
(MMTV) promotor/enhancer were generated. While 
mammary gland specific expression of PyLT has thus 
far demonstrated no  apparent abnormalities, these 
mice have recently developed testicular tumors. 
Offspring from o n e  line exhibited expression of the 
transgene in the brain lending to a severe central 
nervous system demyelinating effect s imilar  i n  
phenotype to the genetically inherited neurological 
disorder 'jirnpy' in mice. Currently we are examining 
whether PyLT antigen expression (and by extension, 
inactivation of R b  ) can cooperate with other oncogene 
products to transform the mammary epithelium. 

G431 A CELLULAR MUTATION HEDIATES RESISTANCE TO 
El BUT NOT TO TRANSFORMATION BY SV40-T AND 

HPV16-E7, Joseph M. Weber, Sucheta Sircar, 
Joseph Horvath, Dominique Roberge and Hounir 
Diouri, Department of Microbiology, Fac. 
Medicine, University of Sherbrooke, Quebec, 
Canada, J1H 5N4 
An adenovirus-specific transformation resistant 
cell line (G2)  expressing biologically active 
Ela proteins and originally isolated as a 
revertant from Ad2-transformed rat cells (F4), 
was shown to form stable Rb-Ela and 300X-Ela 
complexes in immunoprecipitation experiments. 
Consistent with the transformation resistant 
phenotype, cell hybrids between 6 2  and F4 were 
all nontumorigenic. In addition fusion between 
6 2  and normal rat cells (FR3T3) failed to 
restore the transformed phenotype, as might be 
expected if G2 contained a defective cellular 
transformation facilitator gene. Fusion of G2 
cells with the El transformed human 293 cells 
also resulted in a less transformed phenotype 
without any effect on the expression of Ela 
proteins. This transformation resistant 
phenotype does not apparently extend to other 
members of the pl05Rb-binding family of DNA 
virus oncoproteins: Both SV40-T and HPV16-E7 
transformed 6 2  cells readily. Retrovirus 
insertion mutagenesis resulted in tumorigenic 
cell lines and identified a common locus 
responsible for the Ela-specific dominant tumor 
suppressor phenotype of G2 cells. Studies are 
underway to determine the nature of the 
insertion sites. 

G 433 ANOVELINTRACELLULARANTIPROLIFERATIVE 

EQUIVALENT OF THE IL GENE PRODUCT, 
&,ESSENTIALFOR DEVELOPMENT. C.M. Wood1. D.A. 
Stewart1, M.J. Nuelll, J.J. Whitel, J.K. McClung2, C.C. Monon3, 
and D.B. Dannerl. 1Lab. of Moluular Genetics, NIH, NIA, 
Baltimore; 2Biornedical Division, The S.R. Noble Foundation, 
Ardmore, O K  & 3Dept. of Pathology, Brigham and Women's 
Hospital, Hatvard Medical School. Boston. 

PROTEIN, PROHIBITh', IS THE MAMMALIAN 

Pmhibitin has been ncently identified by mRNA microinjection 
as a novel antiproliferative protein of 30 kD; its exact inhacellular role 
is currently under investigation. Pmhibitin is expressed in al l  tissues 
examined, is of moderate abundance, and is associated with a protein 
complex of approximately 500 kD. Peptide-generated antibodies 
against prohibitin suggest that it exists in two different forms, one in 
the nucleus and one in the cytoplasm. The protein was found to 
resemble the f& gene product, a protein which is viral for- 
development during the larval to pupal metamorphosis. Several rat 
cDNAs as well as cDNAs from human and lhsc&la have since 
been isolated and sequenced. Between rat and ' theamino 
acid conservation is 76% identity with 84% suong similarity, while rat 
and human proteins are identical. Moreover, the two d an 
transcript forms, 1.2 and 1.9 kb, encode the same protein and utilize 
two alternative polyadenylation sites. DrosoDhila prohibitin 
mRNA blocks DNA synthesis in human fibroblasts nearly as well as 
mt prohibitin mRNA. Chmmosomal mapping of the functional 
human prohibitin gene shows localization to the region of 17q21-22, a 
region genetically linked to earlyunset human bnast cancer. 
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G 434 CHARACEREATION OF ?HE FUNCTIONAL DOMAINS 
OF THE ADENO-ASSOCIATED VIRUS REP PROTEIN: 

AN ANTI-PROLIFERATION GENE PRODUCT, Qicheng Yang and 
James P. Trempe. Department of Biochemistry and Molecular Biology, 
Medical College of Ohio, Toledo, OH43699 
The Adeno-Associated Virus (AAV) is a defective human parvovirus. In 
addition to a helper virus, two AAV DNA sequences, the rep gene and the 
terminal repeats, are required for its replication. Four species of Rep 
proteins are produced in AAV infections due to alternate initiation from 
either Pg or Pi9 promoter and mRNA splicing. The two largest Rep 
proteins (Rep78Bep68) are essential for AAV DNA replication and trans- 
activation of the capsid gene, and can suppress oncogene-mediated cellular 
transformation. To identify the functional domains of the Rep proteins 
involved in these processes, we constructed a series of Xho I linker 
insertion and deletion mutants. Their behavior in nuclear localization, 
AAV DNA replication, trans-activation of the capsid gene and suppression 
of oncogene-mediated transformation were compared to the wild tw Rep 
proteins. We have found a basic amino acid-rich region, which is similar 
in structure to other known nuclear targeting signals, that is required for 
nuclear localization. Three domains, separated by “hinge” regions, are 
required for AAV DNA replication. Mutants that cannot support AAV 
DNA replication are defective for trans-activation of the capsid gene with 
the exception of one mutant in the amino terminus of the Rep protein. 
Domains necessary for suppression of Ela/ras oncogene-mediated 
transformation are found primarily in the amino terminus of the protein. 

Regulation of Gene Expression 
G 500 RETROVIRAL INSERTIONS DOWNSTREAM OF THE 

ERYTHROLEUKEMIA CELLS INDUCED BY FRIEND 
LEUKEMIA VIRUS. Ben-David’, Y., Chabof, B., De Koven’, A. 
and Bernstein’, A. ’Division of Cancer Research, Sunnybrook Health 
Science Centre, Toronto, Ontario, Canada, ’Department of 
Microbiology, Faculty of Medicine, University of Sherbrooke, 
Sherbrooke, Quebec, Canada and ’Division of Molecular and 
Developmental Biology, Samuel Lunenfeld Research Institute, Mount 
Sinai Hospital, Toronto, Ontario, Canada. 

The multistage erythroleukemia induced by the various sUains of 
Friend leukemia virus involved inactivation of the p53 tumor 
suppressor gene and frequent activation of either the Spi-lIPU.1 or 
Fli-1 genes. Both Fli-1 and Spi-1 are members of the ets oncogene 
family of transcription factors and are activated as a result of 
proviral integration events in a majority of erythroleukemia cell lines 
induced by either Friend murine leukemia virus (F-MuLV) or Friend 
spleen focus-forming virus (SFFV), respectively. In this report, we 
have identified a novel common integration site, designated Fli-2 
(Friend leukemia integration-2). from an erythroleukemia cell line 
induced by F-MuLV. Rearrangements at the Fli-2 locus were found 
in 2/11 erythroleukemia cell lines independently induced by F-MuLV 
and 1/19 erythroid cell clones derived from spleens of mice infected 
with the polycythemia or anemia strains of Friend virus (FV-P abd 
FV-A respectively). A cDNA corresponding to a transcript 
originating from genomic DNA adjacent to Fli-2 was isolated using 
a junction fragment 5’ to the site of the proviraI integratioc site. 
The deduced amino acid sequence of this cDNA is identical to the 
human hnRNP A1 gene, a member of the gene family of RNA 
binding proteins involved in RNA slicing. In one erythroleukemia 
cell line, A1 expression is undetectable as a result of F-MuLV 
integration in one allele and loss of the other allele. These results 

G E N E  F O R  R N A - B I N D I N G  A 1  I N  
G501 A CELL-TYPE SPECIFIC AND ENHANCER- 

DEPENDENT SILENCER IN THE PROMOTER 
OF THE HUMAN UAOKINASE PLASMINOGEN 
ACTIVATOR GENE Roberta BENFANTE, Raffaele CANNIO 
and Francesco BLASI. Institute of Microbiology, University of 
Copenhagen, Oster Farimagsgade 2A,1353 Copenhagen K. 
Denmark 
A trascriptional silencer in the 5’ regulatory region of the human 
urokinase plasminogen activator (uPA) gene is able to block 
transcription from the human uPA as well as the rabbit B-globin 
promoters in a cell type specific and orientation independent 
way. The silencer is enhancer dependent and is active in two 
cell lines (HeLa and CV-1) which produce little if any uPA. but 
not in the high uPA producer PC3. 
Silencing activity and enhancer dependence can be separated, 
the first can be mapped between -660 and - 536, the enhancer 
dependence between -536 and -308. 
In the silencer- containing fragment, the sequence -549/-538 
has a 9/10 identity to the TGF-81 responsive element of the 
transin/stromelysin gene (TIE element). This sequence, that is 
present in the promoter of c-myc, elastase, collagenase and 
proliferin genes, has been shown to bind a nuclear protein 
complex which includes the product of the c-fos oncogene. 
DNAse I footprinting analysis showed a pattern of protected 
sequences covering most of the region -660/-537. Gel-shift 
experiments with both HeLa and CV-1 nuclear extract show the 
presence of a specific DNA-protein complex which binds TIE 
containing oligonucleotide. Preliminary results also indicate an 
inhibition of the formation of this complex by c-fos antibodies. 
The low level homology of this sequence with the AP-1 
consensus sequence and the absence of TIE element in the c- 
fos promoter (which is known to be negatively autoregulated by 
c-fos product itself) suggest that sequences other than AP-1 can 
be recognized by Fos protein, possibly in a complex with 
proteins other than those belonging to the Jun family. We are 
now attempting to characterize the nature of this complex and to 
understand the role of the silencer and of the TIE sequence in 
the regulation of the expression of the urokinase gene. 
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G 502 DIFFERENTIAL TRANSCRIPTION OF TRANSFORMING 
GROWTH FACTOR BETA FAMILY MEMBERS 

FOLLOWING RETINOIC ACID (RA) AND HEXAMETHYLENEBIS- 
ACETAMIDE (HMBA) TREATMENT OF THE hTERA-2cl.DI 
(NTZ/DI) HUMAN TERATOCARCINOMA CELL, Martina Burchert, 
Heidi Giordano and Ethan Dmitrovsky, Department of Medicine, 
Memorial Sloan-Kettering Cancer Center, NY, NY 10021 
The NT2/DI human teratocarcinoma cell is multipotential, with 
distinct phenotypes induced by RA and HMBA treatment. This 
provides an opportunity to explore the mechanism of inducer 
mediated growth inhibition and how these inducers affect the TGF-B 
growth inhibitory pathway in an embryonal cancer cell. We report 
here that transforming growth factors41 and -02 are differentially 
upregulated in the NT2/D1 cell treated with HMBA and FU. 
Compared to untreated cells, HMBA causes a marked increase in 
TGF-B1 mRNA expression, while RA treatment primarily augments 
TFG-B2 expression. Neither inducer increases the low level of TGF- 
03 expression observed in untreated NT2/D1 cells. Exogenous TGF- 
B1  protein added to the media of NT2/D1 cells inhibits growth 
comparable to HMBA and RA treatment. Gel retardation assays 
show that nuclear extracts of untreated, RA treated and HMBA 
treated cells bind to different elements of the TGF-B1 promoter. 
Nuclear extracts from untreated and RA treated cells contain 
protein(s) which bind to an AP-1 rich region between 453 and -313 
of the TGF-B1 promoter, while nuclear extracts from HMBA treated 
cells lack these binding proteins. Supershift experiments using 
polyclonal antibodies indicate these binding proteins belong to the k n  
family. This suggests that an AP-1 complex is a negative regulatory- 
element in the regulation of TGF-81 expression in untreated and RA 
treated cells, and that HMBA treatment results in deregulation of 
these binding proteins, thereby allowing transcription of TGF-B1. 
Which nuclear proteins are involved in transcriptional regulation of 
TGF-B2 following RA treatment is currently under investigation. 
Taken together, these data indicate that different TGF-B members 
cause growth inhibition through distinct pathways in the same cell. 

G 504 FUNCTIONAL INTERACTIONS BETWEEN cJun / 
cFos AND THE ESTROGEN RECEPTOR IN BREAST 

CANCER CELLS, Vassilis Doucas, Giannis  Spyrou", 
Curt Pfarr a n d  Moshe  Yaniv,  Unite des  virus 
oncogknes, UA 1149 du CNRS. DCpartement des 
Biotechnologies, Institut Pasteur, Paris. 
Overexpression of c-Jun or c-Fos proteins in human 
MCF-7 breast cancer cells inhibits estrogen dependent 
transcription of an ERE (estrogen responsive element) 
containing reporter gene, without affecting its basal 
level of expression. Overexpression of JunB or JunD 
produced little or no effect on estrogen-dependent 
trascription, respectively. Contrary to transcriptional 
activation of promoters containing API sites no synergy 
is observed between cJun and cFos, suggesting that DNA 
binding of c-Jun or c-Fos is not necessary for repression 
of estrogen activity. Overexpression of the estrogen 
receptor largely relieved the c-Fos but not the c-Jun 
mediated inhibition, further supporting the idea that 
both can act independently. Mutagenesis analysis 
revealed that deletion of either one of two regions of c- 
Jun, one adjacent to the basic DNA binding domain and 
the other containing the leucine repeat blocked 
repression. These results can be explained by a direct 
protein-protein interaction between either cJun or CFOS 
and the estrogen receptor or an indirect interaction 
mediated by an additional factor. 
I t  was previously shown that TPA treatement 
supresses estrogen induced growth of the MCF-7 cells 
and provoques changes in their morphology. We are 
currently studing if this inhibition is mediated by the 
increase in APl activity after TPA treatement. 
"Present addess: Karolinska Institute Depr. of Physiological 
Chemistry, Solnav. 1. Box 60400. S-10401 STOCKHOLM, SWEDEN. 

G503 TGF-B INDUCED TRANSCRIPTION OF JUNB IS 
BLOCKED BY EXPRESSION OF ADENOVIRUS E1A 

PROTEINS WHILE TGF-B INDUCTION OF CJUN REMAINS 
RAPID AND TRANSIENT, Lisa M. Coussens and Robert 
Chiu, Departments of Biological Chemistry and 
Surgical Oncology, UCLA School of Medicine, Los  
Angeles, CA 9 0 0 2 4  
The multipotent growth factor TGF-B regulates the 
expression of many important genes critical to 
cell cycle progression and development. We study 
the ability of TGF-B to induce the transcription 
of the AP-1 associated gene product JunB. Our 
data suggest that the transcriptional induction of 
junB occurs in a primary response manner in the 
rat embryonal fibroblast line 3Y1. Additionelly, 
we have found that in an isotypic derivative of 
3Y1 cells stably transfected with adenovirus-13 
ElA, AElAY1, the induction of junB mRNA normally 
observed following cellular exposure to TGF-B is 
abrogated while induction following cellular 
exposure to serum or TPA resembles 3Y1 cells. 
Other genes known to be transcriptionally 

are also unresponsive in the AElAYl cells while c- 
jun gene expression is induced in a rapid and 
transient manner identical to that of the 3Y1 
derivative. Three high molecular weight receptors 
known to bind with various affinities to TGF-B 
appear to be present on AElAYl cells based on 
affinity labeling experiments. Other 3Y1 isotypic 
derivative lines stably transfected with SV40 
large T, papiloma virus E 6  and E7, as well as a 
mutant adenovirus 13-E1A remain responsive to TGF- 
B action resulting in normal induction kinetics of 
junB mRNA. These data suggest a defect in TGF-B 
signalling distal to ligand-receptor interaction 
specifically imposed by the transforming proteins 
of adenovirus 13-E1A. Furthermore, these studies 
suggest that regulation of the highly homologous 
AP-1 associated proteins c-jun and junB are not 
regulated coordinately atleast in rat embryonal 
fibroblasts exposed to TGF-B. 

regulated by TGF-B, specifically PAI-1 and TGF-B 

G 505 A HELIX-LOOP-HELIX PROTEIN APPEARS INVOLVED 
INGLUCOCORTlCOIDREGULATED EXPRESSIONOF Mu 

CLASS GLUTATHIONE S-TRANSFERASE IN A SMOOTH MUSCLE 
TUMOR CELL LINE, Weimin Fan, Tina Cooper, Ymong Liu and James 
S. Noms*, Departments of Medicine and *Biochemistry/Molecular 
Biology, Medical University of South Carolina, Charleston, SC 29425 

Glucocorticoid treatment of the Syrian hamster tumor ceIl line, DDT, 
MI-2, results in GolG, arrest and concomitant induction of a 29 kD 
protein identified as a mu class glutathione S-transferase (hGSTYBX). The 
expression of the hGSTYBX in DDT MI-2 cells is transcriptionally up- 
regulated by glucocorticoids. Secondfy,hGSTYBXexpression is dependent 
upon protein synthesis, suggesting that induction is a secondary hormonal 
response. To study the mechanism of induction we have cloned and 
sequenced the hGSTYBX gene including its 5' flanking regions. When 
linked to a CAT reporter gene the 5' flanking domain directs 
glucocorticoid inducible transcription. Through a series of 5' deletion 
mutants, we have localized the glucocorticoid inducible regulatory element 
between nucleotides -356 to -236. No classical glucocorticoid response 
elements are found within this region, however,four potzntial helix-loop 
helix (HLH) binding sites (CANNTG) are embedded in two 16 bp repeats. 
Using electrophoretic mobility shift assays under competition conditions, 
we identified a specific nuclear protein that binds to the HLH domain. 
Oligomers representing GRE or APl elements failed to interfere with 
protein binding. These results suggest that a HLH transactivator 
protein@) may be involved in glucocortimid induction of GST. 

By immunocytochemistry we localized the hGSTYBX gene product to 
the nuclei of glucocorticoid Ueated cells. Because of this nuclear 
localization under conditon of Go/G, arrest, we decided to see if 
hGSTYBX was involved in regulation of cell growth. Expression vectors 
with either sense or antisense hGSTYBX cDNA under the control of an 
MMTV promoter were constructed and stably transfected into DDT, MI-2 
cells by G418 selection. The results indicated Fat hGSTYBX is unlikl 
to be the only factor responsible for glucocomcoid induced cell growti 
cycle arrest since growth of either sense or antisense GST transfectants 
was still arrested by glucocorticoids. However, transfection of sense GST 
enhanced overall cell growth while the cells transfected wlth antisense 
GST always grew slower. These observations suggest that the hGSTYBX 
gene product may play a role in promoting tumor cell growth or survival 
by mechanisms not yet revealed. Supported by NIH CA 49949 and 52085. 
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G 506 

THELLAL CELLS 

C-FOS PROTEIN SYNTHESIS AND GROWTH 
REGULATION IN BOVINE CORNEAL ENDO- 

~~~ ~~~ ~~ 

Sandy T. Feldman, M.D.', Dennis Gately, B.S.', Axel Schonthal, 
Ph.D. +, and James R. Femnisco, Ph.D.+ 
Departments of 'Ophthalmology and +Medicine, Theodore Gildred 
Cancer Center, University of California, San Diego, La Jolla, CA 

We evaluated the effects of stimulation (by Serum and three 
peptide growth factors: fibroblast growth factor, insulin and transforming 
growth factor 0) on the expression of the protein product of the immediate 
early gene, c - f m  in bovine corneal endothelial cells. We compared these 
results to cells which were made quiescent by serum starvation. W e  also 
examined the effeci of these Same growth factors on DNA synthesis. 
Quiescent cells expressed low levels of c-fos protein. Serum was the 
most potent stimulator whereas FGF and insulin were modest stimulators. 
TGFD did not significantly stimulate c-fm production. The results from 
DNA synthesis were different. Serum and FGF were still the most potent 
stimulators while insulin and TFG5 were weak stimulators. These data 
suggest that growth factors induce c- fbs protein in BCE and that this may 
in parf regulate the downstream event, cellular proliferation. Further 
investigation into the regulation of this and other proto-oncogene products 
may provide insight into the mechanisms which modulate corneal 
endothelial cell growth in humans. 

G 508 Transcriptional regulation of human a-actin gene by 
Ha-ras oncogene. 

-*, Earl Ruley+. Wen Chang+ 
Fernando Ramirez*, Jaa-Hong Kim*, and Pierre Bushel*, 
*Dept. of Tumor Biology, Schering-Plough Research, 
Bloomfield, N.J 07003 and +Center for Cancer Research. 
Mass. Institute of TechnoIogy, Cambridge, Ma 02139. 
Neoplastic transformation of mammalian cells leads to 
dramatic changes in the synthesis of several cytoekeletal 
r t e i n s  resdting in altered morphology. Our studies 

light chain-2 and a-actin are selectively repressed in rim 
oncogene transformed fibroblaat cells. We are using the a- 
actin gene as the prototype to elucidate molecdar 
mechanisms involved in cytoskeletal alterations in 
transformed cells. We have recently characterized the 5' 
flanking sequences of the human a-actin gene. Using 
plasmids that contain the a-actin promoter fused to v a r i o u s  
reporter genes such as D-Galactosidase, Chloramphenicol 
Acetyl Transferase (CAT) and human Growth Hormone 
(hGH), we have shown that the a-actin promoter activity is 
repressed in rus transformed fibroblast cells. Transient 
transfection analysis of plasmids containing progressive 
deletions of 6' flanking sequences of the a-actin gene fused 
to CAT reporter gene indicates that the Ras Responsive 
Element (RRE) i6 localized within 120 bases from the 
transcription start Site. This region of the promoter has 
t w o  CArG motifs that are evolutionarily conserved. The 
CAE G motif is also part of the Serum Response Element 
(S3E) of c-Fos gene and plays an important role for both 
transcriptional activation and repression of c-Fos. Our 
preliminary studies indicate that these CArG boxes also 
play an important role in down regulating the a-actin 
transcription in response to transformation by ras 
oncogene. 

ave shown that smooth muscle specific isoforms of Myosin 

G 507 A MEMBER OF THE ATF/CREB FAMILY WHICH 
INHIBITS TRANSCRIPTION, Helen C. 

Hurst and Ian G. Cowell, ICRF Oncology Group, 
Hammersmith Hospital, London W12 OHS, U.K. 

Most specific promoter and enhancer binding 
sites are recognised by a family of related 
nuclear proteins. A major question in 
understanding the control of cellular growth at 
the level of transcription is to establish what 
role all these family members play in 
determining patterns of gene expression. 

We have been examining the family of bZIP 
transcription factors which bind the CGTCA 
motif. This includes the CAMP inducible factor 
CREB and the homologous but distinct factor 
ATFl which is not a convincing activator of 
transcription, but may play a role in 
modulating CREB activity. We have also 
isolated a novel member of this family, E4BP4 
which is currently being characterised. 
Transfection assays indicate that E4BP4 is an 
inhibitory factor whose action is reversed in 
the presence of adenovirus Ela to the extent 
that it may become slightly stimulatory. AS 
E4BP4 is a phosphoprotein whose DNA binding 
activity is dependent on its phosphorylation 
state, we are currently examining whether 
external stimuli can affect the binding 
potential and hence the activity of this factor 
and thus give some insight as to its role in 
modulating cellular transcription. 

G 509 MODULATON OFTHE TGF-a PROMOTER BY TGF-PI IN 
HUMAN COLON CARCINOMA CELLS Mark J. Lynch, Lenore 

Pelosi, June Merwin, Department of Molecular and Cellular 
Biology. Bristol-Myers Squibb. Wallingford CT 06492. 
In studying synergy between different growth factors on human 
colon carcinoma cells we have found that treatment of the cell 
line FET with transforming growth factor-beta 1 (TGF-PI) leads 
to a 2 fold increase of transforming growth factor-alpha (TGF-a) 
produced in the conditioned medium. To study the molecular 
mechanisms involved in this induction we used a luciferase 
reporter construct containing 2816 base pairs of TGF-a 5'- 
flanking region (pTGFa2816Luc) in transient transfection 
studies. pTGFa2816Luc transfected FET cells treated with TGF-PI 
gave a dose dependent increase in luciferase activity with a 
maximal increase of 7.5 fold at 10 ngfml TGF-PI as compared to 
untreated controls. This increase in activity was specific for the 
TGF-a promoter as other promoters including the Rous sarcoma 
and human immunodeficiency virus LTRs and metallothionine 
promoter showed no modulation by TGF-PI. In addition, TGF-PI 
had no effect on the TGF-a promoter in the human colon 
carcinoma cell line HCT116 which is insensitive to TGF-p1. Using 
luciferase constructs containing progressively smaller portions 
of the TGF-a promoter region, we have localized this TGF-pl 
responsive element to between -201 and -77 base pairs relative 
to the AUG codon. This region contains sequences with homology 
to other known TGF-PI responsive elements. Gel retardation 
analysis is being performed in an effori to characterize the 
transcription factor(s) interacting with this putative TGF-Dl 
responsive element. 
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G 510 RETINOIC ACID-INDUCED CHANGES IN THE 
EXPRESSION OF RETINOBLASTOMA & P53 PROTEINS 

IN NON-SMALL CELL LUNG CARCINOMA LINES Steve k 
Maxwell and Jack A. Roth, Department of Thoracic Surgery, UT M.D. 
Anderson Cancer Center, Houston, TX 77030 
The proliferation of non-small cell lung carcinoma (NSCLC) lines is 
increased 30 to 90% after 8 h of exposure to 5 uM retinoic acid. 
However, after 48 to 72 h treatment with retinoic acid, cell growth is 
reduced by 50% as measured by tritiated thymidine incorporation. We 
investigated whether the expression of tumor suppressor gene products 
correlated with the retinoic acid-induced changes in growth of NSCLC 
lines. The expression of retinoblastoma P105 and p53 was examined by 
immunoblotting of SDS extracts from cells treated with 5 uM retinoic 
acid. In the H460 and H226 cell lines, which express endogenous wild- 
type p53, both Rb-plOS and p53 were induced several-fold over 
untreated cells after 8 h of incubation with retinoic acid. After 48 h 
of growth in retinoic acid, Rb-plO5 converted from a superphosphoty- 
lated form to an underphosphorylated species. Both Rb-plO5 and p53 
were almost undetectable in H460 and H226 cells after 72 h of retinoic 
acid treatment. A different retinoic acid-induced pattern of expression 
of Rb-plO5 and p53 was observed in two other cell lines that express 
endogenous p53 mutated at residue 273 (H322,H820). In contrast to 
that observed in H460 and H226 cells, no change in p53 was observed 
after 72 h of retinoic acid treatment. The Rb-plO5 was induced 
several-fold in H820 and H322 cells after 8 h retinoic acid treatment, 
but in contrast to H460 and H226 cells the expression and phosphoty- 
lation of Rb-pl05 thereafter remained unchanged even after 72 h of 
retinoic acid treatment. A cell line containing a homoygous p53 
deletion (H358) and a cell line negative for Rb (H596) displayed 
growth properties in response to retinoic acid that were similar to the 
other p53/Rb-positive lines, We conclude that the retinoblastoma and 
pS3 gene products do not play a role in the retinoic acid-mediated 
growth alteration of NSCLC lines. However, a positive correlation was 
observed between the expression of wild-type p53 and the ability of 
retinoic acid to induce dephosphorylation of Rb-plO5. 

G 512TRANSFORMATlON BY V-SIS IS ACCOMPANIED 
BY PHOSPHORYLATION OF MULTIPLE 

TRANSCRIPTION FACTORS 
Dan Mercola', Tristan Darland', Amita Grover-Bardwick* 
and Eileen Adamson'; *Department of Pathology, 
University of California at San Diego, CA 92093 and *La 
Jolla Cancer Research Foundation, La Jolla, Ca 92037. 

Transformation by v-sis has been examined in a 
model cells bearing v-sis under the control of a 
metallothionine promoter which exhibit rapid, complete and 
reversible transformation upon induction of v-sis'. 
Transformation leads to hyperphosphorylation of cJun at 
serines 63 and 73 which have previously been associated 
with increased AP-1 transactivation potential'. To study 
other factors, antibodies have been prepared against Jun- 
B, Jun-D, Fos-B, Fra-I and Early Growth Response-I 
transcription factor (Egr-I). These sera precipitate the 
expected size products from serum-stimulated fibroblasts 
and exhibit several criteria of specificity. Using these sera, 
we have observed prominent phosphorylation of Jun-B, 
Jun-D and, especially, Egr-I. Phosphorylation persists for 
at least the first 48 hours of sis-induced accelerated growth 
but is nearly undectable during normal log-phase growth. 
Focus forming assays with NIH-3T3 cells show that v-sis 
DNA causes mostly large foci whereas inclusion of Egr-l 
DNA leads to a striking > 10-fold increase in foci which are 
characteristic and small. v-sis DNA in combination with 
antisense Egr-l DNA leads to a 3-fold decrease in foci and 
restoration of size. Therefore multiple factors are 
phosphorylated in v-sis transformation and phosphorylated 
Egr-l may complement sis-induced transformation. 
' Carpenter. P. && Rntlsense Rer Oev 1 9 9 1 . 1 - ( l n  press). '  Boyle. V er d l  Cell 
1991:w 573-84 

G 511 IDENTIFICATION OF A GENE WHOSE 
EXPRESSION C O R R E L A T E S  W I T H  

TUMORIGENICITY IN T H E  WILMS'  TUMOR 
C E L L  LINE G401. McMaster  ML, Dowdy SF,  
West  A, S t a n b r i d g e  E, a n d  Weissman BE. 
L i n e b e r g e r  C o m p r e h e n s i v e  C a n c e r  C e n t e r ;  
University of Nor th  Caro l ina  a t  Chapel  Hill; 
Chapel Hill, North Carol ina 27599 

The development of malignancy is believed to 
be a multistep process involving several factors 
including activation of oncogenes and inactivation 
of genes functioning normally in cellular growth 
control. Analysis of Wilms' tumor (WT), a pediatric 
nephroblastoma,  has  revealed at  least two 
candidate tumor suppressor loci, a t  l l p 1 3  and 
l l p 1 5 ,  and suggests the presence of a third. 
Studies of WT have documented the presence of a 
gene,  designated WinF4,  whose expression 
correlates with the tumorigenic phenotype of the 
WT cell line G401. and which does not map to any 
locus on chromosome 11. Preliminary studies 
suggest that WinF4 is expressed constitutively in 
the tumorigenic C401 parent cell line but is 
differentially expressed in response t o  serum 
stimulation and transferrin stimulation in the 
suppressed microcell hybrid, G401.5, indicating that 
it is a growth response gene, control of which is 
abrogated in the tumorigenic (3401 phenotype. 
Sequence analysis of WinF4 indicates that i t  is 
homologous to the L9 ribosomal protein recently 
described in rodents. These studies raise questions 
regarding the role of ribosomal proteins in the 
development of the tumorigenic phenotype. 

G 513 MECHAXISMS O F T R A N S A ~ I V A ~ O N  BY HTLV-I p4oul. 
Masataka Nakamura. Kiyoshi Ohtani. Shigeto Miura and Kazuo 

Sugamura. Department of Microbiology, lohoku University School of 
Medxine, Sendai 980. Japan. 

A !runs-acting transcriptional activator, p40Ux, of human T-cell 
leukemia virus type I (HTLV-I) is thought to be implicated in 
leukemogenesis by HTLV-I through abnormal activation of enhancers of 
cellular genes. Most of the cellular genes whch arc activated by HTLV-I 
p401rr are expressed or induced in T lymphocytes under normal 
conditions. In spite of the acuvity of HTLV-I p4our to activate enhancers, 
its activity to bind to enhancer DNA has not bccn proved, tathrr it  has bccn 
shown that at least two cellular transcription facton mediate function of 
aansactivanon by HTLV-1 p4Olu so far. CAMP responsive element 
binding factor (CREB)-like and NF-xB-like factors are shown to be 
involved in activation of the HTLV-I 21-bp core enhancer element, and 
enhancers of interleukin 2 receptor a chain (L-2aR). simian virus 40 
(SV40) and human immunodeficiency virus type I (WV-1). respectively. 
We have recently identified that a membtane glycoprotein (gp34) with a 
molecular weight of 34.000 whose expression is restricted in cells 
expressing HTLV-I is transcriptionally mduced in a TceU line, Jurkat. by 
HTLV-I ~ 4 0 ~ .  gp34 is different from the other cellular genes that are 
aansactivated by HTLV-I p4Om in that gp34 is not expressed in normal, 
even acnvated. T lymphocytes. Cloning study revealed that there are two 
species of gp34 mRNA generated from one copy gene and that gp34 lacks 
typical signal peptides. and has a hydrophobic stretch near the amino 
terminal, which possibly acts as a membrane anchore and four posslble N- 
linked glycosylation sites in the carboxy-terminal portion. Also this 
supports that gp34 belongs to the family of membrane proteins whose 
carboxy terminal protrude out of cells. We found that gp34 is 
constitutively expressed in normal lung and testis but not in heart, liver and 
splmn. In addition, some cell lines originated from the nerve tissues were 
found to express gp34, suggesting a possible involvement of HTLV-I 
infection in a nerve disorder known as HAM. Kinetic study showed a 
relatively delayed induction of gp34, compared to the other genes acavated 
by pu)tar, such as IL-2Ra and clfos. indicating that mechanism in HTLV- 
I p40l.l-dependcnt induction of gp34 may be distinct from those 
characterized previously. I n d d  a 110-bp fragment upstream of the gp34 
gene responsible for HTLV-I p40uldcpendent activation has thc ability to 
bind to nuclear factors. but concensus sequences for CREB and NF-KB 
are not effKhVe in competition of complex formation with the 1 iO-bp 
fragmenr 
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G 514lSOLATiON OF A GENE SEQUENCE ENCODING LEU- 
ZIPPER STRUCTURE INDUCED BY TGFP AND OTHER 
GROWTH FACTORS. Kiyoshi Nose, Motoko Shibanuma, 
and Toshio Kuroki, Department of Cancer Cell Res. , 
Institute of Medical Science, University of Tokyo, 
Minato-ku, Tokyo, Japan. 

TGF B modulates cell growth both positively and 
negatively depending on cell types. To better 
understand the molecular mechanisms of TGF p 
actions. we have been isolating a set of gene 
sequences induced by TGF p i  from a cDNA library of a 
mouse osteoblastic cell line. One of the clones, TSC- 
22, had a novel sequence, and seemed to encode a 
polypeptide with a molecular weight of 18 kDa with a 
putative leucine zipper structure. This gene was 
induced by TGF p i  with a peak of 2 hr, and was also 
induced by serum, cholera toxin, dexamethasone or 
tumor promoting phorbol ester with a similar 
kinetics. Antiserum was raised against TSC-22 
protein synthesized in f. coli, and it detected a 
cellular protein with a molecular weight of 18 kDa 
both in cytoplasmic and nuclear fractions. TSC-22 
protein seemed to bind with several cellular proteins, 
as detected by probing Western blot of nuclear 
proteins with biotinyl-TSC-22 protein, even it did 
not associate with c-FOS, c-JUN or CREBP. Cells 
transfected with expression vectors of TSC-22 did 
not show any change in phenotypes, but this gene is 
expected to have some regulatory roles on cellular 
functions. 

G516 A COMPOSITE TGF-beta1 REGULATORY ELEMENT IN THE 
TYPE-1 PLASMINOGEN ACTIVATOR INHIBITOR (PAI-1) 

GENE. Andrea Riccio. Peter A.Andreaaen* and Paolo V.Pedone. 
Centro di Endocrinologia ed Oncologia Sperimentale, CNR. 
University of Naples, Italy; *Institute of Molecular 
Biology. University of Aarhus. Denmark. 
Transforming growth factor-beta is the name of a group of 
closely related polypeptides characterized by a 
multiplicity of effects, including positive or negative 
control of cell growth and regulation of extracellular 
matrix turn-over. PAI-1 gene transcription is strongly 
induced in several cell types, independently of the effects 
that TGF-beta1 exerts on cell growth. We have identified a 
TGF-beta1 responsive element in the S'-flanking region of 
the human PAI-1 gene. This DNA sequence confers TGF-beta1 
responsiveness to a linked unresponsive promoter. In vitro 
DNA binding assays showed that two different nuclear 
factors. detected in exracts from both TGF-betal-treated 
and non-treated cells, bind to adjacent sequences contained 
in the responsive unit. A palindromic sequence binds 
trans-acting factor(s) of the CTF/NF-1 family. This site 
partially overlaps a dyad simmetry containing a CACGTG 
motif, that interacts with a second protein. 
Cross-competition for binding of nuclear proteins in gel 
mobility shift assays was observed between the dyad 
simmetry and the adenovirus major late promoter upstream 
element (USE). suggesting that the basic-Helix-Loop-Helix 
(bHLH) factor USF that binds the USE also interacts in 
vitro with the TGF-beta1 responsive element of the PAI-1 
gene. Mutations which abolish the binding of either the 
CTF/NF-l or the USF-like factor result in reduction of 
transcriptional activation upon exposure to TGF-betal. 
showing that both elements of the unit cooperate io the 
TGF-beta1 response. This regulatory region, thus, reflect6 
the organization of the composite responsive elements. in 
which the association of different motifs strengthens the 
response of the unit. We will discuss the possible 
relationship of these findings to the complexity of the 
TGF-beta1 action. 

G 515 ANALYSIS OF THE TRANSCRIPTIONAL REPRESSION 
FUNCTION ENCODED BY THE WT1 WILMS' TUMOR 

GENE PRODUCT, Frank J. Rauscher, 111. Stephen L. Madden, 
Donna M. Cook, Jennifer F. Morris, and Robin A. Bhaerman. 
The Wistar Institute of Anatomy and Biology, 3601 Spruce St., 
Philadephia. PA 19104 
We have been analyzing the biochemical properties of the zinc 
finger protein present at the chromosome 1 lp13 Wilms' Tumor 
locus. The wf l  gene encodes a 52 Kd nuclear protein (WTl) 
which is rich in glutamine, proline and glycine residues and con- 
tains four contiguous zinc fingers of the C2H2 class. The WTI 
protein binds to the EGR-1 consensus sequence (5'-CGCCCCC 
GC-3) and mutations within the finger region which have been 
identified in patients with Wilms' Tumor abolish DNA binding 
activity. Since the EGR-1 protein also binds to the EGR site and 
serves as a positive activator of transcription, we sought to deter- 
mine the transcriptional regulatory potential of WT1. Cotrans- 
fection experiments using synthetic and natural promotors con- 
taining EGR binding sites demonstrated that the WTl protein 
functioned as a potent repressor of transcription. Repression of 
transcription mediated by WTI required an intact zinc finger 
region and the negatively charged N-terminus. Truncated 
proteins lacking either of these domains failed to repress tran- 
scription. To map the domains of wT1 and EGR-1 required for 
repression and activation respectively, we constructed chimeric 
EGR-1 -WTl proteins. Transfer of the 307 amino-acid N-terminal 
segment of WT1 to the EGR-1 zinc finger domain created a 
potent transcriptional repressor. In addition, fusion of the same 
307 amino-acid segment of WTl to the GAL4(1-147) DNA bind- 
ing domain also created a repressor of transcription. A high re- 
solution mutagenic analysis of the WT1 repression domain was 
performed which included deletion of homopolymeric stretches 
of proline and glycine residues and disruption of a potential 
leucine zipper (LLQLY); however none of these alterations sig- 
nificantly affected the repression function. In summary, the WT1 
Wilrns' tumor gene product is a transcriptional repressor which 
may function by antagonizing the actions of EGR-1, a growth- 
factor-inducible immediate-early gene product. Supported by 
the W.W. Smith Charitable Trust & the Hansen Memorial Trust. 

G 517 Regulation ofpax2 gene expression during 
development, Uwe W. Rothenpieler, Victoria Steele- 

Perkins and Gregory R. Dressler, Laboratory of 
Mammalian Genes and Development, National Institutes 
of Health, Bethesda, MD 20892 

Pax2 is a DNA binding protein expressed in condensing 
mesenchyme and early epithelial structures of the  
developing kidney. Pax2 expression is downregulated as  
mesenchyme derived epithelial cells differentiate into 
mature tubular epithelium and glomeruli. High levels of 
Pax2 expression can also be detected in the epithelial 
components of Wilms' tumor, an  early childhood kidney 
tumor of embryonic origin. Wilms tumor derived cells can 
differentiate into a variety of kidney cell types, whose 
differentiated state reflect the developmental potential of 
the transformed cell. These data suggest that  Pax2 
functions in the mesenchyme to epithelial transition in the 
early kidney development and that failure to properly 
downregulate Pax2 expression may contribute t o  
tumorigenesis. Thus, the correct terminal differentiation 
of renal epithelial structures may require the specific shut 
off of Pax2. 

The WT1 gene maps to the Wilms' tumor suppressor 
locus and encodes a zinc-finger containing DNA binding 
protein expressed in the developing kidney. Peak levels of 
WT1 expression appear in more developed structures, at 
later developmental stages, relative to Pax2 expression. 
Current studies address the potential interaction of WT1 
with Pax2 transcription regulatory elements in vitro and in 
nvo. 
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G 518 JUN-B HAS PROPERTIES OF A TUMOR 

Karl Schlingensiepen and Wolfgang Brysch, Max-Planck-Institut 
fur biophysikalische Chemie, 3400 Gottingen, Germany 
The c-jun and jun-b genes share high sequence homlogy with 
the v-jun oncogene. They belong to the immediate early gene 
group. C-jun together with c-fos constitutes the transcription 
factor AP-1. We inhibited expression of c-jun and jun-b in 
different cell lines using phosphorothioate oligodeoxynucleotides 
as described (1). Western blot analysis confirmed a reduction in 
c-jun protein level after antisense treatment by more than 90%. 
This inhibition in c-jun protein expression lead to a reduction in 
3H-thymidine incorporation by more than 50% in NIH 3T3 
mouse fibroblasts, primary human fribroblasts, SK-Br-3 human 
carcinoma cells and rat PC12 cells. Inhibition of c-fos expression 
had similar effects on cell proliferation. 
In the same cell lines inhibition of jun-b expression however, 
drastically increased 3H-thymidine uptake to more than 3-fold. 
This was very similar to the effects resulting from suppression of 
the anti-oncogene p53 but different from the results of rb gene 
suppression. We conclude that, while c-jun is a proto-oncogene, 
jun-b has the characteristics of an anti-oncogene with strong 
antiproliferative action, similar to p53. Our results show jun-b 
and c-jun to be functional antagonists with regard to their effect 
on cell growth. This is in line with findings that c-jun and jun-b 
negatively regulate each others expression (2). Transfection 
experiments with jun-b by Minna et al. also support the idea that 
high jun-b expression leads to an arrest in cell growth (Minna, 
personal communication). Preliminary results from blocking 
jun-d expression suggest that jun-d, like jun-b displays 
properties of an anti-oncogene. 
1 .  Schlingensiepen K-H, Brysch W Phosphorothioate Oligomers: 
Inhibitors of Oncogene Expression in Tumor cells and Tools for gene 
function analysis. In R Erickson, J Izant (eds.) Gene Regulation: 
Biology of Antisense RNA and DNA. Raven, New York, in press. 
2. Chiu R, Angel e Karin M: lun-b differs in its biological properties 
from, and is a negative regulator of, c- jun. Cell (1989) 59:979-986. 

SUPPRESSOR GENE SIMILAR TO P53 

G 520 MOLECULAR CLONING OF 2-5A-DEPENDENT 
RNase: AN ENDORIBONUCLEASE INVOLVED IN 

INTERFERON ACTION, Robert H. Silverman, Bret A. 
Hassel, and Aimin Zhou, Department of Cancer Biology, 
The Cleveland Clinic Foundation, Cleveland, OH 44195 
2-5A-dependent RNase (RNase L or F) is the terminal 
factor in an interferon-regulated, RNA-degradation 
pathway. The 2-SA-dependent RNase may be 
involved in the molecular mechanism of interferon 
action and in the fundamental control of cell growth 
and differentiation. In addition, 2-5A-dependent 
RNase is intrinsically interesting as it is the only 
ribonuclease known which requires an allosteric 
effector [2-5A or pj(A2'p),A] for its activity. To 
obtain direct evidence for the involvement of 2-5A- 
dependent RNase in interferon action we undertook 
the molecular cloning of this enzyme. 
bromine-substituted, 32P-labeled 2-5A analog as  
probe, we isolated a cDNA containing the complete 
coding sequence of 2-5A-dependent RNase from a 
cDNA expression library we prepared from interferon 
(alpha + beta)-treated mouse L929 cells. The identity 
of the recombinant 2-SA-dependent RNase was 
confirmed by its reactivity with affinity-purified 
antibody to 2-5A-dependent RNase. The protein 
produced in v i m  by first transcribing the cDNA and 
then translating the mRNA showed an affinity for 2- 
5A which was comparable to that of natural 2-5A- 
dependent RNase as determined in reactions 
containing various 2-5A analogs as competitors. 
Expression of the 2-5A-dependent RNase cDNA in 
mammalian cells is being performed to determine the 
negative growth effect of the 2-5A system. 

Using a 

G 519 ISOLATION OF GENES WHICH ARE 
INDUCED BY TGFPi AND WHOSE 
EXPRESSIONS ARE SUPPRESSED IN v - m  
TRANSFORMED CELLS. Motoko Shibanuma, 
Toshio Kuroki, and Kiyoshi Nose, Department of 
Cancer Cell Res., Institute of Medical Science, 
University of Tokyo, Japan. 

TGFP1 has an inhibitory effect on cellular 
growth of various types of cells. and. we have 
previously found that it inhibits DNA synthesis 
of mouse osteoblastic cells (MC3T3-El) in late G1 
phase. To understand the molecular mechanism 
underlying the inhibitory effect of TGFP1 on 
cellular growth, we attempted to isolate genes 
induced by TGFP1 from a hZAP cDNA library 
constructed from MC3T3 cells treated with 
TGFPl for 4 hr in late G1 phase, and obtained six 
different clones. Expression of these genes were 
induced by TGFP1 with a peak of 6 - 8 hr after 
stimulation, and were also induced by serum. 
These were unknown genes except one, TSC 
(TGFP 1 -inducible clone)- 160, which was revealed 
to be (ras recision gene) from partial 
sequencing. Endogenous expressions of two 
other genes (TSC-5. -36) were also remarkably 
reduced in v - K - ~  transformed cells, compared 
with those of parental cells and their expressions 
were restored in one of the flat revertant. These 
results suggest that these genes are involved in 
the negative regulation of cellular growth, and 
their expressions are lost in v-ras transformed 
cells. 

G 521 INDUCTION OF c-jun EXPRESSION BY TRANS- 

RETINOBLASTOMA GENE EXPRESSION, Kristin A. Skinner 
and Robert Chiu. Division of Surgical Oncology, UCLA 
School of Medicine, Los Angeles, CA 90024. 
Transforming growth factor-p (TGF-p) has both 
stimulatory and inhibitory effects on cellular 
proliferation depending on the cell type. 
exert some of its growth inhibitory effects through 
blockade of phosphorylation of the retinoblastoma (Rb) 
protein. The c-jun oncogene encodes the major 
component of the AP-1 transcription factor which 
induces expression of the early response genes required 
for cellular proliferation. It is of interest to determine 
whether TGF-p affects expression of c-jun. and, if so, 
whether Rb protein is required for this effect. 
osteosarcoma cell lines, U20S, which expresses normal 
Rb, and SAOS-2, which does not express Rb, were 
treated with 
and Northern blot analysis was performed using a c-jun 
probe. Increased expression of c-jun was seen 
following treatment with TGF-P in both Rb-positive and 
Rb-negative cell lines. To confirm these results, two 
small cell lung cancer cell lines. NCI-H69 which is Rb- 
positive, and NCLH82, which is Rb-negative. were 
treated with TGF-p. Again expression of c-jun was 
elevated following TGF-p treatment in both cell lines. 
These findings demonstrate that TGF-f3 can induce c-jun 
expression in an Rb-independent manner which 
suggests that TGF-p may have some modulatory effects 
on cellular growth and proliferation which do not 
require the presence of the Rb protein. 

FORMING GROWTH FACTOR-P IS INDEPENDENT OF 

It is thought to 

Two 

TGF-P. Total cellular RNA was isolated 
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~ 5 2 2  A STRATEGY FOR EMPLOYING ANTISENSE 

Brinkmann, S. Biro, Y.-M. FU, 2.-X. Yu, S.E. 
Epstein, Bethesda, MD 20892 
Smooth muscle cell (SMC) proliferation and 
migration play pivotal roles in restenosis 
following coronary angioplasty. Because 
proliferating SMCs express multiple growth 
factors and proto-oncogenes, we reasoned that a 
strategy employing ODNs complementary to the mRNA 
of such factors (antisense ODNs) might inhibit 
SMC proliferation, and perhaps migration. (By 
hybridizing with a specific mRNA, antisense ODNs 
interfere with translation of that mIUiA.) To 
evaluate an antisense strategy for preventing 
restenosis, antisense phosphoroamidate ODNs (15- 
18 mer) complementary to c-myc and to PCNA mRNA 
were introduced into the medium of cultured rat 
aortic SMC. 
Both antisense O D N s :  
1)inhibited SMC proliferation in a dose-dependent 
manner ODNs with the same nucleotides but a 
scrambled sequence had no or less of an effect): 
2)decreased SMC expression of c-myc and PCNA 
proteins. 
In addition, antisense to c-myc mRNA inhibited 
SMC migration (modified Boyden chamber method). 
Of note, targeting of the mRNAs was highly 
specific, as shifts in targets of only a few base 
pairs profoundly altered inhibitory capacity. 
In summary, our results indicate that expression 
of the c-myc and PCNA gene products importantly 
facilitates SMC proliferation, and that c-myc 
gene expression appears to be involved in a 
signal transduction pathway that modulates SMC 
migration. These results suggest a potential 
role of antisense strategies in the prevention of 
coronary restenosis. 

OLIGODEOXY NUCLEOTIDES (ODNS) TO I N H I B I T  
SMOOTH MUSCLE CELL PROLIFERATION. E .  Speir, E .  

G524 POSITIVE AND NEGATIVE REGUlATION OF EXPRESSION 
OF THE MGSA GENES IN Hs296T MEIANOHA CELLS. 

Lauren D. Wood, Rebecca L. Shattuck, and Ann Richmond. 
Departments of Cell Biology and Medicine, VA Medical 
Center(Nashvil1e) and Vanderbilt University School of 
Medicine. Nashville, TN 37232 
Melanoma grovth stirnulatory activity (MGSA) is a cytokine 
associated vith neutrophil chemotaxis and grovth 
regulation. Expression of MGSA in melanoma cells and 
fibroblasts is controlled at both the transcriptional and 
post-transcriptional levels. We have isolated genornic 
clones for a s p  and 7 forms of the MGSA gene and sequenced 
over IXb of the 5' regulatory regions for these genes. A 
number of concensus sites for regulatory elements have 
been identified, including putative NFkB. SRE. AP3, CEBP. 
TCE and TIE elements. Based upon Northern analyses, 
nuclear run on analyses, and CAT assays, the positive 
modulators of expression include IL-1, serum, TNFa, 
cycloheximide and phorbol ester. The contribution of 
these agents to transcriptional activation versus mRNA 
stabilization has been evaluated using Northern analysis 
of 5,6-dichloro-l-p-D-ribofuranosyl-benztrnidazole (DRB) 
treated Hs294T melanoma cultures. TGFp is reported to be 
a negative modulator of MGSA expression in a number of 
cell systems. In our studies, using both Northern 
analysis and CAT assays, TGFp produced an approximately 
50% inhibition of basal and phorbol ester induced mRNA 
levels and CAT conversion. Serial 5' MGSAa promoter 
deletion constructs have been made to identify the 
promoter elements involved in the TGFp suppression of the 
MGSAa gene. Finally, a putative fourth MGSA gene has been 
isolated. Sequence analysis of the 5' regulatory region 
reveals several of the same consensus sequences found in 
the a. p and 7 genes, including NFka and TCE/TIE-like 
regions. Investigations are currently undervay to 
determine which cell systems express this form of MGSA and 
to determine which cytokines regulate expression of this 
form of MGSA. 

G 523 IDENTIFICATION AND CHARACTERIZATION OF 
CELLULAR FACTORS WHICH INTERACT WITH THE 

RETINOBLASTOMA CONTROL ELEMENT, Kevin R. Webster 
and Kevin G. Coleman; Department of Cellular and 
Molecular Biology, Bristol-Myers Squibb Company, 
Wallingford, CT. 06492 
The retinoblastoma suceptability gene (Rb) encodes a 
105 kd protein which is a negative regulator of cell 
growth. The loss of Rb function has been observed in a 
number of human carcinomas, thus leading to its 
clasification as a tumor suppressor gene. Recent 
findings have suggested that Rb protein functions at the 
transcriptional level in controlling the expression of 
immediate-early genes. The transcriptional activity of 
both the c-myc and c-fos promoters IS down-regulated 
by Rb protein. Rb-mediated repression of c - f o s  
transcription has been shown to be dependent upon a 30 
base pair DNA fragment (termed the Rb control element 
or RCE) within the c-fos promoter. 
We have examined the factors that interact with the 
RCE using both south-western analysis and direct 
cloning methods. South-western analysis of total cell 
lysates from: Hela, Caski and tMR90 cell lines has 
identified seven proteins which can specifically 
interact with the RCE. These proteins are: 150, 115, 
88, 76, 46, 34 and 29 kd in size and are present in all 
three cell lines. A number of these proteins have been 
partially purified and their identity is being pursued by 
protein sequence analysis. In addition we have 
screened a h g t l l  cDNA expression library derived from 
IMR90 cells for proteins that can interact with the RCE. 
To date 25 clones have been isolated and are currently 
being characterized. 

G 525 

METASTATIC MELANOMA CELL STRAINS. Douglas T. 
Yamanishi, Julie A. Buckmeier, Mark J. Graham, Joel E. 
Voboril, and Frank L. Meyskens Jr.. Clinical Cancer Center 
and College of Med., Dept. of Hem./Onc., U.C. Irvine, 
Irvine, CA 92717. 
The expression of the retinoic acid receptors (a, 0, and y) 
in primary neonatal melanocytes and metastatic 
melanoma cell strains was investigated using Northern 
blot analysis. 
isotypes were detected in melanocytes. The RAR RNA 
transcript expression levels of the melanoma cells were 
of two distinct patterns. Melanoma cell strains c81-46a 
and c81-46c expressed all three RAR isotypes. However, 
melanoma cell strains c81-61 and c83-2c expressed only 
the RAR a and y isotypes. 
acid (tRA) on melanocytes and melanoma cells was 
investigated using cell survival and Northern blot 
analysis. Cells expressing the RAR p isotype were 
sensitive to tRA. tRA treatment of cells induced the RAR 
0 isotype RNA transcripts in melanocytes and melanoma 
cells c81-46a and c81-46c. 
transcripts were not induced in melanoma cell strains 
c81-61 and c83-2c. Melanocytes are very sensitive to 
tRA and c-jun RNA transcripts were induced following 
tRA treatment. Melanoma cell strains c81-46a and c81- 
46c are less sensitive to tRA and no effect on c-jun RNA 
transcripts expression levels was detected. Melanoma 
cell strains c81-61 and c83-2c are insensitive to tRA and 
c-jun RNA transcripts are repressed by tRA treatment. 
Thus one of the ways the RARs could effect human 
melanocytes is through the AP-1 pathway. 

EXPRESSION OF THE RETINOIC ACID RECFFTORS IN 
HUMAN PRIMARY NEONATAL MELANOCYTES AND 

The three retinoic acid receptor (RAR) 

The effect of trans-retinoic 

RAR p isotype RNA 
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G526 PROTEIN RINASE C-KEDIATED GENE REPRESSION AND 
CELL DEATH I N  A BUHAN PROSTATIC ADENOCARCINOHR CELL 

LINE. Charles Y.-F. Young, Paul E. Andrews, and Donald J. 
Tindall, Department of Urology and Biochemistry and 
Molecular Biology, Mayo Clinic/Foundation, Rochester, MN 
55905. 

Recent studies have demonstrated that protein kinase 
C (PKC) activity increases in the rat prostate gland 
following castration. Since the proliferation of prostate 
cells is highly dependent upon androgen stimulation, we 
investigated the role of PKC in the involution of prostate 
cells in culture. LNCaP cells (a cell line derived from 
human prostate carcinoma) were incubated in the presence of 
androgens and the phorbol ester, 12-0-tetradecanoyl 
phorbol-13-acetate (TPA), a potent PKC activator that 
exhibits diversified effects on cell growth and 
differentiation. We observed that TPA exerted a profound 
cytotoxic effect in a dose-dependent manner. As little as 
5x10'41 TPA-induced cell death within 4 8  hours. In the 
first several hours, cells underwent profound morphological 
changes, followed by cell death. This killing effect 
appeared to be specific for this androgen-sensitive cell 
line, since TPA (up to 10%) had very little or much less 
effect on two androgen-independent prostate adenocarcinoma 
cell lines, PC-3 and DU145. Furthermore, staurosporine 
(100 nH),  a potent PKC inhibitor, effectively prevented the 
TPA-induced cell death. We next examined the effects of 
TPA on the androgenic regulation of a marker of prostate 
epithelial cell differentiation, prostate-specific antigen 
(PSA). Previously, we have established that PSA is up- 
regulated by the ligand-activated androgen receptor in 
LNCaP cells at both the mRNA and protein levels. In this 
study, we have demonstrated that TPA exerted a time- and 
dose-dependent repression of the androgenic regulation of 
PSA mRNA and protein. PSA mRNA decreased rapidly within a 
few hours following TPA treatment. However, during that 
time the androgen receptor protein content was not changed 
by TPA treatment, suggesting that additional factor(s) may 
be involved in the repression of the androgenic induction. 
Moreover, staurosporine blocked the TPA-mediated repression 
of the androgenic stimulation of PSA protein. In summary, 
the cell death of LNCaP caused by TPA appears to be 
mediated by the PKC pathway. The repression of androgenic 
stimulation of PSA, which occurs at an early stage of TPA 
treatment, is also mediated by the PKC pathway. Thus, PKC- 
mediated actions in prostatic cells may play an important 
role in counteracting the androgenic stimulation of cell 
growth and gene expression. 

THE t(15;17) TRANSLOCATION OF ACUTE 
PROMYELOCYTIC LEUKEMIA GENERATES A 
FUNCTIONALLY ALTERED RETINOIC ACID 
RECEPTOR. Hugues de Th6, Catherine Lavau, Christine 
Chomienne*, Agnes Marchio, Laurent Degos* and Anne 
Dejean, UREG, Institut Pasteur and 'HBpital Saint-Louis, 
Paris, France. 
A specific translocation t(15,17) has been reported in every 
patient with acute promyelocytic leukemia (APL). We have 
previously reported that, in an APL-derived cell-line (Ni34). 
this translocation fused the retinoic acid receptor a (RARu) 
gene to a previously unknown locus, initially called myl 
and now renamed PML (Nature, 347, 558-561, 1990). 
Moreover, genomic alterations of either RARa or PML loci 
were demonstrated in most patients, suggesting that the 
fusion of these two genes might be a general situation in 
APL. 
We now report the molecular cloning of the wild-type PML 
and hybrid PML-RARn transcripts. The PML gene product 
displays a C3HC4 motif found in several DNA-binding 
proteics and c ~ l d  encode a transcription factor. Two 
hybrid cDNAs, that differ by an alternatively spliced coding 
exon of PML, were isolated from the NB4 cell-line and 
shown to encode proteins containing most of the PML 
sequences fused to a large part of RARa, including its 
DNA- and hormone- binding domains. In transient 
expression assays, the hybrid protein exhibits altered 
trans-activating properties if compared to the wild-type 
RARa progenitor. These observations suggest that in APL, 
the t(15;17) translocation generates a retinoic acid receptor 
mutant that could contribute to leukaemogenesis through 
interference with promyelocytic differentiation. 

Late Abstracts 
ADULT KERATINOCYTES ARE RESISTANT TO THE 
DIFFERENTIATION-INDUCED DECREASE IN HA- 

RAS mRNA LEVELS OBSERVED IN NEWBORN KERATINOCYTES, 
Natalie A. Betz and Jill C. Pelling, Department of 
Biochemistry and Eppley Institute for Research in 
Cancer, University of Nebraska Medical Center, 
Omaha, NE 68198. 
During two-stage mouse skin tumorigenesis, the 
mouse c - H a - U  oncogene undergoes activation by 
point mutation following initiation. Furthermore, 
initiated epidermal cells containing an activated 
H a - w  oncogene have been shown to be resistant to 
calcium-induced terminal differentiation. 
However, the relationship between Ha-= 
expression and the differentiation process is not 
well understood. In the present studies, Northern 
blot analysis was used to compare H a - E  
expression in normal newborn and adult epidermal 
cells undergoing differentiation. Steady state 
levels of H a - m  mRNA remained unchanged in 
primary cultures of normal adult epidermal cells 
during calcium-induced differentiation, while 
steady state levels of H a - x  transcripts 
decreased 2.0-4.4 fold during calcium-induced 
differentiation in primary newborn epidermal 
cells. The decrease in levels of H a - m  mRNA 
observed during differentiation in newborn 
keratinocytes occurred as a relatively late event 
in the differentiation process, was specific for 
the H a - a  gene, and was not due to a general 
decrease i n  transcriptional activity during 
differentiation. A characteristic pattern of 
keratin gene expression was observed, verifying 
that induction of the differentiation process had 
occurred in both the primary adult and newborn 
epidermal cells. The fact that adult 
keratinocytes are resistant to the 
differentiation-induced reduction in H a - a  mRNA 
expression observed in newborn keratinocytes may 
explain the difference in & a tumorigenic 
potentials of newborn and adult skin. 

GH4C1 PITUITARY TUMOR CELLS SECRETE A 
GROWTH INHIBITORY FACTOR IN RESPONSE TO 

ESTRADIOL, C.A. Gilchrist, and J.D. Shull, Eppley Institute for 
Research in Cancer and the Department of Biochemistry, University of 
Nebraska Medical Center, Omaha, NE 68198-6805. 

Our laboratory has shown that population density drastically affects 
the responses of GH4CI cells to 178-estradiol (E2). When cells are 
plated at low density, E2 stimulates proliferation, induces prolactin 
(PRL) mRNA, and increases progesterone receptor (PR). In contrast, 
when cells are plated at a fourfold higher density, E2 inhibits 
proliferation and does not affect PRL niRNA, yet still increases PR 
levels. To test the hypothesis that this selective loss of responsiveness 
to E2 at the high density is due to the release of a paracrine factor, 
cells were plated at low density, and the ability of E2 to induce cell 
proliferation in fresh culture medium and in conditioned media 
collected from control and E2 treated, high density cultures was 
examined. In both the collection and treatment phases of these 
experiments, culture media were changed daily to reduce the possibility 
of nutrient depletion or toxification. In the fresh medium, E2 
stimulated cell proliferation, and cells cultured in conditioned medium 
collected from high density control cultures proliferated at a rate 
comparable to control cells in fresh medium. However, low density 
cells cultured in media conditioned by E2 treated, high densiry cells 
were unable to proliferate over the five day culture period. 
Proliferation of the cells was assessed by measuring total DNA per 
plate and by measuring the ability of isolated nuclei to incorporate 
["PJdTTP info acid precipitable material. E2 also failed to induce PRL 
mRNA in these normally responsive low density cultures. Media were 
rapidly conditioned with this activity: medium collected from high 
density cells treated for one day with E2 blocked the induction of DNA 
synthesis in low density cultures. These data suggest that F.2 induces 
the synthesis or release of a factor that functions as a paracrine 
regulbtor of cell proliferation and PRL gene transcription. We are 
presently attempting to identify and characterize this factor. Supported 
by grants from the National Institutes of Health, American Cancer 
Society, and the Nebraska Department of Health 
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The Role of PDGF in Myelination of the  Rat Optic 
Nerve: Fur ther  Evidence for Oligodendrocyte 

Format ion  via a Cons t i tu t ive  Developmental  Pa thway.  
Huseyin Mehmet and Martin Raff, Biology Department, 
Medawar Building, University College London, Gower Street, 
London WClE 6BT, U.K. 
Oligodendrocytes, the major myelin-forming cells in the CNS, 
arise on a precise developmental schedule from a bipotential 
precursor, termed the oligodendrocyte-type-2 astrocyte (0-2A) 
p r o g e n i t o r  ce l l .  Exper iments  in vi t ro  show that 
oligodendrocytes are formed by default when 0-2A progenitors 
are deprived of environmental  signals.  Under normal 
conditions, however, each progenitor cell undergoes a limited 
number of divisions before it differentiates into a non-dividing 
oligodendrocyte. It has been demonstrated that one of the 
mitogens responsible for the proliferation of 0 - 2 A  progenitor 
cells is platelet-derived growth factor (PDGF). It appears that 
an intrinsic ‘clock’ in the progenitor cell limits the number of 
times it can divide in response to PDGF. At this point the cell 
drops out of the division cycle and, consequently, differentiates 
into an oligodendrocyte. 

Since the number and binding capacity of PDGF receptors 
is initially conserved on newly-formed oligodendrocytes, it is 
likely that a block in a post-receptor signalling step causes the 
eventual loss of the mitogenic response to  PDGF in 0 - 2 A  
progenitor cells. In order to address this point we have used 
the growth inhibitor amiloride to block the mitogenic 
response of 0-2A progenitor cells treated with PDGF. We found 
that amiloride inhibited DNA synthesis in PDGF-treated 
progenitor cells. Furthermore, in parallel cultures the 
proportion of oligodendrocytes increased markedly in the 
presence of amiloride. These results suggest that inhibiting cell 
division in 0-2A progenitors, normally responsive to PDGF, is 
sufficient to trigger differentiation and also provide further 
evidence that oiigodendrocytes are the product of a 
constitutive developmental pathway. 

SUPPRESSION OF PDGF ALPHA AND BETA 
RECEPTOR mRNA EXPRESSION BY SV40 Tlt ANTIGEN, 

Jia-Lun Wang. Monica Nister, Jan Ponten and Bengt 
Westermark. Deparfment of Pathology, University Hospital, S- 
751 85 Uppsala, Sweden 
The early region of simian virus 40 (SV40) encodes two 
proteins, large T antigen (94 kilodaltons) and small t antigen (17 
kilodakons) Both of the two tumor antigens are active in the 
process of virus-induced neoplastic transformation It is 
generally believed that the T antigen is necessary for initiation of 
DNA replication and for cell transformation Small t antigen 
seems to act cooperatively with large T antigen to enhance the 
transforming activlty Small t alone cannot transform 
established cell lines or immortalize primary cells in culture 
During the study of PDGF receptors in human embryonic lung 
fibroblasts (2264 HEL) by Northern hybridization and l25I- 
labeled PDGF receptor binding assay, we have found that the 
SV40 early region can suppress PDGF receptor expression 
We found a total loss of the alpha receptor mRNA acd protein 
and partial loss of the beta receptor signal Microinjection of 
SV40 wild type DNA into cell nuclei followed by double 
immunostaining of PDGF beta receptor and SV40 T antigen, 
showed that the PDGF beta receptor reduction in the SV40 T 
posdive cells could be observed already after 48 h Large T 
antigen alone could not induce a to!al inactivation of PDGF 
alpha receptor mRNA expression, suggesting that small t 
antigen IS also reqJired for this process 

INITlAL lNCREASE IN Ptd lnsP  and PtdInsP, INDUCED 
lBY PDGF IN SERUM STARVED HUMAN FIBROBLASTS, Ingr id  

LaSSing , Karin Mellstrom and Monica Nis tgr  , 1. Dept. of 
Zoological Cel l  Biology, Y-G I ,  t h e  Arrhenius 
Labora tor ies ,  Stockholm, Sweden, 2. Dept. of Pathology, 
Univers i ty  Hospi ta l ,  5-751 8 5  Uppsala, Sweden. 
PDGF induces immediate e f f e c t s  on a c t i n  polymerization and 
m o t i l e  a c t i v i t i e s  a t  t h e  c e l l  sur face .  Contrary t o  t h e  
e f f e c t  o f  PDGF-BB s t i m u l a t i o n  with PDGF-AA does not  
e f f i c i e n t l y  provoke t h e s e  e f f e c t s .  E a r l i e r  f i n d i n g s  
sugges t  t h a t  a c t i n  polymerization i s  dr iven  by t h e  
P tdInscyc le  and we t h e r e f o r e  followed t h e  k i n e t i c s  of 
i n i t i a l  P tdIns  turnover  induced by PDGF i n  setjym-starved 
human f i b r o b l a s t s  labe led  f o r  5 minutes wi th  
phate.  PDGF-AA and PDGF-BB both cause  an i n i t i a l  i n c r e a s e  
i n  PtdInsP and PtdInsP, t h a t  appears t o  precede PtdlnsP, 
hydro lys is .  This  sugges ts  t h a t  t h e  PtdIns4’- and 
PtdIns(4)P5’-kinases a r e  s t i m u l a t e d  by r e c e p t o r  a c t i v a t i o n  
p r i o r  t o  t h e  s t i m u l a t i o n  of Ptdlns(4,5)P, hydro lys is .  
For comparison w e  measured t h e  time dependent c e l l u l a r  
binding of  t h e  two PDGF isoforms under t h e  same 
f e g d i t i o n s ,  i.e. a t  37°C. While very  l i m i t e d  b inding  of 

b inding  to new r e c e p t o r  s i t e s  f o r  
of incubation. 
Despi te  a s i ~ ~ j f i c a t l y  lower numbfe50f binding sites 
occupied by I-PDGF-AA than  by I-PDGF-BB t h e  i n i t i t a l  
PtdInsP and PtdInsP, formation was s t imula ted  t o  a s i m i l a r  
degree by t h e  two isoforms. The subsequent PtdInsP, 
hydro lys is ,  however, appeared t o  c o r r e l a t e  with t h e  r a t e  
o f  binding  t o  new r e c e p t o r  sites, i.e. PDGF-BB cont inous ly  
s t imula ted  P tdIns  turnover ,  whereas t h e  e f f e c t  o f  PDGF-AA 
ceased. These d a t a  demonstrate t h a t  t h e  maintenance o f  
PtdIns  turnover  i s  dependent on a cont inous  l igand  binding 
t o  c e l l  s u r f a c e  receptors .  
The i n i t i t a l  r e l a t i v e l y  h igher  PtdlnsP, formation than 
PtdInsP, hydro lys is  induced by PDGF-AA can be d iscussed  i n  
r e l a t i o n  t o  r e c e n t  f i n d i n g s  t h a t  components of t h e  
microfilament system have a r e g u l a t o r y  f u n c t i o n  i n  growth 
f a c t o r  induced P t d l n s  c y c l e  turnover .  

P-orthophos 

I-PDGF-AA occurred a f t e r  5 min,lf.$ere was a continued 
I-PDGF-BB dur ing  1 h 
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