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Cellular and Molecular Biology of Tumors 

Oncogenes and Oncogene Activation 

A0 ACTIV4TIO:I OF THE fl ONCOGENE I Y  B AI4D T CELL NEOPLASIA, Suzanne Cory, 
The Walter and Eliza Hall I n s t i t u t e  of Medical Research, P.O. Royal Melbourne 
Hospi ta l ,  Victor ia  3050, Austral ia .  

The c-G qene has been s t ronnly implicated i n  lymphoid neoplasia. The oncoqenic 
potent ia l  of c-E can be t r iqnered i n  several d i f f e r e n t  ways. 
B lymphomas and a proportion of T lymphomas, proviral inser t ion  near c-E brinas i t s  expre- 
ss ion under the influence of the promoter and/or enhancer within the re t rovi ra l  L T R .  
In cont ras t ,  in  most Burki t t  lymphomas and murine plasmacytomas, ac t iva t ion  i s  achieved by 
t ranslocat ion t o  the immunoalobulin heavy chain locus. The ro le  of the immunoqlobulin locus 
i n  the ac t iva t ion  i s  poorly understood. 
e f f icacy  of c-E i n  lymphoid tumour induction. 
d i f f e r e n t  forms of the c-% qene and monitored f o r  tumour development. 
dramatically demonstrate t h a t  subjuqation of c-% to  immunoglobulin enhancers converts 
t h i s  proto-oncoqene in to  a potent leukernoqenic aqent f o r  B lymphoid cel ls1.  
predisposi t ion i s  her i tab le ,  the l i n e s  of t ransgenic  mice we have establ ished provide a 
unique opportunity f o r  ana lys i s  o f  the  pre-neoplastic s t a t e .  

I n  retrovirus-induced avian 

He have souqht to  d i r e c t l y  demonstrate in  vivo the 
Transnenic mice were c o n s t r u c t e d n q  

O u r  r e s u l t s  

Since the 

1. Adams, J.M., Harr is ,  A . W . ,  Pinkert, C . A . ,  Corcoran, L . M . ,  Alexander, I.I.S., Cory, S . ,  
Pa ln i te r ,  R . D .  and Brinster ,  R . L .  (1985). Nature, i n  press. 

At  STRUCTURE AND FUNCTION OF THE NEU ONCOGENE AND ITS 
ENCODED PROTEIN p185, Robert A. Weinberg, C.I. 

Bargmann, D.F. Stern, A.L. Schechter, M.-C. Hung, J.Drebin, 
and M.I. Greene, Whitehead Institute and Dept. of Biology, 
M.I.T. Cambridge, MA 02142, Dept. of Pathology, Harvard 
Medical School, Boston, MA 02115, Dept. of Medicine Tufts 
University School of Medicine, Boston, MA.. 02111 

The neu oncogene has been detected by transfection of 
rat neuroblastoma DNAs into NIH3T3 cells. These tumors 
were induced by transplacental mutagenesis of rat embryos. 
Cells transfected with this oncogene display a novel cell 
surface antigen p185. The oncogene and normal gene 
have now been isolated in both genomic and cDNA forms. Its 
sequence reveals a homology with =B and thus p185 bears 
structural homology with the EGF receptor. The 
oncogene-encoded plR5 induces transformation even when 
expressed at low levels. In contrast, the pl85 encoded by 
the normal protein has no effect on cell phenotype 
vitro, even when expressed at high level. This suggests 
that the two genes differ in their sequences encoding 
protein structure. Analysis o f  the normal and oncogenic 
alleles shows no gross difference in str~cture. The lesion 
responsible for activation is being localized. Use of 
anti-pl85 monoclonal anitbody also allows manipulation of 
the growth properties of transformed cells and this 
will also be descirbed. 
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Cellular and Molecular Biology of Tumors 

Oncogene Products and Functions 

MULTIPLE 5'-EXONS ON C - E  RNA SPECIES THAT COULD ENCODE MULTIPLE C-& PROTEINS, 
David Baltimore, Andre Bernards, George Daley and Yinon Ben-Neriah, Whitehead 

A2 

Institute for Biomedical Research, Nine Cambridge Center, Cambridge, MA 02142 and 
Massachusetts Institute of Technology, Cambridge, MA 02139 

Abelson virus contains the v-abl oncogene part of which encodes a protein-tyrosine 
kinase activity. Using v-abl as a probe, c-&l cDNAs were isolated from a pre-B-lymphoid 
cell line, 7 0 2 / 3 .  Four different cDNAs have been identified. The predicted proteins differ 
at their N-terminal ends but have common bodies. The common sequence includes most of the 
protein: from 20-45 N-terminal amino acids are variable and show no homology to each other 
o r  to any other proteins in Genbank. One N-terminus has a met-gly-gln structure that could 
be processed to N-terminal gly and then myristylated; the others have no gly near their 
N-termini. The upstream exon structure of one of the mouse c-= clones is identical to 
published human c-@ cDNA. 

There are two pairs of potential 5' exons located separately fron one another. One pair 
remains to be cloned from the genome but appears to be found together in a single RNA 
transcript that is alternatively spliced. The second pair are near each other in the 
genome, are found in a single transcript and, at least in human DNA, appear to be located 
about 14 kb upstream of the common exon to which all 4 5'-exons are spliced. 
similarly spliced to this same exon, as is evident from published data. 

c-% proteins. Thus far, one of these sera precipitates a c - G  protein. This same 
serum appears to precipitate the Philadelphia chromosome-related 210,000 molecular weight 
protein (in collaborative experiments with Owen Witte and Anne Marie Xes-Masson). 
a result is inconsistent with the proposed origin of this protein as a bcr-abl fusion at 
the common exon. This discrepancy is under study. 

The genomic organization that leads to the 4 c-abl transcripts is becoming clear. 

The & is 

We have made anti-peptide sera to the N-terminal sequences of some of the predicted 

Such 

SlRUCTUXE APD FUPJCTION OF THE PRODUCTS OF VIRAL AND CELLULAR GENES, Hidesaburo 
Hanafusa, Richard Jove, Joan Levy, Bruce Mayer, Flideo Iba, Fred Cross, David A3 

Pellman, Ellen Garber, Tatsuo Takeya, Carla Grandori, and Teruko Hanafusa, The Rockefeller 
University, New York, New York 10021 

The gene product of Rous sarcoma virus (RSV), p6OV-Src, consists of three domains. 
The tyrosine kinase activity of this protein, which is essential for cell transformation, 
is mapped to the C-terminal half of about 30 kd. Mutations in most temperature-sensitive 
mutants can be mapped in this domain. The first 14 amino acids are required for myristy- 
lation of the N-terminus of this protein, which in turn is required for membrane association 
and cell transformation, even though mutations in this region do not affect the protein 
kinase activity. In addition, deletion mapping showed that the remaining N-terminal half 
of p60V-srC has an influence on the transformation phenotypes of  cells. 

RSV variants in which v--ST~ is replaced by c-E are inactive in both morphological 
transformation of fibroblasts and stimulation of growth of neuroretinal cells, even though 
they direct the synthesis of p60c-src in amounts comparable to that of p60V-SrC in RSV- 
transformed cells. These restricted biological properties of p60c-Src appear to correlate 
with its restricted protein kinase activity. We have analyzed the structures of various 
transforming p60SrC proteins that have been derived from p60c-Src by spontaneous mutation. 
In two spontaneous transforming viruses we found that each has a single point mutation in 
the kinase domain within the gene. The substitution of various portions of p6Ov-srC for 
the corresponding parts of p60c-src by in vitro recombination, including one amino acid in 
the kinase domain in one construct and three amino acids in the first one-fifth of N-terminal 
region in another construct, converted p60C-SrC to transforming proteins. 
activation of the transforming potential is associated with an increase in the level of 
protein kinase activity. These results indicate that a single mutation can activate the 
p6Oc-SrC kinase and that changes in the N-terminal structure can also activate the kinase. 
Some mutants were found to be able to stimulate the sustained growth of neuroretinal cells 
without inducing morphological transformation or colony formation in fibroblasts, but the 
converse was never found, suggesting that the latter phenotypes require additional changes 
in infected cells. 

In every case, 
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Cellular and Molecular Biology of Tumors 

VIRALLY INDUCED HEMATOPOIETIC CELL TRANSFORMATION: MULTI-STEP LEUKEMOGENESIS AND 
GROWTH FACTOR INDEPENDENT CELL PROLIFERATION. Al len  O l i f f  and Steven M. Anderson, 

A4 
Merck Sharp & Dohme Research Labora to r i e s ,  West P o i n t ,  PA 19486. 
Fr iend  murine leukemia v i r u s  (F-MuLV) is  a r e p l i c a t i o n  competent,  type  C ,  r e t r o v i r u s  t h a t  
causes  e r y t h r o i d ,  myeloid and lymphoid leukemias i n  s u s c e p t i b l e  s t r a i n  of  mice.  F-MuLV 
induced e r y t h r o i d  and myeloid leukemias a r e  cha rac t e r i zed  by hepatosplenomegaly,  anemia and a 
r a p i d l y  f a t a l  d i s e a s e  course .  Typ ica l ly ,  90-100% of  inocu la t ed  an imals  develop leukemia 
wi th in  6-8 weeks, and >90% of  mice d i e  wi th in  3-4 months. Despi te  t he  extreme v i r u l e n c e  of 
t h e s e  leukemias,  t h e  hematopoie t ic  t i s s u e s  obta ined  from leukemic mice do no& propagate  i n  
c e l l  c u l t u r e  and do not  form tumors i n  syngeneic mice. However, r a r e  ( < I f 1 0  ) t r a n s p l a n t a b l e  
leukemia c e l l s  can be i s o l a t e d  from d i seased  mice t h a t  su rv ive  beyond 14  weeks. To i d e n t i f y  
the  phys io log ic  and g e n e t i c  b a s i s  f o r  t h e  d i f f e r e n c e s  between t h e s e  leukemia c e l l  popu la t ions  
we t e s t e d  t h e  growth f a c t o r  responses  and measured t h e  l e v e l s  o f  oncogene expres s ion  i n :  
t r a n s p l a n t a b l e  murine leukemia c e l l s ,  non- t r ansp lan tab le  leukemia c e l l s ,  and normal mouse 
bone marrow. I n  t h e  absence o f  exogenous growth f a c t o r s ,  on ly  t h e  t r a n s p l a n t a b l e  leukemia 
cel ls  e x h i b i t  cont inuous  growth i n  ce l l  c u l t u r e .  I n  t h e  presence  of WEHI-3 c e l l  condi t ioned  
media o r  p u r i f i e d  in t e r l euk in -3 ,  100% of the  non- t ransplan tab le  leukemia c e l l  e x p l a n t s  y i e l d  
immortal c e l l  l i n e s  i n  v i t r o .  These growth f a c t o r  dependent,  non- t ransplan tab le  c e l l  l i n e s  
e x h i b i t  t he  same growth k i n e t i c s  a s  t h e  t r a n s p l a n t a b l e  leukemia c e l l s .  No immortal c e l l  
c u l t u r e s  were e s t a b l i s h e d  from normal bone marrow c e l l s  wi th  o r  wi thout  condi t ioned  media. 
No s i n g l e  oncogene o r  growth f a c t o r  mRNA was c l e a r l y  more abundant i n  t h e  leukemia c e l l  
popu la t ions  ve r sus  t h e  normal bone marrow c e l l s .  Nonethe less ,  i n t r o d u c t i o n  of  s p e c i f i c  
oncogenes ( @ o r  E) i n t o  the  non- t ransplan tab le  leukemia c e l l s  conve r t s  t h e s e  c e l l s  i n t o  
tumor igenic ,  growth f a c t o r  independent c e l l  l i n e s .  Ki-ras,  Ha-=, & a n d  myc do not  a l t e r  
t h e  growth f a c t o r  dependence o r  tumor igenic ty  of t he  n o z r a n s p l a n t a b l e  leukemia cel ls .  None 
o f  t hese  oncogenes inc lud ing  abl o r  
normal bone marrow c e l l s  u s ing  ou r  c u l t u r e  t echn iques .  We conclude t h a t  a t  l e a s t  two g e n e t i c  
even t s  a r e  needed t o  conver t  murine hematopoie t ic  p recu r so r s  i n t o  tumorigenic ce l l  l i n e s .  
The first event  pe rmi t s  immortal c e l l  growth i n  t h e  presence  of s p e c i f i c  growth f a c t o r s .  The 
second event  ab roga te s  t h e  growth f a c t o r  dependence of  t h e  leukemia c e l l s  r e s u l t i n g  i n  
tumor igenic  ce l l  growth. 

a l t e r e d  the  i n  v i t r o  growth c h a r a c t e r i s t i c s  of  t he  

MICROINJECTION STUDIES OF CELLULAR ONCOGENE FUNCTION, Dennis W. Stacey, 
Mark R. Smith and Steven J. DeGudicibus, Roche Institute of Molecular Biology, 

Roche Research Center, Nutley, NJ 07110 
We have microinjected monoclonal antibodies (Furth et a ] . ,  J. Virol. 9:294, 1982) 

against viral res p21 proteins in an effort to determine the biological function of 
cellular ras  ( c - r a s )  proteins. Immunoglobulin from monoclonal 259 clearly neutralized 
the activity of ras proteins within injected cells. This was the case with p21 protein 
synthesized by bacterial cells and purified as vell as with ras proteins synthesized by 
the injected cell. When microinjected into NIH313 cells the neutralizing antibody 
efficiently blocked the initiation of DNA synthesis. Inhibition was observed up until 
just prior to the beginning of cellular S-phase but did not affect a cycle of DNA 
synthesis once initiated. 

A variety of normal mouse and huean fibroblast cell types along with souse kerati- 
nocytea in primary culture were analyzed as above. In each case the primary cell types 
were reduced 90-95% in proliferation by the antibody. In contrast, several human tumor 
lines were not inhibited by the antibody. This was the case with most sarcoma and 
carcinoma lines tested except those containing a mutant, transforming c-ras gene. As 
evidence that the mutant ras gene did participate in proliferation, each tumor line with 
euch a gene was reduced 60-95% in proliferation by injected antibody. These ohserva- 
tions suggest c-ras proteins are involved in the control of proliferation in normal 
cells. In many tumor cells, however, the loss of control over proliferation correlates 
with a loss of the involvement of c-ras proteins in the initiation of S-phase. Analysfs 
of additional cell types along vith NIH3T3 cells transformed by various retroviral 
oncogenen vat undertaken to analyze this hypothesis. 

A5 
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Cellular and Molecular Biology of Tumors 

Growth Factors and Receptors 

TYE EEF-PECE?TOR KINASE: STRUCTURE, EVOLUTION AND PROPERTIES OF VARIOUS RECEPTOR 
MUTANTS, J .  Schlessinger, Department of Chemical Immunology, The Weizmann I n s t i t u t e  

A6 
of science,  Rehovot 76100, I s r a e l .  
T k  EGF-receptor i s  a 170 KD membrane glycoprotein which has 3 major functional domains, a 
la rge  ex t ra -ce l lu la r ,  clycosylated EGF-binding domain, a s ing le  hydrophobic trans-membrane 
region and a cytoplasmic kinase domain ( 1 ) .  The ex t race l lu la r  domain of EGF-receptor contains 
2 cysteine r i c h  c lus te rs  which reveal internal  homology and repe t i t ion  of the cystein residues. 
T h e  Drosophila EGF-receptor homolog ( 2 )  contains 3 cysteine r i c h  c lus te rs .  A novel receptor  
re la ted  t o  EGF-receptor, probably the human counterpart of the r a t  neu oncogene product ( 3 ) ,  
a l so  has 2 cysteine r i c h  c lus te rs .  The insul in  bindinp domain of the insul in  receptor contains 
a s ing le  cystein r i c h  domain. From comparison of sequences of the ex t race l lu la r  domains of 
these receptors  i t  i s  proposed t h a t  an ancestral  receptor gene was formed by fusion of genes 
codin? f o r  a tyrosine kinase domain and an ex t race l lu la r  cysteine r ich  c lus te r .  This ancestral  
gene evolved t o  form the insul in-receptor  and, a f t e r  dupl icat ion,  evolved t o  form the EGF- 
receptor gene family. In Drosophila, gene t r i p l i c a t i o n  occurred t o  y ie ld  a receptor w i t h  three 
cysteine r ich  c lus te rs .  
Quest ions concerning the  mechanism of act ion and regulation of EGF-receptor were addressed by 
exploring propert ies  and c e l l u l a r  e f f e c t s  of various EGF-receptor mutants introduced in to  
cul tured ce l l  l ines .  Transient expression of i n t a c t  EGF-recegtor and various EGF-receptor 
mutants in COS-1 c e l l s  was achieved by using s h u t t l e  vector containing the SV-40 or igin of 
rep l ica t ion .  The same vector toaether  with the  D H F R  gene were used t o  obtain s tab le  ce l l  l i n e s  
expressing d i f f e r e n t  amounts of EGF-receptor in CHO c e l l s ,  which a re  normally devoid of EGF- 
receptor and i t s  various mutants. A re t rovi ra l  s h u t t l e  vector was used t o  express i n t a c t  EGF- 
receptor  and EGF-receptor mutants in mouse I$Z c e l l s  and f o r  obtaining retroviruses  containing 
sequences coding f o r  the i n t a c t  receptor and i t s  various mutants. I n i t i a l l y  we have penerated 
constructs  with delet ions in the cytoplasmic domain of the  EGF-receptor including a receptor 
mutant which has only 8 amino ac ids  in the cytoplasmic domain (devoid of T h r  654). We a lso  
have introduced spec i f ic  l inkers  in to  d i f fe ren t  r e s t r i c t i o n  s i t e s  along the fu l l  s i z e  cDNA of 
EGF-receptor. U s i n g  t h i s  approach we have explored the ro le  of various receptor domains in t k  
regulation of receptor  in te rna l iza t ion ,  endocytosis and transformation. 
1. A .  Ul l r ich,  Nature 309:418-425 (1984). 
2. E .  Livne, e t  a., C e l l  %:599-607 (1985). 
3. A . L .  Shechcr ,  gk g .  Nature 312:513 (1984). 

PLATELET-DERIVED GROWTH FACTOR AND DOUBLE STRANDED RIBONUCLEIC ACIDS STIMULATE 
EXPRESSION OF THE SAME GENES IN 3T3 CELLS,  Charles D .  S t i l e s ,  John N .  Zullo, Brent 

A7 
H .  Cochran, Alice S .  Huang, Department of Microbiology and Molecular Genetics, Harvard Medical 
School, Chi ldren 's  Hospital and the Dana-Farber Cancer I n s t i t u t e ,  Boston, MA 

Platelet -der ived growth fac tor  (PDGF)  s t imulates  expression of a "competence" gene 
family in  Balb/c-3T3 c e l l s .  
family together  with several funct ional ly  u n c G a c t e r i z e d  competence genes (JE, KC and r-fos)  
which have been i so la ted  as  cDNA clones. Here we show t h a t  double stranded ribonucleic acid 
i s  a potent inducer of the  competence gene family. Infect ion with vesicular  s tomat i t i s  virus  
(VSV) a l so  induces expression of t h i s  gene family. Conversely, PDGF s t imulates  expression of 
genes which have been h i ther to  characterized as  responsive t o  double stranded ribonucleic 
acids .  
genes. I t  i s  conceivable t h a t  these PDGF-inducible genes function in a feedback loop to  
control 3T3 ce l l  growth. 
PDGF (within 15-45 minutes) and may function t o  initiates round of ce l l  divis ion.  
genes such as  beta-f ibroblast  interferon and (2 ' -5 ' ) -ol igoadenylate  synthetase show a slower 
time course of induction and may function as  feedback inh ib i tors  of the growth response 
t o  P D G F .  

02115 

The c-myc and c-fos genes a r e  contained within the competence 

These include the beta-f ibroblast  interferon and (2 ' -5 ' ) -01  igoadenylate synthetase 

Some of the genes such as  c-fos and c-G are  induced quickly by 
Other 
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Tumors and Differentiation 

A8 STRUCTURE, FUNCTION, AN0 REGULATED EXPRESSION OF HVC-FAHILV 6ENE6 
Frederick W. A l t ,  Kathy Zieeerman, Nancy Kohl, 6eorge Yancopoulos, Ron DePinho, 

Ed i th  LeGouy, and Perry Niren, Department o f  Biochemistry and Rol*cular B iophy r i c r ,  
College of  Physicians and Burgeonr of  Columbia Univers i ty ,  Wen York, Nen Vork, 10032 
The eyc f am i l y  o f  c e l l u l a r  oncogenes conta ins th ree  ne l l -de f i ned  members, C-myc, N-eyc, 
and L-mycl our recent s tud ie r  suggest t h a t  t h i r  f am i l y  conta ins e u l t i p l e  add i t i ona l  
momberm. Prev ious ly ,  ne demonstrated t h a t  the N-DYC and c- ryc  pen. had a r i e i l a r  
oncoqenic p o t e n t i a l  i n  an 12 v& t r a n i f o r r a t i o n  asray .  norm recent ly ,  we have 
determined t h a t  the N-myc pen. has a number of r t r i k i n g  r t r u c t u r a l  s i r i l a r i t i e r  and 
d i f ferences w i th  the c-eyc pen. including: (11 t he  o v e r a l l  s t r u c t u r e  and organizat ion o f  
two myc qenes and t h e i r  t r a n s c r i p t r  are very r i e i l a r  i n  tha t  each gene contains 3 exonr 
of  nh ich the f i r s t  encodes a long 5 '  u n t r a n r l r t e d  leader sequence. 121 the coding 
req ion r  o f  t he  N- and c-eyc genes share reg ions of  subs tan t i a l  homology. 13) hr wi th  
c-myc, extensive nuc leot ide sequence homoloqy e x i s t s  hetneen the unt rans lated req ion r  of 
the human and r u r i n e  N-myc t r a n s c r i p t s )  however, the N-myc and c-myc unt rans lated req ions 
arm t o t a l l y  divergent. ( 4 )  the N-myc t r a n s c r i p t i o n a l  promoter d i f f e r s  from tha t  o f  c-myc 
and i r  nore r e l a t e d  t o  the promoter o f  the 9'440 v i rus.  

Dmspite apparent s i m i l a r i t i e s  i n  s t r u c t u r e  and funct ion,  ne h ive  demonstrated t h a t  
high l e v e l  expression of N- and L-myc qenes i s  very r e s t r i c t e d  w i th  respect t o  t i s r u e  and 
developmental stage whi le  tha t  o f  c-eyc is  eore general ized1 the unique exprerr ion 
p a t t r r n r  of the eyc qener i n  normal c e l l s  genera l ly  p red ic t s  the typer  of t u r o r r  i n  nhich 
they a re  erpresred. Ye f i n d  the highest l e v r l s  of N- and L-myc exprerr ion i n  developinq 
neural t issues.  the N-myc gene appearr t o  have a r o l e  i n  the ea r l y  s tag rs  of 
m i l t i p l e  d i f f e r e n t i a t i o n  pathways; t h i s  proper ty  i s  most c l e a r l y  evidenced by N-eyc 
exprersion pa t te rns  i n  d i f f e r e n t i a t i n g  8-lyephoid ce l l s .  Our i n t i a l  f i n d i n q  of  h iqh 
l e v e l  N - D ~ c  expression i n  f e t a l  kidney l e d  t o  our more recent dem0nStratim-1 of h igh l e v e l  
N-myc enprersion i n  most Y i lm's  tumors (which der ive from embryonic kidney c e l l s ) .  
ac t i va ted  N-eyc expression ray  be a c h a r a c t e r i s t i c  of a v a r i e t y  o f  tumors nhich der ive 
from p r i m i t i v e  noreal c e l l  precursors, i nc lud inq  a set of chi ldhood embryonic t u r o r r  
which may have a penet ic  component t o  t h e i r  e t i o loqy  ( re t i nob las to ra ,  n i lm 's  tumor, 
neurohlastoea, and eedul lob lastoea) .  Our i n i t i a l  t r ans fec t i on  experiments sugqrst t h a t  
sequences which confer t i ssue  or r tage-rpecf ic  pa t te rns  of  N-myc expression are  located 
w i t h i n  or  near the N-myc qene. I n  addi t ion,  ne f i n d  t h a t  c-myc expression is 
down-requlrted i n  c e l l s  nhich exprerr  elevated l e v e l s  of  I-myc. Together, our f i nd inqs  
suggest t h a t  d i f f e r e n t i a l  myc-family gene expression could p lay  an important r o l e  i n  
normal d i f f e r e n t i a t i o n  urocesses. 

Howevmr, 

A9 MOLECULAR GEI!ETICS OF HUMAN B AND T CELL NEOPLASIA, Carlo M. Croce, The Wistar 
Institute, 36th at Spruce Street, Philadelphia, PA 19104 

It is clear that specific chromosomal translocations are responsible for the majority 
of human B cell neoplastic diseases. 
proximity to renetic elements capable of activating gene transcription in cis along consider- 
able chromosomal distances. Thus the juxtaposition of the proto-oncogenesand imnunoglobulin 
loci result in the deregulation of the involved proto-oncogene that is transcribed constitu- 
tively at elevated levels leading to neoplasia. Interestingly, the molecular mechanisms 
involved in the t(11;14) and t(14;18) chromosome translocations seem to involve the physio- 
logic enzymatic system responsible for V-D-3 joining. These translocations do not occur 
at random, but are the result of mistakes in V-D-J joining, where the V-D-J joining enzyme 
joins separated segments of DNA on two different chromosomes instead of .ioining two seoarated 
segments of DNA on the same chromosome on the basis of signal sequences for V-D-J jo'in'ino 
In view of these findings it seems logical to speculate that the enzymes involved in immuno- 
rlobulin Vene rearrangements may also be involved in the t(8;14), t(2;8) and t(8;22) chromo- 
some translocations observed in Burkitt lymphomas. 

analysis of T cell tumors indicates an important role for the locus o f  the alpha chain of 
the T cell receptor in the pathogenesis of these diseases. Since the locus for the alpha 
chain of the T cell receptor is split by the chromosome break at band 14q11.2 and since the 
Ccilocus translocates either to a different chromosome or to region 14q32, it is easy to 
predict that by "chromosome walking" it will be possible to clone and identify the genes 
that are involved in the pathogenesis of most T cell tumors. 

Since most of human T cell malignancies in areas endemic for human T cell leukemia virus 
1 (HTLV-1) also carry either translocations or inversions involving chromosome band 14q11.2, 
it seems likely that HTLV-1 per se may not be a leukemogenic agent and might have an indirect 
role similar to that of EBV in the pathogenesis of African Burkitt lymphoma. Thus infection 
with HTLV-1 may increase the number of T cells susceptible to developing a chromosome trans- 
location, possibly during T cell receptor gene rearrangements. 

In conclusion, the study of the molecular genetics of specific chromosome translocations 
in human B and T tumors is providing a detailed explanation of the mechanisms and genes in- 
volved in these neoplasms. 

These translocations place proto-oncogenes in close 

Interestingly, a similar situation seems to occur in T cell neoplasms. The molecular 
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A10 COOPERATIVITY OF VIRAL ONCOGENES IN AVIAN ERYTHROID CELLS, T.Graf, P.Kahn, K.Damm, 
I.J.Stanley, L.Frykberg, B.VennstrOm and H.Beug, Differentiation Programme, EMBL - 

European Molecular Biology Laboratory, Meyerhofstrasse 1, 6900 Heidelberg, West-Germany. 

The ES4 strain of AEV is a chicken retrovirus which carries 2 oncogenes and transforms ery- 
throblasts and fibroblasts in vivo and in vitro. V-erbA by itself is nontransforming while 
v-e+bB transforms both erythroblasts an-lastsm 
v-erbB only differ from v-erbA + v-erbB erythroblasts in that they are still capable of 
spontaneous differentiationand exhibit complex growth requirements similar to normal e q -  
throid progenitor cells ( * ) .  To investigate the mechanism of cooperativity between these two 
oncogenes we examined td359 AEV, a mutant which has lost its erythrold transforming capacity 
but still transforms fibroblasts (3); 
infected with E 359 AEV and which has regained full erythroid transforming capacity. 
Molecular analysis of the two mutants and of viral constructs containing mutant and wild 
type v-erbA and v-erbB oncogenes in various combinations showed that 
separatxletions in both oncogenes and its v - e  gene is nonfunctional (tested in com- 
bination with wild type v-erbB) , 
transforming capacity of v-erbB from g 3 5 9 ,  
defective; however, its v - e x g e n e  is even better in compensating for the defective v-erbB 
gene than is v-= from wildtype virus. We are currently trying to identify the alterations 
in this virus that led to a "super erbA". 
To study whether v - B  cooperates with oncogenes other than v-erbB, erythroid cells trans- 
formed by the tyrosine kinase oncogenes V-=, v-fps and S13 virusoncogene (4,5) as well as 
by v-Ha-E were superinfected with a v-erbA encoding vlrus. In all cases, 
acquired a phenotype similar to v - e ,  v-e+bB cells. A construct containing both v-src and 
v-= not only induced fully transformed erythroid cells in vitro but also caused acute 
erythroleukemias (in addition to sarcomas) in vivo. Our results thus show that 1.) the 
v-= protein can cooperate with several kinase- and a non-kinase encoding oncogene product 
(suggesting that it does not directly interact with v - S  protein); 
for defects in v - e ;  
sarcoma-inducing oncogene. 
1. Graf,T. and Beug,H. (1983) Cell 2, 7-9. 
2. Frykberg,L. et al. (1983) Cell 2, 227-238. 
3. Royer-Pokora,B. _ _  et al. (1979) Nature 282, 750-752. 
4. Kahn,P. st. (1984) PNAS USA g, 7122-7126. 
5. Beug,H. et al. (1985) Virology 141, 141-153. 

Erythroblasts transformed with 

and rl2 AEV, a revertant recovered from animals 

a) S 3 5 9  carries 

b) v - e  from wild type virus can restore the erythroid 
and c) the v-erbB gene of r12  REV is still 

the cells 

2 . )  it can compensate 
and 3.) it can modulate the in vivo transforming specificity of a 

_ _  

_ _  

All PROTO-ONCOGENE Me: ROLE IN DEVELOPMENT, GROWTH AND DIFFERENTIATION, Inder M. Verma, 
The Salk Institute, San Diego, California 92138. 

Proto-oncogenes are expressed in a stage and tissue-specific manner during the prenatal 
development of the mouse. Some proto-oncogenes like c-fos and c-fms are expressed at the 
highest levels in extraembryonal tissues, while others like c-excumulate at high levels 
during mid-gestation (day 10-11). 
natal development, while transcripts of oncogene ?mimiannot be detected at any stage. Such 
differential expression is indicative of the role during development. Tissue-specific ex- 
pression was also detected in postnatal tissues. 

When quiescent fibroblastic cells are stimulated with growth factor or mitogens, both 
c-fos and c-myc genes are expressed transiently. 
of c-myc; maximum induction occurs in 20-30 minutes after stimulation, and expression is shut 
off by120 minutes. 
is expressed transiently. Transient expression of the c-fos gene is also observed when a rat 
pheochromocytoma cell line (PC12) is induced to differentiate in response to either nerve 
growth factor (NGF), cyclic AMP or K+, but not upon addition of dexamethasone. Rapid and 
transient expression of c-fos gene is also observed following hepatectomy or stimulation of 
T and B-cells with mitogens. 

tic cell lines are induced to differentiate into macrophages. No c-fos expression can be 
witnessed when monomyelocytic cells differentiate to granulocytic lineage. 
tion of c-fos mRNA occurs within 30 minutes of addition of the inducer TPA, which decreases 
by 4-5 foldy 60 minutes and remains constitutive for the next 96-105 hours when 99% of the 
monocytes differentiate to adhering mature macrophages. However, c-fos protein is synthe- 
sized only for 60-120 minutes. Since sustained amounts of c-fos protein can induce trans- 
fomation, the cell has devised a mechanism bo shut off its synthesis without termination of 
transcripts. The implication of these findings in relation to the role of proto-oncogenes 
during normal metabolic processes of a cell will be discussed. 

Supported by grants from NCI and ACS. 

Homologues of c-rasHa are expressed at all stages of pre- 

Expression of the c-fos gene precedes that - 
The c-fos protein, which is extensively modified and nuclear is location, - 

Rapid expression of the c-fos gene transcripts is observed when monocytic or monomyelocy- 

A 20-fold induc- 
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Phenotypic, Karyotypic and Genetic Heterogeneity of Tumors 

A12 GENETIC EVENTS UNMASK RECESSIVE ALLELES TO INITIATE MALIGNANCY, Brenda L. G a l l i e  
and Ron G .  Worton, H o s p i t a l  f o r  S i c k  C h i l d r e n ,  U n i v e r s i t y  of  T o r o n t o ,  T o r o n t o ,  
Canada M5G 1x8. 

In c e l l s  t h a t  a r e  h e t e r o z y g o u s  for a r e c e s s i v e  g e n e t i c  marker ,  e x p r e s s i o n  of t h e  r e c e s s i v e  
phenotype  depends  on  loss  o f  t h e  dominant wi ld- type  a l l e l e .  In  e a r l y  s t u d i e s  w i t h  Chinese  
hampster  h y b r i d  c e l l s  t h a t  were  h e t e r o z y g o u s  f o r  r e c e s s i v e  d r u g  r e s i s t a n c e  g e n e s ,  e x p r e s s i o n  
o f  t h e  r e c e s s i v e  phenotype  (drug  r e s i s t a n c e )  was shown t o  o c c u r  by s e v e r a l  mechanisms: wi ld-  
t y p e  gene  i n a c t i v a t i o n ,  chromosome l o s s  w i t h  d u p l i c a t i o n  of t h e  homologue c a r r y i n g  t h e  
r e c e s s i v e  marker and probably  m i t o t i c  r e c o m b i n a t i o n  ( 1 ) .  

m a l i g n a n c i e s  r e t i n o b l a s t o m a  (RB) and W i l m ' s  tumor a r e  known by l i n k a g e  s t u d i e s  w i t h  
chromosomal d e l e t i o n s  and enzyme m a r k e r s .  S t u d i e s  o f  such  tumor c e l l s  i n  compar ison  t o  
t h e  normal c o n s t i t u t i o n a l  c e l l s  of  t h e  p a t i e n t s ,  u s i n g  r e s t r i c t i o n  f ragment  l e n g t h  
polymorphic  (RFLP) m a r k e r s  n e a r  t h e  p r e d i s p o s i n g  g e n e s ,  h a s  shown t h a t  t h e s e  genes  a r e  
r e c e s s i v e  t o  t h e  normal w i l d - t y p e  a l l e l e  a t  t h e  c e l l u l a r  l e v e l  ( 2 , 3 ) .  E x p r e s s i o n  of  t h e  
r e c e s s i v e  phenotype  (mal ignancy)  r e s u l t s  from t h e  same g e n e t i c  e v e n t s  t h a t  were observed  i n  
t h e  h y b r i d  c e l l s :  t h e  wi ld- type  a l l e l e  i s  l o s t  by m i t o t i c  recombina t ion  o r  chromosome l o s s  
w i t h  d u p l i c a t i o n  of  t h e  mutant  chromosome i n  70% of c a s e s ;  wi ld- type  gene i n a c t i v a t i o n  may 
i n i t i a t e  mal ignancy  i n  t h e  remain ing  30% o f  c a s e s  ( 4 ) .  

tumors i s  a t  r i s k  t o  d e v e l o p  homozygosity f o r  t h e  r e c e s s i v e  m u t a t i o n ,  mal ignancy  o c c u r s  
o n l y  i n  a few s p e c i f i c  t i s s u e s .  S u r v i v o r s  of RB a r e  a t  r i s k  t o  l a t e r  d e v e l o p  o t h e r  tumors ,  
p a r t i c u l a r l y  o s t e o g e n i c  sarcomas .  S t u d i e s  w i t h  RFLP markers  show t h a t  t h e s e  second pr imary  
tumors a l s o  r e s u l t  from unmasking of t h e  r e c e s s i v e  phenotype  by lo s s  of t h e  normal a l l e l e  a t  
t h e  RB l o c u s  (5 ) .  

F u r t h e r  chromosomal r e a r r a n g e m e n t s  and a m p l i f i c a t i o n  of "oncogenes" a r e  l a t e  g e n e t i c  
e v e n t s  i n  t h e s e  "homozygous" tumors ( 6 ) .  I n  o t h e r  m a l i g n a n c i e s ,  such  a s  n e u r o b l a s t o m a ,  i n  
which s t u d i e s  have so f a r  f o c u s e d  on oncogene a m p l i f i c a t i o n  and chFomosome r e a r r a n g e m e n t s ,  
unmasked r e c e s s i v e  m u t a t i o n s  may a l s o  b e  t h e  c r i t i c a l  i n i t i a t i n g  e v e n t s .  

1 .  Campbell & Worton. Mol C e l l  Bio logy  1981;1:336. 
2 .  Cavenee e t  01. N a t u r e  1983;305:779. 
3. Koufos e t  a l .  N a t u r e  1984;309:170. 
4 .  Cavenee e t  a l .  S c i e n c e  1985;228:501. 
5.  Hansen e t  a l .  Pro?  N a t l  Acad S c i  USA 1985;82:6216. 
6 .  S q u i r e  e t  al. Hum Genet 1985;70:291.  

The chromosomal l o c a t i o n s  o f  t h e  genes  r e s p o n s i b l e  f o r  p r e d i s p o s i t i o n  t o  t h e  c h i l d h o o d  

Al though e v e r y  c e l l  o f  t h e  i n d i v i d u a l s  w i t h  germ l i n e  h e t e r o z y g o u s  m u t a t i o n s  f o r  t h e s e  

A13 MULTIDRUG RESISTANCE, I. P a s t a n ,  D.-w. Shen, M. Cornwel l ,  'T. Fo jo ,  
N.  R i c h e r t ,  K. Ueda, D. P. C l a r k ,  I. Roninson* and M. M. Gottesman, Labora- 

t o r y  of Molecular  Bio logy ,  N C I .  N I H ,  Be thesda ,  MD 20892 *Center  f o r  G e n e t i c s ,  Univ. of  
I l l i n o i s  C o l l e g e  o f  Medic ine  a t  Chicago ,  Chicago ,  IL 60612 
To s t u d y  t h e  c l i n i c a l l y  i m p o r t a n t  problem o f  development by tumors o f  s i m u l t a n e o u s  
r e s i s t a n c e  t o  m u l t i p l e  c h e m o t h e r a p e u t i c  a g e n t s ,  we have e s t a b l i s h e d  t h r e e  m u l t i d r u g  
r e s i s t a n t  human KB carc inoma c e l l  l i n e s  i n  c u l t u r e .  These c e l l  l i n e s ,  s e l e c t e d  
i n d e p e n d e n t l y  f o r  r e s i s t a n c e  t o  c o l c h i c i n e ,  Adriamycin O K  v i n b l a s t i n e ,  a r e  c r o s s -  
r e s i s t a n t  t o  t h e  s e l e c t i n g  a g e n t s  a s  w e l l  a s  t o  a wide  v a r i e t y  o f  o t h e r  hydrophobic  
d r u g s  which d i f f e r  i n  t h e i r  mechanisms o f  t o x i c i t y  ( 1 ) .  Drug a c c u m u l a t i o n  i n  t h e s e  
c e l l s  i s  d e c r e a s e d  d r a m a t i c a l l y  compared t o  t h e i r  p a r e n t  KB c e l l  l i n e  o r  r e v e r t a n t  
c e l l s ( 2 ) .  Mixed v e s i c l e s  p r e p a r e d  from t h e  r e s i s t a n t  c e l l s  accumula te  8- fo ld  more 
v i n h l a s t i n e  t h a n  v e s i c l e s  p r e p a r e d  from p a r e n t a l  o r  r e v e r t a n t  c e l l s .  The development 
o f  t h i s  i n  v i t r o  sys tem,  which r e f l e c t s  t h e  d i f f e r e n c e s  i n  d r u g  a c c u m u l a t i o n  between 
s e n s i t i v e  and r e s i s t a n t  l i n e s ,  s h o u l d  a l l o w  u s  t o  i d e n t i f y  c e l l u l a r  components respon- 
s i b l e  f o r  t h i s  a l t e r e d  accumula t ion .  A l l  of  o u r  m o s t  r e s i s t a n t  m u l t i d r u g  r e s i s t a n t  
c e l l  l i n e s  e x p r e s s  a m p l i f i e d  s e q u e n c e s ,  known a s  + l .  Human e l  s e q u e n c e s  were 
c loned  i n  two ways: ( 1 )  D i r e c t l y  o u t  o f  m u l t i d r u g  r e s i s t a n t  human c e l l s  u s i n g  t h e  
t e c h n i q u e  o f  i n  g e l  r e n a t u r a t i o n  ( 3 )  o r  ( 2 )  By u s i n g  a c l o n e d  probe  which d e t e c t s  
a m p l i f i e d  s e q u e n c e s  i n  m u l t i d r u g  r e s i s t a n t  Chinese  h a m s t e r  c e l l  l i n e s  ( 4 . 5 ) .  Resis -  
t a n t  c e l l  l i n e s  e x p r e s s  l e v e l s  o f  a 4.5 kb mRNA encoded by t h e  &l gene which a r e  
p r o p o r t i o n a l  t o  t h e i r  d e g r e e  o f  m u l t i d r u g  r e s i s t a n c e .  E x p r e s s i o n  o f  t h i s  4.5 kb mRNA 
p r e c e e d s  g e n e  a m p l i f i c a t i o n  d u r i n g  t h e  development of m u l t i d r u g  r e s i s t a n c e  i n  t h e  KB 
c e l l  l i n e s .  Using DNA d e r i v e d  from a K B  m u l t i d r u g  r e s i s t a n t  c e l l  l i n e ,  we have 
t r a n s f e r r e d  t h e  m u l t i d r u g  r e s i s t a n c e  phenotype t o  s e n s i t i v e  mouse N I H  3T3 cells.  
Human e l  s e q u e n c e s  which a r e  e x p r e s s e d  a t  h i g h  l e v e l s  a r e  c o t r a n s f e r r e d  w i t h  t h e  
m u l t i d r u g  r e s i s t a n c e  phenotype i n  b o t h  p r i m a r y  and s e c o n d a r y  t r a n s f o r m a n t s ,  i n d i c a -  
t i n g  t h a t  e x p r e s s i o n  o f  t h e  e l  gene  is t i g h t l y  l i n k e d  t o  t h e  development of m u l t i -  
d rug  r e s i s t a n c e .  
( 1 )  S.-I. Akiyama. e t  a l . ,  Somat. C e l l  and Mol. Genet. ,  11, 117 ( 1 9 8 5 ) ;  ( 2 )  A. 
F o j o ,  e t  a l . ,  Canc. R e s .  4 5 ,  3002 (1985) ;  (3)  A. F o j o ,  e t  a l . ,  PKOC. N a t l .  Acad. 
S c i .  USA, i n  p r e s s  ( 1 9 8 5 ) ;  ( 4 )  I. B. Roninson, e t  a l . ,  N a t u r e ,  309, 626 ( 1 9 8 4 ) ;  
( 5 )  I. Roninson e t  a l . ,  A b s t r a c t ,  t h i s  meet ing .  
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A14 
S a k a i ( l ) ,  E l i s e  Rose ( l ) ,  G a r r e t t  Brodeur(3),  T i m  Donlon( l ) ,  Bruce K o r f ( l ) ,  Michael 
H e a r l e i n ( l ) ,  John Kang( l ) ,  Helene S t r o h ( l ) ,  Pe t e r  H a r r i s ( l ) ,  Gai l  Bruns ( l ) ,  and Robert 
Seeger (4 ,5) ;  Departments of P e d i a t r i c s ( 1 )  and Genet ics (21 ,  Harvard Medical School,  
Boston, Mass. 02115, and Washington Univers i ty  School of Medicine, S t .  Lmis, Mo. 
63110(3),  and the  Department of P e d i a t r i c s ,  UCLA School of Medicine(4) and the 
Ch i ld ren ' s  Cancer Study Group(5), Los Angeles,  Ca l i f .  90024. 

by e i t h e r  homomgeneously s t a i n i n g  regions(HSRs) or  double minute bodies(DMs), is 
accompanied by DNA r e l o c a t i o n  and, i n  some c a s e s ,  i n t e r e s t i n g  DNA rearrangement.  
Extens ive  ampl i f i ca t ion  of the  oncogene N-myc, and t o  a sys t ema t i ca l ly  l e s s e r  e x t e n t ,  
o the r  DNA fragments ampl i f ied  in  neuroblastoma c e l l  l i n e s ,  is  found in  advanced s t a g e  
neuroblastomes. The he i ra rchy  wi th  which DNA fragments a r e  ampl i f ied  i n  primary 
neuroblastomas, and perhaps neuroblastoma c e l l  l i n e s  as  w e l l ,  con ta ins  informat ion  about 
the  r e l a t i v e  order ing  of DNA fragments around N-myc in  d i f f e r e n t l y  s i zed  ampl i f i ca t ion  
u n i t s  i n  these  c e l l s .  Experiments u t i l i z i n g  somatic hybrid DNA panels ,  DNA dosage 
b l o t t i n g ,  and in  s i t u  hybr id i za t ion  map those  DNA fragments which a r e  ex tens ive ly  
ampl i f ied  in  neuroblastoma c e l l s  t o  the  t i p  of the tuman chromosome #2 shor t  arm, near  
band 2p24. I n  c o n t r a s t ,  some DNA fragments ampl i f ied  in  the  neuroblastoma l i n e  IMR-32, 
bu t  not i n  primary tumors, map e i t h e r  t o  the middle of 2p(2p15-2~16) o r  t h e  proximal 
pa r t (nea r  band 2 ~ 1 3 )  of t h i s  chromosome arm. Evidence thus f a r  is compatible wi th  a 
molecular r eo rgan iza t ion ,  poss ib ly  extrachromosomal, and s p l i c i n g  of DNA from these  
th ree  widely spaced reg ions  of hman 2p i n t o  ampl i f i ca t ion  u n i t s  contained in  the  HSRs 
of IMR-32 c e l l s .  I n  o the r  neuroblastoma c e l l  l i n e s  and primary t u m r s ,  DNA ampl i f i ca t ion  
is  a s soc ia t ed  wi th  ex tens ive  rearrangement.  For one p a r t i c u l a r  ampl i f ied  DNA fragment,  
t h i s  rearrangement occur6 a t  a s p e c i f i c  p o i n t ,  bordered by DNA r i c h  in  A-T base pa i r s .  
I n  one neuroblastoma c e l l  l i n e ,  NB-9, t h i s  rearrangement does not r e f l e c t  a simple DNA 
recombination. In s t ead ,  a complex, a t  l e a s t  three-component DNA s p l i c e  event has 
occurred. The mechanisms under ly ing  the  unusual DNA recru i tment ,  rearrangement,  and 
ampl i f i ca t ion  in  these  neuroectodermal t u m r s  and c e l l  l i n e s  should prove of bas i c  
i n t e r e s t  i n  unders tanding  the  dynamics wi th  which the  human genome changes. Moreover, 
the  consequences of t hese  events  may be of c l i n i c a l  d i agnos t i c  and prognos t ic  va lue .  

DNA REARRANGEMENT, RELOCATION AND AMPLIFICATION I N  CELL LINES AND PRIMARY 
TUMORS OF NEUROECTODERMAL O R I G I N ,  Samuel L a t t ( l , P ) ,  Yossef S h i l o h ( l ) ,  Kazuo 

DNA ampl i f i ca t ion  in  human neuioblastoma and re t inoblas toma l i n e s ,  as  manifested 

A15 
Stanford University, Stanford, CA 94305 
W e  have  reported t h a t  the  tumor ce l l s  of some pa t ien ts  with monoclonal 8 ce l l  lymphoma exhibit  idiotypic 
heterogeneity t h a t  c a n  b e  de tec ted  by monoclonal antibodies (NEJM 3121658, 1985). To understand this 
idiotypic heterogeneity a t  t h e  nucleic ac id  and protein sequence level we carried o u t  genomic and cDNA 
cloning t o  isolate the  heavy chain V region (VH) genes expressed by a n  IgM positive lymphoma. Eight V H  
nucleic acid sequences, e a c h  representing t h e  gene expressed by a different ce l l  of t h e  tumor,  were ob- 
tained and t h e  amino ac id  sequences were  deduced. it is  c lear  from a n  examination of the  nucleic ac id  
sequences t h a t  they were  a l l  derived from members  of a single clone of cells. However, no two sequences 
were  identical. The two most  divergent isolates differed by 14/357 nucleotides and by 81119 amino acids, 
while t h e  two most similar differed by 6/357 nucleotides and 1/119 amino acids. Appropriate controls 
indicated t h a t  th i s  variation was present in t h e  tumor population and was not due  to cloning or sequencing 
ar t i fac ts .  One  consequence of these  d i f fe rences  i s  t h e  a l te ra t ion  of a glycosylation s i te  (Am-X-Ser) 
resulting in variation in heavy chain molecular weight. In this pa t ien t  we were  able to conclude t h a t  our 
an t i  idiotype antibody recognized a heavy chain epitope t h a t  included amino acid 54. While nucleic acid 
substi tutions were  found throughout t h e  V region, they were  especially prevalent in CDRZ and in one sire 
within FR3. No mutations were  found within C D R l  or CDR3. Within CDRZ the  ra t io  of amino acid 
replacement t o  si lent mutations was  8.5, a value which would be expec ted  from random mutation, whereas 
outside of CDRZ th is  ra t io  was 0.55. This observation raises the  possibility t h a t  antigen or idiotype 
networks might be exer t ing  selective pressure to conserve the  s t ruc ture  of par t  of the  Ig molecule 
including C D R l  and  CDR3, as occurs  in normal B cells during an  immune response. 

SOMATIC MUTATION IN THE Ig VH GENE OF A =ELL LYMPHOMA, R. Levy, 
S. Levy, M. Cleary,  T.C. Meeker, E. Lee, M. Trela, 3. Sklar. Depar tment  of Medicine, 
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Tumor Progression, Metastasis and Resistance to Drug Therapy 

A16 

One reason f o r  f a i l u r e  in  chemotherapeutic treatment of advanced cancers may be the  outgrowth 
of mult idruy-resis tant  tumor c e l l s .  T h i s  phenotype of res i s tance  t o  unrelated drugs i s  f r e -  
quently observed i n  human and animal c e l l  lines selected f o r  res i s tance  t o  a s ing le  chemo- 
therapeut ic  agent .  A fea ture  in common among a wide var ie ty  of nu l t id rug- res i s tan t  l i n e s  i s  
the increased expression of a 170,000 dal ton transmembrane surface glycoprotein (P-glyco- 
pro te in) .  In most cases ,  t h i s  r e s u l t s  from amplif icat ion of the P-glycoprotein genes. 
Overexpression of P-ylycoprotein l i k e l y  plays a d i r e c t  r o l e  in mediating the reduced drug 
accumulation c h a r a c t e r i s t i c  of nu1 t id rug- res i s tan t  l i n e s .  Monoclonal ant ibodies  spec i f ic  
f o r  d i f f e r e n t  epi topes of P-glycoprotein have been i so la ted .  Such reagents have been used 
to  de tec t  the expression of P-glycoprotein in  aninal tumors r e s i s t a n t  to  chemotherapy, and 
i n  biopsy samples from cancer pa t ien ts ,  
tumor c e l l s  can a r i s e  w i t h  a high frequency and t h a t  such c e l l s  may present a major obstacle  
to  successful chemotherapy. 

P-CLYCOPROTEIN AH0 flULTIORUG RESISTANCE, Victor Ling, T h e  Ontario Cancer I n s t i t u t e ,  
500 Sherbourne S t r e e t ,  Toronto, Ontario, Canada M4X 1K9 

These s tudies  indicate  t h a t  mult idrug-resis tant  

Supported by NCI of Canada, OCTRF, and NItI of USA. 

~ 1 7  DIFFERENTIAL GENE AND GLYCOPROTEIN EXPRESSION BETWEEN LOW AND HIGH 
METASTATIC SUBLINES OF MURINE LARGE CELL LYMPHOMA. G. L. Nicolson, R. A. 

LaBiche, M. Frazier, R. J. Tressler and T. Irimura, Depts. of Tumor Biology and Medical Oncology, 
University of Texas M. D. Anderson Hospital and Tumor Institute, Houston, TX 77030, and Graduate 
School of Biomedical Sciences, University of Texas Health Science Center,  Houston, TX 77030. 

Metastatic variants of RAW117 large cell lymphoma have been sequentially selected in vivo 
for liver metastasis or in  vitro for loss of lectirAinding sites. Analysis of sialoglycoproteim (sgp) 
indicates increased expression of WGA-binding sgp on the more metastat ic  cells. In particular, the 
expression of a M s150,OOO sgp correlates with liver metastasis. In addition, highly metastat ic  cells 
lose MoMuLV surf&e and internal components, such as gp70, p30 and p15 (Reading et al., PNAS 775943, 
1980). To examine differential gene expression we have established a cDNA library of 17,600 clones 
from poly A+, mRNA isolated from the highly metastat ic  RAW117- 10 line. The cDNA library &as 
screened by exposure of replicate fi l ters containirq the library to  'P-cDNA probes made from both 
RAW117-P and -HI0 sublines. Approximately 93% of the cDNA clones yielded detectable signals by 
computer-assisted densiornetric scanniq.  Of the cDNAs detectable by computer-assisted scanning, 
99.5% of these were identical between P and H10 sublines by data regression analysis. Approximately 
100 out of 17,600 cDNA clones were differentially expressed; about 112 of these were MoMuLV 
tramcripts  determined by probing with MoMuLV cDNA. The remaining cDNA clones were expressed 
either in significantly lower or higher amounts in the highly metastat ic  H10 subline. The results 
indicate that  there are unique differences between low and high metastat ic  RAW117 cells, and that  only 
a few genes are differentially expressed in the highly metastat ic  variant cells. 

Supported by NCI grant RO1 CA29571 to  G.L. Nicolson. 
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- M D R  G E N E  AMPLIFICATION I N  MULTIDRUG-RESISTANT H U M A N  CELLS, I.B. Roninson, 
J.E. Chin and K .  Choi, Center for Genetics, University of Il l inois Col lege  of Medicine, 

Chicago, I L  60612. 
The ability of tumor cells t o  develop simultaneous resistance t o  multiple cytotoxic drugs consti tutes a 
major problem in c a n c e r  chemotherapy .  Multidrug resistance in mammalian cell  lines results from 
decreased intracellular drug  accumula t ion ,  appa ren t ly  a s  a r e s u l t  of a l t e r a t i o n s  in  t h e  plasma 
membrane. In  the  previous studies, two independently derived mukidrug-resistant sublines of Chinese 
hamster cells were found by the  in-gel D N A  r ena tu ra tbn  assay t o  contain a common set of amplified 
D N A  f r agmen t s  (1) .  These  commonly amplified sequences  were  cloned and shown t o  contain a 
transcribed D N A  region, presently designated mdr. express ion  of which c o r r e l a t e s  with multidrug 
r e s i s t a n c e  in  Chinese  hamster cells (2). Different subclones of t he  hamster & gene were used as  
probes for hybridization with human D N A .  One of the  subclones. pDR4.7, cross-hybridizes wi th  t w o  
d i f fe ren t  s equences  in human D N A ,  designated mdrl and &. Either mdrI alone o r  both & and 
mdr2 are  amplified in multidrug-resistant sublines of human K B  ce l l s  s e l ec t ed  by t h e  group of M .  
Cot tesman and  I. Pas t an  a t  N I H  f o r  a high degree  of r e s i s t a n c e  t o  co lch ic ine ,  vinblastine o r  
Adriamycin. In some sublines gene amplification was accompanied by a specific rearrangement of &. 
The amplified copies of & and & are  lost in a subline of mukidrug-resistant K B  cells, which has 
reverted t o  a low degree of drug resistance. Fragments of the  human & and regions, cross- 
hybr id iz ing  wi th  t h e  hams te r  pDR4.7 c lone ,  have been isolated and analyzed for t he  presence of 
transcribed sequences. mdrl, but not mdr2. was found to  encode a 4.5 kb m R N A ,  which w a s  expressed 
in the  multidrug-resistant sublines but not in the  parental  K B  cells. As described in the  accompanying 
abstract  of Pastan et aL, t he  development of mukidrug resistance in K B  cells is initially accompanied 
by e l eva ted  expression of md+l m R N A  without amplification of the  genomic sequences. Subsequently, 
expression of this m R N A  is increased s imul taneous ly  with ampl i f ica t ion  of mdrl D N A .  I nc reased  
expression and ampLification of were also found in mukidrug-resistant sublines of human leukemia 
and ovarian carcinoma cells. Additional evidence for the  role of mdrl in t he  development of mukidrug 
resistance comes from the  finding tha t  acquisition of the  mukidrug-resistant phenotype by mouse N I H  
3T3 cells upon transfection with to t a l  genomic D N A  from mukidrug-resistant human ce l l s  c o r r e l a t e s  
wirh the  transfer of the  human gene (for details, see the  abstract  by Pastan et aL) These results 
suggest t ha t  activation and subsequent amplification of mdrl is a common mechanism fo r  multidrug 
resistance in human cells. The nature of the  mdrl gene product and its relationship t o  P-glycoprotein, 
a common marker of multidrug-resistant ce l l  membranes (3), a re  presently being investigated. 

1. Roninson, I.B., Abelson, H.T., Housman, D.E., Howell, N. & Varshavsky, A. (1984). Nature 309. 626. 
2. Gros, P., Croop, J.M., Roninson, I.B., Varshavsky, A. & Housman, D.E. (1985). Proc. NatL Acad. S c i  
USA, in press. 
3. Riordan, J.R., Deuchars, K., Kartner, N., Alon, N., Trent, J. b Ling, V. (1985). Nature 316. 817. 
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In Vitro/ln Vivo Correlations of Diagnosis and Treatment of Tumors 

A19 IiOLECULAR GENETIC ANALYSIS OF NEUROECTODERMAL TUMORS, Mark A. I s r a e l ,  Cather ine  
McKeon, Lee Helman, Carol  Th ie le ,  and Orsolya Csuka, P e d i a t r i c  Branch, Na t iona l  

Cancer I n s t i t u t e ,  Bethesda, MD 20892, and Research I n s t i t u t e  of Oncooathology, Budapest, 
H un gary . 
The gene t i c  a n a l y s i s  o f  human s o l i d  tumors has l e a d  t o  an e l u c i d a t i o n  o f  t h e  molecu la r  
a l t e r a t i o n s  which cha rac te r i ze  these tumors. 
these i n s i g h t s  i n  t h e  c l i n i c a l  management o f  p a t i e n t s  w i t h  these tumors. Towards t h i s  
end, we have developed a p r o f i l e  o f  a l t e r e d  gene express ion  which corresponds t o  c l i n i c a l l y  
de f i ned  subgroups o f  neuronal  tumors. 
h i  s topa tho log i ca l  l y  i n d i s t i n g u i s h a b l e  neuronal  tumors the re  a re  c l i n i c a l l y  i d e n t i f i a b l e  
subgroups which have d i s t i n c t  p a t t e r n s  o f  oncogene expression. While members o f  t h e  myc 
f a m i l y  o f  genes have been p a r t i c u a r l y  u s e f u l  i n  t h i s  regard,  t h e  express ion  o f  c-myb and 
c -e ts  i s  a l s o  c o n s i s t e n t l y  a l t e r e d  i n  these tumors. An unexpected observa t ion  was the  
f i n d i n g  t h a t  i n  neuroepi thel iomas, one o f  t he  neuronal  tumors examined, we found the  
express ion  o f  oncogenes n o t  l o c a t e d  near the  c h a r a c t e r i s t i c  rcp(11;ZZ) (q24;qlZ) t o  be 
c o n s i s t e n t l y  a l t e red .  
I n  a d d i t i o n  t o  these a l ready  w e l l  de f i ned  proto-oncogene probes, we have u t i l i z e d  d i f f e r e n -  
t i a l  cDNA c l o n i n g  t o  i d e n t i f y  o the r  mo lecu la r  markers, which d i s t i n g u i s h  between c l o s e l y  
r e l a t e d  tumors o f  t he  p e r i p h e r a l  nervous system. To date,  t h e  tumor we have bes t  charac- 
t e r i z e d  i s  pheochromocytoma. We have i s o l a t e d  severa l  c loned DNAs which recogn ize  genes 
e i t h e r  un ique ly  expressed o r  expressed a t  much h ighe r  l e v e l s  in pheochromocytoma than 
i n  normal neuronal  issues, neuroblastoma. neuroep i the l ioma,  and tumors o f  o t h e r  t i s s u e s  
a r i s i n g  f rom t h e  neura l  c r e s t .  
f i n g e r p r i n t  o f  pheochromocytoma can be cons t ruc ted .  Cur ren t l y  we a re  c h a r a c t e r i z i n g  such 
f i n g e r p r i n t s  f o r  neuroblastoma and neuroep i the l ioma as w e l l  as pheochromocytoma. We 
b e l i e v e  t h a t  such molecu la r  markers may supplement t h e  h i s t o l o g i c  c l a s s i f i c a t i o n  of s o l i d  
tumors i n  a manner analogous t o  t h e  use o f  monoclonal an t i bod ies  i n  c l a s s i f y i n g  tumors o f  
t he  lymphoid system. Together w i t h  a c h a r a c t e r i z a t i o n  o f  t he  p a t t e r n  o f  oncogenes a c t i v a t e d  
i n  a p a r t i c u l a r  tumor, i t  i s  l i k e l y  t h a t  t h e  u t i l i z a t i o n  of such genet ic  markers w i l l  a l l o w  
f o r  bo th  a more accura te  d iagnos is  o f  c l o s e l y  r e l a t e d  tumors and a more e f f i c a c i o u s  s t r a t i f -  
i c a t i o n  o f  homogeneous disease e n t i t i e s  so t h a t  t h e i r  c l i n i c a l  behav io r  and the rapeu t i c  
responsiveness can be more mean ing fu l l y  assessed. 
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We have developed s t r a t e g i e s  t o  u t i l i z e  

The r e s u l t s  o f  these s t u d i e s  i n d i c a t e  t h a t  amongst 

These genes c o n s t i t u t e  the  framework upon which a molecu la r  
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A20 
George Wilding, Sandra Swain, Susan Bates and Mary McManaway, Medicine Branch, National 
Cancer I n s t i t u t e ,  Bethesda, MD 20892 
The mechanisms by which e s t rogens  and an t i e s t rogens  r egu la t e  t h e  growth of some human b reas t  
cancers  and t h e  pathways by which hormone independence occurs  a r e  incompletely understood. 
I n  t h i s  p re sen ta t ion  work w i l l  be presented which suppor t s  fou r  bas i c  hypotheses. 
t h a t  e s t rogens  d i r e c t l y  i n t e r a c t  w i th  human b reas t  cancer c e l l s  t o  alter gene expression 
a t  t h e  l e v e l  of gene t r a n s c r i p t i o n .  
4 hours a f t e r  e s t rogen  s t i m u l a t i o n  of hormone dependent human b reas t  cancer  c e l l  l i n e s  w i l l  
be descr ibed.  Second, t h a t  amongst t h e  gene products  induced by e s t rogens  a r e  a group of 
s e p a r a t e  s ec re t ed  growth f a c t o r  a c t i v i t i e s  which a r e  a a b l e  t o  d i r e c t l y  s t i m u l a t e  tumor 
c e l l s  (pa rac r ine  e f f e c t s )  a s  we l l  a s  s t i m u l a t e  surrounding stroma (au toc r ine  e f f e c t s ) .  These 
growth f a c t o r s  a r e  a b l e  t o  s t i m u l a t e  t h e  growth of quiescent  f i b r o b l a s t s ,  s t imu la t e  t h e  
growth of c e l l s  a l r eady  in t he  c e l l  cyc le ,  and r e v e r s i b l y  induce a c q u i s i t i o n  of t h e  malig- 
nant  phenotype by non transformed cells. Growth f a c t o r  a c t i v i t i e s  which we have i d e n t i f i e d  
a s  s ec re t ed  by these  human b reas t  cancers  a r e  Insu l in - l ike  growth f a c t o r  I (LGF-I); 
t ransforming growth f a c t o r d  (TGFd);  p l a t e l e t  der ived growth f a c t o r  (PDGF); t ransforming 
growth f a c t o r  
thymosin d 1 .  and 4 -  Thi rd ,  t h e  a c q u i s i t i o n  of t h e  hormone independent phenotype repre-  
s e n t s  t h e  c o n s t i t u i t i v e  s e c r e t i o n  of i d e n t i c a l  growth f a c t o r s  a t  h ighe r  concen t r a t ions  
without hormonal regulat ion.  Seve ra l  l i n e s  of hormone independent b reas t  cancer  c e l l s  
a l l  s e c r e t e  increased amounts of IGF-1, TGF's, and a h igh  molecular weight e p i t h e l i a l  
growth f ac to r .  
dependent human b reas t  cancer  t o  a hormone independent phenotype by t h e  in t roduc t ion  of an 
a c t i v a t e d  v i r a l  ras sequence from t h e  Harvey sarcoma v i rus .  These c e l l s  show increased 
product ion of IGF-I, T G F L  , and TGFP . 
hormone dependen b reas t  cancer  c e l l s  by t h e  p o s i t i v e  induct ion of RNA and p ro te in  products.  
This  may be r e spons ib l e  f o r  some or a l l  of t h e  induced i n h i b i t o r y  e f f e c t s  of an t i e s t rogens .  
Data w i l l  be suppl ied du r ing  t h e  p re sen ta t ion  t o  support  a l l  of t hese  hypotheses. 
add i t ion  we w i l l  present  evidence t h a t  t hese  pathways of hormonal r egu la t ion  of tumor growth 
a r e  r e l evan t  t o  in vivo tumor progression using a nude mouse model system as we l l  as t o  
v i t r o  growth s t imu la t ion .  

MECHANISMS OF GROWTH REGULATION OF HUMAN BREAST CANCER I N  VIVO AND I N  V I T R O ,  
Marc Lippman, Robert Dickson, Edward Gelmann, Attan Kasid, Nancy D a x d z  

F i r s t ,  

Cur progress  i n  i d e n t i f y i n g  genes induced a s  e a r l y  a s  

(TGFP ); a novel ,  high molecular weight e p i t h e l i a l  growth f a c t o r ;  and 

I n  add i t ion ,  we w i l l  present  work i n  which we have converted hormone 

Fourth,  an t i e s t rogens  can i n h i b i t  t h e  growth of 

In 

- 

Oncogene Identification, Activation, Products and Functions 

A21 REGULATLON OF N-MYC TRANSCRIPT NUMBER I N  Y'19  HETINOBLASTOMA CELLS. C .  M .  A m y ,  
W.-H. Lee,  and J. Bartnolanew. Lawrence Berkeley Laboratory,  Berkeley, CA 94720 

The N-myc oncogene is ampl i f i ed  and/or expressea a t  a high l e v e l  i n  many c e l l  l i n e s  der ived 
fran neuronai tumors; non-neuronal c e l l s  appa ren t ly  do not expres s  t h i s  gene. Y79 c e l l s  
der ived frcm a r e t i n o b l a s t a n a  tumor have been snown t o  have 50 - 100 cop ie s  of t he  N-myc 
gene t r a n s c r i p t  per c e l l .  We f i r s t  t e s t e d  whether N-myc is jx -e fe ren t i a l ly  expressed du r ing  
s p e c i f i c  p a r t s  of t he  Y79 c e l l  c y c l e  t o  i n v e s t i g a t e  whether N-myc might play a r o l e  i n  
p o w t h  c o n t r o l .  Y79 c e l l s  were synchronized with double thymidine blocks a t  t h e  beginning 
of S ,  then r e l e a s e d  fran the block and c o l l e c t e d  f o r  i s o l a t i o n  of t o t a l  cytoplasmic R N A  and 
for  ana lys i s  by flow cy tane t ry .  N-myc DNA probes hybr id i zed  with d o t b l o t t e d  R N A s  and R N A s  
fran Northern b l o t s  of agaroseformaldehyde gels showed no d i f f e rences  i n  t h e  nunber of 
t r a n s c r i p t s  as the c e l l s  t r ave r sed  C, and en te red  t h e  S phase over a pe r iod  of 12  h r s .  
P r o t e i n  s y n t h e s i s  i n h i b i t o r s  adaea t o  randomly growing Y79 c e l l s  d i d  show a dramatic 
i nc rease  i n  N-myc t r a n s c r i p t  number over a pe r ioa  of 4 - 6 h r s ;  con t ro l  genes showed no 
such inc rease .  I n h i b i t i o n  of R N A  s y n t h e s i s  by act incmycin D t r ea tmen t  l e d  t o  a r a p i d  
decrease i n  N-myc t r a n s c r i p t  nunber which w a  p a r t i a l l y  preventea by p r o t e i n  s y n t h e s i s  
i n h i b i t o r s .  Thus, N-myc t r a n s c r i p t s  have a s h o r t  h a l f - l i f e  whose s t a b i l i t y  may be 
inc reased  by i n h i b i t i o n  of p ro te in  s y n t h e s i s .  These r e s u l t s  confirm t h a t  similarities 
between e m y c  and N-myc go beyond t h e i r  p a r t i a l  sequence homology and suggest  t h a t  N-myc 
may se rve  t h e  same (as yet  unknown) f u n c t i o n  i n  neuronal c e l l s  t h a t  c m y c  plays i n  
non-neuronal c e l l s .  
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A22 GUANINE NUCLEOTIDES AND RAS p z i  PROTEINS MODULATE PHSPHORYLATION OF 36 AND 17 KD 
PROTEINS I N  SUBCELLULAR FRACTIONS. Joseph M. Backer, and I. Bernard Weinstein,  
Comprehensive Cancer Center ,  Columbia Un ive r s i ty ,  N . Y . ,  N . Y .  10032. 

We have found t h a t  when membrane f r a c t i o n s  i s o l a t e d  from r a t  l i v e r  mitochondria and o t h e r  
c e l l  f r a c t i o n s .  a r e  incubated with [. 
pro te ins .  These p r o t e i n s  toge the r  WL, t h e i r  p r o t e i n  k inasecs )  are re l eased  as a 
200-250KD complex by incuba t ion  of t h e  i s o l a t e d  membrane f r a c t i o n s  at 20°C For 30 
minutes with l D m M  glucose-6-phosphate. 
submicromolar concen t r a t ions  of guanine nuc leo t ides  and by b a c t e r i a l l y  expressed ras p21 
p r o t e i n s .  
i n h l b i t s  pbosphorylat ion of t h e  17KD pro te in .  
phosphorylat ion of both t h e  36 and 17KD pro te ins .  
on phosphorylat ion of t h e  36 and 17KD p r o t e i n s  depend on t h e  s t r u c t u r e  of t h e  guanine 
nuc leo t ide  a s soc ia t ed  with t h e  ras p21 p ro te in .  
p r o t e i n s  may func t ion  by d i r e c t l y  modulating t h e  phosphorylat ion of s p e c i f i c  
membrane-associated p ro te ins .  

These s t u d i e s  were supported by N C I  Grant CA21111 and t h e  Nat ional  Foundation for Cancer 
Research. 

32PlATP t h e r e  is phosphorylat ion of 36 and 17KD 

Phosphorylation of these  p r o t e i n s  is modulated by 

A normal p21 p r o t e i n  s t i m u l a t e s  phosphorylat ion o f  t h e  36KD p r o t e i n  and 
Two transforming p21 p r o t e i n s  i n h i b i t  

E f fec t s  of t h e  transforming p r o t e i n s  

These r e s u l t s  suggest  t h a t  pas p21 

A23 
Sridharan Rajagopalan, Craig A. MacArthur, and Michael W. Lieberman. Department of 
Pathology, Fox Chase Cancer Center, Philadelphia, PA 

hamster thymidine k inase (TK) gene by chemical carcinogens. 
dine-resistant Chinese hamster line with an azacytidine-activdtable TK gene, were treated 
with N-methyl-N'-nitro-N-nitrosoguanidine. 
frequency 50-fold greater than in untreated controls. Grpater than 80% o f  these resistant 
clones express detectable TK enzymatic activity; these TK 
activity (75%) and high activity (25%) groups. Expression of detectable TK activity is 
absolutely correlated with demethylation of deoxycytidine residues in the 5' region of the 
gene. 
associated with demethylation throughout the TK gene i n  all TK allele?. No structural 
changes in the TK gene were detected in the examined high activity TK lines; however,+ 
analysis (with methylation-insensitive restriction enzymes) o f  fifteen low activity TK 
lines revealed four instances of a structural alteration in the far upstream region of the 
TK gene and one instance o f  a low copy amplification of the gene. (Supported by NIH Grant 
CA39392). 

CHEMICAL CARCINOGEN-INDUCED THYMIDINE KINASE GENE ACTIVATION I S  ASSOCIATED WITH 
UPSTREAM GENE ALTERATIONS AND GENOMIC HYPOMETHYLATION. Frederic G. Barr, 

19111. 
We have analyzed the mechanism of activation of an inactive but functionally intact 

RJK92 cells, a bromodeoxyuri- 

Aminopterin-resistant colonies appeared at a 

lines can be divided into low 

Four o f  the five high activity lines show extensive genomic hypomethylation which is 

A24 STRUCTURE AND DIFFERENTIAL EXPRESSION OF @ PROTO-ONCOGENE mRNA I N  MURINE B-CELL 
TUMORS. Timothy P .  Bender and W. Michael Keuhl. NMOB/NCI,  Bethesda, MD. 20814. 

We have examined t h e  s t eady  s t a t e  l e v e l s  of c - m n  mRNA expression in a s e r i e s  of murine 
B-cell  tumors. 
t h e  8 -ce l l  lymphomas and plasmacyromas produce 20->250 fo ld  lower l e v e l s .  The 702/3.12 
p r e  B-cell l i n e  makes a cytoplasmic mu H-chain and can be induced t o  t r a n s c r i b e  kappa L 
chain.  Upon induc t ion  with LPS >95% of the  c e l l s  become su r face  IgM+. Concomi tan t ly ,  
l e v e l s  of c lnamRNA decrease by >90% and a r e  i n  t h e  range seen i n  mature B-cell l i n e s .  
f u r t h e r  c o r r e l a t e  c -mm mRNA expression wi th  B-cell  phenotype hybrid c e l l  l i n e s  r ep resen t ing  
p re  B-cell X B-cell and p re  B-cell X plasma c e l l s  were made. I n  a l l  ca ses ,  pre  B-cell X 
plasma c e l l  hybrids  phenotypical ly  resemble the  more mature plasma c e l l  phenotype i n  both 
Ig product ion and l e v e l s  of c-mmmRNA production. 
phenotypical ly  resemble t h e  l e s s  d i f f e r e n t i a t e d  p re  B-cell  phenotype i n  Ig, J-chain,  I a  and 
c lnyb  mRNA product ion.  
B-cel l  developement. 
i s o l a t e d  and sequenced two overlapping cDNA c lones  from a murine p re  B-cell l i b r a r y  which 
gene ra t e  a composite sequence of 3413 bases of t h e  c - m m  mRNA. 
s i n g l e  long open reading frame which, from t h e  f i r s t  Met codon, has  coding capaci ty  f o r  636 
amino a c i d s  followed by a 1242 base 3' un t r ans l a t ed  region.  S1-nuclease p ro tec t ion  s t u d i e s  
with cDNA and genomic c lones  have demonstrated extreme he te rogene i ty  a t  the  5 '  end of c - m m  
mRNA. The mechanism and b i o l o g i c a l  re levance of t h i s  heterogenei ty  a r e  being examined. 

The p re  B-cell tumors a l l  express  s imi l ia r  high l e v e l s  of c-mmmRNA while  

To 

By c o n t r a s t ,  p re  B-cell X B-cell  hybrids  

Thus, s teady state l e v e l s  of c-mmmRNA c o r r e l a t e s  with the  s t a g e  of 
To i n i t i a t e  s t u d i e s  on the  r egu la t ion  of c - m m  mRNA i n  B-cells we have 

The sequence includes a 
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~ 2 5  CORRELATION BETWEEN INCIDENCE OF DMH(1 ,Z-dimethylhydrazine)INDUCED COLON CARCINOMAS 
AND DNA DAMAGE IN FIVE GENETICALY DIFFERENT MOUSE STRAINS,Claudia Bolognesi and Lidia 
C. Boffa,Istituto Nazionale per la Ricerca sul Cancro,IST,Viale Benedetto XV n.lO, 
16167 Genova, ITALY. 

Mice from strains with widely different susceptibilitiesto the colon-specific carcinogen DMH 
were tested for DNA damage in liver, kidney and colon after administration of the compound 
at a dosage that has been reported to induce high incidence of adenocarcinomas of the colon 
in rodents (50 mg/Kg,single administration). The strains studied were; AKR/J;DBA/Z totally 
resistant to the carcinogen, CD1 intermediately susceptible (60%) ,and SWR/J;C57 BL/6N very 
susceptible. This susceptibility follows Mendelian 1aws.Data are expressed as elution rate 
constant;(K ml-l= In DNA on filter ).Each experiment was repeated five times with duplicate 

DNAd&erminations and included a treated and a matching control animal. 
We found that four hours after administration ofthe carcinogen there was a substantial and 
comparable DNA damage in liver and kidney of all strains examined: K higher than 100 over 
control .The only exceptian wasacomparatively low but still significant 
kidney DNA. Conversly, colon DNA damage was hardly above background control in the carcinogen 
-resistant strains AKR/J :DBA/Z . The highest DNA damage was detectable in the most suscepti- 
ble strain SWR/J (K >90)  while K was about 50 over control for the two other susceptible 
strains C57 BL/6N ;CDl.Susceptibility to QNA breaks couldbe one of the factors accounting for 
genetically determlned carLinogen suceptibillty. 

eluted volume 

value for C57 BL/6N 

826 HETEROGENEITY OF E:-KYC FXPRESSION IN CULTURED HWJJ: EECPUhAL TUMORS. 
E. Bogenmann. Childrens Hospital of Los Angeles. Los Pngcles, CA 40027, USA. 

population:; in regard to all growth, invasive and metastatic potentials. Elr? 
hypothesize that tumors show heterogeneity f o r  gene amplificatior aad expression 
and we have chosen the A-myc oncogene in human neuronal type neoplasms such as 
retinohlastoma and neuroblastoma as mode: systm. 

expression is docyyented by Southern and Northern blot nnclysis. I n  situ 
hybridization of 
cultured tumors demonstrated extensive heterogeneity of N-myc expression. 
Retinohlastoma and neurohlastoma spontaneously differentLnte in the established 
culture system and we are now analyzing the regulation of N-myr expressfor, during 
dlfferenriation. In situ localization of N-myc in differentiated c~ltures will 
demonstrate correlatiras of cell differentiation and N-myc expression in neuronal 
hurr.an tumors. 

Supported by NIH Grant #EYOh950-03. 

It has long been shown that tumors are composed of heterogeneous ce l l .  

Surgically excised tumors were grown ir. vitro and N-myc amplication an8 

S-dATP labeled cUXA to cytomears or histological secrions of 
_ _ _  

_ _ _  

,127 INCREASED LEVEL OF AMPLIFICATION OF THE C-MYC ONCOGENE IN TUMORS 
INDUCED IN NUDE MICE BY A HUMAN BREAST CARCINOMA CELL LINE - Olivier 

Brisonl, Nazanine Modjtahedil, Christian Lavialle2, Marie-France Poupon', 
Rosa-Maria Landin2, Roland Cassingena2, and Roger Monierl. 1) Institut 
Gustave Roussy, 39 rue Camille Desmoulins, 94805 Villejuif Cedex. 2 )  Ins- 
titut de Recherches Scientifiques sur le Cancer, BP N o  8, 94802 Villejuif 
Cedex, France. Cell line SW 613-S, derived from a human breast carcinoma, 
contained double minute chromosomes (DMs) but lost them upon in vitro 
cultivation. These cells were tumorigenic in nude mice. Cell lines were 
derived from the tumors and were found to have a high DM content. In 
three such cell lines, DMs were stably maintained upon in vitro cultivation 
whereas in another they were lost. The c - z  oncogene is amplified 5- to 
10-fold in SW 613-5 and 20- to 90-fold in the different cell lines derived 
from the tumors. The additional c--copies were found associated with a 
purified DM fraction. In cell lines which lost the DMs during in vitro 
passages the level of amplification was maintained. In situ hybridization 
experiments indicated that this loss was compensated by the acquisition of 
copies of the c-mx gene integrated into a chromosome. No major rearrange- 
ment of the amplified c-- was detected. The amount of c-= mFWAs is 
roughly proportional to the level of amplification. Our results indicate 
that growth of SW 613-5 cells as tumors in nude mice selected cells with an 
increased level of amplification and expression of the c - u  oncogene. 
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A28 
Dept .  of Micmbiology ard hmmolcgy, ulllversity of Qlifonua, San Francisco, CA 94143. 

'Ihe majority of m a r m ~ l r y  b r s  induced by Mcuse Mamnry nmDr V i r u s  in C3H mice are 
clonal a l b p x b s  of cells in w h i c h  an m pmvirus has rnserted adjam to the int-1 
g a .  
iwliatea in tuwrigenesis. 

In order to investigate directly the function of -1 we have anskwtd M L V - M  
retrwirus vectors containing the -1 gene wether with a necnrycin resistance marker, d 
used the viruses to infect a ~~nnrary epithelial cell line in d t u r e .  Y 2  packaging cells 
were infected with helpx-free MLVint neo virus st0c)Cs derived fruu the -ic 
packaging cell line PA12, an3 single cwlonies were selected with 6418. Arnlysis of the 
proviruses in the Y 2  cells indicated that the three int?xms Of the int-1 gene had been 
efficiently mmvei by splicing. Helper-- virus fran these Y Z  4 1 s  was ttm used to 
infect the m a r m ~ l r y  epithelial cell line GRP;, derived frcan the mnrd ~~mnary gland of a 
c57 m x s e .  'he uninf- cells have a mar cuboidal appearance at anfl-, while 
cells infected with the int neo virus were strikingly mre elmgatea d refractile. cells 
infected with a control virus, containing a f d f t  nartation near the start of the -1 
coding region, appeared similar to the uninfectd cells. 
therefore specific for -1. other transformation paramters in these cells are currently 
under investigation. 

-ION OF ?HE RTIIATNE MAMMARY waxma 1~p-1  WSE A rnmrn~w CWLNGE M 
M Y  CELLS. Anth?ny M : C . r n ,  -, a d  Harold E.Varrms. 

?he proviruses appear to activate expression of -1 FUiA, and the gem is W l y  

m e  mrphologid change is 

A29 A MONOCLONAL ANTIBODY SPECIFIC FOR AN ACTIVATED RAS P21, W.P. Carney, D. Petit, 
P. Hamer. H. Wolfe. G. Cooper, and H. Rabin, E.I. DuPont deNemours. Biomedical 
Products Department, No. Billerica, Mass. 01862, Dept. of Pathology, Cancer 
Tufts New England Medical Center, Boston, MA, and Dept. of Pathology, Dana 
Farber Cancer Institute. Boston, MA. 
Activated ras transforming genes encode proteins with amino acid substitutions 

at positions 12. 13 and 61 and have been detected in 10-20% of human neoplasms. Since the 
products of activated ras genes are structurally distinct from their normal homologs we 
investigated the feasibility of developing MOAbs which react specifically with activated 
ras proteins at position 12. A MOAb. designated DWP, was raised against a ras-related 
synthetic dodecapeptide corresponding to amino acids 5-16 of an activated ras p21 con- 
taining valine rather than the normal glycine at position 12. In order to biochemically 
define the specificity of DWP, cellular p21s containing various amino acid substitutions 
at position 12  were evaluated by the Western blot procedure for reactivity with Y13-259, 
DWP or MOPC14I. Results show that DWP reacts with 21s of NIH cells transformed with D A 
from either the activated EJ bladder carcinoma (ras ) or the colon carcinoma SW480 (ras ) 
which both encode the valine mutation at position 12. In contrast, DWP did no react with 
cells containing ormal p21 (glycine at 12), or cells transformed by viral ras (serine at 
121, or viral ras' (arginine at 12). 
transformed by activated ras genes encoding either cysteine or asparatic acid at position 
12. 
ras genes in tumors. 

a R1 
R 

In addition, DWP did not react with NIH cells 

DWP may be a valuable reagent in determining the presence and frequency of mutated 

,430 UIFFERENTIAL EFFICIENCIES OF IN VITRO TRANSLATION OF MOUSE C-MYC TRANSCRIPTS 
DIFFERING IN  THE 5'UNTRANSLATED REGION, Andre Darveau, Gobinda Sarkar and Nahum 

Sonenberg, Department o f  B iochemis t ry ,  McGi l l  Un ive rs i t y ,  Montreal ,  Que. Canada H3G 1Y6. 
We have s tud ied  t h e  i n  v i t r o  t r a n s l a t i o n a l  e f f i c i e n c i e s  o f  two murine t r a n s c r i p t s  synthe- 
s i z e d  i n  v i t r o  t h a t  d T f n  the  l eng ths  o f  t h e i r  5' noncoding reg ions  (448 and 83 nucleo- 
tides), When t rans la ted  i n  a r e t i c u l o c y t e  t r a n s l a t i o n  system, the  sho r te r  t r a n s c r i p t  t rans -  
l a t e d  10 t imes more e f f i c i e n t l y .  The ex is tence i n  the  human c-myc gene o f  a 75 bp reg ion  i n  
exon 1 h i g h l y  complementary t o  a reg ion  i n  exon 2 which cou ld  form a s t a b l e  h a i r p i n  loop i n  
t h e  mRNA was p r e v i o u s l y  repo r ted  (Sa i to ,  H. ct. 1983, PNAS USA, so, 7476-7480). Computer 
a n a l y s i s  o f  p o t e n t i a l  mRNA secondary s t r u c t u r e  shows t h a t  t h i s  p u t a t i v e  h a i r p i n  loop 
s t r u c t u r e  cou ld  a l so  occur i n  the  mouse c-myc mRNA. However, c-myc mRNA wi th  l ong  5' non 
cod ing  reg ions  bu t  l a c k i n g  the  75 n t  which a re  i nvo l ved  i n  the  fo rmat ion  o f  t he  h a i r p i n  l oop  
d i d  no t  show increased t r a n s l a t i o n a l  e f f i c i e n c y .  The i n s e r t i o n  o f  these nuc leo t i des  i n  
f r o n t  o f  t h e  sho r t  c-myc t r a n s c r i p t  reduced on ly  s l i g h t l y  t he  t r a n s l a t i o n a l  l e v e l  o f  t he  
message. To see i f  the  5' noncoding reg ion  cou ld  a f f e c t  t he  t r a n s l a t i o n a l  l e v e l  by i t s e l f  
w i t h o u t  i n t e r a c t i n g  w i t h  any o ther  p a r t  o f  t he  c-myc message, we juxtaposed a mdjor p o r t i o n  
o f  t h i s  reg ion  i n  f r o n t  o f  o the r  mRNAs. The i n  v i t r o  t r a n s l a t i o n a l  e f f i c i F n c i e s  of thes: 
messages were g r e a t l y  reduced by the  p r e s e n c e o m i s  reg ion  a t  t h e i r  5 end. The 5 
noncoding reg ion  o f  t he  normal f u l l  l eng th  mouse c-myc mRNA thus  i n t e r f e r e s  w i t h  e f f i c i e n t  
t r a n s l a t i o n .  Rearranged c-rnyc mRNA generated i n  some hematopoiet ic mal ignancies i n  which 5 '  
non cod ing  sequences from exon 1 a re  l o s t  might t h e r e f o r e  be t r a n s l a t e d  i n  v i t r o  w i th  
inc reased e f f i c i e n c y ,  thus  c o n t r i b u t i n g  t o  neop las t i c  t rans format ion .  
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Effect of mutations in the h m  c-myc qene upon transfomtion Dotential, DNA- 
bindim and nuclear localization. Titia de Iarqe, William Iee, James Stone, Gary 

A31 
Rarrsay, J. Michael Bishop and Harold E. Vannus.  cept. Microbial. an3 Irimml., UCSF, San 
Francisco, CA94122. 
In order to define functioml d m h s  within +he c-myc protein we have made 12 linker- 
insertion and 19 deletion mutations in the ding region of the h- c-myc gene. We have 
assessed the activity of these genes in the rat embryo cell co-transformation assay, US? 
EJras as the axprating onmgene. results indicate that at any of 7 positions withm 
the f h t  hethirds of the 439 amino acid protein can be disrupted by insertion of a few 
amho acids without loss of activity. In addition, deletion of the central 25% or of a short 
Sequence near the amin0-terminuS does not affect the transformation potential. In wntrast, 
sequences around amino acid 104 and near the carkoxy-teminus are essential for 
transformation. Ihe same muktxd alleles are being tested for two additional characteristics 
of the c-myc protein: nuclear localization and DNA-birding. ?he results of these d y s e s  
will be presented. 

~ 3 2  THE met ONCOGENE EXPRESSES A TRUNCATED ~ R N A  WITH HOMOLOGY TO THE TYKOSINE 
PROTEIN KINASES. 

Michael Deanl, Morag Park2, Terry S .  Robins1, Donald G. BlairZ, George F .  Vande Woudel 
ILBI-Basic Research Program, 2Laboratory of Molecular Oncology, NCI-Frederick Cancer 
Research Facility, Frederick, MD 21701. 

The met transforming gene was isolated from a chemically-treated human osteosarcoma cell 
line (MNNG-HOS) using the NIH3T3 cell transfection assay. met is unrelated to other known 
oncogenes OK transforming genes and has been mapped to the long arm of human chromosome 7.  
Two classes of =-related transcripts are differentially expressed in human cell lines 
indicating a cell type or tissue-specific mechanism of gene control. We also show that 
the M”G-HOS cell line expresses a new met RNA transcript of 6.5 kb when compared to 
the nontumorigenic HOS cell line. NIH3T3 met transformants express only this aberrant 
RNA which is shorter than either of the met Class 1 (11 kb) or  Class I1 (12 kb) RNAs 
detected in human cells. Mapping data suggest that the 6.5 kb KNA has the correct 3 ’  
Class I RNA end but has an altered 5’ end when compared with the HOS cell RNAs. The 
- met transforming activity therefore is associated with the expression of a truncated 
Class I RNA product. Partial nucelotide sequencing data reveals that the Class I portion 
of mef is homologous to the tyrosine protein kinase oncogenes and growth factor receptors. 
We postulate that the met oncogene expresses a truncated kinase domain of the larger mer 
proto-oncogene product. 

Research sponsored by the National Cancer Institute, DHHS, under Contract No. NO1-CO- 
23909 with Litton Bionetics, Inc. 

A33 THE REGULATED EXPRESSION OF THE C-MYC AND C-MYB ONCOGENES DURING 
ERYTHROID DIFFERENTIATION. 
Gregory H o l l i s ,  and I l a n  K i rsch .  NCI/Navy Medical  Oncology Branch, 
Naval Hosp i ta l ,  Bethesda MO 20814. C e l l u l a r  d i f f e r e n t i a t i o n  i s  a 
c m p l e x  process  and t h e  mechanisms invo lved  a r e  a t  p resent  p o o r l y  
understood. We i n v e s t i g a t e d  t h e  express ion  o f  t h e  genes c-myc, 
c-myb. and a lpha g l o b i h  i n  two mouse ery th ro leukemia  c e l l  l i n e s  
which can be i nduced t o  t e r m i n a l l y  d i f f e r e n t i a t e  when exposed t o  
d ime thy l su l fox ide .  We found a r e c i p r o c a l  r e l a t i o n s h i p  between t h e  
c e l l s  
w e l l  as an e a r l y  t r a n s i e n t  disappearance o f  t he  oncogene messages 
p r i o r  t o  evidence o f  d i f f e r e n t i a t i o n .  We have cons idered a cause- 
e f f e c t  i n t e r a c t i o n  between the  d im in i shed  oncogene message and 
c e l l u l a r  p rogress ion  t o  d i f f e r e n t i a t i o n .  
we have t r a n s f e c t e d  t h e  human c-myc oncogene i n t o  two mouse e r y t h r o -  
leukemia c e l l  l i n e s .  We are  i n v e s t i g a t i n g  t h e  r o l e  o f  t h i s  t r a n s -  
fec ted  p n e  i n  the  d i f f e r e n t i a t i o n  o f  these c e l l s .  

Ethan Dmitrovsky.  Shoshana Segal, 

p roduc t i on  o f  messenger RNA f o r  these oncogenes and g l o b i n  as 

To t e s t  t h i s  p o s s i b i l i t y ,  
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A34 SPECIFIC GROWTH RESPONSE OF pas TRANSFORMED EMBRYO FIBROBLASTS TO 
TUMTP OM T RS G. Paolo Dotto, Luis F. Parada. an2 Rolerf? 1. Weinberg.Whitehead Institute 

Cambridge, Massachusetts 02142 

Chemical carcinogenesis is a process involving multiple steps, as shown in several & 
vivo experimental systems. 
achieved by a single. subthreshold dose of a carcinogen, and promotion, induced by repetitivp 
treatments with a non-carcinogenic tumor promoter. At the cellular level, establishment of 
the transformed phenotype is also a multistep process and activation of several, independ- 
ent genes appears to be required. Here we show that, similarly to in-ttiated cells, primary 
r a t  embryo fibroblasts (REFS) containing a pas but not a oncogene are strongly and 
specifically stimulated to grow by tumor promoters. 
ras-containing REFS acquire the ability to over-grow normal cells in the monolayer and 
form foci with 100% efficiency. Similar to the in vivo situation, promoter effects can be 
blocked by the concomitant application of retinoz acid. 

Two early steps have been well characterized: initiation. __ 

In the presence of these substances. 
- 

A35 LOCALIZATION OF THE CHROMOSOME 21 HU-ETS-2 GENE AND TRANSLOCATION IN t(8;21)  AWL, 
Harry Drabkin] , 2 ,  Margaret Van KeurenTN. Sacchi3, Takis Papas3 
Pat tersonl ,4 .  lEleanor Roosevelt I n s t i t u t e  for  Cancer Research, 2Dept. o f  
Oncology, 4Depts. o f  Biochem., Biophys., Chemistry and Dept. o f  Medicine, U n i v .  
o f  Colo. Health Sciences Ctr., Denver CO 80262; 3Fredericks Cancer Fac i l i ty ,  
Frederick MD 21701 

and David 

We have used somatic ce l l  hybrids to  precisely loca l ize  H u - e - 2  DNA sequences on chromo- 
some 21.  
t ranslocat ion,  t(8;21)q22.l;q22.3), and  a r i n g  chromosome 21 w i t h  a breakpoint a l s o  i n  
21q22.3. 
between the t78;El)  and r i n g  chromosome 21 breakpoints. 
sequence pPW231C which i s  a t  the breakpoint in the r ing  chromosome 21. Hu-ets-2 i s  
t ranslocated in  t (8;21)  AML confirming the reciprocal nature o f  this t ranslocat ion.  
This i s  ERICR #600. This work was supported by HD17449, AG00029, the Milheim Foundation 
for  Cancer Research, a n d  an NCI Clinical Invest igator  Award ( H . D . ) .  

These hybrids contain separately both der ivat ive chromosomes from the AML 8;21 

Hu-ets-2 DNA sequences a re  located i n  band q22.3 w i t h i n  the small overlap region 
Hu-+-2 i s  proximal t o  the  DNA 

A36 THE VIRAL p21 P ~ P J  IS A H"P MITEEX vma s r n m m ! ~ ~  AEBR%XE CYU.ASE 
ACl'IVITY IlJ  'CHE Ji74iUY G PHFlSE OF (ULRTRED PAT CELIS, Jon P. Ixlrkin, D.J. Franks 
and J.F. mitf ie ld ,  Division of Biological Sciences, N a t i d  Researdl Council of 
Canada, Bldg. M-54, bnt rea l  h d  canpls, Ottawa, CaMda KlA OR6 

- tsKNRK rat cells infected with a tenperature-sensitive Kirsten-sar- virus nutant were 
arrested in the Go/G1 state by incubation in serum-free d m  a t  a tenperature (41OC) which 
inactivates the virus' ahorml ly  themlabi le  21 kD RAS protein pr&uct ( ~ 2 1 ) .  
the incubation tenperatme to 36'C reactivates p21 w h i c h  rapidly induces G, transit and INA 
synthesis (8-10 hours la ter)  in these seruwdeprived cells. Reactivating the Viral RAS 
protein also caused a rapid (witkin 1 hr) and transient increase in cellular admylate 
cyclase activity. 
G, transit in serm-deprived, uninfected NRK cells. 
cyclase to GYP a d  to sthulation by forskolin. 
mitcgenic viral RAS protein is able to stirmlate adenylate cfclase and G1 t ransi t  in a 
lMmMlian cell line just as other RFS proteins have ?sxn sham to cb in yeast. 

e i n g  

The 41°C to 36°C shift did not affect the enzyme's activity or stinulate 
RAS activation sensitized adenylate 

'Rius, we denrnstrate that the cmxqenic/ 
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A37 IDENTIFYING RAS AMINO ACIDS INVOLVED I N  GUANINE NUCLEOTIDE B I N D I N G ,  
Larry A.  Fe ig ,  Bin Tao Pan, Tom Roberts and Geoffrey Cooper, Dana Farber Cancer 
I n s t i t u e  Boston, M a s s  02115 

A method has  been developed t o  i s o l a t e  mutant ras p r o t e i n s  t h a t  a r e  d e f e c t i v e  i n  
guanine nuc leo t ide  binding a c t i v i t y .  
expression vec to r  then s e l e c t i n g  f o r  b a c t e r i a  harboring mutant p r o t e i n s  by an i n  s i t u  GTP 
binding assay on lysed b a c t e r i a l  co lon ie s .  The f i r s t  t w o  mutants analyzed revealed t h a t  
r a s  amino a c i d s  119 and 83 in f luence  nuc leo t ide  binding a c t i v i t y  s ince  amino a c i d  s u b s t i t u -  
t i o n s  a t  t hese  sites decreased t h e  Kd of p21 f o r  GTP and GDP by 100 and 30-fold r e spec t ive ly .  
A t  codon 1 1 9 , a s p a r t i c  a c i d  was replaced by asparagine while  a t  codon 8 3  a l an ine  was replaced 
by threonine.  In  DNA t r a n s f e c t i o n  a s says ,  both mutant genes gave r i s e  t o  f o c i  of 
transformed N I H  3T3 c e l l s  with e f f i c i e n c i e s  equa l  t o  t h a t  o f  a wild-type v-rasH gene. 
Apparantly,  t h e  mutant p r o t e i n s  s t i l l  bound GTP i n  vivo s ince  i n  N I H  t ransformants  
t h e  mutant p21s were autophosphorylated t o  t h e  same degee as wild-type v-rasH p21. 

I t  invo lves  randomly mutagenizing a v-rasH b a c t e r i a l  

A38 E X P R E S S I O N  AND ACTIVITY 3F EGF RECEPTOR I N  HEAD AN0 NECK SQUAMOUS CARDINOMA CELL 
LINES. G.E. G a l l i c k ,  P.G. Sacks, S . A .  Maxwell, P..?. Steck, and J.U. Gutterman, 
U n i v e r s i t y  of  Texas M.D. ,Anderson Hosp i ta l  and Tumor I n s t i t u t e ,  Houston, Texas 77030 

growth f a c t o r  recep to r  (EGF-R) i s  f r e q u e n t l y  overexpressed i n  squamous c e l l  Epidermal 
carcinomas, a l t hough  t h e  s i g n i f i c a n c e  o f  t h i s  express ion  t o  t u m o r i g e n i c i t y  remains unknown. 
We have been exa8;lining EGR-R i n  two r e c e n t l y  es tab l i shed  squamous c e l l  carcinomas o f  t he  
head and neck. I n  c e l l  l i n e  183A, express ion  and a c t i v i t y  o f  EGF recep to r  i s  equ iva len t  t o  
t h a t  seen i n  normal e i p t h e l i a l  c e l l s .  I n  c o n t r a s t ,  1483 c e l l s  a re  e leva ted  8-10 f o l d  i n  r a t e  
o f  syn thes is  o f  EGF-R, as determined by me tabo l i c  l a b e l i n g  s tud ies  and 4-6 f o l d  i n  steady 
s t a t e  l e v e l  o f  the  recep to r ,  as determir,ed by immunob lo t t ing  and 1251-EGF b ind ing  s tud ies .  
1483 c e l l s  a l s o  liave an inc reased r a t e  o f  EGF-R degradat ion .  Both  c e l l  l i n e s  produce an en- 
z y m a t i c a l l y  a c t i v e  EGF-4 capable o f  au tophosphory la t ion  i n  immune complex k inase assays. How- 
ever  response o f  enzymat ic a c t i v i t y  t o  EGF s t i m u l a t i o n  i s  decreased i n  1483 c e l l s ,  w i t h  o n l y  
a 2 f o l d  s t i m u l a t i o n  o f  a c t i v i t y  observed, compared w i t h  a 6 f o l d  s t i m u l a t i o n  observed i n  
183A c e l l s .  Poss ib le  explanat ions f o r  these r e s u l t s  i n c l u d e  t h a t  EGF recep to rs  o f  1483 c e l l s  
may be "ac t i va ted "  independent ly  o f  EGF b ind ing ,  e i t h e r  because an a l t e r e d  form o f  t he  r e -  
cep to r  i s  synthesized, o r  because o f  c o o p e r a t i v i t y  between EGF recep to rs  on the  c e l l  su r face .  
I n  a d d i t i o n  t o  EGF recep to rs ,  l e v e l s  o f  pZ l ras  were a l s o  inc reased approx imate ly  20 f o l d  i n  
1483 c e l l s  w i t h  respec t  t o  183A c e l l s .  These r e s u l t s  suggest t h a t  changes in EGF recep to r  
express ion  migh t  be assoc ia ted  w i t h  a l t e r e d  c-E gene express ion ,  a p o s s i b i l i t y  under 
i n v e s t i g a t i o n .  

A39 

Phorbol  ester(TPA) has been shown t o  induce d i f f e r e n t i a t i o n  o f  mye lo id  c e l l s .  Th i s  i n d u c t i o n  
i s  presumed t o  be mediated by  p r o t e i n  k inase C, which i s  a l s o  a c t i v a t e d  p h y s i o l o g i c a l l y  by 
d i a c y l g l y c e r o l  (DAG). The m idd le  T an t i gen  o f  polyoma v i r u s  i s  i n v o l v e d  i n  t rans fo rma t ion  
and tumor igenes is  i n  animals and i n  c u l t u r e .  The i n  v i t r o  t rans fo rm ing  a c t i v i t y  i s  s t r o n g l y  
c o r r e l a t e d  w i t h  i t s  a b i l i t y  t o  induce phosphory la t i on  o f  p h o s p h o t i d y l i n o s i t i d e s ,  i n c r e a s i n g  
i n o s i t o l  t r i phospha te  and DAG second messenger l e v e l s  i n  c e l l s .  We have evidence t h a t  t h e  
polyoma midd le  T an t i gen  induces c e l l u l a r  d i f f e r e n t i a t i o n  o f  murine myelomonocyt ic c e l l s  
i n t o  macrophages i n  c u l t u r e ,  thus  mimick ing  the  e f f e c t  o f  TPA. Midd le  T cDNA was i n s e r t e d  
i n t o  a r e t r o v i r a l  v e c t o r  (pZIPNeoSV(X)l), c o n t a i n i n g  the  cod ing  r e g i o n  f o r  neomycin r e s i s t -  
ance. Th is  c o n s t r u c t  was i n t roduced  i n t o  a myelomonocyt ic c e l l  l i n e ,  M1. The G418- res is tan t  
m idd le  T - in fec ted  c e l l s  were shown t o  produce t h e  m idd le  T p r o t e i n  by  immunoprec ip i ta t ion .  
By imuno f luo rescence  f low cy tomet ry  ana lys i s ,  t h e  m idd le  T - in fec ted  c e l l s  were shown t o  ex- 
Dress a d i f f e r e n t i a t i o n  marker,  t h e  recep to r  f o r  complement C3bi (Mac-1), on the  c e l l  sur face .  
The amount o f  Mac-1 p resen t  on these c e l l s  i s  comparable t o  t h a t  o f  t he  M1 c e l l s  induced t o  
d i f f e r e n t i a t e  w i t h  o t h e r  s t i m u l i .  C e l l s  i n f e c t e d  w i t h  a r e t r o v i r a l  v e c t o r  by i t s e l f  o r  a 
v e c t o r  c o n t a i n i n g  polyoma l a r g e  o r  smal l  T an t i gen  cDNA, o r  a vec to r  con ta in ing  SV40 l a r g e  T 
an t i gen  were negs t i ve  f o r  a c t i v a t i o n  o f  Mac-1 express ion  o r  express ion  o f  any o t h e r  d i f f e r -  
e n t i a t i o n  c h a r a c t e r i s t i c .  Ke a r e  i n v e s t i g a t i n g  t h e  mechanism o f  a c t i v a t i o n  o f  d i f f e r e n t i a t -  
i o n  ipduce by t h e  v i r a l  oncogene, polyoma midd le  T an t igen.  

V i r a l  Oncogene A c t i v a t i o n  of Macrophage D i f f e r e n t i a t i o n  i n  v i t r o .  
ton,L Sastre,  FJ King, TS Spr inge r  and TM Roberts.  

CE Gee,V Chering- 
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~ 4 0  N-w EXPRESSION IN NORMAL FETAL RETINA AND RETINOBUSTOMA: NEW CLUES ABOUT THE 
TARGET CELL FOR RETINOBLASTOMA TUMORIGENESIS, Audrey Goddard, Jeremy Squire, Marc 
Cantor, Brenda Gallie, Robert Phillips, Dept. of Medical Biophysics, University of 
Tornnto, and the Ontario Cancer Institute, Toronto, Canada M4X 1K9. 

The childhood rye cancer retinoblastoma (RB) can be transmitted as an autosomal dominant 
gene. RE tumors probably arise from an embryonic retinal precursor cell. Recently there 
have been reports of gene amplification and expression of the oncogene N-myc in two of the 
childhood neuroectodermal tumors, RB and neuroblastoma. I n  our studies o f B ,  we found 
that N-myc gene amplification was rare (1 of 16 previously unpublished tumors), however 
Northernblotting demonstrated the N-myc RNA was present in all tumors tested ( 6 / 6 )  and was 
also expressed at similar levels in human fetal retinas of 6-12 week gestational age. 
Densitometric measurements indicated that the tumors with diploid N-% genes ( 4 / 6 )  still 
had high levels of N-myc RNA (10-30%) when compared to tumors with N-myc amplification 
( 2 / 6 ) .  
conferring increased tumorigenicity but proba- results from the normal cellular 
expression levels present ip target retinal progenitors. Recent evidence suggests that RB 
is a recessive gene at the cellular level; one possible function of the normal product of 
the RB gene may be the suppression of oncogenes during retinal differentiation. Specific 
genomic amplification of N-myc implies that N-myc may have functional importance to some 
tumors, however the low frequency we have observed suggests that this mechanism is not as 
significant in RB as it is in neuroblastoma. 

We conclude that the expression of N-myc in RB is not a late activation event 

~ 4 1  MOLECULAR CLOKIKG OF THE mu GENE: ABSENCE OF GROSS STRUCTURAL CHAKGE 
IN ONCCGENIC ALLELES,Mienaie Hung,Fierre-Yves M. Chevray,Cornelia 

I. Bargmann,Alan L. Schechter,David F. Stern and Robert A. Weinberg 
Whitehead Institute for Biomedical Research,Cambridge,DlA 02142 
The neu gene is distantly related to the erbB gene and encodes a cell surface 
p r o t z  that appears to function as a @ - o x  factor recptor. In order to 
study the mechanisms that caused the conversion of the normal neu gene to 
an oncogenic alleles, we have isolated molecular clones of t h e x u  oncogene 
as w e l l  as a clone of the corresponding protooncogene. The tranzrming neu 
oncogene and the proto-neu gene clones exhibit identical restriction enzyme 
patterns. Amplification-??? the proto neu gene in N I H 7 T 3  cells via cotrans- 
fection with a dihydrofolate reductasGene resulted in methotrexate- 
resistant colonies that produce high levels of normal neu-encoded, P I 8 5  
protein. In contrast to cells carrying l o w  levels of theoncogene-encoded 
protein, these cells appeared normal. The results suggest that the lesion 
that led to activation of the neu gene is a minor change in DKA sequence 
and is apparently located in theprotein-encoding region of the gene. We are 
now in the process of determining the molecular alteration(s) that 
distinguish the proto-= and oncogenic forms of E. 

~ 4 2  CHARACTERIZATIONS OF ANTIGENS RECOGNIZED BY HUMAN MONOCLONAL ANTI- 
BODIES TO MAMMARY CARCINOMA CELLS, Ashraf Imam and Clive R. Taylor, University of 
Southern California, Los Angeles, CA 90033 

The aim of this study was to generate and identify human monoclonal antibodies to  autologous 
mammary carcinoma cells by the host's immune response. Hence, t he  lymphocytes from lymph nodes of 
3 patients with netastat ic  mammary carcinomas were hybridized by fusing them with a non-secreting 
variant of murine myeloma cells. A total  of 19 immunoglobulin G and 5 immunoglobulin M human 
monoclonal antibodies which showed strong reactivity to mammary carcinoma cells in tissue sections by 
an indirect immunoperoxidase staining method were obtained. Two immunoglobulin G monoclonal 
antibodies (designated AW-5G and RR-2G) were selected, on the basis of their strong reactivity to the 
tumor cells, to identify their corresponding antigens and to  study their patterns of binding and 
specificity to cells in formalin-fixed and paraffin-embedded tissue sections of a) primary and regional 
metastatic infiltrating and lobular breast carcinomas, b) benign breast  disease and c) normal breast. 
Under these coniitions, the malignant mammary epithelial cells were discriminated from their normal 
counterparts. 'he antibodies reacted with variable intensity to cytoplasmic components of the  
malignant cells and only weakly with benign breast disease. The lymphocytes, monocytes and 
erythrocytes were unreactive. The antibodies AW-5G and RR-2G immunoprecipitated a phosphoprotein 
component (M = 29,000), and two protein components (M = 31,000 and 34,000) respectively from 
lysates of intrfnsically labelled human mammary carcinomarcell line (MCF7). Thus, these antibodies 
appear t o  be useful to identify and characterize both structurally and functionally their corresponding 
antigens which a r e  present in elevated levels in malignant cells of mammary gland. The mechanism by 
which these components may regulate growth and/or differentiation of tumor cells is  being studied. 
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M. Introna, T. A. Hamilton, R. E. Kaufman, G. Strassman, D. 0.  Adams, R. C. Bast; Duke 
University Medical Center, Durham, NC 

following stimuli which induce proliferation of nonmalignant cells. Expression of the same 
oncogenes also varies during differentiation of immature progenitors to functionally mature 
cells. We have studied the behavior of c-fos and c-myc in a different setting, i.e., the 
functional activation of fully differentiated, non-proliferating murine peritoneal 
macrophages. Triggering of functional activation in these cells following expression to 
lipopolysaccharide (LPS), alters the expression of the c-fos and c-myc oncogenes. After 
exposure to LPS (20 ng/ml), at least four phases could be distinguished: 1) a prompt 
disappearance of RNA messages for c-fos and c-myc, 2)  a peak of newly transcribed mRNA 
for both genes, 3) a subsequent disappearance of the signal, and, 4 )  a re-accumulation 
of mRNA. A similar pattern of c-fos and c-myc expression could be induced with PMA, 
suggesting that some of the effects of LPS could be mediated through protein kinase C. 
Macrophages did not proliferate when exposed to LPS and changes in c-fos and c-myc RNA 
could not be attributed to cell-cycle related activation, but rather with the acquisition 
of the ability to perform specialized functions. 

FUNCTIONAL ACTIVATION OF MURINE PERITONEAL MACROPHAGES WITH BACTERIAL 
LIPOPOLYSACCHARIDE ALTERS EXPRESSION OF C-FOS AND C-MYC ONCOGENES 

Evidence has accumulated that c-fos and c-myc transcription increases transiently 

A44 THE HUMAN N-myc GENE IS CLOSELY RELATED IN ORGANIZATION AND NUCLEOTIDE 
SEQUENCE TO THE c-- GENE, Nancy E. Kohl, Edith Legouy, Connie E. Gee, 
Ronald A. DePinho, Perry Nisen, Russell Smith and Frederick W. Alt, 

Columbia University, New York, NY, 1 0 0 3 2 .  

We have determined the structure of the human N-myc gene and the nucleotide 
sequence of its mRNA product. N--, like c-myc,'is organized into three 
exons. Both genes share the remarkable property of having a large, untrans- 
lated leader sequence encoded primarily by the 5' exon, although no homology 
is detected between the non-coding exons of the two genes. Translation of 
the putative N-myc protein initiates near the 5' end of the second exon and 
continues for 4 6 4  amino acids. Comparison of the deduced amino acid sequence 
of this protein with that of the human and viral - proteins indicates that 
the three proteins share regions of significant homology in the domains en- 
coded by both exons 2 and 3 .  These data provide evidence for the classifi- 
cation of N-- as a member of the - family o f  proto-oncogenes. 

A45 PROTEIN-TYROSINE KINASE ACTIVITIES OF TRUNCATED EGF RECEPTOR PROT INS PRODU ED BY 

Joseph Schlessingerl. 
Science, Rehovot 76100. Israel and ZEuropean Molecular Biology Laboratories, 
Hei delberg , Germany. 

ACUTE OR CHRONIC RETROVIRAL INFECTION. I r i t  Laxl, Richard M. Kris\. H. Beug 8 and 
1Department of Chemical Immurnlogy. The Weizmann Ins t i tu te  of 

Subversion of the mitogenic signal through expression of a truncated EGF receptor seems t o  
be involved in transformation by the onco enic protein, v-erB. carried by the acutely t rans-  
forming avian erythroblastosis v i rus  (AEV?.  This protein possess extensive homology with the 
protein-tyrosine kinase domain of both the human EGF receptor as well as members o f  the 
protein-tyrosine kinase family of oncogenes. 
protein-tyrosine kinase activity.  
by promotor-insertion of the chronically transforming avian leukosis virus (ALV) into the 
c-erB (EGF receptor) gene. 
were analyzed and compared t o  the EGF receptor and v-erB protein. 
produced truncated proteins of 78,000 MW and 88,000 MW which are immunoprecipitated by anti- 
serum which recognize the c-terminal domain of the EGF receptor. 
become phosphorylated upon the addition of ATP (gamma 32-P). 
acute and chronic retroviruses u t i l i ze  a common pathway fo r  transformation. 
expressed i n  the leukemias are similar t o  the avian EGF-receptor w i t h  respect t o  the i r  phos- 
phopeptide map t h u s  apparently lacking the c-terminal deletion characterist ic o f  V-erB, t h u s  
suggesting that th i s  deletion i s  not required for the induction of erythroblastosis. 

Indeed, the v-erB protein contains measurable 
Chicken erythroblastosis i s  thought also t o  be mediated 

The v-erB related proteins t h a t  are produced by the ALV leukemias 
The two leukemias analyzed 

These truncated proteins 
Thus. i t  seems likely that 

The proteins 
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A46 ENHANCED EXPRESSION OF c-myc ONCOGENE IN PAPILLOMAVIRUS ASSOCIATED CARCINOMAS OF 
THE UTERINE CERVIX AND m PRONOSTIC SIGNIFICANCE. Guy Riou. Michel Barrois, 

Martine George' Jean-Pierre Wolff* and Gerard Orth**. Laboratoire de Pharmacologie 
Clinique et Moleculaire *Service de Gynecoloyie Institut Gustave Roussy. 94800 Villejuif 
et **Unite des Papillomavirus (INSERM U 190). Institut Pasteur. 75015 - Paris (France). 

The expression of the c-myc oncogene was studied in 41 specimens of invasive squa- 
mous cell carcinomas of the u t K n e  cervix at different clinical stages. HPV DNA sequences 
were detected in 90 % of  the tumor samples. Total RNA was analyzed by the Northern blot 
hybridization technique and the c-myc transcripts were revealed by hybridization with the 
third exon (Eco RI - Cld 1 DNA fragment) of the human c-myc oncogene The presence of a 
2 4 kb c - m y c m A  was s x w n  in all RNA samples analyzed aiibwith a weak intensity in the 
RNA extracted from normdl human tissues (cervix thyroid and lung) The level of c-myc 
expression was evaluated by dot blot analysis. A 4-21 fold enhanced transcription of c-mvc 
gene was observed i n  319 stage 1 6/11 stage 2 .  10/12 stage 3.  313 stage 4 and 515 recur- 
rent tumors and in one lymph node metastatic tumor These results strongly suggest that 
the activation of the c-myc oncogene is associated with tumor progression. Furthermore, a 
rapid evolution towards =re advanced disease was observed in 6 out of the 9 tumors o f  
stage 1 or 2 with high levels of c-myc RNA. This suggests that the overexpression of the 
c-myc gene is a factor of clinicalpronostic significance for carcinomas of the uterine 
c e z x  at stages 1 and 2 

A47 CIS COACTIVATION OF QUIESCENT METALLOTHIONEIN GENES BY CARCINOGENS IS ASSOCIATED 
WITH DEMETHYLATION OF SEQUENCES UPSTREAM OF THE GENES. 

Hawley, and Michael W. Lieberman. Fox Chase Cancer Center, Philadelphia, PA 19111. 
We have studied the activation of transcriptionally quiescent metallothionein (MT) 

genes in cadmium-sensitive S49 mouse lymphoma cells by carcinogens. Treatment of MT S49 
cells with ultraviolet radiation, N-ethylnitrosourea, or N-acetoxy-2-acetylaminof lporene 
results in up to a 20-fold increase in phenotypically stasle cadpiurn-resistant (Cd ) vari- 
ants. 
of the MT 
studies show that the MT genes are transcriptionally co-activated in MT-I /MT-I1 variants 
and that the coactivated MT genes are coordinately regulated by cadmium at the transcrip- 
tional level. 
trans factor(s) necessary for basal and cadmium-regulated expression o f  a gene linked to a 
MT-I promoter and other upstream sequences. This suggests that carcinogen activation of 
the linked Mi genes in S49 cells occurs by mechanisms which ultimately act in cis. 
ylation at Hpa I 1  sites upstream of the MT genes is correlated with activation, supporting 
the concept o f  cis activation. 
rearrangements of the MT locus. 
MT genes in MT- S49 cells by mechanisms which act in cis and result in demethylation 
upstream of the expressed genes. 

Craig A. MacArthur, Teresa 

Stpady state RNA analysis reveals that over 70% o f  the Cd variants make MT RNA, and 
variants, nearly 50% make both MT-I and MT-I1 RNA. Nuclear trqnscrip$ion 

Using a transfection assay, we have shown that MT- S49 cells contain any 

Demeth- 

We detected no insertions, deletions, amplifications, or 
Hence carcinogens transcriptionally coactivate quiescent 

(Supported by NIH Grant CA39392). 

ALTERATION OF c-fes EXPRESSION DURING INDUCED DIFFERENTIATION OF HUMAN LEUKEMIC 
CELLS. 
University of British Columbia, Vancouver, B.C., Canada and Department of Medical 
Genetics, University of Toronto, Toronto, Ontario, Canada. 

Ian MacDonald, Julia Levy, and Tony Pawson*. DepartQent of Microbiology, 
A48 

The retroviral fes(fps) oncogene encodes a transforming protein with an associated tyrosine 
kinase activity. By employing a cross-reactive rat anti-P140gag-fps serum we imunoprecip- 
itated and characterized a 92Kd protein from normal and leukemic human cells. This protein 
was designated ~ 9 Z c - ~ ~ ~  on the basis of similarity of M.W. with known feslfps proteins, 
tyrosine kinase activity, and comparative proteolytic mapping data with known viral and 
cellular fes proteins. The expression of p92c-fes was found in humans to be limited to 
hematopoietic cells and cell lines, and this protein could be detected in both normal and 
leukemic leukocytes. 
ic cross-reactivity to p92c-fes and possessing tyrosine kinase activity. 
protein was not hematopoietic specific since it was expressed in many non-hematopoietic 
cells. The tumour promoter TPA(tetradecanoy1-phorbol-myristic acetate) causes some human 
leukemic cells to differentiate, and the effect of this agent upon c-& expression has been 
examined and the data will be presented. A l s o ,  our observations of c-fes expression in TPA- 
responsive and TPA-unresponsive cell lines will be reviewed. 

In addition to p92c-fes we also identified a 94Kd protein with antigen- 
However, this 94Kd 
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A49 ARE ‘as PROTEINS INVOLVED IN POLYPHOSOINOSITIDE BREAKDOWN? Veeraswamy 
Manne and  Hsiang-fu Kung, Hoffmann-La Roche  Inc., Depar tment  of Molecular Oncology, 
Nutley, NJ 07110. 

Polyphosphoinositides play an  important role in signal transmission for a major group of hormones, 
neuro t ransmi t te rs  and growth  factors.  T h e  ear l ies t  response d e t e c t e d  upon t h e  interaction of t h e  
ligands with the i r  receptors  was t h e  breakdown of phosphatidylinositol 4,5 biophosphate in to  inositol 
tr iphosphate and diacylglycerol, ca ta lyzed  by phospholipase C. Both inositol tr iphosphate and 
diacylglycerol have been proposed to act as second messengers. The  na ture  of proteins involved in t h e  
coupling of receptors  t o  phospholipase C is unknown. However, severa l  lines of indirect  evidence 
strongly suggest tha t  a GTP-binding protein is involved. The  H a - E  g e n e  product, p21, which i s  
involved in t h e  control of cellular growth i s  a membrane  protein t h a t  binds guanyl nudeot ides  and 
hydrolyzes GTP. Based on t h e  analogy with o t h e r  guanyl n u d e o t i d e  binding proteins, several  groups 
have proposed t h a t  p21 might be involved in t h e  signal transduction process across  t h e  membrane. 
H - r r  p21 proteins synthesized in 2. c+ have been highly purified. ‘At tempts  have been made  to test 
t h e  possibility t h a t  p21 is involved in t h e  coupling of receptors  to phospholipase C. W e  have identified 
t w o  phospholipase C enzymes  in t h e  cytosolic f rac t ion  of platelets.  These  t w o  enzymes  differ in their  
optimum pH, sensit ivity to guanidine hydrochloride and the i r  requi rement  f o r  Ca2+. O n e  of t h e  
enzymes  seems to be spec i f ic  to  phosphatidylinositol whereas t h e  o ther  acts om phosphatidylinositol 
4J-biphosphate preferentially.  W e  a r e  in t h e  process of purifying these  enzymes  to homogeniety and 
will be tes t ing  t h e  e f f e c t  of normal as well as ac t iva ted  r s  proteins on t h e  enzymat ic  activit ies.  

A50 p,, a New KHF Hela ted  Sequence i n  Man: 
&F;yt?lN\~ncer I n s t i t u t e ,  Bethesda ,  MD; 2Roswell Park Memorial I n s t i t u t e ,  

G Mark’, T. Shows‘ and T. See ley2 ,  

H numan t e t a l  l i v e r  l i b r a r y ,  s c r e e n e d  a t  reduced s t r i n g e n c y  f o r  v - ra f  r e l a t e d  
sequences .  r e v e a l e d  inserts r e p r e s e n t i n g  t h e  c - ra f -1  l o c u s  and a novel cUNA. A p p r o p r i a t e  
r e g i o n s  of t h e  n?w gene (&. f o r  & r o t e i n  k i n a s e e q u e n c e )  were sequenced and compared t o  
t h e  o t h e r  Tdf homoloys. & e x h i b i t s  a 70.5% and 72% n u c l e o t i d e  homolow t o  c-raf-1 and v- 
- r a f .  r e s p e c t i v e l y .  a homoloyy of 75% t o  t h e  Comparison of t h e  p r o t e i n  sequences  r e v e a l s :  
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Corporation, Emeryville, C A  94608 and’2Aarhus University, Aarhus, Denmark. 

A MODEL FOR THE TERTIARY STRUCTURE OF p21, TYE PRODUCT O F  THE R$S 
0 COGENE, Frank McCor ick , Brian F.C. lar , Trols F.M. La  Cour , Morten 

Kjeldgaard !? , Lzif Norskov-Lauritsen’ and J e n s  N y b o r 2 ,  ’Dept. of  Human Genetics,  C e t u s  

A model h a s  3een genera ted  for  t h e  te r t ia ry  s t ruc ture  of p21, t h e  product of t h e  r a s  oncogene. The 
model is  based on t h e  te r t ia ry  s t r u c t u r e  of t h e  CTP/CDP binding domain of bac te r ia l  elongation f a c t o r  
EF-Tu, with which p21 shares  sequence homology: 42% of p21 amino ac ids  c a n  b e  aligned with 
identical  o r  conservative substi tutions in EF-Tu. The model pred ic t s  t h a t  p21 consists of a c e n t r a l  
c o r e  of b e t a  shee t  s t ruc ture ,  connec ted  by loops and alpha helices. The guanine nucleotide binding 
region is made  up of four of these  loops (amino ac ids  10-16, 57-63, 115-128 and 144-160). The  
phosphoryl binding domain conta ins  sequences from 10 to 16. This proposal is  supported by 
immunological and genet ic  d a t a  relating to t h e  role of position 12 in GTP binding and hydrolysis. 
Sequences from 57-63 a r e  c lose  to t h e  phosphoryl binding region and may conta in  a s i te  for magnesium 
binding. Amino ac ids  defining guanine specifically a r e  asparagine-I16 and aspar ta te - I  19, and 
sequences around 145 may cont r ibu te  t o  guanine binding. 

W e  have  made  mutants  of human N-ras, expressed in E. coli, t o  test various a s p e c t s  of th i s  model. 
For example,  mutations at I16 or 119 e l imina te  GTP binding. The properties of o ther  mutations in or 
around t h e  proposed C T P  binding s i te  will b e  presented. Using th i s  model, we have been  a b l e  to 
predic t  which regions of p21 a r e  likely to in te rac t  directly with cellular components,  and have  been 
a b l e  to test these  predictions with anti-peptide antibodies aga ins t  t h e s e  regions of t he  proteins. 

A52 TRANSFORMATION O F  NORMAL HUMAN FIBROBLASTS WlTH V-SIS VIA DNA 
TRANSFECTION, J .  Jus t in  McCormick, Dennis G. Fry, and Veronica M. Maher, 
Carcinogenesis Laboratory,  Michigan S t a t e  University, Eas t  Lansing, MI 48824 

The  oncogene (x-e) of simian sarcoma virus (SSV) has  a high degree  of homology to t h e  cellular gene  
f o r  platelet-derived growth  fac tor ,  a potent mitogen for fibroblasts in culture.  The  cellular homolog 
of x - e  has been found to be ac t iva ted  in some human tumors  and tumor ce l l  lines. W e  constructed 
plasmids in which t h e  SSV-provirus is linked to a dominant se lec tab le  marker for mammalian cells,  
i.e., resistance to e i t h e r  Geneticin o r  mycophenolic acid.  W e  used a DNA transfection technique 
t o  insert  this recombinant plasmid in to  normal human fibroblasts. Following selection of an t ib io t ic  
resistant cells ,  we d e t e c t e d  t h e  presence of t h e  t ransfec ted  x - e  g e n e  by hybridization analysis within 
cellular genomic DNA and 4-8 t imes  background levels of sis RNA. The  cells t ransfec ted  with t h e  
recombinant plasmid formed foci,  grew to higher densities, and had a l te red  growth kinetics when 
compared t o  cells t ransfec ted  with t h e  vector plasmid alone. When t ransfec ted  cells were  allowed 
t o  grow in t h e  original dishes without an t ib io t ic  selection, foc i  formed.  T h e  sis t ransformed cells 
had a f in i te  lifespan in cu l ture  and were  not tumorigenic in a thymic  mice. Supported by DOE Cont rac t  
0645. 
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A53 
illey , E. O'Rouke , M. Trahey , M. Stampfer  , M. Kriegler , F. Y C o r m i c k '  and R. 

Clark'. 'Cetus Corportation, I400 Fifty-Third S t ree t ,  fjmeryville, C A  94608, Lawrence Berkeley 
Laboratories,  Building 934, Berkeley, C A  94720, and Fox-Chase Cancer  Center,  7701 Burholme 
Avenue, PhiladelJhia, P A  1911 1. 

Transf rmation of H r a n  Mammar Epithelial Cell2 with Oncogen Retroviruses, R P I 'F 

W e  have been developing a n  assay for mammary  carc inoma oncogenes. A ce l l  line (184-AI) 
derived by benzy(A)pyrene t r e a t m e n t  of cu l tures  normal human breas t  cells  was used as a n  oncogene 
recipient. To de termine  se lec t ive  c r i te r ia  for oncogenically transformed 184-A1 cells, known 
oncogenes (ras, nos and SV40 T antigen) were  introduced via murine retroviruses. Each of t h e s e  
oncogenes enabled t h e  184-A1 ce l l s  t o  grow in a se lec t ive  medium. This result  demonst ra tes  the  
potential  uti l i ty of these  ce l l s  for  oncogene de tec t ion  and isolation. Acquisition of anchorage 
independence by t h e  viral transformants will also b e  discussed. 184-A1 ce l l s  transformed by v-Ha-ras 
were  found to b e  weakly tumorigenic in nude mice  while 184-A1 ce l l s  transformed by SV40 T-antigen 
were non-tumorigenic. Transformants containing both oncogenes, however, were  strongly 
tumorigenic. Similarly, v-mos enhanced t h e  tumorigenicity of ras transformants,  especially by 
increasing their  m e t a s t a t i c  potential. These results demonst ra te  t h e  stepwise acquisition of t h e  fully 
malignant phenotype by primary human mammary  epithelial  cells  in vitro. 

A54 SPECIFIC INTERACTION BETWEEN p53 AND MAJOR HEAT SHOCK PROTEINS. 
Moshe Oren ,  Dan M i c h a l o v i t z ,  Orit  Pinhasi-Kimhi and Avr i  Ben-Zeev, The Weizmann 
I n s t i t u t e  o f  S c i e n c e ,  Rehovot 76100, I s r a e l .  

T r a n s f o r m a t i o n  o f  c e l l s  by SV40 i s  accompanied by a marked i n c r e a s e  i n  c e l l u l a r  p53 
l e v e l s .  T h i s  i n c r e a s e  i s  due  t o  t h e  s t a b i l i z a t i o n  of p53, probably  v i a  t h e  f o r m a t i o n  of a 
s p e c i f i c  complex between p53 and t h e  SV40 T a n t i g e n .  
of p53 t h e r e  is a l s o  a concomi tan t  s t a b i l i z a t i o n  of t h i s  p r o t e i n .  We now d e m o n s t r a t e  t h a t  
i n  s u c h  cel ls  p53 i s  complexed w i t h  a n o t h e r  c e l l u l a r  p r o t e i n  o f  c a .  70 kd ,  which may account  
f o r  i t s  s t a b i l i z a t i o n .  Fur thermore ,  w e  show t h a t  t h e  l a t t e r  p r o t e i n  i s  i n  f a c t  t h e  semi- 
i n d u c i b l e  h e a t  shock  p r o t e i n  HSP70, and t h a t  p53 f o l l o w i n g  exposure  t o  hea t -shock  can  
complex a l s o  w i t h  t h e  i n d u c i b l e  HSP68. F i n a l l y ,  a t  l e a s t  i n  some p53 o v e r p r o d u c e r s ,  t h e r e  
is a l s o  a s u b s t a n t i a l  i n c r e a s e  i n  c e l l u l a r  HSP70 l e v e l s .  
between HSP70 and t h e  SV40 T a n t i g e n ,  which i s  a l s o  s u p p o r t e d  by some common f e a t u r e s  o f  
t h e s e  t w o  p r o t e i n s .  

I n  non 3 4 0 - t r a n s f o r m e d  o v e r p r o d u c e r s  

These  f i n d i n g s  s u g g e s t  a n  ana logy  

A55 ONCOGENESIS OF PRIMARY HUMAN CELLS BY A COM8INATION OF BK V I R U S  DNA AND THE HUMAN 
Ha-ras ONCOGENE. Mary M. P a t e r  and Alan P a t e r ,  F a c u l t y  o f  Medic ine ,  Memorial 
U n i v e r s i t y  of Newfoundland, S t .  J o h n ' s ,  NF A1B 3V6 Canada 

Pr imary  human embryonic k i d n e y  (HEKI c e l l s  a r e  c u l t i v a t e d  r o u t i n e l y  under  l a b o r a t o r y  
c o n d i t i o n s .  However, t h e s e  cel ls  c a n  be p r o p a g a t e d  i n  c u l t u r e  for  o n l y  t h r e e  t o  f o u r  
p a s s a q e s ,  a f t e r  which t h e  cel ls  s t o p  growing a n d  d i e .  T h e r e f o r e ,  t h e s e  cells  are i d e a l  for 
t h e  s t u d i e s  of m o l e c u l a r  mechanism of oncogenes  by  v a r i o u s  a g e n t s .  W e  have  i n i t i a t e d  
s t u d i e s  o f  t r a n s f o r m a t i o n  o f  t h e s e  c e l l s  b y  t h e  human p a p o r v a v i r u s  BK and  human Ha-ras 
oncogene. W e  have  used  BKV DNA ( c l o n e d  a t  i t s  unique  EcoRI sites i n  t h e  l a t e  r e g i o n  to 
a v o i d  t h e  l y t i c  i n f e c t i o n  of HEK cel ls)  f o r  t r a n s f o r m a t i o n  by  t h e  f o c u s  a s s a y .  The c e l l s  
w e r e  t r a n s f e c t e d  w i t h  BK-pML p l a s m i d  b y  t h e  c a l c i u m  p h o s p h a t e  method. I n d i v i d u a l  f o c i  were 
s e l e c t e d  a f t e r  3-4 weeks and  t h e  s t a t u s  o f  v i r a l  DNA i n  e a c h  f o c i  was examined. A l l  t h e  
foci c o n t a i n  t h e  i n t a c t  e a r l y  r e q i o n  o f  BIN DNA. A l s o ,  a l l  t h e  foci  express t h e  v i r a l  
tumor a n t i g e n s .  However, none o f  t h e  f o c i  are c a p a b l e  of growth i n  s o f t  a g a r .  W e  t h e n  
t r a n s f e c t e d  HEK cells w i t h  a combina t ion  o f  BKV DNA and e i t h e r  t h e  a c t i v a t e d  or t h e  normal 
form o f  human Ha-ras.  Only HEK c e l l s  t r a n s f e c t e d  w i t h  a combina t ion  o f  BKV DNA and  t h e  
a c t i v a t e d  form of H d - r a s  were c a p a b l e  o f  growth i n  s o f t  a g a r .  The s t a t u s  of BKV a n d  Ha-ras 
DNA was examined i n  s e l e c t e d  c o l o n i e s .  A l l  t h e  c o l o n i e s  c o n t a i n  BKV and Ha-ras D N A s  i n  a n  
i n t e g r a t e d  form. A l s o  a l l  the  c o l o n i e s  e x p r e s s  t h e  v i r a l  tumor a n t i q e n s  and  t h e  a c t i v a t e d  
f o r m  o f  Ha-ras.  The r e s u l t s  t h u s  d e m o n s t r a t e  o n c o s e n e s i s  of p r i m a r y  human cells  i n  a m u l t i -  
s t e D  p r o c e s s  r e q u i r i n q  t h e  e x D r e s s i o n  of more t h a n  one  oncogene. 
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A S  
Rlccardo Dallsfavera. bpt. of Pathalcgy,Kaplan Cancer Center, &w York hlverslty School of MBdlclne, b w  York. 
NY, oax)6: *Pedlatrlc Oncology Branch. Natlonal Cancer Instltute. Bethesda, W ,  20205. Structural analysls of 
translocated cmyc gene I n  a feu cases of Burkltt lymphoma (BL) showed that dlfferent types of structural altera- 
tions. 1.e. truncatlonr and sanatlc mutatlons can occur I n  thls locus. In order to galn  canprehenslve Information 
on the type and locatlon of these alteratlcns. re have mgped them In  3s BL cases by Southern blot hybrldlzatlon. 
Our results lndlcate that : I > I n  BL caws dlsplaylng cmyc truncatlons,the bmakpolnts cluster In  an area contaln- 
Ing the flrst awon, Its 5' flanklng replon and the flrst lntron; 2) In Bi caws when, the cmyc locus Is Intect, 
yet mutatlcns of the translocated gene are detectable In  the sane region as mstrlctlon enzyme polymorphlsms. 
kreover, we observed a strlct cormlatlon betreen the type of structural alteratton and epldemlologlcal type of 
BL. nanely mutattons rlthln an Intact c-myc locus have been  found In  endemlc (Afrlcan t y p e )  caws of BL. whlle 
sporadlc (herlcan type) cases of €4. dlspayed cmyc truncatlcns. The detectlon of structural alteratlons of the 5' 
rcglon of the cnyc gene In a l l  FL studled prempted us to awanlne the role of thew Mquenws In  cmyc regulatlon. 
Ye haw, constructed rscanblnant plavnlds In  which the cmyc flrst exon and dlfferent portlons of 5' flanklng se- 
quences drlve the sprpn,sslon of the becterlal gene codlq for chloranphenlcol acetyl transferase (CAT). CAT actlv- 
tty has been tested I n  a translent awpmsslon assay upon transfectlon In NIH/3T3 and tbgb cells. In these cells, 
relatlvely lor levels of CAT awpresslon rem observed rlth nyc %ton oontalnlq a 250 bp fragment In  front of the 
flrst =on. 5' or Internal deletlons of thls frqmnt led to a 5 to a I0 fold Increase In CAT awpmsslon. Thls flnd- 
Ig suggests the presence of a negatlve repulato~ elenent In the 5' flanking reglon of the cmyc gene. G I v e n  thls 
locatlon, It Is llkely that the regulatlon occurs at the trascrlptlonal level. as suggested by prellmlnary m n w f f  
trascrlptlon awperlments. Alteratlons of thls mglon by tmncatlons or mutatlons may Involved I n  the octlvatlon of 
the translocated cmyc gene. 

SIRRUCTURAL AND FUNCTIONAL STUDIES ON THE MECHANISMS Cf cmyc ACTIVATION IN BURKITT LYWPHOMAS. 
PIer-Gluseppe Pellccl, Lu lsa  Lanfrancone, Ethel Cesannan, Danlel H. Knorles. Ian 7. Hqrath' and 

THE ACTIVATED HUMAN Ha-ras ONCOGENE CAN BE SILENCED BY IN VITRO METHYLATION. 
Marco A. Pierotti, Maria G. Borrello, Italia Bongarzone, Rosangela Donghi, Piera 
Mondellini and Giuseppe Della Porta. Div. of Exp. Oncology A, Istituto Nazionale 
Tumori, Via Venezian 1 - 20133 Milano. 

We investigated whether the transforming version of the human Ha-ras oncogene, activated 
by a G-T transversion at the 12th codon, belongs to the class of mammalian genes whose 
activity is controlled by methylation. The pT24-C3 plasmid was methylated in vitro by MHpa 
I1 and MHha I. Three differently methylated plasmids were prepared, two treated with the 
single enzymes and the third methylated by the two enzymes together. The effectiveness of 
the reaction was monitored analysing the Southern blottlng patterns obtained by digesting 
the treated and untreated plasmids with the two relevant restriction enzymes. In 
transfection experiments on NIH/3T3 cells, we obtained a slgnificant reduction (about 80%) 

of the transforming activity only when the oncogene was double methylated at both Hpa I1 
and Hha I sites. Treatment with 5'-azacytidine, a maintenance methylation inhibitor, of 
NIH/3T3 cultures transfected wlth the double methylated gene resulted in a recovery of 
transformation foci similar to that obtained with the control mock-methylated oncogene. 
Our results show that a genetlc activation of human Ha-ras oncogene can be controlled by 
epigenetic mechanisms like the methylation of oncogene specific sequences. 

A57 

A58 RAS GENE ACTIVATION IN RAT T l M X S  INDEED BY VARIOUS BENZIDINE DERIVED DYES, 
Steven H. Reynolds, Robert M. Maronpot, John H. Mennear, *Stuart A. Aaronson and 

Marshall W .  
Triangle Park, NC 27709 and *The National Cancer Institute, Bethesda, M) 

Dimethoxybenzidine ( C M I )  and dimethylbenzidine (EM) are used to synthesize dyes such as C.I. 
Direct Blue 15 and C.I. Acid Red 114, respectively. 
metabolically degraded to DMO or DM in the intestinal tract of rodents and subsequentially 
LNO and LN are absorbed into the blood stream. 
in the drinking water. 
of activated oncogenes by the NIH/3T3 DNA transfection assay. 
detected in 79% (15/19) of the squamous cell carcinmas, basal cell neoplasias, clitoral 
gland neoplasias, and preputical gland neoplasias tested to date. 
transfectant DNA showed that the transforming properties of the rat tumor DNA were due to 
the transfer of an activated cellular homologue of  either the H-ras or N-ras oncogene. 
Radioinmunoprecipitation and SDS-polyacrylamide gel electrophoresis showed that the ras 
proteins from the transfectants exhibited altered electrophoretic mobilities characteristic 
of point mutated ras genes. The altered electrophoretic mobilities o f  the ras proteins 
indicated that different structural mutations are responsible for activation of the H-ras 
gene within the same tumor type. These data suggest that activation of cellular ras genes 
by point mutation is an important step in the induction of tumors, at least in rodents, by 
this class of environmental chemicals. 

Anderson, The National Institute of Environmental Health Sciences, Research 
20692 

These commercially used dyes are 

Animals were exposed to CMO, LN or the dyes 
Tumors obtained from treated animals were examined for the presence 

Activated oncogenes were 

Southern blot analysis of 
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A59 PRELIMINARY CHARACTERIZATION OF A NOVEL RAS ONCOGENE FROM A NATURALLY-OCCURRING RAT TWO? 
Stephen A .  Schwartz and Charles F. Shuler*; The University o f  Chicago, Chicagc, Ill. 
60637; The Ohio State ,University, Columhus, Onio, 54321" 

We previously observed tile malignant transformation of NIH/3T3 cells as well as normal rat 
embryo fibroblasts following a single in-vitro transfection of genomic DNA from a naturally 
occurring rat sarcoma. The malignant nature of the rat cells was confirmed by the formacion of 
tumors in 8-12 week old rats injected as newborns with transfected rat embryo cells. Although 
the efficiency of transfection-transformation of the rat cells was significantly lower than 
for the 3T3 cells, co-transfection with the neo-resistance (Geneticin, G418) gene permitted us 
to isolate and propogate rat cells successfully transformed. Digested DNA from rransfomed 
3T3 and rat embryo cells was blotted and hybridized to a varietv of likely oncogene probes. 
New bands of homology were identified when EJ (Ha)-ras was hybridized to both series of 
blots. Northern dot-blotting of cellular RNA confirmed the elevated expression of a Ha-ras 
oncogene in transformed mouse and rat cells. Imunoblots of total cellular proteins were 
similarly reacted against a variety of anti-oncoaene product antibodies. Elevated levels of 
Ha-ras p Z l  product were resolved from the transformed mouse and rat cells. The oncogenic 
DNA was unaffected by prior digestion with Eco RI in transformation assays. Efforts are there- 
fore underway to enrich restricted DNA for the oncogenic sequences by preparative DNA digest- 
i o n ,  electrophoretic separation, transfection, and molecular cloning. Thus, we hope to shortly 
characterize a Ha-ras oncogene in a rat tumor, annarentlv capable of independently transformine 
normal cells of the same species to a malignant DhenotvDe. 

A60 THE INVOLVEMENT OF THE C-MYC GENE IN DIFFERENTIATION OF 
F9 TERATOCARCINOMA STEM CELLS. 
NCI/Navy Medical Oncology Branch, Naval Hosp i ta l ,  Bethesda, MD 
20814. 
The mechanisms invo lved  i n  d i f f e r e n t i a t i o n  a re  a t  present poo r l y  under-  
stood. 
te ra tocarc inoma stem c e l l s  (F9) were induced t o  d i f f e r e n t i a t e  i n t o  
n o n - p r o l i f e r a t i v e  p a r i e t a l  o r  v i s c e r a l  endoderm-l ike c e l l s .  F 9  stem 
c e l l s  were t rans fec ted  w i t h  a plasmid cons t ruc t  con ta in ing  t h e  MoMLV 
LTR, exon I 1  and I 1 1  of t h e  human c-myc, and the  b a c t e r i a l  neomycin 
res i s tance  gene. A f t e r  s e l e c t i o n  w i t h  g e n e t i c i n  (G418) con ta in ing  
media f o r  10  days, two types of s t a b l e  t r a n s f e c t a n t s  were c loned. 
f i r s t  expressed t h e  t rans fec ted  human c-myc sene w h i l e  the  second d i d  
no t .  Analyses of these clones i nc luded  c e l l u l a r  morphology and a 
v a r i e t y  o f  d i f f e r e n t i a t i o n  markers induced f o l l o w i n g  t rea tment  w i t h  
r e t i n o i c  a c i d  and d i b u t y r y l  c y c l i c  AMP. P re l im ina ry  data i n d i c a t e  t h a t  
express ion  of t he  t rans fec ted  c-myc gene may be invo lved i n  b lock ing  o r  
de lay ing  d i f f e r e n t i a t i o n  o f  these c e l l s .  

Shoshana Segal and Ethan Dmitrovsky.  

C e l l u l a r  d i f f e r e n t i a t i o n  is  a complex and m u l t i f a c t o r i a l  process. 

C-myc express ion  has been shown t o  be down regu la ted  when 

The 

A61 TPA (12-O-tetradecanoylphorbol-13-acetate) INDUCES THE TRANSCRIPTION 
OF THE c-myc AND c-fos PROTO-ONCOGENES DIFFERENTLY IN MORTAL, 
IMMORTAL AN~UMORIGENEIC HUMAN UROTHELIAL CELL LINES. 

Jan Skouv, Britta Christensen, J0rgen Kieler and Herman Autrup, 
The Fibiger Institute, Copenhagen, Denmark. 

The effect of the skin tumor promoter TPA has been examined in 3 cell lines 
derived from human urothelium: A) the cell line HU 1752, that is mortal, B )  
the cell line HCV 29, that is immortal but non-tumorigenic, and C) the cell 
line HCV 29T, that is a tumorigenic and invasive cell line derived from HCV 
29.  A single treatment with TPA increased the transcription of the c-fos and 
c-myc proto-oncogenes of HU 1752 at least 50 fold. The response wastran- 
s i z ,  and was accompanied by a rapid and transient change in cell 
morphology. When the HCV 29 was treated with TPA a similar rapid and tran- 
sient morphological response was observed but the treatment only increased 
the c-fos transcription. The cell line HC3 29T responded with a weak morpho- 
logicarchange but neither c-fos nor c-myc transcription was induced by the 
TPA treatment. In none of thehree celllines the expression of c-Ha-ras 
and c-Ki-ras was affected by the TPA treatments. 
Thus humanbladder epithelial cells responded differently to TPA depending 
on the growth characteristics and tumorigenecity of the cells. 
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A62 V - H a - E  COOPERATES IN CHICKEN ERYTHROID AND MYELOID CELL TRANSFORMATION. 
1.3. Stanley, B. Vennstrom, P. Kahn, H. Beug and T. Graf 

Differentiation Programme, European Molecular Biology Laboratory (EMEiL), Heidelberg, F.R.G. 

The ras oncogene is known to be involved in a wide variety of murine and human tumours but 
its role has not been demonstrated orinvestigated in the avian system. To explore the effect 
of ras in primary chicken cells we constructed a replication competent retrovirus containing 
the v - H a - Z  oncogene. 
Infected chicks developed kidney tumours and fibrosarcomas at the site of injection, but 

not erythroleukemia as was observed in mice (1).  Primary chicken embryo fibroblasts showed 
rapid morphological transformation and displayed characteristic transformation parameters. 
In vitro transformation of bone marrow derived erythroid cells with v-Ha-Z yielded ery- 

throid cells with a phenotype resembling that of v-erbB transformed cells(2). Superinfection 
of these cells with the v-erbA oncogene showed a g r x y  reduced potential to differentiate 
as has been observed with erhA in erbB transformed erythroblasts. 
We could not directly transform primary myeloid cells with v-Ha-ras.However,sJperinfection 

of factor-dependent myb or myc transformed avian myeloid cells with v-Ha-ras resulted in cell 
growth in the absenceof ad= growth factor (cMGF) . These superinfected X l s  synthesized 
cMGF as has been described for other oncogenes encoding protein kinases ( 3 ) .  

_ _ _ _  

1. Scher et al. (1975) Nature 256: 225-226. 
2. Frykberg et al. (1983) Cell 32: 227-238. 
3. Adkins et al. (1984) Cell 39: 439-445. 

,463 MALIGNAVT TRANSFORMATION OF A PRENEOPLASTIC HAMSTER EPIDERMAL CELL LINE BY THE EJ 
c-Ha-ras _- ONCOGENE, Richard D. Storer, Robert B. Stein, Joseph F. Sina, John G. 
DeLuca, Henry L. Allen, and Matthews 0. Bradley, The Merck Institute for 
Therapeutic Research, West Point, PA 19486 

Recent studies with a Syrian hamster epidermal cell transformation system have rndicated 
that both non-tu-origenic and tumoriqenic cell lines can be derived by treatment of primary 
cultures with chemical carcinogens and subculturing of altered foci of proliferating cells. 
We have investigated (1) whether activation of endoqenous c - H a - E  genes is associated with 
the immortalization and/or malignant transformation of primary hamster epidermal cells by 
chemical carcinogens and (2 )  whether transfection of the cloned EJ c - H a - E  oncogene into an 
established, non-tumorigsnic cell line can induce conversion to the malignant phenotype. 
Transfection stu4ies with genomic DNA from a preneoplastic epidermal cell line immortalized 
by treatment wit5 N-methyl-'N-nitro-N-nitrosoguanidine and from two neoplastic cell lines 
transformed by treatment with benzo(a)pyrene failed to detect active transforming genes 
usinq the NIH 3T3 cell transformation assay. However, the non-tumorigenic epidermal Cell 
line was raDidlv transformed to the malignant phenotype by transfection of the mutated 
c - H a - 3  oncoqens contained in plasmid pEJ. Seven of 9 clones of ECO gDt transformants which 
were cotransfectsd with PEJ formed malignant tumors in nude mice and colonies in soft agar. 
In addition, one of three clones assayed demonstrated metastatic potential in a nude mouse 
lung colonization assay. These studies demonstrate the ability of a mutated c-Ha-x gene 
to rapidlv transform an established but non-tumoriqenic eDithelia1 cell line. 

A@ CHARACTERIZATION OF A GENOMIC CLONE ENCODING THE RAT INSULIN RECEPTOR, Mark A. 
Tepper, Robert E. Lewis and Michael P. Czech, Department of Biochemistry, 
University of Massachusetts Medical School, Worcester, MA 01605 

Insulin exhibits both metabolic and growth promoting properties by its interaction with 
specific cell-surface receptors. This receptor has been shown to contain two subunits, 
a and 6, of molecular welght 125K daltons and 90K daltons, respectively. The o subunit 
contains the insulin binding site, whereas the 6 subunit contains the tyrosine kinase 
activity and is autophosphorylated at specific tyrosine residues. 
receptor functions to transmit both metabolic and growth promoting properties remains 
unclear. 
metabolism, we set out.tO clone the rat insulin receptor gene. We have utilized a 47 
base oligonucleotide corresponding to a 3' region of the human insulin receptor cDNA, 
as a probe to screen a rat genomic DNA bacteriophage x library. Several genomic DNA 
sequences were isolated that exhibited the same restriction pattern consisting of 4.3, 
3.8, 3.2 and 2.5Kb EcoRI fragments. 
Hybridization of a second oligonucleotide corresponding to the kinase domain of the 
human insulin receptor cUNA hybridized equally as well to the 4.3Kb EcoRI fragment. 
Additionally, hybridization of a human insulin receptor cDNA fragment encompassing 600bp 
of the 3' coding regions hybridized to both the 3.8 and 3.2Kb bands. 
performing Southern analysis and DNA sequencing in an attempt to further identify these 
clones as the rat insulin receptor gene. An additional clone was found that only 
hybridized to one oligonucleotide. 

How the insulin 

In order to further our understanding of how insulin regulates cell growth and 

The 47 mer hybridized to the 3.8 Kb fragment. 

We are currently 

We are presently sequencing this clone. 
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A65 CLONING AND EWRESSION OF A TRANSFORMATION-REGULATED LYSOSOMAL PROTEIN, Bruce Troen, 
Dana Ascherman and Michael M .  Gottesman, N I H ,  NCI, LMB, Bethesda ,  MD 20892 

We have been s t u d y i n g  t h e  t r a n s f o r m a t i o n  s e n s i t i v e  r e g u l a t i o n  of e x p r e s s i o n  of t h e  major 
e x c r e t e d  p r o t e i n  (MEP) of mouse f i b r o h l a s t  c e l l s .  MEP i s  a s e c r e t e d  lysosomal g l y c o p r o t e i n  
which is  p o s i t i v e l y  r e g u l a t e d  by mal ignant  t r a n s f o r m a t i o n ,  growth f a c t o r s  (PDGF), and tumor 
promoters (TPA). K i r s t e n  v i r u s  transformed NIH-3T3 (KNIH) c e l l s  bo th  produce and s e c r e t e  
up t o  50 t i m e s  more MEP than  t h e i r  non-transformed c o u n t e r p a r t  NIH-3T3 (NIH) c e l l s .  Using 
an  a lmost  f u l l - l e n g t h  cDNA probe from MEP, we have screened  80,000 c o l o n i e s  of a pSV13:cos 
cosmid l i b r a r y  c o n t a i n i n g  NIH-3T3 DNA. Two i d e n t i c a l  c l o n e s  c o n t a i n i n g  t h e  MEP gene 
(pcosMMEP) were i s o l a t e d .  
r e s t r i c t i o n  endonucleases ,  h y b r i d i z e d  wi th  t h e  MEP probe, y i e l d e d  i d e n t i c a l  banding pat-  
t e r n s .  R e s t r i c t i o n  mapping of t h e  cosmid c l o n e  r e v e a l e d  t h a t  t h e  MEP gene i s  c o n t a i n e d  i n  
a r e g i o n  of 15 ,000  or l e s s  base  p a i r s .  A f r i c a n  green  monkey (CV-1) c e l l s  were c o t r a n s f e c t e d  
w i t h  pSV2:neo and pcosMMEP. S t a b l e  t r a n s f o r m a n t s  were s e l e c t e d  i n  media c o n t a i n i n g  G418 ( a  
neomycin a n a l o g )  and s u h s q u e n t l y  MXHAT ( s i n c e  pSVl3:cos c o n t a i n s  t h e  gene f o r  x g p t ) .  
35S-methionine p u l s e  l a b e l i n g  and immunoprec ip i ta t ion  of MEP demonst ra ted  t h a t  t h e s e  s t a b l e  
t r a n s f o r m a n t s  produce q u a n t i t i e s  of MEP s i m i l a r  t o  t h a t  found i n  N I H  c e l l s .  
t h e  N I H  c e l l s  t h e  t r a n s f e c t e d  C V - 1  c e l l s  e x h i b i t  no i n c r e a s e  i n  MEP a f t e r  exposure  t o  TPA. 
We a r e  c u r r e n t l y  t r a n s f e c t i n g  o t h e r  c e l l  l i n e s  w i t h  t h e  MEP gene  t o  d e t e r m i n e  whether t h e  
d e f e c t  i n  response  t o  TPA l ies  i n  t h e  cloned MEP promoter o r  i n  t h e  t r a n s f e c t e d  c e l l  l i n e ,  
and t o  t e s t  f o r  r e g u l a t i o n  of t h e  cloned NEP gene by PDGF and t r a n s f o r m i n g  oncogenes.  

Southern  b l o t s  of b o t h  mouse genomic DNA and cosmid DNA cu t  w i t h  

However, u n l i k e  

A66 EXPRESSION OF A NEW TYROSINE PROTEIN KINASE IS STIMULATED BY RETROVIRUS PROMOTER 
INSERTION, Anna F. Voronova and B a r t h o l m e v  M. Sefton.  The Sa lk  I n s t i t u t e ,  
San Diego. CA 92138 

The LSTEA Plo-MuLV-induced murine thymoma c e l l  l i n e  con ta ins  approximately 20 f o l d  more 
phosphotyrosine i n  p r o t e i n  than do t y p i c a l  hematopoetic c e l l s .  Th i s  appears  t o  r e s u l t  
from the  expres s ion  of an abnormally high l e v e l  of a novel  t y r o s i n e  p r o t e i n  kinase termed 
p56tck. p56tck i s  normally expressed a t  lov  l e v e l s  i n  most. but  not al l .  murine T c e l l  
l i nes .  and i n  normal thymic t i s s u e .  The a b i l i t y  of t h e  v i r a l  t y r o s i n e  p r o t e i n  kinases  t o  
induce c e l l u l a r  t r ans fo rma t ion  sugges t s  t h a t  e l e v a t e d  l e v e l s  of p56tCk i n  LSTEA c e l l s  
could c o n t r i b u t e  to t h e  malignant  p r o p e r t i e s  of t h e s e  c e l l s .  

pep t ide  i d e n t i c a l  t o  t h a t  con ta in ing  a phosphorylated t y r o s i n e  i n  p6O.rc. A mixture  of 3 2  
s y n t h e t i c  heptadecanucleot ides  containing a l l  p o s s i b l e  sequences encoding a po r t ion  of 
t h i s  t r y p t i c  pep t ide  vas  used a6 probe t o  i d e n t i f y  cDNA c lones  de r ived  from the  mENA for 
p56tCk. Sequence a n a l y s i s  of t h e  f u l l  l e n t h  cDNA c lones  r e v e a l s  t h a t  p56tck is  d i s t i n c t  
from t y r o s i n e  p r o t e i n  k inases  descr ibed previously.  The predominant mBNd f o r  p56tCk i n  
LSTEA c e l l s  is  a hybrid molecule con ta in ing  189 nuc leo t ides  appa ren t ly  de r ived  from a 
MoMLV provirus .  i nc lud ing  a spl ice-donor  s i te  f o r  t h e  sub-genmic env mBNd. of HoMV. 
joined t o  an accep to r  s i t e  5 nuc leo t ides  upstream of an i n i t i a t i n g  codon for :he p56tck 
polypept ide.  HoMV promoter i n s e r t i o n  is sppa ren t ly  t h e  reason t h a t  p56tCk ry ros ine  
p r o t e i n  kinase gene i s  over-expressed i n  LSTEA c e l l s .  

The major s i te  of i n  v i t r o  t y r o s i n e  phosphorylat ion i n  p56tck is  p resen t  i n  a t r y p t i c  

A67 EXPRESSION O F  CELLULAR ONCOGENES DURING THE DIFFERENTIATION OF NORMAL 
BONE MARROW MYELOID PROGENITOR CELLS AND ACUTE MYELOID LEUKEMIA, 

C.L. Willman, J.K. Griffi th,  C.C. S tewar t  and T.B. Tomasi, Univ. of New Mexico, Albuquerque, New 
Mexico 87131 and Los Alamos National Laboratory,  Los Alamos, N M  87545. 

To study t h e  a l te ra t ions  in gene  expression which occur  with normal hematopoietic differentiation, we 
have  developed a bone marrow cul ture  system which expands cells of distinct l ineages a t  unique s tages  
of differentiation. Immature  monocytic progenitor cells and more  d i f fe ren t ia ted  adherent monocytes 
and macrophages w e r e  isolated f rom normal murine bone marrow by expansion with CSF-I, t h e  mono- 
cy t ic  l ineage specific growth factor.  Monocytic progenitor cells express high levels of t h e  = and 
__ c-fos cellular oncogenes which decrease  markedly with subsequent normal differentiation. In contrast ,  
levels of c-fms , which encodes t h e  growth fac tor  receptor  for  CSF-I on monocytic cells, is  expressed 
at similar levels at each  d i f fe ren t ia t ion  stage. Initial analysis of oncogene expression i n  human myeloid 
leukemias representa t ive  of each s tage  of normal myeiomonocytic differentiation has revealed t h a t  
human myeloid progenitor leukemic cells, capable of monocytic o r  granulocytic differentiation, express 
high levels of a 5.0kb mRNA which diminfshes with differentiation. These progenitor leukemic 
cells also express high levels of t h e  c-fms gene which increases with monocytic differentlation but 
diminishes with granulocytic differentiation. W e  specula te  tha t  t h e  hematopoie t ic  progenitor ce l l  may 
express multiple growth f a c t o r  receptors  f o r  d i f fe ren t ia t ion  along severa l  lineages: and t h a t  commit- 
ment  t o  one l ineage i s  associated with t h e  se lec t ive  expression of t h e  growth fac tor  receptor  unique t o  
a par t icu lar  hernatopoietic lineage. 
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A68 AMPLIFICATION OF RNA AND DNA SPECIFIC FOR ERB B I N  LNBALANCEO 1;7 CtR0M)SOMAL 
TRANSLclCATION, Gayle E .  Woloschak, Gordon G a l d ,  Robert  Kyle, and P h i l i p  Greipp, 
Mayo C l i n i c ,  Rochester ,  t44 55905. 

Previous work has e s t a b  shed t h e  presence of m unbalanced chromosome abnormality 
[+der( l )  , t ( l ; 7 ] ( p l l ; p l l $  i n  some therapy-associated mye lopro l i f e ra t ive  d i so rde r s .  
Recent ly  t h e  EGF recep to r  has  been found t o  r e s i d e  a t  7 p l l .  Using a probe s p e c i f i c  fo r  
- e r b  B oncogene, which encodes a t runca ted  form o f  t h e  EGF r e c e p t o r ,  we examined RNA and 
DNA der ived from bone marrow and p e r i p h e r a l  blood mononuclear c e l l s  from p a t i e n t s  with an 
unbalanced 1;7 t r ans loca t ion .  DNA-excess s l o t  b l o t  hybr id i za t ion  t o  5’-32P-labelled 
c e l l u l a r  RNA revealed greater than twenty-fold enhancement i n  accumulation o f  m?NA spec i -  
f i c  f o r  e B i n  both p e r i p h e r a l  blood and bone marrow c e l l s  when compared t o  normal 
c o n t r o l s .  In a J d i t i o n ,  a three-fold enhancement o f  K - r a s  mNA accurmlation was de t ec t ed .  
Expression o f  o t h e r  genes such as a c t i n ,  N-ras rn c src B-@, and 26 o the r  genes was 
no t  found t o  be enhanced. Increased e r b  B ?&e&n=; no t  apparent  i n  mononuclear 
c e l l s  from p a t i e n t s  with o t h e r  hematologic d i so rde r s  such as CLL, Hodgkin’s d i s e a s e ,  or 
lynphoma. Soutilern b l o t  a n a l y s i s  of Bam H I ,  Eco R I  and Hind I11 cleaved DNA from one 
p a t i e n t  bear ing t h e  1;7 t r a n s l o c a t i o n  revealed t h a t  & B gene was amplif ied a t  least 
twenty-fold i n  doth bone marrow and p e r i p h e r a l  blood mononuclear c e l l s ,  while c o n t r o l  
l e v e l s  of K-ras and N-ras genes were de t ec t ed .  
d e m n s t r a t e d t h . ?  p re sence  o f  unusual e r b  B bands i n  our p a t i e n t  i n d i c a t i v e  of erb B gene 
rearrangement.  Our d a t a  suggest  t h a t t ( l ; 7 ) ( p l l ; p l l )  t r a n s l o c a t i o n s  are s p e c i f i c a l l y  
a s soc ia t ed  with ampl i f i ca t ion  of &I B CNA and RNA sequences.  

In add i t ion ,  Southern b l o t s  a l s o  

A69 DETECTION OF ACTIVATED ras p21 PROTEIN IN CELL EXTRACTS USING ANTIBODIES 
SPECIFIC FOR THE TWELFTH AMINO ACID, Gail Wong, Norman Arnheim, Robin Clark, Bob 

Milley, Peter McCabe, Mike lnnis and Frank McCormick. Dept. of Human Genetics, Cetus 
Corporation, Emeryville, CA 94608 

Using peptide immunogens, we have been able to  raise antibodies that  distinguish between different 
forms of p21 according to the amino acid at the twelfth codon. Peptides spanning this codon (residues 
6-16) were synthesized with either glycine, valine, serine, arginine, aspartate,  alanine, or cysteine a t  
residue 12. Normal p21 contains glycine at position 12; the other residues a re  those that  can be 
generated by a iingle base change in codon 12 and may therefore be the activating mutations most 
likely to  occur in human cancer. To screen the antisera, we used site-directed mutagenesis t o  create  
corresponding mutants in v-Ki-ras p21 expressed in E. e. 

The peptide immunogen that  contained glycine a t  position 12 failed to generate antibodies capable 
of reacting with pZ1 protein. Peptides with serine, arginine, aspartate,  or valine a t  position 12 
generated sera with specificity for p21 mutants with these amino acids a t  position 12. For example, 
antibodies raised against the serine-containing peptide were able to immunoprecipitate v-Ki-ras p21 
with serine at 12, but not p21 with glycine, valine, arginine, aspartate,  or cysteine at this position. 
Slight cross-reactivity to the alanine mutants was detected.  Peptides with alanine at  position 12 
cross-reacted with al l  forms of pZI, including glycine-12, but t he  cysteine-containing peptide failed to 
generate anti-pll  antibodies. Anti-pZ1-serine, anti-p21-valine, anti-p21-arginine and antibp21- 
aspar ta te  sera have been used to  detect  corresponding mutant forms of p21 in mammalian cells. 

A70 PRIMITIVE BEMOPOIETIC PROGENITOR &LLS ARE TARGETS FOR ABELSON W I N E  IEUKJDIIA 
VIRUS (A-MnLV). P e t e r  M. C. Wong. Sin-Wah Chnng, E r i c  Raefsky, Connie J. Eaves, 

Arthur W. Nienhnis. Nat ional  I n s t i t u t e s  of Eeal th ,  NHLBI and NCI, Bathesda, MD and NCI ,  
Bethesda. MD 20892. and B.C. Cancer Research Center,  Vancouver. 

We have e s t a b l i s h e d  an i n  v i t r o  system wi th  which. t o  examine the  a b i l i t y  of A-MuLV t o  
i n f e c t  e a r l y  hemopoietic p rogen i to r  c e l l s .  Adult mice were t r e a t e d  wi th  5 - f lno ronrac i l  
(5-FU) a t  a dose of 150 mglkg. Four days l a t e r ,  s i n g l e  c e l l s  from spleens of t hese  animals 
were placed i n  s tandard clonogenic methylcel lulose stem c e l l  c u l t u r e .  Another 6-8 days 
af terwprds,  b l a s t  c e l l  co lon ie s  cons i s t ed  of about f i f t y  c s l l s  were observed. They were then  
plucked and i n d i v i d u a l l y  exposed t o  A-MnLV, a l s o  con ta in ing  t h e  Moloney he lpe r  v i r u s  i n  t h e  
v i r a l  s tock,  on top of an i r r a d i a t e d  feeder .  Four out  of t e n  such co lon ie s  r e s u l t e d  i n  
f a c t o r  independent c e l l  l i n e s  two months a f t e r  i n fec t ion .  Suhseqnently. more d e t 6 i l e d  
a n a l y s i s  by means of r e p l a t i n g  h a l f  of each co lon ie s  wi th  the  o the r  h a l f  subjected t o  
i n f e c t i o n  ind ica t ed  t h a t  t h e r e  is a c o r r e l a t i o n  between gene ra t ion  of c e l l  l i n e s  and the  
formation of mixed co lon ie s  during r e p l a t i n g .  Southern a n a l y s i s  on two l i n e s  using v-abl 
probe suggested random v i r a l  i n t e g r a t i o n  and l e s s  than t h r e e  c e l l s  were o r i g i n a l l y  in fec t ed .  
I n  o rde r  t o  e l imina te  the  poss ib l e  e f f e c t  of t he  Moloney he lpe r  a l s o  p re sen t  i n  t h e  A-MnLV, 
we sought t o  generate  helper-free A-MnLV. P160 p r o v i r a l  A-MnLV DNA was t r ans fec t ed  i n t o  $-2 
c e l l s  and helper-free A-MnLV v i r u s  wi th  a t i t e r  of more than  5 I lo5 FFU/ml was generated.  
P re l imina ry  s t u d i e s  using t h i s  v i r a l  s tock  revealed t h a t  c e l l  l i n e s  may a l s o  be generated.  
Taken toge the r ,  t hese  da t a  snggsst t h a t  e a r l y  hemopoietic p rogen i to r  c e l l s  a r e  t a r g e t s  f o r  
t h e  A-MnLV. 
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A72 
and tlulcahy, T .  

evaluated using a r a t  thyroid carcinogenesis model system. This system capi ta l izes  on the 
exquis i te  s e n s i t i v i t y  of thyroid epithelium to  the carcinogenic e f f e c t s  of ionizing radia-  
t ion.  Normal thyroid t i s s u e ,  t i s s u e  from spontaneously developed r a t  thyroid carcinoma and 
c e l l s  derived from radiat ion induced thyroid carcinoma in ear ly  passage were used as a source 
of tumor mater ia l .  
t i s sues  revealed the expression of a s e t  of oncogenes d i f fe r ing  qua l i ta t ive ly  (myc, r a s k )  
and quant i ta t ive ly  (myc) from the  nonnal. 
gives indicat ions of genoniic rearrangements. 
c e l l s  gave higher number of foci compared to  the normal t i s sue  DNA.  

l i z inn  a noriial, d i f fe ren t ia ted  in  v i t r o  thyroid c e l i  model (FRTL-5). Following induction 
by TSH there  i s  imarked increase i n  the  amount of Ras mRNA ident i f ied  r e l a t i v e  t o  the non- 
induced c e l l s .  Analysis of other  oncogene expression following thyrotropin stimulation i n  
o ther  o r o l i f e r a t i v e  modulation wil l  be described. T h e  involvement of hormone induced pro- 
l i f e r a t i o n  a n d  i t s  associated oncogene expression in  the process o f  radiat ion carcinogenesis 
of thyroid ep i the l ia l  c e l l s  wi l l  be discussed. 

COMPARISON OF ONCOGENE EXPRESSION IN NORMAL RAT THYROID UITH SPONTANEOUS AND IRAOIA- 
TIOIJ INDUCED RAT THYROID CARCINOMA. Zain, S. ,  :iatkins, R . ,  Kaminsky, S., Macara, I . ,  

The hypothesis t h a t  oncogene expression occurs as a s tep  in radiat ion carcinogenesis, was 

Comparison between the genomic DNA, mRNA and proteins  between these 

I n  addi t ion,  the DNA from the tumor t i s sue  
DNA mediated gene t ransfer  assay u s i n g  NIH 3T3 

The involvement of oncogene expression i n  TSH induced pro l i fe ra t ion  was invest igated u t i -  
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A74 AMPLIFIED ONCOGENES AND CHRONQSOMAL ABNORMALITIES IN TUMOR CELLS 
Karl Alitalo, Robert Winqvist and Olli Janne 
Department of Virology and Recombinant DNA laboratory, University of Helsinki, 00290 Helsinki, FINLAND. 

Regulatory or Structural alterations Of ce l lu lar  oncogenes have been implicated in the causation of various cancers. 
Amplification of cellular oncogenes can augment their expression by increasing the amount of DNA template available for the 
production of mRNA. It appears that amplification of certain oncogenes is a camnon'correlate of the progression of some tumors 
and also occu1-s as a raw sporadic event affecting various oncogenes in different types of cancer. Amplified copies of oncogenes 
may or  may not be associated with chromosomal abnormalities signifying DNR amplification: double minute chromosomes (dmin) and 
homogeneously staining chromosomal regions (HSR:s). Amplified oncogenes. whether sporadic or turnour type-specific, are expressed 
at elevated levels. in some cases in cells where their diploid forms are n o m l l y  silent. Increased dosage of an amplified 
oncogene may contribute to the multistep progression of at least some cancers. 

The C-m b gene is expressed only in immature hemtopoietic cells and in the COLO 701/205 colon carcinoma cells where it is 
antpiif%. The amplified copies of c - g &  reside in two marker chrowsomes that have envolved from chronhxome 6 by complex 
ChromosOmdl rearrangements. This Suggests that c -y&  w o s  amplified in sit" in a segment that became translocated to the marker 
chromosome without the extrachromosomal intermediate form of dmin. 
but there is an enhanced frequency of sister chromatid exchanges (SCE:s) at this site. The overall rate of SCE:s may be related 
to the dose level Of the %-class oncogenes in miignant cells. The m c oncogenes are often found amplified in lung cancev. 
Amplification of C-m c (up to 30-fold) is also detected in some fresh%L (M2) cells containing dmin. This suggests that clonal 
evolution of some I&eniia cell popuiations may involve selection for increased dosage Of Oncogenes. 

Sequences of the short am of chromosome 2 containing the N-w oncogene at 2~23.~24 are often involved in DNA amplification 
in neuroblastomas. We have searched for other genes in this chrowsomal region. We have found that the human ornithine decarboxy- 
lase (OOC) sequences map to chromosome 2, region ZpZ3-pter. and are expressed as a mRNA species of 2.2 kb in several tumor cell 
lines. However. the ODC sequences are not coamplified with the N-% oncogene. Our further experimental studies should c l a r i f y ,  
whether N - z  is included in the amplican resulting from a selection pressure for overexpression of OOC in newobiastoma cells. 
I .  ALITALO, K. and SCHWAB, M.: AMPLIFICATION OF CELLULAR ONCOGENES IN CANCER CELLS. AOV. CANCER RES. vol 47, in press 
2. Alitalo. K., Saksela. K.. Winqvist. R . .  Keski-Oja. J.. Alitalo, R.. Ilvonen, M., Knuutila, 8. and de la Chapelle. A.: 
Acute myelogeneous leukemia with C-Q amplification and double minute chronwsomes. The Lancet, in press, 1985. 
3. Winqvist, R., Makela. T., Seppanen, P.. Janne, 0.. Alhonen-Hongisto, L . ,  JSnne, J., Grzeschik. K.-H.. and Alitalo, K. 
Human OOC sequences map within chromosomal region 2~23-pter but are not amplified concomitant with N-w. submitted fov publication 
4. Pohjanpelto, P . .  Holtta, E., Janne, 0.. Knwtila. 5 .  and Alitalo. K . :  Amplificatlon Of ODC gene in response to polyamine 
starvation in Chinese hamster ovary cells. J. 8101. Chem. 260, 8523-8537, 1985 

We have discovered and characterized several cases of oncogene amplification in human tumor cell liner and human tumors. 

ms can be discerned at the site of c - ~  amplification, 

A75 INTERLEUKIN 2 RESPONSIVENESS OF ImRllJRE T-CELL COLONY-FORMING CELLS (T-CFC) 
FROM PATIENTS WITH ACUTE T-CELL LYMPHOBLASTIC LEUKEMIAS. 

M .  Allouche, V. Georgoulias, C .  Jasmin. INSERM U 268, HGpital Paul Brousse, 94800 Vil le-  
j u i f ,  France. 

T-cell colony-forming c e l l s  ( T - C F C )  from 13 of 16 pa t ien ts  with T-ALL generated colonies 
i n  methylcellulose i n  the absence of added growth f a c t o r s  o r  mitogenic s t imulat ion.  As 
previously described, these colonies  were composed of immature T-cel ls  displaying the 
same karyotypic abnormalities a s  f resh  leukemic c e l l s .  Biochemically purif ied (bIL2) 
and recombinant I L 2  ( r IL2)  without any mitogen enhanced colony growth from both unfract io-  
nated and blast-enriched cel l  f rac t ions  in pa t ien ts  with a r e l a t i v e l y  low ( l e s s  than 
50 colonies/5x104 ce l l s )  p la t ing  e f f ic iency .  However, dose-response experiments revealed 
t h a t  the optimal dose o f  rIL2 needed t o  enhance colony growth varied from pat ient  t o  
pa t ien t .  Anti-IL2 (DMSI) a n d  anti-IL2-receptor (ant i -Tac)  moAbs inhibi ted both spontaneous 
and  rIL2-induced colony formation in a dose-dependent manner. Direct s ta in ing  o f  f resh 
leukemic c e l l s  w i t h  anti-Tac revealed less t h a n  10% posi t ive c e l l s  in a l l  but 2 pa t ien ts .  
However, ce l l  incubation i n  the absence o f  growth fac tors  or  mitogens, f o r  2-48 h r  resul ted 
in a n  increase of Tac+ c e l l s .  These observations ind ica te  t h a t  a subset of immature T- 
CFC from T-ALL pa t ien ts  display funct ional  IL2-receptors. In addi t ion ,  our f indings 
s t rongly suggest t h a t  colony formation in the absence o f  added growth fac tors  i s  mediated 
through a sporitaneous ac t iva t ion  of the IL2/IL2-R system. 

A76 
M. Lee, Patrick J. Scannon, and Jack A. Roth. NCI Surgery Branch NIH Bethesda, MD, 
George Washington University, Washington D.C., and Xoma Corp., Berkeley, CA. 

An IgCl murine monoclonal antibody (45-2D9) was generated against a c-Ha-ras NIH-3T3 ter- 
tiary transfectant (45-342). Indirect radioinmunoprecipitation and immunoblot analysis 
revealed that this antibody binds to a 74K Mr glycophosphoprotein that is distinct from 
p21. Immunoperoxidase staining demonstrated binding primarily to adenocarcinomas (18/37) 
but not to other oncogene or virally transformed NIH-3T3 cells or normal human tissues. 
lZ5I-labeled 45-2D9 localized to subcutaneous tumors and pulmonary metastases expressing 
gp74 but not to tumors lacking the antigen. 45-342 tumur to normal tissue ratios of >1O:1 
were achieved with lz5I-45-2D9 while ratios of 1:l were obtained with the control lz5T- 
labeled MOPC-21. An immunotoxin was prepared by conjugating the A chain of ricin to the 
45-ZD9 monoclonal antibody. Binding of the immunotoxin was equivalent to the unconjugated 
antibody in a radiolabeled competition binding assay. In vitro the immunotoxin was two 
logs more effective than an immunotoxin directed at determinants not expressed on 
45-342 cells in inhibiting protein and DNA synthesis of fresh 45-342 tumor cells. In 
a colony forming assay 3 logs of cytotoxicity were demonstrated. Monoclonal antibodies 
produced against oncogene transformed cells may prove useful in targeting radioisotopes 
and toxins as an aid in the diagnosis and therapy of human tumors. 

IMELUNODIAGNOSTIC AND THERAPEUTIC POTENTIAL OF A MONOCLONAL ANTIBODY TO A c-Ha-ras 
LINKED HUMAN TUMOR-ASSOCIATED ANTIGEN. Robert S .  Ames, Harvey I. Pass, Howard 
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A77 THE STRUCTURE OF DOUBLE MINUTE ( D M )  CHROMOSOMES ANALYSED BY PULSED FIELD GRADIENT 
(PFG) GEL ELECTROPHORESIS. P. Borst ,  A.M. Van der Bl iek.  T. Van de Velde-Koerts 
and E .  Hes. The Netherlands Cancer I n s t i t u t e ,  Amsterdam. The Netherlands.  

Many tumour c e l l s  contain amplif ied DNA i n  t h e  form of D M s  o r  Homogeneously S ta in ing  Regions 
(HSRs).  T o  s t u d y  t h e  s t r u c t u r e  of t h i s  DNA, we have ly sed  and deproteinized cu l tu red  c e l l s  
i n  agarose blocks,  digested t h e  D N A  w i t h i n  t h e  b l o c k s  w i t h  v a r i o u s  i n f r e q u e n t l y  c u t t i n g  
r e s t r i c t i o n  endonucleases and sepa ra t ed  t h e  r e s u l t i n g  fragments by PFG ge l  e l ec t rophores i s .  
a s  used f o r  t h e  a n a l y s i s  of trypanosome choromosmes i n  our l a b  ( 1 ) .  Und iges t ed  mammalian 
D N A  does not en te r  t h e  g e l ,  n e i t h e r  do D M s ,  presumably because they a r e  c i r c u l a r .  Singly cu t  
OMS from four  d i f f e r e n t  c e l l  l i n e s  migrate i n  a compression zone high i n  t h e  g e l ,  i n d i c a t i n g  
a s l z e  over 1500 kb.  O u r  da t a  on the  mouse ad renocor t i ca l  Y l - D M  (cKi-ras ampl i f i ca t ion )  l i n e  
sugges t s  t h a t  t h e r e  is a homogeneous ampl i con  of 900 k b  ( c a l i b r a t e d  w i t h  phage lambda 
o l i g o m e r s ) ;  t he  Yl-HSR l i n e  has a more complex amplicon. The ampllf ied DHFR gene i n  t h e  D M s  
of t he  mouse EL4112 l i n e  appears  t o  be present  i n  u n i t s  of 275, 350 and 475 k b ;  a t t e m p t s  t o  
e s t a b l i s h  t h e  r e l a t i o n  between t h e s e  u n i t s  by p a r t i a l  r e s t r i c t i o n  enzyme d iges t ion  have 
f a i l e d .  Approximate s i z e s  of t he  amplicons O f  s eve ra l  other  l i n e s  have been de te rmined  and 
w i l l  be presented.  

( 1 )  L.H.T. Van der PlOeg &., EM80 J. 3 (1984) ,  3109-3115. 

A78 MOLECULAR BIOLOGY OF l(14;18) TRANSLOCATIONS IN HUMAN FOLLICULAE 
LYMPHOMAS Michael L. Cleary, Naomi Galili and Jeffrey Sklar, Stanford University, 
Stanford, CA 94305 

A fragment of DNA containing the crossover point between chromosomes 14 and 18 was cloned 
from the tumor -ells of three patients with follicular lymphoma containing a t(14;18) translocation. 
Nucleotide seaudnce analysis of the breakpoint DNA in each case revealed that  the break in 
chromosome I 4  occurred near 54 or J6 of the non-functional immunoglobulin heavy chain allele. These 
findings and other structural  similarities of the breakpoints with the functional D-3 joint in each 
lymphoma suggest t ha t  D-J recombination enzymes played a role in the mechanism of the t(14;18) 
translocation. Genomic hybridization analyses showed that 60% of follicular lymphoma DNA samples 
contained breakp3ints which clustered within a small region of chromosome 18. DNA probes flanking 
this breakpoint cluster region detected transcription products in a variety of B-lineage lymphomas, 
leukemias and lyrnphoblastoid cell  lines. cDNA and genomic sequencing studies suggest that  this major 
breakpoint cluster region lies a t  the 5' end of a transcriptional unit on chromosome 18. 

Approximately 40% of follicular lymphomas do not have chromosome 18 breakpoints which lie 
within the cluster region described above, yet  they contain a t(14;18) karyotvpic abnormality. 
Breakpoint DNA was isolated from the cells of such a lymphoma and a DNA probe was constructed 
which detects  chromosome 18 DNA rearrangements in most of the 40% whose breakpoints were 
previously undetectable on Southern blot hybridizations. The combined use of these two cluster region 
probes may prove diagnostically useful for detecting the vast majority of t(14;18) translocations in 
genomic Southern blots on DNA extracted from lymphoma biopsy specimens. 

A79 
of Texas System Cancer Center ,  Science Park-Research Divis ion,  Smi thv i l l e ,  Texas. 

Chromosomal a1 t e r a t i o n s  in  e a r l y  s t ages  of mouse sk in  papilloma development. 
C.J. Conti ,  C.M. Aldaz, A . J .Pe  Klein-Szanto, J.F. O'Connell and T.J. Slaga,  Univ. 

The mouse s k i n  i s  probably the  most ex tens ive ly  s tud ied  model o f  chemical carcino-  
genesis .  However, one a spec t  t h a t  has not been explored in  t h i s  model, i s  t he  r o l e  o f  
chromosome a l t e r a t i o n s  in  tumor development. 
developed in  our  l abora to ry ,  we have s tud ied  the  chromosome c o n s t i t u t i o n  of  papillomas 
and carcinomas induced by two-stage protocol (DMBA-TPA). 

After  10 veeks o f  promotion approximately half  of t he  papillomas were purely 
d ip lo id  b u t  the  r e s t  o f  t he  papillomas showed aneuploid clones and i n  one case an 
hyperdiploid clone o f  41 chromosomes c o n s t i t u t e d  the  stem l i n e .  By 20 weeks of pro- 
motion almost every papilloma presented chromosome gains in  several  c lones and a t  40 
weeks most of t he  stem l i n e s  o f  t he  papfllomas were hyperdiploid (41-44 chromosomes). 
Double bl ind s t u d i e s  showed a p o s i t i v e  c o r r e l a t i o n  between the  level  of aneuploidy 
and a typ ia .  Tventy squamous c e l l  carcinomas obtained with the same protocol were 
aneuploid w i t h  a hyperdiploid mode o f  41-48 chromosomes and w i t h  a secondary mode of 
metaphases wit?  doubled chromosomal complement. G-banded preparat ion o f  these tumors 
showed an apparent  non-random involvement o f  chromosome #2. 

level  o f  chromosomal u n s t a b i l i t y  t h a t  may be mechanfst ical l  r e l a t e d  to  the progression 
t o  malignant tumors. (Supported by g ran t s  CA 34962, C A  34521 and C A  38863). 

For t h i s  reason,  with methods r ecen t ly  

I t  appears from these  r e s u l t s  t h a t  benign tumors show from e a r l y  s t a g e s ,  a high 
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A80 
Ruscet t i  and L. Haiber Am Red Cross and NCI. Bethesda. MD and FCRF-NCI. Frederick, MD 

from Syrian hamster long term bone marrow cultures. The l i n e s  were derived from spon- 
taneously transformed cu l tu res  a f t e r  a l t e r a t i o n  o f  t he  o r i g i n a l  c u l t u r e  conditlons. 
Conditioned medium from these l i n e s  conta ins l a rge  number o f  type C v i r a l  par t ic les.  The 
v i r u s  can be detected i n  a nonactivated s t a t e  i n  normal hamsters, transforms f resh hamster 
bone marrow i n  v i t m ,  and a l so  produces leukemia when in jec ted  i n t o  newborn mice. Each o f  
t he  ARC l i n e s  has produced numerous clones which a re  morphological ly s i m i l a r  t o  the  parent 
l ine, but  e x h i b i t  va r iab le  responses t o  several histochemical s ta ins  as w e l l  as an 
i n h i b i t o r y  fac to r  t h a t  I s  produced by t h e  adherent c e l l s  from hamster long term bone marrow 
cu l tu res  (Eastment and Ruscett i .  BLOOD 65:736, 1985). The fac to r  i s  a c t i v e  under both c e l l -  
free and serum-free conditions. I n  normal hamster long term bone marrow cu l tu res  the  
add i t i on  o f  adherent l a y e r  condit ioned medium (ALCM) conta in ing t h i s  fac to r  i n h i b i t s  t h e  
erythropoietin-stimulated t e rm ina l  maturation of e ry th ro id  progenitors. Addi t ion o f  t h i s  
ALCM t o  a c t i v e l y  growing. transformed ARC c e l l s  i n h i b l t s  t h e i r  p r o l i f e r a t i o n  by as much as 
70% f o r  some clones wh i l e  o the r  clones demonstrate l i t t l e  or no i n h i b i t i o n  I n  the presence 
o f  ALCM. The i n h i b i t o r y  fac to r  appears t o  be a chymotrypsin-sensit ive p ro te in  w i t h  a 
molecular weight o f  over 10,000 daltons. E f f o r t s  a re  present ly  underway t o  fu r the r  
character ize t h i s  protein. 

INHIBITION OF TRANSFORMED HAMSTER BONE MARROW CELLS BY A FACTOR PRODUCED BY 
ADHERENT CELLS OF LONG TERM BONE MARROW CULTURES, C.E. Eastment. F.W. Ruscetti, S. 

Several transformed c e l l  l ines, termed ARC l ines, have recent ly  been i so la ted  and cloned 

A81 MOLECULAR-CYTOGENETIC SrUDIES OF THE 11;22 TRANSLOCATION, B.S. Emanuel', C.A. 
Griffin', C. McKeon?. D. Stehelin3, J. Ghysdae13 and M.A. Israel2, Children's Hosp. of 
Phila.'. Phila., PA 19104, NIH2, Bethesda, MD 20205, and Institut Pasteur3. France 

A site specific translocation involving chromosomes 11 and 22, t(11;22)(q23-24;q11-12) has 
been observed in Ewing's Sarcoma (ES), a tumor of unknown cellular origin and in two 
tumors of neural origin, peripheral neuroepithelioma and Askin's tumor. A similar 
translocation, t(ll;22)(q23;qll) has been observed in the constitutional karyotype of  
numerous unrelated normal individuals. Constitutional translocation carriers do not 
develop 11;22 related tumors, whereas individuals who have the tumors have n o r m a l  
constitutional karyotypes. Using chromosomal in situ hybridization we have begun to 
examine the 11 and 22 breakpoints in an attempt to detect differences between these 11;22 
translocations at the molecular level. Using a probe for the constant region of the 
immunoglobulin lambda light chain which maps to 22qll we have determined that the 
constitutional 22qll breakpoint is more proximal than the ES or NE breakpoint. In 
constitutional carriers most of CX translocates to the llq+ whereas in ES or NE most of CX 
remains on the der(22). Using a probe for the c-ets oncogene which maps to llq23 we have 
examined one NE cell line and one constitutional t(11;22). Our data suggest that ets 
translocates to the 22q- chromosome in the constitutional t(11;22) but remains on the 
involved chromosome 11 in NE. Thus, we have detected differences between these 
translocation breakpoints with molecular cytogenetic techniques. The relevance of these 
differences to the cellular phenotype, neoplastic versus normal, will be discussed. 

A82 WSFECTION n w I c s  AND BYPASSES ESTROGEN-INDUCED TUHOR PHENOTYPE OF A HWN BREAST CANCER LINE, 
Edward Celmann. Robert Dlekson, k r e n  Huff. S u s m  Baree. Cornellus &abbe. Diane Bconrerr. Attan k i i d  

and narc Lippman. Hed$€ine Branch. National Cancer InsLlruCe.  Bethesde. Haryland 20892 

The hormone-responsive human breast cancer cell line. WCP-7. responds to physiologic levele of exogenous estrogen by 
increasing cellular growth race. by eecreting growth-promoting psptides. and by manifeatlng tvmorigeneais in the nude 
mouse. We have transfacted the v - r d  gene into K P - 7  eella to investigate the influence of an activated oncogene on 
t h e  cell's hormone-dependent properties. Stably traosfected HCF-7 cells (HCF-l,,) integrated several copies Of the 
v-raaH gene. hsd 5-8 t i e s  the level of ras &RIU as in control cells. and had detectable phosphorylatcd p21. 
ncP-l,,, cel is  displayed scctlerattd growth in v i t m  and resistance to gr"h inhibition by antieatrogene. 
trensfected cells were tvmorlgenic in the absence Of estrogen in 85Z of inoculated oophorectomired nude mice. 
HCP-I,,, cells Cnjecttd into the ma-ry fat pad of nude mice stimulated tumor growth of HCP-7 cells injected at 
B remote site. 
pepridea induced by estrogen treatment of control HCF-7 cells- 
as compared with control c~ltures contained 3-4 fold elevated levels of radioreceptor assayable TGF-*aod total trans- 
forming growth factor activity as sasayed by anchorage-independent growth of NRK cells. 
aeti~ity w a s  eluted at an apparent MU of 30.000 from acid gel chromatography of WCP-7,,, condition medium. TGP-P 
secretion was increased in nCP-7,,, cell8 I-fold over conrrol. Also. secretion of 1-noreactive IGF-I wan *upen- 
Led 3-4 fold in HCP,,, cells. &gene actlvatlon can bring a b u t  phenotypic and tuwrlgenie  changes which may sl- 
90 be induced by estrogens in human breast FIIOEO~ cells. However. the c e l l e  retain the capacity t o  bind estrogen and 
respond to estrogens aa shown by induction of the progesterone receptor. Thus gene transfection bypasses eatrogen 
activetion of the transformed phenotype and induces that phenotype via II pathway independent of hormone induction. 

The 
&* 

moreover the HCF-7Ta, cells secreted growth-promting factors slmilsr t o  80- of the growth factor 
Conditioned medium prepared from HCF-7,,, cultures 

A single peat of TCF--lIke 
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A83 THIOPROLINE REVERSE MODIFICATION CONDUCES TO MORE SOCIAL AND 
TRANQUIL CULTURE BEHAVIOR, Mario Gosblvez, Mariaflor Blanco, Rafael 
Garcia-Cafiero and Mercedes Bueno, Research Sector, Department of 
Medicine, Clinica Puerta de Hierro, 28035 Madrid, Spain 

Thioproline, a new biological response modifier (The Lancet, p. 1108, May, 
1983; Neoplasm E, 535, 1982; Amer. J. Vet. Res. 45, 2162, 1984), induces 
reverse modification in the less malignant compartment of HeLa cell cul- 
tures, conducing to a more social and tranquil behavior of the whole cul- 
ture. This affirmation is supported by the following observations in treat- 
ed cultures with respect to control: a) decrease of saturation density, 
b) enlargement, flattening and reduced cell adhesiveness, c) decreased 
transport and macromolecular synthesis, d) increase in cell junctions and 
in cytoskeletal proteins, e) increased mitotic and intermitotic time, 
f) increased secretion and pseudopodia, 9) increase in rapid zig-zag move- 
ment and spatiotemporal ranges, and h) higher population of benign leader 
cells and lower population malignant "leader cells". (Supported by the CAIC 
y T no. 1475/82 11985). 

A84 MOLECULAR GENETIC STUDIES OF THE 9;22 TRANSLOCATION OF ACUTE LYMPHOCYTIC 
LEUKEMIA Constance A. Griffin', Jan Erikson2, Peter C. Nowel13, Mauro Valtieri 2 ,  

Carlo Croce? and Beverly S Emanuel.' Children's Hospital of Philadelphia', Wistar 
Institute2, Dept. of Pathology and Laboratory Medicine, University of PA3 

The typical Philadelphia chromosome (Ph) of chronic myelogenous leukemia (CML) is formed 
by reciprocal translocation between the long arms of chromosomes 9 and 
22[t(9;22)(q34;qll)]. The breakpoints on chromosome 2 2  f a l l  within a 5.8 kb "breakpoint 
cluster region" (bcr). The same translocation is also found in about 10% of cases of 
acute lymphocytic leukemia (ALL). Although cytogenetically the breakpoints on 9 and 2 2  
appear to be the same as in CML, detailed knowledge about the molecular biology is not yet 
available. We have studied 2 cases of Ph+ ALL by in situ hybridization with probes for 
the CX immunoglobulin gene and bcr region. We have found that the breakpoint on 22 is 
between the X and bcr genes proximal to the breakpoint in CML. In both patients the A 
probe hybridized to the normal 22 and Ph chromosomes, but the proportion of hybridization 
to distal Cq (which includes 9q+) was no higher than in control cells, suggesting that CX 
does not translocate. In contrast, in both patients the bcr probe hybridized to the 
normal 2 2  but not to the Ph chromosome, and hybridization to distal Cq (which includes 
9q+) was twice that of normal, suggesting that bcr does translocate. Southern blot data 
indicates that in contrast to what is seen in CML, bcr is not rearranged. We are 
presently studying the role and chromosomal location of the abl oncogene in these 9;22 ALL 
translocations. 

A85 THE c-abl ONCOGENE I N  CHRONIC HYELOGENOUS LEUKEMIA 
G. G r o G l d ,  A. Hermans, D. Bootsma, A. de Klein, N. Heisterkampa, K. Stama and J. 
Groffena. Dept. Cel 1 Biology and Genetics, Erasmus University, Rotterdam, The Nether- 
lands and (a) Oncogene Science Inc., Minola, N . Y . ,  USA. 

Chronic myeloid leukemia (CML) i s  characterized by the presence o f  the Philadelphia (Ph') 
chromosome in the leukemic cells of 96% of all CML patients. The Ph' chromosome (22q-) i s  the 
result o f  a reciprocal translocation between chromosome 22 and chromosome 9, t(9q34,22qll). 
Previously we described the localization of  the human c - a b l  oncogene on chromosome 9 and 
demonstrated it5 translocation to the Ph' chromosome in CML patients. The cloning and analy- 
s i s  o f  breakpoint fragments revealed that the breakpoints on chromosome 2 2  all cluster in a 
very limited area, the breakpoint cluster region, bcr. 
Breakpoints on chromosome 9 ,  however, are scattereGver a large area which may vary from 14 
kb up to more as 100 kb upstream o f  the v-abl homologous sequences o f  the c-ah1 gene. The 
detection o f  a chimeric mRNA (5' bcr and 3 T b l  sequences) in the leukemic c a s  o f  CML 
patients and the cloning o f  c h i m e 5  cDNAs f G  a CML derived cell 
indicate that % and c-abl coding sequences are linked by RNA splicing, independent from the 
distance between the two genes on the Ph' chromosome. 

line K562 strongly 
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A86 
aiology/Cancer Ccnter,  U n i v e r s i t y  o f  C a l i f o r n i a ,  San Diego, La J o l l a ,  CA 92093, U.S.A. 

LYMPH0P.A GROWTH FACTOR SECRETED BY MURINE T LYMPHOMAS AND BY HUMAN ALL(T) CELLS. 
M a r t i n  Haas, Ph.D., M a r t i n  I. Ma l l y ,  Ph.D., Jakob Bogenberger, Ph.D., Department o f  

Au tos t imu la to ry  g rowth  of mur ine  X-ray- induced T - c e l l  lymphomas (TCL) is mediated by a 
growth f a c t o r  which we have c a l l e d  Lymphoma Growth Fac tor  (LGF). A l l  newly es tab l i shed  TCL 
l i n e s  secre ted  L.;F and were dependent on i t  f o r  growth.  We have es tab l i shed  s p e c i f i c  assay 
systems fo r  LGF and have shown t h a t  LGF d i f f e r s  f rom the  known i n t e r l e u k i n s ,  i n t e r f e r o n s ,  
and TGFs, and appears t o  represent  a novel  growth f a c t o r .  Nor thern  b l o t s  con ta in ing  mRNAs 
ex t rac ted  from L iF -sec re t i ng  TCL c e l l s  were h y b r i d i z e d  w i t h  probes s p e c i f i c  fnr i n t e r l e u k i n s  
- 1 ,  -2 ,  o r  -3 .  These exper iments showed t h a t  TCL c e l l s  d i d  nc. synthes ize  I L - I ,  -2 ,  o r  -3  
s p e c i f i c  mRNAs, and t h a t  LGF mRNA d i f f e r s  frm the  known i n t e r l e u k i n  mRNAs. Xenopus oocy tes  
i n j e c t e d  w i t h  mRilA e x t r a c t e d  from LGF-secret ing c e l  Is synthes ized biologicalZy act ive  LGF. 
tdolecular c l o n i n g  o f  t he  genes cod ing  f o r  LGF i s  i n  progress.  

LGF-dependent TCLs were analyzed f o r  i n s e r t i o n s  o r  d e l e t i o n s  (e.g. promoter i n s e r t i o n s )  
i n  the  c-- and the  c -p im domains, us ing  Southern b l o t t i n g .  The karyo types  of  TCL c e l l s  
were a l s o  determined. i<o promoter i n s e r t i o n s  i n  the  v i c i n i t y  of myc o r  pim were de tec tab le ;  
n e i t h e r  t r i somy o f  chromosome #15(-) nor  #17(pim) were found. f i n c g s  suggest t h a t  
a c t i v a t i o n  o f  an a u t o c r i n e  loop i s  invo lved i n  the  i n i t i a t i o n  o f  t he  lymphoma s ta te ,  w h i l e  
promoter i n s e r t i o n  would c o n s t i t u t e  a l a t e r  s tep  i n  the  progress ion  o f  TCLs. 

nsim and sec re te  b i o l o g i c a l l y  a c t i v e  LGF as assayed i n  our  t e s t s  f o r  LGF a c t i v i t y .  
Newly es tab l i shed  human ALL(T) l i n e s  were shown t o  p r o l i f e r a t e  v i a  2n au tocv ine  mecha- 

A87 
and Hitoshi Sakano: *Dept. OF Microbiology and Immunolouy, Univ. of Calif. 
Berkeley, CA 94720 ,  and '2nd Dept. of Internal Medicine, Kumamoto Univ. 
School of Medicine, Kumamoto, Japan. 

We have analyzed 50 d.ifferent human ATL samples for T-cell receptor gene 
rearrangement. It was found that one of the V genes cloned from an ATL 
patient Imabayashi, Vg-IM, is verv frequently gearranged in other ATL 
samples (>50%). It w s also noticed that the V always gave a secondary 
rearranaement associated with the functional V-%13Mjoining in the same ATL 
cell. These two rearranqed structures have been cloned and their nucleotide 
sequences will be compared. 
S'-sequences of several different V genes were analyzed for possible trans- 
criptional control elements. A congerved heptamer, TCTTTCT, was found about 
200bp upstream of a start codon ATG. In order to study if this heptamer is 
responsible for tissue specific expression of T-cell receptor genes, the 
heptamer was deleted with an exonuclease Ba131, and the deleted gene was 
introduced into T-cell lines. RNA transcription was analyzed in both 
transient and stable transfornants. 

T-cell receptor gene rearrangement in human ATL samples. 
Michio Hagiya: Toshio Hattorif MaSao Matsuoka: Kiyoshi Takatsuki+ 

A88 CELLULAR CHANGES I N  WMAN FIBROBLAST GROWTH PROMOTING FACTOR-HFGPF RECEPTOR DURING 
TRANSFORMATION INTO TIMORIGENIC CELLS. Anwar A. Hakim and Charles E. Joseph. Loyola 
Medical Center. Maywood. I l l i n o i s  60153. b Univ. Southern Cal i fornia .  Los Angels.CA. 

The rate and ex ten t  of p r o l i f e r a t i o n  of normal somatic cells are governed by hormone-like 
growth f a c t o r s  and are under t h e  inf luence of  a still  poorly defined "biological  Clock" which 
induce t h e i r  senescence. Neoplastic cells seem t o  have escaped such a dual  regulat ion s ince  
they have an unlimited l i f e  span, exhib i t  reduced growth fac tor  requirements and of ten  pro- 
duce t h e i r  own mitogenic s ignals .  The present  s t u d i e s  examined the e f f e c t s  of a f i b r o b l a s t  
growth prometing factor-HFGPF (iiakim, Experientia 34.1515.1978) on human sk in  f i b r o b l a s t  HSF 
(Hakh, .I. Suppraml. Structures ,  Suppl. 3,224,1979). human malignant melanotic (HMMC-SM. 
MC-WJP) and amelanotic (MC-SR) melanoma cells (Hakim, Neoplasm 24, 81,1977; Res.  Exp. 
Med. 180. 99, 19821.The r e s u l t s  ind ica te  t h a t  HFGPF-like substance is important in t h e  prog- 
ress ion  snd i n i t i a t i o n  of DNA-synthesis. AFGPF is required by ESP cells s p e c i f i c a l l y  in the  
mid GoS. The requirement f o r  m P F  is diminished in HMMC-SR, and is eliminated i n  HMMC-ShA 
and HMC-WJP cells. One cause of t h i s  decreased requirement is 
ce " tumor c e l L  growth factors-TCGF. vhich takes  t h e  place of HFGPF . Media conditioned by 
AmC-Sha and HPMC-WJP e r e  a b l e  to block HFGPF binding by HHMC-SR and ASP c e l l s .  Whereas. 
d i a  s i r i l a r l y  prepared from HhMC-SR d id  not  replace HFGPF o r  block binding. HMMS-SR have 
s p e c i f i c a l i y  d i r in i sbed  t h e i r  HFGPF requirement. After passage in Nude m i c e ,  these c e l l s  
t o t a l l y  lose t h e i r  HFGPF requirement. The number of HFGPF binding sites n the  cell surface 
i n  progrmsslvdy decreased during t h e i r  changes t o  tumorigenic cells.Among these changes is 
the c m v e r l i o n  of n o r m 1  gene<prot-gene) t o  transforming gene (Oncogenes). 

tha t  t h e  melanoma cells produ- 
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A UNIFIED MODEL CONNECTING PROLIFERATION-SPECIFIC AND 
DIFFERENTIATION-ASSOCIATED CHROMOSOME BREAKPOINTS IN HUMAN 
NEOPLASIA, S .  Helm and F .  Mitelman, Department o f  Clinical 
Genetics, University Hospital, 5 - 2 2 1  85 Lund, Sweden 

A89 

Based on the distribution o f  interchromosomal rearrangements in human 
neoplasia, the tentative conclusion was drawn that one of the two break- 
points in a cancer-associated reciprocal translocation is more important to 
the proliferative, neoplastic process per se, the other to differentiation- 
related aspects of the cell type in question. We have attempted to test the 
intrinsic consistency of this model by interconnecting breakpoints which are 
known to participate in cancer-associated translocations. The six breakpoint 
regions informative in this respect were all compatible with the proposed 
model. An additional 18 breakpoints could he linked to the first six. O f  
the 12 breakpoint regions classified as proliferation-associated by thrs 
approach, eight turned out to be located in bands which also contain 
cellular oncogene sites. On the other hand, only one of the 12 
differentiation-associated regions coincided with a known oncogene location. 
Thus, there seemed to be a marked correspondence between proliferation- 
related chromosome segments as predicted by the model, and c-onc genes. 
The same model, although originally based o n  consistent interchromosomal 
rearrangements, has also been expanded to tentatively incorporate and help 
explain the majority o f  intrachromosomal aberrations in human neoplasms. 

A90 REGULATION OF THE EGF RECEPTOR IN SQUAMOUS CELL MALIGNANCIES, Fred Hendler, C. Sue 
Richards. Alice Shum. and Brad Ozanne, University of Texas Health Science Center, 
Dallas, TX 75235. 

Evidence is rapidly accumulating which suggests that the EGF receptor plays an important 
role in the development and regulation of epidermoid malignancies. We have shown that the 
EGF receptor is increased in squamous cell carcinomas in tissue culture and i n  most if not 
all human squamous tumor biopsy specimens. The increase i n  receptor observed is as much as 
50-fold greater i n  HN-5 cells than cultured keratinocytes. The receptor values in over 70 
human tumor biopsy specimens have ranged from 1.5 to 20-fold greater than normal s k i n .  
Using human EGF receptor gene probes we observed that the EGF receptor gene is always ampli- 
fied i n  cultured cells and 9 of 9 biopsy specimens. The cell lines with the greatest amount 
of gene amplification synthesize the most amount of EGF receptor mRNA and appear to have the 
greatest numher O F  receptors. The receptor Rene is rearranged in at least 3 cell lines, 
A 4 3 1 ,  HN-1, and HN-2, with synthesis of a simllar 2 . 8  Kb transcript. Many of the squamous 
tumor cell lines with increased EGF receptors are ECF independent. We have shown that these 
ceil lines synthesize TGF,, 2n EGF analogue with high afflnlty for the EGF receptor, and 
conLain TGFa mRNA. The TGFa gene is not amplified i n  these cell lines. Thus, the increased 
EGF receptor m y  be functional i n  epfdermoid tumors and the increase i n  receptor content may 
he the mechanism by which autocrine regulation is achieved. 

A91 PRODUCTION AND IMMUNOHISTOLOGICAL ANALYSIS OF ONCOPROTEIN-SPECIFIC 
MONOCLONAL ANTIBODIES. Hermann Herbst, Hans-Christoph Kratzsch, Roland 
Schwarting, Johannes Gerdes, and Harald Stein. Institute f o r  Pathology, 
Klinikum Steglitz, Free University Berlin, Berlin, West Germany. 

Segments of a variety of viral and cellular oncogenes (fos, mos, H-ras, K -  
ras, myc, s i s ,  src and others) with up to 25 kd coding capacity were 
expressed as trpE fusion proteins after subcloning into expresslon vectors 
of the PATH series. Employing these fusion proteins as immunogens, 
monoclonal antibodies were generated and screened using cytospins of cell 
lines expressing the respective oncogenes at high levels as well as n o n -  
expressing cells and the immuno-alkaline phosphatase (APAAP) method. 
Subsequent biochemical analyses verified the reactlvity w i t h  oncogene 
encoded products. In addition, antibodies were obtained detecting 
determinants shared by oncogene products and other proteins. One example is 
antibody Ber-sis 2 which stains normal cells in mitosis as well as all v-sis 
expressing cells. The reactivity of these antibodies o n  a panel of cell 
lines and various proliferating human tissues will be shown and the 
potential o f  tt,ese reagents f o r  the histomorphological analysis of human 
tumors will be discussed. 
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~ 9 2  PRODUCTION OF HUMAN ANTIBODIES TO BOMBESIN AND TETANUS TOXOID BY IN VITRO 
TMMUNIZATION, May-Kin Ho, Neelam Rand, Kenneth P. Kato, James H .  Murray, and 
Harvey Rabin. E.I. Dupont deNemours C Co., Inc. No. Billerica, MA 01862 

To allow the production of human monoclonal antibodies (MAb) to tumor antigens, a procedure 
was developed to sensitize human B lymphocytes in vitro against bombesin conjugated to 
tetanus toxoid (BTT). 
tumors, brain, fetal lung, and gastrointestinal tract. Human spleen cells were separated 
on nylon wool columns into nylon-nonadherent (NA) and nylon-adherent (A) fractions. The NA 
cells were mixed with equal numbers of A cells, 7.5pg/ml lipopolysaccharide, 10% human AB 
serum, 20% culture supernatants from PHA-activated lymphocytes (LCS) and various concentra- 
tions of BTT. After 6 days of culture, the aplenocytes were fused with NS-1 mouse myeloma 
cells. MAb specific for bombesin or tetanus toxoid were generated in an antigen-dependent 
manner using this approach. Binding of human anti-bombesin MAb to BTT in ELISA was 
inhibited by BTT, bombesin-conjugated to thyroglobulin, and unconjugated bombesin. but not 
by TT or thyroglobulin. In contrast, the binding of anti-TT MAb to BTT was only inhibited 
by BTT and TT. For optimal anti-TT responses, nylon wool separation of spleen cells, human 
serum, and LCS were essential. The requirement for LPS varied with the donor. Insoluble 
antigen gave 3X and 15X higher IgM and IgG responses, respectively, than soluble antigen. 
In addition to BTT, this procedure has been used to produce human MAb against other 
tumor-axociated antigens isolated from human breast and lung tumor lines. Studies are in 
progress to examine the cellular subpopulations and growth factors required for 
aneigen-specific activation of B lymphocytes in vitro. 

Bombesin-like substances are found in cells of small cell lung 
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We found that 17-6-estradio1, epidermal growth factor, hydrocortisone acetate, and insulin, 
alone and in combination, could increase the rate of proliferation of clonogenic breast tu- 
mor cells. This growth-stinulatory effect was observed for established breast tumor cells 
(MCF-7, 14DA-468), and for fresh tumor cells. 
the proliferative activity of cells, but was greater o n  the ER-positive MCF-7 cells and on 
cells from tumors of patients responding to endocrine treatment. Conversely, the tumor 
growth-inhibitory hormone, tamoxifen-citrate, inhibited the rate of proliferation primarily 
of the rapidly growing cell subpopulations, and the inhibitory effect was more pronounced on 
the estrogen receptor- ositive cells. 
The hormones chaaged tle adriamycin-sensitivity of breast tumor cells. 17-6-estradiol i n -  
creased it, and tamoxifen-citrate decreased it. The degree of change correlated with the 
proliferative activity of cells. Thus, 17-6-estradiol enhanced the adriamycin-sensitivity 
maximally of the slow-growins cell subpopulations, e.g. of the estrogen receptor-positive 
cells grown to confluence, in the case of established cells, and of the tumor cells from 
patients responding to hormone treatment, in the case of fresh tumor cells. 
The effect of 17-a-estradiol and of tamoxifen-citrate was cell-type specific. 
the hormone did significantly influence the proliferative behavior and the adriamycin-sensi- 
tivity of GM-CFU. 
(l)Cancer Research, in press. 

GROWTH FACTORS AS POTENTIATORS OF CYTOT3XIC ORUGS(1 ) ,  Verena Hug, Dennis Johnston 
8argot Finders and Gabriel Iiortobagyi, H . D .  Anderson Hospital, Houston, TX 77030 

The magnitude of effect was proportional to 

Neither of 

A CONSISTENT CHROMOSOMAL ABNORMALITY, 3p-, IN HUMAN SMALL CELL LUNG CARCINOMA LINES, 
Julia M. Ibson, Pamela H. Rabbitts, Jonathan J. Waters* and Peter R. Twentyman?, 

Ludwig Institute for Cancer Research, MRC Centre, Cambridge; *Department of Clinical Cyto- 
genetics, Addenbrooke's Hospital, Cambridge; tMRC Clinical Oncology and Radiotherapeutics 
Unit, Cambridge. 

Twelve small cell lung carcinoma (SCLC) lines, 10 of which were derived from patients in 
Cambridge, have been classified on the basis of established morphological and biochemical 
criteria including levels of L-Dopa decarboxylase and creatine kinase BB (Baillie-Johnson 
- al., Br. J. Cancer, Oct. 1985). These lines were screened for amplification and expression 
of the c-myc and N-myc oncogenes. No consistent pattern of amplification of these genes 
with respect to the classic and variant subclasses of SCLC has emerged; 5 of 9 classic XIC 
lines have N-myc amplification while 4 classic and 3 variant lines show no amplification of 
either oncogene. However, karyotypes of the lines show a striking correlation between the 
presence of a deletion of chromosome 3p and SCLC; 11 of the 12 SCLC lines have a 3p-. We 
Live lot-ted the breakpoint m r e  precisely than previously reported to 3p23-24. Interest- 
ingly, the one line lacking the 3p- has a translocation involving this same breakpoint, 
t ( 3 ; l l )  (p24;plS). We conclude that i) aberrations of the loci in the region of 3p23-24 are 
involved in the ontogeny of SCLC, ii) aberrations of 3p may be diagnostic of SCLC whereas 
the presence or absence of c-myc or N-myc amplification is not. 
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A95 ISOLATION OF TUMOR-ASSOCIATED ANTIGENS (TAA) FROM COLLOGENASE-DNASE DIGEST OF HUMAN 
COLORECTAL CARCINOMA (CRC). J. Milburn Jessup, Guevara, J., and Babcock, G.F. UT 
13. D. Anderson Hospital, Houston, TX, 77030. 

Critical analysis of human host-tumor interactions requires the use of autologous tissues. 
Since such tissues are in short supply, supernatants of enzymatic dissociations of human CRC 
were utilized as a source of TAA. CRC and normal mucosa (NM) from operative specimens were 
dissociated with 0.3% Collagenase Type I and 0.03% DNase Type I at 37'C for 3-6 hr. The su- 
pernatants were collected and filtered, while the cells were used in an indirect membrane 
immunofluorescence (IMI) assay. When cells were incubated with a 1:8 dilution of serum, 15 
of 21 sera reacted with autologous CRC while 4 of 21 reacted with autologous NM. Serum from 
an AB+ normal donor did not bind t o  CRC. When specificity was assessed against 6 CRC cell 
lines with 15 szra, Iittle cross-reactivity was noted since 7 sera reacted with LoVo, 4 or 
fewer sera reacted with the remaining cell lines, whereas only 4 sera reacted with 2 or  more 
cell lines. Antibodies from a patient that reacted with both autologous CRC and NM bound 
diffusely to cytoplasm of paraffin-fixed CRC and to the apical cytoplasm of columnar cells 
in upper third of mucosal crypts. IgG was isolated from the serum of this patient and used 
as an immunosorbent for CRC and NM digests. Substances in the NM digest were eluted from 
the immunosorbent and blocked the binding of autologous antibody to NM but not CRC in the 
IMI assay. Similarly recovered material from the CRC digest blocked binding of autologous 
IgG to both CRC and NM. This affinity-purified CRC TAA contained 8 peptides with PI 4.0-4.3 
an& molecular weight of 30-38 kDa. Thus, collagenase-DNase digests are a source of human 
CRC TAA that may be individually distinct. 

A96 THREE DISTINCT FORMS OF PREPRO-GASTRIN RELEASING PEPTIDE (GRP) ~ R N A  IN A SMALL CELL 
LUNG CARCINOMA (SCLC) CELL LINE. Anne-Marie Lebacq-Verheyden, Edward A. Sausville, 

Eliot R. Spindel* and Janies F. Battey. NCI-Navy Medical Oncology Branch, Naval Hospital, 
Bethesda MD 20814 and * Department of Medicine, Harvard Medical School, Boston MA 
GRF' is a neuropeptide widely distributed in the central and peripheral nervous system as well 
a s  in normal and transformed neuroendocrine cells. Recently, GRP was shown to act as a growth 
factor in vitro on normal bronchial epithelial cells (Willey et al, Exp.Cel1 Res. 153:245, 
1984) and on SCLC cell lines (Weber et al, J.Clin.Invest. 7 5 : 3 0 6 ,  1985). The structure of 12 
cDNA clones to human prepro-GRP mRNA derived from SCLC cell line NCIEH209 was examined. Three 
types of prepro-GRP &A were found. They differ in the structure of a putative GRP-associated 
peptide and predict the synthesis of 3 distinct pro-GRP molecules. Comparison of the sequence 
of cDNA clones with the sequence of a genomic prepro-GRP clone reveals that the 3 forms of 
prepro-GRP mRNA arise from a single primary transcript that undergoes alternative processing 
froia 2 splice donor sites to 2 splice acceptor sites. S1 nuclease protection experiments de- 
monscrated the presence of all 3 prepro-GRP mRNAs in SCLC line NCI-H209. The subcellular 
distribution of these transcripts and the structure of the prepro-GRP cDNA clones suggest that 
all 3 types could function as &As. The biological function of the corresponding GRP-associa- 
red peptides remains to be elucidated. 

A97 TUMORIGENICITY AND C-MYC AMPLIFICATION I N  SEWA MOUSE TUMOR CELLS, 
Goran Levan, Tommy Martinsson and Fredrik Stihl ,  Department of Genetics, 

Goteborg University, 5-400 33 Goteborg, Sweden 
Most sublines of the SEWA murine ascites tumor display the cytogenetic signs of gene ampli- 
fication, i. e. double minute chromosomes ( D M ) ,  homogeneously staining regions (HSR), or 
C-bandless chromosomes (CM; 1). These structures contain numerous copies of the c-myc 
oncogene ( 2 ) .  Regardless of the type of chromosome aberration present, the extra gene copies 
appear to be intact, since they yield restriction fragments of the same size as control cells, 
when digested with enzymes that cut well outside the coding sequences on both sides of the 
gene. In the SEWA subline Rec4TC1, amplified c-myc genes reside in CM. This line was sub- 
cloned and 5 clones were selected. Three of them had no CM at all, and 2 had levels of CM 
comparable to the parental line. Measurements of c-myc copy numbers indicated that the for- 
mer had about 5-fold and the latter about 30-fold mTfica t ion  compared to normal cells. Cells 
from the subclones were injected subcutaneously into 10-day old compatible mice. It was 
determined that there was a rough positive correlation between amplification of c-myc and 
tumorigenicity in this cell system. 

(1) Levan, G .  and Levan, A.  In Gene Amplification (R. T. Schimke, Ed . ) ,  Cold Spring 

( 2 )  Schwab, M . ,  Ramsay, G . ,  Alitalo, K . ,  Varmus, H.  E . ,  Bishop, J. M . ,  Martinsson, T . ,  
Harbor Laboratory, p.  91-y' (1982) 

Levan, G. and Levan. A .  Nature 315:345-347 (1985) 
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A98 PHENOTYPIC CHARACTERIZATION OF EWING SARCOMA CELL-LINES WITH MONOCLONAL ANTIBODIES 
Marc Lipinski, Karim Braham, Irene Philip, Thierry Philip, Gilbert M. Lenoir and 
Thomas TUKSZ, Institut Gustave Roussy, Villejuif, France. 

The histogenesis of Ewing sarcoma, the second most frequent bone tumor in humans, remains 
controversial. Nine Ewing cell-lines were analyzed by immunological methods. Surface antigens 
recognized on Ewing cells were found to be related to the neuroectoderm lineage. Ganglioside 
GD2? a marker of neuroectodermal tumors, was present on all lines. All but one were also 
stained by the mouse monoclonal antibody HNK-1 that detects a carbohydrate epitope present 
on several glycoconjugates of the nervous system, including the myelin-associated glycoprot- 
ein MAG and the neural cell adhesion molecule N-CAM. Human monoclonal antibodies from pat- 
ients with demyelinating neuropathy also reacting with MAG stained 5 of the 9 Ewing lines 
tested. The P 6 l  rat antibody that reacts with a peptide moiety of N-CAM stained 7 lines. By 
contrasr, all antibodies detecting cell surface antigens specifically associated with the 
hematopoietic lineage revealed totally unreactive. HLA class I1 antigens were never detected 
while the level of expression of class I antigens varied to a large extent. Ewing sarcoma 
cells are characterized by a t(11;22)(q24;q12) translocation that also occurs in neuro- 
epittielioma, a neuroectodermal malignancy. Thus, Ewing sarcoma cells share a series of 
antigenic and karyotypic features with derivatives of the neuroectoderm that could indicate 
a similar histogenesis. 

A99 Detection of Tumor Associated Antigen in Urine of Patients with Bladder Cancer by 
Using Fragments of Murine Monoclonal IgM. Brian Liu, L. M. Stock, H. Neuwirth, and 
J .  L. Fahey. UCLA School of Medicine, Los Angeles, CA 90024. 

This lab has reported the isolation of two murine monoclonal IgM antibodies (E7 and G 4 )  
which were generated against human bladder cancer. We now report the use of E7 fragments 
to assay tumor antigen in urine. 

E7 antibodies in nude mice ascitic fluid were purified by Sephacryl-300 MW column 
chromatography. Proteins were adjusted to lmg/ml with sterile PBS, digested with trypsin, 
and reduced with mercaptoethanol. SDS gel electrophoresis of digested immunoglobulins 
reveal fragments with MW between 100 and 250 kdaltons. 

Normal adult urines and urines from patients with known transitional cell carcinoma 
(TCC) metastasis were obtained and processed with centrifugal microconcentrators. Using 
human bladder cancer cell line 647V as a reference antigen linked to a solid support, whole 
or fragmented E7 was mixed with the test urine, and the mixture was then incubated with the 
solid phase, which was then washed. Peroxidase conjugated rabbit-anti-mouse immunoglobulin 
was then added, followed by enzyme substrate. Preliminary results indicate that urine 
samples from patients with TCC were able to prevent the binding of fragmented but not 
intact E7 to the reference antigen. Normal adult urines and urines from patients with 
non-TCC bladder cancers did not inhibit the binding of fragmented E7. This suggests that 
fragmented, but not pentameric E7 will be useful for sensitive inhibition assays for 
antigens in urine of patients with TCC. 

A100 
ALTERATIONS OF CHROMOSOME 7, P. Meltzer. J. Trent, M. Korc, Depts of Pediatrics. 
Radiation Oncology & Internal Med, Univ. of A 2  Health Sciences Center, Tucson, A 2  85724 
Recently. i t  has been proposed that levels of EGFR expression in human melanoma correlate directly 
with the number of copies of chromosome 7 (the locus of the EGFR gene), but not wi th  structural 
alterations of this chromosome (Koprowsky et al., Somat Cell  Mol Genet 11:297.1985). In contrast, 
structural alterations of chromosome 7 (often associated with amplification of EGFR sequences) have 
been described as the major mechanism of EGF overexpression in  squamous cel l  carcinomas. In this 
study. we report the analysis of three human pancreatic carcinoma cel l  lines (Panc-I, T J M ~ .  and 
UACC1462) for 125I-EGF binding analysis, EGF gene copy number, mRNA expression. as well  as 
numeric or structural alterations of chromosome 7. Saturation analysis revealed high numbers of 
EGFR on two of the three cel l  lines (4x105-Panc r: 1.2x106-T~M4) and moderately elevated 
EGFR levels on the third (6x104 - UACC1462). DNA analysis failed to demonstrate an increase in 
EGFR copy number in  any of  the three cel l  lines. Both of the EGF overproducing lines displayed 
clonal structural alterations resulting in over-representation of the short arm of  chromosome 7. The 
single cel l  line not exhibiting a marked overabundance of EGFR (UACC1462) had no structural 
alteration of chromosome 7 but did have an increased number of copies of a normal chromosome 7. 
Our results suggest that EGFR overexpression in  pancreatic carcinoma can be found in conjunction 
wi th  either structural or numeric alterations in chromosome 7. 

EXPRESSION OF EPIDERMAL GROWTH FACTOR RECEPTOR (EGFR) IN HUMAN 
PANCREATIC CARCINOMA: RELATION TO NUMERIC AND STRUCTURAL 
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Ket te r i nq  Cancer Center, New York, NY.  

MONOCLONAL ANTIBODIES TO THE EGF RECEPTOR SELECTIVELY INHIBIT THE GROWTH OF HUMAN 
TUMOR CELLS. J .  Mendelsohn, t i .  Masui, H. Sunada and C. MacLeod. Memorial Sloan- 

EGF stimulates the proliferation o f  fibroblasts and most epitheliol ce l l  types, whereas 
it profoundly inhibits the growth of  A431 epidermoid carcinoma cells. The growth of 8 EGF re- 
ceptor-bearing hurnan tumor ce l l  lines was measured following the addition of  EGF or monoclonal 
anti-EGF receptor antibody 528 lgG2o (which blocks EGF binding). Epidermoid carcinoma cel l  lines 
from lung (T222), skin (T423), and vulva (A431) were growth inhibited by both EGF and 528 IgG. 
Proliferation of  the other 5 human tumor ce l l  lines tested wos not b l o x d  by either EGF or 528 
IgG. Xenografts of the 3 cel l  lines inhibited by EGF and 528 IgG in culture were inhibited by 528 
IgG treatment *, whereas the other 5 tumors were unaffected. Differences i n  the number of 
EGF receptors expressed on the cel l  surface did not account for the inhibition of  selected receptor- 
bearing tumor cells. Monoclonal antibody 225 lgGl also prevented proliferation of A431 cells in 
culture and in xenografts. Screening for complement-mediated and cellulor mechanisms of cel l  k i l l  
demonstrated cytolyt ic effects of  macrophages upon A431 cells i n  the presence of 528 lgG2a, but 
we could f ind no immune mechanism to  explain the anti-tumor ef fect  on 225 IgGl. Thus, the anti- 
proliferative activi ty may be related to direct effects upon the receptor. In summary, immuno- 
therapy of  xe-nografts wi th  anti-EGF receptor antibody is effect ive against a subset o f  receptar- 
bearing cells, which are also, in al l  cases, inhibited in vitro. NIH CA-33397. fcC. MacLeod is a t  
U.C. San Diego. Ja Tolla, CA. 

A102 P R I M A R Y  CHROMOSOME C H A N G E S  IN NEOPLASIA, F .  M i t e l m a n  and 5 .  Helm,  
D e p a r t m e n t  o f  C l i n i c a l  G e n e t i c s ,  U n i v e r s i t y  H o s p i t a l ,  5 - 2 2 1  85 Lund ,  
Sweden 

I n  an a t t e m p t  t o  i d e n t i f y  chromosomal  a b e r r a t i o n s  o f  p r i m e  s i g n i f i c a n c e ,  
t h e  d a t a  i n c l u d e d  i n  t h e  C a t a l o g  o f  Chromosome A b e r r a t i o n s  i n  Cancer  ( 1 9 8 5 )  
was s u r v e y e d  t o  a s c e r t a i n  a l l  neop lasms  h a v i n g  one s i n g l e  n u m e r i c a l  or 
s t r u c t u r a l  chromosomal  a b n o r m a l i t y  as t h e  o n l y  d e v i a t i o n  f r o m  t h e  n o r m a l  
k a r y o t y p e .  
A n u m e r i c a l  a b e r r a t i o n  was p r e s e n t  as t h e  s o l e  c y t o g e n e t i c  change i n  6 1 0  o f  
t h e  5 3 4 5  c a s e s  ( l l . 4 ° 0 ) .  The d i s t r i b u t i o n  o f  g a i n s  and l o s s e s  was c l e a r l y  
nonrandom w i t h  p r e f e r e n t i a l  g a i n  o f  chromosomes 8 ,  9 ,  1 2 ,  and 2 1 ;  loss o f  
chromosomes 7 ,  2 2 ,  and  Y .  
318  d i f f e r e n t  t y p e s  o f  s t r u c t u r a l  a b e r r a t i o n s  were f o u n d  as t h e  s o l e  
a b n o r m a l i t y ;  7 7  were i d e n t i c a l  i n  a t  l e a s t  two  neop lasms ,  and t h e  161  
b r e a k p o i n t s  i n  t h e s e  a b e r r a t i o n  t y p e s  were r e s t r i c t e d  t o  a t o t a l  of 83 
bands .  A t  l e a s t  one o f  t h e  83 bands  was i n v o l v e d  i n  97", o f  a l l  neop lasms  
where each  s t r u c t u r a l  r e a r r a n g e m e n t  h a d  b e e n  e x a c t l y  i d e n t i f i e d .  
The r e s u l t s  i n d i c a t e  t h a t  genes i m p o r t a n t  i n  tumor deve lopmen t  may be 
l o c a t e d  i n  a r e s t r i c t e d  number o f  chromosomal  r e g i o n s .  A c o m p a r i s o n  b e l w e e n  
t h e s e  c a n c e r - a s s o c i a t e d  b r e a k p o i n t s  and t h e  d i s t r i b u t i o n  o f  nonrandom, 
s i m p l e  n u m e r i c a l  a b e r r a t i o n s  s h o u l d  h e l p  f u r t h e r  d e f i n e  t h e  i n t e r a c t i o n  o f  
genes  i n v o l v e d  i n  t h e  n e o p l a s t i c  p r o c e s s .  

A103 HIGH AFFINITY VIP KELTPTOBS PRESENT ON SCLC CELLS. T.B. Moody'. A 1 . M .  Sliaffer', 

GVU Medical Center and zGas t roentero logy  Sec t ion ,  VA Medical Center ,  Washington, D.C., 
'&later t l o sp i t a l ,  Dublin,  I r e l a n d  and 'Diges t ive  Disease  3ranch. NIDKD. Dethesda. L i D .  

L.Y. Korman'. D.N. Carney'. Z-C. Zhou', and R.T. Jensen' .  Dept. Biochemistry.  

Numerous neuropept ides  have been shown t o  modulate growth. Among these  inc lude  
bombesin. which func t ions  a s  an au toc r ine  growth f a c t o r  i n  small c e l l  lung cancer  (SCLC) 
c e l l s  ( C u t t i t t a  e t  a l . ,  Nature 316: 823. 1985) and vasoac t ive  i n t e s t i n a l  pep t ide  (VIP) and 
s tubs t ance  P which modulate growth of immune c e l l s  (Ottaway and Greenberg, J. Immun. 132: 
147, 1984).  Recently,  we have shown t h a t  VIP s t i m u l a t e s  adenyate cyc la se  a c t i v i t y  i n  SCLC 
c e l l s  (Korman e t  al . ,  Cancer Res., i n  p r e s s )  r e s u l t i n g  i n  increased  s e c r e t i o n  of 
bombesin-like pept ides .  Th i s  prompted the  sea rch  for VIP r e c e p t o r s  i n  SCLC c e l l s .  

Iiere we r e p o r t  t h a t  x*51-VW binds  wi th  h igh  a f f i n i t y  (Ed = 4 nhi) t o  a s i n g l e  c l a s s  
of b inding  s i t e s  (Bmax = 4,00O/cell  us ing  c e l l  l i n e  NCi-NS92). Pharmacology s t u d i e s  
ind ica t ed  t h a t  pep t ides  s t r u c t u r a l l y  s i m i l a r  t o  VIP, such a s  GURH, s e c r e t i n  and PHI, 
i n h i b i t e d  b inding  wi th  high a f f i n i t y  whereas pep t ides  s t r u c t u r a l l y  un re l a t ed  such a s  
bombesin and subs tance  P d id  not .  Biochenica l  s t u d i e s  ind ica t ed  t h a t  I*sI-VIP was c r o s s  
l i nked  to a p r o t e i n  of 45,000 da l tons  us ing  d isucc in imylsubera te  ( 1  d). These p r o t e i n  
r ecep to r s  f o r  VIP may modulate the  growth of SCLC c e l l s .  
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A104 Karyotypic analysis of Harvey ras transformed r a t  embryo ce l l s ,  the i r  tumors and 
metastases reveals essentially diploid ce l l s  by R u t h  J .  Muschel, Ken Nakahara, 
Elizabeth Chu.  Rudy Pozzatti,  George Khoury and Lance Liotta. National Cancer 
Ins t i tu te ,  Bethesda Kl 

Recently, a number of investigators have succeeded in transforming early passage rodent 
ce l l s  with the Harvey ras oncogene. Pozzatti e t  a1 (manuscript submitted) were able to  
transform early passage r a t  embryo ce l l s  using the Harvey ras oncogene. 
tested was metastatic i n  both lung metastasis and spontaneous metastasis assays. Because 
the early passage fibroblasts are diploid and yet are metastatic a f t e r  transformation, we 
elected to  study the karytopyes of these cells.  
was diploid, the other had a trisomy of chromosome 4.  No banding abnormalities were seen 
i n  either. 
resulted from the injection of these ce l l s  i n  nude mice. In no case did the tumors or 
metastases d i f f e r  in karyotype from the ce l l s  prior to  injection. Since most tumors and 
metastatic cell  l ines are reported to  be highly aneuploid. i t  has not been possible to  
look i n  these systems for  the selection of karyotypic abnormalities specific t o  metastasis. 
Our  analysis of the karyotypes of the transformed r a t  embryo ce l l s  and of the tumors and 
metastases derived from them indicate that i n  th i s  system karyotypic alterations are 
probably not required for metastatic behavior. 

Every clone 

Of two transformed clones analyzed, one 

Cells were established from the tumors, lung nodules and metastases which 

A105 BESTATIN FOR INDUCTION OF CANCER REDIFFERENTIATION, Shinichi Okuyama and Hitoshi 
Mishina, Departmnec of Radiology, Tohoku Rosai Hospital, Sendai 980, Japan 

Bestatin decreases saturation density of mammalian cell culture (Tohoku J. Exp. Med. 142, 
349, 1984) and induces morphological redifferentiation in vitro, especially in combination 
with sex hormones when FM3A undifferentiated mammary adenocarcinoma cells of the mouse were 
employed (Ibid., x. 501, 1984). Maturation of the cellular microvilli and processes, 
and their eventual degeneration were observed by scanning electron microscopy. The 
principle was applied to those patients with cancer of the breast or  prostate. Observed 
were return of sensitivity to the once-resistant hormones and return of the contact 
inhibition as the cells acquired nucleosomal enlargement and ceased to pile up as monitored 
by a serial histopathology (Ann. New York Acad. Sci., in press). The lymphocytic 
infiltrations disappeared, too. Inhibition of metastases was also suspected. Retrieval 
of cellular polarity was observable with cases of the stomach cancer and so on. Bestatin 
reduces cellular membrane negative charge when it binds to hydrolytic enzymes of leucine 
aminopeptidase and aminopeptidase beta on cell surfaces, thus triggering redifferentiation 
of cancer cells and leading to eventual cancer cell loss (J. Clin. Hematol. Oncol. Is, 43, 
1985). Bestatin may thus help cultivate a new principium of cancer therapy. 

A106 MAMMALIAN CELL TRANSFORMATION BY A M U R I N E  RETROVIRUS VECTOR CONTAINING THE AVIAN 
ERYTHROBLASTOSIS VIRUS erbB GENE, J. Pierce, A. Gazit, C .  Pennington, M. Kraus, 
P .  OiFiore, S. Aaronson3ational Cancer Ins t i tu te ,  Bethesda, Maryland 20892 

A recombinant murine retrovirus vector containing the v-erbB gene of avian erythroblastosis 
virus, designated MuLV/erbB, was constructed in order to-vestigate the function of v-erbB 
as  a transforming or growth-promoting gene in mammalian ce l l s .  NIH/3T3 ce l l s  t r a n s f e c t x  
w i t h  MuLV/erbB DNA induced transformed foci a t  a h i g h  efficiency. Transmissible MuLV/erbB 
retroviruswas generated by infection of nonproducer foci w i t h  amphotrophic murine leukemia 
virus ( A .  Gazit e t  al . .  manuscript in preparation). 
fusiform morphology. 
tumorigenic. 
v-ZB-specific transcripts,  and t o  synthesize v-*&related gtycoproteins. Most trans- 
fectants produced two major v-erbB gene products of 70 and 68 kilodaltons. However, some 
transfectants produced smallerTerbB-specific proteins. The size heterogeneity observed 
between different transfectants wasnot the resu l t  of variation in glycoprotein processing. 
Therefore, i t  i s  l ikely tha t  alterations in the MuLV/erJB genome may have occurred during 
the transfection process and in some cases led to  the creation of v-erbB transforming 
m u t a n t s  coding for smaller molecular weight products. We have i n t r o E e d  the v-erbB gene 
via the manalian retrovirus vector into a variety of manalian cell  culture systems and 2 
vivo. The spectrum of ce l l s  whose growth and differentiation can be altered by th i s  
activated homologue of the EGF receptor gene will be discussed. 

MuLV/erbB-induced foci had a dense 
Individual MuLV/erbB transfectants g r e w  in sof t  agar and were 

These transfectants werea7so shown to  contain v-erbB DNA, t o  express multiple 

7 
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~ 1 0 7  IMMUNOHISTOCHEMICAL AND IMMUNOCYTOCHEMICAL DETECTION OF LUNG CARCINOMA WITH MOUSE 
MONOCLONAL ANTIBODIES. R .  Ranken, T.  G o t t f r i e d ,  R .  J o n e s ,  V .  L i u ,  P .  Nelson ,  and 
C .  White,  C a r c i n e x ,  Bur l ingame,  CA 94010. 

Mouse monoclonal a n t i b o d i e s  were d e r i v e d  from t h e  f u s i o n s  o f  mouse s p l e e n  cel ls  which 
were immunized w i t h  squamous c e l l  tumors and adenocarcinoma tumors .  The a n t i b o d i e s  were 
e x t e n s i v e l y  s c r e e n e d  by immunofluorescence on f r o z e n  s e c t i o n s  o f  d i f f e r e n t  tumor t y p e s  as 
w e l l  a s  t i s s u e s  o f  squamous c e l l  and  non-squamous c e l l  o r i g i n .  The d e g r e e  of tumor a s s o c -  
i a t i o n  w i t h  normal components h a s  been  a s s e s s e d .  

t i o n  of t h e  f o u r  t y p e s  o f  l u n g  c a n c e r  i s  i l l u s t r a t e d .  N i t r o c e l l u l o s e  and p o l y s t y r e n e  bead 
s o l i d  p h a s e  immune a s s a y  h a s  demonst ra ted  t h e  f e a s i l b i l i t y  of d e t e c t i n g  a n t i g e n  i n  l u n g  
washings  and sputum. The a n t i b o d i e s  a r e  a l s o  b e i n g  e v a l u a t e d  f o r  e a r l y  imaging o f  l u n g  
l e s i o n s .  Biochemica l  c h a r a c t e r i z a t i o n  i s  i n  p r o g r e s s  a s  w e l l  as t h e  g e n e r a t i o n  o f  p r e l i m -  
i n a r y  d a t a  f o r  t h e i r  u s e  i n  t h e  c l i n i c a l  s e t t i n g .  

The u t i l i t y  o€ t h e s e  a n t i b o d i e s  i n  t h e  immunohistochemical and immunocytochemical d e t e c -  

A108 A BIOLOGICAL ASSAY TO P R E D I C T  FOR THE HORMONAL RESPGNSIVENESS OF SREAST TUKORS, Jung 

We determined t h e  i n  v i t r o  c l o n o g e n i c i t y  o f  tumors under r e g u l a r  and under hormone e n r i c h e d  
Ro, Verena Hug and Gabr ie l  Hor tobagy i ,  W.D. Anderson H o s p i t a l ,  Houston, T i  77030 

(17-8-es t rad io1 ,  epidermal growth f a c t o r ,  i n s u l i n ,  h y d r o c o r t i s o n e )  c u l t u r e  c o n d i t i o n s ,  and 
took  t h e  r a t i o  o f  c o l o n y - f o r m a t i o n  under t h e  2 c o n d i t i o n s  as t h e  measure t o  p r e d i c t  t h e  i n  
v i v o  hormonal responsiveness o f  tumors.  Ne assayed t h e  tumors o f  19 p t s  who subsequent t o  
t h e  t e s t  r e c e i v e d  hormonal t rea tments  ( t a m o x i f e n  8, megace 3, aminog lu te th imide  3, o t h e r s  5 ) .  
Seven p t s  responded t o  t h e  t rea tments  (2  CR's, 5 P R ' s ) ,  and 11 p t s  f a i l e d  t o  respond ( 1  s t a -  
b l e  and 10  progressed) .  One p t  was t o o  e a r l y  t o  assess f o r  response. 
A l l  1 9  tumors were cons idered t o  be hormona l ly  dependent, b u t  t h e  es t rogen r e c e p t o r  was known 
i n  o n l y  11. It ranged from 7-272 fm/mg c y t o s o l  p r o t e i n ,  u s i n g  t h e  d e x t r a n  coated charcoa l  
method o f  d e t e r m i n a t i o n .  6 o f  t h e  E R - p o s i t i v e  p t s  responded, and 5 f a i l e d .  
The i n  v i t r o  hormonal responsiveness o f  tumors was c a l c u l a t e d  as f o l l o w s :  

loglo number o f  c o l o n i e s  w i t h o u t  hormones 
T h i s  r a t i o  ranged from -0.19 t o  +1.58. The median r a t i o  f o r  responders was 10.49, and t h a t  
f o r  f a i l u r e s  t0 .16 .  
We used t0 .30  as t h e  c u t  o f f  p o i n t  t o  d i s c r i m i n a t e  between hormone responders and hormone 
f a i l u r e s .  
and i t s  p o s i t i v e  p r e d i c t i v e  va lue  was 78% and i t  n e g a t i v e  p r e d i c t i v e  va lue  100%. 

number o f  c o l o n i e s  w i t h  hormones. 

Wi th  t h i s  c u t  o f f  p o i n t ,  t h e  t e s t  i d e n t i f i e d  a l l  responders (100% s e n s i t i v i t y ) ,  

A109 A GROWTH ASSOCIATED 
CANCER CELLS, Henr i  

and Franco ise  Vignon, U n i t e  
60 Rue de Navacel les,  34100 

PROTEIN REGULATED BY ESTROGENS AN0 SECRETED BY HUMAN MAMMARY 
Rochefor t ,  F ranco ise  Capony, Marcel Garcia,  M u r i e l  M o r i s s e t  
d ' E n d o c r i n o l o g i e  C e l l u l a i r e  e t  M o l e c u l a i r e  ( U  148) INSERM, 
M o n t p e l l  i e r  France. 

The s tudy  o f  e s t r o g e n  r e g u l a t e d  p r o t e i n s  may be v a l u a b l e  i n  unders tand ing  t h e  mechanism 
by which es t rogens  s t i m u l a t e  c e l l  p r o l i f e r a t i o n  and mammary carc inogenes is .  I n  e s t r o g e n  
r e c e p t o r  p o s i t i v e  human b r e a s t  cancer c e l l  l i n e s  (MCF7, ZR75-1) es t rogens  s p e c i f i c a l l y  
i n c r e a s e  t h e  p r o d u c t i o n  i n t o  t h e  c u l t u r e  medium o f  a 52,000 d a l t o n  ( 5 2  K )  p r o t e i n  ( C e l l  20: 
352-362, 1980) and s t i m u l a t e  c e l l  growth.  The a n t i e s t r o g e n  do n o t  themselves induce t h e  - 
52 K p r o t e i n ,  b u t  i n h i b i t  i t s  i n d u c t i o n  by estrogens. 

Us ing  monoclonal a n t i b o d i e s  and i n d i r e c t  immunoperoxydase s t a i n i n g  o f  f r o z e n  s e c t i o n s ,  
t h e  52 K p r o t e i n  has been d e t e c t e d  i n  e p i t h e l i a l  c e l l s  o f  some b r e a s t  cancers and benign 
mastopath ia  b u t  n o t  i n  normal mammary g land and o t h e r  e s t r o g e n  t a r g e t  t i s s u e s .  By immuno- 
a f f i n i t y ,  t h e  52 K p r o t e i n  has been p u r i f i e d  t o  homogeneity i n  t h e  medium and i n  t h e  c e l l  
e x t r a c t .  The p r o t e i n  i s  N - g l y c o s y l a t e d  w i t h  h i g h  mannose o l i g o s a c c h a r i d e  cha ins  which a r e  
phosphory la ted  i n  v i v o  on mannose. The secre ted  52 K p r o t e i n  can be uptaken by MCF7 c e l l s  
and processed i n t o  48 K and 34 K p r o t e i n s  which accumulate i n  lysosomes. T h i s  up take  and 
process ing  are  s p e c i f i c a l l y  i n h i b i t e d  by Man-6-P and lysosomot rop ic  agents suggest ing  t h a t  
t h e  52 K p r o t e i n  i s  t a r g e t e d  t o  lysosomes v i a  Mannose 6-P r e c e p t o r s .  

I n  v i t r o  t h e  p u r i f i e d  52  K p r o t e i n  s t i m u l a t e s  t h e  growth o f  MCF7 c e l l s  and i s  a s s o c i a t e d  
t o  a p r o t e i n  k inase a c t i v i t y .  The 52 K p r o t e i n  may t h e r e f o r e  be an a u t o c r i n e  o r  p a r a c r i n e  
mi togen m e d i a t i n g  t h e  e f f e c t  o f  es t rogens  on t h e  growth  o f  mammary c e l l s .  
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A110 AUTOSTIMULATORY PRODUCTION OF A HEMOPOIETIC GROWH FACTOR IN MYELOID LEUKEMIA. 
John W. Schrader. Kevin Leslie, Sabariah Schrader and Hennann J. Ziltener, 
The Walter and Eliza Hall Institute of Medical Research, Parkville 3050, Australia. 

Three murine myeloid leukemias have been shown to constitutively produce a hemopoietic 
growth factor, panspecific hemopoietin (PSH) OK IL-3, that is normally produced by activated 
T lymphocytes. 
mice exposed to mineral oil or Abelson murine leukemia virus, respectively. The constitu- 
tive production of PSH appears to result from aberrant activation of the PSH gene; in both 
WEHI-3B and WEHI-274.14 one PSH gene is rearranged and in the case of WEHI-274.14 the major 
RNA transcript is much larger than normal. WEHI-274.14 shows an autostimulatory pattern of 
growth in vitro; at low but not high cell-densities growth is strongly dependent on the 
external concentration of PSH. A third series of leukemic lines were derived in vitro from 
a non-leukemogenic, PSH-dependent mast ce~~/megakarocyte line as spontaneous variants able 
to grow in the absence of exogenous PSH. 
logical and biochemical properties of PSH and unlike the parental line contained PSH mRNA. 
In vitro growth was strongly dependent on cell density and the external concentration of PSH 
Moreover, the onset of autogenous PSH production coincided with the onset of leukemogenic 
behaviour. Binding studies with antibodies to synthetic peptides showed that PSH molecules 
from the three leukemic lines had the same N- and C-termini as PSH from T-cells. Antibodies 
directed towards synthetic PSH together with synthetic analogues of PSH are being tested for 
anti-leukemia activity in vitro and in vivo. 

Two of these, WEHI-3B and WEHI-274.14 arose in vivo and were cloned from 

These variants produced a factor with the bio- 

All1 GENES FOR TUMOR MARKERS ARE CLUSTERED NEAR CELLULAR ONCOGENES, Jill Siegfried, Marc 

Environmental Protection Agency, RTP, NC, Florida Institute of Technology, Melbourne, FL. 

The aberrant expression of normal mammalian genes in association with malignant 
transformation (tumor marker genes) has been a matter of intensive study for many years, 
primarily in attempts to reconcile such abnormal gene expression with development of the 
malignant phenotype. More recently, the discovery of mammalian genes hanologous to 
retroviral oncogenes (the cellular proto-oncogenes) has led to the hypothesis that 
activation of such cellular oncogenes is causally related to malignant transformation. We 
have analyzed the relative mapping positions of genes 
cellular proto-oncogenes and find a remarkable degree of co-mapping of tumor markers with 
oncogenes in the human karyotype. Of thirty-one tumor markers for which there is 
documented evidence of abnormal expression in tumors and a sufficient degree of chromosomal 
sub-localization (to within 5% of the human genome), twenty-seven map to chromosome 
segments overlapping or adjacent to cellular oncogenes. 
that such co-mapping is due to chance shows instead a highly significant clustering of 
tumor marker genes in the proximity of cellular oncogenes. We propose that aberrant 
expression of marker genes in tumors may be directly related to their proximity in the 
human genome to specific proto-oncogenes expressed during the development of malignancy, 
and we suggest ways i n  which this hypothesis of concerted abnormal gene expression in 
mammalian tumor cells may be tested. 

Mass and John Hozier, Environmental Health Research and Testing, Inc., RTP, NC, 

for tumor marker proteins and 

An analysis of the probability 

A112 
Memorial Institute, Buffalo, NY 14263 

tissue tumors: one benign lipoma and 6 malignant liposarcomas classified as myxoid (4 
cases), poorly differentiated (1 case) and well differentiated (1 case). Patients ages 
ranged from 36 to 75 years. Specimens studied were from primary untreated tumors in 3 
cases and from recurrences after treatment in 4 cases. The studies were performed on col- 
lagenase disaggregated tumor cells cultured for 2 to 10 days. Modal chromosomal number 
ranged from 46 to 85. Clonal numerical and/or structural abnormalities were observed in 
G-banded metaphases of every case. Chromosome 1\12 was consistently involved, including 3 
cases with translocations with identical breakpoints at 12q13 and 16pll. all 3 being myxoid 
liposarcomas. The benign lipoma cells displayed a translocation involving chromosome 1112 
at band 12q14 and chromosome 113 at band q28. These translocations were considered primary 
karyotypic changes. 

Recurring abnormalities involving the long arm of chromosome 1/12 in human neoplasia 
are a rather rare event. The possible role played by the oncogene c-= 1 and a fragile 
site at 12q13 in rhese tumors is being investigated. The clinical significance of these 
chromosome changes in malignant and benign adipose tissue tUmOKS will be discussed. 

RECURRENT CHROMOSOME REARRANGEMENTS IN MALIGNANT AND BENIGN ADIPOSE TISSUE TUMORS, 
Claude Turc-Carel, Janusz Limon, Paola Dal Cin and Avery A. Sandberg, Roswell Park 

An analysis of chromosome aberrations was performed in 7 consecutive cases of adipose 

43 



Cellular and Molecular Biology of Tumors 

13 CHARACTERIZATION OF A GENE CODED ON CHROMOSOME 13 WHICH IS KNOWN TO BE LINKED TO 
RETINOBLASTOMA, Jeremy A. Squire, Hunt Willerd, Maria A. Musarella, Theodore 
Hoflmni, Brenda L. Gallie, and Robert A. Phillips, Ont?rio Cancer Institute, 
Toror~to, Canada M4X 1K9. 

Esterise D is known to be c l o s e l y  linked : o  the locus responsiblc for ~etinoblasioma on 
chromosome 13.  In order to isolate this gL'iTe for use as R DNA probc f o y  molecular 
investigat inrs o f  retinoblastoma and chromosomnl walking experiments, wc have carried out 
the Inllowing cloning strategy. An e~terase D protein of 30,000 daltons was puriiicd ti, 
homcgeneitv 2Pd n partial amino acid sequencc' was nbtained. Two difierert mixed 
o!igonuclco:ide probes based on this sequence were synthesized and used to screen A human 
cONA library. Positive clorres ;ndepende?tIy recognized by both oligonucleotides havc been 
charnctrrized as a single gene, coding for 3 polypeptide of the correct s i z e .  On 
Northern blot';, the probe identifies a single 1.8Kb message in all cells examined. This 
gene h.is been mapped to chromnsome 1 3  by screeniig a human-rodent hybrid panel; it a l s o  
identified the same restriction fragments in a sorted chromosome 13 library. 

A114 

The 
observed 

EXPRESSION AND ACTiViTIES OF EPIDERMAL GROIITH FACTOR RECEPTOR AND ASSOCIATED 
GLYCOPROTEIN ON CULTURED HUMAN GLIOMA CELLS. Peter A. Steck, Gary E. Gallick, 
Steve A .  Maxwell, and W. K .  Alfred Yung, University of Texas M. D. Anderson 
Hospital and Tumor institute, Houston, TX 77530 

aberrant expression of epidermal growth factor receptor (EGF-R) has been recently 
in some primary human brain tumors. We have also identified a closelv associated 

qlycoprotein (Mr-190,000; p190) and EGF-R on cultured qlioma cells by several jndependent 
techniques. Examination of these two glycoproteins has been performed to ascertain bio- 
chemically the similarities and differences between p190 and EGF-R. 
major phosphorylated residue demonstrated from both proteins after phosphorylation assays of 
functional imunoprecipitated EGF-R-complex-kinase or membrane preparations. A kinetics 
pulse-chase expei-it?tent revealed that these two proteins did not represent precursor products 
o f  each other; p190 exhibited a longer half life (:6 h) than EGF-R(-4 h). 
generated relatively similar, but distinct tryptic polypeptide fragments as determined by 
Cleveland analysis. 
over-glycosylated form o f  EGF-R. Furthermore, the protein kinase activity of EGF-R was 
stimulated by exogenously added epidermal growth factor, but p190 was not. These results 
suggest a close similarity of p190 and EGF-R, expressed by cultured human glioma cells. 
possible relationship between p190 and oncogene protein product (Mr-1S5,000) is being 
investigated. 

Phosphotyrosine was a 

The two proteins 

Preliminary glycoconjugate analysis suggests p190 does not represent an 

The 

~ 1 1 5  CHARACTERIZATION OF HIGH MOLECULAR WEIGHT TRANSFORMING GROWTH FACTORS (HMW TFFS) 
IN CONDITIONED MEDIW OF HUMAN RfiABDOMYOSARCOPA CqLL LINE A673, Kurt 2tromberg , 

W. Robert Hud , Charlotte M. Fryling , John R. ,J)edman , Robert L. Pardue , and William 
R. Har eaves',nSINCI-FCRF, Frederick, MD 21701, Triton Biosciences, Inc., Houston, TX 
77030, 'Biotope, Inc., Eellevue, WA 98009 
Extracts of serum-free conditioned medium from A673 cells contain HMW TGF(s) after partial 
purification by Bio-Gel P-100 and carboxymethyl cellulose chromatography (Todaro, G.J., 
Fryling, C.M., and De Larco, J.E., PNAS 7 7 :  5258, 1980). Further characterization with 
reverse phase HPLC revealed a principal peak of coincident EGF receptor competition and soft 
agar activity at 25-26% acetonitrile. If a side shoulder of EGF radioreceptor activity from 
the CM-C chromatography was also included for further analysis, additional active HPLC 
fractions were observed at 22-23% acetonitrile. Importantly, both active elution regions 
from HPLC failed to compete in radioimmunoassays under reduced and denatured conditions for 
hEGF (D.N. Orth, Vanderbilt Univ.), or rat TGFn, and failed to give positive signals in 
Western blots under conditions in which rTGFa was readily detected when using an antisera 
raised against the 17 C-terminal amino acids of rTCFa. Non-reducing SDS-PAGE of the HMW 
TGFs from HPLC revealed EGF radioreceptor and soft agar activity in gel slices corresponding 
to Mr 15,000, 22,000 and 50,000 in the HPLC sample eluting at 25-26% acetonitrile, and an 
additional Mr 27,000 species in the HPLC sample eluting at 22-23% acetonitrile. 

These multiple forms of human HMW TGF produced in vitro suggest size heterogeneity 
and possible immunologic diversity in the EGF/TGFa family of growth-promoting polypeptides. 

_ _ _  
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A116 MOLECULAR GENE1 1L DIFFERENIIATIUN OF TWO tlIS7CIP~~IIiOLUGlCALLY INDISl 1N 
GUISI-IABLE PEDIATRIC TUMORS; NEUROEPIltlELIUMA AND NEUkUBLfiSTOMA 

Carol J Thiele, Timothy Triche+, Robert Ross* and M a r k  A Israel, kediatric 
and Pathology+ Pranch,COF,MCI,NItl;and Fordham Universi tyx, blew Y o r l  ~ 

system tumor which is  histopathol ogicall y indi stingizi shabie f ran aduarired 
stage, childhood neuroblastoma (NB). Cinicali;, NC pi e s ~ r t s  L J I ~  the ti ui~l or 
extremities o f  older children and i n  this regard is urilil,e ND which ~tsitally 
occurs in children under two years o+ age in the adieria! glsrid or l,r>owrt 
sympathetic ganglia. Ihe N-myc oncogene is amplified i r i  appro..irnately EEL of 
all Stage 111 and IV NB. Virtually all NB cell lines have afrplified N myc DNA 
and express high levels of N myc mRNA. Utilizirig Southern dnd Northern blot 
analysis, we have analyzed 51,; NE cell lines and several tumor specimens and 
found that unlike NB cell liries, NE contain a single copy oc the N myc gene 
per haploid genome and express relatively l o w  levels of N myc mRNA. NE c e l l  
lines and tumors however contain high mRNA levels oF the str i~cturally and 
functionally related c-myc oncogene compared to NB. Analysis of NE and NW 
cell lines f o r  neurotransmitter enzymes revealed that Nt had high levels o( 
cholinerigic enzymes while NB expressed enzymes characterlstic o f  adrenergic 
neurons. These molecular genetic and biochemlcal differences support our 
contention that these tumors are not different clinical presentations o f  the 
same tumor but i n  fact are distinct tumor entities. 

Adult neuroblastoma or neuroepithelioma (NE) 1 5  a periph-rai itei JJL~S 

~ 1 1 7  ALTERED DNA METHYLATION PATTERNS WITHIN THE MOUSE LI AND HUMAN KPN 
FAMILIES OF ONCOGENICALLY TRANSFORMED TISSUES AND CELL LINES 

M.E. Tolberg, S.J. Wilkins, J.C. Wain, J.R. Benfield and S . S .  Smith 
Divisions of Surgery and Biology, City of Hope, Duarte CA 91010. 

We are studying the possibility that stable alterations in the methylation 
patterns of repeated sequences may provide one type of clonal marker in 
neoplastic cells. Using pFS-13, a cloned mouse repetitive DNA sequence, as 
a probe in southern blots, mouse spleen and L1210 Lymphoma DNA appeared to 
be normally modified at I1 sites. Friend Erythroleukemia cell, and Sp2 
cell DNA both showed the same characteristic banding pattern in I1 
digests, indicating deranged methylation. The DNA sequence of the 1335 bp 
insert in the clone was determined; a copy of the "R" sequence of L1 was 
found at its end. Walking experiments using M13 subclones from pFS-13 
permitted the construction of a map for unmethylated 5'CCGG sites. The 
H a I1 pattern in Friend cells could then be assigned to subgroups within & homologous to BAMS and R. Using an homologous KPN family clone, we 
found discrete banding patterns indicating concerted differences in KPN 
methylation in %I1 digested DNA from human lung tumors, and HeLa cells. 
Low levels of methylation seen in lymphocyte DNA from patients with chronic 
lymphocytic leukemia do not appear to extend to DNA from the KPN family. 

~ 1 1 8  A GLYCOLIPID ANTIGEN ASSOCIATED WITH BURKITT'S LYMPHOHA, Thomas 
Tursz, Joelle Wiels. Marc Lipinski. Eric Holmes'. Nancy Cochran*and 

Sen-itiroh Hakomori* , Institut Gustave Roussy, 9k805 Villejuif -France and 
Fred Hutchinson Cancer Research Center: Seattle, USA. 
We have previously described the monoclonal antibody, 3 8 . 1 3 ,  reacting with 
most Burkxtt's lymphoma derived lines, either containing the Epstein-Barr 
virus (EBV) or not, but not reacting with EVB-positive lymphoplastoid cell 
lines. The target antigen, BLA, was shown to be a neutral glycolipid. 
identified as globotriaosylceramide (Gal e l -  4 Gal 6 1 - 5  Glc 8 1 - 1  cera- 
midel (Science 2 2 0  : 5 0 9 .  19831. This substance is known as the blood group 
antigen Pk, a normal intermediate in the P substance synthesis. The enzyme 
activities involved in the synthesis and degradation of 
globotriaosylceramide. and the degree of exposure of this glycolipid have 
been studied with various Burkitt and non-Burkitt lymphomas and 
lymphoblastoid cell lines. The activity of UDP-Gal : LacCer a -galactosyl- 
transferase of Burkitt lymphoma cells was consistently higher than that of 
non-Burkitt lymphoblastoid cell lines. and the enzyme activity can be 
correlated with the antigen expression at the cell surface. Though not 
detected on normal B cells from peripheral blood, bone marrow and lymph 
nodes. BLA was found on a small subset of tonsil B cells. BLA could behave 
as a "homing" antigen, with possible implications for the peculiar clinical 
localization of Burkitt's lymphoma. 

45 



Cellular and Molecular Biology of Tumors 

A119 PROLIFEXATION AND IDIOTYPE SECRETION BY HUMAN B CELL LYMPHOMAS I N  VITRO. 
F lo r ry  A .  Vyth-Dreese and Annemarie Hekman. The Netherlands Cancer I n s t i t u t e ,  
Plesmanlaan 121,  1066 CX Amsterdam, The Netherlands 

Tumor c e l l s  of 5 human B-cell  non-Hodgkin's lymphomas were s tud ied  f o r  t h e i r  capac i ty  t o  
p r o l i f e r a t e  and d i f f e r e n t i a t e  i n  v i t r o .  B-cell populat ions obtained from t h e  pe r iphe ra l  
blood,  p l e u r a l  f l u i d ,  lymph node o r  spleen were cu l tu red  i n  serumfree medium f o r  up t o  9 
days and t e s t e d  f o r  3H-thymidine inco rpora t ion  and s e c r e t i o n  of i d i o t y p i c  immunoglobulin 
( I d )  i n t o  t h e  c u l t u r e  f l u i d .  Before and a f t e r  c u l t u r e  t h e  su r face  marker p r o f i l e  of t h e  
c e l l  popu la t ions  w a s  determined as we l l .  The r e s u l t s  i n d i c a t e  t h a t  neop las t i c  B-cell  
populat ions can "spontaneously" p r o l i f e r a t e  i n  c u l t u r e  depending on t h e i r  s t a t e  of 
a c t i v a t i o n  i n  vivo. The h ighes t  p r o l i f e r a t i v e  responses  were found with c e l l  populat ions 
p o s i t i v e  f o r  4F2 an t igen  and co-expressing Tac an t igen  o r  acqu i r ing  it during c u l t u r e .  
These c e l l  populat ions a l s o  responded d i r e c t l y  t o  B-cell  growth f a c t o r  ( a  g i f t  of D r .  
Fauc i ) .  I d  s e c r e t i o n  was observed i n  p r o l i f e r a t i n g  as wel l  as non-p ro l i f e ra t ing  c e l l  
c u l t u r e s .  The I d  de t ec t ed  could n o t  be a t t r i b u t e d  t o  leakage from dead c e l l s  and w a s  of 
IgM i so type .  Furthermore,  a c o r r e l a t i o n  w a s  found between t h e  amount of Id  sec re t ed  i n  
v i t r o  and t h e  semm Id  l e v e l  of t h e  lymphoma p a t i e n t s .  Therefore ,  t hese  r e s u l t s  a r e  of use 
for  t h e  s t r a t e g y  of lymphoma therapy with a n t i - I d  monoclonal an t ibod ie s .  

A120 OUABAIN-INDUCED DIFFERENTIATION OF EMBRYONAL CARCINOMA, Barbara 5. Zimmerman and 
Wendell C.  Speers, Department o f  Pathology, U n i v e r s i t y  o f  Colorado Hea l th  
Sciences Center, Denver, CO 80262. 

The murine embryonal carcinoma (EC) c e l l  l i n e  PCC4-azal can be induced t o  undergo morpho- 
l o g i c  d i f f e r e n t i a t i o n  by a v a r i e t y  o f  chemical agents i n c l u d i n g  r e t i n o i c  a c i d  and d imethy l  
acetamide. However, t h e  mechanisms by which these agents exe r t  t h e i r  e f f e c t s  a re  not we l l  
understood. We have observed t h a t  ouabain (G. S t rophanth in )  a l s o  induces d i f f e r e n t i a t i o n  
i n  these  c e l l s  a t  concent ra t ions  which i n h i b i t  Na+,K+-ATPase a c t i v i t y  as measured by sup- 
p ress ion  of  86RB+ uptake. S ince  t h e  Na+,K+-ATPase main ta ins  i o n i c  g rad ien ts  i n  c e l l s ,  we 
i n v e s t i g a t e d  t h e  p o s s i b i l i t y  t h a t  a l t e r a t i o n s  o f  i o n  f l u x  and concent ra t ions  may s igna l  
t h e  cascade o f  events r e s u l t i n g  i n  morphologic d i f f e r e n t i a t i o n .  Resu l ts  o f  numerous 
s tud ies  u t i l i z i n g  ionophores, channel b lockers ,  and media d e f i c i e n t  i n  s p e c i f i c  compo- 
nents,  f a i l e d  t o  demonstrate a cons is ten t  r o l e  f o r  i o n  f l u x  i n  t h e  d i f f e r e n t i a t i o n  p ro -  
cess. We a re  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  a l t e r e d  ATP u t i l i z a t i o n  may be 
t h e  c r i t i c a l  i nduc ing  s t imu lus .  We a re  a l s o  a t tempt ing  t o  r u l e  ou t  t h e  p o s s i b i l i t y  t h a t  
ouabain a c t i o n  i n  i nduc ing  EC d i f f e r e n t i a t i o n  is  a n  i n d i r e c t  phenomenon t h a t  i s  no t  medi- 
a ted  by t h e  Na+,K+-ATPase. Support :  Grants C A  09157, CA 15823 and CA 33800 from t h e  N I H  
and a departmental  g i f t  f rom R.J. Reynolds Indus t r i es ,  Inc .  

Tumor Heterogeneity, Progression and Metastasis 

A121 THE USE OF BASEMENT MEMBRANE MATRIX GELS FOR STUDIES ON TUMOR CELL 'HAPTOINVASION' 
A.Albini, Y. lwamoto, J.O.Graf, G.T.Kitten,  H.K.Kleinman, S.Aaronson*, A .Ve i l l e t t e* ,  
M.E.Lippman" and G.R.Martin, LDBA, NIDR and * N C I ,  N I H ,  Bethesda, MD 20892. 

Tumor c e l l s  must invade basement membranes i n  o rde r  t o  me tas t a s i ze .  We have used a r econs t i -  
tuted th ree  dimensional basement membrane g e l  t o  measure tumor c e l l  invasion i n  v i t r o  or 
' h ap to invas ion ' .  The ge l  was ove r l a id  on e i t h e r  c u l t u r e  d i shes  o r  chemotaxis f i l t e r s  i n  Boy- 
den chambers. Ce l l s  which invaded and migrated through the g e l  and/or  formed co lon ie s  i n s i d e  
i t  were quan t i t a t ed  and/or subcu l tu red .  Malignant c e l l s  such a s  PA-1 teratocarcinoma,  SU620 
colon adenocarcinoma, A-204 rhabdomyosarcoma, PC-3 p r o s t a t i c  carcinoma. Malme-3M melanom-, 
EIE-180 ce rv ix  carcinoma and B16-Br2P mouse melanoma c e l l s ;  low malignant c e l l s  such a s  
ilT-1080 fibrosarcoma, MCF7 b reas t  carcinoma and r a s - t r ans fec t ed  N I H  3T3 c e l l s ;  and non-tumor- 
i gen ic  c e l l s  such a s  10tk and N I H  3T3 f i b r o b l a s t s  were t e s t e d .  Malignant c e l l s  had the  high- 
e s t  pene t r a t ion  i n t o  and growth in s ide  the  g e l ,  and were the  most migratory i n  response t o  
laminin and to  f ibroblast-condi t ioned medium i n  the  Boyden chamber assay (10-50 c e l l s l h i g h  
powered f i e l d ) .  Low m e t a s t a t i c  c e l l s  showed some migrat ion (1-5 c e l l s l f i e l d )  and non-tumori- 
genic  c e l l s  showed v i r t u a l l y  no migrat ion.  The Br2P c e l l s  which had migrated through the ge l  
were found t o  migrate  twice as much a s  the  pa ren t  c e l l  populat ion.  In add i t ion ,  MCF7 c e l l s  
migrated through the  coated f i l t e r s  and p r o l i f e r a t e d  i n  the  m#trix gel t o  a g r e a t e r  e x t e n t  
if p re t r ea t ed  with e s t r a d i o l  O K  i f  t r a n s f e c t e d  with the v-ras  oncogene than PfCF7 c e l l s  cul-  
tured i n  e s t r ad io l -dep le t ed  serum. The use of  a b io log ica l ly  r e l evan t  ma te r i a l  such a s  the 
basement membrane ge l  (Co l l abora t ive  Research) i n  t h e  haptoinvasion assay may be use fu l  i n  
q u a n t i t a t i n g  the  invasiveness  of tumor c e l l s  and s e l e c t i n o  highly invasive c e l l  populat ions.  
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A122 
Jane Berkelhammer, AMC Cancer Research Center, Denver, CO 80214 

T h e  present  study was designed t o  inves t iga te  the  ro le  of melanotic nevi i n  the  pathogenesis 
of malignant muse melanomas. 
mice develop a var ie ty  of melanotic and amelanotic s k i n  les ions:  
pr imari ly  melanotic tumors; approximately 30% develop progressively growing tumors w i t h  
both melanotic and amelanotic areas;  however, g rea te r  than 90% of the  t rea ted  mice develop 
black nevi s imi la r  t o  human n e v i .  To evaluate  the tumorigenicity of these nevi, we t rans-  
planted nevi from 35 carcinogen-treated mice t o  individual athymic nude mice. Of the 
f i r s t  16 nude mice evaluated, 10 have developed progressively growing tumors a t  the s i te  
of implantation. 
3 tumors developed from nevi derived from mice w i t h  no apparent malignant tumors. Thus ,  
60% of the t ransplanted nevi exhibi ted "malignant potent ia l  
exhib i t  progressive growth i n  the autochthonous host. 
dermis i n  s i t u  appeared t o  grow more readi ly  a f t e r  t ransplan ta t ion  t o  nude hosts  than did 
nevi c o ? i f i x t o  the epidermis. 
precursors  of malignant les ions or  occul t  primary melanomas s imi la r  t o  those t h a t  develop 
from nevi i n  man. A thorough inves t iga t ion  of these premalignant les ions wi l l  provide 
valuable information about the development and progression of malignant melanomas i n  a 
c l i n i c a l l y  re levant  experimental model. 
t o  the AMC Cancer Research Center from the  McOonnell Douglas Foundation. 

EVALUATION OF PREMALIGNANT NEVI AS PRECURSORS OF METASTATIC MOUSE MELANOMAS, 

We have recent ly  confirmed t h a t  carcinogen-treated C57BL/6 
10% o r  less develop 

Seven of the tumors arose from nevi derived from tumor-bearing mice, and 

even though they did not 
Those nevi t h a t  invaded through the 

Our  r e s u l t s  suggest t h a t  the melanotic nevi may be 

Supported by grant  CA-38110 from NIH and a g i f t  

A123 AMPLIFICATION OF THE pVCR5L-18 G E N E  IN MULTIDRUG-RESISTANT CHINESE HAMSTER C E L L S .  
June L .  Biedler ,  Tien-ding Chang, Peter W .  Melera, Kathleen V .  Scotto a n d  Barbara A .  
Spengler, I4emorial Sloan-Kettering Cancer Center and The Rockefeller University 
New York N Y  10021 

Recent s tud ies  ha& demonstrated t h a t  amplif icat ion of one or  more genes is  a prevalent and 
possibly requis i te  fac tor  in  acquired multidrug res i s tance .  
l i n e s  was probed with a cloned cDNA (pVCR5L-18) i so la ted  from v i n c r i s t i n e  (VCR)-resistant 
DC-3F/VCRd-SL c e l l s  (2750x r e s i s t a n t )  t o  determine chromosomal locat ion of s ing le  copy a n d  
amplified pVCR5L-18 genes. Six ce l l  l i n e s  were selected in  v i t r o  with actinomycin D ( A D ) ,  
daunorubicin ( D M ) ,  or  VCR from Chinese hamster l u n g  DC-3F o r  bone marrow CLM-7 c e l l s .  
Southern analysis  indicated t h a t  amplif icat ion leve ls  a re  2- and  4-fold in the 2450x DC-3F/ 
AD X and 5 0 , 0 0 0 ~  r e s i s t a n t  DC-3F/AD XC c e l l s ,  respect ively,  30-fold i n  DC-3F/DM X X  (883x re- 
s i s t a n t ) ,  25-fold in  OC-3F/VCRm (55Dx r e s i s t a n t ) ,  and 75-fold in DC-3F/VCRd-5L i t s e l f .  Hy- 
br idizat ion in s i t u  local ized amplified genes t o  the homogeneously s ta in ing  region (HSR) o r  
abnormally banding region ( A B R )  of VCR-resistant l i n e s  and permitted ident i f ica t ion  of shor t  
HSRs and/or ABRs on chromosome 1 ( a t  q26) in the AD- and DM-resistant c e l l s  and a t  2 s i t e s ,  
lq43 and  2q38, in a s ix th  l i n e ,  CLM-7/AD X V  (415x r e s i s t a n t ) .  The nat ive pVCR5L-18 gene was 
local ized to  chromosome l q ;  13% of  the to ta l  660 chromosomal grains  from 195 c e l l s  were over 
region iq24-lq32 w i t h  a c l e a r  peak a t  band iq26. T h u s ,  a l l  6 c e l l  l i n e s  amplified pVCR5L-18 
genes a l b e i t  a t  levels  not c losely proportional to  degree of res i s tance .  In cont ras t  to  
r e s u l t s  obtained with dihydrofolate  reductase gene amplif icat ion in  DC-3F c e l l s ,  amplif i -  
cat ion of the pVCR5L-18 gene i n  two of the l i n e s  appears t o  have occurred in loco. 

A group of Chinese hamster ce l l  

A124 A CELLULAR BASIS FOR NON-SPECIFIC, DECREASING TWOP RESPONSIVENESS TO THERADY. 
John E. Byfield, Daniel Freeman Hospital, Inglewood, Ca. QQ301. 

Chemotherapy (CT) resistance in individual cancer cells derives from several mechanisms 
including gene amplification, mutations, etc. operating through population selection 
pressures & sometimes producing cross-resistance. However, the equally commonly observed 
cross-resistance seen between modalities, e.8. lower CT responses in previously radiated vs. 
non-radiated tumors is not easily explained by these mechanisms. The author previouslv 
described a model of tumor response based on embryologic organ develovlnent and function 
which dictate post-natal cell renewal mechanisms (Int. J. Fad. Riol. 4 6 : 6 4 2 ,  ' 3 1 . ) .  The 
model categorizes tumors into groups with predictable stem cell concentrations. Tissues 
like skin, mucosa, etc.,are hierarchical cell renewal svstems while secretory organs h 
mesenchvmal tissues are not. Their derivative tumors then contain comparable differences 
in clonogenic cells. Tumors from hierarchical cell populations are more "responsive" 
because any observed "response" is amplified bv death o f  non-clonogenic cells. The mo6el 
may further explain the non-specific decline in response to therapv seen clinically if one 
postulates that the stem cells of hierarchical cell tumors variably retain the binary 
capacity for differentiation basic to true stem cells. The degree to which this function is 
lost can be termed "slippage". E.p. total slippage in an epidermoid clone would produce 
an "anaplastic" tumor while little slippage produces a well-differentiated cancer. The 
effect of cvtotoxic selective pressure is then to enhance the growth of cells with high 
sli~paee which in turn increases the concentration of stem cells. This will affect anv serial 
treatment response. The full model will be presented for consideration and comment. 
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mIANLpIw m m w  0vcIu.I- fuKs5sm MJm-ERa mm.4Nrml.S. 
W e l l e  F. canocauCi and Jdm R. Riorclan, Haspital for Sick Wdrm and University of 

A125 
Tormto, Canada M S  1x8 

Wcim c h m l  blockers (CIB) such as v e r a d  and ni fd ip ine  and SQIE calmdulin inhibitors such as 
trifluoroprazine have been miployd previwly i n  unbimtim with anthracydines or V h  alkaloids to 
improve killing of mittidrug resistant (PIX) cells. ?his effect ssmd to c d t e  w~G augnntatim of 
cellular drug accurulatim which 0 cause. we Iyw have i n w g a t e d  the influence of 0 m the t o x i c i t y  
and accursllaticn of 'iaumym ' , vinblastine and akhicine by M x  matse. 00 and hunvl cells. Sacral 
urrxppted firxiins wxe d e .  First ,  0 augmnted t h  auurulaticn of sw drugs to a mrh greater extent 
by &tive cells than by resistant cells. lkis o.mured despite the fact tht v e r a p n i l  together wi th  
&anmycin *BS mrh mxe toxic in 
toxic t o  MCR cells ttjy to -tie cells, i.e. MI? cells are collaterauy sendtive to verapaodl. 'Ihird, 
the a c c d t i m  of 
sim3 extent as is the acclrmlation of the carrer drugs. Faxrth, the effect of CIB m drug accumd~tia~ is 

cells than sensitive cells. M. v e r a p d  dae 485 yery mrh mre 

v w a p m l  by KX? cells is diminid& conpared to that by sensitive cells to a h t  the 

preferentially on MCR cells, not p r i j m r i l y  by tmlxwiq azcylatim of other drugs, rather by a specific 
prturtetim of the tmnbrane of MI? cells Tat related to GI 
carcer c h m k p y  my derive fmn devdopmts based on their actim as highly specific mmtu-a~ active 
agents to which MR cells are collaterauy sensitive. (Supported by the MEC of Camh). 

mnanslts. 'hs further exploitxtim of EB in 

A126 ORGAN SPECIFIC ADHESION OF MOUSE 816 MELANOMA CELLS. R.F. Cerra and R.B. Natale, 
U n i v e r s i t y  o f  Michigan. Department o f  I n t e r n a l  Medicine. Ann Arbor, M I  48109 

Cons iderab le  evidence e x i s t s  t o  support  t h e  concept t h a t  some c i r c u l a t i n g  tumor c e l l s  a re  
ab le  t o  recognize,  adhere, invade, and p r o l i f e r a t e  a t  d i s t a n t  organs i n  a s p e c i f i c  
manner. One mechanism by which me tas ta t i c  c e l l s  a r r e s t  i n  s p e c i f i c  organs i s  by 
r e c o g n i t i o n  o f  o r  an inc reased a f f i n i t y  f o r  t h e  e x t r a c e l l u l a r  mat r ix .  
an i n  v i t r o  model t o  examine t h e  molecu la r  bas i s  o f  s p e c i f i c  organ r e c o g n i t i o n  us ing  
m e t a s t a t i c v a r i a n t s  o f  t he  816 melanoma and organ s p e c i f i c  b iomat r i x .  
prepared by e x t r a c t i n g  murine organs i n  h i g h  s a l t  f o l l owed  by d i g e s t i o n  w i t h  DNAase and 
RNAase. A f t e r  repeated washes, t h e  res idue  was frozen, pu l ve r i zed  i n t o  a f i n e  powder, 
suspended i n  water and coated on to  t i s s u e  c u l t u r e  p l a s t i c .  M e t a b o l i c a l l y  l abe led  816-Fl 
( l ow  lung  c o l o n i z i n g ) ,  R16-FIO (h igh  l ung  c o l o n i z i n g )  and R16-RL6 (h igh  l ung  co lon i z ing ,  
h i g h l y  me tas ta t i c )  were a l lowed t o  a t t a c h  t o  the  b iomat r ix -coated  p l a t e s  f o r  var ious  t imes 
e i t h e r  w i t h  con t inua l  shear fo rces  o r  w i t h  o n l y  a b r i e f  shear pu l se  app l ied .  
severa l  PBS ( w i t h  Ca, Mg) washes, t h e  a t tached c e l l s  were s o l u b i l i z e d  and t h e  amount bound 
ca l cu la ted .  
b iomat r i x .  
t o  l ung  b i o m a t r i x  than t h e  816-F1 l i n e .  A non-metastasiz ing c o n t r o l  l i n e  bound e q u a l l y  
w e l l  t o  a l l  t h r e e  o f  t he  b iomat r i c ies .  These de r i ved  b i o m a t r i c i e s  possess c h a r a c t e r i s t i c s  
recognized as organ-specf ic by me tas ta t i c  tumor v a r i a n t s  and can now be used t o  
b iochemica l l y  analyze t h e  organ r e c o g n i t i o n  and adhesion mechanism. 

Me have developed 

The b iomat r i x  was 

Fo l l ow ing  

A l l  t h r e e  l i n e s  adhered b e t t e r  t o  l u n g  b iomat r i x  than e i t h e r  k idney  o r  l i v e r  
The 816-F10 and 816-BL6 l i n e ,  however demonstrated a 2 - f o l d  g rea te r  adherence 

~ 1 2 7  ANPIQN EXPRESSICN AND SDISITMTY TO HYPOIONIC LYSIS IN WR PIIDGRESSION, mnna A. 
C h d ,  Garth W. Brcxrrn and -S P. LeSj.uk, U Of MXLtoba, Xpg. &n. Canada W E  OV9 

Gur previous inwstigaticms of t k  progression of threshold SC tmr inccula in  synqneic 
mice suggested that the tmms w h i c h  grm out a t  the injection site in only 20-30% of the 
anirrals, e r e  rmre hetercgmexs and less sensitiw to in vim and in vim prareters of 
natural resistance (NR) (Chm, D A et a1 I n t  J. Cancer 31:99 1983). Such tmrs exhibited 
h i g k r  tmr f r a p m c i e s  and correlating redxt.~ '011s in sensit ivity to natural ant- (NAB), 
NK cells 
ance was thyrrms inr?=pmdent and dose d e m t  supprt ing the idea that NR zedmu .srsexert€d 
the selection pressure against the soall SC tmr inocula. 
PhenOtyFe reealed that the mre aggressiw in vim cpwm cells were less able to inhibit or 
absorb NK cell act ivi ty  and bind NAb masured through flmrescence analysis although they 
a u l d  mt be distinguished fmn  the star t ing clones in absorbing NAb for -1-t rrediated 
lysis.  The i n  vim gram cells also exhibited a redxed sensit ivity to hyFotonic lysiswhich 
was not detectable a f t e r  preincuhtion a t  40C o r  up3n expsure to azide, procedures which 
reduced the lysis  of the starting clonw. The differential  susceptibility of the in vim 
gram cells - a s  increased to mntrol  levels by treatment with cycloheximide or mlchicine. 
These studies suggest that reduced antigen expression for binding of NK cells and c e r t a i n N A b  
i n  addition to  a decreased sensit ivity to lys i s  associated with a reduced autolytic process 
and an increased counterlytic mcharu 'sm contribute to this resistant phenotype w h i c h  m y  
characterize tumrs that arise in the natural course of neoplastic dewloprent. 
Supprted by the K I  of Canada. 

NR measured as 1 3 1 1 ~ ~  labelled tmr elimination.  his selection for  resist- 

examination of the resistant 

48 



Cellular and Molecular Biology of Tumors 

A128 Prote in-phosphory la t ion i n  plasma membrane o f  normal and neoplastic r a t  l i v e r .  

Sciences, The Un ive rs i t y  o f  B r i t i s h  Columbia. Vancouver, B.C., Canada V6T 1W5. 
Jon G. Church, Bas i l  D. Roufogal is  and Antonio V i l l a lobo .  Facul ty  o f  Pharmaceutical 

High ly  p u r i f i e d  plasma membrane f r a c t i o n s  f r a n  normal r a t  l i v e r ,  regenerating r a t  l i v e r  (24 
hours a f t e r  p a r t i a l  hepatectomy) and an asc i tes form o f  the t ransplantable r a t  hepatocarcino- 
ma, den minated AS-30D were used i n  t h i s  study. Phosphorylat ion experiments were performed 
w i t h  CU~~PIATP and [v32P1GTP i n  the presence and i n  the absence o f  the p r o t e i n  kinase act iva-  
tors ,  cyclic-AMP, cyclic-GMP, calcium i o n  and calmodulin. Vanadate (10 t o  500 PM) was used 
as an i n h i b i t o r  o f  phosphoprotein phosphatase(s1. Control experiments were performed i n  the 
presence o f  [a32PlATP t o  d i s t i ngu ish  nuc leot ide b ind ing from the t rans fe r  o f  phosphate to 
aminoacid res idue(s) .  
ide gel e lect rophores is  i n  the presence o f  sodium dodecyl su l fa te,  ard autoradiographs were 
obtained. We observed general hyperphosphorylat ion o f  the tumor plasma membrane prote ins and 
i n  addi t ion,  o f  chloroformmethanol ( 2 : l  v/v) ex t rac tab le  component(s) of l ess  t h  n 10 K da l -  
tons. We have a lso i d e n t i f i e d ,  i n  the normal plasma membrane, p ro te ins  i n  which Q2P-label- 
l i n  increases (130 K ,  123 K. 111 K and 86 K dal tons)  or  decreases (16.5 K dal tons)  i n  a 
CaZQ(+ calmodul in)-dependent manner. I n  contrast ,  i n  the tumor plasma membrane, on1 
32P- labe l l i ng  o f  a s ing le  p r o t e i n  (approximately 23 K dal tons)  was increased i n  a Ca$+ 
I+ calmodul in)-dependent manner. 
Society, Inc.. Montreal, t o  A.V.) 

The 32P-label led membrane p ro te ins  were separated by po lyac ry law  

the 

(Supported by a research grant fran the Cancer Research 

A129 GENE AMPLIFICATION AND METASTASIS: C.Ci l lo ,  V.Ling and R.Hi11; Ontar io  Cancer 
I n s t i t u t e ;  500 Sherbourne Street ,  Toronto, Ontario, CANADA M4X 1K9. 

Drug res i s tance  and metastas is  a re  common c h a r a c t e r i s t i c s  o f  advanced cancer. Resistance t o  
c e r t a i n  drugs f requen t l y  occurs i n  tumor c e l l  populat ions a t  h igh  ra tes  as a r e s u l t  o f  gene 
a m p l i f i c a t i o n .  Recent s tud ies have demonstrated t h a t  me tas ta t i c  v a r i a n t  c e l l s  are qenerated 
randomly a t  h igh  r a t e s  w i t h i n  tumor c e l l  populat ions.  I n  p a r t i c u l a r  i t  was shown t h a t  the 
h i g h l y  me tas ta t i c  c e l l  l i n e  B16F10 gcnerated me tas ta t i c  va r ian ts  a t  a h igher  r a t e  (-*5x 10- / 
ce l l / gen )  than the  l ess  me tas ta t i c  c e l l  l i n e  B16F1 ( - lx  10-5/ce11/gen)(Science 224:998-1001, 
1984). The h igh  r a t e s  o f  generat ion o f  me tas ta t i c  va r ian ts  suggest the p o s s i b i l i t y  t h a t  the 
va r ian ts  may o r i g i n a t e  from gene a m p l i f i c a t i o n  events. I f  t h i s  i s  c o r r e c t  we might expect 
t h a t  c e l l  l i n e s ,  which have d i f f e r e n t  r a t e s  o f  generat ion o f  me tas ta t i c  va r ian ts ,  would a l so  
have d i f f e r e n t  ra tes  o f  generat ion o f  drug r e s i s t a n t  va r ian ts .  I.le t es ted  t h i s  p r e d i c t i o n  by 
examining the two c e l l  l i n e s  B16F1 and B16F10 f o r  res i s tance  t o  the  drugs methotrexate, 
N-( Phosphonacetyl )-L-Aspartate (PALA!, and adriamycin. Resis tant  va r ian ts  t o  these druqs 
u s u a l l y  develop as a r e s u l t  o f  gene a m p l i f i c a t i o n .  Our r e s u l t s  i n d i c a t e  t h a t  the r a t q  o f  ge- 
ne ra t i on  o f  drug r e s i s t a n t  v a r i a n t s  i s  c o n s i s t e n t l y  h igher  i n  B16F10 than i n  816r1 c e l l  po- 
pu la t i ons .  . In  con t ras t  the two c e l l  l i n e s  a re  s i m i l a r  i n  t h e i r  res i s tance  t o  ouahain, a dri iq 
t o  which res is tance u s u a l l y  develops by mechanisms n o t  i n v o l v i n q  gene a m p l i f i c a t i o n .  P r e l i m -  
nary s tud ies us inq Southern b l o t  ana lys i s  have demonstrated the a m p l i f i c a t i o n  o f  the DHFR 
gene i n  methotrexate r e s i s t a n t  c e l l s .  These r e s u l t s  suggest s t rong ly  t h a t  a gene a i i i p l i f i ca -  
t i o n  process i s  invo lved i n  the generat ion o f  a me tas ta t i c  phenotype i n  816 melanoma c e l l s .  
-SuDoorted by NCI(C),MRC(C) and OCTRF. 

A130 ISOLATLON OF cDNA CLONES FOK THE & (MULTLDRUG-RESISTANCE) GENE, Douglas P. 
Clark*, Nancy Richert, Tito Fojo ,  Igor Roninson**, Ira Pastan and Michael M. 

Gottesman, *Howard Hughes Medical Institute Research Scholar, Laboratory of Molecular 
Riology, NCI, NIH, Bethesda, MD 20892 and **Center for Genetics, University of Illinois 
College of Medicine at Chicaqo, Chicago, IL 60612 

The development of  resistance to chemotherapeutic drugs is a common problem in cancer 
treatment. We have developed a series of multidrug-resistant human KB carcinoma cells 
selected independently for resistance to colchicine, Adriamycin and vinblastine, which show 
cross-resistance to the selecting drugs as  well as actinomycin-D and vincristine. Each of  
these cell lines carries amplified sequences, some of which have been cloned. One clone 
recognizes n gene, called the mdrl gene, which is expressed at high levels in several human 
multidrug resistant cell lines (see also abstracts by Roninson et al. and Pastan et al.). 
To isolate cDNA clones for the mdrl gene, we have constructed a lambda gtll cDNA library 
with cDNA from the multidrug resistant cell line Ki-C2.5  (selected in 2.5 ug,/rnl colchicine). 
The library was screened with a human mdrl genomic probe. Several large cDNA inserts have 
been isolated and are being analyzed. 
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,4131 EVIDSYCE FOR ALTERED DRUG ACCUMULATION IN MEMBRANE VESICLES FROM MULTIPLY DRUG 
RESIS'CAhlT KB CELLS. M. M. Cornwell, M. M. Gottesman, and I. Pastan, Laboratory of 

Molecular Biology, NCI, NIH, Bethesda, Maryland 20892. 
We have isolated human KB carcinoma cells resistant to high levels of colchicine which are 
cross-resistant to vinblastine, vincristine, Adriamycin, and actinomycin-D. To determine 
the mechanism of  reduced drug accumulation in these cells we measured 'H-vinblastine (3H-VBL) 
accumulation in membrane vesicles made from drug-sensitive (KB-PI), drug-resistant (KB-CL) 
and revertant (KB-R4) cells (Akiyama et al., Somatic Cell and Molecular Genetics 2 117, 
1985). Membrane vesicles from drug resistant KB-C4 cells accumulated 8-fold more 3H-VBL 
than vesicles from the parental KB-3-1 or revertant KB-Rl cell lines. No difference in 
accumulati9n of 3H-dexamethasone, to which all cells are equally sensitive, was observed. 
No differences in tubulin content were detected. As shown far whole cells, differences in 
3H-VBL acciimulation in vesicles were eliminated by the addition of 10 Ug/mL verapamil. 
3H-VRL accuwulation i n  KB-CL vesicles was comprised of osmotically sensitive and osmotically 
insensitive components, whereas 3H-VBL association with KB-3-1 vesicles was osmotically 
insensitive. Drug accumulation in KB-C4 vesicles was also temperature-dependent and trypsin 
sensitive. The accumiilation of 0.16 WI 3H-VBL by KB-C4 vesicles was inhibited 80% by 1 IJM 
VBL, 85% by 10 'IN vincristine, and 30% by 10 uM daunomycin. Colchicine (100 uM), actino- 
mycin-D (100 ! ibl) ,  and dexamethasone (100 !JM) did not inhibit 3H-VBL accumulation. These 
data indicate that membrane vesicles from drug sensitive and resistant cells reflect the 
differences I n  accumulation of  drugs observed in intact cells. 

A132 
Department of Radiology, University of Utah, Salt Lake City, Utah 84132. 

(Q ) is significantly greater than that for cells in rapid proliferation (P) in two hetero- 
gdeous tumor lines; 66 and 67 (D ' s  109 vs 90 and 90 vs 52 rad respectively for 66 and 67 
P vs Q ) 
subletha; damage repair studies indicated that in both P and Q 
at 3-4 hrs; however, the maximum recovery factor was I 6 and 14 respectively. 
lethal damage repair for 67 P vs Q cells had a recovery factor z 2 vs 2.8 respectively at 6 
hrs. Also, alkaline filter elutiod assays showed that: 
breaks which did not exist in P-cells, b) radiation-induced damage was 2 2x more in Q vs P-  
cell DNA, and c) the rate of repair of DNA damage in Q 
Metabolism studies in 67 cells indicated that byth non-Arotein sulphydryls (NPSH) and gluta- 
thione (GSH) levels were I 1 . 6 ~  higher and [NAD ] z 2x higher in P vs Q cells. 
poly(ADP-ribosy1)ation was also I 2 . 5 ~  faster in P cells. In summary, {he molecular mechan- 
isms underlying the decreased cellular radiosensitivity o f  66 vs 67 cells is currently not 
understood. vs P cells may be ex- 
plained, in part, both by the induction of more DNA damage and its sldwer repair in Q cells. 
These phenomena, most likely, are related to the deprived energy state of the Q cellk. 
contrast, the reduced concentration of endogenous radical scavengers (NPSH, GSHJ does not 
appear to play a dominant role in these aeroblc radiatlon responses. 

RADIATION SENSITIVITY OF HETEROGENEOUS MURINE CARCINOMA CELLS IN PROLIFERATIVE vs 
QUIESCENT STATES, L.A. Dethlefsen, S.E. Sweigert, R.L. Warters and D.N. Ridinger, 

X-irradiation-induced cytotoxicity of well-oxygenated but nutrient-deprived plateau cells 

Also, the 66 cells areomore radioresistant than the 67 cells. In the 67 line, 
cells, recovery was maximum 

Potentially 

a) Q -cell DNA had endogenous strand 

cells was I 25% that of P ceils. 

The rate of 

However, the increased cellular radiosensitivity of 67 Q 

In 

~ 1 3 3  A XULTIGEUE FAMILY IMCODES P-GLYCOPROTXIN ASSOCIATED WITH XULTIDRUG RESISTANCE 
K. Deuchars and v. Ling. The Ontario Cancer Institute, 500 Sherbourne St, 

mronto. Ontario, Canada, 114x-Ix9. 
Overexpression of a 170,000 dalton membrane glycoprotein, P-glycoprotein, is closely 

linked to the multidrug resistance phenotype, characterized by cross resistance to 
unrelated drugs and decreased cellular accumulation of drugs in a variety of mammalian cell 
lines. Monoclonal antibodies specific for P-glycoprotein have been raised1. These were 
used to isolate a 600 base pair fraqrnent of P-qlycoprotein from a X tll library of the 

Southern blot 
analyses with this clone, called pCHP1, showed that P-glycoprotein overexpression results 
from gene amplification2. The complexity of the band patterns also suggested that 
P-glycoprotein is encoded by a gene family. To identify members of this family, eight 
clones were isolated from a wild-type hamster cDNA library in the Okayama and Berg vector 
pcD using pHCPl as a probe. Southern blot analyses with the pcD clones showed that, in 
addition to a COmmOn subset Of bands recognized by all the clones, there existed 
clone-specific bands. These bands probably represent DNA sequences unique to different 
members of the P-glycoprotein gene family. Sequencing of the 3' ends of these clones has 
shown that they represent three members of the P-qlycoprotein gene family. (Supported by 
the NCI Of Canada and the NIH of the USA.) 
1. Elliott, E.M. g . ,  (1985) H01. Cell. Biol. 5:236-241 
2. Kartner, N. g g., (1985) Nature =:820-823 
3 .  Riordan, J . R .  g . ,  (1985) Nature =:817-B19 

highly multidrug-resistant Chinese hamster ovary cell line CH 2 B30. 
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A134 H-RAS TRANSCRIPTIONAL ACTIVATION AND METASTASIS FORMATION, Sean E. Egan, Grant A. 
McClarty, Jim A. Wright, Arnold H. Greenberg, Manitoba Institute of Cell Biology 

100 Olivia St., Wpg., Man., Canada, R3E OV9. 
It has been shown that NIH/3T3 but not C127 cells transfected with either HSV DNAor 

T24 H-ras are capable of forming experimental and spontaneous metastases in nu/nu mice (J. 
Cell. Biochem.,Supplement 9C, 1985, Abst.111180,ppZO). In our  study, C3H 1OT% mouse cellswere 
transfected with T24 H-ras inserted into pSVZneo, and selected in G418 sulphate. GhE-resis- 
tant colonies were picked with both tefractile and flat morphology. The morphologically 
transformed colonies gave rise to highly tumorigenic and metastatic lines (in nu/nu and C3H 
mice), whereas the phenotypically flat NR3 cell line was poorly tumorigenic and producedonly 
rare experimental lung metastases. 
(NR3.1L-A,B,C,D), were highly tumorigenic and metastatic. Four out of five of the original 
transfectants contained elevated levels of H-ras transcripts by Northern blotting, whereas 
NR3 had very low levels (comparable to 10TLj). The four NR3.1L metastases expressed high 
levels of H-ras, perhaps indicating that selection for transcriptionally activated cells had 
occurred during metastases formation. In addition, four radiation induced transformants of 
lOT% which were tumorigenic in C3H mice, were not metastatic. No activated ras sequences 
were detected in these lines. These results indicate that transcription of activated H-ras 
sequences in 1OTk transfectants can result in tumorigenic transformation as well as expres- 

Four cell lines derived from these NR3 metastases 

sion of the metastatic phenotype. 
necessary but not sufficient for development of the metastatic phenotype. (Supported by the 
C.H.R.F. and M.H.R.C.) 

We speculate that expression of activated ras may be 

A135 MOLECULAR BIOLOGY, CYTOGENETlCS AND IMMUNOLOGY OF MURlNE LEUCEMlC CELLS 
ARlSINC IN VlTRO FROM CYTOTOXIC T CELL CLONES, J o r g  T. Epplen, Hans G. Simon, U t e  
Hochgeschwender and  Markus M. Simon, Max-Planck-Institute f o r  Immunobiology, Freiburg, FRG. 

Cloned H-Y-specific cy to toxic  T ce l l s  (CTLL.1) f rom f e m a l e  mice  change their  specificity (CTLL.2,3) 
in longterm cul ture  and  specifically lyse P815 t a r g e t  cells. This switch is corre la ted  with novel gene  
rear rangements  and also with a l te red  expression of t h e  a-, 13-, and y-chain genes coding f o r  t h e  antigen 
receptor.  Subsequent loss of lec t in  media ted  cy to toxic  potential  in derived variants (CTLL.4) is  
accompanied by T-cell growth f a c t o r  independence reflecting in-vitro transformation. T h e  level of 
dedi f fe ren t ia t ion  of CTLL.4 is reminiscent of f e t a l  thymocytes  with respec t  t o  t h e  expression of an t igen  
receptor  genes. Injecting CTLL.4 i.p. in to  mice  genera tes  lymphomatosis with metas tases  in lymphatic and 
extra-lymphatic tissues. Tumor ce l l s  (CTLL.5) share  t h e  charac te r i s t ics  of CTLL.4. The  13-chain genes of 
CTLL.1,3,5 have  been cloned and sequenced f rom cDNA and genomic l ibraries revealing t h e  gene  
rear rangement  in v i t ro  and  t h e  novel expression of a VR gene. This V R  g e n e  is highly homologous t o  
another  found in human T cell  leucemias.  The  development of c a n c e r  cells in-vitro was monitored 
cytogentically and  t h e  typical karyotypic evolution f rom euploid CTLL.1 to aneuploid CTLL.3,4,5 with 
chromosome translocations was observed. Parallel  studies on t h e  expression of a number of relevant 
oncogenes revea led  n o  gross changes  comparing CTLL.1 to  5. Expression of Moloney murine leucemia 
virus and mouse mammary  tumor virus RNA is not a l te red  during t h e  development of CTLL.l to CTLL.5. 
A t t e m p t s  t o  g e n e r a t e  antibodies aga ins t  t h e  variable par t  of t h e  T ce l l  receptor  I? chain will be reported 
as well as functional studies. T h e  results are discussed with respec t  to persistent st imulation of T cells & 
- vivo in an t igen  specific responses and autoimmunity.  

A136 
Biochemis t ry ,  Mcqill  U n i v e r s i t y ,  Mont rea l ,  Canada;(*)Dept Bio logy ,  MIT, Cambridge, Ma,02139. 
Ue have observed  t h a t  m u l t i d r u g  r e s i s t a n c e  (MDR) i s  a s s o c i a t e d  i n  77A, L Z  and C5 hamster  c e l l s  
w i t h  a m p l i f i c a t i o n  of  a c m o n  genomic domain(1).  We have c l o n e d  from L Z  c e l l s  a l a r g e  p o r t i o n  
of  t h i s  domain and showed t h a t  i t  c o n t a i n s  a g e n e  encoding  a 5kb m R N A  whose l e v e l  o f  e x p r e s s i o n  
d i r e c t l y  c o r r e l a t e s  t h e  l e v e l  o f  r e s i s t a n c e  o f  MDR hamster c e l l s ( 2 ) .  Using i n  v i v o  and 2 
v i t r o  models,  we e x t e n d  and p r e c i s e  o u r  o b s e r v a t i o n s  on t h e  a s s o c i a t i o n  o f  t h e  5kb m R N A  w i t h  
MDR. We r e p o r t  t h a t  MDR phenotype can  be t r a n s f e r e d  from L Z  c e l l s  t o  drug  s e n s i t i v e  LTA mouse 
c e l l s  by metaphase  chromosome t r a n s f e r .  Southern  a n a l y s i s  shows t h a t  4 s e p a r a t e  t r a n s f e r a n t s  
c a r r y  5 t o  1 0  c o p i e s  o f  t h e  hamster  gene  on a mouse background. Nor thern  a n a l y s i s  shows t h a t  
t r a n s f e r  of r e s i s t a n c e  i s  l i n k e d  t o  e l e v a t e d  l e v e l s  o f  t h e  5kb m R N A  i n  t h e s e  c l o n e s .  We have 
a l s o  s t u d i e d  t h e  MDR phenotype of  an i n  v i v o  d e r i v e d  mouse leukemic l i n e ,  L l Z l O D N .  T h i s  c e l l  
l i n e  was s e l e c t e d  i n  v i v o  f o r  Daunorubic in  r e s i s t a n c e  and s t a b l y  m a i n t a i n s  drug  r e s i s t a n c e  
(Daunorubic in ,  Adriamycin,  C o c h i c i n e )  d u r i n g  i n  v i v o  passage  i n  t h e  a b s e n c e  o f  d r u g .  Southern  
a n a l y s i s  shows t h a t  L1210DR c a r r i e s  30 c o p i e s  of  a mouse homologue t o  t h e  c l o n e d  hamster  gene .  
Nor thern  a n a l y s i s  shows t h a t  t h i s  a m p l i f i e d  gene  encodes  a 5kb mRNA h i g h l y  e x p r e s s e d  i n  these 
c e l l s .  These  d a t a  s t r o n g l y  s u g g e s t  t h a t  t h e  5kb mRNA p l a y s  a c e n t r a l  r o l e  i n  MDR,  bo th  i n  v ivo  
and i n  v i t r o .  We have now i s o l a t e d  two p o p u l a t i o n s  o f  cDNA c l o n e s  complementary t o  the 5kb 
mRNA7B-f t h e s e  c l o n e s  a r e  shown t o  be homologous t o  hamster  DNA of  the genomic domain 
c l o n e d  from L Z  and homologous t o  t h e  5kb mRNA overexpressed  i n  N O R  c e l l s .  

THE 5KB mRNA OVEREXPRESSED IN PIULTIDRUG RESISTANT CELLS:IN VITRO, IN VIVO OBSERVATIONS 
AND MOLECULAR CLONING, Gros,P.,Croop,J?,Mukayama,T?,Fallows,~?,t~ousman,D? Dept of  
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~ 1 3 7  DNA AMPLIFICATION AND ITS ROLE IN KARYOTIPIC HETEROGENEITY AND TUMOR PROGRESSION 
Michael J. Higgins, D.L. Reimer, M.R. Hough, W. Abramow-Newerly, J.C. Roder. 

I. Shtromas, 3.N. White. and J.J.A. Holden. Queen's University, Kingston, Ont., Canada. 
We have been studying the role of DNA amplification in tumor progression using the human 
melanoma cell line MeWo. 
types, three of which have long homogeneously staing regions (HSRs). They stain with dista- 
mycin A/DAPI and silver suggesting that they originated from the centromeric heterochromatin 
and NOR regions of chromosome 15. 
ing growth in nude mice. 
ed enhanced tumorigenicicy compared to an HSR-lacking hybrid line with a similar human chro- 
mo-aome backgrod. Examination of other MeWo celB identified several new chromosomal rear- 
rangements, the majority of which involved the NOR-containing sequences andlor the distamycin 
A/DAPI positive region of chromosome 15. 
together account for about 802 of the total in MeWo HSRs. While it is unlikely that these 
sequences contribute to tumor progression directly, our data suggest that they do impart a 
specific chromosomal instability to MeWo cells which generates cell heterogeneity. 
correlation between enhanced tumorigenicity and the presence of HSRs in MeWo and hybrid cell 
lines has prompted us to search for DNA sequences conferring the tumorigenic phenotype. DNA 
transfection experiments in conjuction vith the nude mouse tumorigenicity assay are in pro- 
gress. 

The earliest available passage of this cell line contains seven cell 

These HSR-containing cells were strongly selected for dur- 
Furthermore a hamster-human hybrid cell line carrying an HSR exibit- 

We estimate that the rDNA and heterochromatic DNA 

The strong 

This work was supported by the National Cancer Institute of Canada. 

A138 REVERSAL OF ARA-C RESISTANCE BY TREATMENT WITH DIHYDRO-5-AZACYTIDINE(DHAC) 
V.Avramis, R.Biener, B.Antonsson, and J.Holcenberg, Childrens Hospital of LA, 

USC School of Medicine, Los Angeles.CA 90094 
DHAC, a hydrolytically srable derivative of 5-azacytidine, causes hypomethylation 
of DNA and has antileukemic activity. We have previously reported that 
administration of a LDlO dose of DHAC to mice bearing L1210 ara-C cells can partly 
restore their sensitivity to ara-C(Proc AACR 25:333,1984). The untreated cells 
lack deoxycytidine kinase(dck) and do not form ara-CTP after In vitro incubation 
with 1 mM ara-C. 48 hr after the DHAC treatment these cells express approximately 
10% of the arI-CTP formation of the native L1210 cells. We have now treated human 
CEM cells that are deficient in dck activity. These cells also increase ara-CTP 
formation and show a large decrease in DNA methylation after in vitro DHAC 
treatment. Cloned revertants form as much ara-CTP after incubation with ara-C as 
the native CEMlO cells. A clinical protocol has been initiated to treat children 
with acute lymphocytic leukemia resistant to high dose ara-C. These patients 
receive a 5 day continuous infusion of 5-azacytidine and then are retreated within 
5 days with another course of high dose ara-C. The 2 patients studied to date have 
cleared their blood of lymphoblasts but both died of infection. One patient had no 
evidence of leukemia at autopsy. His lymphoblasts showed a decrease in DNA 
methylation after the 5aza-C treatment. Further studies are underway to define the 
mechanism of this reversal of resistance and define its clinical usefullness. 

A139 NIFEDIPINE A N D  CISPLATIN: SYNERGISTIC ANTITUMOR EFFECTS. K .  Honn, J .  Taylor, 

T h e  problems of drug r e s i s t a n t  tunors and their usual catastrophic  consequences f o r  the 
pa t ien t  a r e  commonly recognized. Effor ts  t o  overcome this problem have included manipulation 
o f  chemotherapeutic drug(s)  dosage, scheduling of ,  method of administration and the use of 
mult iple  antitumor agents as  opposed t o  s ing le  d r u j  therapy. 
the use of a non-cytotoxic d r u j  such as  the calcium channel blocker ( C C B )  verapamil t o  en- 
hance the  antitumor e f f e c t s  of cytotoxic  chemotherapeutic agents. 
umented t k  ef f icacy  of "enhancement Therapy" ( E T )  using verapamil in  combination w i t h  
adriamycin, v incr i s t ine ,  e t c . ,  against  cul tured tumor c e l l s  in  v i t r o  and a s c i t i c  and lelkemic 
tumor c e l l s  i n  vivo. Solid tumors and t h e i r  metastases, however, a r e  the most common of 
f a t a l  c o n c e r c  and, ET s tud ies  directed against  so l id  tumors and t h e i r  metastases a re  virt- 
ually non-existent. 
po ten t ia te  the antitumor e f f e c t s  of c i s p l a t i n  (CDDP)  in  
and t h e i r  metastases. 
c i s p l a t i n  against  so l id  subcutaneous murine tumors 0510% reduction v s .  CDDP alone) and t h e i r  
spontaneous pulmonary metastases 0 5 0 %  inh ib i t ion  vs. CDDP alone) and s igni f icant ly  pro- 
longed survival of ET t rea ted  mice as  opposed t o  mice t rea ted  w i t h  a s ing le  drug alone. 
therapy was e f fec t ive  against  a murine tumor l i n e  ( 3 L L )  which i s  inherently r e s i s t a n t  t o  
c i s p l a t i n  alone and against  a c i s p l a t i n  r e s i s t a n t  clonal var ian t  of a c i s p l a t i n  sens i t ive  
ce l l  l i n e  (B16a). We suggest t h a t  ET therapy u s i n g  C C B  and c i s p l a t i n  should be evaluated 
against  human s o l i d  tumors and t k i r  metastases. 

J .  Jacobs & J .  Onada, Wayne Sta te  University, Detroi t ,  MI 48202. 

A recent development has been 

Recent reports  have doc- 

Therefore, we have examined ET therapy using the C C B  nifedipine t o  
against  so l id  primary tumors 

We found t h a t  nifedipine g r e a t 5  enhanced the antitumor e f f e c t s  of 

ET 
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~ 1 4 0  T h e  c o n c e p t  of  s u p p o r t i n g  p r e s s u r e :  a h e l p  t o  u n d e r s t a n d  C a n c e r .  
SYED A.IMAiY,  M i c r o b i o l o g y  Div.  , C e n t r a l  D r u g  R e s . 1 n s t .  ,Lucknow,INDIA. 

T h e  c o n c e p t  of  s u p p o r t i n g  p r e s s u r e  w o u l d  e n c o m p a s s  t h s  c o n c e p t s  of osmotic  
p r e s s u r e ,  v i s c o s i t y  .% s u r f a c e  t e n s i o n  a n d  i t  w a u l d  r e p r e s e n t  t h e  t o t a l  p r e -  
s s u r e  o f  m o l e c u l e s ,  b u i l t  u p  a s  a r e s u l t  of o r g e n i s a t i o n  o f  m a c r o m o l e c u l e s  
t o  form a t i s s u e  i n  a b o d y ,  f o r  i n s t a n c e .  T h e  f a l l  o f  p r e s s u r e  of mole- 
c u l e s  may r e s u l t  i n  d e - d i f f e r e n t i a t i o n  o r  p o s s i b l e  o n s e t  o f  C a n c e r o u s  s t a t e  
o f  g r o w t h ;  d i f f e r e n t i a t i o n  r e p r e s e n t s  a h e a l t h y  l e v e l  o f  p r e s s u r e  o f  mole- 
c u l e s  i n  v a r i o u s  o r g a n a  a n d  t i s s u e s .  T h e  v a r i o u s  l e v e l s  of p r e s s u r e s  o f  
m o l e c u l e s  i n  a l i v i n g  t i s s u e  w o u l d  n o t  r e m a i n  c o n s t a n t  a n d  v a r i a t i o n  i n  
t h i s  w o u l d  s h o w  u p  as b i o l o g i c a l  v a r i a t i o n  o f  p r o p e r t i e s .  The  v i s c o s i t y .  
s u r f a c e  t e n s i o n  a n d  o smot i c  p r e s s u r e  may b e  s e e n  as m a n i f e s t a t i o n s  of t h e  
s u p p o r t i n g  p r e s s u r e  of m o l e c u l e s  w h i c h  h o l d  t o g e t h e r  i n  e c e l l  m o l e c u l a r  
c o n f i g u r a t i o n  i n  h e a l t h  a n d  d i s e a s e .  T h u s  m o l e c u l a r  o r g a n i s a t i o n  i n s i d e  a 
t i s s u e  w o u l d  b e  b a c k e d  by t h i s  s u p p o r t i n g  p r e s s u r e .  I t  i s  t h e n  p o s s i b l e  t o  
c o n c e i v e  of c o l l a p s e .  p a r t i a l  or c o m p l e t e .  of t h i s  p r e s s u r e  d u e  t o  a 
disease l i k e  c a n c e r ,  r e s u l t i n g  i n  d i s r u p t i n g  c o r r e s p o n d i n g l y  t h e  s u p p o r t e d  
m o l e c u l a r  s t r u c t u r e  e n d  & -. T h u s  t r e a t m e n t  o r  c u r e  o f  c a n c e r  f o r  
e x a m p l e  may be s p o k e n  o f  as b r i n g i n g  b a c k  t h e  aame l e v e l s  o f  s u p p o r t i n g  
m o l e c u l a r  p r e s s u r e s  w h i c h  b b t a i n  i n  e h e a l t h y  s t a t e .  T h e  p r e s s u r e  o f  mole- 
c u l e s  e x h i b i t i n g  i t s e l f  i n  t h e  form o f  for  e x a m p l e ,  o smot i c  p r e s s u r e  
r e v e a l s  now as a new f u n d a m e n t a l  i n  t h e  make  up  of  e ce l l .  

~ 1 4 1  CHEMICAL AND B m L o G i c m  CHARACTERIZATION OF SEMI-SYNTHETIC IN-IU~ITORS 
AGAINST METASTATIC MELANOMA CEU-D)WMD HEPARANASE. Tatsuro Irimura, 

Motowo Nakajima and Garth L. Nicolson, Department of Tumor Biology, University of Texas M. D. 
Anderson Hospital and Tumor Irst i tute,  Houston, Texas 77030 

The destruction of microvascular wall basement membrane is required for blood-borne metastat ic  
lung colonization of melanoma cells. Heparan sulfate proteoglycan (HSPG) is an important constituent 
of endothelial basement membrane, and in fact ,  HS degradative activit ies 816 melanoma sublines 
correlate with their  lung colonization activities. W e  have been attempting to  produce inhibitors agaimt 
H S  specific endo- 5-glucuronidase (heparanase). W e  have examined a series of chemically modified 
heparim and found that  some of these derivatives such as 1. N-acetylated N-desulfated heparin; II. N- 
resulfated N- and O-desulfated heparin; and 111. caboxy-reduced hepafi= possessed inhibitory activity 
with minimal anticoagulant activity. Heparin inhi ed  release of 5-labeled HS fragments from 
endothelial matrix, and also induced release of 'S-labeled macromolecules, presumably HSPG. 
Whereas compounds I1 and I11 were inhibitory against heparanase without causing spontaneous release of 
HSPG, I1 and I11 were inhibitory to  the growth of mouse lung endothelial cells, but did not affect  t he  
growth of B16-BL6 melanoma cells. They slightly enhanced the initial kinetics of adhesion of B16-BL6 
melanoma cells t o  endothelial matrix. When these substances were incubated with B16-BL6 melanoma 
cells and injected intravenously into C57BLf6 mice, reduction of the number of lung colony af ter  21 
days was observed. 

Supported by NIH-BRSG RR5511-22. 

A142 EPIGENETIC CONTROL OF TUMOR CELL PHENOTYPE, Raymond J. Ivatt, University 
of  Texas, M.D. Anderson Hospital and Tumor Institute, Houston, TX 77030 

Tumor cell heterogeneity is a major complication for effective cancer therapy. This 
heterogeneity can arise as a consequence of long-term, genetic alterations and can also arise as 
a result  of short-term effects. W e  have been studying the  latter, specificaliy, the short-term 
heterogeneity of tumor cell adhesiveness during the cell cycle and in response to  cellular 
contacts.  Our studies with the murine teratocarcinorna system have identified a carbohydrate- 
mediated cellular adhesive system. The system is characterist ic of t he  s tem cells and is lost on 
differentiation. The expression o f  the carbohydrate moiety is conserved during the cell cycle 
and is modulated by cellular contacts. In contrast, the  expression of the carbohydrate receptor 
shows a periodic var ia t im during the cell cycle and very l i t t le  alteration in response t o  cellular 
contact. As the carbohydrate is the limiting component, the net result is that  cells maintain 
their  cohesiveness during periods of continued proliferation but have decreased adhesiveness as 
t he  number of cellular contacts increase. This may provide a homeostatic mechanism for 
regulating the strength of adhesive contacts. Understanding how intrinsic and extrinsic factors 
regulate the strength of cellular adhesiveness is an important part of understanding the  
metastat ic  phenotype. 

Supported by Basil O'Connor Starter Research Grsnt,  March of Dimes 5-365, and Grants 
CD-153 and BC-426 from The American Cancer Society. 
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A143 MOLECULAR MECHANISMS OF BLEOMYCIN RESISTANCE IN HUMAN TUMOR CELLS, 
John S. Lazo and Susan G. Amara, Yale University, New Haven, CT 06510 
The mechanisms determining natural and acquired resistance by human tumors 
to antitumor antibiotics are poorly understood. Using brief mutagenesis 
and constant exposure to bleomycin (BLM), we have isolated 3 stable BLM 
resistant clones from cultured human head and neck carcinoma cells (A- 
253). The resistant phenotype was specific for BLM since no clones 
displayed cross-resistance to vincristine, doxorubicin, cis-diammine- 
dichloroplatinum, or x-irradiation. No significant BLM metabolism was 
detected with intact cells. Two clones had reduced BLM cellular 
association suggesting altered drug uptake or efflux. The mechanism of 
resistance for the third clone remains unclear. The identification of a 
BLM resistance gene (ble) on the bacterial transposon Tn5 suggests that 
genetic factors may control BLM resistance. Using deletional analysis, we 
have mapped the location of the ble gene to a 580 bp region between 
neomycin and streptomycin resistance genes on Tn5. The ble gene has been 
inserted into an SV40 eukaryotic expression vector and the expression of 
the gene in stably transfected A-253 cells is being evaluated. The 
availability of stable tumor cell lines with acquired resistance to BLM 
should allow further clarification of the molecular basis for antitumor 
antibiotic drug resistance in malignant human cells. 

A144 TIME-DEPENDENT CELLULAR COMPOSITION OF A N  ARTIFICIAL HETEROGENEOUS XENOGRAFT COLON 
TUMOR,  John T. Leith, Seth Michelson, Lynn Faulkner, Sarah F. Bliven, and A r v i n  S. 

Glicksman, Brown University and Rhode Island Hospital, Providence, RI 02902 

Two clonal tumor subpopulations, termed A and D, or ig ina l ly  i so la ted  from a human colon ade- 
nocarcinoma, DLD-1, have been mixed in varying proportions t o  c rea te  a r t i f i c i a l  heterogene- 
ous neoplasms. The c e l l u l a r  charac te r i s t ics  of pure clone A and clone D tumors i n  nude mice 
were compared t o  those of 5:95, 50:50, and 95:5 percentage admixtures of clone A and D c e l l s  
respect ively in the  i n i t i a l  in jec t ion  bolus. 
these neoplasms was measured by enzymatically disaggregating tumors and p la t ing  the  obtained 
s ingle  c e l l s  i n  v i t r o  f o r  assessment of clonogenic poten t ia l .  
scored as being *r "A-  or  D-type" on morphological grounds w i t h  confirmation of colony 
ancestry by karyotyping. 
forming ef f ic iency ,  and c e l l u l a r  i d e n t i t y  of clonogenic c e l l s  could be assessed f o r  the  d i f -  
fe ren t  groups as a function of tumor age ( t o  about 60 days pos t in jec t ion) .  The data  ind i -  
ca te  t h a t  there  i s  a preferred c e l l u l a r  composition i n  terms of admixture s t a b i l i t y  i n  the 
re t r ieva l  of clonogenic A -  or  D-type c e l l s  f o r  the 5:95 clone A:clone D tumors. In contrast ,  
o ther  admixture compositions are  unstable, as the r e l a t i v e  percentages of the  subpopulations 
change cont inual ly  over the  l i f e  h i s tory  of the  so l id  tumors. These data ,  together  with 
c lass ica l  Gompertzian analysis  of growth of these heterogeneous neoplasms, indicate  some 
type of "clonal in te rac t ions"  and have appl icat ion t o  the therapy of so l id  (heterogeneous) 
cancers. (Research supported by ACS Grant PDT 243) .  

The time-dependent c e l l u l a r  composition of 

Developing colonies were 

Therefore, i n  these experiments the ce l l  y ie ld  (cel ls /mg),  colony 

A145 Identificaton and Characterization of the Genes Encoding Three Novel MHC Class I 
Antigens on a C3H Tumor. Richard Sinsk", Hans StaussP, Mans Schreiberl, and 
Robert Goodenow*, "Department of Genetics, University of California, Berkeley, CA 

94720, #La Rabida Institute, University of Chicago, Chicago, 11, 60637 

Like most W-induced C3H fibrosarcomas the tumor 1591 is highly immunogenic and is 
rejected when transplanted into syngeneic mice. Analysis of 1591  with tumor specific and 
anti-H-2 monoclonal antibodies revealed that this tumor expresses several novel class I 
?NC antigens not normally found on the parental C3H tissue, in addition to the normal 
comolement of H-ZKk and H-2Dk. I n  order to determine the molecular basis for the express- 
ion of these novel class I antigens, we have generated a librar$rom 1591 genomic DNA and 
have identified three genes whose products account for the unique serological reactivities 
observed on the tumor. These three genes contain several polymorphic restriction fragments 
which are detected in genomic Southern blots comparing the class I genes oE 1591 to those 
of normal C3H tissue, suggesting that these genes were generated by multiple recombination 
events among the endogenous class I genes of C3H. DNA sequence analysis of these three 
genes suggests that this is indeed the case, since the 3' end of one of the genes is 
identical to that of the endogenous H-2Kk gene. Since expression of these novel class I 
antigens is responsible for the regressor phenotype of 1591, these data suggest that 
class I gene rearrangements might be intimately associated with the complex immunobiology 
of UV-induced tumors. 

54 



Cellular and Molecular Biology of Tumors 

A146 T&-Sm IMMuNQF\sSAYS FOR "HE MEAsuRFMENT OF U&%rNnI IN .%PUM AND TISSW-CXLWE 
 SUP^^, J .D.  w s  and G. Schechter, Luatiig Institute for Cancer Research, G o  

Paulo Branch, R. prof. Antonio mdente  109-4, 

B a m t  d r a n e s  seem to play a crucial role on the process of invasim by metastatic 
cancer cells. Tney are canpsed of collagen, elastin, proteoglycans and glycoproteins, and 
act  as  boundaries between cells and intersticial stram. ?he= interactions may be altered 
in nezplasia, since tunnr cells can lyse, sinthesize and stirrollate the pro3uction of mtrix 
ccmponents by bystander cells. -in is a 10' M glicoprotein present i n  bas-t membrares 
and its serum levels could be influenced by those modificatians, thus correlating w i t h  tumor 
staging. III the present study we develop3 a tx-site j m u x ~ s s a y  to masure concentraticms 
of laminin i n  sera of different aninlal species, i n  tissue culture supernatants and in  sera 
f m  n o m l  and wncer-bearing patients. Laminin was purified from Ms tumjrs and used for 
imnunizatian of rabbits, for the purification of antibodies by affinity c h r m t c g r a ~ ~  and 
as  standard for the innuncassay. Purified antikcdies were used to coat plystirenebeads,were 
conjugated to peraxidase by the -step glutaraldehyde method and were labeled w i t h  1251 by 
the Iod- method.. Normal rabbit serum was passed through an Heparin-sqimrose colurm and 
the void volume (laminin-free serum) was used for the preparation of laminin standards. 
U n l u w m  samples Were i~easured directly against a standard curve obtained for both, radio and 
enzyme inmumassay. %rum levels varied between species, were very high in  mice bearkg M S  
twrs and seemzd to correlate w i t h  the staging of various hmmn cancers. 
levels of circulating laminin could be of importance in the prognosis of huIMn twors. 

01509, 3. Paulo, Brazil. 

In conclusions, 

~ 1 4 7  LOCALIZATION OF ABUNDANT mRNAs TO INDIVIDUAL LEUKOCYTES FROM MIXED CELL POPULATIONS, 
Wendy M. Mars, C h r i s t i n e  M. S t e l l r e c h t ,  and Grady F. Saunders, M.D. Anderson Hospi-  
t a l  and Tumor I n s t i t u t e ,  Houston, TX 77030. 

The m y e l o p r o l i f e r a t i v e  response c h a r a c t e r i s t i c  o f  ch ron ic  myelogenous leukemia (CML) i s  
be l i eved  t o  be t h e  end r e s u l t  o f  a p r imary  d e f e c t  i n  a hematopo ie t i c  stem c e l l  capable o f  
m u l t i l i n e a g e  d i f f e r e n t i a t i o n .  I n  an e f f o r t  t o  b e t t e r  understand t h i s  disease, we i n i t i a l l y  
i s o l a t e d  and cha rac te r i zed  cDNA c lones  t h a t  rep resen t  mRNAs p r e f e r e n t i a l l y  expressed i n  
c e l l s  f rom CML p a t i e n t s .  As t h e  RNAs were o r i g i n a l l y  i s o l a t e d  f rom heterogeneous c e l l  popu- 
l a t i o n s ,  i t  i s  impor tan t  t o  determine whether a l l  t h e  c e l l s  a r e  p roduc ing  the  RNAs o f  i n t e r -  
e s t  o r  i f  o n l y  a subset o f  t h e  popu la t i on  i s  respons ib le  f o r  t he  m a j o r i t y  o f  t h e  RNA. 
There fore  we have u t i l i z e d  h y b r i d i z a t i o n  i n  s i t u  o f  r a d i o l a b e l e d  cDNAs t o  the  c e l l u l a r  
RNAs from i n d i v i d u a l  hematopo ie t i c  c e l l s .  Resu l ts  i n  normal bone marrows us ing  two d i f f e r -  
e n t  cDNAs i n d i c a t e  t h a t  a minor  subset o f  t h e  popu la t i on  produces a l a r g e  percentage o f  t he  
RNA and the re  i s  a s i m i l a r  h y b r i d i z a t i o n  p a t t e r n  w i t h  bo th  probes. 
i z a t i o n  p a t t e r n s  o f  these two c lones  d i f f e r  w i t h i n  the  same leukemic popu la t i ons .  Both  a re  
p r i m a r i l y  expressed by an e o s i n o p h i l i c  c e l l  i n  the  normal popu la t i ons  which suggests t h i s  
c e l l  may be invo loved i n  t h e  development o f  CML. 

I n  con t ras t ,  t he  hyb r id -  

A148 EPIDERMAL GROWTIi FACTOR (EGF) RECEPTOR I S  INCREASED IN  MULTIORUG-RESISTANT HUHAN 
NEUROBLASTOMA CELLS, Marian B. Meyers, Barbara A. Spengler,  W. P. V i o l e t  Shen, 
Mark E. F u r t h  and June L. B i e d l e r ,  Memorial S loan-Ket te r ing  Cancer Center, Yew York, 
NY 10021 

Increased l e v e l s  o f  [ lZ5 I ]EGF b i n d i n g  were neasured i n  th ree  human neuroblastoma l i n e s  i n -  
dependent ly se lec ted  f o r  h i g h  l e v e l s  o f  r e s i s t a n c e  t o  v i n c r i s t i n e  o r  ac t inomyc in  D as com- 
pared t o  pa ren ta l  c e l l s .  F u r t h e r  evidence f o r  recep to r  modu la t ion  was found by q u a n t i t a -  
t i v e  a n a l y s i s  o f  ['251]EGF a f f i n i t y  l abe led  recep to r ,  i m u n o p r e c i p i t a t e d  recep to r ,  and in 
v i t r o  phosphorylated immunoprec ip i ta ted  recep to r  i n  r e s i s t a n t  and c o n t r o l  c e l l s .  There i s  a 
7 - f o l d  inc rease i n  EGF b i n d i n g  i n  SH-SYSY/VCR (1333- fo ld  r e s i s t a n t  t o  v i n c r i s t i n e )  and a 40- 
f o l d  i nc rease  i n  b i n d i n g  i n  SH-SY5Y/AD ( 3 0 - f o l d  r e s i s t a n t  t o  ac t inomyc in  0) c e l l s  compared 
t o  SH-SY5Y (Bmax f o r  EGF = 1.7 fmoles/ lD'  c e l l s ) .  A 25 - fo ld  inc rease was measured i n  MC- 
I X C / V C R  (6538- fo ld  r e s i s t a n t  t o  v i n c r i s t i n e )  compared t o  M C - I X C  c e l l s  (Bmax f o r  EGF = 0.3 
fmoles/ lO'  c e l l s ) .  SH-SYSY/VCR c e l l s  c o n t a i n  double minu te  chromosomes (OMS) u n l i k e  drug- 
s e n s i t i v e  c o n t r o l s .  
reg ion  (HSR) n o t  p resent  i n  c o n t r o l s .  SH-SY5Y/AD c e l l s  have n e i t h e r  DMs no r  HSRs b u t  do 
c o n t a i n  5 cop ies  o f  chromosome 7, t he  chromosome t o  which the  EGF recep to r  gene has been 
mapped. 
a n a l y s i s  w i t h  32P- labe led  EGF recep to r  cDNA suggests t h a t  t h e  mechanism f o r  recep to r  i n -  
crease i s  not gene a m p l i f i c a t i o n .  
e p i g e n e t i c a l l y  c o n t r o l l e d  t r a i t  o f  these m u l t i d r u g - r e s i s t a n t  c e l l s .  

M C - I X C / V C R  c e l l s  c o n t a i n  a chromosome bear ing  a homogeneously s t a i n i n g  

C e l l s  o f  t h e  ac t inomyc in  D- res i s tan t  l i n e  r e q u i r e  EGF f o r  growth.  Southern b l o t  

Modu la t ion  of EGF recep to r  express ion  may be an i nhe r i t ed ,  
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~ 1 4 9  METASTATIC HETEROGENEITY OF CELLS ISOLATED FROM A SURGICAL SPECIMEN OF A 
HUMAN RENAL CELL CARCINOMA, Seiji Naito, Andrew C. von Eschenbach, R. Giavazzi and 
Isaiah Fidler, M.D. Anderson Hospital and Tumor Institute, Houston, Texas 77030 

Human renal carcinoma cells (HRCC) and site of implantation in nude mice influence the biologic 
behavior of this cancer. HRCC obtained from a radical nephrectomy, was dissociated enzymatically. 
Cells were established in culture or injected S.C. and into the kidney of BALB/c nude mice. The resultant 
kidney tumor produced liver metastasis and ascites. All tumors growing in nude mice (s.c., kidney, liver, 
ascites) were also established in culture. These 5 different lines were injected s.c., i.p., i.v., 
intrasplenically and into the renal subcapsule (RSC) of nude mice and the tumorigenic and metastatic 
behavior of the cells were determined. 

All the  lines were tumorigenic af ter  S.C. or RSC injection. However, the metastatic behavior of the 
HRCC cells was influenced by both the nature of the tumor cells and by the route of injection. In 
general, cells derived from the liver metastasis produced more metastases in nude mice than other lines. 
The line established in culture from the primary HRCC was the least metastatic. Even with highly 
metastatic cells, i.v. or S.C. injection did not yield significant metastasis but the injection of metastatic 
HRCC cells into the kidney resulted in extensive metastasis. These results indicate that  nude mice can 
be used for the  selection of populations of HRCC cells with increased growth and metastat ic  potential 
and that  the kidney is the most natural and advantageous s i te  for implantation of HRCC. 

~ 1 5 0  DIRECT EVIDENCE OF STEM CELL HETEROGENEITY IN A HUMAN BREAST CANCER. 
Univers i ty  of Michigan, Ann Arbor, MI 48109. 

R.B. Natale ,  

A m e t a s t a t i c  sup rac l av icu la r  node from a woman with b reas t  cancer was disaggregated i n t o  a 
s i n g l e  c e l l  suspension, f i l t e r e d  t o  remove c e l l  clumps and cu l tu red  i n  a two-layer agar  
system. Dishes were examined inmediately a f t e r  c u l t u r i n g  t o  document s i n g l e  c e l l  
d i s t r i h u t i o n  and 0 2 days t h e r e a f t e r  t o  monitor c lonal  growth. On day 11, twenty co lon ie s  
(>30  c e l l s  each) were harvested by microsyringe and ind iv idua l ly  t r a n s f e r r e d  t o  
microwells.  
continued f o r  a t  l e a s t  6 months. 3 c lones,  c a r r i e d  f o r  3+ yea r s ,  have been cha rac t e r i zed  
and possess s i g n i f i c a n t  b io log ic  d i f f e rences .  Clone UJ-ERE 1.1 grows a s  a suspension 
c u l t u r e  and has a doubling t ime ( D T )  of 12 days,  c loning e f f i c i ency  (CE) i n  agarose of 
.07%, and modal chromosome number (MCN) of 88. 
LIT of 50 hours,  CE i n  agarose of .35% and MCN of 72. UJ-BRE 1.3 grows p a r t i a l l y  a t tached 
and i n  suspension and has a OT of 36 hours,  CE i n  agarose of .08% and MCN of 80. 
A tachment t o  e x t r a - c e l l u l a r  matrix (ECM) was measured using c e l l s  r ad io l abe l l ed  w i t h  

t i s s u e  compared t o  ECM der ived from r a t  lung, kidney o r  l i v e r  t i s s u e  o r  t o  tissue c u l t u r e  
p l a s t i c .  Three 
c e l l  l i n e s ,  der ived from stem c e l l s  have been e s t ab l i shed .  We be l i eve  t h a t  t he  phenotypic 
and genotypic d i f f e rences  between these 3 c e l l  l i n e s  provide d i r e c t  evidence of stem c e l l  
heterogenei ty .  

14 co lon ie s  ( c lones )  continued t o  p r o l i f e r a t e  f o r  a t  l e a s t  3 months and 7 

UM-BRE 1.2 grows i n  suspension and has a 

[ 5 Hlthymidine. All t h r e e  clones at tached more av id ly  t o  ECM der ived from r a t  mammary 

UJ-BRE 1.2 had a g r e a t e r  a f f i n i t y  f o r  mamnary ECM than UJ-BRE 1.1 o r  1.3. 

(Supported i n  par t  by ACS grant  CH-231) 

~ 1 5 1  EXPRESSION OF AVIAN SARCOMA VIRUS (ASV) GENES IN CULTURED CELLS DERIVED FROM DIFFER- 
ENT PERIODS OF TUMOR GROWTH, Louise Poulin and Mark A. Wainberg, Lady Davis 

Institute, Jewish General Hospital, Montreal, Quebec H3T 1E2 
Most tumors induced in chickens by ASV grow actively for several weeks and then regress. We 
compared tumor cells derived from the Uregressorn phase of ASV-induced tumors to those from 
progressively-growing neoplastic tissue in terms of ASV gene expression. The results indi- 
cate that the polyadenylated RNA's extracted from uregressorn tumor cells are much more pro- 
ductive than those from aprogressorn sarcoma cells in a reticulocyte lysate in vitro trans- 
lation system, in terms of both time course and concentration. Those polypeptides which are 
generated by in vitro translation of Uregressorn RNA correspond on SDS-polyacrylamide gels 
to the known ASV protein species. In contrast, the polyadenylated RNA's obtained from upro- 
gressorn sarcoma cells translate much smaller amounts of these same viral proteins. The 
identity of two of these viral proteins was confirmed by immunoprecipitation of the transla- 
tion products, using a rabbit serum directed against pp6Osrc and Pr76gag precursor polypep- 
tides. These inmunoprecipitations clearly demonstrated that much more pp6Osrc and Pr76gag 
proteins were produced by the mRNAs of uregressorv cells than of uprogressorsn. Hybridiza- 
tion of viral c-DNA and Northern blots revealed that viral RNA including genomic and sub- 
genomic species ( 8 . 6 ,  5.0 and 3.2 Kb) were present in greater amounts in the cytoplasm of 
uregressorn as compared to nprogressorn tumor cells. The results support the notion that 
extra copies of viral RNA including subgenomic species may accumulate in the cytoplasms of 
uregressors tumor cells, with a subsequent increase in levels of translated viral proteins. 
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A152 
and Guy Riou. Laboratoire de Pharmacologie Clinique et Moleculaire, Institut 

Gustave Roussy, 94805 Villejuif cedex (France). 
The c-myc oncogene was characterized and its expression analysed in 32 mammary 

adenocarcinomas and in 2 benign breast tumors from 34 untreated patients. The tumor 
specimens were obtained by surgical excision. Southern blot hybridization experiments have 
demonstrated amplification of the oncogene (3, 5 and 30 fold) in only 3 carcinomas. The 
analysis o f  DNA preparations by several restriction enzymes does not permit to conclude to 
a c-% gene rearrangement. 

The analysis o f  total RNA by Northern blot revealed the presence of a 2.4 kb c - w  
RNA band. In 7 out of 10 carcinomas from patients with lymph node metastases the level of 
c-% expression evaluated by dot analysis was 4 to 14 fold grer.ter than in normal human 
tissues (lung, thyroid, lymphocytes, uterine cervix). In only 5 out o f  22 carcinomas from 
patients without lymph node metastases the level of c-myc expression was also elevated (4 
to 10 fold). The level of c-mvc exoression was not sianificantlv enhanced in the 2 benian 

ENHANCED EXPRESSION OF c - w  ONCOGENE IN MAMMARY ADENOCARCINOMAS. Martine Guerin 

breast tumors. These result; suggest that the c-& oncogen: is activated in-mammary 
cancers of bad prognosis. 

~ 1 5 3  
Cancer Research Unit, University of Newcastle upon Tyne, Royal Victoria Infirmary, Newcastle 
upon Tyne, NE1 4LP, England. 

The generation of the metastatic phenotype has been attributed to genetic instability and 
mutation rate is greater in tumours with high metastatic potential compared with correspon- 
ding tumours with low metastatic potential 111. Translocation of chromosomal segments is 
closely involved with the activation of certain oncogenes in leukemias and lymphomas [ 2 1 .  
We have therefore investigated the relationship between genetic instability indicated by 
the occurrence of spontaneous sister chromatid exchanges (SCE) and metastasizing ability of 
B16 melanoma high metastasis variant BL6, low metastasis variant F1, and two cell lines of 
human astrocytomas, tumours not known to show spontaneous extracranial metastases. Approx. 
30% of BL6 cells, 3% of F1 and 2 - 4% of astrocytoma cell populations showed SCE. The cell 
lines also differed, but not significantly, in the number of SCEs/chromosome. Apparent mut- 
ation rates calculated using the Poisson method assuming that mutational events occurred as 
the result of the chromosomal rearrangements were: F1, 1.18 x 10-5; BL6, 5.82 x 10-5; astro- 
cytoma lines IJKt and G-UVW, 1 . 3 3  and 0.89 x 10-5/cell/generation respectively. These exp- 
eriments show that genetic rearrangement may cause the generation of variants with metasta- 
sizing ability. 

GENETIC REARRANGEMENT AND THE GENERATIO:: OF METASTATIC VARIANTS IN B16 MURINE MELA- 
NOMA AND HUMAN ASTRCCYTOMAS IN CULTURE, G.V. Sherbet, M.S. Lakshmi and G. Hunt, 

[11 Cifone, M. and Fidler, I.J. (1981) Proc. Natl. Acad. Sci. U.S.A., 78, 6949. 
[ 2 1  Klein, G. (1983) K, 32, 311; Rowley, J.D. (1984) Cancer Res., 44, 3159. 
Supported by the North of England Cancer Research Campaign. 

A154 The a n t i - p r o s t a t i c  tumor drug estramustine binds microtubule-associated 
proteins(MAPs). M.E. Stearns and K.D. Tew. Fox Chase Cancer Center, Phi l a . ,  Pa.. 

Estramustine, 17 B-est rad io l  3N b is(2-ch loroethy l )  carbamate, is an a n t i m i t o t i c  agent used 
t o  t r e a t  advanced p r o s t a t i c  cancer. We have invest igated t h e  e f f e c t s  o f  EM on microtuby le 
p ro te ins  of b r a i n  t issue,  human p r o s t a t i c  tumor DU 145 c e l l s  and f i s h  chromatophores. H- 
EM binds several high molecular weight microtubule associated p ro te ins  (HMW-MAPS) which 
co - i so la te  w i t h  taxol  s t a b i l i z e d  microtubules. Imnunocytochemical s tud ies w i t h  a n t i -  
t u b u l i n  antibody i nd i ca te  120 uM EM w i l l  d i s r u p t  microtubules i n  v i vo  and i n  detergent 
cytoskeletons o f  DU-145 c e l l s  and f i s h  chromatophores. 
show t h a t  a f luorescent ly  tagged analogue o f  EM, dansylated-EM o r  DNS-EM, w i l l  b i nd  taxol  
s t a b i l i z e d  microtubules o f  erythrophore and sperm axonemes cytoskeletons. I f  HMW-MAPS and 
dynein a re  s t r i pped  from the  microtubule s t ruc tu res  w i th  detergent, s a l t  e x t r a c t i o n  or 
t r yps in i za t i on ,  the b ind ing  a f f i n i t y  o f  DNS-EM i s  dramat ica l ly  reduced. The most s t r i k i n g  
e f f e c t  o f  EM i s  t o  i n h i b i t  m o t i l i t y  i n  taxo l  s t a b i l i z e d  c e l l  models which a re  
permeabil ized w i t h  d i g i t o n i n .  A t  60-120 uM levels, EM r a p i d l y  i n h i b i t s  t ranspor t  o f  
pigment granules i n  chromatophores and axonemal beat ing by sperm t a i l s .  The e f f e c t s  a re  
r a p i d l y  reversed w i th  washing i n  f resh  ATP-solutions. The data ind icates t h a t  HMW-MAPS 
func t i on  t o  s t a b i l i z e  microtubules and promote organel le  t ranspor t  i n  v ivo.  We propose 
t h a t  estramustine represents a novel c lass  o f  a n t i - m i t o t i c  drugs which have a h igh 
a f f i n i t y  f o r  HMW-MAPS and dynein. Helsingborg Research Foundation Grant. 

Fluorescent microscopic s tud ies 
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A155 DRUG RESISTANCE I N  HUMAN LUNG CANCER CELL LINES. P.R. Twentyman, G.A.  Walls, 

*Laboratory of Molecular Biology. H i l l s  Road, Cambridge, England. 
J.G. Peeve and G.L.E.  Koch*. MRC C l i n i c a l  Oncology and Padiotherapeut ics  Unit and 

We have taken a number of approaches t o  ob ta ln  r a d i a t i o n  or drug r e s i s t a n t  v a r i a n t s  of 
human lung cancer c e l l  l i n e s  a s  a b a s i s  fo r  mechanis t ic  s t u d i e s  of t he rapeu t i c  r e s i s t ance .  
Mult iple  high dose t reatment  of s m a l l  c e l l  l i n e s  with e i t h e r  x-rays, CCNU, v i n c r i s t i n e  (VCR) 
or adriamycin (ADM) d id  not  produce major changes i n  t h e  s e n s i t i v i t y  of t h e  regrowing 
populat ion t o  t h e  t reatment  agent .  Multi-drug r e s i s t a n t  v a r i a n t s  of t h r e e  c e l l  l i n e s  (one 
s m a l l  c e l l ,  one adenocarcinoma, one l a rge  c e l l )  have, however, been i s o l a t e d  by growth i n  
inc reas ing  concentrat ions of ADM. Each of t h e  l i n e s  is  a l s o  r e s i s t a n t  t o  VCR and t o  
co lch ic ine  and shows reduced ADM content  fol lowing Ih  exposure compared with i t s  pa ren t  
l i n e .  Resis tance could be p a r t l y  overcome by t h e  use of t h e  calcium t r a n s p o r t  blocker ,  
verapamil (VPP). In  t h e  r e s i s t a n t  small  c e l l  l i n e ,  t h e  r e s i s t a n c e  f a c t o r  i s  much lower for 
aclacinomycin A than f o r  ADM and t h i s  r e s i s t a n c e  can be t o t a l l y  removed by VRP. 

l i n e s  (and a l s o  i n  t h r e e  multi-drug r e s i s t a n t  rodent  c e l l  l i n e s ) .  
t hese  changes w i l l  be discussed.  

A number of changes i n  c e l l u l a r  p ro te in  composition have been observed i n  t h e  r e s i s t a n t  
The s ign i f i cance  of 

A156 FIVE GENES ARE AMPLIFIED I N  THE MULTIDRUG RESISTANT CHINESE HAMSTER OVARY CELL-LINE 
CHrC5. A.M.  van der  Bl iek.  M.H.L.  de Bruyn. T. van der Velde-Koerts and P. Borst ,  
The Netherlands Cancer I n s t i t u t e ,  Amsterdam, The Netherlands.  

Mul t ld rug  r e s i s t a n c e  may l i m i t  t h e  e f f e c t i v e n e s s  of c a n c e r  chemotherapy,  because  t h e  
s u r v i v i n g  c e l l s  can become c r o s s - r e s i s t a n t  t o  drugs d i f f e r i n g  both i n  t a r g e t  and chemical 
s t r u c t u r e .  The complexity of the  r e s i s t a n t  phenotype, apparent  i n  t h e  d i f f e r e n t  p a t t e r n s  of 
c r o s s - r e s i s t a n c e ,  s u g g e s t s  t h a t  s e v e r a l  components a r e  involved. The CHO c e l l - l i n e  CHrC5 
(Riordan g g . ,  Nature 2 5 ,  817) s e l e c t e d  w i t h  c o l c h i c i n e  was used t o  c o n s t r u c t  a cDNA 
1 1  b r a r y .  C l o n e s  r e p r e s e n t i n g  o v e r e x p r e s s e d  m R N A s  were i s o l a t e d  by d i f f e r e n t i a l  screening 
with cDNA probes from the  pa ren ta l  ( A U X  61) and the  r e s i s t a n t  (CHrC5) c e l l - l i n e .  Based on 
R N A  b l o t  h y b r i d i z a t i o n s ,  showing p rominen t  t r a n s c r i p t s  r a n g i n g  from 700 t o  4500 n t ,  we 
conclude t h a t  our c lones a r e  der ived from f i v e  overexpressed genes. One clone,  which c r o s s -  
h y b r i d l z e s  wi th  t h e  r e c e n t l y  r e p o r t e d  cDNA encod ing  p a r t  of a 170 kD P - g l y c o p r o t e i n  
(%..it.), s e e s  Eco RI fragments which a r e  d i f f e r e n t i a l l y  amplif ied i n  CHrC5 DNA ( l o  and 30 
X ) .  The o t h e r  f o u r  s e t s  of c lones recognize d i s t i n c t  genes which a r e  amplif ied 10 or 30 x .  
The amplif ied D N A  was analyzed by pulsed f i e l d  g rad ien t  ge l  e l ec t rophores i s  a f t e r  d i g e s t i o n  
w i t h  r e s t r i c t i o n  enzymes t h a t  c u t  i n f r e q u e n t l y  i n  t h e  mammalian genome. Two genes a r e  
coamplified o n  two S f i  I fragments of 190 and 300 kb. The o the r  t h r e e  genes,  of which one is  
t h e  P - g l y c o p r o t e i n ,  r e s i d e  a t  l e a s t  i n  p a r t  o n  a coinmon 4 4 0  kb S a c  I1 f r agmen t .  Our 
observat ions a r e  compatible with l i n k a g e  of t h e  genes  i n  one  l a r g e  ( >  600 k b )  domain of 
which a segment has been t r i p l i c a t e d  p r io r  t o  ampl i f i ca t ion  of t h e  whole domain. 

A157 
Lady Davis I n s t i t u t e ,  Jewish General Hospi ta l ,  Montreal,  Quebec H3T 1E2 
Tumor c e l l s  which a r e  der ived from reg res s ing  avian sarcomas contain approximately one-fourth 
a s  much pp60src kinase a c t i v i t y  as t h a t  found i n  progressively-growing tumor c e l l s ,  a s  de- 
termined by radioautography i n  a s tandard IgG heavy chain 3 * P  t r a n s f e r  assay.  Puromycin 
treatment of cu l tu red  sarcoma c e l l s  revealed t h a t  t he  ha l f - l i ves  of kinase a c t i v i t y  i n  pro- 
gressively-growing and r eg res s ing  c e l l s  were 3 . 2  h and 8.5 h,  r e spec t ive ly .  Pulse-chase 
s t u d i e s ,  i n  which 5S-methionine-labelled pp60src w a s  d i r e c t l y  p r e c i p i t a t e d  by r a b b i t  a n t i -  
pp60 immunoglobulin, i nd ica t ed  t h a t  t h e  ha l f - l i ves  of pp60 i t s e l f  i n  t hese  two c e l l  types 
were 1 . 5  h and 6 h ,  r e spec t ive ly .  W e  a l s o  asked whether d i f f e r e n c e s  might e x i s t  i n  an i n  
v i t r o  p ro te in  syn thes i s  system. S i g n i f i c a n t  d i f f e rences  between the  two c e l l  types were no t  
obtained using t h i s  approach. F ina l ly ,  t h e  add i t ion  of c y t o s o l i c  e x t r a c t s  from reg res s ing  
tumor c e l l s  t o  those of progressively-growing tumor c e l l s  caused a diminution i n  the  l e v e l s  
of  de t ec t ab le  pp60src and a s soc ia t ed  kinase a c t i v i t y  i n  t h e  l a t t e r  t i s s u e .  These f ind ings  
suggest t h a t  a c o r r e l a t i o n  e x i s t s  between l e v e l s  of expression of pp60src and t h e  a b i l i t y  of 
avian sarcomas t o  cont inue t o  en la rge ,  and t h a t  sarcoma c e l l s  which de r ive  f r o m  t h e  r eg res s -  
ion phase may con ta in  enzymes o r  o t h e r  f a c t o r s  which degrade and/or i n h i b i t  pp60src and i t s  
kinase a c t i v i t y .  

DECREASED EXPRESSION OF pp60src AM) ASSOCIATED KINASE ACTIVITY I N  REGRESSING NEO- 
PLASMA INDUCED BY AVIAN SARCOMA VIRUS (ASV), Mark A. Wainberg and Louise Poul in ,  

Supported by the  Medical Research Council of Canada. 
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An extensive library of stable heat-resistant (HR) variants was isolated from mouse 
melanoma cells by repeated heating cycles at 43’C and at 45’C in  culture. Stepwise heating 
induced a progressive increase i n  resistance t o  heat. The resistance phenotype was 
expressed not only i n  vitro as cultured cells but also i n  vivo as tumor nodules. While the 
heat-shock-proteins did not seem to be responsible for the HR expression, the HR phenotype 
however appeared to affect the regulation of the heat-shock response: non-constitutive 
hsp68 was preferentially induced in  the heat-sensitlve (HS) cells while constttutive hsp70 
was more dominant in  the HR cells. On the other hand, HR variants showed a dramatic 
alteration in  the adhesive properties, which suggest that the cell surface may play an 
important ro le  in  the HR behaviour. To understand the molecular and genetic basis for the HR 
phenotype, total cellular DNA from HR cells was transfected into HS cells. A direct heating 
strategy was used to select fo r  transformants, which expressed the HR phenotype: heating 
at 45’C for 60 min resulted in 1 surviving cell out of a milt ion untransfected HS cells, 
while 100 cells out of a mill ion transfected HS cells survived such a heat treatment 
Experiments are under way t o  clone for the HR gene and to identify the gene product(s). 

DNA-MEDIATED TRANSFER OF HEAT-RESISTANCE PHENOTYPE, Tlen-wen Tao, 
Charles Hsu and Shao-ling Leu, Stanford University, Stanford, CA 94305 

A159 MANIFESTATIONS OF DRUG RESISTANCE IN BREAST ADJUVANT CHEMOTHERAPY TRIALS, William 11. 
Wolberg, University of Wisconsin-Madison, Madison, WI 53792 

The careful analysis of adjunctive chemothrapy trial results following breast cancer 
surgery provide interesting insights into the expression of drug resistance. Patients 
treated with adjunctive chemotherapy die sooner following recurrence than do 
non-adjunctively treated patients so  adjunctive chemotherapy does not benefit survival 
even though it delays recurrence. In most trials, adjunctive treatment delays recurrence 
by the same amount of time as survival is shortened after recurrence. Patients given 
the alkylating drug melphalan in adjunctive trials, and particularly in the SWOG trial 
7 4 3 6 ,  have an inordinately poor survival following recurrence which may be due to the 
development of pleiotropic drug resistance. Such adjunctive trials are the ultimate 
proving-ground for theories concerning chemotherapy. New concepts must be developed 
to deal with the problem of drug resistance. 
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A1 60 L V ~ Y T E - E H ) ( I M E L I A L  CELL INTERACTIW: A MCC€L Fa LEUKEHIA AH) L M p m r u  PETASTASIS. 
Nora W. W. Robart Bsgrtze. Larry Weiss. C c l m  *la. Sirpn J a l k m .  Stsve Smith md E w  C. Butcher. 
Stmford University. Stmford. CA 94305 

Nwmrl lymphocytes recirculate contlnuwsly b e t w m  h blood ad lymphold oqans, utlllzing ~ i n c  rocaptas on tha 
lynphocyt. w f x e  which pmfmntially dvrv to pmt capillcy high endohlial vswles (HEV) in crrtain lvmphoid apm 
(sg. peripheral lymph nodor. r m c ~ u l  assodated qpend~x). rn expassim of these 3om1ng recaptors- IS regu~rte~ during 
lvmphocyta hlopnnt nd diffmtlatim. controlling he rniFation and distributlm of ml l+yb W b .  Using 
a) Hsrmes-1. a manocio~l atlbody that kflm a ivmm ~ m y t e  sufece glycopotein invokud In lymphayte 
recognition md binding to HEV md b) n inxikg furtiaul aswy of lvmphocyte binding Lo H V  m fmzm sections, we hnn 
examined a serles of nuiiQmt md trmfamd 6 ad T COIIS. Qiwd frm b x f y ~  wnlfcal specfma. Wozen patlmt 
smple coils md i u i h  tunor call lim. We haw fand Uut mmy neoplastic md trmformed IymphayLSs exp.ess 
?mmlng recsptors- md Intaract with HEV in a variety of dlstlnct pUam. oflsn slmllr to h l r  m I  d a r M  
C M k W r b .  Chilbn with CALLA+ ALL. who at diagnosis ham m l q d  pu iphn l  lvmph wdms md 
h s p a ~ l ~ l y , s ~ a s s  h nllgen fa tbrmei-1 m Wir mallgunt iymphaytes (MI. m y  B cell 
lyt’tMomdl&rmia ptimtr pusont with a I r p .  solltwy mru. usmlly In UN Ibdar*n.without distmt m t a t n i s  md fail 
Lo Sbln With HsmeS-1 (M) md 0/4 havs h functlmsl lbllity to blnd t0 HEV O f  elUler -1 periphaal lymph nods 
SraCiflCity. Cells from ptlmts with lyrrohocytic lyrr@hom (13/14) stain with H . n m - 1  md 3/4 bind well to H V .  Our 
prellrnlna‘y dltr s q p t r  n lntarertlng cmIaUm of h tEV blndlng anllltlas of neaplastlc lvnphocytes with hit- ILYIYQ 
p w t h  pttcm. TIN assay of k i n g  mgh- rnpmssim with hmms-1 md/a with UN iadtcp furtlml assmy MY 
be useful In h d i m l s  md clasrlflcatlm of hunn la*mnfa md lynphomn. md pwldn a model which nuy ba w f u l  
in pdcting heir iavbm lbillty to m t n t n l z a  h.nuta)rmuoly to wlm wine lymphoid agm. 
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A161 GENE DELLTION AS A MECHANISM OF ESCAPE FROM IMMUNE ATTACK, Berton Zbar, Yoshiro 
Tanio, and James Talmadge, NCI-FCRF, Frederick, MD, 21701 

We studied models characterized by i n  vivo selection of tumor populations lacking cell 
surface transplantation antigens. These tumor populations had deleted genes that encode 
the relevant cell surface transplantation antigens. In the first model, a cloned line of 
guinea pig fibrosarcoma cells was infected with an amphotropic murine leukemia virus (MuLV). 
The retrovirus-infected cell line was heterogeneous in number of proviruses integrated per 
cell and in retroviral gene expression. When the retrovirus-infected cell line was injected 
into syngeneic guinea pigs, tumors grew and regressed. Recurrent tumors lacked the MuLV 
provirus, viral cell surface antigens and specific resistance to retroviral infection. 
Clones from the retrovirus-infected cell line were evaluated as precursors for tumor 
recurrence. Under conditions of immune selection a clone that contained a single 
abbreviated copy of the provirus formed variants that lacked the proviral gene. These 
variants grew progressively in both nonimmune and virus-immune animals. 

In the second model, the growth of B16-BL6 melanoma cells (H-Zb) transfected with a gene 
encoding H-ZDd was evaluated in syngeneic nonimmune mice and mice immunized to H-2Dd 
antigens. Pulmonary metastases in both nonimmune and immune mice lacked part or all of 
the transfected plasmid and did not express the H-ZDd cell surface antigen. 

A162 EXPERIMENTAL METASTASIS AS A MODEL OF TUMOR HETEROGENEITY IN HUMAN TUMOR XENOGRAFTS 
IN ATHYMIC MICE, Robert J .  Zimmerman and Elias T. Gaillard; Charles River Biotech- 
nical Services, Wilmington, MA 01887. 

The metastatic potential of 12 human tumor xenografts was assayed following tail vein 
inoculation into 3 to 4 week old gnotobiotic athymic mice in order to study the hetero- 
geneity of these tumors with respect to their lung colonizing ability. 
apparently preexisting, stable subpopulations capable of rapid lung tumor formation was 
found in 3/4 melanomas and 2/7 adenocarcinomas of the colon that were tested. In 2 of 
the melanomas, 5 sl;bli$es with the potential to cause host mortality within 4 to 10 weeks 
post-inoculation of 10’ cells were identified by repeated cycles of lung colony recovery 
and re-inoculation. Variants subpopulations from the colon tumors, on the other hand, 
caused mortality by only about 12 weeks. A renal cell carcinoma, 1/4 melanomas, and 317 
colon tumors produced lung colonies, but these cells could not be stably isolated. 
of the colon carcinomas did not form lung colonies in the 24 week period o f  study. 
results demonstrated 1) the potential of this model to study aspects of the metastatic 
process and to identify variant subpopulations in human tumors, 2) that human tumors are 
heterogeneous in their lung colonizing ability, 3) that both apparently random and non- 
random processes were involved in the lung colonizing ability of these xenografts, and 
4) that dynamic processes may also play a role in tumor heterogeneity. 
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,4163 MOLECULAR STUDIES OF T(6;9) I N  ACUTE LEUKEMIA: ROLE OF C - E .  C.A. Westbrook, M.M. 
LeBeau, M.O. Diaz, J .D.  Rowley. University of Chicago, Chicago, IL 60637. 

Human leukemias are frequently associated with specific chromosomal translocations. We have 
studied in detail one such translocation, t(6;9)(p23;q34) in which there is a reciprocal ex- 
change between chromosomes 6 and 9. The breakpoint on 9 ,  q34, is the same as that in the 
t(9;22) in CML, suggesting a role for c - C  in this disease. Two patients were studied by in- 
situ hybridization with a v-% probe, and showed that the c-@ gene is not translocated from 
chromosome 9 to 6. As the orientation of c - G  has previously been determined, this indicates 
that the breakpoint lies 3’ of the gene, but Southern hybridization revealed no rearrangements 
up to 18 kb 3‘. 
somes 4 and 10, t(4;10), present i n  all cells with the t(6;9). I n  these cells, a third copy 
of c-abl was present at the 4;lO junction, on the 4qi chromosome. Similiar results were found 
by in=tu hybridization using probes up to 100 kb 5‘ of c-@. Thus, the insertion on the 
4q+ chromosome is at least 100 kb in length and represents a duplication and translocation of 
the c-* region. We next investigated the c-* protein by immunoprecipitation, and found 
that it is normal in size and abundance, and does not contain tyrosine kinase activity. In 
conclusion, we show that the role of c-& in the t(6;9) is not the same as it is in the 
t(9;22) of  CML, in that the breakpoint is on the 3 ‘  end of the gene, and the protein appears 
unchanged. However, the clinical similarity of these two diseases, and the “double dose“ of 
c-+ in one patient, suggests that c-& or nearby genes, may be involved. Efforts are now 
underway to analyze these cells with pulsed field electrophoresis, and to reach the 6;9 junc- 
tion by “walking” with cosmid libraries. 

In addition to the t(6;9), one patient had a translocation involving chromo- 




