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Biochemical and Molecular Epidemiology of Cancer 

Keynote Address 

1306 C A N C E R :  A WORLD-WIDE PERSPECTIVE, Richard Doll, Imperial Cancer Research Fund, 
University of Oxford, England. 

The incidence of cancers of d i f f e r e n t  s i t e s  var ies  from one p a r t  of the world t o  another. 
Every cancer t h a t  i s  common somewhere i s  uncommon or  ra re  somewhere e l s e .  T h i s  var ia t ion i s  
mainly due to  nurture: t h a t  i s ,  to  differences i n  behaviour, exposure t o  infect ion or  
external carcinogenic agents ,  o r  to  external fac tors  tha t  modify the formation of carcinogens 
_ _ _  in vivo. There i s  increasing evidence t h a t  most human cancers a r e  the end r e s u l t  of a 
process t h a t  can be interrupted a t  more t h a n  one s tage (e .g . ,  by preventing e i t h e r  viral  
infect ion or  exposure to  a chemical agent) and the prevention of a large proportion of 
current ly  fa ta l  cancers i s  now pract icable  nearly everywhere, by d i f fe ren t  means i n  d i f fe ren t  
countr ies .  

suscept ib i l i ty  to  each type of cancer of the order of 100-fold. 
of these differences,  would, i n  some cases ,  permit more focussed programmes for  prevention. 

The important p a r t  played by nurture i s  compatible with major differences in iridividual 
The discovery of the nature 

Principles of Cancer Epidemiology 

11% GENETIC ONCODEMES AND ANTI-ONCOGENES, Alfred G. Knudson, Jr., I n s t i t u t e  f o r  Cancer 
Research, Fox Chase Cancer Center,  Phi ladelphia ,  PA 19111 
The burden of cancer f a l l s  unequally upon a population. Some persons acqu i r e  can- 

cer by chance alone,  without any p a r t i c u l a r  he red i t a ry  or environmental  p red i spos i t i on .  The 
somatic mutation hypothesis  implies  t h a t  background mutation r a t e s  would cause an i r r educ ib l e  
burden of cancer i n  a population. A second group has a higher  incidence of some cance r ( s )  
because of exposure t o  environmental  agents  t h a t  i nc rease  the p robab i l i t y  of occurrence of 
one o r  more of t he  events  on t he  path t o  cancer.  A t h i r d  group has a higher  incidence as  a 
r e s u l t  of gene t i c  p red i spos i t i on  t o  an increased spontaneous or induced r a t e  of one o r  mre 
even t s ;  xeroderma pigmentosum exemplif ies  t h i s  group. F ina l ly ,  a fou r th  group is s t rong ly  
predisposed t o  cancer because of i nhe r i t ance  of a mutation t h a t  c o n s t i t u t e s  one of the onco- 
genic  .steps.  The c l a s s e s  of genes i n  which these mutations occur a r e  cancer genes and may be 
r e l evan t  t o  the cancers of a l l  fou r  groups. Each of these four  groups may be ca l l ed  an 
"oncodeme ," a demographic u n i t  with a pecu l i a r  s u s c e p t i b i l i t y  t o  a p a r t i c u l a r  cancer (1). 

The last  group is  of p a r t i c u l a r  i n t e r e s t  because i ts  cancers would seem to  i d e n t i f y  one 
or more c l a s s e s  of "cancer genes" tha t  a r e  important i n  the non-hereditary forms of the same 
cancers .  Evidence has been assembled from the  s tudy of ret inoblastoma (RB), W i l m s '  tumor 
(WT), and neuroblastoma (NB) t h a t  two events  a r e  necessary i n  t h e i r  causat ion.  The f i r s t  
event i s  germinal i n  he red i t a ry  cases  and somatic i n  non-hereditary cases ,  whereas the second 
event is  somatic i n  both. The events  were regarded as gene t i c  ( including mutation, d e l e t i o n ,  
and chromosome loss). The second event was regarded as a r i s i n g  de novo o r  by somatic recombi- 
na t ion ,  and leading t o  hemizygosity o r  homozygosity ( 2 ) .  Because the normal a l l e l e s  of such 
genes would i n  e f f e c t  be anti-oncogenic,  such l o c i  were ca l l ed  anti-oncogenes. It w a s  pro- 
posed t h a t  RB and WT would be the best  models f o r  f u r t h e r  s tudy,  because c o n s t i t u t i o n a l  
d e l e t i o n  cases  had provided chromosomal l o c a l i z a t i o n s  of the r e l evan t  genes. Recent research 
of o the r s  has demonstrated t h a t  t hese  mechanisms do operate  and t h a t  such a group of cancer 
genes,  d i f f e r e n t  from oncogenes, e x i s t s .  This research will be discussed at  t h i s  meeting. 

Important ques t ions  remain. Pa t i en t s  with RB seem t o  belong to  e i t h e r  the f i r s t  or t he  
f o u r t h  oncodeme, but might some be i n  the  second o r  t h i r d ?  Does RB always involve a primary 
mutation i n  an anti-oncogene? Do Burk i t t ' s  lymphoma p a t i e n t s  always belong i n  the f i r s t  o r  
second oncodeme, and do t h e i r  tumors always p r imar i ly  involve an oncogene? Do the common 
a d u l t  cancers  occur i n  a l l  oncodemes and involve e i t h e r  oncogenes o r  anti-oncogenes? 

REFERENCES: (1) Knudson, A. G. Heredi tary cancer ,  oncogenes, and anti-oncogenes. 
Cancer Research, i n  press .  

Semin. Oncol. 5: 57-60, 1978. 
( 2 )  Knudson, A. G. Retinoblastoma: A prototypic  he red i t a ry  neoplasm. 
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1137 GKGRAPHICAZ, EPIDEMIOLCGY AND MIGFGWT S'IUDIES, Calm S. Muir, Chief, Unit 
of Descriptive E@idemiolcgy, International Agency for Research on Cancer, 
150, Cows Albert ThaMs, F-69372 Lyon C&ex 08, France. 

The cancer scenery of the world is as diverse as other aspects of global topography. 
Although large areas have neither incidence nor mortality statistics, it has been possible 
to estixate the wrld caner burden as being around 6 million new cases annually. Sites most 
frequently involved in mles are lung, staach, large &el, mouth/pharynx and prostate; in 
femles breast, cervix, stomach, large bayel and lung. The lung cancer burden in both sexes 
is likely to rise till at least 2000, the iqmrtance of gastric cancer continuing to diminish 
(although the cmnest cancer today when both sexes are considered). In ferrales breast 
cancer is likely to rise substantially with cervix cancer decreasing. mamination of regional 
patterns reveals mjor differences. In addition to what might be termd region-specific neo- 
plam such as ~ ~ o p h a r y n x  in Cantonese, oropharyruc in the Indian sub-continent, islands of 
very high oesophageal cancer risk in Iran, North China and parts of France and primary liver 
cancer in sub-Saharan Africa, South-East Asia and Coastal china, there are mjor differences 
in the level of gastric, lung, cervix, breast, large &el and prostate cancer. To mention 
but one, the ratio of incidence for prostate cancers runs from 19 in US Blacks, 9 in US Whites, 
4 in UK and unity in Japan. The incidence of breast, large bowel and prostate cancer is rising 
in those populations where risk is currently low. 

viromt using that world in its broad sense of all that minges on the human organism. That 
this interpretation is likely to be correct gains support frm migrant studies where popula- 
tions of a given genetic capsition change environments. Such studies, exemplified by the 
classical enquiry of Haenszel and Kurihara, clearly reveal the strong influence of the environ- 
ment and m y  offer insight into the possible nature of the agents responsible. Reqrettably 
there has been little attempt to exploit other migrant populations e.g. Indo/Pakistanis in UK, 
Southern Europeans in Australia, Hispanics in the US. The reasons are m y  including unwilling- 
ness of govenrments to reccqnise the existence of migrant Fopulations and of the latter to be 
counted. .Major changes in risk occur for the cancers believed to be linked to lifestyle and 
diet: their study is likely to be expensive and m y  have to be of long duration. Similar re- 
marks apply to populations in transition e.g. in Japan. 

pmide strong evidence for the environmental origin of mlignant disease. Any theory of cau- 
sation has to be in consonance with these patterns. It is greatly to be regretted that 
migrants are not more extensively studied. 

Such mjor risk differentials have been interpreted as reflecting differences in the en- 

In sumnary, geographical differences in cancer cccurrence {and change of risk in migrants) 
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Genetic Basis of Cancer 

1138 EVIDENCE FCR CECGSSIVE HLIMAN CANCER GENES, William F. Benedict, Department of 
Pediatrics, Childrens Hospital of L o s  Angeles, L o s  Angeles, CA 90027 

We and others (1,2) have presented evidence that the gene responsible for retino- 
blastoma, an ocular cancer of childhood, is recessive and that loss or  inactivation of 
both alleles at chromosomal region 13q14 is a primary mechanism in the development of this 
tumor (1,3). Such a mechanism is in direct contrast to that proposed for putative human 
oncogenes. We hhve also suggested :hat the retinobiastoma gene is a model for a class of 
recessive cancer genes that have a suppressor'' or regulatory" function ( 3 ) .  This class 
of gene includes the Wilms' tumor susceptibility gene located on chromosome llp. 
evidence suggesting the recessive nature of the Wilms' gene has been reported (4). 

blastomas, even when the gene is not amplified (5). In collaborative studies, we are 
looking at this increased expression at the single cell level both in retinohlastomas 
containing primarily differentiated or non-differentiated cells and in normal fetal retinal 
cells. 

susceptibility genes will be presented. 
is developing second primary cancers in these same patients will he provided. Further 
information on the role of the N-E gene in retinoblastoma and secondary malignancies 
will also be discussed. 

Recently 

The oncogene, N-myc, has also been found to be expressed at high levels in retino- 

In this presentation further evidence for the recessive nature of certain cancer 
Additionally, evidence for a similar mechanism 

1. Benedict, W.F., gt. Science 219, 974-975, 1980. 
2 .  Cavenee, W., gt. Nature 3 0 5 ,  779-784, 1983. 
3. Murphree, A . L .  and Benedict, W.F. Science 223, 1028-1033, 1983. 
4 .  Koufos, h . , & d .  Ejature 309, 170-172, 1984 .  
5. Lee, W-H., Murphree, A . L .  and Benedict, W.F. - 309, 458-460, 1984. 

1139 
and Carlo M. Croce, The Wistar Institute of Anatomy and Biology, Philadelphia PA 19104.- 

and for the role of sequential genetic change in tumor progression. Now, in combinatien 
with molecular techniques, they are indicating how the function of specific genes (onco- 
genes) can be significantly altered by chromosomal translocations or by gene amplification, 
contributing to carcinogenesis. Recent examples from human lymphomas, leukemias, and solid 
tumors will be cited. 

References 

Rowley, J.D., and J .R.  Testa. Chromosome abnormalities in malignant hematologic disease. 

Yunis, J.J. The chromosomal basis of human neoplasia. Science 221: 227-236, 1983. 

Nowell, P.C., B.S. Emanuel, J .  Finan, J. Erikson, and C.M. Croce. Chromosome rearrange- 
ments and oncogenesis. Microbiological Sciences, 1984, i n  press. 

CYTOGENTICS OF CANCER. Peter C. Nowell, Department of Pathology and Laboratory 
Xedicine, University of Pennsylvania School of Medicine, Philadelphia PA 19104; 

Chromosomal studies earlier provided evidence f o r  the clonal nature of most neoplasms, 

Adv. Cancer Res. 3: 103-148, 1983. __ .___ 

___  

5 



Biochemical and Molecular Epidemiology of Cancer 

Growth Factors and Mechanisms of Tumor Promotion and Progression 

1140 
The s imian  sarcoma v i r u s  (SSV)  onc gene, v -s i s ,  has been sequenced and i t s  28,000 d a l t o n  
produc t ,  ~283.5 ,  i d e n t i f i e d  by means o f  a n t s r a  prepared aga ins t  small pept ides  de r i ved  
f rom sequence ana lys i s .  
de r i ved  growth f a c t o r  (PDGF) w i t h  the  p red ic ted  amino acid,sequence o f  p 2 8 E  revea led  an 
ex t rao rd ina ry  degree o f  homology. 
i n  a manner c l o s e l y  approx imat ing  t h a t  o f  POGF and possesses s t r i k i n g  funcFo%'l-similar- 
i t i e s  as w e l l .  
con f i rmed t h a t  i t  i s  t h e  s t r u c t u r a l  gene encoding PDGF-2. We wished t o  determine whether 
t h e  normal human c-sis/PDGF-2 cod ing  sequence possessed t rans forming a c t i v i t y .  
c lone,  c - s i s  c lone  8 ,wh ich  con ta ins  a l l  o f  t he  v - s i s - r e l a t e d  sequences present  i n  human 
DNA, was 5 w n  t o  be t r a n s c r i p t i o n a l l y  i n a c t i v e  when t rans fec ted  i n t o  NIH/3T3 c e l l s .  
p laced under the  c o n t r o l  o f  a r e t r o v i r u s  LTR, the  c lone  was t ransc r ibed  b u t  lacked t rans -  
fo rming  a c t i v i t y .  
kb  s i s - r e l a t e d  t r a n s c r i p t  i n  c e r t a i n  human c e l l s .  
i n i E t i o n  s igna ls  which were n o t  p resent  i n  the  f i r s t  v - s i s  r e l a t e d  exon o f  human c - s i s .  
When t h i s  p u t a t i v e  exon was i n s e r t e d  i n  the  proper  o r i e n t a t i o n  between the  LTR and c-= 
c lone  8, t he  ch imer ic  molecule acqu i red  h igh  t i t e r e d  t rans fo rm ing  a c t i v i t y ,  c o m p a r a b l e 0  
t h a t  o f  SSV DNA. These f i n d i n g s  e s t a b l i s h  t h a t  t he  normal cod ing  sequence f o r  t h i s  human 
growth f a c t o r  has t rans fo rm ing  a c t i v i t y  vJhen prov ided necessary s igna ls  f o r  t r a n s c r i p t i o n  
and i n i t i a t i o n  o f  t r a n s l a t i o n .  Thus, our  s tud ies  p rov ide  an exper imental  bas i s  f o r  t he  
hypothes is  t h a t  derepress ion  o f  genes f o r  normal growth f a c t o r s  i n  c e l l s  responsive t o  
t h e i r  growth promot ing a c t i v i t i e s  may p lay  a r o l e  i n  processes l ead ing  normal c e l l s  a long 
t h e  pathway t o  ma1 i gnancy . 

GROWTH FACTORS AND ONCOGENES, S t u a r t  A. Aaronson, Na t iona l  Cancer I n s t i t u t e ,  
Bethesda, MD 20205 

Computer comparisons o f  t he  amino a c i d  sequence of.human p l a t e l e t -  

We have shown t h a t  p 2 8 E  i s  processed i n  v i v o  

F i n a l l y ,  nuc leo t i de  sequence ana lys i s  o f  t he  human C-G proto-oncogene has 

A human 

When 

A p u t a t i v e  upstream exon was i d e n t i f i e d  by i t s  a b i l i t y  t o  d e t e c t  t he  4.2 
Th is  exon conta ined p o t e n t i a l  t r a n s l a t i o n  

1141 GENES AND SIGNAL TRANSDUCTION I N V O L V E D  I N  PROMOTION OF NEOPLASTIC TRANSFORMATION, 
Nancy H. Colburn 1, Michael I. Lerman 2. Thomas D. Gindhar t  2, Yoshiyuki Nakamura 1 and 

Bonita H. Smith 1, L a b o r a t o r i e s  of V i r a l  C a r c i n o g e n e s i s  1 and Exper imenta l  Pa thology 2, N a t i o n a l  
Cancer I n s i t i t u t e .  F r e d e r i c k ,  Maryland 21701 
That  one  or more s t a g e s  of tumor promotion a r e  i r r e v e r s i b l e  s u g g e s t s  t h a t  tumor promoters  can  
a c t  on p r e n e o p l a s t i c  cel ls  t o  produce s t a b l e  s w i t c h e s  in gene e x p r e s s i o n  t h a t  l e a d  to  
malignancy. We a r e  t e s t i n g  t h e  h y p o t h e s i s  t h a t  s e n s i t i v i t y  t o  promotion of n e o p l a s t i c  
t r a n s f o r m a t i o n  in 586 p r e n e o p l a s t i c  mouse e p i d e r m a l  c e l l s  is determined  by g e n e s  t h a t  a r e  
i n d u c i b l e  by phorbol  e s t e r s  and o t h e r  tumor promoters .  Recent ly  we have  c loned  from a 
l i b r a r y  o f  promotion s e n s i t i v e  (P+) 586 c e l l s  two d i f f e r e n t  g e n e s  s p e c i f y i n g  s e n s i t i v i t y  t o  
promotion o f  anchorage  independent  t r a n s f o r m a t i o n  ( 1 ) .  Both genes  ( c a l l e d  pro-1 and pro-2) 
a r e  i n d e p e n d e n t l y  and e q u a l l y  a c t i v e  when assayed  by DNA t r a n s f e c t i o n  i n t o  promotion 
r e s i s t a n t  (P-) c e l l s .  The sequence  o f  pro-1 h a s  been de termined  and s u g g e s t s  t h a t  i t  may 
encode a p r o t e i n  o f  about  7000 d a l t o n s .  T r a n s i e n t  t r a n s c r i p t i o n  of pro-1 is induced by TPA 
i n  JB6 P+ cells.  

The b iochemica l  s i g n a l s  t h a t  may m e d i a t e  t h e  promotion p r o c e s s  o r  s p e c i f i c a l l y  t h e  regu- 
l a t i o n  of pro gene e x p r e s s i o n  by tumor promoters  a r e  c u r r e n t l y  b e i n g  i n v e s t i g a t e d .  Promotion 
o f  JB6 ce l l  t r a n s f o r m a t i o n  a p p a r e n t l y  r e q u i r e s  e l e v a t e d  s u p e r o x i d e  a n i o n ,  a s  i n d i c a t e d  by i t s  
s e n s i t i v i t y  t o  s u p e r o x i d e  d i s m u t a s e  (2). T h i s  s u p e r o x i d e  an ion  requi rement  o c c u r s  o n l y  
d u r i n g  t h e  f i rs t  two h o u r s  f o l l o w i n g  exposure  of JB6 P+ cel ls  t o  TPA. The JB6 c e l l  t r a n s -  
format ion  p r o c e s s  a l s o  r e q u i r e s  e x t r a c e l l u l a r  ca lc ium a s  i n d i c a t e d  by its s e n s i t i v i t y  t o  
EGTA. There  appear  t o  be  a t  l e a s t  two e x t r a c e l l u l a r  ca lc ium r e q u i r i n g  e v e n t s ,  one  o c c u r r i n g  
e a r l y  ( m i n u t e s )  and t h e  o t h e r  l a t e  ( d a y s )  a f t e r  TPA exposure .  The r o l e  o f  p r o t e i n  k i n a s e  
C-catalyzed p r o t e i n  p h o s p h o r y l a t i o n  i n  t h e  p r o c e s s  i s  a l s o  b e i n g  i n v e s t i g a t e d  ( 3 ) .  

C o n s i d e r a t i o n  o f  t h e s e  and o t h e r  f i n d i n g s  on g e n e s  and s i g n a l s  involved  i n  JB6 c e l l  
t r a n s f o r m a t i o n  prompts us t o  propose  a model for pro gene r e g u l a t i o n  and f u n c t i o n ( s )  i n  which 
- p r o  gene p r o d u c t s  may a c t  a s  t r a n s c r i p t i o n a l  r e g u l a t o r s  or growth f a c t o r s .  

1. Lerman. M . I . .  Hegamyer, G.A. .  and Colburn. N.H. :  Molecular  c l o n i n g  and c h a r a c t e r i z a t i o n  
of genes  t h a t  s p e c i f y  s e n s i t i v i t y  t o  i n d u c t i o n  of n e o p l a s t i c  t r a n s f o r m a t i o n  by tumor 
promoters .  s u b m i t t e d .  

2. Nakamura. Y.. Colburn. N.H.. and G i n d h a r t ,  T.D.: Role of r e a c t i v e  oxygen i n  tumor 
promotion: i m p l i c a t i o n  o f  s u p e r o x i d e  anion i n  promotion o f  n e o p l a s t i c  t r a n s f o r m a t i o n  i n  
Jb-6 c e l l s  by TPA. C a r c i n o g e n e s i s ,  in p r e s s .  

3. G i n d h a r t ,  T.D.. S t e v e n s ,  L.. and Copley, M.: Transformat ion  and tumor promoter s e n s i t i v e  
p h o s p h o p r o t e i n s  in JB-6 mouse ep idermal  c e l l s :  o n e  i s  a l s o  s e n s i t i v e  t o  h e a t  stress. 
C a r c i n o g e n e s i s  5:1115-1121, 1984. 
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1142 PHOSPHORYLATION EVENTS IN ROUS SARCOMA VIRUS TRANSFORMED CELLS 
R.L. Erikson, J. Blenis, E.P. Biemann and Y. Sugimoto, Department of Cellular 

and Developmental Biology, Harvard University, 16 Divinity Avenue, Cambridge, MA 02138 

It is now #enerally accepted that the Rous sarcoma virus (RSV)-transforming gene 
product has protein kinase activity with specificity towards tyrosine residues. 
In addition we have recently shown that purified enzyme also phosphorylates low molecular 
mass alcohols and phosphatidylinositol. 
important role in generation of the putative second messengers, diacylglycerol and 
inositoltrisphosphate, we are also investigating their metabolism in transformed cells and 
partly purified plasma membranes. 

phosphorylated under the influence of pp60v-src substrate. 
for, and obtained evidence for, a protein kinase responsible for S6 phosphorylation that 
is more active in transformed cells than it is in their normal counterparts. However this 
protein kinase appears to be distinct from protein kinase C, the enzyme likely to be 
activated by the second-messenger diacylglycerol mentioned above, thus other mechanisms 
for its activation must be entertained. Moreover, our results suggest 56 is a relatively 
poor substrate f o r  purified protein kinase C. However these data must be considered in 
view of the capacity of phorbol esters to activate protein kinase C and stimulate 56 
phosphorylation in serum-starved cells. 

will be discussed. 

Since phosphatidylinositol turnover may play an 

In serum-starved RSV-transformed cells the ribosomal protein S6 remains 
Consequently we have searched 

The significance of these various approaches to the functional analyses of pp60v-SrC 

1143 
Transforming growth fac to rs  (TGF) are genera l ly  defined as polypeptides tha t  s t imulate nor- 
ma l l y  anchorage-dependent c e l l s  t o  grow i n  an anchorage-independent manner i n  s o f t  agar. 
Since the  a b i l i t y  t o  grow i n  s o f t  agar i s  one o f  the b e t t e r  i n  v i t r o  co r re la tes  o f  tumorige- 
n i c i t y  i n  c e r t a i n  c e l l  types, TGF's have been proposed as proximal mediators o f  neoplast ic  
transformation. TGF's are probably a lso invo lved i n  normal growth and development. Two 
types o f  TGF's have been well-characterized. TGFa binds t o  the EGF receptor, has s i g n i f i -  
cant sequence homology w i th  epidermal growth f a c t o r  (EGF), and has b io log i ca l  a c t i v i t i e s  
v i r t u a l l y  i d e n t i c a l  t o  EGF (1,2). TGFB i s  very d i f f e r e n t  from TGFa and other  well-studied 
growth factors. We have demonstrated s p e c i f i c  c e l l  membrane receptors f o r  TtiF6 on a wide 
v a r i e t y  o f  c e l l  types, both mesenchymal and e p i t h e l i a l  (3 ) .  TGFB i s  a potent s t imu la to r  o f  
growth i n  s o f t  agar (conta in ing 10% serum) o f  c e r t a i n  mesenchymal c e l l  types inc lud ing human 
fo resk in  f i b rob las ts  and mouse embryo-derived AKR-2B c e l l s  wi thout  the requirement f o r  added 
EGF. TGFB has been shown t o  a l so  be a mitogen f o r  the AKR-2B c e l l s  i n  serum-free monolayer 
c u l t u r e  w i t h  a prolonged p r e r e p l i c a t i v e  i n t e r v a l  r e l a t i v e  t o  other  growth factors. TGFB 
has d i f f e r e n t  e f f e c t s  on e p i t h e l i a l  ce l l s .  We have not been able t o  demonstrate a st imula- 
t o r y  ef fect  of TGF6 on growth o f  e p i t h e l i a l  c e l l s  i n  s o f t  agar. I n  fact ,  TGF6 i n h i b i t e d  the 
spontaneous growth i n  s o f t  agar o f  7 ou t  o f  8 carcinoma c e l l  l i n e s  (4). TGFB i s  a lso i n h i -  
b i t o r y  f o r  growth o f  c e r t a i n  e p i t h e l i a l  c e l l s  i n  monolayer cu l ture.  Col laborat ive studies 
between our laboratory  and Dr. R.W. Hol ley have demonstrated t h a t  TGFB i s  very s i m i l a r  t o  
t h e  growth i n h i b i t o r  (GI) p u r i f i e d  from BSC-1 (A f r i can  Green monkey kidney) c e l l s  (5.6). 
Both compounds have very s i m i l a r  b i o l o g i c a l  a c t i v i t i e s  and compete f o r  binding t o  the same 
c e l l  membrane receptor(s)  (6). TGF6 has a lso been shown t o  be i n h i b i t o r y  f o r  growth o f  
secondary cu l tu res  of normal human e p i t h e l i a l  c e l l s  i n  serum-free c u l t u r e  (4). The data 
demonstrate t h a t  TGF6/GI i s  a unique growth regulatory  polypeptide. It i s  a potent st imula- 
t o r  o f  growth i n  s o f t  agar o f  c e r t a i n  mesenchymal ce l l s .  It i s  a growth f a c t o r  f o r  c e r t a i n  
mesenchymal t e l l s  i n  serum-free monolayer c u l t u r e  w i t h  a prolonged p re rep l i ca t i ve  i n te rva l .  
It i s  i n h i b i t o r y  f o r  growth i n  monolayer and s o f t  agar o f  a number o f  e p i t h e l i a l  c e l l  types. 
(Supported by N C I  grants CA 16816 and CA 27217.) 

TRANSFORMING GROWTH FACTORS, H.L. Moses, R.F. Tucker and G.O. Shipley, Mayo 
C l i n i c ,  Foundation and Medical School, Rochester, MN 55905 

1. Anzano, e t  a l .  Proc. Natl. Acad. Sci. USA 80:6264. 
2. Marquardt. e t  a l x i e n c e  2=7-9=- 
3. Tucker. e t  al. P r o m . x a d .  Sci. USA 81:6157, 
4. Moses, e t  a l .  Cancer Ce l l s  E s 3 9 8 5 .  
5. Holley. e t  al.  Proc. Natl .  Acad. Sci. USA 77:5589, 
6. Tucker, e t  al.  Science 226:705, 1984. 
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1144 PROOXIOANT STATES AND PROMOTION, P e t e r  A .  C e r u t t i ,  Department o f  
Carcinogenesis,  Swiss I n s t i t u t e  f o r  Cancer Research, Chemin des Boveresses 
155, CH-1066 Epal inges, S w i t z e r l a n d  

There i s  conv inc ing  evidence t h a t  c e l l u l a r  p roox idant  s ta tes ,  i .e .  inc reased 
c o n c e n t r a t i o n s  o f  a c t i v e  oxygen, o rgan ic -perox ides  and - r a d i c a l s ,  can promote i n i -  
t i a t e d  c e l l s  t o  n e o p l a s t i c  growth. Proox idant  s t a t e s  can be caused b y  d i f f e r e n t  
c lasses  o f  agents i n c l u d i n g  h y p e r b a r i c  oxygen, r a d i a t i o n ,  x e n o b i o t i c  m e t a b o l i t e s  and 
Fenton-type reagents,  modulators o f  t h e  cytochrome P450 e l e c t r o n  t r a n s p o r t  chain,  
peroxisome p r o l i f e r a t o r s ,  i n h i b i t o r s  o f  t h e  a n t i o x i d a n t  defence, membrane-active 
agents. Many o f  tnese agents cause chromosomal damage b y  i n d i r e c t  a c t i o n  b u t  t h e  r o l e  
of t h i s  damage i n  carc inogenes is  remains unc lear .  Proox idant  s t a t e s  can be prevented 
o r  suppressed b y  t h e  enzymes o f  t h e  c e l l u l a r  a n t i o x i d a n t  defence and low molecu la r  
we igh t  scavenger molecules.  Many a n t i o x i d a n t s  are an t ip romoters  and an t icarc inogens.  
P r o o x i d a n t  s t a t e s  may modulate t h e  express ion  o f  a f a m i l y  o f  "p roox idant  genes" which 
are  r e l a t e d  t o  c e l l  growth and d i f f e r e n t i a t i o n  b y  i n d u c i n g  a l t e r a t i o n s  i n  DNA s t r u c -  
t u r e  o r  b y  e p i q e n e t i c  mechanisms, e.g. b y  p o l y  ADP-r ibosy la t ion  o f  chromosomal 
p r o t e i n s  (see F i g u r e ) .  

I C T I V E  O X I T E Y  L*OUCED I O D Y L I T I O Y  OF OEMl  E I P I I S I I O *  

1 
PR1oOX,OA*T GENES, 

P. C e r u t t i ,  SCIENCE, in press, and re fe rences  t h e r e i n  

Growth Factors and Oncogenes; Tumor Promotion and Progression 

1145 A SERINE KINASE ACTIVITY ASSOCIATED WITH p37 env-mos. S .  Maxwell and R. Arlinghaus, 
Dept. of Molecular Biology, Scripps Clinic & Research Foundation, La Jolla, CA92037 

Several isolates of Moloney murine sarcoma virus (Mo-MuSV) encode v-E gene products that 
have been found to be associated with a serine protein kinase activity. A temperature- 
sensitive mutant for transformation (tsllO Mo-MuSV) produces two proteins, termed P85gag-mos 
and P58gag, at the permissive temperature, but only P58 is detectable at on-permissive 
temperatures. Anti-= and anti-= immune complexes, incubated with K3'-ATP and Mn, yield 
phosphorylated P85. sequences of P85 
based on several observations including stringent washing experiments and ts mutant studies 
[Virology 3: 143 (1984)l. 
phosphorylation in an anti-= complex yielding not only phosphorylated p37, but also a 
protein that migrated more slowly on SDS-page (p43). Both in vivo and in vitrophosphory- 
lated p37 generated identical patterns of phosphopeptides when analyzed by the Cleveland 
technique. Kinetic and structural analyses suggested that p43 is a "super"-phosphorylated 
form of p37. Antisera specific for the extreme C-terminal sequences of v - E w e r e  inhibitory 
for the in vitro phosphorylation of both p37 and P85. Phosphoamino acid analyses revealed 
that both p37 and p43 were being phosphorylated on serine. These observations provide strong 
evidence that the v-E sequence encodes a serine protein kinase. 

A serine kinase activity is associated with the 

MuSV-124-encoded p37env-mos was also found to undergo 
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PREGNANT WOMEN. D.T. Reranek, N a t l .  Center f o r  Tox i co log i ca l  Sesearch, Je f fe rson,  

AR, T.C. Uong and Y.C. Yeh, U n i v e r s i t y  o f  Arkansas f o r  Ved ica l  Sciences, L i t t l e  Rock, AR 

Trans forming growth f a c t o r s  (TGF) have been l i n k e d  t o  the  express ion  o f  a t rans fo rned  
p h e n o t p e  i n  bo th  neop las t i c  and non-neop las t ic  mairmalian t i s s u e s  i n  c u l t u r e .  By us ing  a 
sequent ia l  column chromatography-high pressure  1 i q u i d  chromatography (HPLC) procedure, we 
have i s o l a t e d  a low molecu la r  we igh t  (M  <6000) TGF which i s  p resent  i n  the  u r i n e  o f  pregnant 
women. U r i n e  f rom second t r i w s t e r  'pregnant females was pooled and e l u t e d  through a 
uBondapak CI8 Waters SeD-Pak. TGF a c t i v i t y ,  as measured by an epidermal growth f a c t o r  (EGF) 
compe t i t i on  assay, was then e l u t e d  f rom t h e  Sep-Pak w i t h  50% a c e t o n i t r i l e  i n  0.05% tri- 
f l u o r o a c p t i c  ac id .  A f t e r  evapora t ing  the  a c e t o n i t r i l e  under reduced pressure  the  res idue  
was app l i ed  t o  a Bio-Gel P-30 column, e l u t e d  w i t h  100 dl sodium phosphate, pH 7.4, and the  
f r a c t i o n s  c o n t a i n i n g  the  low molecu la r  we igh t  TGF-ac t i v i t y  were concent ra ted  by e l u t i o n  f rom 
a Sep-Pak as above. The recovered a c t i v i t y  was then app l i ed  t o  a uBondapak C reversed- 
phase HPLC column and e l u t e d  w i t h  a g rad ien t  o f  0.95% t r i f l u o r o a c e t i c  a c i d  i n  a k i t o n i t r i l e .  
F i v e  peaks o f  EGF-competing a c t i v i t y  were de tec ted  a t  20, 30, 35, 39 and 40% a c e t o n i t r i l e .  
:dinor amounts o f  these peaks were present  i n  the  u r i n e  f r o a  c o n t r o l  sub jec ts ;  however, t he  
peak e l u t i n g  a t  35% a c e t o n i t r i l e  was s i g n i f i c a n t l y  e leva ted  i n  t h e  u r i n e  f ro in pregnant 
fgmales. I n  a d d i t i o n  t o  competing w i t h  the  EGF receptor ,  t h i s  f a c t o r  a lso  induced 
[ H l thymid ine  i n c o r p o r a t i o n  i n  c u l t u r e d  r a t  k idney  c e l l s .  These r e s u l t s  suggest t h a t  TGF's 
may p l a y  a r o l e  i n  normal d i f f e r e n t i a t i o n  and/or human f e t a l  development. 

IDENTIFICATION OF A LOY MOLECULAR UEIGHT TRANSFORMING GROUTH FACT'IR I N  THE URINE OF 

B-LYM EXPRESSION IN HUMAN OSTEOSARCOMA CELLS, P.C.  B i l l i n g s ,  R.W.  Weichselbaum 
and A.R .  Kennedy, Dept. of Cancer Biology, Harvard School of Pub l i c  Heal th ,  1147 
Boston, Mass. 02115 

W e  have analyzed 8-lym expression in SAOS human osteosarcoma cells. These cells express 5-10 fold 
higher levels of this gene compared with normal human foreskin fibroblasts. Trea tment  of thses cells 
with 1,25 dihydroxy vitamin D, DMSO or  retenoic acid had no effect on  B-lym expression. Southern 
blot analysis of genomic DNA from SAOS and normal human foreskin fibroblasts reveals no 
amplification or rearrangements of 8-lym in the  SAOS cell line. A comparison of the hybridization 
patterns using a 8-lym probe of Hpa I1 digested SAOS and normal human DNA reveals t he  loss of a 
fragment about 10 kb in size in the  SAOS cell line which is present in normal human fibroblast DNA. 
Both SAOS and normal human cellular DNA give identical hybridization pattens with the 
isoschizomer Msp 1. Our results suggest t ha t  a demethylation event,  which has occurred in  the  region 
of the 8-lym gene is responsible for the  increased transcription of 8-lym in the  SAOS cell line. 

{UMN a INTERFERON GENES: DIVERSITY AND EXPRESSION, LA d u r  . . E o l l o n ,  ':icLiard 
Torcz  n s k i  and Chery l  Hendrix,  Wadley I n s t i t u t e s  of ! ,olecula.  , ,edicii-e,  3d11zs 7x 
75215y - ._ 

Human a I n t e r f e r o n s  con ta in  a n t i - v i r a l  and a n t i - p r o l i f e r a t i v e  p r o p e r t i e s  and have been sliown 
t o  have an t i - cance r  a c t i v i t i e s  a g a i n s t  s e l e c t  carcinomas. Inc luded  i n  a n t i - v i r a l  a c t i v i t i e s  
a r e  r ecen t  s t u d i e s  i n d i c a t i n g  t h a t  a I n t e r f e r o n  i n h i b i t s  r e t r o v i r a l  p r o l i f e r a t i o n .  We have 
i s o l a t e d  novel a I n t e r f e r o n  genes from a human genomic l i b r a r y  us ing  17 base  o l igomer ic  
probes r a t h e r  than  cDNA probes .  The s h o r t  probes may be u s e f u l  f o r  i d e n t i f y i n g  subse t s  of 
genes of gene f a m i l i e s  f o r  which cDNA probes e i t h e r  miss o r  g ive  weak s i g n a l s .  One of tile 
novel a I n t e r f e r o n  genes,  IFN-aWA, has n o t  been i s o l a t e d  previous ly ,  from e i t h e r  cDNA or 
genomic l i b r a r i e s .  IFN-aWA has  been sequenced and shown t o  d i f f e r  from a l l  p rev ious  a 
I n t e r f e r o n  genes a t  s e v e r a l  conserved amino a c i d  p o s i t i o n s .  IFN-aWA has  a l s o  been engineered 
for express ion  i n  E .  c o l i  u s ing  an  M13-Lac f u s i o n  system i n d i c a t i n g  t h a t  i t  codes f o r  an 
a c t i v e  i n t e r f e r o n .  Another i s o l a t e d  a I n t e r f e r o n  gene, IFN-aL, i s  a pseudogene s i n c e  it 
con ta ins  a s t o p  codon i n  t h e  s i g n a l  sequence. We have co r rec t ed  t h e  s t o p  codon and have been 
a b l e  t o  express  IFN-aL i n  E. c o l i  u s ing  t h e  Ml3-Lac f u s i o n  system. These s t u d i e s  i n d i c a t e  
t h a t  t h e  mature i n t e r f e r o n  sequence has been conserved f o r  a c t i v e  i n t e r f e r o n  p ro te in .  These 
r e s u l t s  bear  on t h e  s i g n i f i c a n c e  of pseudogenes i n  gene ra l ,  and r a i s e  t h e  specu la t ion  t h a t  
t he  c e l l  may be a b l e  t o  bypass t h e  s t o p  codon. A comparison of IFN-aWA and IFN-L with t h e  
o the r  human a I n t e r f e r o n s  w i l l  be presented  which may bea r  on the  s e l e c t i v e  express ion  of 
d i f f e r e n t  a i n t e r f e r o n s  as a func t ion  of d i f f e r e n t  needs such a s  a n t i - v i r a l  or 
a n t i - p r o l i f e r a t i o n .  
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Canada, Ottawa, CANADA, K 1 A  OR6. 
The Ca2+/phosphol ip id-dependent  p r o t e i n  k i n a s e  (PKC) i s  involved  i n  many t y p e s  of  s i g n a l  
m a n s d u c t i o n .  However i t s  r o l e  i n  m e d i a t i n g  t h e  p r o l i f e r a t i v e  e f f e c t s  of growth f a c t o r s ,  
oncogene p r o d u c t s  and tumor promoting a g e n t s  is n o t  y e t  e s t a b l i s h e d .  We w i l l  p r e s e n t  e v i -  
dence  s u g g e s t i n g  t h a t  PKC i s  involved  i n  c c l l  p r o l i f e r a t i o n  and n e o p l a s t i c  development.  
Son-neoplas t ic  T51B rat  l i v e r  c e l l s  r e q u i r e  e x t r a c e l l u l a r  Ca2+ f o r  t h e i r  p r o l i f e r a t i v e  a c t i -  
ViKy, b u t  t h e i r  p r e n e o p l a s t i c  and n e o p l a s t i c  c o u n t e r p a r t s  do n o t .  Thus, n o n - n e o p l a s t i c ,  b u t  
n o t  p r e n e o p l a s t i c  and n e o p l a s t i c ,  T51B c e l l s  r e q u i r e  e x t r a c e l l u l a r  Ca2+ f o r  t h e  C o  + G I  and 
C I  -t S t r a n s i t i o n s .  S e v e r a l  o b s e r v a t i o n s  s u g g e s t  t h a t  PKC i s  i n v o l v e d  i n  t h e s e  key c e l l  cy- 
c l e  t r a n s i t i o n s  and chhnges i n  t h i s  enzyme may be involved  i n  n e o p l a s t i c  development.  Thus: 
(1) The PKC a c t i v i t y  of non-neoplas t ic  T51B c e l l s  is  reduced  2-4 f o l d  a f t e r  p r o l i f e r a t i v e  
i n h i b i t i o n  by Ca''-deprivation. 
p r o l i f e r a t i o n  of ? r e n e o p l a s t i c  and e n o p l a s t i c  T51B c e l l s ;  ( 2 )  Two t r a n s i e n t  s u r g e s  of PKC 
a c t i v i t y  accompany t h e  Ca2+-dependent 6 0  + C; t r a n s i t i o n  and a t h i r d  more pro longed  s u r g e  
accompanies t h e  Ca2+-dependent Gl + S t r a n s i t i o n ;  ( 7 )  The tumor promoter and PKC a c t i v i t y  or 
TPA s e n s i t i z e s  T51B c e l l s  t o  e x t r a c e l l u l a r  Ca" which e n a b l e s  them t o  undergo  t h e  C o  i G I  
and G :  + S t r a n s i t i o n s  d e s p i t e  e x t r a c e l l u l a r  Ca2+ d e f i c i e n c i e s  which would normal ly  p r e v e n t  
them from d o i n g  s o ;  ( 4 )  Four tumor promoters ,  TPA, PDD, mezere in  and s a c c h a r i n  a c t i v a t e  PKC 
by i n c r e a s i n g  t h e  a f f i n i t y  of t h e  enzyme f o r  Ca" and c a u s e  non-neoplas t ic  T51B c e l l s  t o  
mimic n e o p l a s t i c  c e l l s  by p r o l i f e r a t i n g  i n  Ca''-deficient medium. 

A kOLE FOR PROTEIN KINASE C IN CELL PROLIFERATION AND NEOPLASTIC DEVELOPMENT, A l t o n  
L. Boynton, Leoriard P .  K l e i n e  and James F .  N h i t f i e l d ,  N a t i o n a l  Research  Counci l  of 

However, Ca2+-depr iva t ion  does  n o t  a f f e c t  PKC a c t i v i t y  or 

HAIJ IU C H A N G E S  I N  TKANSCKIPTION INDUCED B Y  TPA, T i m o t h y  H. C a r t e r ,  '150 Z a h r a  Z a k e r i - M i l o v a n o v i c ,  M a r y  V. W a l d r o n ,  a n d  L u i s  E .  A l e j o ,  
S t .  J o h n ' s  U n i v e r s i t y ,  J a m a i c a ,  N Y  1 1 4 3 9 .  

The t u m o r  p r o m o t e r  1 2 - o - t e t r a d e c a n o y l  - p h o r b o l - 1 3 - a r . e t a t e  ( T P A )  a c t i v a t e s  
b o t h  c e l l  a n d  v i r u s  gene e x p r e s s i o n .  P r e v i o u s  w o r k  f r o m  o u r  l a b o r a t o r y  
i n  c o l l a b o r a t i o n  w i t h  P a u l  F i s h e r  a t  C o l u m b i a  U n i v e r s i t y  h a s  e s t a b l i s h e d  
t h a t  TPA d e c r e a s e s  t h e  l a t e n t  p e r i o d  b e f o r e  e a r l y  v i r u s  gene e x p r e s s i o n  
c a n  b e  d e t e c t e d  i n  t y p e  5 a d e n o v i r u s  ( A d 5 ) - i n f e c t e d  HeLJ c e l l s .  T h i s  
e f f e c t  i s  r a p i d ,  s p e r . i ' f i c  f o r  p h o r b o l  e s t e r s  w i t h  t u m o r  p r o m o t i n g  
a c t i v i t y ,  i n d e p e n d e n t  o f  new p r o t e i n  s y n t h e s i s ,  r e q u i r e s  an i n t a c t  c e l l ,  
a n d  c a n  b e  d e r n o n s t r ~ r e d  b y  t r a n s c r i p t i o n  i n  n u c l e i  i s o l a t e d  f r o m  
T P A - t r e a t e d  c e l l s  ( F i s h e r  e t .  a l . ,  M o l .  C e l l .  B i o l .  1 : 3 7 U ,  1 9 8 1 ;  C a r t e r  
e t .  a l . ,  M o l .  C e l l .  B i o l . A - 5 6 r  1 9 8 4 ) .  We now r e p o r t  t h a t  t h i s  
T A - z d u c e d  c h a n g e  i n  t r a n s c r i p t i o n a l  c a p a b i l i t y  c a n  b e  d e m o n s t r a t e d  
v i t r o  i n  a p a r t i a l l y  p u r i f i e d  s y s t e m  c o n t a i n i n g  K N A  p o l y m e r a s e  I 1  f r o m  
m r e a t e d  c e l l s  a n d  e x o g e n o u s l y - s u p p l i e d  U N A  f r o m  Ad5 e a r l y  g e n e s :  when 
t e m p l a t e  c o n c e n t r a t i o n  was l i m i t i n y ,  T P A - e x t r a c t s  s y n t h e s i z e d  m o r e  
" r u n o f f "  p r o d u c t  t h a n  c o n t r o l  e x t r a c t s .  The e f f e c t  was n o t  s e e n  w i t h  t h e  
Ad5 m a j o r  l a t e  p r o m o t e r  o r  t h e  LTK s e q u e n c e  f r o m  a v i a n  s a r c o m a  v i r u s .  
v i v o  TPA s u p p r e s s e d  t h e  t r a n s c r i p t i o n - d e l a y  p h e n o t y p e  o f  s e v e r a l  Ad5 E l a  
m u t a n t s ,  b u t  t h i s  may r e q u i r e  some i n t e r a c t i o n  w i t h  t h e  E l a  gene p r o d u c t .  

1151 

metnods y i e l d  nanogram amounts o f  hTGF. 
c o n d i t i o n s  f o r  express ing  hTGF i n  I. so&. 
r e a c t i v e  hTGF fused t o  t h e  carboxy te rminus  o f  t h e  
f o l l o w s :  a 175 base p a i r  s y n t n e t i c  gene c o n t a i n i n g  an hTGF cod ing  r e g i o n  was c r e a t e d  by 
s e q u e n t i a l l y  annea l ing  and l i g a r i n g  t e n  s y n t h e t i c  o l i g o n u c l e o t i d e s .  
stranded fragment was cloned i n t o  1'113mp9 and sequenced. 
suoc lon ing  t h i s  f ragment i n t o  t h e  trp promoter v e c t o r  pKPG49. Crude e x t r a c t s  f rom c e l l s  
c o n t a i n i n g  t n i s  plasmid, pCLCI, were assayed f o r  hTGF. No hTGF was de tec tedd by Western 
a n n d y s i s  o r  r e c e p t o r  b i n d i n g  assays. We concluded t h a t  e i t h e r  no hTGF was be ing  made o r  
t h a t  i t  was be ing  degraded. 
a re  expressed fused t o  a b a c t e r i a l  p r o t e i n .  To c r e a t e  a f u s i o n  p r o t e i n  we subcloned t h e  
fragment i n t o  t n e  tr~& f u s i o n  v e c t o r  pJLI.  The p lasmid  pHCC37 conta ined t h e  hTGF cod ing  
r e g i o n  i n  frame a t  t h e  3 '  end o f  t h e  tr E gene. Western a n a l y s i s  o f  crude e x t r a c t s  f rom 
b a c t e r i a  c o n t a i n i n g  t h i s  p lasmid  reve& a band o f  42 k i l o d a l t o n s .  T h i s  band was o n l y  
p resent  i n  e x t r a c t s  f rom c e l l s  t h a t  had been induced w i t h  i n d o l y l a c r y l i c  ac id ,  and i t  was 
aosent i n  c e l l s  c o n t a i n i n g  o n l y  t h e  p a r e n t  plasmid.  Th is  mo lecu la r  weight agrees w i t h  t h d t  
p r e d i c t e d  f o r  t n e  f u s i o n  p r o t e i n .  The trpE and 
hr6 f  p r o t e i n s  are fusea a t  a methionine. 
trpE::hTGF f u s i o n  p r o t e i n  w i t h  Cndr and p u r i f y i n g  i n t a c t  hTGF. 

EXPKESSIOIV OF IIYII~UIWLU~ICALLY KEACTIVE ahTGF I N  i. COLI. P a t r i c k  Clarke, 
Hermann Herbst,  Dennis Slamon, and M a r t i n  C l i n e  Los Angeles CA 90024 
We are  s t u d y i n g  a human Transforming Growth Fac tor  (hTGF). 

To improve t n i s  y i e l d  we are i n v e s t i g a t i n g  
We have succeeded i n  express ing  immuno log ica l l y  

Cur ren t  p u r i f i c a t i o n  

p r o t e i n .  Th is  was achieved as 

The r e s u l t i n g  double 
We t r i e d  express ing  hTGF a lone by 

G e n e r a l l y  f o r e i g n  p r o t e i n s  a re  more s t a b l e  i n  E. c o l i  i f  t h e y  

There are  no i n t e r n a l  meth ion ines  i n  hTGF. 
Cur ren t  e f f o r t s  a re  d i r e c t e d  a t  c l e a v i n g  t h e  
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1152 PRISTANE AS A PROMOTER OF METHYLCHOLANTHRENE INDUCED LYMPHOID MALIGNANCIES. M.A. 
Cuchens and L.R. Garrett. Univ. of Miss. Med. Ctr., Jackson, MS 39216-4505 

In induction studies wherein 3-methylcholanthrene (MCA) was localized within the Peyer's 
patch of Copenhagen rats, approximately 5% of the treated rats develdped lymphoid malig- 
nancies. However if rats were injected with 2,6,10,14-tetramethylpentadecane (pristane) 2 
weeks prior to the MCA treatment, B-lymphoid malignancies (leukemias or lymphomas) develop- 
ed in >50% of the rats. To 
determine whether pristane induced detectable changes in cellular DNA, flow cytometric 
analyses were performed. Significant decreases in the relative fluorescent intensity of 
propidium iodide (PI) stained lymphocytes were observed as early as 4 days post pristane 
treatment, with a 40% maximum reduction observed 1-2 weeks post treatment. 
DNA staining was observed by 4 weeks. Furthermore the transient effects of pristane on 
DNA staining could be reinduced by an additional treatment. Diphenylamine analyses 
indicated that the shift in PI fluoresence was not due to a quantitative decrease in the 
amount of DNA. Furthermore no shifts were observed when flow cytometric analyses of PI 
stained cells were performed at pH 11. rather than pH 7. Collectively these results 
suggest that pristane may act as a tumor promoter by inducing secondary and/or tertiary 
changes in nuclear DNA, thereby enhancing the induction of lymphoid malignances by MCA. 
This investigation was supported by PHS grant number CA33111 awarded by the National 
Cancer Institute, DHHS. 

No malignancies developed in rats treated only with pristane. 

However normal 

1153 REGULATION OF EGF RECEPTORS IN HUMAN FIBROBLASTS BY PHORBOL DIESTERS AND PLATELET- 
DERIVED GROWTH FACTOR, Roger J.  Davis, and Michael P. Czech, University of 
Massachusetts Medical Center, Worcester, MA 01605 

The regulation of the EGF receptor was studied in cultured human fibroblasts (WI-38) that 
had been labeled for 24 hours with [32P] phosphate. 
lZB-myristate, 13a-acetate (PMA) caused a 3 fold increase in the phosphorylation state of 
the ESF receptor. 
the phosphorylation of  the EGF receptor at a site that we have identified as threonine-654 
which has been shown to be the site on the EGF receptor that is phosphorylated by C kinase. 
Platelet derived growth factor 
state of the EGF receptor. 
phosphorylation of the EGF receptor at the same site that i s  phosphorylated in the presence 
of PMA (threonine-654). This specific phosphorylation of the EGF receptor at threonine-654 
may be the mechanism by which these agents regulate the apparent affinity of the EGF 
receptor in fibroblasts. These results suggest that the rise in the level of diacylglycerol 
and Ca++ caused by PDGF stimulates the activity of C kinase and that this enzyme is involved 
i n  the mitogenic response of cells to PDGF. 

Treatment of the cells with 46-phorbol, 

Phosphopeptide mapping of the EGF receptor indicated that PMA induced 

(PDGF) was also observed to increase the phosphorylation 
Phosphopeptide mapping demonstrated that PDGF induced the 

INTERLEUKIN-2 RECEPTORS ON ANTIGEN-SPECIFIC HUMAN T CELL LINES: MODULATION BY 1154 ANTIGEN ACTIVATION AN0 IL-2. E la ine  C. OeFrei tas,  The Wis ta r  I n s t i t u t e ,  36 th  & 
Spruce S t ree ts ,  Ph i l ade lph ia ,  PA 19104 

Cont inuous hunan T he lper  c e l l  l i n e s  s p e c i f i c  f o r  t e tanus  t o x o i d  (Te t )  and p u r i f i e d  pro- 
t e i n  d e r i v a t i v e  (PPD) r e q u i r e  repeated an t i gen ic  s t i m u l a t i o n  t o  resune p r o l i f e r a t i o n  i n  
11-2. These l i n e s  were examined f o r  t h e i r  expression o f  the  11-2 receptor  using the  
monoclonal an t ibody  an t i -Tac  [Leonard e t  a l .  (1982) Nature 300:207]. The c e l l s  show a 
t r a n s i t o r y  express ion  o f  11-2 recep to rs  which reach a maximun l e v e l  t h ree  days a f t e r  we- 
sen ta t i on  o f  s p e c i f i c  an t i gen  on autologous monocytes. T c e l l  p r o l i f e r a t i o n  preceeded the  
maximal appearance o f  11-2 recep to rs  by 2 days. When the  T c e l l  l i n e s  are  resuspended i n  
s a t u r a t i n g  concen t ra t i ons  o f  recombinant 11-2. Tac express ion  reaches a maximun a f t e r  2 
days then decreases t o  reach background l e v e l s  by day 10-11. Monoclonal an t ibody  aga ins t  
HLA-DR ant igen abrogates the  p r o l i f e r a t i o n  o f  T c e l l s  i n  response t o  an t i gen  bu t  does no t  
a f f e c t  r e p l i c a t i o n  o f  c e l l s  i n  11-2. These data show t h a t  i n d u c t i o n  o f  11-2 recep to rs  by 
T c e l l s  i s  dependent on s p e c i f i c  an t i gen  r e c o g n i t i o n  bu t  maintenance o f  those recep to rs  
does no t  depend on con t inua l  an t i gen ic  s t imu la t i on .  I n  add i t i on ,  down-regulat ion o f  11-2 
recep to rs  occurs  i n  the  presence o f  s a t u r a t i n g  concen t ra t i ons  o f  11-2 i n d i c a t i n g  a b a s i s  
for  normal c o n t r o l  o f  T c e l l  p r o l i f e r a t i o n .  
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Craig L.J. Parfett and Dylan R. Edwards, Cancer Research Laboratory, Uni- 
versity of Western Ontario, London, N6A 5B7 Canada. 

cultured mouse embryo fibroblasts was enriched for low abundance species 
and then screened for clones corresponding to cytoplasmic mRNAs that 
showed a variation in levels of expression as cells proceeded out of the 
quiescent Go phase, through G 1 ,  and into S phase. A subset of the clones 
identified were observed to correspond to mRNAs whose abundance relative 
to the major mRNA species actually decreased as the serum-stimulated cells 
proceeded through G1; all but one of these were found to be clones of 
mitochondria1 mRNAs (Edwards & Denhardt, Expt. Cell Res., in press). The 
remaining clones correspond to mRNAs that increase in abundance in the 
cytoplasm as the cells proceed towards S phase. For some clones the level 
remains high, but in at least one case the level is maximal in G1.  Two 
of the "serum-induced" mRNAs were found at equal levels in nuclei from 
quiescent and serum-stimulated cells suggesting that increased mRNA 
levels in the cytoplasm is the result of enhanced processing/transport 
rather that increased transcription of the niiclear genes. (Supported by 
the NCI and MRC of Canada.) 

CHARACTERIZATION OF SOME cDNA CLONES OF MAMMALIAN mRNA SPECIES 
EXPRESSED IN A CELL-CYCLE-DEPENDENT MANNER, David T. Denhardt, 

A cDNA library constructed in pBR322 from poly(A)mRNA isolated from 

1156 
and David V. Goeddel, Genentech, Inc., South San Francisco, CA 94080; Richard Assoian, 
Anita Roberts and Michael Sporn, National Institutes of Health, Bethesda, MD 20205 

STRUCTURE OF HUMAN TRANSMRMING GROWTH FACTOR -a AND -8 AND THEIR PRECURSORS, 
Rik Derynck, Ellson Chen, Dennis Eaton, Julie Jarrett, Ann Van Tilburg, John Bell 

Transforming growth factors (TGFs) can induce anchorage-independent growth of normal 
cells in soft agar. TGF-a competes with epidermal growth factor (EGF) for the same re- 
ceptor and is synthesized by a variety of tumor cells. TGF-B, a homodimeric protein, is 
secreted by many normal and tumor cells and binds to a different receptor. TGF-a and 
TGF-8 coordinately induce the anchorage-independent growth of NRK cells. However, TGE-8 
also has a growth inhibitory activity on many cells. We have isolated cDNAs and genes 
for both TGF-Ol and TGF-B. The deduced amino acid sequences show that TGF-a is made.as 
part of a 160 amino acid long precursor which is encoded by 4.8 kb mRNA. The TGF-a gene 
is comprised of 6 exons which are spread over at least 70 kbp. Sequence analysis of 
TGF-6 cDNAs shows that the TGF-B monomeric polypeptide is 112 amino acids long, contains 
9 cysteines, and that it is encoded as part of a large hydrophobic precursor. TGF-a 
and TGF-a cDNAs have been used to probe for the presence of the mRNAs in a variety of 
human tissues, tumors and tumor cell lines. 

1 5 7  TRANSFORMING GENE PRODUCT OF SIMIAN SARCOMA VIRUS, A PROTEIN CLOSELY RELATED TO 

Norton, P. Andersen and C.  Wood*, Departments o f  Molecular B io logy and Cancer Research*, 
Abbott Laboratories, Nor th Chlcago, l l l l n o l s  60064. 
Comparison o f  predic ted amino ac id  sequence of  simian sarcoma v i r u s  (SSV) transforming 
gene product deduced from nucleot ide sequence o f  the v i r a l  genome w i t h  the p a r t i a l  amino 
ac id  sequence o f  several peptldes from human p l a t e l e t  derived growth f a c t o r  (PDGF) 
demonstrates t h a t  these two prote ins have a r i sen  from c lose ly  re la ted  c e l l u l a r  genes. 
Sequence homology between these two b i o l o g i c a l l y  Important prote ins has provided a unique 
means f o r  Imnunological and s t r u c t u r a l  cha rac te r i za t i on  of  SSV transforming gene product 
as we l l  as PDGF. We have ra ised antibodies t o  various domains o f  prote ins i n  the regions 
o f  c lose amino ac id  sequence homology between these two prote ins and a l so  i n  regions of  
SSV transforming gene product where no sequence homology has been demonstrated w i t h  
PDGF. Data w i l l  be presented on cha rac te r i za t i on  o f  these ant ibodies and t h e i r  a b i l i t y  
t o  recognlre these two p ro te lns .  

HUMAN PLATELET DERIVED GROWTH FACTOR, S. Devare. J .  Casey.C. Scheffel.  D. 
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i 1 w  TRANSFORMING GENES FROM BENZO(A)PYRENE-TRANSFORMED SYRIAN HAMSTER CELL LINES. 
KATHLEEN PIROLLO, NEBOJSA AVOALOVIC, and LEILA DIAMOND. 
Anatomv and B i  o l  o w .  Phi 1 adel  oh i  a. PA 19104. 

The Wis ta r  I n s t i t u t e  o f  ______- 

B(a)P-transformed, t u m o r i i e n i c  Syr ian  hamster embryo and epidermal c e l l  l i n e s  were 
examined f o r  t h e  presence o f  a c t i v a t e d  ras genes by t r a n s f e c t i o n  o f  genomic DNA i n t o  
NIH/3T3 c e l l s .  The DNA from two c e l l  l i n e s  produced t rans formed f o c i  a t  a f requency o f  
0.015 f o c i / p g  DNA; t h e  t rans fo rm ing  f requenc ies  were 2 -3 - fo ld  h ighe r  w i t h  DNA f rom pr imary  
and secondary t rans fec tan ts .  The 3T3 t r a n s f e c t a n t s  o f  bo th  c e l l  l i n e s  produced tumor2 
when i n o c u l a t e d  S.C. i n t o  nude mice; most tumors appeared 10-14 days a f t e r  i n o c u l a t i n g  10 
c e l l s .  The t rans fo rm ing  a b i l i t y  o f  t he  DNA from t h e  embryonic f i b r o b l a s t  c e l l  l i n e ,  HE68, 
was l o s t  a f t e r  c leavage w i t h  EcoRI, whereas t h a t  o f  DNA f rom the  epidermal c e l l  l i n e ,  
JH-11, was no t .  High s t r i ngency  h y b r i d i z a t i o n  o f  v-rasH (6.5-9) and v-rasK (HiHi380) 
probes t o  P s t I - r e s t r i c t e d  DNA f rom both  normal ahd t rans formed hamster c e l l s  gave bands a t  
5.0 and 2.1 Kb and 9.7, 8.0,  5.0 and 4.0 Kb, r e s p e c t i v e l y .  Under low s t r i ngency  h y b r i d i -  
z a t i o n  cond i t i ons ,  t he  i n t e n s i t y  o f  h y b r i d i z a t i o n  o f  DNA f rom pr imary 3T3(HE68) t rans fec -  
t a n t s  t o  a ras probe was g r e a t l y  inc reased i n  the  h igh  MW range bu t ,  under h igh  s t r i ngency  
cond i t i ons ,  t he  t r a n s f e c t a n t  DNA showed no hams te r -spec i f i c  bands w i t h  e i t h e r  the  BS-9 o r  
HiHi380 probe. The DNA from pr imary  3T3(JH- l l )  t r a n s f e c t a n t s  produced no hams te r -spec i f i c  
bands w i t h  these probes under low o r  h igh  s t r i ngency  cond i t i ons .  Thus, t h e  two 
B(a)P-transformed hamster c e l l  l i n e s  con ta in  d . i f f e ren t  t rans fo rm ing  genes, one o f  which 
appears t o  be an a c t i v a t e d  ras gene and t h e  o the r  i s  as y e t  u n i d e n t i f i e d .  

1159 IDENTIFICATION OF GROWTH FACTORS FROM CULTURED HUMAN BREAST CANCER CELLS, 
Robert B. Dickson, Karen K. Huff, Susan Bates and Marc E. Lippman, 

National Cancer Institute, NIH, Bethesda, MD 20205. Human breast cancer cell lines in 
serum free medium secrete autocrine mitogenic activities as well as transforming growth 
factors (TGF) for fibroblasts. Fractionation of conditioned medium on Sephacryl S-200 
chromatography demonstrated that these two classes of mitogenic activities were hetero- 
geneous, only partially overlapping families of polypeptides. Estrogen treatment of an 
estrogen-receptor containing cell line (MCF-7) induced autocrine mitogens 2-3-fold and 
TGF activity up to 8-fold. Estrogen receptor containing (MCF-7,ZR-75-1) as well as 
receptor negative lines (Hs578T, MDA-MB-231) also produced detectible EGF-receptor com- 
peting polypeptides suggestive of TGFa activity. EGF-receptor competing polypeptides 
were estrogen induced 4-6-fold in MCF-7 cells. These polypeptides were heterogeneous 
upon acid-Biogel P60 analysis. In addition, all four cell lines contained and secreted 
immunoreactive IGF-1. In MCF-7 cells, IGF-1 appeared to be a high molecular weight 
species (55 KDa) which could be converted to a lower molecular weight species following 
acid/ethanol extraction. This IGF-1 like species was similar to authentic serum- 
derived IGF-1 in radioimmunoassay displacement curve profile and apparent molecular 
weight. IGF-1-like and EGF-related polypeptides may act together as autocrine o r  para- 
crine tumor growth factors in human breast cancer. 

1160 STABLE INTEGRATION OF MUTANT c-Ha-ras ONCOGENE INTO C3H/lOT1/2 CELLS AND ITS 
KELATIONSHIP TO TUMORIGENIC TRANSFmTION, W i l l i a m  E. Fahl ,  T. Herbe r t  Manoharan, 

J e f f r e y  A .  Burqess and Oominic Ho, Northwestern U n i v e r s i t y  Cancer Center,  Chicago, I L .  60611 
C3H/lOTl/Z-CL8 mouse c e l l s  were shown t o  take  up and express a plasmid-cloned drug res i s tance  
qene (Ecogpt)  a f t e r  DNA t r a n s f e c t i o n  a t  a f requency ( 2 - 6  X 10-5) which i s  acceptab le  f o r  
r o u t i n e  recovery  o f  gene-transformed popu la t ions .  T rans fec t i on  o f  10T1/2 c e l l s  w i t h  a mutant 
c-Ha-ras oncogene i s o l a t e d  from the  human EJ b ladder  tumor c e l l  l i n e  (pEJ6.6 p lasmid)  r e s u l t s  
i n  n e F a s t i c a l l y  t rans formed 10T1/2 c e l l  popu la t i ons  as judged by  co lony  morphology and 
tumor igen ic  growth i n  nude mice. The l e v e l s  o f  mutant c-Ha-ras gene i n t e g r a t i o n  and express ion  
i n  t h e  tumor igen ic  c e l l  popu la t i ons  and 10T1/2 c e l l  c o n t r o l f l e r e  determined, and the  
h ighes t  l e v e l  o f  mutant r a s  t r a n s c r i p t  was seen i n  t he  most tumor igen ic  c e l l  popu la t i on .  
A p r e l i m i n a r y  c o m p a r i s o n d f  10T1/2 and NIH/3T3 c e l l s  showed s i m i l a r  f requenc ies  f o r  pEJ6.6 
induced t rans formed f o c i  and s i m i l a r  s e n s i t i v i t y  t o  Ha-ras and 6-& t r ans fo rm ing  e f f e c t s .  
The r e s u l t s  i n d i c a t e  a ca rc inoqen- induc ib le  gene t i c  event  which i s  permiss ive  f o r  neop las t i c  
t rans fo rma t ion  o f  t h i s  w i d e l y  used, carc inogen- t rans formab le  mouse c e l l  l i n e .  
Supported by NIH g ran ts  CA-25189 and CA-35514. 
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1161 MEMBRANE SIGNAL TRANSDUCTION BY INTERLEUKIN 2 FOR THE INITIATION OF GAMFlA INTERFERON 
( m R N A  SYNTHESIS. W i l l i a m  L. F a r r a r  and Howard A. Young, Labora tory  o f  Mo lecu la r  Immuno- 

regu la t i on ,  Na t iona l  Cancer Ins t i tu te -FCRF,  Freder ick ,  MD. 21701 
I n t e r l e u k i n  2 ( I L -2 )  i s  a l ymphocy to t rop ic  growth pep t ide  f o r  T lymphocytes and l a r g e  granulo- 
c y t e  lymphocytes. I n  a d d i t i o n  t o  the  promot ion o f  S phase progress ion ,  I L -2  has been shown 
t o  induce the  re lease  o f  gamma in te r fe ron(1FN-8) f rom lymphocytes(Farrar,  Johnson and Fa r ra r ,  
~- Immunol. J .  1980). U t i l i z i n g  a c e l l  l i n e ,  BUD-27, de r i ved  from an I L - 2  dependent murine 
T lymphocyte c lone(CT6),  we have demonstrated t h a t  recombinant human IL -2  s t imu la tes  mRNA 
syn thes is  o f  murine IFN-Y as determined by cDNA h y b r i d i z a t i o n .  A d d i t i o n a l l y ,  phorbol  m y r i s t a t e  
acetate(PMA), t he  d i a c y l g l y c e r o l  d e r i v a t i v e  1-oleyl-2-acetyl-glycerol (OAG), and the  ca lc ium 
ionophore A23187, a l s o  s t imu la ted  I F N - 8  mRNA synthes is  i n  c u l t u r e d  BUD-27 c e l l s . S t i m u l a t i o n  
of  IFN-& mRNA syn thes is  i n  v i v o  by P r o t e i n  Kinase C(PK-C) activators(PMA,OAG) suggested t h a t  
I L - 2  may induce IFN-8 mRNA synthes is  through a mechanism i n v o l v i n g  PK-C a c t i v a t i o n .  BUD-27 
c e l l s  were s t imu la ted  w i t h  IL -2  and o t h e r  s t imu lan ts  o f  IFN-8mRNA synthes is  and the  PK-C 
enzyme l e v e l s  i n  cy toso l  and plasma membranes quan t i t a ted .  I L -2  s t imu la ted  a t e n - f o l d  inc rease 
i n  PK-C a c t i v i t y  assoc ia ted  w i t h  the  plasma membranes of  BUD-27 c e l l s .  Al though a concomitant 
decrease i n  c y t o s o l i c  PK-C a c t i v i t y  was observed, no change i n  t o t a l  c e l l u l a r  PK-C a c t i v i t y  
was seen. S i m i l a r  pa t te rns  o f  PK-C s u b c e l l u l a r  r e d i s t r i b u t i o n  was a l s o  observed w i t h  PMA 
and A23187. The i n d u c t i o n  o f  IFN-IJ p roduc t i on  by I L - 2  showed a dose-dependent c o r r e l a t i o n  be- 
tween PK-C membrane assoc ia t i on  and IFN-8  y i e l d s .  These da ta  suggest a c o r r e l a t i o n  between 
PK-C a c t i v a t i o n  by IL -2  and s igna l  t ransduc t ion  f o r  t he  express ion  o f  i n d u c i b l e  genes f o r  
sec re to ry  p r o t e i n s  de r i ved  from lymphocytes. 

1162 CHEMILUMINESCENCE I N  MOUSE EPIDERMAL CELLS INDUCED BY TPA AND PHDSPHDLIPASE C. 
S.M. F i sche r  and L.M. Adams. Univ.  Texas System Cancer Center,  Science Park- 
Research D i v i s i o n ,  S m i t h v i l l e ,  TX. 

The increased produc t ion  o f  ox idan t  species has been suggested t o  be a component o f  t he  
c e l l u l a r  response t o  the  tumor promoter 12-0-tetradecanoylphorbol ace ta te  (TPA). We have 
demonstrated t h i s  i n  mouse epidermal c e l l s  us ing  a luminol-dependent chemiluminescence (CL) 
assay. Th is  assay uses lo7 c e l l s ,  i s o l a t e d  from newborn SENCAR mice i n  phosphate b u f f e r e d  
s a l i n e  con ta in ing  1 u g h 1  lum ino l ,  a CL enhancer. The CL response t o  TPA i s  dose- and 
cel l -number dependent. I n h i b i t o r s  o f  va r ious  p a r t s  o f  t he  arach idon ic  a c i d  cascade were 
found t o  a f f e c t  t he  TPA-induced CL response i n  a manner t h a t  corresponds t o  t h e i r  e f f e c t s  
i n  i n  v i v o  tumor promot ion exper iments:  agents which i n h i b i t  l ipoxygenase, i e ,  NDGA, 
benoxaprofen, ETYA, and phenidone, a re  much more e f f e c t i v e  i n  d im in i sh ing  the  CL response 
than cyclooxygenase i n h i b i t o r s ,  i e ,  indomethacin and f l u r b i p r o f e n .  Th is  suggests t h a t  a 
ma jor  p a r t  o f  t he  CL response i s  due t o  arachidonate metabol ism by the  l ipoxygenases. 
A d d i t i o n a l l y ,  phosphol ipase C (PLC) b u t  n o t  phosphol ipase A2 o r  D induced a dose-dependent 
CL response k i n e t i c a l l y  s i m i l a r  t o  the  TPA response. A comnon pathway, p h o s p h a t i d y l i n o s i t o l  
t u rnove r -p ro te in  k inase c, may e x i s t  f o r  t he  TPA and PLC response. A comparison o f  severa l  
s t r a i n s  o f  mice showed t h a t  t h e i r  s e n s i t i v i t y  t o  TPA as a promoter i n  v i v o  c o r r e l a t e s  wi th 
the  magnitude o f  t he  CL peak induced by e i t h e r  TPA or PLC, f u r t E r 3 g e s t i n g  t h a t  t h e  
ox idan t  species produced i s  i n v o l v e d  i n  t h e  mechanism o f  tumor promotion. 

1163 ~ COPPER IONS AND HYDROGEN PEROXIDE FORM HYPOCHMRITE FROM N a C l  MIMICKING MYEMPEROX- 

Medical Center,  New York, NY 10016. 
Oxygen r a d i c a l s  have been implicated as mutagens and carcinogens.  Active oxygen spec ie s  
include superoxide anion r a d i c a l  ( .O?),  hydrogen peroxide (H202), hydroxyl r a d i c a l  (.OH) and 
hypochlor i te  ( O C l - ) .  Superoxide dismutase (SOD) and SOD-mimetic compounds such as cupr i c  
d i i sop ropy l  s a l i c y l a t e  (CuDIPS) i n h i b i t  tumor promotion. CUDIPS and CUC12 both block f e r t i -  
l i z a t i o n  of t h e  sea  urchin Arbacia punc tu la t a .  It w a s  thought t h a t  t h e  SOD-mimetic a c t i v i t y  
of CU2+ generat ing H202 w a s  r e spons ib l e  f o r  t h e  i n a c t i v a t i o n  of t h e  sperm. 
in s t ead  of i nc reas ing  t h e  l e v e l  of H202, Cu2+ decreased it. The p rcduc t ( s )  of t h e  in t e rac -  
t i o n  of CU2+ wi th  H 2 0 2  w a s  lo3 fo ld  more a c t i v e  i n  t h e  i n a c t i v a t i o n  of t h e  sperm than H202 
alone.  This  increased a c t i v i t y  was thought t o  be caused by .OH which w a s  presumably formed 
i n  a s i m i l a r  manner t o  tha t  of Fe2+/H202 system. 
because Fe2+ d i d  not  block f e r t i l i z a t i o n  and t h e  a c t i v i t y  of Cu2+ w a s  no t  counteracted by -OH 
scavengers mannitol  and th iou rea .  In c o n t r a s t ,  t h e  OC1- scavenger 2-aminotriazole completely 
i n h i b i t e d  t h e  t o x i c  a c t i o n  of CU2+. 
Cu2+ and seawater con ta in ing  1M C1-. 
of Cu2+ a r e  due t o  i t s  a b i l i t y  t o  mediate formation of K1-. 
oxidase,  an 
f i n a l  product  e l abora t ed  by t h e  sea  u rch ins  t o  avoid polyspermy. 
a r o l e  i n  t h e  ox ida t ive  and mutagenic p r o p e r t i e s  of H 2 0 2  i n  t h e  presence of Cu2+. 
by PHS Grant N o .  CA 16060, awarded by t h e  N C I ,  DHHS). 

IDASE, Krystyna Frenkel ,  F rede r i c  Blum and Walter T r o l l ,  New York Universi ty  

Surp r i s ing ly ,  

However, t h i s  t ox ic  product was no t  .OH 

Furthermore, K1- w a s  generated by so lu t ions  of H202, 
Thus, it i s  poss ib l e  t h a t  t h e  a n t i f e r t i l i t y  p r o p e r t i e s  

Since sperms Contain myeloper- 
enzyme known t o  c a t a l y z e  ox ida t ion  o f  C1- by H 2 0 2 ,  it may be t h a t  E l -  i s  t h e  

Furthermore, OC1- may p lay  
(Supported 
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ll(j4 
Arizona, Tucson, A2 85724 
586 m u s e  epidermal c e l l s  a re  induced t o  anchorage independent growth by epidermal growth 
f a c t o r  (EGF) as w e i l  as by l a t e  s tage t u m r  promoters.  8 - a l l - t r a n s - r e t i n o i c  a c i d  (RA) 
i n h i b i t e d  EGF-induced t rans fo rma t ion  i n  a dose dependent manner. Mezerein- induced t r a n s -  
fo rma t ion  was i n h i b i t e d  t o  a g rea te r  ex ten t  by RA than was EGF-induced growth i n  s o f t  
agar, a t  s i m i l a r  co lony  y i e l d s .  Anchorage dependent growth was i n h i b i t e d  by RA t o  a 
s i m i l a r  e x t e n t  whether t h e  R A  was app l i ed  be fo re  o r  a f t e r  t rans fo rma t ion  induced by EGF. 
Therefore,  t rans fo rma t ion  pe r  se d i d  no t  change t h e  s e i s i t i v i t y  o f  t h e  c e l l s  t o  r e t i n o i d  
i n h i b i t i o n  o f  anchorage de-t growth. 
o f  growth i n  s o f t  agar was as grea t  when r e t i n o i c  a c i d  was app l i ed  a f t e r  EGF o r  TPA i n -  
duced t rans fo rma t ion ,  as when i t  was a p p l i e d  d u r i n g  promoter induced t rans fo rma t ion .  Thus, 
t h e  a n t i - p r o l i f e r a t i v e  a c t i o n  o f  RA,  w i t h o u t  an a d d i t i o n a l  a n t i t r a n s f o r m a t i o n  e f f e c t ,  was 
s u f f i c i e n t  t o  account f o r  t h e  reduced number o f  co lon ies  formed i n  s o f t  agar i n  t h e  
presence o f  RA. 

THE NATURE OF THE ANTITRANSFORMING A C T I O N  OF R E T I N O I C  A C I D  IN.MOUSE EPIDERMAL 
CELLS, Helen L. Gensler,  Lynn M. Ma t r i s ian ,  and G. T i m  Bowden, U n i v e r s i t y  of  

The ex ten t  o f  r e t i n o i c  a c i d  induced i n h i b i t i o n  

1165 I N  V I T R O  MUTAGENESIS OF V - S I S  I D E N T I F I E S  REGIONS OF THE GENES THAT ARE 
NECESSARY FOR CELLULAR T R A W O R M A T I O N ,  N e i l 1  A. Giese, C. R i ch te r  King, 
K e i t h  C. Robbins and S t u a r t  A. Aaronson, Nat iona l  I n s t i t u t e s  o f  Heal th,  
Nat iona l  Cancer I n s t i t u t e ,  Bethesda, MO 20205 

The t rans fo rm ing  gene, v -s is ,  o f  s im ian  sarcoma v i r u s  codes f o r  a 28 kd p r o t e i n ,  ~ 2 8 %  
which i s  h i g h l y  h o m o l o g o u s 0  human p l a t e l e t - d e r i v e d  growth f a c t o r  (PIIGF). 
formed c e l l s  t h i s  p r o t e i n  d imer izes  and then  undergoes p r o t e o l y t i c  cleavage a t  bo th  t h e  
carboxy and amino te rm in i .  Mutants o f  v - s i s  which code f o r  p r o t e i n s  t h a t  l a c k  amino 
a c i d  sequences a t  e i t h e r  end o f  t h e  molecule were analyzed f o r  t rans fo rm ing  a c t i v i t y  
and p r o t e i n  s t rqc tu re .  
gene t h a t  l i e  ou ts ide  o f  t h e  known homology t o  PDGF a re  no t  necessary f o r  t rans fo rm ing  
a c t i v i t y .  

I n  t r a n s -  

These s tud ies  demonstrate t h a t  coding reg ions  o f  t he  v - s i s  

,166 AMPLIFICATION OF VIRAL ONCOGENE SEQUENCES CORRELATES WITH THE TUMORIGENIC 
PHENOTYPE IN  SYRIAN HAMSTER EMBRYO CELL LINES, Tona M. Gi lmer,  P a t t i e  Lamb, L o i s  
Annab, Mi tsuo Oshimura and J.  Car l  B a r r e t t ,  Na t iona l  I n s t i t u t e  o f  Environmental  Hea l th  
Sciences, Research T r i a n q l e  Park, NC 27709 

Gene a m p l i f i c a t i o n  o f  c e l l u l a r  oncogenes has been i m p l i c a t e d  i n  the  development 
o f  cancer i n  humans. We have examined gene dosage e f f e c t s  f o l l o w i n g  t r a n s f e c t i o n  o f  
p reneop las t i c  Syr ian  hamster embryo (SHE) c e l l  l i n e s  wi th  a genomic c lone  o f  Rous 
sarcoma v i r u s  (RSV) which encodes the  v-src gene. The 1OW c e l l  l i n e ,  i s o l a t e d  a f t e r  
t rea tmen t  o f  SHE c e l l s  w i t h  asbestos, was co - t rans fec ted  w i t h  pSV2-neo and RSV DNAs 
and se lec ted  f o r  a n t i b i o t i c  (6418) res i s tance  (neoR). None o f  12 neoR c lones  i s o -  
l a t e d  a f t e r  co - t rans fec t i on  expressed v -s rc  RNA; however, t h ree  clones ( c lones  41,61 
and 62) conta ined m u l t i p l e  cop ies  o f  RS\TTmA. Upon i n j e c t i o n  i n t o  nude mice, c lones  
41, 61 and 62 were tumor iqen ic  w i t h  s h o r t  l a t e n c y  pe r iods  o f  2-4 weeks, w h i l e  none o f  
10  neoR c lones  i s o l a t e d  f o l l o w i n q  t r a n s f e c t i o n  o f  1OW c e l l s  w i t h  pSV2-neo DNA a lone 
were tumor igen ic .  Tumor-derived c e l l  l i n e s  f rom c lones  41, 61 and 62 expressed h i g h  
l e v e l s  o f  v -s rc  RNA and had an approx imate ly  10 t o  2 0 - f o l d  inc rease i n  RSV DNA sequen- 
ces, which appeared t o  he l o c a t e d  i n  douhle minu te  chromosomes. 
suppress ion  o f  RSV DNA sequences ( i .e. ,  s t a t e  o f  methy la t ion ,  c e l l u l a r  f a c t o r s )  i n  
these c lones  and the  re lease  o f  t h a t  s i ipnression by gene a m p l i f i c a t i o n  a re  under 
i n v e s t i q a t i o n .  These r e s u l t s  w i l l  be compared w i t h  the  e f f e c t s  o f  o t h e r  v i r a l  oncoae- 
nes on the  1OW c e l l s .  

The mechanism of 
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ISOLATION AND CHARACTERIZATION OF AMPLIFIED DNA SEQUENCES FROM MULTI-DRUG 
RESISTANT HAMSTER CELLS, Philippe Gros, James M. Croop, Igor Roninson, 
David Housman, Massachusetts Institute of Technology, Center for Cancer Research, 
Department of Biology, Cambridge, MA 02139 

1167 

We have cloned and anlayzed over 100 kilohases (kb) of contiguously amplified DNA from two 
independently derived multi-drug resistant cell lines (LZ cell, HOWELL et al, 1963; C5 cell, 
LING et al, 1981). Using the technique of in-gel renaturation(Ronins0net al, 1983) a 
series of Bam H-1 DNA fragments were identified and found to be ampllried i n  both LZ and 
C5 cells. Via a modification of the original in-gel renaturation procedure a 1-lkb frag- 
ment was cloned. This clone was then used as a hybridization probe to initiate the isola- 
tion of the entire amplification unit in cosmid vectors. We report here the isolation 
of over 100 kh of amplified DNA from the LZ cell line. 
cloned DNA and genomic DNA from the drug resistant cell lines, we have demonstrated 
colinearity cf cloned restriction fragments and amplified DNA sequences. 
transcription from the amplified DNA region indicates that an m RVA species of 6kb is en- 
coded by the amplified region. The level of expression of this m RNA is correlated with 
the level of amplification and the degree of drug resistance. These results suggest that 
the 6kb m RNA plays a functional role i n  multi-drue resistance. Genomic DNA qequences 

Using ihz& renaturation between 

Analysis of 

homologous to the 6kb m RNA span over 80kb of the amolified DNA SeRment. 

1168 
Recherches Experimentales sur le Cancer, 1066 Epalinges/Lausanne, Suisse 
*Present Address: Hana Biologics, Inc., 626 Bancroft Way, Berkeley, CA 94705 
Tumor promotion and glucocortical hormone action is accompanied by changes in gene expres- 
sion and the induction of oncogenic viruses. 12-0-tetradecanoyl-phorbol-13-acetate (TPA) 
is a potent tumor promoter whose mode of action appears to be mediated by the formation of 
oxygen radicals. TPA also activates a specific cell membrane receptor with protein kinase 
activity. We have examined the modulation of TPA and dexamethasone-induced MMTV production 
by antioxidants. By using RMA blot hybridization, we assessed the effect of superoxide 
dismutase and catalase on the induction of MMTV by TPA and dexamethasone. 
dismutase and catalase have very little effect on the MMTV induction by dexamethasone. 
TPA induction of MMTV i s  inhibited by catalase, but not by superoxide dismutase. We also 
detected a slight, but reproducible stimulation of MMTV by H202. 

MODULATION OF MOUSE MAMMARY TUMOR VIRUS (MMTV) EXPRESSION BY DEXAMETHASONE, TPA, 
AND ANTIOXIDANTS, D.C. Gruenert*, J. Friedman, and P.A. Cerutti, Institut Suisse de 

Superoxide 

S y n t l y s i s ,  C lon ing  a& Ex r e s s i o n  i n  E.col i  o f + G a s  Codinq f o r  l$Gx, David L. 
Hare , Margery A. Nicolso:*, Mar ie  A. Cecch in i  , Zipora  Stab insky  , Mary D.M. 1169 

Carter', J u l i a  K. Tseng*, and A l l e n  R. Banks+, +Amgen Development Incorpora ted  Boulder 
Colorado 80301, *Amgen Incorpora ted  Thousand Oaks C a l i f o r n i a  91320. 

Trans forming growth f a c t o r  alpha (TGFa) i s  a 50 amino a c i d  p o l y p e p t i d e  t h a t  has been 
c o r r e l a t e d  w i t h  n e o p l a s t i c  t r a n s f o r m a t i o n  because i t  i s  found o n l y  i n  t h e  c o n d i t i o n e d  
medium o f  t rans formed c e l l  l i n e s .  TGFa has i n  v i t r o  p r o p e r t i e s  n e a r l y  i d e n t i c a l  t o  those 
o f  epidermal growth f a c t o r .  For  example, TGFa competes w i t h  1251- labeled mouse EGF f o r  
r e c e p t o r s  on human A431 c e l l s  and bo th  p r o t e i n s  induce NRK c e l l s  t o  form c o l o n i e s  i n  s o f t  
agar.  
amino a c i d  sequences, however, TGFa has l e s s  than 30% sequence homology w i t h  EGF. 

smal l  q u a n t i t i e s  o f  t h e  p r o t e i n  can be ob ta ined i n  t h i s  manner. I n  o rder  t o  o b t a i n  enough 
m a t e r i a l  t o  study t h e  biochemical  a c t i o n  o f  TGFa and TGFa analogs, we have c o n s t r u c t e d  
s y n t h e t i c  genes which code f o r  both human TGFa and r a t  TGFa and we have expressed both 
genes a t  h i g h  l e v e l s  i n  E.coli. These recombinant DNA-derived p r o t e i n s  have t h e  i n  v i t r o  
b i o l o g i c a l  p r o p e r t i e s  expected f o r  TGFa. I n t e r n a l  r e s t r i c t i o n  s i t e s  were i n c l u d e d  i n  t h e  
TGF gene c o n s t r u c t i o n s  which have a l lowed t h e  express ion  o f  TGF-EGF h y b r i d  genes a t  h i g h  
l e v e l s  i n  E.coli as w e l l .  We a n t i c i p a t e  t h a t  TGFa and analogs generated u s i n g  s y n t h e t i c  
gene techno logy  w i l l  a s s i s t  i n  a s s i g n i n g  f u n c t i o n a l  domains w i t h i n  t h e  p r o t e i n  t o  
cor respond ing  i d e n t i f i e d  b i o l o g i c a l  p r o p e r t i e s  o f  TGFa. 

These cor respond ing  in y&& p r o p e r t i e s  suggest t h a t  TGFa and EGF have homologous 

TGFa has been i s o l a t e d  from t h e  c o n d i t i o n e d  medium o f  t rans formed c e l l  l i n e s ,  b u t  o n l y  
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1170 THE STRESS RESPONSE OF HUMAN PRIMARY FIBROBLASTS AND ITS POSSIBLE IMPLICATIONS FOR 
CARCINOGENESIS, Peter  H e r r l i c h ,  Peter  Angel, Hans Rahmsdorf, C h r i s t i n e  Lucke-Huhle, 
i l iarina Schorpp and Annet te  Pot ing ,  Kernforschungszentrum Kar ls ruhe,  I n s t i t u t  f u r  
Genet ik und T o x i k o l o r i e ,  Pos t fach  3640, D-7500 Kar ls ruhe 1 ,  Fed. Rep. o f  Germany 

I n h e r i t e d  cancer has prov ided a hypothes is  o f  carc inoaenes is  i n v o l v i n g ' a  f requen t  and a r a r e  
event.  In induced cancerogenesis, a f requen t  s tep  i s  a l s o  l i k e l y  tb occur  which must be due 
t o  the  mutagenic t rea tment ,  and which i s  y e t  i l l - d e f i n e d .  We have de tec ted  and cha rac te r i zed  
a s t r e s s  response o f  mammalian c e l l s  which may serve  as a cand ida te  f o r  such an e a r l y  s tep  
i n  carc inogenes is .  Using cDNA and genomic c l o n i n g  techniques we have i s o l a t e d  sequences 
which a re  more abundant ly  expressed a f t e r  t rea tment  o f  c e l l s  w i t h  the  tumor promoter 12-0- 
tetradecanoylphorbol-13-acetate (TPA). The se t  o f  respons ive  genes tu rned  o u t  t o  be p a r t  o f  
a genera l i zed  s t r e s s  response i n  t h a t  t rea tment  o f  c e l l s  w i t h  u l t r a v i o l e t  l i g h t  and mitomy- 
c i n  C would l ead  t o  t h e  same, serum s t a r v a t i o n  t o  p a r t l y  t h e  same response. Responsive genes 
sequences and f u n c t i o n s  i n c l u d e  the  c e l l u l a r  f o s  oncogene, the  m e t a l l o t h i o n e i n  IIA gene, a 
t r a n s  a c t i n g  f u n c t i o n  t h a t  causes gene a m p l i f i c a t i o n ,  and a secre ted  f a c t o r  which t r a n s f e r s  
the  response th rough t h e  e x t r a c e l l u l a r  medium t o  c e l l s  t h a t  had n o t  been t r e a t e d  &t a l l .  We 
have de tec ted  one h igh-cancer - inc idence disease which expresses t h e  " s t r e s s  genes 
t i v e l y :  Bloom Syndrome. Th is  suggests t h a t  t he  s t r e s s  response leads  t o  inc reased r a t e  o f  
mutagenesis. M e t a l l o t h i o n e i n  may serve  as a general  r a d i c a l  scavenger s ince  cells w i t h  h i g h  
express ion  seem t o  s u r v i v e  b e t t e r  upon gamma i r r a d i a t i o n .  The s t r e s s  response may thus  - as 
i n  b a c t e r i a  - i n c l u d e  p r o t e c t i v e  and mutagenic func t i ons .  

c o n s t i t u -  

1171 MOLECULAR CLONING OF THE NEU ONCOGENE, Mien-Chie Hung, Alan L. Schechter ,  
L a l i t h a  Vaidyanathan and Robert  A .  Weinberg, Whitehead I n s t i t u t e  f o r  Biomedical 
Research, Cambridge, MA 02142 

The ~ u -  oncogene is  a t ransforming  gene t h a t  w a s  found i n  t h e  genomes of  s e v e r a l  r a t  
neuro lg l iob las toma c e l l  l i n e s .  The neu gene w a s  shown t o  be  r e l a t e d  t o  erbB oncogene 
and r e s i d e  i n  i t s  e n t i r e i t y  o n  a 33KECoRI  segment of DNA i n  t h e  r a t  genome. 
t h e  b i o l o g i c a l l y  a c t i v e  v e r s i o n  of E ,  a cosmid l i b r a r y  was cons t ruc t ed  by us ing  ECoRI 
d iges t ed  DNA from a neuroblastoma t r a n s f e c t a n t  i n  which the  ra t  neu gene was ampl i f ied  
i n  t h e  mouse NIH3T3 c e l l s .  This  l i b r a r y  was screened by us ing  erbB a s  a probe and s e v e r a l  
recombinant c lones  con ta in ing  *B homologous sequence were i s o x e d  . 
s t r u c t u r a l  a n a l y s i s  by Southern b l o t t i n g  ind ica t ed  one of  t h e  recombinant c lones  conta ined  
r e s t r i c t i o n  enzyme p a t t e r n s  s p e c i f i c  t o  t h e  neu gene. 
NIH3T3 c e l l s  r e s u l t e d  i n  the  appearance of transformed cells  on t h e  monolayer. These f o c i  
w e r e  shown t o  produce t h e  novel 185,000 d a l t o n  tumor an t igen  which w a s  o r i g i n a l l y  found t o  
be a s s o c i a t e d  wi th  t h e  neu ro lg l ib l a s tomas .  
a c t i v e  E gene is  molecu la r ly  c loned .  

To i s o l a t e  

Subsequently,  

T rans fec t ion  of t h i s  c lone  i n t o  

These r e s u l t s  i n d i c a t e  t h a t  a n  b i o l o g i c a l l y  

1172 STOICHIOMETRIC BINDING OF DIACYLGLYCEROL TO THE PHORBOL ESTER RECEPTOR / PROTEIN 
KINASE C. Bernhard KUnig and Pe te r  M. Blumberg, Mo lecu la r  Mechanisms o f  Tumor 

Promot ion Sect ion,  Labora tory  o f  C e l l u l a r  Carcinogenesis and Tumor Promot ion, Na t iona l  
Cancer I n s t i t u t e ,  Na t iona l  I n s t i t u t e s  o f  Heal th,  Bethesda, MD 20205 

The phorbol  e s t e r s  represent  t h e  most po ten t  c l a s s  o f  tumor promotors f o r  mouse skin.  I n  
a d d i t i o n  t o  t h e i r  tumor p romot ing  a b i l i t y ,  t hey  e x e r t  p ro found e f f e c t s  on a wide v a r i e t y  
o f  o the r  c e l l u l a r  systems. The i n i t i a l  event  i n  t h e  mechanism o f  a c t i o n  o f  t h e  phorbol  
e s t e r s  appears t o  be t h e i r  b i n d i n g  t o  a h i g h  a f f i n i t y  recep to r  which represents  a complex 
between s p e c i f i c  phospho l ip ids ,  Ca2+, and t h e  apo-enzyme p r o t e i n  k inase  C. Th i s  complex i s  
be l i eved  t o  p l a y  an impor tan t  r o l e  i n  t ransduc ing  t h e  s i g n a l s  o f  e x t r a c e l l u l a r  messengers 
whose e a r l i e s t  e f f e c t s  a r e  assoc ia ted  w i t h  enhanced breakdown o f  phosphat idy l inos i to l -4 ,5-  
bisphosphate.  D i a c y l g l y c e r o l ,  one produc t  o f  t h i s  breakdown, s t imu la tes  p r o t e i n  k inase  C 
i n  a fash ion  s i m i l a r  t o  phorbol  es te rs .  Since d i a c y l g l y c e r o l ,  t h e  pos tu la ted  endogenous 
a c t i v a t o r  o f  p r o t e i n  k inase  C, i n h i b i t s  phorbol  e s t e r  b i n d i n g  c o m p e t i t i v e l y ,  we suggested 
t h a t  d i a c y l g l y c e r o l  i s  t he /an  endogenous phorbo l  e s t e r  analog. Therefore,  one would p re-  
d i c t  t h a t  d i a c y l g l y c e r o l  b inds  t o  p r o t e i n  k inase  C w i t h  1:l s to i ch iomet ry  (as  t h e  phorbol  
e s t e r s  do) and i n t e r a c t s  a t  t h e  same s i t e  on t h e  enzyme. The a l t e r n a t i v e  i s  t h a t  d i a c y l -  
g l y c e r o l  i s  s i n p l y  a c t i n g  by mod i f y ing  t h e  phospho l i p id  environment o f  t h e  p ro te in .  We 
present  evidence, t h a t ,  as r e d i c t e d  f o r  an endogenous analog, d i a c y l g l y c e r o l  i n h i b i t s  
phorbol  e s t e r  b i n d i n g  s t o i c l i o m e t r i c a l  ly .  
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UNIQUE ALLELIC RESTRICTION FRAGMENTS OF THE HUMAN H A - s  LOCUS I N  TUMOR AN0 LEUKOCYTE DNA 
OF CANCER PATIENTS. Theodore G. K r o n t i r i s ,  Nancy A. DiMart ino,  Mark Colb and David R. 
Parkinson, T u f t s  Cancer Research Center, Boston, MA 02111 

s u s c e p t i b i l i t y  t o  cancer. Twenty-four a1 l e l i c  r e s t r i c t i o n  fragments have thus f a r  been 
de tec ted  by Southern b l o t t i n g  o f  wh i te  blood c e l l  (WBC) and tumor DNAs o f  unre la ted  Caucasians. 
F i f t e e n  o f  the  twenty - four  a l l e l e s  have o n l y  been de tec ted  i n  WBC o r  tumor DNA o f  cancer 
p a t i e n t s  (p<O.OOl). Family s tud ies  and ana lys i s  o f  matched tumor/WBC DNAs i n d i c a t e  t h a t  
these ra re  a l l e l e s  a r e  i n h e r i t e d  i n  a Mendelian fashion. I n  some subsets o f  p a t i e n t s  there  
i s  a p a r t i c u l a r l y  h igh  r a t e  o f  occurrence o f  unusual a l l e l e s .  
leukemic s t a t e  c a l l e d  myelodysplasia,  6 o f  9 p a t i e n t s  possessed ra re  a l l e l e s  (compared t o  
25% o f  the  e n t i r e  cancer p a t i e n t  popu la t i on ) .  
two mye lodysp las t ics ,  two acute  leukemics and a p a t i e n t  w i t h  essen t ia l  thrombocythemia 
( inc reased p l a t e l e t  p roduc t i on ) .  
w i t h  f a m i l i a l  melanoma) possess r a r e  Ha-ras a l l e l e s .  
p a r t i c u l a r  Ha-ras a l l e l e s  may be assoc ia ted  w i t h  inc reased r i s k  f o r  c e r t a i n  forms o f  cancer;  
( b )  Ha-ras m a y T a y  a more prominent r o l e  i n  human tumorigenesis than data f rom DNA t rans fec -  

The h i g h l y  polymorphic human H a - s  locus  may be q u i t e  use fu l  as a marker f o r  i n h e r i t e d  

For example, i n  the  pre- 

One o f  these a l l e l e s ,  a2.2, was de tec ted  i n  

H a l f  o f  pa t i en ts  w i t h  melanoma ( n i n e t y  per  c e n t  o f  those 
These r e s u l t s  suggest t h a t  (a )  

t i o n s  s u e s t .  and ( c )  such a r o l e  i s  n o t  t i s s u e - s p e c i f i c  
s t r a t e  tf?ese i l l e l e s .  We have now besun t o  cha rac te r i ze  i o l e c u l a r  c lones o f  severa l  r a r e  
$$1 j$  ~ ~ a , s ~ ~ , n , t s a ~ ~ , r , o ~ m , g e I t d ~ e " 4 S o i i ~ f i e ~ ~ a e l ~ ~ ~ p ~ n s ~ a ~ ~ d b ~ i ~ ~ t ~ ~ ~ ~ a ~ ~  i n  an a t tempt  t o  de ter -  

s ince  a l l  forms o f  cancer demon- 
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Recent evidence t h a t  t he  acu te  r e t r o v i r u s  t rans fo rm ing  genes v -s i s  and v-erb B encode 
p r o t e i n s  bear ing  s t r i k i n g  homology t o  p l a t e l e t - d e r i v e d  growth factor  ( P D G r a n d  t h e  e p i -  
dermal growth f a c t o r  receptor ,  respec t i ve l y ,  has imp l i ca ted  those pathways which con t ro l  
norna l  c e l l u l a r  p r o l i f e r a t i o n  i n  t h e  process l ead ing  t o  t rans format ion .  As one approach 
toward understanding t h e  mechanism by which s imian  sarcoma v i r u s  (SSV) induces morphologic 
t rans fo rma t ion ,  we have descr ibed t h e  b i o s y n t h e t i c  pathway o f  t h e  SSV t rans forming  gene 
produc t ,  a mo lecu la r  r e l a t e d  t o  human PDGF po lypept ides  cha in  2. Our f i nd ings  revea l  t h a t  
t h e  pr imary  v -s i s  t r a n s l a t i o n a l  product,  p28=, i s  a g l ycop ro te in  syn thes ized on membrane 
bound p o l y r i b o G e s .  A f t e r  i t s  syn thes is ,  t he  molecule dimerizes i n  the  endoplasmic 
r e t i c u l u m  and t r a v e l s  toward t h e  pe r iphe ry  o f  t he  c e l l  where i t  i s  f u r t h e r  processed t o  
y i e l d  a po l ypep t ide  s t r u c t u r a l l y  analogous t o  b i o l o g i c a l l y  a c t i v e  PDGF. 
two incomple te ly  processed forms are  s e l e c t i v e l y  released i n t o  t h e  c u l t u r e  medium o f  SSV 
t ransformants.  However, t he  vast m a j o r i t y  remains c e l l  associated. A t  steady s ta te ,  most 
o f  t h e  s i s  p r o t e i n s  a re  bound t o  i n t e r n a l  c e l l  membrane components, wh i l e  approximately 
10% i s  exposed on t he  c e l l  surface. These r e s u l t s  d e f i n e  the  c e l l u l a r  l oca t i ons  where t h e  
t rans fo rm ing  a c t i v i t y  of  t h i s  p r o t e i n  may be exerted. 

BIOSYNTHESIS OF THE V-SIS/PDGF-2 TRANSFORMING GENE PRODUCT, Fernando Leal ,  
Jacalyn Pierce, K e i t h  T R o b b i n s  and S tua r t  A. Aaronson, Nat iona l  I n s t i t u t e s  o f  
Heal th,  Nat iona l  Cancer I n s t i t u t e ,  Bethesda, MD 20205 

Small amounts o f  

1175 PROGRESSION OF THE TRANSFORMED PHENOTYPE I N  TYPE 5 ADENOVIRUS (Ad5) TRANSFORMED 
RAT EMBRYO CELLS IS A REVERSIBLE PROCESS, W.S. L iawl ,  L.E. Bab iss l ,  S . G .  

Zimner-2 and P.B. F i s h e d ,  Columbia Univ. l ,  Co l l ege  o f  Chys ic ians  h Surgeons, 
New York. NY 10032 and Univ. o f  Kentucky Medical  Ctr.2, Lexington, KY 40536. 
The ca rc inogen ic  process i s  m u l t i f a c t o r  i n  terms o f  i t s  e t i o l o g y  and m u l t i s t e p  i n  i t s  
development. Based on i n  v i v o  s t u d i e s  t h e  carc inogen ic  process has been d i v i d e d  i n t o  t h r e e  
(sometimes over lapp ing) - i jhZFC,  termed i n i t i a t i o n ,  promot ion and progress ion .  I n f e c t i o n  o f  
e a r l y  passage r a t  embryo c e l l s  w i th  t ype  5 adenovirus (Ad5) can r e s u l t  i n  m o r p h o l o g i c a l l y  
t rans fo rmed  c e l l s  which d i s p l a y  o n l y  some o f  t he  phenotypes o f t e n  assoc ia ted  w i t h  v i r a l  
t rans fo rma t ion .  Cont inuous passage o f  t rans formed c e l l s  i n  monolayer c u l t u r e ,  growth of  
t rans fo rmed  c e l l s  i n  agar c o n t a i n i n g  o r  l a c k i n g  t h e  tumor p romot ing  agent TPA o r  tumor 
i n d u c t i o n  i n  nude mice r e s u l t s  i n  subclones which d i s p l a y  an ennanced express ion  o f  t he  
t rans fo rmed  phenotype. Progress ion  does n o t  i n v o l v e  a change i n  t h e  l o c a t i o n  o r  q u a n t i t y  
o f  i n t e g r a t e d  Ad5-DNA sequences, b u t  i s  assoc ia ted  w i t h  an inc rease i n  m e t h y l a t i o n  of 
sequences o the r  than those o f  t he  t rans forming  E l  reg ion .  A s i n g l e  t rea tment  of h i g h l y  
p rogressed Ad5-transformed c lones  w i t h  t h e  demethy la t ing  agent 5 -azacy t id ine  (Aza) r e s u l t s  
i n  t rans formed subclones w h i c h ' e x h i b i t  an e a r l y  s tage i n  t rans fo rma t ion .  R e i s o l a t i o n  of  
Azd- t rea ted  c lones  f o l l o w i n g  growth i n  agar r e s u l t s  i n  r e a q u i s i t i o n  o f  t h e  progressed 
phenotype. can 
e i t h e r  be acce le ra ted  or reversed depending on t h e  t ype  o f  man ipu la t i on  employed. These 
c e l l  c u l t u r e  systems Should, t he re fo re .  prove va luab le  i n  d e f i n i n g  t h e  r o l e  o f  c e l l u l a r  and 
v i r a l  genes i n  r e g u l a t i n g  express ion  o f  t he  t rans formed s ta te .  (Supported by CA 35675). 

These obse rva t i ons  i n d i c a t e  t h a t  p rogress ion  o f  t h e  t rans formed phenotype 
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LYSOSO?4OTRoPIC AMINES D3 NOT INHIBIT ABILITY OF EGF OR TPA TO INDUCE VL30 GENE 
ACTIVITY, B. E. Magun, Department of Cel l  Biology and Anatomy, Oregon Health Sci- 1176 

ences University, Port land,  OR 97201 
The c e l l u l a r  mechanisms by which EGF and i t s  receptor  a r e  able  t o  t ransmit  s i g n a l s  i n  the  

ac t iva t ion  of c e l l u l a r  genes a r e  la rge ly  unknown. The laboratory of M. Getz has previously 
reported t h a t  EGF was ab le  t o  induce t r a n s c r i p t s  of VL30 RNA i n  m u s e  AKR-ZB c e l l s  (PNAS 79: 
7317, 1982). VL30 RNA are  30s molecules with re t rovi rus- l ike  propert ies .  Presence of VL30 
RNA was detected by Northern b l o t t i n g  of t o t a l  RNA followed by hybridizat ion t o  a nick- 
t r a n s l a t e d  VL30 plasmid (provided by M. Getz). Upon addi t ion of EGF t o  AKR/ZB c e l l s ,  VL30 
RNA w a s  induced severa l  fo ld  and was maximal between 3 and 6 h.  VL30 RNA leve ls  returned 
almost t o  base l ine  leve ls  by 1 2  h. The same time course of induction and decl ine was ob- 
served following treatment with t h e  phorbol e s t e r  TPA, except t h a t  severa l  fo ld  more VL30 
w a s  induced by t h e  phorbol e s t e r  than by EGF. TPA, but no t  EGF, induced VL30 genes i n  EGF- 
repectacles  NR6/3T3 c e l l s  (provided by H .  Herschman). Cycloheximide not  only f a i l e d  t o  
block EGF- o r  TPA-stimulated VL30 induct ion,  but  apparently caused a superinduction, perhaps 
by inh ib i t ing  VL30 degradation. Furthermore, a higher MW form of VL30 appeared, perhaps 
represent ing a precursor. The lysosomotropic d n e  methylamine, which i n h i b i t s  processing 
and degradation of EFG and i t s  receptor  within cytoplasmic ves ic les ,  had no observable e f f e c t  
on induction of VL30 a c t i v i t y .  W e  propose t h a t  VL30 induction is  an ear ly  event induced by 
a s igna l  generated i n  t h e  absence of vesicular  processing, and t h a t  pro te in  kinase C a c t i -  
vat ion by EGF o r  TPA may be involved i n  transmission of the  s ignal .  

1177 THE ISOLATION, SEQUENCING, AND CHARACTERIZATION OF A NEW HUMAN PROTO-ONCOGENE 
RELATED TO THE =ONCOGENE, George E. Mark and Todd W. Seeley, Labora tory  o f  

Human Carcinogenesis,  NCI, NIH, Bethesda, MD 20205. 
The r a f  oncogene i s  an e v o l u t i o n a r i l y  anc ien t  member o f  t h e  l a r g e s t  f a m i l y  o f  oncogenes, 
t h e  fam i l y .  Two r a f  homologs have been i d e n t i f i e d  i n  Drosophi la,  and cloned. It, 
t h e r x r e ,  seemed l i k -  t h a t  two homologs would e x i s t  i n  man. 
l i v e r  cDNA l i b r a r y  w i t h  t h e  mur ine  v - ra f  oncogene probe revea led  two r e l a t e d  sequences. 
One corresponds t o  t h e  p r e v i o u s l y  descr ibed human c - ra f -1  locus ,  w h i l e  t h e  o the r  was unique 
as judged by r e s t r i c t i o n  enzyme ana lys is .  
s p e c i f i c  t o  these cDNAs a l s o  a t t e s t e d  t o  t h e  i n d i v i d u a l i t y  o f  each sequence. Comparison o f  
t h i s  second sequence, t o  be c a l l e d  c - ra f -3 ,  by DNA heterodup lex  t o  c - ra f -1  revea led  homolog 
on ly  i n  t h e  k inase domain. 
o f  t h i s  new proto-oncogene w i l l  be presented. 

Screening o f  a human f e t a l  

Southern a n a l y s i s  o f  human DNA w i t h  probes 

The DNA sequence, chromosomal l o c a l i z a t i o c a n d  t h e  express ion  
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Type 6 t r ans fo rm ing  growth f a c t o r  (BTGF), a d imer ic ,  d i s u l f i d e - l i n k e d  po lypept ide ,  b inds  
w i t h  h i g h  a f f i n i t y  and s p e c i f i c i t y  t o  recep to rs  i n  t a r g e t  c e l l s .  C e l l u l a r  components w i t h  
t h e  c h a r a c t e r i s t i c s  o f  a f f i n i t y  and s p e c i f i c i t y  expected from p h y s i o l o g i c a l l y  r e l e v a n t  BTGF 
recep to rs  have been f f i n i t y - l a b e l e d  i n  human, rodent ,  and ch i ck  c e l l s  and membrane 
p repara t i ons  us ing  lq51-6TGF and d i  succ i  n im idy l  suberate.  BTGF recep to rs  a f f i n i t y - 1  abel ed 
i n  muse ,  r a t  and ch i ck  c e l l s  m i g r a t e  as 280 k i l o d a l t o n  spec ies  when e lec t rophoresed i n  t h e  
presence o f  dodecyl  s u l f a t e  and reduc tan t .  BTGF recep to rs  i n  human f i b r o b l a s t s  e x h i b i t  
l a r g e r  apparent M r ,  b u t  ccmparat ive pep t ide  maps i n d i c a t e  s t rong  homology w i th  BTGF 
recep to rs  f r cm rodent  c e l l s .  
complexes i n  e l e c t r o p h o r e t i c  gels.  pTGF recep to rs  have been s o l u b i l i z e d  i n  t h e  presence o f  
non - ion i c  de tergents  under c o n d i t i o n s  i n  which t h e  l i g a n d  b i n d i n g  and a f f i n i t y - l a b e l i n g  
p r o p e r t i e s  o f  t h e  n a t i v e  s t a t e  a r e  preserved. 
recep to rs  i n  t h e  n a t i v e  s t a t e  a re  c o n s i s t e n t  w i t h  a mo lecu la r  s i z e  o f  about 550 k i l o d a l t o n .  
6TGF recep to rs  f rom a l l  sources examined b ind  t o ,  and can be s p e c i f i c a l l y  e l u t e d  from 
i m m b i l i z e d  l e c t i n  columns. 
an o l i gomer i c  g l y c o p r o t e i n  w i t h  a 280 k i l o d a l t o n  BTGF b i n d i n g  subun i t  l i n k e d  t o  o t h e r  
subun i t s  v i a  d i s u l f i d e  bonds. 
of  6TGF b i n d i n g  t o  two 280 k i l o d a l t o n  recep to r  subun i ts .  

STRUCTURAL PROPERTIES OF RECEPTORS FOR TYPE 6 TRANSFORMING GROWTH FACTOR. Joan 
Massague, Betsy L i k e  and Brenda Ke l l y .  U n i v e r s i t y  o f  Massachusetts, Worcester, 
MA, 01605. 

I n  t h e  absence o f  reduc tan ts  BTGF recep to rs  m i g r a t e  as l a r g e  

The hydrodynamic p r o p e r t i e s  o f  BTGF 

These r e s u l t s  suggest t h a t  t h e  membrane recep to r  f o r  BTGF i s  

It i s  p o s s i b l e  t h a t  t h i s  complex i s  formed by one molecule 
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I n  o rde r  t o  assess t h e  s t a t e  o f  a c t i v a t i o n  o f  t he  Ca2+ and phospho l ip id  s t imu la ted  p r o t e i n  
k inase C i n  i n t a c t  c e l l s ,  we are  c h a r a c t e r i z i n g  the  r e l a t i o n s h i p  between i n  v i t r o  C k inase 
a c t i v i t y  and a b i o l o g i c a l  response, i n h i b i t i o n  o f  epidermal growth f a c t o r 7 E m i n d i n g .  
Several  a c t i v a t o r s  o f  C k inase such as tumor promoters, d i a c y l g l y c e r o l ,  and p l a t e l e t -  
de r i ved  growth f a c t o r  a l l  cause increased o v e r a l l  phosphory la t ion  o f  t he  EGF recep to r  and 
decreased EGF b ind ing  t o  i t s  recep to r  i n  several  c e l l  types. I n  Swiss 3T3 c e l l s ,  low con- 
c e n t r a t i o n s  o f  t he  tumor promoter phorbol  d i b u t y r a t e  (PDBu) maximal ly i n h i b i t  EGF b ind ing  
even a f t e r  24 hours o f  con t inuous  t rea tment .  EGF b i n d i n g  i s  r a p i d l y  recovered upon removal 
o f  PDBu and c e l l s  a re  f u l l y  respons ive  t o  a subsequent dose o f  t he  tumor promoter. There 
i s  no change i n  the  t o t a l  c e l l u l a r  C k inase a c t i v i t y  under these cond i t i ons .  I n  con t ras t ,  
when c e l l s  a re  t r e a t e d  w i t h  a h ighe r  dose o f  PDBu f o r  24 hours, an 85% decrease i n  t h e  
amount o f  t o t a l  c e l l u l a r  C k inase i s  observed, and t h i s  l o s s  i s  no t  r a p i d l y  recoverab le .  
A t  t h e  same time, PDBu s t i l l  causes almost maximal i n h i b i t i o n  o f  EGF b ind ing .  Thus, i n  
Swiss 3T3 c e l l s  t h e r e  appears t o  be a l a r g e  excess o f  C k inase a c t i v i t y ,  such t h a t  o n l y  15% 
o f  t h i s  a c t i v i t y  i s  s u f f i c i e n t  t o  ob ta in  a n e a r l y  complete b i o l o g i c a l  response. I n  add i -  
t i o n ,  i t  appears t h a t  low l e v e l  s t i m u l a t i o n  o f  C k inase can r e s u l t  i n  a l ong  te rm b i o l o g i -  
ca l  response w i thou t  causing i n a c t i v a t i o n  o f  t h e  enzyme. The r o l e  o f  these d i f f e r e n t  
s t a t e s  o f  C k inase a c t i v a t i o n  i n  the  response o f  c e l l s  t o  a v a r i e t y  o f  s t i m u l i  can now be 
determined. 

ACTIVATION OF C K I N A S E  IN SWISS 3T3 CELLS, P a t r i c i a  G. McCaffrey and 
Marsha R ich  Rosner, Massachusetts I n s t i t u t e  o f  Technology, Cambridge, MA 02139 

1180 ?HE I " c E  OF PA$ GENE5 ON METPSTATIC -I&: Ruth J. Muschel, R u g  Lcwy and 
Lance A. L i o t t a ,  Naticnal Institutes of H e a l t h ,  National Cancer Institute, 
Labratory of Pathology, Bethesda, MD, 20205 

Cell lines transformsd by various members of the rasH family were tested for metastatic 
potential in  the lung colonization assay. 
Harvey S a r m  virus (HSV) IN?+ or by the cloned T24 h m n  oncogene, famed lung colonies 
after intravenous injection in  nu/nu mice. 

LTR is inserted upstream fran the c-rasH gene to  kost expression of the norm1 ~ 2 1 ,  (chang 
e t  al.,  Nature 307: 658, 1982). Such cel l  lines are tmrigenic ,  but do not form 
metastases. 
distinct phenotypic properties. Thorgeirsson e t  a l . ,  (Mol. and Cell. Biol., i n  press) have 
also fcund that foci of NIH-3T3 cells transfected w i t h  DNA frcm a leukemic cell line bearing 

NIH-3T3 cells, transformed by either cloned 

The n o m l  cellular counterpart of the rasH oncogenes transforms NIH-3T3 cells i f  an 

?his confirm in this system that tmrigenici ty  and metastatic capacity are 

N-ras are metastatic. 
C127 cells transfomd w i t h  v-rasH or with recabinant ccnstructs of HSV which lead t o  

higher levels of P21 expression did not metastasize. 
We speculate that we have identified two m n p l m t a t i o n  yroups which my be involved 

i n  the develqxent of metastatic potential; one residing in  scme cnqenes  and the other 
revealed by the difference in  response of the C127 and the NIH-3T3 cells totransfomtion 
by v-rasH. 

1181 GENE AMPLIFICATION I N  CHEMICALLY-INDUCED MOUSE SKIN TUMORS, John F. O'Connell, 
Andrew P. B u t l e r  and Thomas J.  Slaga, U n i v e r s i t y  o f  Texas System Cancer Center, 
Science Park - Research D iv i s ion ,  S m i t h v i l l e ,  Texas 78957. 

Gene a m p l i f i c a t i o n  has been proposed as a mechanism lead ing  t o  increased expression o f  
normal and/or a l t e r e d  gene produc ts  du r ing  carc inogenes is .  We are  us ing  t h e  two stage 
mouse s k i n  carc inogenes is  model t o  i n v e s t i g a t e  poss ib le  gene a m p l i f i c a t i o n  du r ing  a de f i ned  
i n i t i a t i o n  - promot ion p ro toco l .  The presence o f  a m p l i f i e d  sequences i n  tumors de r i ved  
f rom Sencar mice i n i t i a t e d  w i t h  DMBA and promoted w i t h  12-tetradecanoyl-13-phorbol ace ta te  
(TPA) was t e s t e d  us ing  Southern b l o t  h y b r i d i z a t i o n  w i t h  midd le  r e p e t i t i v e  and c-oncogene 
probes. D i f f e r e n t i a l  sc reen ing  o f  DNA f rom unt rea ted  ep idermis  and carcinomas us ing  genomic 
probes f r a c t i o n a t e d  t o  a Cot va lue  o f  10-300 suggests t h e  a m p l i f i c a t i o n  o f  severa l  d i s c r e t e  
bands i n  some ( b u t  apparent ly  no t  a l l )  carcinomas. I n  add i t i on ,  h y b r i d i z a t i o n  o f  bo th  do t  
b l o t s  and Southern b l o t s  w i t h  c-DNA oncogene probes i n d i c a t e s  poss ib le  a m p l i f i c a t i o n  o f  t h e  
H-ras gene i n  some carcinomas. 
d u r i n g  two-stage chemical carc inogenes is .  It i s  c u r r e n t l y  unknown i f  t h e  observed a m p l i f i -  
c a t i o n  i s  a c r i t i a c l  event  i n  carc inogenes is .  The poss ib le  r e l a t i o n s h i p  between gene ampl i -  
f i c a t i o n  tumor p rogress ion  i s  under i n v e s t i g a t i o n .  I n  add i t i on ,  a Sencar mouse ke ra t i nocy te  
c e l l  l i n e  i s  be inq  used t o  i n v e s t i g a t e  poss ib le  mechanisms by which tumor promoters and 

These r e s u l t s  suggest t h a t  gene a m p l i f i c a t i o n  does occur 

CA 34890, CA 34962, CA 34521. 
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U n i v e r s i t y  o f  Texas System Cancer Center,  Science Park, Research D iv . ,  S m i t h v i l l e ,  TX 78957 

I t  has been demonstrated t h a t  carc inogenes is  i n  a number o f  t i s s u e s  and species can be 
d i v i d e d  i n t o  two stages, i n i t i a t i o n  and promot ion. 
stages i n v o l v e d  i n  carc inogenes is  a r e  o f t e n  accompanied b y  gene a c t i v a t i o n  and/or a l t e r e d  
p a t t e r n s  o f  gene express ion .  We have employed t h e  two-stage s k i n  carc inogenes is  model i n  
SENCAR mice t o  determine whether a l t e r a t i o n s  i n  oncogene express ion  occur  a t  var ious  t imes 
d u r i n g  tumor igenes is  i n  v i v o .  
two-stage carc inogenes is  u s i n g  Nor thern  b l o t  h y b r i d i z a t i o n  a n a l y s i s  w i t h  a n i c k - t r a n s l a t e d  
[32P]-cDNA probe f o r  t h e  Ha-ras oncogene. We observed increased l e v e l s  o f  H a - E  RNA i n  
approx imate ly  50% o f  p a p i l l o m a s  and 2 o f  3 carcinomas a r i s i n g  a f t e r  i n i t i a t i o n  w i t h  d i m e t h y l -  
benz(a)anthracene (DMBA) and tw ice-week ly  t rea tments  w i t h  t h e  tumor promoter 12-0- te t radeca-  
noy lphorbo l -13-aceta te  (TPA). Only t r a c e  amounts o f  Ha-ras RNA were present  i n  u n t r e a t e d  
SENCAR ep idermis  o r  i n  ep idermis  t r e a t e d  w i t h  DMBA o r  T P A l o n e .  
was a l s o  observed f o r  t h e  %oncogene and t h e  endogenous mouse murine leukemia v i r u s  env 
gene i n  a percentage o f  pap i l lomas and carcinomas t e s t e d .  D i f f e r e n t  phenotypes f o r  t h e  %, 
H a - z  and y~ genes were expressed i n  i n d i v i d u a l  tumors, i . e . ,  n o t  a l l  tumors express ing  
Ha-ras RNA were a l s o  express ing  t h e  % o r  env gene RNA. These s t u d i e s  may enable us t o  
e s t a b l i s h  whether a c t i v a t i o n  o r  a l t e r e d  p a t t e r n s  o f  oncogene express ion  d u r i n g  two-stage 
carc inogenes is  c o i n c i d e  w i t h  p a r t i c u l a r  stages o f  tumor p rogress ion  i n  v i v o .  

ALTERED PATTERNS OF ONCOGENE EXPRESSION DURING TWO-STAGE S K I N  CARCINOGENESIS. 
J.C. P e l l i n g ,  G .  Patskan, M. Jun io ,  D.C.  Hixson, R . S .  N a i r n  and T.J. Slaga, The 

Furthermore, s t u d i e s  have shown t h a t  the  

SENCAR mouse ep idermis  was screened a t  s p e c i f i c  t imes d u r i n g  

A c t i v a t i o n  o f  express ion  

INCREASED ONCOGENE EXPRESSION I N  A MALIGNANT SCHWANNOMA, Molly R. Schwenn, 
Paul C.  B i l l i n g s ,  Ralph R .  Weichselbaum and John B.  L i t t l e ,  Dept. Cancer Bioloqy, 

1183 
Harvard School of Publ ic  Heal th ,  665 Huntington Avenue, Boston, MA 02115 

Cytogenetic a n a l y s i s  of a malignant schwannoma i n  c u l t u r e ,  obtained from an untreated 
p a t i e n t  with neurofibromatosis  (NF), revealed double minutes,  homogeneously s t a i n i n g  r e -  
g ions ,  a s  we l l  a s  marker chromosomes and he te rop lo idy .  The p resen t  i n v e s t i g a t i o n  was 
designed t o  determine whether t he re  w a s  i nc reased  expression of s p e c i f i c  oncogenes i n  
these  c e l l s .  RNA w a s  prepared from t h e  schwannoma c e l l  l i n e  and s k i n  f i b r o b l a s t s  from t h e  
same p a t i e n t ,  spo t t ed  on to  n i t r o c e l l u l o s e  f i l t e r s ,  and hybridized with N-myc, Ha-ras. 
K i - r a s ,  and B-lym probes.  The schwannoma c e l l s  showed increased expression of N-myc. 
These c e l l s  a r e  probably of neu ra l  c r e s t  o r i g i n  l i k e  neuroblastomas, which show increased 
expression of N-myc and gene ampl i f i ca t ion  i n  advanced cases .  
exh ib i t ed  increased expression of K - r a s  and B - l p .  compared wi th  t h e  sk in  f i b r o b l a s t s .  N o  
d i f f e r e n c e i n  Ha-ras expression w a s  observed. 
r e p o r t s  to demonstrate increased B- lym expression i n  non-B-cell mal ignancies .  We a r e  
c u r r e n t l y  looking a t  benign schwannomas and neurofibromas f o r  increased expression of 
t hese  oncogenes o r  a subset t h e r e o f ,  as we l l  as looking a t  DNA f o r  evidence of gene 
ampl i f i ca t ion  o r  rearrangement.  

The schwannoma c e l l s  a l s o  

To our  knowledge, t h i s  i s  one of t h e  f i r s t  

1184 IZE~vTI7;CATICN OF A 5 '  FLANKING SEQUENCE OF THE C-HA-RAS-1 ONCOGENE WHICH IS A LOW- 
REPEAT I N  MAb!bIALIAN DNA, Char les  !i. Scoggin, C y n t h i a  S. F i rnhaber ,  James H. F i s h e r ,  
E leanor  Roosevel t  I n s t i t u t e  f o r  Cancer Research and Webb-Waring Lung I n s t i t u t e ,  
Oenver, CO 80262 

P a r t i c u l a r  oncogenes have been mapped t o  d i s t i n c t  l o c a t i o n s  on chromosomes u s i n g  recombinant 
DNA probes d e r i v e d  f r o m  genomic DNA by u s i n g  conven ien t  r e s t r i c t i o n  s i t e s .  Because o f  t h e i r  
method o f  d e r i v a t i o n ,  oncogene segments c o n t a i n  f l a n k i n g  r e g i o n s  o f  assoc ia ted  DNA i n  add i -  
t i o n  t o  t h e  t r a n s f o r m i n g  sequence o f  t h e  oncogene. We have chosen t o  focus  on areas o u t s i d e  
o f  t h e  t r a n s f o r m i n g  sequences, and t o  examine t h e i r  r e p r e s e n t a t i o n  i n  r o d e n t  and human DNA. 
We have found t h a t  a 0.85 kb fragment o f  DNA immedia te ly  5 '  t o  t h e  t r a n s f o r m i n g  sequence o f  
t h e  c-Ha-ras-1 oncogene y i e l d s  m u l t i p l e  bands o f  m o l e c u l a r  h y b r i d i z a t i o n  i n  human and ham- 
s t z r  genomic DNA. 
p P r t i c u l a r  human chromosomes. 
enhancer sequences. The 0.85 k b  fragment o f  t h e  T24 oncogene cor respond ing  t o  t h e  probe 
u t i l i z e d  i n  t h i s  s tudy  has a l s o  been shown t o  c o n t a i n  v-myc r e l a t e d  sequences. 
specu la ted  t h a t  t h i s  0.85 k b  f r a g m e n t - c o n t a i n i n g  enhancer sequence p l a y s  a r o l e  i n  t h e  regu-  
l a t i o n  o f  c-Ha-ras-1 oncogene express ion  and o t h e r  genes w i t h  which i t  may be l i n k e d .  

Us ing  somatic c e l l  h y b r i d s ,  we have been a b l e  t o  map s p e c i f i c  bands t o  
T h i s  0.85 kb fragment has been p r e v i o u s l y  shown t o  c o n t a i n  

I t m y  be 
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1185 TYPE 6-TRANSFORMING GROWTH FACTOR/GROWTH INHIBITOR: A UNIQUE REGULATOR OF PROLIF- 
ERATION IN  MESENCHYMAL AN0 EPITHELIAL CELLS, Gary D. Sh ip ley  and Haro ld  L. Moses, 
Oept. Ce l l  B io logy ,  Mayo Cl in ic /Foundat ion ,  Rochester, MN 55905 

Type 6- t rans forming growth fac to r /g rowth  i n h i b i t o r  (TGFB/GI) i s o l a t e d  from human p l a t e l e t s  
i s  a 25,000 d a l t o n  p r o t e i n  composed o f  two i d e n t i c a l  subun i ts  w i t h  unique c e l l  surface 
recep to rs  on a v a r i e t y  o f  c e l l  types. TGFfVGI s t imu la tes  the  fo rmat ion  o f  co lon ies  by 
mouse AKR-2B c e l l s  and human d i p l o i d  f i b r o b l a s t s  i n  s o f t  agar i n  the  absence o f  added EGF. 
TGF@/GI a l s o  s t imu la tes  DNA synthes is  i n  serum-free monolayer c u l t u r e s  o f  AKR-ZB c e l l s .  
I n d u c t i o n  o f  DNA synthes is  i n  monolayer c u l t u r e s  takes p lace  a f t e r  a prolonged p re rep l i ca -  
t i v e  phase (%24 h rs )  when compared t o  o the r  growth f a c t o r s  (EGF, FGF, PDGF) t h a t  induce 
DNA syn thes is  a f t e r  a l a g  phase o f  approx imate ly  13 hrs.  The mi togen ic  a c t i v i t y  o f  a l l  o f  
these growth f a c t o r s  i s  s y n e r g i s t i c  w i t h  i n s u l i n .  TGF6/GI i n h i b i t s  t he  "ea r l y "  peak (23 
h r s )  o f  EGF p l u s  i n s u l i n  s t imu la ted  DNA synthes is  r e s u l t i n g  i n  a peak o f  DNA synthes is  a t  
approx imate ly  t h e  same t ime  as t h e  a d d i t i o n  o f  TGFp/GI a lone (34-36 hrs).  TGF6/GI i n h i b i t s  
t h e  growth o f  normal human ke ra t i nocy tes  and manunary e p i t h e l i a l  c e l l s  i n  serum-free mno-  
l a y e r  c u l t u r e s  and several  human carcinoma c e l l  l i n e s  i n  s o f t  agar ( i n  t h e  presence of 
serum). The da ta  suggest t h a t  TGF/GI may have an au toc r ine  r o l e  i n  the  development o f  
mesenchymal tumors and s t i m u l a t e  t h e  p r o l i f e r a t i o n  o f  stromal t i s s u e  i n  cancers o f  ep i the-  
l i a l  o r i g i n .  (Supported by NCI g ran ts  CA 27217, CA 16816, and CA 09441.) 

11% Regu la t ion  o f  Human Metas ta t i c  Melanoma Ce l l  Growth by Transforming Growth F a c t o r e  
Nancy J .  Sipes, Marvin 0. Bregman, Frank L. lleyskens, J r .  A2 Cancer Center,Tucson 
Az 35724 

Ine express ion  o f  t he  t ransformed phenotype i s  observed i n  v i t r o  as anchorage-independent 
growth. V a r i a b i l i t y  o f  c l o n i n g  e f f i c i e n c y  i n  s o f t  agar among tumor samples may i n  p a r t  
represent  d i f f e r e n t  c a p a b i l i t i e s  o f  s p e c i f i c  c e l l s  t o  respond t o  growth regu la to ry  molecules 
prov ided by the  p l a t i n g  medium. A human p l a t e l e t  son ica te  was eva lua ted  f o r  e f fec ts  on 
growth o f  human m e t a s t a t i c  melanoma co lony- fo rming  c e l l s  i n  s o f t  agar f rom c e l l s  i n  c u l t u r e  
and from b iops ies .  These responses were q u a n t i t i a t e d  t o  determine changes i n  t o t a l  c e l l u l a r  
n r o l i f e r a t i o n .  The a d d i t i o n  o f  a l a t e l e t  son ica te  inc reased bo th  the  c l o n i n g  e f f i c i e n c y  
(more co lon ies )  and the  p r o l i f e r a t i v e  capac i t y  ( l a r g e r  co lon ies )  o f  melanoma c e l l s . P l a t e l e t -  
de r i ved  g r ~ i w t h  f a c t o r  (PDGF), epidermal growth f a c t o r - l i  ke oo lypent ide  (EGF), and t rans forn-  
i n g  growth f a c t o r e  (TGFe) a re  th ree  growth f a c t o r  a c t i v i t i e s  i d e n t i f i e d  i n  o l a t e l e t s .  The 
a d d i t i o n  o f  PDGF and EGF alone and i n  combinat ion d i d  n o t  inc rease s o f t  agar colon? 
fo rmat ion .  
t ransformed nhenotyne. I n  o rde r  t o  eva lua te  t h i s  regu la to ry  r o l e  o f  TGFP i n  human 
melanoma, we a re  n u r i f y i n g  TGFF from n l a t e l e t s .  
human melanoma c e l l u l a r  resqonses t o  TGF l v i l l  be nerformed, and the  r e s u l t s  o f  these 
mechan is t i c  s tud ies  w i l l  be uresented. 

-. 

These s tud ies  i n d i r e c t l y  suggest t h a t  TGFe i s  nromot ing the  exnress ion  of  t he  

B i o l o g i c a l  and biochemical  s tud ies  of  

1187 PURIFIED LOW AND HIGH MOLECULAR WEIGHT FORMS OF HUMAN EPIDERMAL GROWTH FACTOR CAUSE 
ANCHORAGE-INDEPENDENT GROWTH OF NRK CELLS, Kurt Stromherg, M.D.* and David Orth, 

M.D.**, *Laboratory of Viral Carcinogenesis, NIH, FCRF, Frederick, MU 21701, and **Division 
of Endocrinolopy, School of Medicine, Vanderbilt University, Nashville, TN 37272 

Although epinermal growth factor (EGF) partially purified from murine salivary Elands 
has been reported to elicit anchorage-independent growth (AIG) In normal rat kidney (NRKI 
cells, whether or not highly purified human EGF, in either its low (LMW) or high molecular 
weight (HMW) form can specifically cause AIG has not been examined. Consequently, LMW and 
HMW huEGF from human urine of normal donors was purified to homogeniety (D.N. Orth and C.D. 
Mount, unpublished data). Concentrations of 2.5 to 20 nanograms of LYW and HMW huEGF as 
measured by radioimmunoassay were tested for ATG of NRK cells (SA clone, passage 12 to 14). 
Roth forms of huEGF resulted in a plateau of AIG of NRK cells ,bf colonies greater than 2 0  
cells. Larger colonies of over 5 0  cells were obtained after addition of DTGF, kindly 
provided by Dr. Michael Sporn. 

Rabbit antiserum raised against purified LMW huEGF was able to specifically inhibit AIG 
induced by both LMW and HMW huEGF in a dose specific manner in either the presence of 
absence of BTGF. A commercially available antiserum directed against a synthetic C-terminal 
portion of aTGF did not inhibit huEGF-induced AIG at the antiserum concentration range 
evaluated, nor did several other non-specific rabbit antisera. 

In summary, both LMW and HMW huEGF in pure form are alone able to stimulate A I G  in NRK 
cells which is specifically inhibited by huEGF antiserum. 
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1188 STIMULATION OF PROTEIN PHOSPHORYLATION I N  PLASMA MEMBRANES OF HUMAN ACTIVATED LYMPH- 
OCYTES BY INTERLEUKIN 2. Masaaki Taguchi and W i l l i a m  L. Fa r ra r ,  Labora tory  of Molecu- 

l a r  Immunoregulat ion,  Na t iona l  Cancer Ins t i tu te -FCRF,  F reder i ck ,  MD. 21701 
I n  a p rev ious  r e p o r t  I L -2  was shown t o  induce t r a n s l o c a t i o n  o f  p r o t e i n  k inase C(PK-C) from 
cy toso l  t o  plasma membrane i n  murine IL -2  dependent T c e l l s ( F a r r a r  and Anderson, Nature,  
i n  p ress ) .  Among the  membrane-associated p r o t e i n s  phosphory la ted  by PK-C was the  IL -2  recep to r  
i d e n t i f i e d  by an t i -Tac  monoclonal an t i body  immunoprecipitation(Taguchi, e t  a l .  submi t ted) .  
PK-C enzyme a c t i v a t i o n  requ i res  the  presence o f  Ca2+ and phospho l ip ids  as co - fac to rs ,  t he  da ta  
presented i n  t h i s  s tudy  i d e n t i f i e s  an a d d i t i o n a l  phosphotransferase system t h a t  i s  d i s t i n c t  
from calc ium/phosphol  ip id -dependent  PK-C a c t i v a t i o n .  IL-2 dependent l e c t i n - a c t i v a t e d  human 
T lymphocytes were homogenized and plasma membranes i s o l a t e d  us ing  sucrose d iscont inuous  
g rad ien t  u l  t r a c e n t r i f u g a t i o n (  lOO,OOOxg, 1 h r . )  .Prepared membranes were pre incubated  a t  4OC 
w i t h  o r  w i t h o u t  homogen9pus r$$ombinant human IL -2  f o r  10 min. The r e a c t i o n  ' x t u r e  conta ined 
HEPES b u f f e r  pH 7.6, Mg , Mn , EGTA and was i n i t i a t e d  by the  a d d i t i o n  o f  y3P-ATP. 
Fo l l ow ing  i ncuba t ion  f o r  5 min. a t  3OoC the  r e a c t i o n  was te rmina ted  w i t h  i s o e l e c t r o f o c u s i n g  
sample b u f f e r  and urea. The samples were analyzed by O ' F a r r e l l ' s  two-dimensional  e lec t rophor -  
e s i s  and phosphoproteins v i s u a l i z e d  by autoradiography. I L - 2  induced phosphory la t ion  of bas i c  
p r o t e i n s  (80 kd and 38 kd)and severa l  membrane-associated a c i d i c  p r o t e i n s ( l 2 0  kd, 16 kd,and 
13 kd).The 80 kd p r o t e i n  was phosphory la ted  a t  t h reon ine  res idues .  Several  of  t he  phospho- 
p r o t e i n s  had chemical c h a r a c t e r i s t i c s  s i m i l a r  t o  a c t i n  and synapsin. Since t h i s  p r o t e i n  
k inase system i s  independent o f  PK-C, t he  evidence suggests t h a t  I L -2  may induce m u l t i p l e  
k inase systems as a r e s u l t  of I L - 2  recep to r  i n t e r a t i o n .  

1189 TUMOR PROMOTERS INHIBIT RADIATION-INDUCED LETHAL DNA FRAGMENTATION IN MOUSE 
EMBRYONIC FIBROBLASTS, L. David Tomei, Peter Ranter, and Charles E. Wenner 
Comprehensive Cancer Center, Ohio State University. Columbus, Ohio and Roswell 
Park Memorial Institute, Buffalo, NY 14263 

In view of our earlier studies which indicated that cytotoxic stress (such as acute serum 
deprivation) induced DNA fragmentation (Kanter et a1 BBRC 118 
interest to learn whether these agents also prevented radiation-induced DNA fragmentation 
(e.g. with high specific activity tritiated thymidine). 
DNA frawentation i dex was measured by formamidegel fractionation, the % double stranded 
DNA was lowered by 'A-dThd (80 curies/m mole- 1 VCilml). Damage appeared after 24 h 
which progreaged to 96 h ranging from 6% at 24 h up to 51% at 96 h. Both TPA (lO-'M) 
and DHTB (10 
whether fragmentation waa dependent on protein synthesis as expected in prograFTd cell 
suicide, the effects of cycloheximide were examined. Results indicated that 10 M 
cycloheximide also3inhibited to the same degree observed with tumor promoters. 
specific activity H thymidine incorporation into cellular DNA leads to extensive DNA 
fragmentation which is apparently dependent on protein synthesis and is inhibitable by 
tumor promoters. 
lethality is a consequence of induction of programed cell suicide (apoptosis), and tumor 
promoters may act by interfering with this physiological process. 
L. Bartels) 

393, 1984), it was of 

Our data revealed that when the 

M) reduced fragmentation by as much as 90%. In order to determine 

High 

The above findings are consistent with the concepts that radiation 

(with technical help of 
Supported in part by CA-13784. 

PURIFICATION AND PROPERTIES OF THE HUMAN DNA METHYLTRANSFERASE. 
Keith E:. Zucker, Arthur C .  Xiggs, and Steven S .  Smitn, Beckman Res. 
Institute of the City of Hope, Duarte, CA 91010. 

'190 

Abnormal DNA methylation patterns are often found in transformed cells 
and cell lines. I n  general, these patterns are hypomethylated relative to 
normal tissue, and may be involved in the altered transcriptional patterns 
often associated with transformed cells. This suggests that at least a 
transient interruption of the normal methylation process has occurred during 
their generation. A key point at which this process might be interrupted is 
the DNA methyltransferase that appears to be responsible f o r  somatic inher- 
itance of methylation patterns in DNA. We have developed a facile procedure 
for the purification of this enzyme from human placenta. It has been 
purified approximately 38,000-fold from a crude whole-cell extract by means 
of i o n  exchange, affinity, and hydrophobic interaction chromatography; 
followed by prepartive glycerol gradient centrifugation. It appears to be 
homogeneous, is composed o f  a single polypeptide chain of 126 k d ,  and prefers 
hemimethylated DNA over native DNA by about twelvefold. The availability of 
highly purified human DNA methyltransferase in large amounts should facili- 
tate many studies o n  the structure, function, and expression of these 
activities in both normal and transformed cells. 
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Liver Cancer 

1191 
Stephanos J. Kadziyannis, Liver  Research Center ,  Albert  E ins t e in  College o f  Medicine, 
Bronx, NY, 10461, Johannesburg, South Afr ica  and Athens, Greece. 
Epidemiologic and molecular s t u d i e s  have shown a s t rong  c o r r e l a t i o n  between pe r s i s t ence  of 
h e p a t i t i s  B v i r u s  (HBV) i n fec t ion  and developnent o f  hepa toce l lu l a r  carcinoma (HCC).  Most 
tumors from HBV carriers show in t eg ra t ed  HBV DNA molecules i n  d i s c r e t e  bands on Southern 
b l o t  a n a l y s i s ,  c h a r a c t e r i s t i c  of monoclonality or o l igochona l i ty  of tumor c e l l  populat ions.  
I n t e g r a t i o n  of HBV DNA d i f f u s e l y  throughout t h e  l i v e r  genome or a s  d i s c r e t e  bands has  a l s o  
been r epor t ed  in  HBV c a r r i e r s  without  HCC. However, events  leading t o  HBV DNA in t eg ra t ion  
and subsequent hepa t i c  oncogenesis have n o t  been wel l  def ined.  To understand t h i s  process ,  
we have compared the  r e p l i c a t i o n  s t a t e  of HBV i n  l i v e r  t i s s u e  of long-term c a r r i e r s  t o  the  
l e v e l  of l i v e r  d i sease  a c t i v i t y ,  t h e  i n t e g r a t i o n  o f  HBV genomes and t h e  development of HCC. 
H i s to log ic ,  c e l l u l a r  and molecular s t u d i e s  i n d i c a t e  t h a t  p e r s i s t e n t  HBV i n f e c t i o n  f a l l s  i n t o  
t h r e e  ca t egor i e s ,  permissive,  non-permissive or mixed, i n  which r e p l i c a t i n g  and 
nonrep l i ca t ing  s t a t e s  are found i n  d i f f e r e n t  c e l l s  or regions of t h e  same l i v e r .  Features  
of r e p l i c a t i n g  o r  permissive i n f e c t i o n  include a c t i v e  inflammatory l i v e r  d i sease  (chronic  
p e r s i s t e n t  o r  chronic  a c t i v e  h e p a t i t i s ) ,  HBsAg and HBcAg production by ind iv idua l  
hepatocytes  ( d i s t r i b u t e d  randomly throughout t h e  l i v e r  parenchyma) and both f r e e  v i r i o n s  and 
lower molecular weight forms c h a r a c t e r i s t i c  o f  r e p l i c a t i n g  HBV DNA. Features  of non- 
r e p l i c a t i n g  o r  non-permissive in fec t ion  include absence of a c t i v e  inflammatory l i v e r  
d i sease ,  continued HBsAg b u t  n o t  HBcAg product ion,  and presence of i n t eg ra t ed  HBV DNA. 
HBsAg production is o f t e n  p resen t  i n  groups o r  c l u s t e r s  o f  hepatocytes  having t h e  nodular 
appearance of a f o c a l  c lona l  growth. In  seve ra l  of t h e  l a t t e r  ca ses ,  w e  have noted 
i n t e g r a t i o n  of HBV DNA i n t o  t h e  s a m e  hos t  s i t e  i n  many c e l l s  (unique bands on Southern b l o t  
a n a l y s i s )  again suggest ing a monoclonal o r i g i n  of c e l l s  which have a l r eady  begun to divide.  
Therefore ,  i n  non-permissive i n f e c t i o n ,  t h e  presence o f  i n t eg ra t ed  HBV DNA i n  unique bands 
may r ep resen t  a s i g n i f i c a n t  s t e p  i n  t h e  t ransformation process .  Carriers from Greece with 
HCC o f t e n  show continued HBV r e p l i c a t i o n ,  whereas c a r r i e r s  from South Afr ica  with KCC show 
suppressed HBV r e p l i c a t i o n .  In add i t ion ,  South African p a t i e n t s  develop HCC a t  a much 
e a r l i e r  age than Greek or Or ien ta l  p a t i e n t s ,  o f t e n  have no evidence of underlying l i v e r  
d i sease  and c o n s i s t e n t l y  show mul t ip l e  d i s c r e t e ,  incomplete o r  rearranged HBV genomes 
in t eg ra t ed  i n t o  tumor c e l l  DNA. In t h r e e  South African p a t i e n t s ,  we have found high l e v e l s  
of HBV genomes i n  l i v e r  or tumor c e l l s  b u t  no r e l e a s e  of v i r i o n s  i n t o  the  serum. These 
f ind ings  a r e  c o n s i s t e n t  with d e f e c t i v e  HBV r e p l i c a t i o n  or a block i n  v i r a l  assembly and 
suggest  t h a t  such de fec t iveness  might be a s soc ia t ed  with an increased propensi ty  f o r  HBV DNA 
i n t e g r a t i o n  and subsequent development o f  hepa t i c  maliqnancy. 

HBV DNA REPLICATION STATE AND LIVER DISEASE ACTIVITY DURING PERSISTENT INFECTION 
AND HEPATIC ONCOGENESIS, David A. S h a f r i t z ,  Robert  D. Burk, Michael C. Kew and 

MOLECULAR STUDIES OF H C P H T I T I S  B VIRUS, G.H. Yoakum, C.C. Ha r r i s ,  B.E. Korba, D.C. 
Boumpas, U.L. Manri, ~ I I I  .I.,utty-tany*, Labora tory  of Human Carcinoyenesis,  N C I ,  N IH,  

Bethesda. M D  20205. and *Cdncrr II!;Litute, C M I S ,  t i e i j i n y ,  Peoples Kepub l ic  of China 
Stud ies  o f  H e p a t i t i s  U v i r u s  d t  [ t i t :  i t ~u lecu la r  l e v e l  have y i e l d e d  impor tan t  i n fo rn ia t i on  dbOuL 
t h e  i n t e g r a t i o n  of v i r a l  UNH i 1 i i . o  tiit. c e l l  yenome, t h e  pe rs i s tence  and t i s s u e  d i s t r i b u t i o n  U I  
HBV i n  p a t i e n t s .  dnd t h e  exp r r ' , > t * t~ i  1 , 1  HbV yenes i n c l u d i n g  t h e  mode o t  r e y u l d t i o n  and 
b i o l o g i c a l  e f f e c t s  o f  HUV IJVIIC IJI'U~ULLS. The HBV co re  an t i gen  yene (K) encodes a 184 amino 
a c i d  po l ypep t ide  (HUcAy) t h d t  15  dSS0Cidted w i t h  t h e  inore severe consequences o f  HSV 
i n t e c t i o n  i n c l u d i n y :  ch ron ic  d c t i v e  h e p d t i t i s  (CAH) ,  a h i g h l y  i n f e c t i o u s  S t d t U S ,  c i r r h o s i s  o t  
t h e  l i v e r ,  and v i r u s  UN/\ r e p l i c d t i o n .  T rans fec t i on  s tud ies  t o  e l u c i d a t e  t h e  mechanism o f  
r e y u t a t i o n  o t  HECAY expressior i  dnd the ' *b io loy i ca l  consequences o f  HBC gene express ion  were 
i n i t i a t e d  by t h e  con5 t ruc t i un  UII recotitbinara huiiidn c e l l  l i n e  ( G T W .  t iTCZ i s  a 
mucoepidennoid c a r c i n w d  c e l  I L ~ I ~ I .  ~ u r i r d i n s  o w  cu i ip le te  copy o f  t h e  HBc and I& yenes. 
tiTC2 c e l l  l i n e  was used t o  t l e L e m ~ i i e  t h d t  t he  express ion  of t h e  H d c A y i n  v i t r o  requ i res  
yrowth i n  a complex iilediuiil t o r  t i l e  recoi i ib inant bTC2. and an hepatocel  I i i TaTZFc inon ia  c e l l  

The 

when hUnidn c e l l s  c d r r y i n y  t i le ilylJ'tlllrLhy Id ted  gene a re  yrown i n  LHC-4 IilediUiI!. 

s tdye  when t h e  HUc yrne i s  I I I C I ~ I C L . ~ I  I ~ e i t J r e  expression, o r  when i n u l t i p l e  copies of  t h e  yene 
d v a i l d b l e  f o r  expression. 1 1 1 1 ,  I ~ I ' C  UI IIUc y e w  express ion  i n  HBV i n f e c t i o n  may i n c l u d e  d 
d i r e c t  r o l e  i n  the  c y t o t y t i c  c ~ c ~ ~ ~ t ~ w ~ t ~ i u K i f  i n t e c t e d  c e l l s .  Therefore,  HSV may a c t  as a 
promoter a u r i n y  l i v e r  cdrciiiu$,t.i,,:>i>, t h a t  cou ld  i n t e r a c t  w i t h  o tne r  v i ruses  and/or chemical 
dyents t h d t  nidy i n i t i a t e  t iepi~-u~.t! I  l u l a r  carcinoma. The recent  observd t ion  t h a t  niononuclear 
b lood c e l  I s  dnd lyiiiptrnucle L I S ' ~ U ~ '  ! I'OIII CHH, lyniphadenopathy. and A I U S  p a t i e n t s  f requen t l y  
con ta in  HBV UNA, arid IKNii, S I I ~ , , ,  !? t l i a t  t he  iiiniune systeni may be i nvo l ved  i n  t h e  pa tho log i c  
e f f e c t s  t h a t  occur w r i r ~ g  I11iv I ~ I I ~ ~ , L I U I I :  i )  i n t e c t e d  lyii!phocytes nidy be a r e s e r v o i r  f o r  
t ransmiss ion  o f  t he  t l i s e n b ~  ./II(I I ~ - r x p r e s s i o n  o t  the  v i r u s  a t t e r  extenOed la tency  per iods  
between c l i n i c a l l y  UberVdiJl,, i t i r < . L t i o n s ,  i i )  t h e  c y t o l y t i c  e t f e c t s  u t  % yene express ion  

t xp ress ion  or 
t h e  H& gene i n  hulrldil r p l t h e l I . t I  l z  L o U S ~ S  cytOpdthOlOyiCdl e f f e c t s  t h a t  reach a Cy tO ly t l c  
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suggests the poteritldl d'teiotiuii o t  the host iiiliiiunoloyicdl response by direct cytolysis o t  
inlmunoloyically dctive >ut)>ec$ ot mononuclear blood ce l l s .  
alpha interferon on HUV yene expression lndlcate that interferon tredtiiient o f  HMV-carrylny 
hunian cells in t i s w e  culture decreases the expression of the HMsHy yene at the 
transcriptional l eve l ,  orid stliiiuIdte> the expression o t  yene transcripts. 

Current studies on the e t f e c t  of 

Growth Factors and Transforming Growth Factors 

1193 RETROVIRUSES CODING FOR POLYOMA VIRUS EARLY REGION TRANSFORMATION ANTIGENS - 5 ANTIGElri 
SPECIFIC CHANGES IN GROWTH FACTOR REPUIREENTS, Van Cherington, Bill Morgan, and 
Thomas M. Roberts, Dana-Farber Cancer Institute, Boston, MA. 02115 

The early region of polyoma virus, a DNA tumor virus, codes for three proteins, called large 
T(100K daltons), middle T (56K daltons), and small T (Z1K daltons) antigen, which together 
contain all of the information needed to transform primary cells in vitro and form tumors 
- vivo. Middle T alone is sufficient for transformation of immortalized fibroblasts, although 
small T may potentiate this activity. Because retroviruses are extremely efficient vectors for 
transducing genetic material into a wide range of recipient cells, we have constructed 
recombinant murine retroviruses which code for individual polyoma T antigens in order to stbdy 
the effect of the expression of these proteins individually in a wide variety of cell types. We 
are utilizing a Moloney murine leukemia virus-derived vector (Cepko m., 1984, Cell 37: 1053:) 
which contains the coding region for neomycin resistance (neo'). Retroviruses coding for small T 
antigen have Peen constructed and their characterization is in progress. Large T antigen 
retroviruses have no clear effect on the growth regulation of NIH3T3 cells. Middle T antigen 
retroviruses are sufficient to transform fibroblast lines to form foci in monolayer cultures. 
Focus formation and nee' were transferred with equal efficiency by the middle T virus. Middle T 
retrovirus transformed C3HlOTl/Z mouse cells, a C57 black muse cell line and Fisher rat 3T3 
cells, as efficiently as NIWT3's. Middle T, but not large T, retrovirus infection eliminated 
the growth requirement for epidermal growth factor in a defined medium. 

1194 
Department of Medicine, Emory University and V.A. Medical Center, Atlanta, Ga. 30322 

associated with production of an autostimulatory monolayer mitogen. 
s t imulatory a c t i v i t y  (MGSA) i s  s t a b l e  t o  acid and heat .  Trypsinization as well as  reduction 
with d i t h i o t h r e i t o l  r e s u l t  i n  l o s s  of t h e  mitogenic a c t i v i t y .  MGSA can be p a r t i a l l y  puri- 
f i e d  from a c e t i c  acid ex t rac ts  of Hs0294 conditioned medium (CM) by Bio-Gel P-30 chromato- 
graphy followed by RP-HPLC on a ii Bondapak C18 column. A monoclonal antibody (FB2AH7) 
which recognizes an ant igen i n  t h e  RP-HPLC purif ied MGSA preparation has been developed. 
This antibody i n h i b i t s  t h e  growth of Hs0294 c e l l s  i n  serum f r e e  cu l ture  medium, has no 
e f f e c t  on t h e  growth of NRK c e l l s  i n  serum f r e e  medium, but i n h i b i t s  t h e  mitogenic response 
of NRK c e l l s  t o  Hs0294 CM. Mitogenic a c t i v i t y  can be recovered from an FB2AH7 immunoaf- 
f i n i t y  column a f t e r  e lu t ion  with 0.5 M sodium ace ta te ,  pH 4.5. Immunoprecipitates of 35 S- 
methionine labeled Hs0294 c e l l  ex t rac ts  subjected t o  SDS-PAGE under reducing conditions were 
visual ized by fluorography. The data  obtained from these experiments suggest t h a t  the  
FB2AH7 antigen is synthesized a s  a >20 Kd precursor which then undergoes pro teo ly t ic  pro- 
cessing. The r e l a t i v e l y  broad e lu t ion  p r o f i l e  of MGSA a f t e r  Bio-Gel P-30 chromatography 
along with t h e  e lu t ion  of one major and severa l  minor a c t i v e  peaks a f t e r  RP-HPLC suggest 
t h a t  these  processed forms of the  ant igen r e t a i n  mitogenic ac t iv i ty .  Supported by N C I  
Grant Number IR23 Ca 34590 and Veterans Administration Merit Award IRDIS7444-01. 

CHARACTERIZATION OF THE MELANOMA MONOLAYER MITOGEN, MGSA, USING MONOCLONAL ANTI- 
BODIES. Ann Richmond, David H.  Lawson, Juanester Lamb, Chris Engel, Robert Roy. 

The growth of t h e  human melanoma c e l l  l i n e  Hs0294 i n  serum f r e e  cu l ture  medium i s  
This melanoma growth 
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Liver and Lung Cancer; Detection of Oncogenes in Viruses in Human 
Tissues and Cells 

1195 TRANSPLACEN-AL CARCINOGENESIS AND MULTIHIT THEORIES OF TUMOR DEVELOPMENT, D.G. 
Srans te t te r  The Up'ohn Co. Kalamazoo, MI., P .  Conran, P . J .  Goldblatt,  Medical 
College of dhio, Toiedo, O H :  

A widely accepted concept i n  the  area o f  carcinogenesis i s  t h a t  mult iple  i n s u l t s  or  "hits" 
mus t  be received by an i n i t i a l l y  normal ce l l  in order f o r  i t  t o  be transformed over time in- 
t o  a c l i n i c a l l y  detectable  and malignant neoplasm. 
cidence i n  man during aging and experimental s tudies  in animals have a l s o  prompted numerous 
mathmatical models of carcinogenesis which indicate  tha t  multiple d i s c r e t e  events must occur 
i n  the  course of malignant tumor development. 
performed i n  the mouse, we have observed t h a t  l i v e r  and lung tumors induced ear ly  i n  organ- 
ogenesis a re  much la rger  than those induced l a t e  in gestat ion or in  adul t  mice. 
portional decrease in tumor s i z e  observed when they are  induced a t  l a t e r  s tages  of develop- 
ment roughly para l le l s  the  decrease i n  f e t a l  growth r a t e  during t h i s  same period and the 
large tumors induced ear ly  in gestat ion a re  composed of aggregations of smaller "adul t"  
sized tumors. This suggests tha t  many descendants o f  a s ingle  transformed f e t a l  ce l l  re ta in  
the capacity t o  become tumors i n  l a t e r  l i f e .  If t h i s  i s  t rue ,  e i t h e r  the probabi l i ty  of 
additional " h i t s "  occurring a f t e r  the i n i t i a l  carcinogen related h i t  i s  f a i r l y  h i g h  or  only 
a s ing le  h i t  i s  required f o r  mouse l i v e r  and lung tumor development. 

Epidemiological s tudies  of cancer in- 

I n  transplacental carcinogenesis s tudies  

The pro- 

STRUCTURE AND TRANSCRIPTION OF THE C-RAF-1 ONCOGENE LOCUS, John L. Cleveland 
Thomas 1. Bonner, Mindy D. Goldsboroughd Ulf R. Rapp, National Cancer Insii- 
tute, Frederick Cancer Research Facility, Frederick, MD 21701 

11% 

We have isolated and characterized molecular clones containing the human and murine 
homolog (c-raf) of the 3611 MSV and MH2 oncogenes (v-raf/mil). 
logous to raf/ mil have been cloned and sequenced. 
pseudogene; the other, c - a ,  contains nine exons homologous to both raf and mil and 
two additional 5' exons homologous to mil. Hybridization mapping using a human c-raf 
cDNA (Bonner &. , in preparation) probe revealed that sequences homologous to cTraf 
cDNA are contained in at least 15 exons and span more than 4 4  kilobase pairs. A 3' 
portion of human c - a  containing six of the seven amino acid differences relative 
to v-raf can substitute for the 3' portion of v-raf in a transformation assay. The 
transforming ability of c-raf has also been demonstrated using a recombinant containing 
the murine c - g  hooked onto the LTR of 3611 MSV. 
and murine c-raf and Moloney leukemia virus at both ends of v - K  indicate that the 
viral gene was aquired by homologous recombination, probably at the DNA level. Using 
Northern hybridization analyses with exon and intron-specific c-& probes, we have 
obtained evidence for three alternatively spliced poly(A)+ RNAs and it appears that 
expression of one message, containing the most 3' portion of c - e ,  is associated with 
transformation. This hypothesis is currently being tested by analyses of cDNA clones. 

Two human genes homo- 
O K F - ,  is a processed 

Sequence homologies between human 

1197 i'lORI.IAL PVlD HIGH-RISK POPULATIONS. J.C. Cohen, #. Ooi, J .  Bickers, G .  Berenson, P .  
Bloemers, and H. Rothschild, Louisiana S t a t e  Universitv, New Orleans, LA and University of 
Nijmegen, Nijmegen, The Netherlands 

ing of malignancies was documented. 
la t ionship  t o  the proband and the  occurrence of lung cancer was demonstrated. This re la t ion-  
s h i p  was independent of smoking his tory.  Of i n t e r e s t  was the  observation t h a t  several other 
cancers c lustered in these famil ies .  
i s  responsible f o r  the increased frequency of malignancy. The promoting e f f e c t  of carcino- 
gens present i n  c i g a r e t t e  smoke would enhance the prospect f o r  lung cancer i n  these famil ies .  

we have examined genetic polymorphisms in two oncogenes, Ha-ras and fins, in a re t rospect ive 
study using 1 iving lung cancer probands. In a c ross -sec t ion8-samplef  500 normal indivi-  
duals we have determined the d is t r ibu t ion  of r e s t r i c t i o n  fragment length polymornhisms f o r  
these two genes. Gene frequency as  well as  sex and race d is t r ibu t ions  were determined. The 
frequency was compared t o  t h a t  observed i n  DNA samples obtained from several h i g h  risk fami- 
l i e s  t o  determine i f  a spec i f ic  oncogene polymorphism was s igni f icant ly  associated w i t h  
famil ia l  c lus te r ing .  

FAMILIAL CLUSTERING OF i1,lLIGNANCIES: DISTRIBUTIOY OF ONCOGENE POLYMORPHISllS IN 

In a re t rospect ive study u s i n g  deceased probands w i t h  lung cancer, a famil ia l  c lus te r -  
I n  these famil ies  a s ign i f icant  correlat ion beteen re- 

These data suggest t h a t  a common genetic determinant 

As an i n i t i a l  s tep  i n  determining the aenet ic  and biochemical basis  f o r  t h i s  c luster inq 
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1198 THE EFFECT OF SUBCHRONIC EXPOSURE OF MICE TO 1 ,l-DICHLOR0-2,2-BIS(4'-CHLORO- 
PHENYLIETHENE (DDE): ALTERATION IN THE ENZYMES INVOLVED IN THE REGULATION OF 

REACTIVE OXYGEN SPECIES, Barry Gold and Galen Brunk, Eppley Institute for Research in 
Cancer, University of Nebraska Medical Center, Omaha, NE 68105 

gen in the mouse. It is only marginally active in the rat liver and inactive in the ham- 
ster. A major lipophilic metabolite of DDT is l,l-dichloro-2,2-bis(4'-chlorophenyl)ethene 
and it is a hepatocarcinogen in both the mouse and hamster. Since it has been demonstrated 
that a major difference between the mouse and hamster is that the former is far more effi- 
cient than the latter in metabolizing DDT to DDE, it is reasonable to suggest that DDE 
may be the proximate form of DDT. We have also demonstrated that neither DDT nor DDE show 
any indication of being acutely genotoxic. Because of the number of reports indicating 
that the generation of reaCtive oxygen species may be involved in certain stages of tumori- 
genesis, the effect of DDE on the key enzymes involved in the regulation of reactive oxygen 
species was studied after subchronic exposure to the compound. DDE was administered in 
food at a level of 250 ppm (5 nmolelmouse/day) for a period of 4 months. Untreated animals 
were similarly maintained. Animal weights and food consumption did not differ between 
treated and untreated groups. DDE had no effect on the level of catalase, or total and 
selenium-dependent glutathione peroxidases. However, there was a 25% decrease in the level 
of CuZn superoxide dismutase in DDE-treated animals. The biological significance of this 
finding is under investigation and will be discussed. 

The pesticide l,l,l-trichloro-2,2-bis(4'-chlorophenyl)ethane (DDT) is a liver tumori- 

1199 THE TUMORIGENICITY AND TRANSCRIPTIONAL MODULATION OF C-MYC AND N-RAS ONCOGENES IN A 
HUMAN HEPATOMA CELL LINE, Brian Huber, Kerry Dearfield*, Jerry Williams*, Carole 

Heilman and Snorri Thorgeirsson, Laboratory of Experimental Carcinogenesis, NCI, Bethesda, 
MD 20205 and The George Washington University Medical Center*, Washington, DC 20037 * 

We have examined the tumorigenicity and oncogene expression in a human hepatoma cell line, 
HepG2. HepGZ cells and a single cell clonal HepGZ line, HLD2-6, were equally tumorigenic 
when injected S.C. into athymic nude mice. Cyclophosphamide (CY) pretreatment of both cell 
lines had no effect on tumor incidence or latency despite inducing sister chromatid exchange 
(SCE). Tumors were nonencapsulated, highly invasive adenocarcinomas and were positive for 
y-glutamyltranspeptidase activity and bile formation. Plasma from tumor-bearing mice were 
positive for human a-fetoprotein and negative for Hepatitis B Virus (HBV) surface antigen. 
Reestablished cell lines from HLD2-6 derived tumors had cell cycle times comparable to HLDL- 
6 cells but decreased SCE induction after CY treatment. C-myc transcription, when compared 
to a normal human liver sample, was increased > 10 fold in all HLD2-6 cell lines and HLD2-6 
derived tumors. This increase in c-myc expression could not be explained by gene amplifica- 
tion or site specific HBV integration. N-ras transcription in cultured HLD2-6 cells was 
comparable to a normal human liver sample, but there was a selective 3 to 5 fold increase of 
the 5.5 kb N-ras transcript in HLD2-6 tumors grown in nude mice. 
decreased upon reestablishing the tumor cells in tissue culture to a level comparable to 
that found in the normal human liver sample, suggesting the existence of modulating factors 
in the host animal. 

The 5.5 kb transcript 

1200 CHRYOTILE ASBESTOS INDUCTION OF DNA SYNTHESIS PERTURMTION AND OF 
68K PROTEIN IN CULTURED H W  LUNG CELLS, R . C .  Johnson, D e p t .  
BCIM, M e d i c a l  U n i v e r s i t y  of  S.C. C h a r l e s t o n ,  S.C. 29425 

Because t h e  e v i d e n c e  f o r  c h r y s o t i l e  a s b e s t o s  induced  DNA damage i n  
c u l t u r e d  human l u n g  c e l l s  i s  i n c o n c l u s i v e ,  t h e  concept  of a s b e s t o s  a s  a 
promotor  or p a r t i c i p a n t  i n  some e p i g e n e t i c  r o l e  h a s  been encouraged.  
However,  r e c e n t  s t u d i e s  ( H e s t e r b e r g  and B a r r e t ,  1984, Cancer Research 
44:2170) suggest  t h a t  a s b e s t o s  a c t s  b y  i t s e l f  t o  t r a n s f o r m  c u l t u r e d  
mammalian c e l l s ,  s i m i l a r l y  t o  c l a s s i c  mutagen /carc inogens .  I n  t h i s  s t u d y  
c u l t u r e d  human l u n g  c e l l s  were  exposed t o  c o n c e n t r a t i o n s  of a s b e s t o s  t h a t  
demonst ra ted  no  o v e r t  e f f e c t  on t h e  r a t e  of c e l l  p r o l i f e r a t i o n ,  b u t  
a p p e a r e d  t o  p e r t u r b  normal p a t t e r n s  o f  DNA s y n t h e s i s  assembly a s  seen on 
a l k a l i n e  sucrose  g r a d i e n t s .  I n  a d d i t i o n ,  t h i s  t r e a t m e n t  induced  a 68K 
p r o t e i n  t h a t  may b e  t h e  same as t h e  68K b a s i c  p r o t e i n  p a r t i c u l a r  t o  
i n d u c t i o n  b y  c l a s s i c  mutagens i n  c u l t u r e d  human c e l l s .  A DNFI r e p a i r  
d e f i c i e n t  s t r a i n  o f  human f i b r o b l a s t s  h a s  been o b s e r v e d  f o r  i t s  
s e n s i t i v i t y  t o  a s b e s t o s .  The above r e s u l t s  r a i s e  t h e  p o s s i b i l i t y  t h a t  
a s b e s t o s  may s h a r e  some pathway w i t h  t h e  proposed  i n d u c i b l e  r e p a i r  and/or 
m u t a t i o n  pathway of c l a s s i c  a g e n t s  t h a t  i n i t i a t e  e v e n t s  b y  DNA s y n t h e s i s  
p e r t u r b a t i o n .  
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1201 QUANTITATIVE RELATIONSHIP BETWEEN INITIATION OF HEPATOCARCINOGENESTS AND INDUCTION 
OF ALTERED CELL ISLANDS. W.K.Kaufmann, S.A.MacKenzie, R.J.Rahija and D.G.Kaufman, 
Department of Pathology, University of North Carolina, Chapel Hill, NC 27514. 

Our recent studies have quantified the induction of islands of histochemically-altered 
hepatocytes and the initiation of hepatocytic neoplasms. For up to 20 weeks after treating 
regenerating livers once with methyl(acetoxymethyl)nitrosamine (DMN-Ac), hepatocytic 
neoplasms were not seen.Thereafter in rats fed the liver tumor promoter.phenobarbita1, 
neoplasms emerged continuously so that by 60 weeks after initiation livers held an average 
of  5.5 neoplasms. Islands of cellular alteration, identified by their abnormal retention of 
glycogen o n  fasting, also appeared to emerge continuously between 20 and 60 weeks. By 60 
weeks promoted livers contained about 10,000 islands. Islands and neoplasms maintained a 
constant numerical relationship over time with 1600 islands emerging f o r  every neoplasm that 
emerged. This ratio of islands ta neoplasms appeared to vary according to the type of 
carcinogen used to initiate hepatocarcinogenesis and whether promotion was included. In 
livers initiated with DMN-Ac but not promoted with phenobarbital, the ratio of islands to 
neoplasms was about 12,000 to 1. I n  livers initiated with benzo[a]pyrene diolepoxide I and 
then promoted with phenobarbital the ratio of islands to neoplasms was 8000 to 1 ;  in livers 
initiated with gamma rays and promoted this ratio was greater than 16,000 to 1. These 
results reveal a highly variable relationship between the numbers of putative "initiated" 
hepatocytes as represented by the island population and the numbers of initiated hepatocytes 
that can be promoted to form neoplasms. Supported by NIH grant llCA32238. 

1202 CHROMOSOMAL SITE OF HBV INTEGRATION I N  A HUMAN HEPATOCELLULAR CARCINOMA-DERIVED 
CELL LINE, B.B. Knowles, D. Simon, D.B. Searls, Y. Cao and K. Sun, The Wistar 
Institute of Anatomy and Biology, Philadelphia, PA 19104 

The single site of integration of hepatitis B virus in the human hepatocellular carcinoma 
cell line, Hep 3B 2-1/7, was found to segregate with human chromosome 12 in somatic cell 
hybrids. 
with pHBV revealed integration at 12q13-14, a location that coincides with the fragile 
site (fra 12 q13). 
hepatocellular carcinomas is discussed. 

Analysis of metaphase spreads of Hep 3B 2-1/7 following in situ hybridization 

The possible significance of this location to the development of 

1203 EFFECTS OF TREATING MICE WITH BUTYLATED HYDROXYTOLUENE, A MODULATOR OF LUNG TUMOR 
FORMATION, ON THE PROTEIN KINASE C-CATALYZED PHOSPHORYLATION OF AN ENDOGENOUS 36K LUNG 
PROTEIN. Alvin M. Malkinson, Deborah S. Beer, Albert J. Sadler, and Donna S. Coffman. 
School of Pharmacy, University of Colorado, Boulder, CO 80309 and Chemistry Department, 
Colorado College, Colorado Springs, CO 80903. 

Treatment of mice with the comon food additive, butylated hydroxytoluene (BHT), 
modulates the carcinogenic effect of urethan on lung tumor production. This can take the 
form of prophylaxis, co-carcinogenesis, or promotion, depending on the experimental pro- 
tocol. Protein kinase C (Pk-C) may mediate such modulations on tumor growth, as sug- 
gested by observations that Pk-C is the receptor for phorbol ester promoting agents and 
by the phosphorylation of epidermal growth factor receptor by Pk-C. We have found that 
the endogenous phosphorylation of a 36K protein (p36) in cytosolic fractions of mouse 
lung requires Ca++ and phosphatidylserine (PS). Phosphate was transferred to seryl and 
threonyl residues of p36 but not to tyrosyl residues. These are the characteristics of 
Pk-C catalysis. Short-term treatment of mice with single ip injections of either urethan 
or BHT causes proliferative changes in the lung. Urethan administration had no apparent 
effect on p36 phosphorylation. Treatment with BHT, however, reduced p36 phosphorylation 
while simultaneously increasing the Ca*- and PS-independent phosphorylation of 33K and 
30K proteins. These changes were maximal at the time interval following BHT injection 
corresponding to maximal hyperplasia. The mechanisms of these changes are under study. 
(Supported by USPHS grants ES02370, CA33497 and by RCDA CA 00939 to A.M.M.) 
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1204 SNALL CELL CARCINOMA OF THE LUNG: ISOLATION OF NORMAL AND ABNOREIAL CHROPIOSOME 3 
I N  SOMATIC CELL HYBRIDS AND IDENTIFICATION OF A DELETED GENE. Y . E .  X i l l e r ,  C . H .  
Scoggin and D .  Palmer,  Eleanor- Roosevel t  I n s t i t u t e  f o r  Cancer Research and 
Ve te ran ' s  Admin i s t r a t ion  Hedica l  Cen te r ,  Un ive r s i ty  of Colorado Heal th  Sc iences  
Center ,  Denver, C O .  

Cytogenet ic  s t u d i e s  of s m a l l  c e l l  carcinoma of  t he  lung  have r evea led  a d i s t i n c t  and repro-  
d u c i b l e  abnorma i l i t y :  tumor c e l l s  c o n t a i n  an abnormal chromosome 3p d e l  (14-23) i n  a d d i t i o n  
t o  one o r  more normal cop ie s  of chromosome 3. Somatic c e l l  hybr ids  have been cons t ruc t ed  
usirig the  Chinese hamster ovary  auxot rophic .mutant  U-C and t h e  N C I  H69 small c e l l  
carcinoma l i n e .  Two hybr ids ,  Y-195-1 and Y-195-4, were ob ta ined  which con ta in  t h e  d e l e t e d  
chromosome 3 and a normal human chromosome 3 ,  r e s p e c t i v e l y ,  i n  a d d i t i o n  t o  o the r  human 
chromosomes. In a d d i t i o n ,  t h e  314-2 hybr id ,  con ta in ing  only  a chromosome 3 f r n m  a normal 
human lymphocyte, has  been cons t ruc t ed .  A l l  t h r e e  hybr ids  were ana lysed  f o r  chromosome 3 
markers w i th  the  fo l lowing  r e s u l t s :  

H Y B R I D  
314-2 
__ 

Y195-1 
Y195-4 

d e l  p (14-23) + 
I n t a c t  + 

+ 
+ 

The f i n d i n g s  a r e  c o n s i s t e n t  w i th  p rev ious ly  r epor t ed  r e g i o n a l  l o c a l i z a t i o n  da ta  and conf i rm 
t h e  r epor t ed  d e l e t i o n .  

1205 PHOSPHOTIDYLINOSITOL KINASE ACTIVATION DURING CHEMICAL HEPATOCARCINOGENESIS. 
Jack  W. Olson, College of Pharmacy, Un ive r s i ty  of Kentucky, Lexington, Ky. 40536. 

Phospho t idy l inos i to l  4-phosphate (PIP) and phospho t idy l inos i to l  4,5-biphosphate (PIPZ) p lay  
key r o l e s  i n  s i g n a l t r a n s d u c t i o n  f o r  s e v e r a l  hormones and growth f a c t o r s  t h a t  a c t i v a t e  c e l l  
p r o l i f e r a t i o n .  Tyros ine  p r o t e i n  k inases  a s s o c i a t e d  wi th  t h e  i n s u l i n  r ecep to r  and src and ros  
oncogene products  are a l s o  phospho t idy l inos i to l  k inases  (PIK) . 
crease PIP and PIP2, t hus  enhancing p r o l i f e r a t i o n  of respons ive  c e l l s .  Because p r o l i f e r a t i o n  
i s  an  e s s e n t i a l  component of ca rc inogenes i s  and l i v e r  t y r o s i n e  k inase  i s  a c t i v a t e d  dur ing  
hepatocarc inogenes is ,  l i v e r  PIK a c t i v i t y  w a s  determined a t  s e v e r a l  s t ages  of t h e  S o l t  and 
Farber  chemical hepa tocarc inogenes is  model. R a t s  were g iven  d i e thy ln i t rosamine  (DEN) i n  one 
dose (200 mg/kg), followed by 2 weeks of d i e t a r y  0.02% 2-acetylaminofluorene s t a r t i n g  a t  day 
14 a f t e r  DEN and a p a r t i a l  hepatectomy on day 21.  This  complete regimen produces a syn- 
chronized  popula t ion  of h y p e r p l a s t i c  nodules  a t  day 32 and hepatocarcinomas a t  about 1 year .  
Rats were k i l l e d ,  l i v e r  o r  hepatocarcinoma homogenized, cen t r i fuged  at 1000 g f o r  10 min, t h e  
supe rna tan t  spun a t  30,000 g f o r  30 min and t h e  p e l l e t  assayed f o r  PIK a c t i v i t y  us ing  exo- 
genous P I  a s  s u b s t r a t e .  A t  day 32, l i v e r  PIK a c t i v i t y  w a s  1 .5  f o l d  g r e a t e r  (p<.05) i n  rats 
t h a t  r ece ived  t h e  complete regimen ve r sus  sham o r  p a r t i a l  regimens. A t  15 months, hepato- 
carcinoma PIK a c t i v i t y  w a s  2.2 f o l d  g r e a t e r  than  t h e  sur rounding  l i v e r  (96 vs. 212 pmol PIP/ 
min/mg p r o t e i n  p<.O5). 
e d  wi th  t h e  ve ry  e a r l y  s t a g e s  of  chemical hepa tocarc inogenes is  as well as hepatocarcinomas. 
Supported i n  p a r t  by PHS g ran t  number (CA31099, awarded by t h e  Na t iona l  Cancer I n s t i t u t e ,  
DHHS . 

Act iva t ion  of PIK could  in- 

Th i s  d a t a  demonst ra tes  t h a t  i nc reased  l i v e r  PIK a c t i v i t y  is  a s s o c i a t -  

Ras GENE ACTIVATION IN  SPONTANEOUS MOUSE HEPATOCELLULAR TUMORS, Steven H. 
Reynolds*. J i l l  Stowem*, Marsha l l  Anderson*, Robert R. Maronpott  and 
S t u a r t  A. AaronsonY, *Nat iona l  I n s t i t u t e  of Environmental  Hea l th  Sciences and 
tNa t iona l  Tox ico logy  Program, Research T r iang le  Park, NC 27709; 1INational 
Cancer I n s t i t u t e ,  Bethesda, MD 20205 

1206 

The development of cancer appears t o  i n v o l v e  a stepwise process w i t h  a general  tendency 
t o  evo lve  c e l l s  w i t h  a more mal ignant  phenotype. 
t rans format ion  i s  p o o r l y  understood, exper iments have shown t h a t  t h e  mal ignant  phenotype 
can be t r a n s f e r r e d  t o  NIH/3T3 f i b r o b l a s t s  by t r a n s f e c t i o n  o f  DNA f rom var ious  tumors 
and tumor c e l l  l i n e s .  
adenomas and spontaneous mouse h e p a t o c e l l u l a r  carcinomas a re  capable o f  i nduc ing  morpho- 
l o g i c a l  t rans fo rma t ion  of  NIH/3T3 f i b r o b l a s t s .  
c e l l u l a r  adenomas and 85% (11/13) of  t h e  h e p a t o c e l l u l a r  carcinomas scored as p o s i t i v e  
by DNA t r a n s f e c t i o n .  
of  an a c t i v a t e d  c e l l u l a r  ras  gene. 
i m p l i c a t e d  and the  mechanisms invo lved.  
- ras genes are  commonly a c t i v a t e d  i n  spontaneous tumors and t h a t  a c t i v a t i o n  can occur 
a t  a r e l a t i v e l y  e a r l y  stage i n  the  n e o p l a s t i c  process. 

Al though t h e  process o f  ma l ignant  

We r e p o r t  here t h a t  DNAs from bo th  spontaneous mouse h e p a t o c e l l u l a r  

Approximately 30% (3/10) o f  t h e  hepato- 

The t rans forming  p r o p e r t i e s  o f  t he  mouse tumor DNA a re  the  r e s u l t  
Studies t o  be presented d e f i n e  t h e  ras  gene(s) 

Our f i n d i n g s  extend prev ious  e-ence t h a t  
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1207 DELETION IN CHROMOSOME UP ASSOCIATED WITH HEPATITIS B VIRUS INFECTION. C.E. 
Rogler’, T.B. Shows+ and A. Henderson++. ‘Albert Einstein College of Medicine, 

Bronx, NY 10461, + Roswell Park Memorial Institute, Buffalo, NY 14263, ++ Hunter College, 
The City University of New York, NY 10021. 
Chronic infection with hepatitis B virus (HBV) incurs a very high lifetime risk of 
hepatocellular carcinoma. HBV integrations are observed in the genomic DNA prepared from 
primary hepatomas of chronically infected humans. Molecular cloning of several of these 
integrations has been performed and analysis of the DNA has shown that integration can 
occur at variable sites in both the cel7ular and viral DNA. Analysis of cellular 
sequences imediately flanking HBV integrations has not revealed the presence of any 
known oncogenes or a common cellular integration site in independent tumors. Unique 
cellular sequences to the left and right of a cloned HBV integration were used as probes 
to construct a restriction endonuclease map of the cellular DNA sequences at the HBV 
integration site in the original tumor and the normal homologous cellular allele. This 
analysis revealed a deletion of at least 13.5 kb of cellular sequences at the HBV 
integration site. Southern blot analysis using a mouse-human somatic cell hybrid panel 
localized the deletion to chromosome Up. In situ cytological hybridization 
independently localized the HBV integration to chromosome llp13-llp14. Wilms tumor has 
also been associated with deletions at chromosome llp13. Several genes involved in growth 
control are also located on chromosome llp including insulin, insulin-like growth factor 
11, parathyroid hormone and c-Ha-ras1. Further work is in progress to investigate the 
possible role of chromosome llp in hepatic oncogenesis. 

1208 
( O D C )  and plasminogen activator activities (PA), known enzymatic markers of a trophic response 
elicited by carcinogens, tumor promoters, and other stimuli. This suggested that PRL might 

function as a tumor promoter. To test this theory, Wistar Lewis rats were initiated with 
diethylnitrosamine (lnmollkg, DEN) by intragastric gavage or  vehicle. One week later, and 
thrice weekly for 6 weeks, ovine PRL (llmglkg) o r  vehicle was administered (i.p.1. Organlbody 
weight ratios, and h e p a t i c y - g l u t a m y l t r a n s p e p t i d a s e  (GGTase) activity and GGTase-positive 
foci were measured. 
Results : 

PROLACTIN MAY BE AN ENDOGENOUS TUMOR PROMOTOR. A.R. Buckley, M.S., C.W. Putnam, 
M.D., D.H. RUSSELL, Ph.D. Prolactin (PRL) rapidly induces ornithine decarboxylase 

GGTase 
GP DEN PRL n LiverIBody Wt IVImg prot 

I - - 9- 3.0820.04 0.30+0.03 
tp<0.02 I1  + 8 3.2520.05” 0.2 720.03 
“p <o . 0 1 111 - 5 3 . 1  620.08 0.4720.06t 
>t*p<o. 001 IV t + 7 3.41+0.06”9< 0.58+0.09*3c 

- 
- 
+ 

Additional a imals received PRL at 12h intervals for 48 h. Hepatic DNA synthesis was 
measured by ’H-thymidine incorporation; DNA synthesis was 182% (p<O.OS) of controls. 
Conclusions: PRL administration results in hepatic hypertrophy and hyperplasia. Initiation 
plus PRL elevated hepatic GGTase activity and resulted in more detectable GGTase-positive 
foci. Together with the demonstrated effects of PRL to elevate ODC and PA, these data 
strongly implicate PRL as a tumor promoter. Thus, hyperprolactinemia may be predisposing to 
the development of  neoplastic lesions by chemically initiated cells. 

1209 RPS ONCOGENE I S  DIFFERENTIALLY EXPRESSED DURING PROGRESSION OF DMBA-INDUCED CARCINO- 
GENESIS, S.A. Schwartz, C.F. Shuler, R. Mostofi S M. Stein, U. of Chicago, I t .  60637 

The application of DMBA to the hamster cheek pouch has long been employed to study theinduc- 
tion and progression of epidermal carcinoma. Because of the accessibility of this organ to 
periodic, noninvasive examination, workers have described in histopathological terms, the 
differential progression of the normal mucosa through increasing degrees of dysplasia, to 
invasive squamous cell carcinma. It was of interest to determine whether oncogenes were ex- 
pressed during this transition, and whether oncogene products were co-ordinately synthesized 
with other tissue-specific markers indicative of a terminally-differentiated state. Hamsters 
were given multiple intra-oral painting of OMBA, and tissues were periodically biopsied to 
determine: the histopathologic status of the oncogenic process; the extent of oncogene ex- 
pression; and the electrophoretic composition of the tissue-specific cytokeratin intermedi- 
ate filaments. Normal cheek pouch mucosa synthesized a characteristic family of keratins as 
determined by SDS-PAGE, without detectable levels of Ha-ras transcripts as determined by fi- 
situ hybridization with a radiolabeled Ha-ras DNA probe. Subsequent hyperkeratotic areas 
revealed varying levels of epithelial hysplasia; PAGE disclosed the occasional loss of a 
higher MW keratin with the appearance of a new, lower MW species. Elevated expression of the 
Ha-ras oncogene was primarily 1 imited to dysplastic epithelial cells. Invasive squamous cell 
carcinomas consistently demonstrated altered cytokeratin profiles in conjunction with mark- 
edly enhanced expression of Ha-ras. Our data suggest that p21 biosynthesis is co-ordinated 
with ongoing tumor progression and altered cell-specific expression 
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12 10 
LOCALISATION OF THE ONCOGENE C - e A l  IMMEDIATELY PROXIMAL TO THE APL TRANSLOCATION 
BREAKPOINT ON CHROMOSOME 17. D.Sheer, D.M.Sheppard,M.M.Le Beau, J.D.Rowley, C. San Roman, 
and E.Solomon, Imperial Cancer Research Fund, Lincoln‘s Inn Fields, London WC2A 3PX,England 

The 15q+/17q- chromosome translocation associated with Acute Promyelocytic Leukaemia (APL) 
is of particular interest as it has not been seen in any other type of malignancy and may 
occur in virtually every case of APL. We have previously localised the translocation 
breakpoint to 15q22 and 17q12-21 by analysis of interspecific somatic cell hybrids 
containing translocation chromosomes (Sheer et al, Proc. Nat. Acad. Sci.USA (1983)E, 5007), 
and have shown that the oncogene c-erbAl maps to 17pll-q12-21 (Spurr et al, EMBO J. (1984) 
3, 159). We have now localised thisoncogene by in situ hybridisation of a c-erbAl 
probe on metaphase chromosomes from a woman with a constitutional translocation, t(15;17), 
with the breakpoint on 17 at 17qll. In contrast to APL where c - e A l  remains on the 
17q- chromosome, the oncongene is translocated to the 15q+ chromosome, and therefore maps 
to the region immediately above the APL breakpoint on chromosome 17. Experiments are 
in progress to determine whether this oncogene is rearranged in APL. 

-~ - 

CHROMOSOMAL ABERRATION AND LACK OF EGF RECEPTOR EXPRESSION IN SMALL CELL CANCER OF 1211 THE LUNG, N. Shimizu*#, S. Gamoua, H. Harigaia, S .  Hirohashi** and Y .  Shimosato**, 
*Dept. Mol. Biol., Keio Univ. School of Med., Tokyo;#Dept. Mol. Cell. Biol., Univ. of 
Arizona, Tucson;**Dept. Pathology, Natl. Cancer Ctr.,Res. Inst., Tokyo. 
Previously, Whang-Peng et al. reported that all the cell lines developed from small cell 
cancer of the lung (SCCL) carry aberrant chromosome 3 with a common deletion of 3p14-p23. 
Also, Sherwin et al. found no expression of EGF receptors in these SCCL cells. To further 
examine the significance of these findings in SCCL development we have analyzed a new SCCL 
cell line, Lu-134, for its chromosome constitution and EGF binding ability. Chromosome 
analysis using G-banding showed that Lu-134 cell line consists of two types of cells, 
hypotriploid and hypotetraploid. Both cell types had a pair of apparently normal chromo- 
some 3. Instead of abnormality in chromosome 3, the analysis using high resolution 
banding revealed an abnormal chromosome 2 ( 2 q - )  and several other marker chromosomes. The 
2 q -  chromosome was found in both cell types, indicating their comion derivation. The Lu- 
134 cell line exhibited no ability to bind [ IIEGF. There was no intracellular proteins 
that immunoreact with antibody against human EGF receptors. The culture spent of this 
cell line did not inhibit [ IIEGF binding to normal cells. The lack of EGF receptor 
expression together with other pathological evidence support the SCCL nature of Lu-134. 
Thus, a deletion of chromosome 3 may not be common to SCCL cells. (Supported in part by 
NIH grant GM-24375 and Grant-in-Aid from the Ministry of Welfare, Japan). 

1212 
*S tua r t  A. Aaronson, The Na t iona l  I n s t i t u t e  o f  Environmental  Hea l th  Sciences, Research 
T r i a n g l e  Park, NC 27709 and *The Na t iona l  Cancer I n s t i t u t e ,  Bethesda, MD 20205 
I n  t h i s  study, r a t s  were exposed t o  the  chemical, t e t ran i t romethane  (TNM) by i n h a l a t i o n  a t  
t h e i r  maximum t o l e r a t e d  dose. Th is  r e s u l t e d  i n  t h r e e  types o f  lung  tumors. High 
molecu la r  we igh t  DNA was i s o l a t e d  f rom these tumors and was t rans fec ted  i n t o  NIH/3T3 mouse 
f i b r o b l a s t s .  Fourteen ou t  o f  n ine teen samples (74%) induced morpho log ica l  t rans fo rma t ion  
o f  NIH/3T3 f i b r o b l a s t s  i n  t h i s  assay w h i l e  normal r a t  lung  t i s s u e  d i d  not.  Southern b l o t  
ana lys i s  o f  secondary t r a n s f e c t a n t s  showed t h a t  t h e  t rans fo rm ing  p r o p e r t i e s  o f  t h e  r a t  
tumor DNA were due t o  t h e  t r a n s f e r  o f  an a c t i v a t e d  c e l l u l a r  homolog o f  t h e  K-ras oncogene. 
Radioimmunoprecipitation and SDS-polyacrylamide ge l  e lec t rophores i s  showed t h a t  t he  r a s  
p r o t e i n s  f rom these secondary t r a n s f e c t a n t s  d i d  n o t  have a l t e r e d  m o b i l i t y  as has been 
repo r ted  p r e v i o u s l y  f o r  some a c t i v a t e d  r a s  p ro te ins .  
n o t  be shown i n  t h e  t r a n s f e c t e d  K-ras gene product,  do t  b l o t s  were performed on the  
o r i g i n a l  tumor DNA and showed no a m p l i f i c a t i o n  o f  t h e  normal K-ras gene. Th is  s tudy  shows 
rep roduc ib le  a c t i v a t i o n  o f  t h e  K-ras oncogene by  t h e  chemical, TNM, i n  t h r e e  d i f f e r e n t  
types  o f  lung  tumors i n  r a t s .  
t h e  na tu re  o f  t h e  a c t i v a t i n g  l e s i o n  i n  t h e  t r a n s f e c t e d  K-ras oncogenes. 

ACTIVATION OF THE K-RAS ONCOGENE I N  CHEMICALLY INDUCED RAT LUNG TUMORS, Shar i  J. 
Stowers, Steven H. Reynolds, Marsha l l  W. Anderson, Robert  R. Maronpot and 

Because a s t r u c t u r a l  mu ta t i on  cou ld  

Fu r the r  s t u d i e s  a re  c u r r e n t l y  be ing  pursued t o  e l u c i d a t e  
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1213 ANALYSIS OF THE SIZE AND HETEROGENEITY OF DOUBLE MINUTE CHROMOSOMES WITH 
PULSED FIELD GRADIENT GEL ELECTROPHORESIS; Alexander M. van der Bliek, 
Andre Bernards and Piet Borst, Nederlands Kanker Instituut, Amsterdam, 
The Netherlands. 

To date the size and structure of double minute chromosomes have defied analysis, 
because they are at the lower range of resolution of light microscopy and too 
large for separation with conventional techniques. Through the lysis of cells and 
deproteinization in agarose, chromosomes remain intact and can be studied with 
pulsed field gradient gel electrophoresis (PFG) (Schwartz, D.C. & Cantor, C.R. 
(19841, Cell 37, 6 7 ) .  This technique permits separation of DNA up to 2000 kb. 
Preliminary experiments using among others COLO-320 with amplified c-myc and EL4/8 
with amplified DHFR indicate that the double minutes do not move in PFG gels. 
However, large fragments can be obtained by digestion in agarose. Partial diges- 
tion with infrequently cutting restriction enzymes (Not I and Sfi I )  shows that 
the double minutes first migrate in a band corresponding to 2000 kb or larger. 
This band is peculiar to PFG gels and represents a cut-off in size; i.e. comigra- 
tion of larger molecules. The size and heterogeneity of the amplified units in 
double minutes are currently being investigated with various combinations of 
restriction enzymes and cell-lines. 

1214 SPANTIOE I N H I B I T S  B I N D I N G  AN0 MITOGENESIS OF THE C-TERMINAL TETRODECAPEPTIDE OF 
GASTRIN RELEASING PEPTIOE I N  NORMAL HUMAN BRONCHIAL EPITHELIAL CELLS, J.C. 

Wi l ley* ,  C.E. Maser*, and C.C. Har r is * ;  *Laboratory o f  Human Carcinogenesis,  NCI, NIH, 
Bethesda, MD 20205 
Bombesin- l ike pept ides  a re  a u t o c r i n e  f a c t o r s  f o r  some smal l  c e l l  c a r c i n m a  o f  t h e  l ung  c e l l  
l i n e s .  We have repo r ted  t h a t  bombesin and i t s  mammalian equ iva len t ,  t h e  C-terminal  t e t r -  
adecapeptide of g a s t r i n  re leas ing  pep t ide  (GRP -27) a re  mi togen ic  f o r  normal human bron- 
c h i a l  e p i t h e l i a l  (NHBE) c e l l s ,  and t h a t  NHBE c k f l s  possess h i g h  a f f i n i t y  c e l l - s u r f a c e  
receptors  f o r  GRP14-27. Recent ly,  spant ide,  an analogue o f  substance P, was repor ted  t o  
s p e c i f i c a l l y  antagonize bombesin b ind ing  and t r o p h i c  a c t i o n  i n  i s o l a t e d  panc rea t i c  i s -  
l e t s .  I n  an e f f o r t  t o  determine whether spant ide  migh t  antagonize t h e  e f f e c t s  o f  GRP14_37 
i n  NHBE c e l l s ,  were measured t h e  c l o n a l  growth r a t e  (CGR) o f  c e l l s  incubated  i n  a d e f i n e  
medium con ta in ing  0.8 nm EGF (Wi l l ey ,  J.C. e t  a l .  1984, Exp. C e l l  Res.) , vary ing  concen- 
t r a t i o n s  o f  GRP14_27 and e i t h e r  none, 1 nM. 10 nM. o r  100 nM spant ide.  I n  add i t i on ,  we 
conducted GRP14-2Z,cell-surface b ind ing  assays i n  t h e  absence and i n  t h e  presence of 
va ry ing  concentra i o n s  o f  spant ide .  GRP inc reased t h e  c l o n a l  growth r a t e  f rom 0.65 2 
0.3 PO/O t o  a maximum o f  0.88 2 0.4 PD/D1k2ihe presence o f  300 nM GRP 4-27. The CGR 
induced by 300 nM GRP14-27 was decreased t o  0.75 i 0.33 PO/O, 0.71 P O / h  and 0.64 PO/D i n  
t h e  presence o f  1, 10, and 100 nM spant ide  respec t i ve l y .  
of  1251- , - ~ p ~ ~ _ ~ ~  w i t h  a K~ O f  1 nM. Thus spant ide  s p e c i f i c a l l y  i n h i b i t s  GRP14-27 c e l l  

sur face  b ind ing  and i n d u c t i o n  o f  growth i n  NHBE c e l l s .  

Spant ide competed f o r  t h e  b ind ing  

1215 ACTIVATION OF THE CARCINOGENIC EFFECT OE A CLONED HUMAN DNA SEQUENCE Y 
AFLATOXIN B1 B I N D I N G .  S t r i ngner  S. Yang , Rama Moda l i l ,  Janet V. Taube, and 
George C. Yang2. Labora tory  o f  Ce l l  l a r  Dncologyl ,  N C I ,  NIH, Bethesda, MO. 20205 
and D i v i s i o n  o f  Chemistry & Physics! FDA Washingtion, D.C. 20204. 

A f l a t o x i n  B 1  (AFBl) ,  a h i g h l y  carc inogen ic  me tabo l i t e  o f  Asperg i l l us  f l avus ,  i s  we l l  
known f o r  i t s  potency i n  hepatocarcinogenesis i n  va r ious  animal s p e c i n F B 1  has a l s o  
been i m p l i c a t e d  i n  the  e t i o l o g y  o f  human l i v e r  cancer (1 ) .  The molecu la r  mechanism i n  
which AFBl induces t h e  process o f  hepatocarcinogenesis has y e t  t o  be understood. 
s tudy  we examined t h e  a c t i v a t i o n  o f  AFBl on a human subgenomic H ind  111 r e s t r i c t e d  DNA 
fragment mo lecu la r l y  c loned i n  Puc 8 and c u l t u r e d  i n  JM 83 c e l l s .  
3.1 kb DNA i s  human h e p a t o c e l l u l a r  carcinoma (hHC) c e l l  (Mahlavu). High molecu la r  we igh t  
(HMW) DNA from Mahlavu hHC had no DNA-mediated c e l l  t r ans fo rma t ion  c a p a b i l i t y .  Upon AFBl 
a c t i v a t i o n  a t  an opt imal dossage, hHC DNA was ab le  t o  induce measurable foca l  t rans form-  
a t i o n  i n  NIH/3T3 c e l l  (4.8 FFU/10 ug AFB1-ONA/1 .97 pmole AFB1). AFBl a c t i v a t i o n  was n o t  
ob ta ined w i t h  normal human l i v e r  HMW DNA. The 3.1 kb  Hind I 1 1  hHC DNA fragment, which was 
a l s o  found t o  be a p r e f e r r e d  t a r g e t  o f  AFBl b ind ing ,  was ab le  t o  t rans fo rm NIH/3T3 c e l l s  
100 t imes more e f f i c i e n t l y  when a c t i v a t e d  by AFBl a t  op t ima l  range (18-32 FFU/ 200 ng 
ONA/22-32 f e m t m o l e  o f  AFB1) i n  a dose-e f fec t  study. 
p o s s i b i l i t y  t h a t  a mu ta t i on  was induced by AFBl b ind ing  i n  t h i s  i n  v i t r o  a c t i v a t i o n  
system. (1 )  Autrup e t .  a l .  1982 Carcinogenesis 3: 391-395. 

I n  t h i s  

The o r i g i n  o f  t h i s  

We a re  c u r r e n t l y  examining t h e  
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Benjamin F. Trump*, Labora tory  o f  Human Carcinogenesis,  Na t iona l  Cancer I n s t i t u t e ,  Bethesda, 
Maryland 20205, and Department o f  Pathology*, U n i v e r s i t y  o f  Maryland School o f  Medicine, 
Ba l t imore ,  Maryland 21201 
Resp i ra to ry  carc inogenes is  i s  cons idered t o  be a m u l t i s t a g e  process i n v o l v i n g  bo th  gene t i c  
l e s i o n s  and s e l e c t i v e  c l o n a l  expansion o f  p reneop las t i c  and neop las t i c  c e l l s .  P u t a t i v e  ac t -  
i v a t i o n  of oncogenes has been i d e n t i f i e d  i n  human l u n g  cancers by i s o l a t i n g  human tumor DNA 
sequences t h a t  t rans form murine NIH 3T3 c e l l s  and by measuring inc reased l e v e l s  o f  oncogene 
mRNA i n  bo th  p r imary  tumors and tumor c e l l  l i n e s .  Three mul t igene f a m i l i e s  of oncogenes, 
i .e. ,  E, s, and raf, have been so f a r  assoc ia ted  w i t h  l u n g  cancer. 

We a re  i n v e s t i g a t i n g  the  r o l e  o f  these and o the r  oncogenes i n  the  mal ignant  t rans fo rma t ion  
o f  normal human b ronch ia l  e p i t h e l i a l  (NHBE) c e l l s  i n  v i t r o .  Our p rev ious  s tud ies  have shown 
t h a t  NHBE c e l l s  can be success fu l l y  grown i n  serum-free c u l t u r e  medium f o r  20-40 popu la t i on  
doub l ings  be fo re  senescence and a re  induced t o  undergo te rm ina l  squamous d i f f e r e n t i a t i o n  
by suspension i n  semiso l id  media, b lood-der ived  serum, tumor promoters and h i g h  c e l l  dens i t y  
c u l t u r e  cond i t i ons .  I n  con t ras t ,  human l u n g  cancer c e l l  l i n e s  cont inue t o  grow under these 
c o n d i t i o n s  and thus  have a s u r v i v a l  advantage. We a re  us ing  these s e l e c t i v e  c l o n a l  expansion 
pressures t o  i s o l a t e  pheno typ i ca l l y  a l t e r e d  c e l l s  f o l l o w i n g  oncogene t r a n s f e c t i o n  o f  NHBE 
c e l l s  us ing  the  p r o t o p l a s t  f u s i o n  method. Using t h i s  s t ra tegy ,  severa l  c lones o f  HBE c e l l s  
t rans fec ted  w i t h  vH-ras oncogene have been i so la ted .  The vH-= oncogene has been s t a b l y  
i n t e g r a t e d  i n t o  the  x l u l a r  DNA and bo th  mRNA and P21 gene produc t  o f  t h i s  oncogene can 
be measured i n  these clones. One o f  these clones, TBE-1, has been e x t e n s i v e l y  charac ter ized  
and has the  f o l l o w i n g  p roper t i es :  (1)grows f o r  more than 120 popu la t i on  doub l ings  and i s  
apparent ly  immortal ;  (2 ) fo rms m u l t i l a y e r e d  f o c i  and has a h ighe r  s a t u r a t i o n  d e n s i t y  than 
NHBE c e l l s ;  (3)  i s  r e s i s t a n t  t o  i nduc t i on  o f  t e rm ina l  squamous d i f f e r e n t i a t i o n  by h igh  
concen t ra t i on  (100 nM) o f  12-0- te t radecanoy l -  phorbol-  13-aceta t e  ; (4)  i s  aneupl o i d  ; ( 5 )  
produces the  "ec top ic "  hormone, be ta  human c h o r i o n i c  gonadotropin;  and ( 6 )  TBE-1 c e l l s  
c loned i n  semiso l i d  medium form p e r s i s t e n t ,  anap las t i c  tumors when xenot ransp lan ted  i n t o  
athymic nude mice. These r e s u l t s  and those from o the r  s tud ies  suggest t h a t  oncogenes can 
p l a y  a r o l e  i n  t h e  mal ignant  t rans fo rma t ion  o f  human e p i t h e l i a l  c e l l s .  

THE ROLE OF ONCOGENES I N  HUMAN RESPIRATORY CARCINOGENESIS, C u r t i s  C. H a r r i s ,  George 
H. Yoakum, John F. Lechner, Paul A. Amstad, George E. Mark, Brenda I. Gerwin, and 

TUMORIGENIC AGENTS I N  TOBACCO PRODOCTS AND THEIR UPTAKE BY 
1217 CHEWERS, SMOKERS AUD NONSMOKERS. 

D i e t r i c h  Hoffmann, S t e p h e n  S. Hecht ,  Nancy J. Haley ,  K l a u s  D. Brunnemann, 
J o h n  D .  Adams, and E r n s t  L .  Wynder. American H e a l t h  F o u n d a t i o n ,  V a l h a l l a ,  
N e w  York, 10595. 

The p r e s e n t a t i o n  w i l l  r e v i e w  t h e  c h e m i c a l  n a t u r e  and f o r m a t i o n  of  t u m o r  
i n i t i a t o r s ,  tumor p r o m o t e r s ,  c o c a r c i n o g e n s  and o r q a n - s p e c i f  i c  c a r c i n w e n s  i n  
t o b a c c o  smoke. Of s p e c i a l  s i g n i f i c a n c e  a r e  t h e  t o b a c c o - s p e c i f i c  N - n i t r o s a -  
mines  (TSNA) which  a r e  formed from n i c o t i n e  and which a r e  p o w e r f u l  c a r c i n o -  
g e n s ,  i n d u c i n g  tumors  of t h e  upper  d i q e s t i v e  t r a c t  and t h e  upper  r e s p i r a t o r y  
t r a c t  of mice, r a t s  and h a m s t e r s .  One of t h e s e  c a r c i n o g e n s ,  N N K ,  i n d u c e s  
a l s o  squamous ce l l  carc inoma and adenocarc inoma i n  t h e  l u n g s  of r a t s .  TSNA 
a r e  n o t  o n l y  p r e s e n t  i n  chewing t o b a c c o ,  s n u f f  and t o b a c c o  smoke b u t  a r e  
most l i k e l y  a l s o  formed e n d o g e n o u s l y  d u r i n g  chewing and upon smoke i n h a l a -  
t i o n .  

S i n c e  most low-yie ld  c i g a r e t t e s  d e l i v e r  a l s o  l e s s e r  amounts  of n ico-  
t i n e ,  t h e  m a j o r  h a b i t u a t i n g  a g e n t  i n  t o b a c c o  p r o d u c t s ,  smokers  a l t e r  t h e i r  
smokinq i n t e n s i t y  i n  o r d e r  to r e a c h  a c e r t a i n  n i c o t i n e  b o l u s .  T h i s  canpen-  
s a t o r y  b e h a v i o r  w i l l  be  s u b s t a n t i a t e d  by d a t a  f r a n  b i o c h e m i c a l  measurements  
and t h e  endoqenous  f o r m a t i o n  of  n i t r o s a m i n e s  i n  chewers  and smokers  w i l l  be  
documented.  

The u p t a k e  of  s i d e s t r e a m  t o b a c c o  smoke c o n s t i t u e n t s  by nonsmokers  w i l l  
b e  d e m o n s t r a t e d  i n  c o n t r o l l e d  p o l l u t e d  e n v i r o n m e n t s  and i n  f i e l d  s t u d i e s  
w i t h  a d u l t s  and w i t h  i n f a n t s  of smoking m o t h e r s .  

Our s t u d i e s  i n  t o b a c c o  c a r c i n o q e n e s i s  a r e  s u p p o r t e d  by G r a n t s  CA-2193, 
CA-29580 and CA-35607 from t h e  N a t i o n a l  C a n c e r  I n s t i t u t e .  
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H e r b e r t  f l i e ,  B ruce  Johnson, Ad i  F. Gazdar, NCI-Navy Med ica l  Oncology B ranch ,  N a t i o n a l  Cancer 
I n s t i t u t e ,  Bethesda, 1'C 20814. 

Advances i n  t h e  a b i l i t y  t o  grow l u n g  c a n c e r  i n  v i t r o  have come f o l l o w i n g  t h e  d e f i n i t i o n  
o f  serum f r e e  hormone supplemented media f o r  d i f f e r e n t  l u n g  cancer  t y p e s .  A l a r g e  pane l  o f  
l u n g  c a n c e r  c e l l  l i n e s  has been g e n e r a t e d  u s i n g  t h i s  and o t h e r  methods. I n  a d d i t i o n ,  we have 
found t h a t  SCLC p roduces  a r e g u l a t o r y  p e p t i d e  r e l a t e d  t o  amph ib ian  bombesin (mammalian e q u i v -  
a l e n t  i s  g a s t r i n  r e l e a s i n g  p e p t i d e ,  GRP). The c e l l s  a l s o  have h i g h  a f f i n i t y  r e c e p t o r s  f o r  
GRP and t h e i r  c l o n a l  g r o w t h  i s  s t i m u l a t e d  by GRP i n  serum f r e e  medium. A l l  o f  t h e s e  f i n d i n g s  
sugges t  t h a t  bombesin/GRP f u n c t i o n  as  an a u t o c r i n e  g r o w t h  f a c t o r  f o r  SCLC. 
by p r e p a r i n g  a monoclonal  a n t i b o d y  a g a i n s t  bombesin wh ich  r e a c t s  w i t h  t h e  c - t e r m i n a l  p o r t i o n .  
T h i s  a n t i b o d y  b l o c k s  t h e  b i n d i n g  o f  bombesin/GRP t o  i t s  c e l l  s u r f a c e  r e c e p t o r ,  i n h i b i t s  t h e  
g r o w t h  o f  SCLC i n  v i t r o  and i n  v i v o  i n  nude mouse x e n o g r a f t s .  A n t i - i d i o t y p i c  a n t i b o d i e s  p r e -  
pa red  a g a i n s t  t h i s  monoc lona l  a l s o  appear  t o  b i n d  t o  t h e  c e l l  s u r f a c e  r e c e p t o r s  f o r  bornbesin/ 
GRP. Whether bombesin/GRP o r  t h e i r  r e c e p t o r s  a r e  r e l a t e d  t o  known oncogenes i s  under s t u d y .  

R e c e n t l y ,  we have found  t h a t  a l a r g e  number o f  SCLC have a m p l i + i c a t i o n  o f  one o t h e r  o f  
t h e  myc f a m i l y  o f  oncogenes. SCLC w i t h  c-myc a m p l i f i c a t i o n  p roduce  l a r g e  amounts o f  c-myc 
mRNA and have a d i f f e r e n t  pheno type  t h a n  SCLC w i t h o u t  c-myc a m p l i f i c a t i o n  i n c l u d i n g  s h o r t e r  
d o u b l i n g  t ime ,  h i g h e r  c l o n i n g  e f f i c i e n c y ,  f a s t e r  x e n o g r a f t  g rowth ,  dec reased  e x p r e s s i o n  o f  
d i f f e r e n t i a t e d  f u n c t i o n s ,  and i n c r e a s e d  r a d i o - r e s i s t a n c e .  T r a n s f e c t i n g  t h e  c-myc gene i n t o  
a SCLC t h a t  i s  n o t  a m p l i f i e d  f o r  c-myc r e s u l t s  i n  some o f  t h e s e  a l t e r e d  f e a t u r e < .  I le have 
a l s o  found  t h e  N-myc p ro to -oncogene  t o  be a m p l i f i e d  and g r e a t l y  exp ressed  i n  SCLC. 
t i o n ,  u s i n g  N-myc p robes  we have i d e n t i f i e d ,  c l o n e d ,  and begun c h a r a c t e r i z a t i o n  on  a new 
member o f  t h e  myc f a m i l y  wh ich  we t e r m  L-myc. 
and amino a c i d  sequence homology w i t h  c-myc and N-myc b u t  i s  q u i t e  d i s t i n c t  f rom t h e s e  o t h e r  
two genes. 
e x p r e s s i o n  o f  one o f  t h e s e  t h r e e  myc f a m i l y  members. E a r l y  c l i n i c a l  c o r r e l a t i o n s  sugges t  
t h a t  p a t i e n t s  w i t h  c-myc and p r o b a b l y  N-myc a m p l i f i c a t i o n  have i m p a i r e d  s u r v i v a l  compared t o  
p a t i e n t s  w i t h o u t  t h e s e  a m p l i f i c a t i o n s .  

Carney, ON e t  a l :  Proc N a t l  Acad S c i  78:3185-3189, 1981. 
Moody, TW e t  a l :  Sc ience  214:1246-1248, 1981. 
L i t t l e ,  CD e t  a l :  N a t u r e  306:194-196, 1983. 
Nau, MM e t  a l :  Cu r r  Top H i c r o b i o l  Immunol 113:172-177, 1984. 

GRfl1ITt: F4CTORS PAD ONCOGENES IF4 H!IMAN LIJNG C4NCER CELLS, John C. U inna ,  M a r i o n  M. 
Nau, Frank C u t t i t t a ,  James E a t t e y ,  Jay Brooks, Desmond P I .  Carney, M a r t i n  Brower,  

T h i s  was c o n f i r m e d  

I n  a d d i -  

T h i s  gene has r e g i o n s  o f  g r e a t  n u c l e i c  a c i d  

A l t o g e t h e r  n e a r l y  2 / 3 r d s  o f  SCLC have a m p l i f i c a t i o n  a n d / o r  g r e a t l y  i n c r e a s e d  

THE CHANGING EPIDEMIOLOGY OF LUNG CANCER 12 19 
E r n s t  L. Wynder, i4arc T. Goodman, G e o f f r e y  C. Kabat ,  and I a n  T.T. H i g g i n s .  
American H e a l t h  F o u n d a t i o n ,  N e w  York, N e w  York,  10017. 

C u r r e n t  l u n q  c a n c e r  i n c i d e n c e  p a t t e r n s  r e f l e c t  c h a n g e s  i n  t h e  consump- 
t i o n  as w e l l  a s  i n  t h e  make-up of c i g a r e t t e s  t h a t  have o c c u r r e d  o v e r  t h e  
p a s t  t h r e e  d e c a d e s  and are  e s p e c i a l l y  i n d i c a t i v e  of t h e  e t i o l o q i c  s i q n i f i -  
c a n c e  of i n c r e a s e d  c i g a r e t t e  smoking among women. 

A t  t h e  same t i m e ,  e v a l u a t i o n  of  l a r g e r  d a t a  b a s e s  i n  r e t r o s p e c t i v e  
s t u d i e s  allows f o r  v e r i f i c a t i o n  of h i s t o l o q i c  p a t t e r n s  of l u n a  c a n c e r  i n  men 
and women i n  r e s p e c t  to  tobacco u s a g e  and i n h a l a t i o n  p r a c t i c e s .  F u r t h e r -  
more, e p i d e m i o l o g i c  s u r v e y s  now c o n s i d e r  t h e  role of n u t r i e n t s  and micro- 
n u t r i e n t s  of t h e  h o s t  i n  t h e  i n d u c t i o n  and development  of l u n g  c a n c e r .  Epi -  
d e m i o l o g i c  and e x p e r i m e n t a l  e v i d e n c e  of s y n e r q i s t i c  and c o c a r c i n o g e n i c  
a g e n t s  i n v o l v e d  i n  t h e  p a t h o g e n e s i s  of l u n g  c a n c e r  i n  " h i g h  r i s k  g r o u p s "  
w i l l  be r e v i e w e d .  

r ,a tency of  lunq  c a n c e r  o c c u r r e n c e  i n  r e a a r d  to  o n s e t ,  d u r a t i o n  and ces- 
s a t i o n  of  smoking h a b i t s  w i l l  be  examined ,  e s p e c i a l l y  a s  it r e l a t e s  t o  
models  of tumor p r o m o t i o n .  

The weaker  a s s o c i a t i o n s  of e t io loqic  a g e n t s  such  a s  e n v i r o n m e n t a l  
t o b a c c o  smoke and a u t o m o t i v e  e m i s s i o n s  w i t h  l u n g  c a n c e r  i n c i d e n c e  w i l l  b e  
d i s c u s s e d .  

Our s t u d i e s  a r e  s u p p o r t e d  by G r a n t  1PO-CA-32617 f rom t h e  N a t i o n a l  
C a n c e r  I n s t i t u t e .  
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Cancer-Prone Diseases and DNA Repair 

1220 NEW MODEL FOR PYRIMIDINE DIMER REPAIR IN HUMAN CELLS, M. Paterson, N. Gentner, M. 
Middlestadt and M. Weinfeld, Chalk River Nuclear Laboratories. Chalk River, Ontario 

A re-examination of the metabolic fate of UV-induced cyclobutyl pyrimidine dimers in dermal 
fibroblasts from patients with different genetic forms of xerodema pigmentosum (XP), a rare 
cancer-prone skin disorder, has provided new insight into the mode of dimer repair in normal 
cells. When DNA extracted from post-UV (254 nm; 15 J.m-') incubated cultures was subjected 
to enzymatic photoreactivation (PR) to probe dimer authenticity, single-strand scissions 
were produced in the damaged DNA of incubated XP group A or D cells, but not in DNA from XP 
variants or normal cells. Since enzymatic PR splits only the cyclobutane ring, our results 
suggest that in dimer excision-defective XP A and D strains, the intradimer phosphodiester 
bond may be cleaved without site restoration. That such cleavage may be an early step in 
the normal excision-repair process was indicated by the observed release of free thymidine 
(dT) and thymidine monophosphate (dTMP) (but not thymine) upon photochemical reversal of the 
dimer-containing excision fragments isolated from post-UV incubated normal cells. The com- 
bined number of dT and dTMP molecules released was equal to 50-70% of the number of dimers 
photoreversed; for such reversal to occur, the dimer must both be at one end of an excised 
fragment and contain an internal phosphodiester break. We therefore propose a new model for 
dimer repair in human cells in which hydrolysis of the intradimer phosphodiester linkage pre- 
cedes the concerted action of a generalized "bulky lesion-repair complex" involving conven- 
tional strand incision/lesion excision/repair resynthesis/strand ligation reactions. 
[Supported in part by US NCI Contract N01-CP-21029 (Basic)] 

Carcinogen Metabolism and DNA Damage 

1221 METABOLIC ACTIVATION OF MUTAGENIC AND CARCINOGENIC DINITROPYRENES. Frederick A. 
Beland, Zora O j u r i c ,  E .  Kim F i f e r  and Robert  H .  H e f l i c h ,  Department of 

Biochemistry, University of Arkansas f o r  Yedical Sciences, L i t t l e  Rock, AR 72205 and 
National Center f o r  Toxicological Research, Jefferson,  AR 72079. 

Dinitropyrenes, environmental contaminants found i n  d iesel  emission, are carcinogenic in 
rats and mice, and are among the  most mutagenic compounds ever tes ted  in the Salmonella 
reversion assay. Incubation of S .  t himurium TA1538 with 1,8-dinitropyrene r e s u l t e  in t h e  
formation of one major DNA addu?t,.-uanosin-8-y1 )-l-amino-8-nitropyrene. Tdhe same 
adduct was formed when the reducgd intermediate, N-hydroxy-l-amino-8-nitropyrene, was 
reacted with DNA,  t h u s  suggesting t h a t  n i t roreduct ion Was involved i n  the  metabolic act iva-  
t i o n  o f  t h i s  dinitropyrene. Although 1,8-dinitropyrene was a t  l e a s t  40-fold more mutagenic 
than 1-nitropyrene, the number of revers ions per adduct induced b y  the Cd-substituted deoxy- 
guanosine adducts of e i t h e r  1-nitropyrene or 1.8-dinitropyrene was s imi la r .  1,8-Dinitro- 
pyrene was more mutagenic than 1-nitropyrene because N-hydroxy-1-amino-8-nitropyrene served 
as a subs t ra te  f o r  a bac te r ia l  t ransacetylase and therefore  bound t o  D N A  more e f f i c i e n t l y  
than did N-hydroxy-1-aminopyrene, which did not appear t o  be a subs t ra te  f o r  t h i s  enzyme. 
Similar routes of metabolic act ivat ion occurred with r a t  l i v e r  cytosol ;  1,8-dinitropyrene 
was reduced t o  a metabolite which was f u r t h e r  act ivated by acetyl coenzyme A-dependent 
t ransace ty la t ion  while 1-nitropyrene was n o t .  These data  indicate  tha t  n i t ra ted  pyrenes are  
metabolized t o  genotoxic products by ni t roreduct ion and t h a t  1,8-dinitropyrene i s  fur ther  
act ivated by 0-es te r i f ica t ion .  

1222 
Cambridge, M A  02139 

An important step in chemical carcinogenesis is thought to be the formation of covalent 
adducts between DNA and reactive forms of chemical carcinogens. 
chemically modified DNA causes mutations, which in principle could initiate malignant transformation 
of somatic cells. Our approach for establishing t h e  relationship between adduct structure and 
biological effects is to situate individual adducts at defined sites in genomes, allow enzymatic 
processing to  occur in vivo, and then assess t h e  resulting genetic change(s) both qualitatively and 
quantitatively. 
adduct formed by certain carcinogenic alkylating agents. 
synthesized by the phosphotriester method and ligated into a four-base gap in t h e  unique Pst I 
site of t h e  duplex genome of t h e  coli virus, M13mp8. 
converted to  single-stranded form and used to  transform E. coli to produce progeny phage. 
mutation frequency of O6MeGua was defined as the percentageof progeny phage with mutations in 
their Pst 1 site, and th is  value was determined to  be 0.4%. To determine t h e  impact of DNA 
repair on mutagenesis, cellular levels of 06MeGua-DNA methyltransferase (an O6MeCua-repair pro- 
te in)  were depleted by treatment of host cells for virus replication with N-methyl-N'-nitro-N- 
nitrosoguanidine (MNNc) prior to  viral D N A  uptake. In these host cells, t h e  mutation frequency 
due to 06MeCua increased markedly with increasing MNNG dose (the highest mutation frequency 
observed was 30%). 
and  untreated cells, 06MeGus induced exchisively G to A t ransi t ions.  

EXTRACHROMOSOMAL PROBES FOR MUTAGENESIS BY CHEMICAL CARCINOGENS, 
J.M. Essigmann, C.L. Green  and E.L. Loechler. Massachusetts Institute of Technology, 

Misreplication or misrepair of 

This work examines t h e  mutagenic activity of 06-methylguanine (06MeGua), a DNA 
A tetranucleotide, 5'-Tpm6GpCpA-3', was 

The double-stranded ligation product was 
The 

DNA sequence analysis of mutant genomes revealed that in  both MNNG treated 
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1223 STEREOCHEMICAL AND ELECTRONIC DETERMINANTS OF THE MUTAGENICITY AND TUMORIGENICITY 
OF POLYCYCLIC HYDROCARBON BAY-REGION DIOL EPOXIOES. A.W. Wood, W. Levin, R.L. 

Chang, R.E. Lehr, D.R. Thakker, H. Yagi, J.M. Sayer, D.M. J e r i n a  and A.H. Conney, Roche Res. 
Center, Nut ley.  NJ 07110, U. Oklahoma. Norman, OK 73019 and NIADDK, NIH, Bethesda, MO 20205. 

Bay-region d i o l  epoxides, u l t i m a t e  carc inogen ic  me tabo l i t es  o f  a number o f  po l ycyc l  i c  
hydrocarbons, e x i s t  as d ias te reomer ic  p a i r s  o f  o p t i c a l  isomers. S tud ies  w i t h  a l a r g e  number 
o f  d i o l  epoxides, i n c l u d i n g  f i v e  complete se ts  o f  o t i c a l  isomers, have e luc ida ted  c r i t i c a l  
determinants o f  b i o l o g i c a l  a c t i v i t y .  Among s t e r i c a y l y  unhindered bay-region d i o l  epoxides. 
o n l y  the  isomer w i t h  (R,S,S.R) abso lu te  c o n f i g u r a t i o n  i s  e x c e p t i o n a l l y  tumor igen ic  t o  mice 
o r  e x c e p t i o n a l l y  mutagenic t o  c u l t u r e d  mammalian c e l l s .  The mu tagen ic i t y  o f  these (R,S.S,RJ 
isomers i n  bo th  b a c t e r i a l  and mammalian c e l l s  shows an e x c e l l e n t  c o r r e l a t i o n  ( r  0.98) w i t h  
observed chemical r e a c t i v i t y  (spontaneous h y d r o l y s i s )  o r  p red ic ted  carbocat ion  resonance 
s t a b i l i z a t i o n .  However. s t e r i c  fac to rs ,  as i n  the  case o f  the  d i o l  epoxide isomers of  
benzo[c] phenanthrene, o r  e l e c t r o n i c  fac to rs ,  as i n  the  case of  6 - f lu robenzo[a l  pyrene. can 
induce conformat iona l  changes i n  the  hydroxy l  groups o f  d i o l  epoxides t h a t  r e s u l t  i n  marked 
changes i n  b i o l o g i c a l  a c t i v i t y .  I n t r o d u c t i o n  o f  a n i t r o g e n  hetero-atom i n t o  a p o l y c y c l i c  
hydrocarbon can a l s o  change the  e l e c t r o n i c  p r o p e r t i e s  o f  t he  d i o l  epoxides a l t e r i n g  bo th  
mutagenic and tumor igen ic  a c t i v i t y .  Thus, t h e  tumor igen ic  a c t i v i t y  o f  p o l y c y c l i c  hydro- 
carbons i s  determined n o t  o n l y  by t h e  ex ten t  o f  metabo l ic  fo rmat ion  and d e t o x i f i c a t i o n  of  
t he  bay- reg ion  d i o l  epoxides, b u t  by t h e  r e l a t i v e  and abso lu te  c o n f i g u r a t i o n  o f  t h e i r  
h d r o x y l  and epoxide moiet ies.  t he  conformat ion  o f  t he  hydroxy l  groups, and the  ex ten t  t o  
w f i c h  resonance s t a b i l i z a t i o n  f a c i l i t a t e s  ca rboca t ion  format ion.  

DNA Damage and Repair; Environmental and Chemical Carcinogenesis 

1224 STABILITIES AN0 MUTAGENIC CONCENTRATIONS OF CHEMICAL CARCINOGENS I N  A DIFFUSION 
BIOASSAY USING DIFFERENT STRAINS OF s .  typhimurium, Tamara E. Awerbuch and Anthony 

J .  Sinskey,Harvard School o f  Pub l i c  Heal th,  Boston, WA 02115 and M I T ,  Cambridge, MA 02139 
Themathematical model desc r ib ing  a d i f f u s i o n  bioassay was based on the  assumption t h a t  t he  

mutagenic a c t i o n  o f  t h e  d i f f u s i n g  chemcial f rom the  cen te r  o f  a d i s h  ( con ta in ing  a b a c t e r i a l  
lawn i n  sn agar g e l )  i s  s o l e l y  r e l a t e d  t o  the  time-space concen t ra t i on  o f  t he  d i f f u s i n g  

substance and i s  g i ven  by the  equat ion:  W a t  = D(a c / a t  + l / r  War) - C/T ;  t he re  i s  no 
term r e l a t e d  t o  the  microorganism i n  the  system. 
d ish ,  t i s  d i f f u s i o n  time, D i s  t he  d i f f u s i o n  c o e f f i c i e n t  and T i s  t h e  decay t ime. The 
c e n t r a l  r e s u l t s  a re :  1 ) an equat ion  f o r  an e f f e c t i v e  t ime- in teg ra ted  concen t ra t i on  d i s t r i b u -  
t i o n  C ( r ) .  

occurs can be r e a d i l y  ca l cu la ted .  
da ta  f rom the  d i f f u s i o n  bioassay: I n  co = rmut/& + cons t .  

o f  t he  chemical a t  t h e  cen te r  o f  t he  d i sh .  
assumption w i t h  d i f f e r e n t  s t r a i n s  o f  s .  t himurium. The h a l f - l i f e  (T ) o f  N-methyl"- 
n i t ro-N-n i t rosoguanid ine (NG) was c a l c u l 2 L d  by the  d i f f u s i o n  assay, uJ(?ig s t r a i n s  m G 4 6 ,  
TA1950, TA1535 and TA100. For a l l  s t r a i n s  T equa l led  2.2h; s t r a i n  s e n s i t i v i t y  f o r  
de tec t i ng  th resho ld  miitagenic concent ra t ions '&  NG was e s s e n t i a l l y  t he  same, except t h a t  
- hisG46 was s l i g h t l y  more s e n s i t i v e .  

2 2  

r i s  the  d i s tance  from the  cen te r  o f  t he  

From knowledge o f  t he  r a d i u s  rmut the  lower l i m i t  Cmut a t  which mutagen ic i ty  

2 )  an equat ion  f o r  de termin ing  T us ing  exper imental  
co i s  t he  i n i t i a l  concen t ra t i on  

I n  t h i s  work we tes ted  the  v a l i d i t y  o f  t he  

1225 POTENTIATION OF ALKYLATING AGENT-INDUCE0 CELL KILLING BY 3-AMINOBENZAMIOE I N  MNNG- 
RESISTANT AND -SENSITIVE HUMAN CELLS, Michael  A. Babich and Rufus S .  Day 111, 
Nuc le i c  Acids Sect ion,  LMC, OCE, Na t iona l  Cancer I n s t i t u t e ,  Rethesda, MO 20205. 

The i n h i b i t o r  o f  polyfAOP-r ibose) syn thes i s  3-aminobenzamide (3AB) i s  known t o  i n h i b i t  t he  
recovery o f  L1210 c e l l s  exposed t o  a l k y l a t i n g  agents. Here we show t h e  e f f e c t  o f  3AB on t h e  
colony fo rming  a b i l i t y  o f  human c e l l s  exposed t o  a l k y l a t i n g  agents. I n  t h e  presence o f  3 nt4 
3AR, MNNG-resistant f i b r o b l a s t s  KO were 16 t imes more s e n s i t i v e  t o  MMS i n  t h e  pre-shou lder  
reg ion  (0-1.5 nt4 MMS) o f  t h e  s u r v i v a l  curve  than c o n t r o l  c e l l s .  That i s ,  f o r  every " l e t h a l  
h i t "  i ncu r red  by c o n t r o l  KO c e l l s  a t  a g iven  MMS dose, 3AB-treated c e l l s  i ncu r red  16 l e t h a l  
h i t s .  A t  MMS doses (1 nt4, 10  nt4 3AB-treated KD c e l l s  were 50 t imes more s e n s i t i v e  t o  MMS; 
90% o f  t h e  3AB-potent iable damage was removed from c o n t r o l  c e l l s  w i t h i n  24 hours o f  MMS 
treatment.  KD c e l l s  t r e a t e d  w i t h  5 IrM 3AB were s i x  t imes more s e n s i t i v e  t o  MNNG than 
con t ro l s ,  bu t  were NOT more s e n s i t i v e  t o  CNU. However, MNNG-sensitive, 0(6)-methylguanine 
methyl t ransferase-def ic ient  c e l l s  GM63B and IMR90-830 t r e a t e d  w i t h  3nt4 3AB were on ly  about 
t w i c e  as s e n s i t i v e  t o  MMS as c o n t r o l s  and on ly  two t o  f o u r  t imes more s e n s i t i v e  t o  MNNG. 
I n  MNNG-sensitive, 016)-methylguanine methyl t ransferase-prof ic ient  A498 c e l l s ,  MMS-induced 
l e t h a l i t y  was NOT p o t e n t i a t e d  by 3 IrM 3AB, w h i l e  MNNG-induced l e t h a l i t y  was p o t e n t i a t e d  
two- fo ld  by 5 nt4 3AB. We conclude t h a t :  ( 1 )  P o t e n t i a t i o n  o f  l e t h a l i t y  by 3AB i s  g rea tes t  
i n  MNNG-resistant c e l l s ;  f 2 )  The r e l a t i v e  number o f  3AR-potent iable l es ions  depends on t h e  
a l k y l a t i n g  agent i n  t h e  order--MMS > MNNG >> CNU; and (3 )  The 3AB-potent iable l es ions  a re  
probably DNA bases w i t h  a l k y l  groups on n i t rogen,  r a t h e r  than oxygen, atoms. 
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1226 
(NNKI, Steven A. BelJnskya, F e l i x  Romagnaa, Frank C. Richardson6,-James A. Sweaberg , and 
Marsha l l  W. Anderson , The Na t iona l  I n s t i b u t e  o f  Environmental  Hea l th  Sciences 
Chemical I n d u s t r y  I n s t i t u t e  o f  Tox i co logy  , Research T r i a n g l e  Park, NC 27709 

NNK, one o f  t h e  major n i t rosamines  de tec ted  i n  tobacco smoke, has been found t o  induce a 
h i g h  i nc idence  o f  lung, l i v e r ,  and nasa l  c a v i t y  tumors i n  l a b o r a t o r y  animals. The f o r -  
mat ion  and removal o f  t h e  promutagenic l e s i o n  06-methylguanine (06 f f i )  was determined 
over  12 days o f  NNK a d m i n i s t r a t i o n  (100 mglkg,i.p./day) t o  F i sche r  344 r a t s .  
were maximal i n  hepatocytes a f t e r  2 days o f  carc inogen t rea tment  and dec l i ned  r a p i d l y  
d u r i n g  t h e  remain ing  10 days. 
t h e  12 days o f  carcinogen t rea tment  i n d i c a t i n g  a l i m i t e d  capac i t y  f o r  r e p a i r  o f  t h i s  
l e s i o n .  S teady-s ta te  l e v e l s  o f  7-methylguanine (7 f f i )  were observed i n  bo th  l i v e r  and lung 
a f t e r  2 t o  4 days o f  t rea tment  w i t h  NNK. 
s i m i l i a r  i n  bo th  t i s s u e s  f o l l o w i n g  2 days o f  carcinogen t rea tment .  However, a f t e r  12 
days, a 1 4 - f o l d  decrease and a 2 - f o l d  i nc rease  i n  t h i s  r a t i o  was observed i n  hepatocytes 
and lung, r e s p e c t i v e l y .  Thus, repeated  exposure t o  NNK th rough heavy smoking cou ld  lead 
t o  an accumulat ion o f  methy la ted  DNA adducts, which i n  t u r n  may be an impor tan t  
c o n t r i b u t i n g  f a c t o r  t o  t h e  assoc ia t i on  between tobacco use and cancers o f  t h e  r e s p i r a t o r y  
system (ES05292). 

ALKYLATION AND REPAIR OF DNA I N  LUNG AND LIVER FOLLOWING ADMINISTRATION OF THE 
TOBACCO SPECIFIC CARCINOGEN 4-(N-METHYL-N-NITROSAMINE) 1 (3-PYRIOYL)-l-BUTflNONE 

and 

O h  l e v e l s  

In con t ras t ,  06 f f i  l e v e l s  inc reased i n  t h e  lung th roughout  

The r a t i o s  o f  06 t o  7 f f i  a l k y l a t i o n  were a l s o  

STRAIN SPECIFICITY IN "IN VITRO" AND "IN VIVO" ACTIVATION OF THE ORGANSPECIFIC CAR- 
CINOGEN DMH(l,Z-DIMETHYLHYDRAZINE). Lidia c. Boffa and Claudia Bolognesi, Istituto 
Nazionale per la Ricerca sul Cancro,IST, Viale Benedetto XV n.lO, 16132 Genova,Italy 

1227 

The methylating carcinogen DMH is ,under certain experimental conditions, organspecific and 
usually produces adenocarcinoma of the colon in rodents with high efficency. However a dif- 
ferential susceptibility to the carcinogen has been described for various mice strains:SWR/J 
mice are highly susceptible while AKR/J are resistant. 
As from our recently reported data on the rat we have now indications that also in the mouse 
colon microsomes could be one of the modulating factors in genotoxicity and probably organ- 
specificity of DMH. The ability of the colon microsomes from one specific mouse strain to 
produce cytotoxic metabolite(s) follows the same trend than teir susceptibility to the carci- 
nogen itself: AKR/J bu t  not SWX/J colon microsomes are able to produce "in vitro" DMH metab- 
lite(s) more toxic and mutagenic than the parent compound. The mutagenic potency of these 
compounds was judged by several criteria: 1)autoradiographic identification of unscheduled 
DNA synthesis 2)induction of 6-thioguanine resistant mutants in V79 Chinese hamstercells 3 )  
formation of adducts of DNA bases (in particular O'lnerhylguanine) 4)evaluation of DNA damage 
by alkaline elution technique. 
The results of these experiments tend to confirm that colon microsomes are probably involved 
in the strain dependent organspecificity of DMH carcinogenesis. We would like also toadvance 
the hypothesis of a similar mechanism in the genetically dependant human susceptibility to 
colon cancer . 

1228 DNA DAMAGE AND REPAIR IN A SPECIFIC, ACTIVE GENE IN MAEplALIAN CELLS. 
Vilhelm A. Bohr, Charles A. Smith, Isabel Mellon. Diane Okumoto and Philip C. 
Hanawalt, Department of Biological Sciences, Stanford Univ., Stanford, CA 94305. 

we have studied the formation and repair of pyrimidine dimers in the dihydrofolate reductase 
(DHFR) gene of CHO cells amplified for the gene. Restriction fragments inside and outside 
the transcribing unit of the gene were analyzed for diner content by use of a dimer specific 
endonuclease and Southern transfer and hybr'dization following alkaline gel electrophoresis. 
Two thirds of the dimers produced by 20 J/m were removed fran a fragment within the gene in 
24 hours. In contrast, only 10% were removed fran fragments upstream within the amplified 
unit, as well as frcm the genane overall. Preliminary results with non-amplified CHO cells 
also indicate efficient repair of the gene. Preferential repair of the DHFR gene in ampli- 
fied cells was confirmed by the use of a monoclonal antibody to BrUra-substituted DNA. 
Unrepl icated restricted BrUra-containing DNA was precipitated with the antibody to allm 
separate analysis for DHFR sequences of restriction fragments with and without repair 
patches. Efficient repair of essential regions of the genane might explain why these rodent 
cells survive UV damage as well as human cells, but remove far fewer dimers from their 
genomes overall. Our experiments also provide information about the effects of DNA damage on 
replication of specific sequences. Initial results suggest an inhibition of replication of 
the DHFR sequences during the repair period. 

3 

We are currently analyzing repair and replication in human cells in a similar manner. 

37 



Biochemical and Molecular Epidemiology of Cancer 

1229 CC SITES WITH ELEVATED W MUTATIONS I N  &r- E .  c o l i  HAVE ELEVATED ( 6 - 4 )  LESIONS 
BUT NOT ELEVATED CYCLOBUTANE PYRIMIDINE DIMERF, Douglas E .  Brash, Roeland Schaaper,  

T J i l l i a m  A. Hase l t i ne ,  and Barry Glickman, Na t iona l  Cancer I n s t i t u t e ,  Rethesda, MD 2020.5, 
Na t iona l  I n s t i t u t e  of Environmental Heal th  Sc iences ,  Research Tr i ang le  Park ,  NC. and 
Dana-Farber Cancer I n s t i t u t e ,  Boston, MA 02115 

- Dcm- We 
f i n d  t h a t  t h e  W-induced mutation frequency a t  such s i t e s  i s  e l eva ted  i n  +- compared t o  
wild-type. The frequency of W-induced pyrimidine-pyrimidone ( 6 - 4 )  photoproducts is  
e l eva ted  i n  - dcm- a t  t h e s e  s i t e s ,  bu t  cyc lobutane  pyrimidine dimers are n o t .  

These r e s u l t s  sugges t  t h a t  a t  t h e s e  sequences i n  wild-type E .  c o l i ,  t h e  W premutagenic 
l e s i o n  is  no t  t h e  cyclobutane pyr imidine  dimer and is  t h e  pyrimidine-pyrimidone ( 6 - 4 )  
photoproduct.  

-~ E .  c o l i  do no t  methyla te  t h e  3'  cy tos ine  of CCA/,GG sequences i n  t h e  lacI gene. 

1230 MOLECULAR ~ C H A N I S M S  OF CHEMICAL UUICINOGENESIS, R.W. Chambers, R.G. Fenwick, S.W. 
C l ine ,  S.S. Tsang and L. I re land ,  Dalhousie Un ive rs i t y ,  Ha l i f ax ,  Nova Sco t ia  63H 4H7 

We are developing a s i t e - s p e c i f i c  mutagenesis system t o  s tudy  the  carc inogen ic  a c t i v i t y  o f  
s ing le ,  we l l  charac ter ized ,  cova len t  adducts t h a t  represent  p roduc ts  known t o  form when 
s p e c i f i c  carcinogens r e a c t  w i t h  DNA i n  v i vo .  Our approach i s  based on the  bacter iophage 
system we have developed f o r  s t u d y i n g t h e g l e c u l a r  mechanisms o f  muta t ion  by carcinogens. 
The carcinogen adduct t o  be s tud ied  (e.g. 0 -methyl guanine) i s  in t roduced i n t o  an o l i g o -  
nuc leo t i de  o f  p rese lec ted  sequence by chemical syn thes is  and incorpora ted  i n t o  b i o l o g i c a l l y  
a c t i v e  DNA enzymat ica l l y .  The mutagenic a c t i v i t y  o f  t he  adduct i s  then examined us ing  s u i t -  
ab le  t e s t  c e l l s .  For our carc inogenes is  s tud ies  we have rec loned t h e  human Ha-ras oncogene, 
T24, and i t s  protooncogene counterpar t  i n t o  M13mplO. From v i r a l  clones, wehave  i s o l a t e d  
s i n g l e  stranded DNA corresponding t o  t h e  + and - s t rands  o f  these 2 genes. We have con- 
s t r u c t e d  the  4 poss ib le  p a r t i a l  duplexes by h y b r i d i z i n g  the  appropr ia te  s t rands  and shown 
t h a t  onclonc, ponclonc and onclponc, bu t  no t  ponclponc t rans form NIH/3T3 c e l l s .  These s s  
DNA's p rov ide  t h e  s t a r t i n g  m a t e r i a l  f o r  p o s i t i o n i n g  s i t e - s p e c i f i c  adducts i n  e i t h e r  the  12 th  
o r  61s t  codon. We have cons t ruc ted  a DNA t h a t  t rans forms NIHl3T3 c e l l s  by  enzymatic elonga- 
t i o n  o f  an o l i g o n u c l e o t i d e  c a r r y i n g  the  12 th  codon o f  t he  ras  oncogene on a protooncogene 
template,  c u t t i n g  the  crude produc ts  w i t h  Xhol + C la l ,  anhi-solat ing t h e  5392 r e s t r i c t i o n  
f ragment.  We are c u r r e n t l y  us ing  t h i s  method t o  s tudy  the  t rans forming a c t i v i t y  o f  severa l  
a l k y l  adducts t h a t  are known produc ts  when a l k y l  n i t r o s o  compounds r e a c t  w i t h  DNA i n  v ivo .  
S i m i l a r  s tud ies  are  under way w i t h  s i t e - s p e c i f i c  mod i f i ca t i ons  l oca ted  i n  the  6 1 s € 7 5 % .  
Th is  work was supported by  the  Nat iona l  Cancer I n s t i t u t e  o f  Canada. 

1231 REPLICATIVE AND R E P A I R  DNA LIGASE ACTIVITIES DURING HEPATOCARCINOGENESIS. John Y. 
H. Chan and F reder i ck  F. Becker, The U n i v e r s i t y  o f  Texas M. D. Anderson Hosp i ta l  
and Tunor I n s t i t u t e ,  Houston, TX 77030 

A p rogress ive  accunu la t ion  o f  DNA breaks has been repor ted  t o  occur i n  nuc lear  DNA 
obta ined from p u t a t i v e  premal i gnan t  hepa t i c  l e s i o n s  induced b y  carcinogens. To determine 
i f  t h i s  a l t e r a t i o n  r e s u l t e d  f rom a de fec t  i n  l i g a t i o n ,  DNA l i gases  were compared i n  normal 
r a t  l i v e r ,  24-h regenera t ing  l i v e r  and i n  hepa t i c  nodules a t  i n t e r v a l s  a f t e r  cessat ion  o f  
N-2-acetylaminof luorene (AAF) t reatment.  M u l t i p l e  forms o f  nuc lear  DNA l i g a s e  a c t i v i t y  
were de tec ted  b y  gel  f i l t r a t i o n  chromatography. The a c t i v i t i e s  o f  t he  r e p l i c a t i v e  
species, DNA l i g a s e  I a  (480 kd) and DNA l i g a s e  I b  (240 Kd), were increased 4 - fo ld  and 2- 
f o l d  above normal r a t  l i v e r ,  respec t i ve l y ,  i n  24-h regenera t ing  l i v e r s ,  w h i l e  i n  AAF- 
induced nodules, these species were increased 3 - f o l d  and 1.5-fold. DNA l i g a s e  I 1  (80 Kd) 
the  r e p a i r  enzyne, was found i n  bo th  so lub le  nuc lear  f r a c t i o n s  and chromat in a t  approx i -  
ma te l y  i d e n t i c a l  l e v e l s  i n  a l l  t i ssues  tested. The var ious  l i g a s e  demonstrated i d e n t i c a l  
responses t o  s a l t  and heat  i n  a l l  t i ssues .  The f a i l u r e  t o  de tec t  s i g n i f i c a n t  a l t e r a t i o n s  
i n  a c t i v i t y  o f  l i g a s e s  i n  the  hepa t i c  nodules o r  i n  t h e i r  b iochemical  c h a r a c t e r i s t i c s  
i n d i c a t e  t h a t  t he  accunu la t ion  o f  DNA damage (presunab ly  breaks) i s  n o t  due t o  an a l t e r a -  
t i o n  i n  l e v e l  o r  t he  biochemical  p roper t i es  o f  DNA l igases .  However, exper iments on the  
r e s t r i c t i o n  o f  templa te  a c t i v i t i e s  and endonuclease s e n s i t i v i t i e s  i n d i c a t e  t h a t  conforma- 
t i o n a l  changes i n  nodu lar  chromat in may be the  cause f o r  t he  accunulated DNA breaks. 
Supported b y  NIH g ran t  CA 20657. 
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1232 TRANSFER OF CHINESE HAMSTER DNA REPAIR GENE(S) INTO W-SENSITIVE REPAIR-DEFICIENT 
HUMAN CELLS (XP), James E. Cleaver and Deneb Karentz, Laboratory of Radiobiology, 
University of California, San Francisco, CA 94143 

Xeroderma pigmentosum (XP) is an inherited human disease which is caused by the inability of 
cells to repair W-damage to DNA. 
many similar groups in Chinese hamster ovary (CHO) cells. Thus far, cloning repair genes by 
genomic transfection has failed in XP cells. We have designed experiments to transfer whole 
chromosomal fragments from repair competent CHO cells into XP cells in order to identify DNA 
sequences from CHO cells which function in repairing DNA of X P  cells. 
were fused to DNA repair-deficient human fibroblasts (XP12RO) using polyethylene glycol. 
resistant hybrids were selected by periodic exposures to UV light. 
tertiary hybrids have been selected with progressively lower amounts of CHO DNA. 
lines have slightly higher chromosome numbers than XPl2RO cells. 
indicate that these hybrids contain varying proportions of CHO DNA and are not XP12RO rever- 
tants. 
they are also proficient at repair replication after W exposure. DNA hybridization techn- 
iques are being applied to identify hamster repeated sequences which have become integrated 
into the hybrid genomes. 
other W-resistant processes can be cloned from these XP12RO-CHO hybrids. 
U.S. Department of Energy and National Institute of Environmental Health and Safety. 

There are at least 9 complementation groups in XP and 

X-irradiated CHO cells 
UV- 

Hybrid cell 
Several secondary and 

DNA-DNA hybridizations 

The hybrid lines exhibit resistance to W that is comparable to that of CHO cells and 

It is expected that hamster genes coding for repair enzymes or 
Work supported by 

1233 REPAIR OF @-METHYLGUANINE IN  VARIOUS HUMAN CELL TYPES. Steven M. DfAmbroslo. 
Gu lza r  Wanl. Ruth E. Glbson-DfAmbroslo and A l t a f  A. Wanl. Ohlo S t a t e  
Unlvers l ty ,  Columbus, Dhlo 43210. 

The perststance o f  t he  06-alkylguanlne les lon I n  the  DNA o f  ce r ta ln  anlmal t lssues has 
been Imp1 lcated I n  the  carclnogenlc e f f e c t  o f  nltrosoureas. However. comparatlvely 
llttle I s  known about t h e  e f f e c t s  o f  nltrosoureas and t h e  re la t l onsh lp  o f  DNA leslons t o  
t h e  Induction o f  human cancers. I n  order t o  be t te r  understand how various human t l ssue  
and c e l l  types respond t o  carcfnogenlc Insul t .  we developed procedures f o r  cu l tu r l ng  
human f e t a l  e p l t h e l l a l  ( I n t e s t i n e  and kldney). f l b r o b l a s t  (skin), g l i a l  and neuronal 
(b ra ln )  cel I types. Uslng these cel I cu l tu res  , we characterlzed t h e  c e l l u l a r  k l n e t l c s  
f o r  t h e  r e p a l r  o f  O6-methylguan1ne. Cells were t r e a t e d  w l t h  150 I@ C3Hlmethyl- 
n l t rosourea f o r  30 mln. A t  0 t o  4 h r  post treatment. t h e  DNA was extracted. ac ld  
hydrolyzed and t h e  methylated bases separated by hplc. Cells derived from a l l  4 
t lssues are p r o f l c l e n t  f o r  t h e  repa l r  of 06-methylguanlne. The k l n e t l c s  f o r  repa l r  
appears t o  be b lphaslc  w l th  an l n l t l a l  rap ld  phase fol lowed by a slower phase. The 
h a l f - l l f e  f o r  removal of t h l s  l es lon  Is 30 (braln, sk ln)  t o  60 (kldney, I n tes t l ne )  mln. 
Four hours post treatment. 65%, 67%, 75% and 80% o f  t he  06-methylguanine was repai red I n  
kldney, In test ine,  sk ln  and b r a l n  derlved cel I s  respectlvely. Durlng t h i s  perlod. (15% 
o f  the  W-methylguanlne was rtwnov'ed from the  DNA of al  I cel I types. Supported by grants 
from the  NlEHS ( E S J l O l )  and USEPA (R810146). 

ONCOGENES, INTERFERON, AND DNA REPAIR, Rufus S .  Day, 111 *, Takashi Yagi*, 
and Carole Heilmant, Laboratory of Molecular Carcinogenesis* and Laboratory 
of Experimental Carcinogenesis , DCE, NCI, NIH, Bethesda, MD 20205. 

1234 

The RS 485 strain is a line of NIH3T3 cells transformed by the human c-Ha-zl oncogene 
activated by an LTR from Ha-MuSV (Chang, E.H., et al., Nature 297, 479, 1982). Compared 
to NIH3T3 cells, RS 485 is deficient in ability to repair 06-mexylguanine in DNA and is 
hypersensitive to inactivation by choroethylnitrosourea, (CNU), du agent that selectively 
kills cells lacking the ability to repair 06-methylguanine. 
feron-produced reversion of the morphologically transformed RS 485 cells to morphologically 
flat colonies (Samid, D., et al., Biochem. Biophys. Res. Comun. 2, 21, 1984) is often 
accompanied by a recovery of DNA repair. Two of three flat colonies isolated showed both 
enhanced repair of 06-methylguanine and increased resistance to killing by CNU. 
third, although somewhat flatter than RS 485, has the repair defect characteristic of 
RS 485. Samid et al. also showed that the flat revertants produced by interferon treat- 
ment of RS 485 had decreased transcription of the H a - E l  gene. In preliminary studies, 
our data is similar to that of Samid et al. One repair-proficient flat revertant had 
reduced transcription of H a - E l ,  whereas the repair-deficient revertant did not. 

strains by SV40 was accompanied by loss  of DNA repair (Day, et al. Nature 288, 724, 1980). 
In the case of transformation of NIH3T3 cells by the c-Ha-rasl gene such transformation- 
linked shutoff of DNA repair appears closely linked to expGsion of the oncogene. 

We have found that the inter- 

The 

In earlier studies of human cells, transformation of each of three human fibroblast 
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1235 EFFECTS OF UV LESIONS UPON SV40 REPLICATION FORKS, Howard J. 
Edenberg and Cheryl A. Berger, Dept. of  Biochemistry, Indiana Univ. 
School of Medicine, Indianapolis, Indiana 46227. 

To examine the mechanism by which ultraviolet photoproducts inhibit DNA 
replication in mammalian cells, we are studying the replication of Simian 
Virus 40 (SV40) in monkey cells. UV causes a rapid and dramatic reduction 
in the amount of labeled thymidine incorporated into SV40 DNA. The fraction 
of molecules able to complete replication is even more severely depressed. 
Analyses of the molecules made after UV indicate that they are replication 
intermediates in which synthesis of  daughter strands is blocked. The sizes 
o f  the daughter strands suggests blockage at the sites of pyrimidine dimers 
(see Edenberg, Virology 128, 298-709). Taken together, these data suggest 
that replication forks are blocked when they encounter pyrimidine dimers in 
the template for the continuously synthesized strand. Preliminary results 
from electron microscopy of replication intermediates support this 
interpretation. 

1236 PROMOTION, ANTIPROMOTION, AND REPAIRlMISREPAIR PROCESSES IN RADIATION-INDUCED NEO- 
PLASTIC TRANSFORMATION. *M.M.Elkind, **C.K.Hill, and ***A.Hanl , *Dept. of Radiol. & 
Radiat. Biol., Colo. State Univ., Ft. Collins,CO 80523; **Div. of Biol. & Med. Res., 
Argonne Nat. Lab., Argonne,IL 60439; ***Univ. of So. Calif., Los Angeles, CA 90015. 

Using C3H mouse 10T%cells, we have been studying the radiobiology of neoplastic transform- 
ation in vitro. Earlier results showed that protracting the exposure to a sparsely ion- 
izing radiation, i.e., 6oCo y-rays, led to a reduced frequency [A.Han et al., Cancer Res. 
- 40, 3328 (1980); C.K.Hi11 %&., Carcinogenesis 2, 193, (1984)l w h e r e ~ ~ o t r a c t i o n  of a 
densely ionizing radiation, i.e., fission-spectrum neutrons, increased the frequency [C. K. 
Hill et&., Int. J. Radiat. Biol. 5, 11 (1984)l. 
We now report that the phorbol ester, TPA, has a differential effect on the enhanced fre- 
quency that is observed depending upon the quality of the radiation. Although TPA in- 
creases transformation after both kinds of radiation, the magnitude of the change is char- 
acteristically different for y-rays = fission-spectrum neutrons. Also, preliminary data 
show that Antipain can reverse the enhanced frequency due to the protraction of neutron 
exposures. We interpret the effect of TPA to indicate that it acts to express a late event 
but one whose properties depend on the quality of the radiation used. (Work supported by 
the U.S. Dept. of Energy, Contract No. W-31-109-ENG-38, and the U.S. Nat. Cancer Institute, 
Grant No. CA 29940.) 
‘Deceased, 7 May 1984. 

1237 REPAIR OF W LIGHT-INDUCED (6-4) PHOTOPRODUCTS IN HUMAN CELL LINES 
William A. Franklin and William A. Haseltine, Laboratory of Biochemical 
Pharmacology, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA 

UV light-induced (6-4) photoproducts are DNA adducts formed between adjacent pyrimidines 
in a DNA strand. Although these products are less abundant than cyclobutane pyrimidine 
dimers, (6-4) products have been implicated as premutagenic lesions in several 
prokaryotic systems. In g .  &, (6-4) products are removed from the cellular DNA by the 
uvrABC enzymatic excision complex. 

The removal of (6-4) products was measured i n  a series of human cell lines. HeLa cells, 
GM637 cells (SV40 transformed fibroblasts) could effectively remove both TOT 
cyclobutane dimers and TC (6-4) products from DNA. Two xeroderma pigmentosum cell lines, 
MI (SV40 transformed complementation group A fibroblasts) and GM2995 (SV40 transformed 
complementation group C fibroblasts) were unable to excise cyclobutane dimers, but 
demonstrated excision of the TC (6-4) product. A revertant cell line, XPRHlO, showed 
efficient removal of both dimers and (6-4)  photoproducts. These results suggest a 
possible difference in the excision pathways for these two types of W light-induced 
lesions. 

- 
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1238 THE MOLECULAR CLONING AND CHARACTERIZATION OF YEAST GENES REQUIRED 
FOR EXCISION REPAIR OF DNA - E.C. Friedberg, J. Chenevert, R. Fleer, L. Naumovski, G. 
Pure, G.W. Robinson, W. Weiss and E. Yang, Department of Pathology, Stanford University School of 
Medicine, Stanford, CA 94305 
By screening a yeast  genomic library we have isolated recombinant DNA plasmids tha t  complement 
the sensitivity to ultraviolet (UV) radiation of r ad l  rad2 rad3 rad4 and radlO mutants of & - cerevisiae. Genetic analysis following i n t e g r a t i o z '  t h e 1 o n e d ; e a s t i n s e r t X o  the genome of 
appropriate yeast  strains demonstrated that  some of t he  plasmids contain the yeast  RAD1, RADZ, 
RAD3 or RADlO genes. A plasmid that uniquely complements t he  ochre mutant rad4-3, contains a 
normal t R p  gene that  partially suppresses the ochre mutation when present in high copy 
number. The complete nucleotide sequence of the RADl and RAD3 genes have been established and 
the  location and nature of the  rad3-1 and r a d 3 - z t a t i o n s h a v e  been identified by sequence 
analysis. The RADl gene could encode a p r o m  of GllOkDa and RAD3 could encode a protein of 
n,9OkDa. T h e m  gene encodes a mRNA 3.2kb in size which c o w e l d  a protein of n, 128kDa. 

The smallest s u i e  of RADlO that  fully complements radlO mutants is  l.lkb. Hence the RADlO 
protein may not be larger than G44kDa. The RADS g e n e i s e s s e n t i a l  for the viability of haploid 
yeast  in the absence of DNA damage, however, RADl and RAD2 a r e  not essential genes. W e  have 
constructed fusions between the 5' regulatory r e g x o f  genes and the 3' region of the 
-- E. coli lack gene. By transforming cells with various fusion plasmids, we have established tha t  t he  
expression of neither RADl nor RADS is  induced by DNA damage. 

1239 TRANSFORMATION OF N O R M A L  H U M A N  FIBROBLASTS WITH v-SIS VIA D N A  
TRANSFECTION, Dennis G. Fry, Lonnie D. Milam, Veronica M. Maher, and J. Justin 

McCormick, Carcinogenesis Laboratory, Michigan S ta t e  University, East Lansing, M I  48824-1316. 
The oncogene of Simian Sarcoma Virus (v-sis) has a high degree of homology to  the cellular gene 
for platelet-derived growth factor,  a potent mitogen for fibroblasts in culture. The cellular homolog 
of v-sis has been found t o  be activated in some human tumors and tumor cell lines. We constructed 
plasmids in which t h e  SSV-provirus is linked to  a dominant selectable marker for mammalian cells, 
i.e., resistance t o  either Geneticin or mycophenolic acid. We used a DNA transfection technique 
to  insert this recombinant plasmid into normal human fibroblasts. Following selection of antibiotic 
resistant cells, we detected the presence of the transfected v-sis gene by hybridization analysis 
within cellular genomic DNA. ,The  cells transfected with the recombinant plasmid formed foci, 
grew to  higher densities, and had altered growth kinetics when compared to  cells transfected with 
the vector plasmid alone. Supported by DOE Contract 0459. 

1240 PATHOBIOLOGICAL EFFECTS OF TOBACCO SMOKE CONDENSATE ( T S C )  FRACTIONS A N D  SMOKE- 
R E L A T E D  ALDEHYDES IN C U L T U R E D  NORMAL HUMAN BRONCHIAL EPITHELIAL CELLS, R.C. 

Gra f s t rm* ,  J.C. Willey**, and C.C. Harris**; *Department of Toxicology, Karolinska 
I n s t i t u t e ,  S-10401 Stockholm, Sweden, **Laboratory of Human Carcinogenesis ,  NCI, NIH, 
Bethesda, MO 20205 
The biological  e f f e c t s  of TSC and t h e  smoke-related aldehydes: a c r o l e i n ,  formaldehyde and 
acetaldehyde,  a r e  p re sen t ly  being inves t iga t ed  i n  cu l tu red  human bronchial  e p i t h e l i a l  
c e l l s .  Total condensate,  a s emivo la t i l e  f r a c t i o n  and a nonvo la t i l e  f r a c t i o n  a r e  each 
markedly cy to tox ic  and decrease colony su rv iva l  and clonal  growth a t  10 t o  100 ug/ml 
concentrat ions.  
pM1 than formaldehyde (CFE 
( C F E 5 ~ ,  10 M). TSC and d!?ierent f r a c t i o n s  obtained by d e s t i l l a t i o n  o r  so lven t  e x t r -  
ac t ions  var iably induce squamous d i f f e r e n t i a t i o n  of e p i t h e l i a l  c e l l s  a s  judged by increased 
c e l l  su r f ace  a rea ,  plasminogen a c t i v a t o r  a c t i v i t y  and formation of cross- l inked enve- 
lopes.  Coincubation w i t h  N-acetyl cys t e ine  s i g n i f i c a n t l y  i n h i b i t s  TSC-i nduced cy to tox ic i  t y  
and d i f f e r e n t i a t i o n .  Pathobiological  e f f e c t s  caused by aldehydes i n  bronchial  c e l l s  in-  
c lude reproduct ive s t e r i l i z a t i o n ,  enhanced formation of cross- l inked envelopes,  DNA s i n g l e  
s t r and  breaks,  DNA p ro te in  c ros s - l inks ,  t h i o l  dep le t ion ,  i n h i b i t i o n  of DNA r e p a i r  and muta- 
t i o n s .  These studies i n d i c a t e  t h a t  several  aldehydes and nonvo la t i l e ,  mainly neu t r a l -  
methanol ex t r ac t ab le ,  compounds i n  tobacco smoke cause many pathobiological  e f f e c t s  t h a t  
r e l a t e  t o  mul t i s t age  carcinogenesis  i n  the human bronchial  epi thel ium. 

Acrolein i s  more cy to tox ic  [50% i n h i b i t i o n  of CFE (CFE o)  occurred a t  2 
400 P M )  which i n  turn i s  more cy to tox ic  t zan  acetaldehyde 
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1241 ANALYSIS OF AFLATOXINS IN URINE USING MONOCLONAL ANTIBODY AFFINITY CHROMATOGRAPHY, 
John D. Groopman, Paul R. Donahue and Gerald N. Wogan, Boston University School of 

Public Health, Boston MA 02118 and Massachusetts Institute of Technology, Cambridge MA 
02139 

Monoclonal antibodies specific for aflatoxins were obtained following fusion of mouse SP-2 
myeloma cells with spleen cells of mice immunized with aflatoxin 81 covalently bound to 
bovine gamma globulin. One of the monoclonal antibodies isolated (2Bll) was found to be a 
high affinity IgM antibody with an affinity constant for aflatoxin B1, aflatoxin B2 and 
aflatoxin M1 of about 1 x 109 liters per mole. 
reactivity for the major aflatoxin-DNA adducts. 
Sepharose-4B and employed in a column-based solid phase immunosorbent assay system. 
Aflatoxins added in vitro to samples at levels expected to be obtained in human samples 
acquired from environmentally exposed individuals were quantitatively recovered from the 
reusable antibody affinity column. In studies using urine samples from rats injected with 
radiolabeled [14C]-aflatoxin B1, we have evidence that aflatoxin metabolites, including 
aflatoxin MI, can be isolated by these methods. 
to the analysis of human urine samples obtained from people exposed to aflatoxin B1. 
liminary data, confirmed by HPLC, reveals that aflatoxin MI can be quantified in these 
samples. 

The antibody also has significant cross- 
The antibody was covalently bound to 

We have als? applied these methodologies 
Pre- 

1242 DIFETRDWIPL CAPACITIES FOR DNA REPAIR IN VARIOZE; CELLTYPIS OF THE LUNG 
Rage Haugen, 'Ibralf Mlhaug, Tore Aune, Hans Wkan and B j @ m  Mymes. Depaament 

of 'It~xicology, National Institute of Public Health, 0462 Oslo 4 ,  Mnuay, and Institute of 
Medical Biology, Miversity of horns@, 9001TramS@, i%rway. 

DNA repair plays an irnprtant role in  protecting the gerrme against carcimgens. Scme 
chemically induced cancers preferentially appear within organs or  subppulations of cells 
having lay capacity for repair of cr i t ical  DNA lesions. mpiratory tract tissue is target 
organ for inhaled xambiotics kmwn to  interact with DNA. The ability t o  repair damaged DNA 
w a s  determind in different ce l l  populations of rabbit lung cells isolated by centrifugal 
elutriation. A dose dependent level of DNA excision repair was observed in  alveolar type I1 
cells after expsure to the direct acting alkylating agents K--n&hyl-N'-nitmN-nitmSG- 
yumidine @"CAI N-ethyl-N-nitrosourea (ENU) and methyl methanesulpbnate ( M E . ) .  F u r t k ~  
mre, 06-alkylguanine-DNA alkyltransferase activity was easily detectable in  alveolar type 
I1 cells and alveolar macmphg~.  In contrast, mnciliated (Clara) cells had 4-20 fold 
h e r  lweh of DNA excision repair and mn-detectable levels of 06-a lkylguanine~~~ 
alkyltransferase. Uracil-DNA glycosylase a c t i v i t i g  in  Clara cells and alveolar type I1 
cells were in the same range and had +fold h e r  activity than alveolar macrophages. Our 
firdings indicate that various lung cells differ in  DNA repair capacity and may thus differ 
in  sensitivity to some carcimgens. 

1243 MAMMALIAN ENWNUCLEASE INCISES DNA AT SITES OF PYRIMIDINE OXIDATIVE DAMAGE, 
Dag E.Helland,Paul W.Doetsch and William A.Haseltine.Dana Farber Cancer Institute, 
Boston,MA 02150. 

We have studied the activity of an endonuclease isolated from calf thymus that in 
the absence of magnesium incises DNA irradiated with high doses of W light and 
DNA damaged by Os04 , H202 ! KMn04 and#-rays. End labelled DNA fragments of 
defined sequences were utilized as substrates. 
Following lii-irradiation, enzyme incision of DNA occured exclusively at sites of 
cytosine wheras with OsO incision occured exclusively at sites of thymine. DNA 
treated with H202, KMnIJl or Y-rays was incised by the enzyme at sites of both 
cytosine and thymine. 
Our results suggests that: 

1) After W-irradiation cytosine is converted more frequently than thymine 

2) 

3 )  A mammalian enzyme that may mediate an important role in removal of oxida- 

to adducts other than cyclobutane dimers and (6-4)photoproducts. 
The formation of thymine glycol following W-irradiation with high doses 
is minimal. 

tive DNA damage has been found. 
The mechanism of DNA incision by this enzyme will be discussed. 
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1244 REDUCTION OF NEOPLASTIC TRANSFORMATION AT REOUCEU UOSE RATES OF 6oC0 I-RAYS 
IS AMPLIFIED BY TPA, C. K. H i l l ,  A. Han and M. M. E l k ind .  Argonne Na t iona l  
Labora tory ,  Argonne, IL  60439 

We have s tud ied  t rans fo rma t ion  i n  mouse embryo C3H 10T1/2 c e l l s  con t inuous ly  i r r a d i a t e d ,  a t  
10 radslday, throughout t h e  use fu l  l i f e - s p a n  o f  these c e l l s  i n  c u l t u r e .  A t  cumula t ive  
t o t a l  doses o f  50, 150, 300, and 450 rads, a l i q u o t s  o f  t he  c e l l s  were assayed f o r  c e l l  sur-  
v i v a l  and neop las t i c  t rans fo rma t ion  w i t h  o r  w i thou t  0.1 pg/inl o f  TPA added 24 h a f t e r  
i r r a d i a t i o n .  P re l im ina ry  r e s u l t s  suggest t h a t  a t  10 rads/day neop las t i c  t rans fo rma t ion  i s  
reduced t o  a low leve l ,  which i s ,  however, s t i l l  s i g n i f i c a n t l y  above background. These 
r e s u l t s  a re  cons is ten t  w i t h  p rev ious  data recorded a t  144 radslday which showed t h a t  e a r l y  
r a d i a t i o n  events cou ld  be repa i red  s i g n i f i c a n t l y  t o  reduce the  frequency o f  t rans fo rma t ion  
f rom t h a t  observed a f t e r  s ing le ,  b r i e f  doses LA. Han e t  al., Cancer Res. 40, 3328, 
(1980)l .  The a d d i t i o n  o f  TPA s i y n i f i c a n t l y  increases the  frequency due t o  10Tads/day .  
Thus f a r  t he  data suggest t h a t  TPA increases the  frequency on ly  t o  the  l e v e l  one would 
expect from the  same dose o f  i r r a d i a t i o n  g iven as a s i n g l e  acute exposure and not t o  t h e  
l e v e l  seen i f  the  same acute dose o f  r a d i a t i o n  i s  fo l lowed by TPA. These r e s u l t s  suggest 
t h e r e f o r e  t h a t  du r ing  a very prolonged i r r a d i a t i o n  a slow r e p a i r  process occurs i n  d d d i t i o n  
t o  the  e a r l y  r e p a i r  t h a t  depends on dose ra te .  It i s  c lea r ,  however, from the  f a c t  t h a t  
TPA s t i l l  a m p l i f i e s  t rans fo rma t ion  t h a t  some s u b e f f e c t i v e  damage s t i l l  remains i n  the  c e l l s  
even when i r r a d i a t i o n  i s  g iven  a t  t he  low dose r a t e  o f  10 radslday. (Work supported by the  
U.S. DOE under con t rac t  No. 31-109-ENG-38 and N C I  g ran t  No. CA 29940.) 

1245 
I n s t .  f o r  Research i n  Cancer, Univ.  o f  Nebraska Med. C t r . ,  Omaha, NE 68105 
The cytochrome P450-dependent monooxygenases (P450) a re  an i n d u c i b l e  f a m i l y  o f  isozymes i n -  
vo lved i n  t h e  b io t rans fo rma t ion  o f  many substances t o  in te rmed ia tes  capable o f  i n t e r a c t i n g  
w i t h  macromolecules, e.g. DNA. To e l u c i d a t e  t h e  mechanism o f  p o l y c y c l i c  hydrocarbon (PHI 
i n d u c t i o n  o f  P450c, two r a t  genomic l i b r a r i e s  were screened w i t h  a P450c cONA probe and two 
ove r lapp ing  c lones  were i s o l a t e d .  DNA sequence ana lys i s  revea led  a gene 6.1 k b  i n  l eng th  
w i t h  7 exons and 6 i n t r o n s .  P o t e n t i a l  r e g u l a t o r y  sequences bo th  5 '  t o  the  gene as w e l l  as 
i n  i n t r o n  1 a r e  be ing  s tud ied .  I n  o rde r  t o  a f f i r m  ou r  hypothes is  t h a t  P450c gene express ion  
i s  enhanced by  i n t e r a c t i o n  a t  t he  chromat in  l eve l ,  t h e  a b i l i t y  o f  t h e  "charged" 45 PH b ind -  
i n g  p r o t e i n  t o  i n t e r a c t  s p e c i f i c a l l y  w i t h  t o t a l  r a t  DNA o r  our genomic subclones was ex- 
amined. S p e c i f i c  b i n d i n g  occurs w i t h  r a d i o l a b e l e d  t o t a l  r a t  DNA and can be e f f e c t i v e l y  i n -  
h i b i t e d  w i t h  our un labe led  genomic subclones. We have a l s o  examined t h e  s teady -s ta te  l e v e l s  
o f  nuc lear  i n te rmed ia tes  t o  the  mature mRNA a t  d i f f e r e n t  t imes a f t e r  a s i n g l e  i n j e c t i o n  o f  
PH. Our da ta  suggest t h a t  nuc lear  p rocess ing  i s  no t  a r a t e  l i m i t i n g  s tep  i n  induc t i on .  
Since t h e  r a t  gene probes c ross -hyb r id i ze  w i t h  human DNA, we have a l s o  i s o l a t e d  t h e  human 
P450c gene. S t r u c t u r a l  i n fo rma t ion  i s  h i g h l y  conserved between the  human and r a t ,  b u t  
d i f f e r e n c e s  i n  the  o v e r a l l  exon / in t ron  s t r u c t u r e  a re  seen. S tud ies  a re  c u r r e n t l y  i n  p ro -  
g ress  t o  examine t h e  express ion  o f  human P450c i n  lymphocytes and f i b r o b l a s t s  f rom smokers, 
non-smokers and cancer p a t i e n t s .  Supported by  N I H  Grant  No. CA36106 and Nebr. S t a t e  Oept. 
H l t h .  Grant  No. 85-25. 

REGULATION OF EXPRESSION OF RAT AND HUMAN CYTOCHROME P450c, R.N. Hines, W.H. 
Houser, P.L. Iversen,  R. Foldes, W. Heiger,  R.L. Conrad and E. Bresn ick ,  Eppley 

1246 MOLECULAR AND CELL BIOLOGICAL CHARACTERIZATION OF A HUMAN GENE INVOLVED I N  EXCISION 
REPAIR, Jan H.J. Hoeijmakers, Andr ies Westerveld,  Marcel van Duin, Jan de W i t ,  
Hannie O d i j k ,  Marcel  Koken and D i r k  Bootsma. 

The autosomal recess ive  syndrome xeroderma pigmentosum (XP) i s  cha rac te r i zed  by extreme 
s e n s i t i v i t y  o f  t he  s k i n  t o  s u n l i g h t  and p r e d i s p o s i t i o n  t o  s k i n  cancer. The pr imary  de fec t  
i n  most XP p a t i e n t s  i s  thought t o  be a d e f i c i e n c y  i n  the  e x c i s i o n  r e p a i r  o f  DNA les ions .  
The mechanism o f  t h i s  main DNA r e p a i r  pathway i n  mammalian c e l l s  i s  p o o r l y  understood. To 
i n v e s t i g a t e  the  genes and p r o t e i n s  invo lved i n  e x c i s i o n  DNA r e p a i r  we have r e c e n t l y  c loned 
a human gene complementing the  e x c i s i o n  r e p a i r  de fec t  o f  a UV and mitomycin C (MM-C) sen- 
s i t i v e  Chinese hamster c e l l  I i ne i  (CH043-36) (Westerveld e t  a l . ,  Nature 210, 425, 1984). 
The c l o n i n g  o f  t h i s  gene, designated ERCC-1 was arch ieved by gene t r a n s f e c t i o n  and cosmid 
c l o n i n g  i n  E .co l i .  A f t e r  t r a n s f e c t i o n m l  induces r e p a i r  p r o f i c i e n c y  i n  CH043-38 ce l  Is 
w i t h  respec t  t o  UV and MM-C s u r v i v a l ,  dimer removal and UDS. I t  has a s i z e  o f  15-16 kbp and 
con ta ins  a t  l e a s t  8 exons. One major RNA ( 1 . 1  kb) h y b r i d i z i n g  w i t h  ERCC-1 probes i s  found i n  
a v a r i e t y  o f  human c e l l s .  P re l im ina ry  exper iments suggest t h a t  U V - i r r a d i a t i o n  has no major 
e f f e c t  on t h e i r  t r a n s c r i p t i o n .  Nuc leo t ide  sequence in fo rma t ion  o f  t he  1 . 1  kb RNA and da ta  on 
the  chromosomal l o c a l i z a t i o n  o f  ERCC-1  w i l l  be presented. ERCC-1 i s  n o t  de le ted  o r  g ross l y  
rearranged i n  c e l l  l i n e s  f rom XP-ementation groups A,C,F and G, and does no t  induce 
r e p a i r  p r o f i c i e n c y  a f t e r  t r a n s f e c t i o n  t o  SV40 transformed XP-A and F f i b r o b l a s t s .  The re -  
l a t i o n s h i p  o f  - w i t h  o t h e r  XP complementation groups and o t h e r  human syndromes asso- 
c i a t e d  w i t h  DNA r e p a i r  de fec ts  such as Fancon i ' s  anemia, i s  p r e s e n t l y  under i n v e s t i g a t i o n .  
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1247 PROPERTIES OF A MAMMALIAN 3-METHYLADENINE DNA GLYCOSYLASE, Kjell Kleppe, Rune Male, 
Dag Helland, BjWn Ivar Haukanes and Karl-Henning Kalland, Department of Bicche- 
mistry, University of Bergen, Bergen, Norway. 

3-Methyladenine-DNA glycosylase from calf thymus has been purified and characterized. TWO 
species of molecular weight 42 and 27 kd were found. in the nucleus only the low-molecular 
weight form was present bound to the chromatin. 'Ibe enzymatic properties of the two species 
appeared to be similar. They both released 3-methyladenine, 7-methylguanine and 3-methyl- 
guanine, listed in order uf decreasing activity. The chromatin associated enzymo was puri- 
fied to apparent homogeneity a d  found to be a basic protein having a PI greater than 9. 
It was inhibited by phydroxy mercuribenzoate, but this inhibition could be completely re- 
versed by addition of excess 2-mercaptoethanol. A number of different experiments demon- 
strated that the 3-methyladenine and 7-methylguanine releasing activities were located on 
the s e molecule. The K for the release of 3-methylad nine was found to be approximately 
SxlO-'M using calf t h d s  DNA as a substrate and 5xlO-'M with d(A-T) . The corresponding 
K for 7-methylguanine release was SxlO-' both for calf thymus DNA a d  d(G-C) . Addition of 
O m 1  mM spermine gave a marked increase in the rate of release of bases usiny "synthetic DNA 
substrates, whereas the K increased approximately 10 fold. The mechanism of action of the 
enzyme has also been invegtigated with DNAs of defined sequences. 

1248 RECOMBINANT DNA EXPRESSION VECTORS FOR STUDY OF DNA REPAIR I N  HUMAN CELLS. M. ProtiC- 
Sab l j iC  and K.H. Kraemer, Labora tory  of Molecular Carc inogenes is ,  NCI,Bethesda, MD. 

We have developed a n w e l  h o s t - c e l l  r e a c t i v a t i o n  assay  of DNA r e p a i r  u t i l i z i n g  W - i r r a d i a t e d  
plasmid vec tors .  We measured t r a n s i e n t  express ion  of t r a n s f e c t e d  genes 48 hours a f t e r  t r a n s f e r  
i n t o  human cells. Th i s  assay  p r imar i ly  r e f l e c t s  t r a n s c r i p t i o n a l  a c t i v i t y  of t h e  t r a n s f e c t e d  
DNA. UV-irradiated plasmids pSV2catSVgpt (7.3 kb ) ,  pSV2cat (5  k b ) ,  and pRSVcat (5.2 kb) were 
used. Chloramphenicol a c e t y l t r a n s f e r a s e  (CAT) and xanth ine  phosphoribosyltransferase (XPRT) 
a c t i v i t i e s  were measured by TLC. UV-induced dimer format ion  i n  t h e  plasmids w a s  q u a n t i t a t e d  
by t h e  d isappearance  of form I DNA on agarose  g e l s  fo l lowing  i r r a d i a t i o n  and T4-endonuclease 
V t rea tment .  I n  comparison t o  normal cel ls ,  xeroderma pigmentosum (XF') cells (complementation 
groups A and D) expressed W-damaged genes a t  much lower 1 v e l s  t han  they do non-irrad a t ed  

pSV2cat and 51 J/m2 f o r  pRSVcat i n  XP12BE(SV40) cells  and about 800 J / m 2  i n  normal cells 
(GM0637(SV40)). The s i m i l a r i t y  of t he  D37 data i n  these  XP group A cells f o r  3 plasmids of 
d i f f e r e n t  size sugges t  they a l l  have t h e  same W- inac t iva t ion  t a r g e t  s i ze .  Thus one W- 
induced dimer i n a c t i v a t e s  a t a r g e t  of about 2 kb ,  t e s i z e  of t h e  cat express ion  u n i t .  The 
D37 of t h e  XPRT i n a c t i v a t i o n  curve was about 136 J/m This  impl ies  a smaller 
t a r g e t  (0.7 kb) than  t h e  gpt  expres s ion  u n i t  (2.2 kb). Experiments wi th  acid-heat i nduc t ion  
of 0-4 AF' sites i n  pSV2catSVgpt i n d i c a t e  t h e  same i n a c t i v a t i o n  of c a t  i n  X P  groups A and D as 
i n  normal cells. This  s tudy  demonstrates t h a t  X P  cells are d e f e c t i v e  i n  t r a n s c r i p t i o n  of 
W-damaged t r a n s f e c t i n g  DNA. The t r a n s c r i p t i o n a l  a c t i v i t y  of damaged recombinant DNA expres- 
s i o n  vec to r s  may be u s e f u l  f o r  a s s e s s i n g  r e p a i r  of DNA i n  human cells. 

genes. The D37 of t he  CAT i n a c t i v a t i o n  curve was 58 J / m  'i f o r  pSVZcatSVgpt, 48 J/m' f o r  

4 i n  XP A cells. 

1249 INITIAL CHARACTERIZATION OF THE UNIOUE ARYLAMINE/DNA ADDUCT FORMED BY ACTIVATION 
OF 2-AMINOFLUORENE BY PRCSTAGLANDIN H SYNTHASE. Robert  S. Krauss and Thomas E. 
E l i n o  NIEHS/NIH Research T r i a n q l e  Park, NC 277179 

We have p r e v i o u s l y  demonstrated t h a t  Derox ida t i ve  a c t i v a t i o n  o f  2-aminof lourene (2-AF) by 
p ros tag land in  H synthase i n  the  presence o f  c a l f  thymus DNA in v i t ro  l eads  t o  t h e  format ion 
o f  DNA adducts t h a t  a re  p o l a r  ( i . e . ,  n o t  adsorbinq t o  Sephadex LH-20, poor e x t r a c t i o n  i n t o  
I -bu tano l )  and r e a c t i v e  ( i . e . ,  b ind inq  t o  glassware, adsorbinq t o  DNA d i g e s t i v e  enzymes) 
(Krauss and E l i np ,  Cancer Res. ,  i n  press,1985). Usinq a technique t h a t  employs e x t r a c t i o n  o f  
t he  adducts w i t h  0.1 M t e t rabu ty lamon ium ch lo r i de / l -bu tano l ,  porous- res in  p repara t i ve  HPLC, 
and reversed-phase HPLC, we have observed t h a t  one major  adduct i s  formed i n  t h i s  system. 
The p u r i f i e d  adduct shows UV absorbance maxima a t  327 and 270 nm, and does n o t  absorb pas t  
360 nm. pH-dependent p a r t i t i o n i n g  o f  t he  adduct between aqueous and orqan ic  so l ven ts  i n d i -  
ca tes  t h a t  t h e  adduct possesses two a c i d i c  i o n i z a b l e  groups, one w i t h  pKa between 3 and 4 ,  
t he  o t h e r  w i t h  PKa between 10 and 11. Thus, t he  adduct appears t o  be nega t i ve l y  charqed a t  
neu t ra l  pH. Th is  p rov ides  an exp lana t ion  f o r  bo th  the  p o l a r i t y  and r e a c t i v i t y  o f  t h i s  adduct. 
Moreover, t he  spec t ra l  and so l ven t  p a r t i t i o n i n g  da ta  suggest t he  adduct i s  n o t  a ouinoneim- 
i ne - t ype  adduct w i t h  extended con jugat ion  between the  carcinogen and DNA base. Unequivocal 
i d e n t i f i c a t i o n  o f  t h i s  unique adduct by mass spectrometry and 1H-NMR spectroscopy i s  under- 
way. Upon s t r u c t u r a l  i d e n t i f i c a t i o n  o f  t he  adduct, we hope t o  use i t  as a biochemical  end- 
p o i n t  w i t h  which t o  i n v e s t i g a t e  the  r o l e  o f  pe rox ida t i ve  a c t i v a t i o n  o f  2-AF i n  canine uro- 
the1 ium in v ivo .  
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1250 ALTERED AP-ENDONUCLEASE IN AN AT CELL LINE: IMPLICATION OF A SECONDARY PROTEIN MODI- 
FICATION, Urs Kuhnlein. Chalk River Nuclear Laboratories, Chalk River, Ontario 

We have compared apurinic/apyrimidinic (AP) endonuclease from HeLa cells and the SV40-trans- 
formed dermal cell line ATSBIVA from a patient with the repair-deficiency syndrome ataxia 
telangiectasia (AT). The two enzymes differ in their molecular weight (HeLa: 37,600; AT: 
38,900) and their dissociation equilibrium constant for AP-sites (HeLa: 7.8 lo-’’ M; AT: 
28.3 M) . These variances might be the consequence of a different pOSt-tranSlatiOnal 
modification of the two enzymes. Evidence for this interpretation stems from the observztion 
that the AP-DNA binding activity of AP-endonuclease, as measured in a glass-fiber filter 
binding assay, is inactivated upon incubation of the enzyme with partially purified snake 
venom phosphodiesterase and that the AP-endonuclease from AT cells is 5-fold more sensitive 
than the HeLa enzyme. For both enzymes the diesterase treatment leads to the formation Of a 
protein of MW 35,500 which might be the unmodified precursor protein of AP-endonuclease. 
The loss of AP-DNA binding activity does not reduce but rather increases the catalytic ac- 
tivity of AP-endonuclease when measured at excess substrate concentration. Experiments are 
now in progress to determine the molecular nature of this putative post-translational modi- 
fication and to establish whether an altered AP-endonuclease is characteristic of the AT 
genotype. 
[Supported by the NCI of Canada, the MRC of Canada (MA-6782) and by the US NCI Contract 
N01-CP-21029 (Basic). The author is also affiliated with the Department of Medical Genetics, 
University of British Columbia, Vancouver, BC.1 

1251 IN VITRO ENZYMATIC METHYLATION OF SROMODEOXYURIDINE DENSITY LABELLED ’DNA. 
Mathuros Ruchirawat and Jean-Nuna Lapeyre, The U n i v e r s i t y  o f  Texas M. D. Anderson 
Hospi ta l  and Tunor I n s t i t u t e ,  Houston, TX 77030 

Bromodeoxyuridine (BrdU) densi ty- label led parental and f i l i a l  strands o f  phage M13 DNA 
were used t o  study the  mechanism o f  maintenance DNA methy lat ion on hemimethylated DNA and 
de novo o r  r e p a i r  type methy lat ion on double- and single-stranded DNA. 1500-fold p u r i f i e d  
r a t  l i v e r  DNA methyltransferase catalyzed de novo methy lat ion on s ing le-  and double- 
stranded DNA was found t o  obey Michaelis-Menten (M-M) k i n e t i c s  and be non-processive; 
however, maintenance methy lat ion o f  hemimethylated DNA d i d  not obey M-M k i n t e i c s  but 
showed h i g h l y  cooperative k i n e t i c s  w i t h  respect t o  the  concentrat ion o f  methylatable 
s i tes.  Rapid r e e q u i l i b r a t i o n  o f  the enzyne from double- and single-stranded DNA could be 
demonstrated by chal lenge w i t h  hemimethyl ated competitor DNAs whereas the  converse could 
not  be demonstrated suggesting f a c i l i t a t e d  t r a n s f e r  instead o f  a 3-dimensional d i f f u s i o n  
mechanism f o r  enzyne t rans loca t i on  on hemimethylated, newly rep l i ca ted  DNA. BrdU- 
s u b s t i t u t i o n  had no e f f e c t  on the  K, o f  methy lat ion react ions but slowed down the  v e l o c i t y  
approximately 50%. This e f f e c t  may be o f  s ign i f i cance  f o r  experiments employing BrdU t o  
densi ty  l abe l  DNA i n  order t o  study ra tes  o f  enzynatic methy lat ion i n  carcinogen- o r  
UV-induced repai red DNA t rac ts .  

1252 
The pyrimidine dimer specific endonuclease from the bacteriophage T4 was purified to 
apparent homogeneity and was used to raise polyclonal antibodies in rabbits. By Western 
analyses these antibodies recognize a single 16.5 K dalton protein from E. coli extracts 
infected with wild type T4. These antibodies have also been shown to completely inhibit 
the pyrimidine dimer specific nicking activity of the endonuclease V as measured by the 
lack of conversion of form I UV irradiated plasmid DNA into nicked circular DNA (form 11) 
by the enzyme. 
of this expression phage library (350,000 members) were plated on E. coli YlO90 and induced 
at 42OC with 2 mM IPTG and plaques were screened for the production of immunologically 
reactive endonuclease V protein. Numerous immunologically reactive plaques were found and 
all contain at least a 1.8 kb e R 1  T4 fragment. By Western analyses all phage which were 
selected as immunologically positive,produce a fusion protein with 6-galactosidase. 
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PRODUCTION OF ANTIBODIES AGAINST T4 ENDONUCLEASE V AND EXPRESSION OF THE denV GENE 
IN PHAGE Xgtll, R. Stephen Lloyd, Vanderbilt University, Nashville, TN 37232. 

In addition a library of e R I  cut T4 DNA was made in phage Xgtll. rortions 
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1253 CELLS FROM XERODERMA PIGMENTOSUM (XP) VARIANTS ARE ABNORMALLY SENSlTlVE 
TO TRANSFORMATlON BY UV, BUT THEIR EXCISION REPAlR PROCESS IS NORMAL 

IN RATE AND "ERROR-FREE,'' V. M. Maher, S. K. Kotler, M. Watanabe and J. J. McCormick, 
Carcinogenesis Laboratory, Michigan State  University, East Lansing, MI 48824. 
Although XP variant patients have all the  clinical characteristics of the XP disease (genetic 
predispozition for sunlight-induced cancer), their cells have a normal ra te  of excision of UV-induced 
GNA damage. W e  showed previously that  fibrcblasts from such patients a r e  abnormally sensitive 
to  mutations induced by U V  or by simulated sunlight. We compared these cells t o  normal cells for 
the frequency of transformation t o  anchorage independence induced by UV.  The XP variant cells 
exhibited a high frequency (5 x a t  doses for which the normal cells showed no induction. Since 
this sensitivity is not caused by lack of excision repair (as is the case for classical XP's), one posible  
explanation is that  XP variant cells introduce mutations during excision ("error-prone"). We tested 
this by comparing normal and XP4BE cells for the frequercy of mutations induced in synchronized 
populations irradiated a t  the beginning of S-phase, or in early G1 (12 to  18 hr prior t o  onset of DNA 
synthesis), or in the confluent Go s t a t e  under conditions designed to  permit them 24 hr for excision 
repair prior t o  onset of S. Although, as expected, the decrease in mutant frequency with t ime for 
excision before S was the same for both kinds of cells, i.e., 66% lost in 12 hr; 80% lost in 24 hr, under 
each condition the XP4BE cells exhibited a higher frequencq of mutants than did the normal cells. 
In fact ,  the  frequency induced in the XP4BE cells irradiated a t  the onset of S approximated that 
induced in excision-minus XP cells. SupForted by NIH NCI grants CA21289 and CA21253 and by DOE 
Contract 0459. 

1254 
C i q a r e t t e  smoke is a complex mixture of carcinogens,  cocarcinogens,  and ant icarcinoqens.  
Through metabolic ac t iva t ion ,  precarcinogens such a s  polycycl ic  aromatic hydrocarbons (PANS) 
a r e  converted to u l t ima te  carcinogenic  (and mutagenic) species .  This  a s soc ia t ion  between 
metabolic a c t i v a t i o n  and c i g a r e t t e  smoking a s  r e l a t ed  to lung cancer is under inves t iga t ion  
i n  a group of cigarette-smoking baboons. These nonhuman primates have been taught to smoke 
in  a human-like manner through operant condi t ioninq:  t he  20 animals i n  t h i s  study have a 
c i g a r e t t e  smoke exposure varying between 1 and 15.5 pack-years (mean = 9.9 for chronic 
smokers). Pulmonary a lveo la r  macrophages (PAMs) were obtained by lavage and bronchial  
e p i t h e l i a l  c e l l s  were obtained by biopsy. Chronic smokers and sham-puffing con t ro l s  were 
i n i t i a l l y  compared for  t he  a b i l i t y  to a c t i v a t e  benzo(a) pyrene (BaP) . The sham-puffing 
baboons were then introduced to c i g a r e t t e  smoking and these novice smokers were compared 
with the chronic  smoking group. No d i f f e rences  between groups were observed i n  the  meta- 
b o l i s m  of BaP. When a cell-mediated assay was employed with V79 c e l l s  a s  t a r g e t  c e l l s ,  PAMs 
from c i g a r e t t e  smokers ac t iva t ed  the BaP-7,E-dihydrodiol to a g rea t e r  ex ten t  than the sham- 
puff ing group. After 4 months of smokinq, PAMS from the  novice smokers ac t iva t ed  BaP-7,8- 
dihydrodiol  to a s i g n i f i c a n t l y  g rea t e r  ex ten t  than before smoking. Although t h i s  a c t i v i t y  
was lower than t h a t  of chronic  smokers, it increased to similar l e v e l s  a f t e r  an add i t iona l  
5-month exposure. Other r e s p i r a t o r y  carcinogens (PANS and nitrosamines) were ac t iva t ed  i n  
the  PAM-mediated V79 mutagenicity assay. Supported hy PHS grant  1 IEol CA33069 awarded by 
the  NCI. 

PULMONARY ACTIVATION OF CARCINOGENS BY BABOONS, Milton V. Marshall and Walter 
R. Rogers, Southwest Foundation for Biomedical Research, San Antonio, TX 78284 

1255 CORRELATION BETWEEN 06-ALKYLGUANINE-DNA ALKYLTRANSFERASE (MT) ACTIVITY 
AND RESISTANCE f'F HUMAN CELLS TO THE CYTOTOXIC A N D  MUTAGENIC EFFECTS 

OF METHYLATING AND ETHYLATING AGENTS, J. J. FlcCormick, J. Domoradzki, R. C. Corner and 
V. M. Maher, Carcinogenesis Laboratory Michigan State  University, East Lansing, MI 48824. 
Cells from Gardner's syndrome (GS) and familial polyposis coli (FP) patients, were compared t o  those 
of normal persons for sensitivity to  the cytotoxic and mutagenic action of MNNG and ENU. FP 
cell line GM2355 and GS cell lines 2938 and GM3948 exhibited normal sensitivity to  the cytotoxic 
and mutagenic effects of these agents. In contrast, GS cell line GM3314 and cells from an apparently 
normal fetus (GMOOll) were abnormally sensitive to  both agents. To determine if the  resistance 
of the various cell lines correlated with their ability t o  remove methyl or ethyl groups from the 
06-position of guanine, w e  measured the MT activity. The normally resistant lines exhibited normal 
levels of MT; the sensitive strains showed virtually non-detectable levels of this activity. We also 
compared fibroblasts from a XP patient (XPlPBE, complementation group A), an SV40 
virus-transformed XP cell line (XP12ROSV) and a normal cell line transformed by this virus (GMfi37) 
for their response to  these 2 agents and for their level of MT. XP12BE cells had a normal level of 
MT activity; GM637 had a reduced level; and XPIZROSV showed no activity. XP12BE cells showed 
a normal response to  MNNG; GM637 gave an intermediate response; XPlZROSV cells were very 
sensitive. When treated with ENU, GM637 cells gave an intermediate response, but both XPl2BE 
and XP12ROSV were sensitive. These results suggest that  Ofi-alkylguarine and/or any other adduct 
repaired by MT is a potentially cytotoxic and mutagenic lesion. They also suggest that  nucleotide 
excision repair, which is deficient in XP cells, plays a role in repair of the potentially lethal and 
mutagenic damage induced by ENU. Supported by CA21253. 
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1256 0'-METHYLGUANINE REPAIR IN HUMAN FIBROBLASTS, M. Middlestadt, R. McWilliams, R. 
Mirzayans, G. Norton and M. Paterson, Chalk River Nuclear Labs., Chalk River, Ont. 

In ongoing studies of genetic-environmental interactions in cancer causation we have identi- 
fied a number of nontransformed dermal fibroblast strains, from persons with or prone to 
cancer, which display an abnormal sensitivity towards killing by N-methyl-N-nitrosourea (MNU). 
These include strains from (i) three female members of a family with Gardner syndrome, in 
whom the characteristic predisposition to colon cancer is manifested; (ii) a patient with 
AIDS; and (iii) an individual who received chemotherapy and subsequently developed additional 
neoplasms. 
age-dependent increase in MNU-induced cytotoxicity. In all instances the observed cellular 
chemosensitivity is associated with defective O'-methylguanine (06-MeG) repair. while normal 
fibroblasts possess an average 06-MeG-DNA methyltransferase (MT) activity of approxmately 
lo5 molecules/cell , these MNU-sensitive strains, in comparison to appropriate age-matched 
controls, contain 0-50% of this constitutive level; the relative MT deficiency parallels the 
relative degree of MNU hypersensitivity. Follow-up studies are presently underway to deter- 
mine (i) if other factors, in addition to reduced basal levels of MT activity, contribute to 
the observed chemosensitivity of these strains; and (ii) if there is complementation among 
the mutant strains with respect to MT expression. 

[Supported in part by US NCI Contract N01-CP-21029 (Basic)] 

Moreover, a fetal fibroblast strain, hypermutable by MNU, exhibits an in Ui t ro  

1257 
R. Montesano, D. Umbenhauer & C.P. Wild, Intern. Agency for  Res. on Cancer, Lyon, 

France; R. Saf fh i l l  & J.M. Boyle, Paterson Labs, Manchester UK; N. W, U. Kirstein 8 M.F. 
Rajewsky, Inst. for Cell Biol. Tmour Res., Essen FRG; S.H. Lu, Cancer Inst .  Chinese Acad. 
Xed. Sc i . ,  Beijing, People's Republic of China. 
Tne ava i lab i l i ty  of highly sensit ive innnunoassays has allowed us t o  measure levels of 06-al- 
kyldeoxyguanosine in  hman oesophageal and stomach samples as a method of monitoring e.uposure 
t o  environmental alkylating agents. h n a n  surgical samples were obtained from patients i n  Lin- 
xian county, People's Republic of China, an area where food analysis has yrovided some eviden- 
ce of dietary exposure to  nitroso compounds and where there is a concomitant high r i sk  of de- 
velopment of oesophageal cancer. Quantities of 2-13 mg DNA were isolated from oesophageal tu- 
mours, non-invaded oesophagus or cardiac stomach tissues and following enzymic digestion the 
DNA hydrolysates were fractionated by HPLC, which separates the 4 parental deoxynucleosides 
t o  be individually quantitated spectrophotonetrically whilst the levels of 06-MedG and 06-Et- 
dG may be determined by radio+mmnoassay (RIA). The limit of detection in  an RIA for  06-b!edG 
is 20 fmol so that even with the lowest quantity of DNA ( 2  mg) used in th i s  study a level of 
0.02 moles 06-MedG per mol DNA deoxynucleoside (dx) can be determined. In a t o t a l  of 22  non- 
tumourous oesophageal samples, 6 had 06-MedG levels > 0.02 moles 06-MedG per mol dX with the 
highest level of modification being 0.044 umoles 06-MedG per mole dX. Only one of the twelve 
stomach samples assayed had such a high level of adducts and none of the tumour samples or 
control D M  samples had levels th i s  high. No 06-etdG was detected in  these samples. In paral- 
l e l  the 06-alkylguanine DNA transferase ac t iv i t i e s  were determined. 

OF ALKI'IATED BASES AND ALK~TRANSFERASE ACTIVITY IN HUMAN TISSUES. 

1258 
D.L. Mann, W . W .  Wright** and C.C. Harris, Laboratory of Human Carcinogenesis, N C I ,  NIH, 
Bethesda, MD 20205; *Uniformed Services University of the Health Sciences, Bethesda, MD 
20814; **USC School of Medicine, Los Angeles, C A  90033 
Benzo(a)pyrene i s  a common chemical carcinogen found in tobacco smoke, atmospheric 
pollution and smoked foods. 
form t h a t  i s  activated metabolically t o  f o n  the carcinogen, diol-epoxide. The diol- 
epoxide binds primarily t o  the exocyclic-amino groups o f  deoxyguanine t o  form the adducts 
with the major adduct being 76,9a-di hydroxy-9a,l0aepoxy-7,8,9,10-tetrahydrobenzo(a)pyrene 
( B P D E - D N A ) .  
certain occupations and/or the smoking of tobacco products. 
exposure on humans, we quantitated the levels of BPDE-DNA and the levels of serum 
antibodies specific t o  the same adduct in the blood of 41 coke oven workers some of which 
were smokers. 
the coke oven workers with the highest levels being associated with the smoking of 
tobacco. Specific serum antibodies were detected in about 1/3 of these same individuals. 
The d a t a  suggest t h a t  environmental exposure t o  benzo(a)pyrene can lead t o  the generation 
of BPDE-DNA adducts and antibodies against these DNA adducts in some individuals. 
possible significance of the serum antibodies and the i r  role in cancer risk i s  as yet 
u n k n o w n  . 

DETECTION OF ANTIBODIES TO B E N Z O ( a ) P Y R E N E  D I O L  EPOXIDE-DNA ADDUCTS FOLLOWING 
OCCUPATIONAL EXPOSURE TO B E N Z O ( a ) P Y R E N E ,  M.J. Newman*. K .  Vahakangas, G.E. Trivers, 

Benzo(a)pyrene occurs in the environment in a procarcinogenic 

Exposure of humans can be particularly high through the polluted atmosphere of 
To investigate the effects of 

Detectable levels of BPDE-DNA were observed in the lymphocyte DNA in 2/3 of 

The 
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1259 SPECIFIC CARCINOGEN MODIFICATION OF DNA FROM EARLY s PHASE HUMAN CELLS LEADING TO 
THE EXPRESSION OF A TRANSFORMED PHENOTYPE, Martin Ribovich and George Milo, The 
Ohio State University, Columbus, Ohio 43210 

One of the most difficult facets of examining carcinogen modification of DNA in human cells 
is the availability of numbers of cells and the35xtent of sensitivity of measurement where 
a transformed phenotype can be identified. The P-postlabeling method was useg to identify 
specific carcinogen-DNA adducts from treated DNA of human cells. Cells (4.5X10 ) were treat. 
ed for 3 hr. in early S phase of the cell cycle with 1.14uM(k)BPDE-I. DNA was isolated, di- 
gested, and 170 ng postlabeled. After TLC and autoradiography, six spots were identified 
that were not present in the control. Corollary experiments with calf thymus DNA-BPDE-I 
gave us equivalent spots on TLC. Preliminary identification of the adducts was made by co- 
chromatography on TLC with both adducts obtained from reacting BPD3-I with deoxyribonucleo- 
side 3'-monophosphates (3'-PdG, 3'-Pd4, 3i-PdC) and adducts from [ HI-BPDE-I-DNA. I n  th 
latter case, the individual adducts ( H, P) were isolated, dephosphorylated, and the [ HI- 
nucleosides cochromatographed on HPLC with known standards. Major adducts from treateg hu- 
man cells were identified as the 3',5'-diphosphate of the 7R and 72 anti-BPDE:trans-N -dG 
nucleosides. Their levels of modification were 12 and 5 adducts/)O nucleotides, respective- 
ly. The lowest level of specific modification was 1.6 adductsflo nucleotides. This work es- 
tablishes that a highly sensitive measurement of specific DNA adducts can be achieved and 
that these low levels of DNA modification subsequently lead to a fully initiated cell and 
expression of a transformed phenotype. This work was supported by an award from EPA R810407 

9 

1260 
Industry Institute of Toxicology, Research Triangle Park, NC 

DNA adducts in the target organ and cell. 
accumulation of the promutagenic adducts 0"alkylthymidine and 06-alkylguanine in rat liver 
and hepatocyte DNA during continuous exposure to either 30 ppm 1,2 dimethylhydrazine (SDMH) 
o r  40 ppm diethylnitrosamine (DEN) ad libitum in drinking water. 
exposure, alkylation levels were < K2= 06-ethylguanine/umole guanine and 10.0 pmoles 
04-ethylthymidine (04-Etdt) /mole thymidine (dT) , while 28 days of SDMH generated concentra- 
tions of 1.6 pmoles 06-methylguanine/umole, guanine and 0.8 pmoles 0'-methylthymidinefumole 
thymidine. 
equimolar doses of DEN and SDMH correlate well with the greater efficacy of DEN vs SDHH as 
a hepatocarcinogen. 
0'-ethylthymidine concentrations were higher in the right median (4.7 pmoles 0'-EtdTfumole 
dT) and left (8.4 pmoles 04-EtdT/umole dT) versus the right anterior (3.3 pmoles 04- 
EtdT/umole dT) hepatic lobe. 
well with results demonstrating lobe preferences in DEN induced hepatocellular carcinoma. 

EFFECTS OF CHRONIC HEPATOCARCINOGEN EXPOSURE: I. MOLECULAR DOSIMETRY, F.C. 
Richardson, M.C. Dyroff, M.A. Bedell, J.A. Boucheron, and J.A. Swenberg, Chemical 

A series of experiments have been performed to determine the molecular dosimetry of 
Specifically, these studies have measured the 

Following 28 days of DEN 

Differences in the sum of the promutagenic adducts generated by these essentially 

Within the liver, results demonstrate that by 14 days of DEN exposure, 

These interior differences in 04-EtdT concentrations correlate 

1261 LYMPHOCYTES AS A MODEL TO STUDY REPAIR OF DNA LESIONS INDUCED I N  V IVO,  F e l i x  
Romagna, Co l leen Hunnicutt ,  J u l i e  Angerman-Stewart and Marsha l l  Anderson, The 

Na t iona l  I n s t i t u t e  o f  Environmental  Hea l th  Sciences, Research T r i a n g l e  Park, NC 27709 
DNA r e p a i r  was examined i n  lymphocytes o f  r a t s  t r e a t e d  w i t h  a s i n g l e  dose o f  e i t h e r  
N-methyl-ni t rosourea (MNU) o r  4-nitroquinoline-1-oxide (4NQO). A f t e r  t rea tment  o f  animals 
w i th  carcinogens, lymphocytes were i so la ted ,  incubated i n  v i t r o  f o r  24 hours and DNA 
r e p a i r  measured th roughout  the  i ncuba t ion  pe r iod  by  t h e  nuc leo id  sedimentat ion assay and 
unscheduled DNA syn thes is  (UDS). Lymphocytes had the  capac i t y  t o  r e p a i r  i n  v i t r o  DNA 
damage induced i n  v i v o  b y  MNU and 4NQO. Moreover, t h e  i n  v i t r o  r e p a i r  r a t e s  corresponded 
t o  those measured C i v o .  I ncuba t ion  o f  lymphocytes o E a i n e d f r o m  t r e a t e d  animals w i t h  
t h e  polymerase a iSifiibitor aph id i co l i n ,  r e s u l t e d  i n  an accumulat ion o f  repa i r - induced DNA 
s t rand  breaks. Moreover, t h e  a b i l i t y  t o  accumulate DNA s t rand  breaks i n  the  presence o f  
t h e  i n h i b i t o r  a l lowed us t o  de tec t  DNA damage induced b y  low doses o f  these carcinogens. 
The e f f e c t  o f  a p h i d i c o l i n  was r e v e r s i b l e .  A f t e r  t h e  removal o f  t he  i n h i b i t o r  f rom the  
i ncuba t ion  medium. the  p a r t i a l l y  i n h i b i t e d  exc i s ion  r e p a i r  process was then completed. 
Thus, t he  use o f  t h e  i n  v i t r o  lymphocyte system i n  con junc t i on  w i t h  s p e c i f i c  i n h i b i t o r s  o f  
DNA r e p a i r  shou ld  be a va luab le  t o o l  t o  de tec t  low l e v e l s  o f  i n  v i v o  carcinogen- induced 
DNA damage and t o  s tudy  t h e  mechanism o f  exc i s ion  r e p a i r .  
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1262 EFFECTS OF PREIRRADIATION OF HOST CELLS UPON REPLICATION OF 
UV-DAMAGED SIMIAN VIRUS 40, Abraham Scaria and Howard J. Edenberg, 
Dept. of  Biochemistry, Indiana Univ. School o f  Medicine, 
Indianapolis, Indiana 46227. 

Irradiation o f  E.coli induces expression of  genes involved in DNA repair and 
mutagenesis ("SOS response"). Indirect evidence has suggested an inducible 
response in mammalian cells also; preirradiation o f  host cell increases the 
mutation frequency of  UV irradiated Simian virus 40 (SV40). We are 
examining the effects of  preirradiation of  the host cells upon the 
replication of UV-damaged SV40. Control cells and cells preirradiated with 
low fluences o f  ultraviolet light were infected with SV40, and the effects 
of a subsequent irradiation were determined. SV40 replication was assayed 
as incorporation o f  tritiated dT into viral DNA, normalized to the 
prelabeled viral DNA present in the cells. The inhibition o f  SV40 
replication by UV was less pronounced in preirradiated cells. Density 
labeling showed that preirradiation of the host cells increased the fraction 
of newly replicated viral DNA molecules that reentered and completed 
replication after UV-damage. A higher percentage o f  the SV40 molecules from 
preirradiated cells were covalently closed molecules. These results suggest 
that preirradiation of the host cells mitigates the effect o f  a subsequent 
UV exposure. 

1263 ANTIPAIN-MEDIATED SUPPRESSION OF SISTER CHROMATID EXCHANGES INDUCED BY 
INHIBITORS OF POLY (ADP-RIBOSE) POLYMERASE, Jeffrey L. Schwartz and Ralph R. 
Weichselbaum, University of Chicago, Chicago, I L  60637. 
Exposure of mammalian cells to inhibitors of poly (ADP-ribose) polymerase such as 
3-aminobenzamide (3AB) results in the induction of sister chromatid exchanges (SCEs). 
The mechanism for the induction by 3AB is unknown, but there are some similarities 
between SCE induction by 3AB and the high SCE frequency found in Bloom's Syndrome 
cells. Certain protease inhibitors such as antipain have been reported to inhibit SCE 
induction in Bloom's Syndrome cells. We have found that antipain will also suppress 
3AB-mediated SCE frequency. As has been found with Bloom's Syndrome cells, the 
effects are partial and are saturated at 30 pm concentrations of antipain. Antipain 
has no effect on baseline or alkylation-induced SCEs but will reduce SCE frequency 
induced by high exogenous levels of nucleotides in a similar fashion as those induced 
by 3AB. These effects appear to involve free radical production because dimethyl 
sulfoxide a free radical scavenger will mimic antipain effects. 

1264 DOES CARCINOGENIC TREATMENT LEAD TO INDUCTION OF UNTARGETED MUTAGENESIS IN MAM- 
MALIAN DNA? J.W.I.M. Simons(1) and A.G.A.C. Knaap(2). (1)Department of Radiation 
Genetics and Chemical Mutagenesis, Leiden, The Netherlands, (2)National Insti- 
tute of Publick Health, Bilthoven. The Netherlands 

Treatment of mammalian cells with carcinogens leads to a transient enhancement of the 
spontaneous mutation frequency in untreated virus that is growing in these cells. This 
phenomenon has been described as untargeted mutagenesis. Recently it has been indicated 
that this process is altered in some syndromes which are characterized by enhanced tumor 
formation. It is still unknown whether this untargeted mutagenesis also takes place in the 
mammalian DNA itself. Therefore a method has been developed to measure the spontaneous mu- 
tation frequency directly in mutagenized mammalian cells. The procedure consists of 
splitting a mutagenized cell population in subcultures with low numbers of cells so that 
cultures with induced mutants can be distinguished from cultures with spontaneous mutants 
on the basis of their mutant frequencies. Subsequently the spontaneous mutation frequency 
can be calculated by means of the fluctuation test for the cultures without induced mu- 
tants. The results so far obtained with W-irradiation, X-irradiation and ethyl-nitroso- 
urea do not indicate an enhancement of the spontaneous mutation frequency in mutagenized 
mouse lymphoma cells. 
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1265 S C A N N I N G  ELECTRON MICROSCOPIC ANALYSIS OF CHROMOSOME DAMAGE, P a t r i c i a  P. Smith,  
Diane M. Durnam, Joan C. Menninger and James K .  McDougall, Fred Hutchinson 
Cancer Research Center ,  S e a t t l e ,  WA 98104 

We a r e  using scanning e l ec t ron  microscopy (SEM) t o  explore  the mechanisms of 
chromosome damage and r e p a i r .  S p e c i f i c  chromosome breakage and rearrangements have been 
a s soc ia t ed  with neop las i a s  as  we l l  as  b i r t h  de fec t s  and gene t i c  d i seases .  We a r e  t ak ing  
two approaches ,  f i r s t ,  the examination of human c e l l s  i n fec t ed  with the  h ighly  oncogenic 
adenovirus Type 12 (Ad 12).  Ad 12 causes s p e c i f i c  breaks i n  human chromosomes 1 and 1 7 ,  
which a r e  a l s o  f r equen t ly  involved i n  chromosome a b e r r a t i o n s  i n  human neoplas ias .  
Pre l iminary  r e s u l t s  from SEM have allowed i d e n t i f i c a t i o n  of  the  s p e c i f i c  virus-induced 
"uncoiler" reg ions  wi th in  which a number of gene l o c i  have been mapped. We hope t o  
e l u c i d a t e  the na ture  o €  the  remaining chromatin,  i . e .  a l t e r e d  chromatin s t r u c t u r e ,  DNA 
uncoi l ing  or o the r  u l t r a s t r u c t u r a l  changes. 

Our second approach i s  t o  examine the  u l t r a s t r u c t u r e  of chromosomes which have 
t r ans loca ted .  We a r e  examining t r ans loca ted  chromosomes from leukemic p a t i e n t s  a t  the  
Hutchinson Center a s  wel l  as  cha rac t e r i zed  neop las t i c  c e l l  l i n e s .  The t r ans loca ted  
reg ions  a r e  being examined t o  explore  poss ib l e  chromatin a l t e r a t i o n  i n  the r eas soc ia t ed  
a r e a s .  

1266 THE RAT VENTRAL PROSTATE: INTERACTIONS OF A MAJOR SECRETORY PROTEIN AND THE RECEPTOR 
FOR 2,3,7,E-TETRACHLORODIBENZO-p-DIOXIN IN THE REGULATION OF CYTOCHROME P-450. Peter 
Soderkvist,Lorenz Poellinger and Jan-Ake Gustafsson, Dept. Medical Nutrition,Karolin- 
ska Institute, Huddinge University Hospital, Huddinge, Sweden. 

Epidemiologic studies have provided evidence that a major fraction of human cancer is due to 
environmental factors. In line with this contention a chemical etiology of prostatic cancer 
is suggested. We have adressed the issue if the rat ventral prostate possesses enzymes neces- 
sary fo r  the metabolic activation of chemical carcinogens and found that polycyclic aromatic 
hydrocarbons (PAH:s) such as B-naphthoflavone and 2,3,7,E-tetrachlorodibenzo-p-dioxin (TCDD) 
are potent inducers o f  certain isozymes of cytochrome P-450 and benzo(a)pyrene (BP)metabolisrn. 
Furthermore, the contention was tried if this induction process was mediated by s soluble re- 
ceptor mechanism described for the regulation o f  cytochrome P-450 genes in hepatic tissues, a 
mechanism strikingly similar to the current concept ?f gene regulation by steroidhormones. 
Using high resolution gel permeation chromatography H-TCDD labeled prostatic cytosol contain 
5-20 fmol TCDD-receptor/mg protein. High levels of non-specific binding to s yajor steroid- 
binding protein (PSP) were observed during receptoranalysis. The affinity o f  
fied PSP is 10-100 times lower than for  TCDD-receptorbinding sites, with an apparent Kd of 
2-20 nM. It is speculated whether this high capacity binding protein is of any importance in 
the receptor-mediated induction process, in tissue specific accumulation of  chemical carcino- 
gens and in the ensuing metabolic activation of such compounds. 

H-TCDD for  puri- 

1267 ENHANCED TRANSFORMATION OF HUMAN CELLS BY pSV2 PLASMIDS CONTAINING "BULKY" LESIONS, 
Graciela Spivak, Ann K. Ganesan, Steven A. Leadon, Jean Michel Vos, Stephanie Meade 
and Philip C. Hanawalt, Stanford University, Stanford, CA 94305. 

We observe an enhancement in the yield of Gpt+ transfonnants when the chimeric plasmid, pSV2- 
gpJ is irradiated with UV (254 nm) prior to beinq introduced into human cells by calcium 
phosphate coprecipitation. W doses up to 200 J /m cause dose dependent increases in trans- 
formation frequency while doses above 1 kJ/m2 are required to reduce the frequency of 
transformation below that of unirradiated DNA (Spivak et al., 1984, Mol. Cell. Biol. 4:1169- 
1171). Enzymatic photoreactivation of irradiated plasmid DNA reduces the frequency of 
transformation to nearly that of unirradiated DNA, indicating that pyrimidine diners contri- 
bute substantially to enhancement. Other "bulky" lesions, e.g. hydroxymethyltri- 
methylpsoralen monoadducts and crosslinks, also enhance transformation frequencies, while 
"non bulky" lesions, e.g. thymine glycols and apurinic sites, do not affect the efficiency of 
transformation. To study the effect of lesions inside and outside of the a gene, respect- 
ively, pSVZ-& was digested with Pvu I1 and Bam H1. The 2.3 kb fragment containing the @ 
gene and most of the SV40 sequences, and the 3 kb fragment containing the pBR322 sequences 
were separated. The plasmid was reconstituted from irradiated and unirradiated frawnts in 
various combinations and used for transformation. UV irradiation of the *-containing 
fragment was deleterious to transformation, while irradiation of the pBR322-containing frag- 
ment enhanced transformation. Our current hypothesis is that certain lesions in plasmid DNA 
promote its integration into the recipient genome while the same lesions in the * gene 
block its expression. Supported by grants from the American Cancer Society and the USPHS. 
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1268 PERSISTENCE OF AIXYIJ\TION - INDUCED DAMAGE IN HETEROCXROMATIC DNA. Bernard W. 
Stewart, Ewan J. ward and Michelle Haber, Childrens Leukaemia and Cancer Research 
Unit, Prince of Wales Childrens Hospital, andwick, N.S.W.. 2031 and School of 

Pathology, University of New South Wales, Kensington, N.S.W. 2033, AUSTRALIA. 
We have analyzed rat liver DNA extracted from whole tissue as well as euchromatic and 
heterochromatic fractions generated from isolated nuclei by mild micrococcal nuclease 
digestion. Comparison of structural defects in DNA was made before and after treatment of 
animals with a non-necrotizing dose of the alkylating carcinogen dimethylnitrosamine (DMN). 
DNA was radioactively labelled by incorporatjlon of tritiated thymidine,either administered 
before or after the carcinogen to label parental or daughter strands respectively. 
Structural defects in DNA were studied in mechanically sheared preparations using analytical 
benzoylated DEW3 (BD)-cellulose chromatography. In this manner single stranded regions 
(.'gaps') of 10 to 20,000 bases in otherwise double stranded DNA can be compared. Over a 
10 day period following carcinogen treatment, structural changes consistent with DNA repair 
activity persisted In heterocliromatic DNA. The data suggest a differential turnover of DNA 
between the two chromatin fractions implying preferential repair of transcriptionally active 
DNA. Persistent repair activity in heterochromatir: DNA appears to block replication induced 
by hepatectomy between 4 and 24 hours following DMN injection. 
proceed, structural change in heterochromatic DNA persists. 

When replication does 

1269 EFFECTS OF CHRONIC HEPATOCARCINOGEN EXPOSURE: 11. GGT+ FOCI INDUCTION. J . A .  
Swenberg, F.C. Richardson, M.C. Dyroff, J.A. Popp, and P.H. Morgan, Chemical 

Industry Institute of Toxicology, RTP, NC 
Initiation is considered an irreversible event in the multistage process of carcino- 

genesis. If carcinogen induced promutagenic adducts and concurrent cell replication result 
in initiation, the number of initiated cells should increase with continued exposure carcino- 
gen exposure or higher rates of cell replication. We have investigated this possibility in 
livers of rats continuously exposed to DEN and SDMH, using GGTt foci as a phenotypic marker 
of initiated hepatocytes. 
week exposure to DEN beginning at 4 ,  8 ,  10, 1 2  or  14  weeks of age resulted in 5 2 2 ,  76, 4 8 ,  
5 4 ,  34 GGT+ foci/cm3, respectively. This difference disappeared when foci were normalized to 
body weight gain, suggesting that cell replication was a major determinant in the number of 
GGT+ foci induced. Using 4 week old animals and a modified Cayama-Farber growth selection 
regimen to measure GGT+ foci induction in several hepatic lobes, it was found that the left 
and median lobes had approximately 2 times as many foci as the right anterior lobe. These 
data correlate well with the demonstrated lobe preference for both 04-ethylthymidine accumu- 
lation and induction of hepatocellular carcinoma. Chronic administration of SDNR or DEN re- 
sulted in an increased and subsequent plateauing of GGT+ foci with increasing time of expo- 
sure. However the number of  SDMH induced foci peaked at -130 foci/cm3, while the number of 
DEN induced foci reached -500 foci/cm3. This plateauing of foci may represent a carcinogen 
driven steady state between the initiation of foci forming hepatocytes and the loss of those 
heDatocvtes through progression o r  cell death. 

Utilizing a modified Solt-Farber growth selection regimen, a 4 

1270 THE EFFECT OF DNA REPAIR CAPACITY ON UV-A INDUCED MUTAGENESIS AND TRANSFORMATION, 
H a r r i s  S. Targovn ik  and W i l l i a m  0. Bloomer, The Mount S ina i  Medical  Center, New 
York, NY 10029 

Ep idemio log ica l  da ta  suggests t h a t  s o l a r  UV (290nm and g rea te r )  r a d i a t i o n  i s  t h e  pr imary  
e t i o l o g i c a l  agent i n  s k i n  cancer. 
observed a re  a t t r i b u t e d  t o  wavelengths i n  t h e  s o l a r  UV-B reg ion  (290nm-320nm). The UV-A 
wavelengths o f  s u n l i g h t  (320nm and g rea te r )  have p r e v i o u s l y  been considered b i o l o g i c a l l y  
un impor tan t  due t o  t h e i r  r e l a t i v e l y  low e f f i c i e n c y  i n  i nduc ing  DNA damage. 
t h a t  UV-A r a d i a t i o n  i s  f a r  l e s s  e f f i c i e n t  than s h o r t  wavelength UV r a d i a t i o n  i n  the  induc-  
t i o n  o f  py r im id ine  dimers.  
t h e  HGPRT locus  and t rans forming  Ba lb /c  3T3 c e l l s  i n  v i t r o .  Th i s  suggests t h a t  o t h e r  DNA 
l e s i o n s  and/or t he  i n h i b i t i o n  o f  e x c i s i o n  r e p a i r  processes a re  a l s o  induced. We have a l s o  
observed t h a t  UV-A wavelengths a r e  i n h i b i t o r y  t o  p y r i m i d i n e  dimer exc i s ion .  Th is  suggests 
a s y n e r g i s t i c  i n t e r a c t i o n  between UV-B and UV-A wavelengths i n  the  i n d u c t i o n  o f  mutagenesis 
and i n  v i t r o  t rans fo rma t ion .  

The m a j o r i t y  of  t h e  b i o l o g i c a l  and biochemical  e f f e c t s  

We have shown 

Moreover, UV-A r a d i a t i o n  i s  capable o f  p roduc ing  muta t ions  a t  
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1271 DETECTION OF BENZO(A)PYRENE DIOL EPOXIOE-DNA ADDUCTS BY SYNCHRONOUS FLUORESCENCE 
SPECTROPHOTOMETRY AND ULTRASENSITIVE ENZYMATIC RADIOIMMUNOASSAY I N  COKE OVEN 

WORKERS, K i  r s i  Vahakangas*, Glennwood Tr ivers* .  Aage Haugen**, W i l l i a m  Wright***, and 
C u r t i s  C. H a r r i s * ,  *Labora tory  of  Human Carcinogenesis,  N C I ,  N I H ,  Bethesda, MD 20205; 
**Nat ional  I n s t i t u t e  o f  P u b l i c  Hea l th ,  Os lo  Norway; ***U.S.C. School o f  Medicine, Los 
Angeles, CA 
Exposure t o  benzo(a)pyrene, a c a r c i n o g e n i c  p o l y c y c l i c  a romat ic  hydrocarbon i s  f o l l o w e d  by 
metabol ism and cova len t  b i n d i n g  t o  macromolecules i n  animal and human t i s s u e s .  The e x t e n t  
and importance o f  t h i s  b i n d i n g  i n  exposed human p o p u l a t i o n s  i s  n o t  known. 
u s i n g  synchronous f luorescence spectrophotomet r y  (SFS) and u l t r a s e n s i  t i  ve enzymatic r a d i o -  
immunoassay (USERIA) i n  d e t e r m i n i n g  t h e  DNA adduct l e v e l  i n  p e r i p h e r a l  w h i t e  b l o o d  c e l l s  
from exposed and non-exposed p o p u l a t i o n s .  I n  samples f rom 44 coke oven workers 25% (6/20) 
o f  t h e  smokers, 21% (3/14) of t h e  ex-smokers and 14% ( 1 / 7 )  o f  t h e  non-smokers were p o s i t i v e  
by SFS. S i m i l a r  d i s t r i b u t i o n  o f  p o s i t i v e s  between smokers and non-smokers were seen by 
USERIA .  I n  s i m i l a r  m a t e r i a l  f rom 36 coke oven workers 4 ( i n c l u d i n g  3 smokers) were p o s i -  
t i v e .  A l l  o f  these were a l s o  s t r o n g l y  p o s i t i v e  by USERIA. I n  a d d i t i o n ,  we de tec ted  3 
moderately and 8 weakly p o s i t i v e  samples by USERIA. 
workers were n e g a t i v e  by b o t h  methods. The d e t e c t i o n  of carcinogen-DNA adducts i n d i c a t e s  
exposure t o  t h e  carc inogen and i t s  a c t i v a t i o n  t o  a m e t a b o l i t e ( s )  t h a t  b i n d s  t o  DNA. 
r e l a t i o n s h i p  between t h e  amount o f  carcinogen-DNA adducts and cancer r i s k  remains t o  be 
determined. 

We a r e  c u r r e n t l y  

Samples f rom non-smoking l a b o r a t o r y  

The 

1272 
Tucson, AZ 85724 
A proposed model t o  account f o r  chemical  carc inogen mediated i n h i b i t i o n  and recovery  o f  DNA 
r e p l i c a t i o n  i n  mammalian c e l l s  i s  t h e  "gap and b l o c k  hypothes is . "  
t h e  carcinogen-DNA adduct i s  l o c a t e d  on t h e  templa te  f o r  t h e  l e a d i n g  s t r a n d  t h e n  f o r k  move- 
ment i s  b locked and i f  t h e  adduct i s  on t h e  t e m p l a t e  f o r  t h e  l a g g i n g  s t r a n d  t h e n  a gap i s  
formed because o f  t h e  d iscont inuous  mode o f  r e p l i c a t i o n .  We have ob ta ined evidence f o r  t h i s  
model i n  synchron ized Chinese hamster ovary  (CHO) c e l l s  t r e a t e d  i n  l a t e  G 1  w i t h  ( * )  a n t i  
78, 8 a  dihydroxy-9a, 10a-epoxy 7,8,9,10 tetrahydrobenzoCalpyrene (BPDEI) and a l lowed t o  p ro-  
ceed th rough t h e  S phase. We have used BrdUrd l a b e l i n g  and CsCl g r a d i e n t  c e n t r i f u g a t i o n  as 
w e l l  as pH s t e p  a l k a l i n e  e l u t i o n  assays t o  s tudy  t h e  progress ion  o f  B P D E I  t r e a t e d  c e l l s  
th rough S phase. Us ing  doses o f  0.33 pM and 0.66 UM BPDEI, t h e  appearance o f  r e p l i c o n  s i z e  
nascent DNA s t r a n d s  were delayed by 1-2 hr .  and 2-3 hr., r e s p e c t i v e l y ;  t h i s  i n d i c a t e d  t h a t  
r e p l i c o n  s i z e  DNA i n t e r m e d i a t e s  were blocked. 
ana lyze  Okazaki s i z e  nascent DNA i n t e r m e d i a t e s  and t h e i r  r e l a t i v e  abundance i n  c o n t r o l  and 
8POEI t r e a t e d  c e l l s  i n d i c a t e d  t h a t  B P D E I  t rea tment  b locked t h e  l i g a t i o n  o f  Okazaki in te rme-  
d i a t e s  i n  a dose dependent manner. The accumulat ion o f  r e p l i c o n  s i z e  i n t e r m e d i a t e s  i s  con- 
s i s t e n t  w i t h  a b l o c k  t o  t h e  r e p l i c a t i o n  t o r k  movement a t  DNA-carcinogen adducts and a b l o c k  
t o  Okazaki i n t e r m e d i a t e  l i g a t i o n  i s  c o n s i s t e n t  w i t h  b l o c k s  t o  r e p l i c a t i o n  on t h e  l a g g i n g  
s t r a n d  l e a d i n g  t o  gap fo rmat ion .  
o f  r e p l i c a t i v e  bypass r e p a i r  i n  mammalian c e l l s .  (Work supported by N I H  Grant CA26972.) 

K e p l i c a t i v e  Bypass Repa i r  I n  Benzo[a]pyrene D i o l  Epoxide Treated, Synchronized CHO 
C e l l s ,  Doug Yamanishi and G. Tim Bowden, U n i v e r s i t y  o f  Ar izona Medical  School, 

I n  t h i s  hypothes is  i f  

The use o f  h i g h  r e s o l u t i o n  agarose g e l s  t o  

There fore ,  our  da ta  i s  s u p p o r t i v e  o f  t h e  "gap-block' ' model 

Leukemia and L ymphoma 

1273 GFN'TICS OF 9-CcLL "cOpL,fiSIA,, Car60 Croce, The !V is tb r  I n s t i t u t e ,  16 th  
a t  Spruce S t r e e t ,  P h i l a d e l p h i a  PA l Q 1 0 4 '  

'We have i n v e s t i g a t e d  t h e  r e g u l a t i o n  o f  t h e  express ion  o f  t h e  c-myc oncogene i n v o l v e d  i n  
r e c i p r o c a l  t r a n s l o c a t i o n s  i n  9 u r k i t t  lymphoma by u s i n g  somatic c e l l  h y b r i d i z a t i o n  
techniques. 
fo r  t h e  2 cis a c t i v a t i o n  o f  t h e  t r a n s l o c a t e d  c-nlyc oncoqene i n  D u r k i t t ' s  lymphomas w i t h  
t h e  t ( 3 : 1 4 )  t r a n s l o c a t i o n .  IVe have a l s o  analyzed 5 - c e l l  neoplasms o f  a d u l t s  c a r r y i n g  
the t (11 ;14)  and t h e  t ( 3 ; 1 4 )  t r a n s l o c a t i o n  and c loned t h e  chromosome j o i n i n q s  on t h e  14q+ 
chromosome. These probes can be used t o  assess t h e  rearrangements o f  t h e  b c l - 1  and b c l - 7  
i n  human @ c e l l  neoplasms. 

Resu l ts  o f  t h i s  s t u d y  i n d i c a t e  t h a t  d i f f e r e n t  g e n e t i c  elements a r e  r e s p o n s i b l e  
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- cis-Oiamminedichloroplatinum (11) ( c i s p l a t i n )  i s  a remarkably-potent chemotherapeut ic agent, 
t h e  c y t o c i d a l  e f fec ts  o f  which a re  caused by drug-DNA i n t e r a c t i o n s .  One such i n t e r a c t i o n  
r e s u l t s  i n  t h e  fo rma t ion  o f  an i n t r a s t r a n d  deoxy(GpG)-N7 b i d e n t a t e  adduct which, i n  c u l t u r e d  
c e l l s ,  comprises a major  f r a c t i o n  o f  t h e  t o t a l  DNA-bound p la t i num and i s  s low ly  removed ( 1 ) .  
We have e l i c i t e d  a p o l y c l o n a l  an t ibody  s p e c i f i c  f o r  t h i s  adduct, and developed an Enzyme- 
L inked  Immunosorbent Assay (ELISA) capab le  o f  d e t e c t i n g  25 a t tomoles  o f  adduct/pg DNA o r  one 
adduct i n  108 nuc leo t i des  (2 ) .  Because t h e  an t ibody  i s  s p e c i f i c  f o r  DNAs m o d i f i e d  w i t h  c e r -  
t a i n  chemothe rapeu t i ca l l y -e f fec t i ve  c i s - r e a c t i n g  analogs o f  c i s p l a t i n ,  s t r u c t u r a l l y - s i m i l a r  
b i d e n t a t e  i n t r a s t r a n d  adducts a re  be-ved t o  p l a y  a r o l e  i n  t h e  t u m o r i c i d a l  e f f i c a c y  o f  
these compounds (3 ) .  Using t h e  a n t i  c isplat in-DNA-ELISA we have analyzed over  150 samples of  
DNA e x t r a c t e d  from nuc lea ted  p e r i p h e r a l  b lood  c e l l s  ( b u f f y  c o a t )  o f  con t ro l s ,  and t e s t i c u l a r  
and ova r ian  cancer p a t i e n t s  a t  m u l t i p l e  t imes d u r i n g  c i s p l a t i n  t rea tment .  
samples from un t rea ted  c o n t r o l s  were never p o s i t i v e ,  and approx imate ly  35% o f  samples f rom 45 
c i s p l a t i n - t r e a t e d  p a t i e n t s  were p o s i t i v e .  
r e c e i v i n g  c i s p l a t i n  on 21 o r  28 day cyc les  (5  days o f  drug i n f u s i o n  fo l l owed  by 2 o r  3 
d rug - f ree  weeks) r e a d i l y  accumulated DNA adducts as a f u n c t i o n  o f  dose. 
f i r s t  course o f  chemotherapy r e c e i v i n g  c i s p l a t i n  on 56 day cyc les ,  o r  those g i ven  h igh  doses 
a f t e r  f a i l i n g  o t h e r  chemotherapy, accumulated adducts much more s lowly .  Adduct accumulat ion 
i n  p o s i t i v e  p a t i e n t s  on 21 o r  28 day cyc les  occur red  bo th  w i t h  t o t a l  cumula t ive  dose and 
i n c r e a s i n g  c y c l e  number, suggest ing  t h a t  t h e  removal t i m e  f o r  measurable adducts formed 
du r ing  one c y c l e  was more than  28 days. An a n a l y s i s  o f  d isease response da ta  f o r  these 
p a t i e n t s  suggested t h a t  i n d i v i d u a l s  who d i d  n o t  fo rm c i s p l a t i n  adducts were l e s s  l i k e l y  t o  
respond t o  chemotherapy. 
l o g i c  e f f e c t  o f  c i s p l a t i n  exposure i n  t h e  cancer p a t i e n t  may a l l o w  t h e  c l i n i c i a n  t o  ob jec-  
t i v e l y  t i t r a t e  c i s p l a t i n  dose f o r  chemotherapeut ic e f f i c a c y  w h i l e  m in im iz ing  immediate 
t o x i c i t y  and t h e  t h r e a t  o f  second malignancy. Concomitant ly,  s tud ies  u t i l i z i n g  t h e  ELISA w i t h  
human tumor c e l l  l i n e s  and animal models may e l u c i d a t e  bas i c  mechanisms o f  d rug  a c t i o n  and 
lead  t o  more success fu l  modes o f  t rea tment  i n  t h e  c l i n i c .  

1) Plooy. A.C.M, Fichtinqer-Shepman, A.M.J., Schutte,  H.H., van D i j k ,  M. and Lohman, P.H.M. 

DNA ADDUCT FORMATION AND REMOVAL I N  HUMAN CANCER PATIENTS, Mi r iam C. P o i r i e r ,  Eddie 
Reed and S t u a r t  H. Yuspa, Na t iona l  Cancer I n s t i t u t e ,  NIH, Bethesda, MD, 20205 

O f  these, a l l  18 

P a t i e n t s  on t h e i r  f i r s t  course o f  chemotherapy 

P a t i e n t s  on t h e i r  

It i s  a n t i c i p a t e d  t h a t  t h e  a b i l i t y  t o  mon i to r  a q u a n t i t a t i v e  b i o -  

' Carcjnogenesis,  i n  press,  1985. 
2 )  P o i r i e r ,  M.C., L ippard,  S.J., Zwel l ing ,  L.A., Ushay, H.M., Ker r igan,  D., T h i l l ,  C.C., 

3 )  L ippard ,  S.J., Ushay, H.M., Merkel, C.M. and P o i r i e r ,  M.C. B iochemis t r l ,  22:5165-5168, 1983. 

San te l l a ,  R.M., Grunberger, D. and Yuspa, S.H. Proc. Na t l .  Acad. Sci. U.S.A., 79: 
6443-6447, 1982. 

Detection of Oncogenes and Viruses in Human Tissues and Cells 

1275 COLORIMETRIC IN-SITU HYBRIDIZATION OF PATHOGENIC VIRUSES IN FORMALIN FIXED TISSUES, 
David J .  B r i g a t i ,  E l i z a b e t h  R. Unger, David Myerson* and Lynn R. Budgeon, The Penn- 
sy l van ia  S ta te  U n i v e r s i t y ,  Hershey, PA 17033 and *Fred Hutchinson Cancer Research 
Center, S e a t t l e ,  WA 98108 

V i r t u a l l y  a l l  workers i n  t h e  f i e l d  o f  i n - s i t u  h y b r i d i z a t i o n  have repo r ted  decreased sens i -  
t i v i t y  i n  f o r m a l i n  f i x e d  t i s s u e s  canpared t o  f rozen  t i ssues .  Desp i te  these d i f f i c u l t i e s ,  
t h e  ease o f  o b t a i n i n g  r o u t i n e l y  f i x e d  t i ssues ,  as w e l l  as t h e  l u r e  o f  t he  vas t  a rch i ves  
of  case m a t e r i a l  a l ready  processed, makes o p t i m i z i n g  c o n d i t i o n s  f o r  f o r m a l i n  f i x e d  t i s s u e s  
an a t t r a c t i v e  p ropos i t i on .  Rou t ine l y  f i x e d  autopsy t i ssues ,  i n c l u d i n g  ove r - f i xed  t i s s u e s  
w i t h  f o r m a l i n  pigment and t i s s u e s  on f i l e  as l ong  as ten  years ,  were used t o  i n v e s t i g a t e  
cond i t i ons  f o r  t h e  i n - s i t u  h y b r i d i z a t i o n  o f  cytomegalovirus (CMV) and adenovirus.  
r e s u l t  i s  a s i m p l i f i e d  method o f  i n - s i t u  h y b r i d i z a t i o n  y i e l d i n g  v i s u a l  r e s u l t s  w i t h i n  8 
hours.  Spec i f i c  h i s t o l o g i c  l o c a l i z a t i o n  o f  v i r a l  gene t i c  i n fo rma t ion  has been achieved 
u t i l i z i n g  b i o t i n  l a b e l l e d  DNA probes fo l l owed  by d i r e c t  c o l o r i m e t r i c  d e t e c t i o n  w i t h  a v i d i n -  
a1 k a l i n e  phosphatase complexes. We found s i g n i f i c a n t l y  inc reased s igna l  when the  t i s s u e s  
and probe were denatured toge the r  a t  temperatures h ighe r  than those repo r ted  i n  p rev ious  
methods. I t  i s  our suggest ion  t h a t  t he  inc reased temperature may be r e q u i r e d  i n  o rde r  t o  
more f u l l y  denature c e l l u l a r  DNA which has been c ross - l i nked  by fo rma l in .  
r e s u l t s  were achieved w i t h  a probe con ta in ing  the  p u t a t i v e  t rans fo rm ing  reg ion  compr is ing  
1% o f  t h e  v i r a l  genome. 
p r e l i m i n a r y  searches f o r  v i r a l  t rans fo rm ing  genes i n  human tumors. 

The 

For CMV, p o s i t i v e  

Th is  s i m p l i f i e d  method o f  i n - s i t u  h y b r i d i z a t i o n  may be used i n  
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number of n e o p l a s t i c  processes  - Kaposi's sarcoma, adenocarcinoma of  colon, p r o s t a t e  cancer  
and cervical carcinoma. Evidence of t h e  v i r u s  has been de tec t ed  in such  neop las i a s  w i th  v a r i -  
ous success .  In an  a t t empt  t o  e l u c i d a t e  t h e  molecular  mechanism f o r  t h e  oncogenic process  w e  
have been conducting t r ans fo rma t ion  a s says .  N I A  3T3 cells have been t r a n s f e c t e d  wi th  a pBR322 
recombinant plasmid con ta in ing  a 558 bp fragment of HCMV s t r a i n  AD169 p rev ious ly  shown t o  be  
oncogenic.  k p e r i m e n t s  have been conducted wi th  and wi thout  c o t r a n s f e c t i o n  of a pSV2-neo 
plasmid t h a t  confe r s ,  as a dominant marker,  t h e  r e s i s t a n c e  t o  t h e  a n t i b i o t i c  G-418. 
pho log ica l ly  transformed f o c i  have been t e s t e d  f o r  anchorage independence and tumor igen ic i ty  
i n  nude mice. DNAs ex t r ac t ed  from primary t r ans fo rman t s  have been used f o r  a second round of 
t r a n s f e c t i o n .  The p a t t e r n  of i n t e g r a t e d  v i r a l  DNA sequences has been determined in some ce l l  
lines. Data from DNA sequences a n a l y s i s  and S1 mapping of RNA t r a n s c r i p t s  sugges t  that  t h e  
t ransforming  fragment does no t  encode any p r o t e i n  and its oncogenic i ty  could  be  due t o  t h e  
a b i l i t y  t o  i n t e g r a t e  i n t o  h o s t  DNA, that would i n  some rare i n s t a n c e  r e s u l t  in a t r ans fo r -  
mat ion  event. To f u r t h e r  exp lo re  t h e  p o s s i b i l i t y  t h a t  t h e  HCMV t ransforming  fragment can  act 
as a n  i n s e r t i o n a l  mutagen we  have been t e s t i n g  i t s  mutagenic a c t i v i t y  at t h e  hypoxanthine 
guanosine phosphoribosyl t r a n s f e r a s e  (HGPRT) l o c u s  s e l e c t i n g  f o r  6-thioguanine r e s i s t a n c e .  
P re l imina ry  experiments i n d i c a t e  t h a t  t h e  HCMV fragment produces mutants and t h e  mechanism 
of t h i s  a c t i v i t y  is being s tud ied .  

TWSFBFXING ACTIVITY OF HUMAN CYTOMEGALOVIRUS, F.M. Buonaguro, D.A. Galloway, 
C. Brandt and J . K .  McDougall, Fred Hutchinson Cancer Center ,  S e a t t l e ,  WA 98104 
Human Cytomegalovirus has been impl ica ted  as a p o s s i b l e  tumorigenic agent  in a 

Mor- 

1277 MOLECULAR ANALYSIS OF CHROMOSOME DAMAGE INDUCED BY ADENOVIRUS 12 AND ITS EFFECT 
ON ONCOGENES MAPPING I N  THE DAMAGED REGION,  D i a n e  M. Durnam, Joan C. 
Menninger, Richard E. Gel inas  and James K. McDougall, Fred Hutchinson Cancer 
Research Center ,  S e a t t l e  Wa 98104 

Unlike o the r  human adenovi ruses ,  the h ighly  oncogenic adenoviruses (eg.  Ad 12)  cause 
s p e c i f i c  chromosomal damage in  the human 17q21-q22 region and the  p32-36,qlZ and q42 
reg ions  of human chromosome 1.  Abnormalit ies of  t hese  a reas  have a l s o  been a s soc ia t ed  
with a v a r i e t y  of human neop las i a s ,  ranging  from acu te  promyelocytic leukemia t o  
neuroblastomas, and a r e  o f t e n  a s soc ia t ed  with an inc rease  i n  the  s e v e r i t y  of the  d i sease .  
We a r e  examining the mechanism of Ad 12 induced damage and the  e f f e c t  the damage has on 
oncogenes mapping in  these  reg ions .  
respons ib le  f o r  caus ing  damage we a r e  using a mouse-human fus ion  c e l l  l i n e  (WL24A 2a)  
which has r e t a ined  the  17q reg ion  as  i t s  s o l e  human component and a recombinant Ad 5 
(Rcl5GT) which has the E l  region from Ad 12 in  p lace  o E  the Ad 5 E l  region (k indly  
provided by R. Bernard,  J. Vi ro l .  x : 8 4 7  (1984)) .  In fec t ion  of WL24A 2a c e l l s  wi th  e i t h e r  
Ad 12 or Rcl5GT r e s u l t s  in s p e c i f i c  damage in the human 17q r eg ion ,  which sugges ts  t ha t  i t  
is a gene in  the Ad 12 E l  region which i s  respons ib le  f o r  t h e  e f f e c t .  We a r e  a l s o  in  the  
process  of a s ses s ing  changes i n  the  s t r u c t u r e  and express ion  of oncogenes mapping in  the 
damaged reg ions ;  these  genes inc lude  the  e r b  A oncogene i n  the  17q21-q22 region and the B 
lym and s r c  genes in  the  lp34-p36 reg ion .  

To determine which adenovirus gene ( s )  may be 

1278 DETECTION OF RARE HTLV-111-INFECTED CELLS I N  PRIMARY TISSUE FROM AIDS PATIENTS 
USING A HIGHLY SENSITIVE I N  SITU HYBRIDIZATION METHOD, Mary E. Harper,  L i sa  M. 

Marselle, Robert  C.  Gal lo  and F l o s s i e  Wong-Staal, N C I ,  Bethesda, MD 20205 
We have de tec t ed  HTLV-I11  RNA i n  a low percentage  of primary lymphocytes from AIDS and ARC 
p a t i e n t s  by i n  s i t u  hybr id i za t ion .  High s e n s i t i v i t y  of d e t e c t i o n  is  p o s s i b l e  by use  of 35S- 
l a b e l e d  RNA t r a n s c r i b e d  from an  HTLV-III/pSP64 DNA c lone  i n  combination wi th  s e v e r a l  hybrid- 
i z a t i o n  pre t rea tment  s t e p s  and pos t -hybr id iza t ion  r ibonuclease  d i g e s t i o n  t o  prevent  nonspec- 
i f i c  l a b e l i n g .  Following two days au to rad iog raph ic  exposure,  HTLV-I11 RNA-containing c e l l s  
e x h i b i t i n g  an  average  of 40 g r a i n s / c e l l  were observed a t  low frequency (gene ra l ly  <0.01% 
of c e l l s )  i n  p repa ra t ions  from AIDS o r  ARC lymph nodes,  p e r i p h e r a l  b lood ,  and bone marrow. 
C e l l  p r epa ra t ions  from nonAIDS p e r i p h e r a l  b lood ,  nonAIDS bone marrow and the  un in fec t ed  H9 
T-ce l l  c lone  w e r e  c o n s i s t e n t l y  nega t ive .  In c o n t r a s t ,  H9 c e l l s  p rev ious ly  i n f e c t e d  wi th  
HTLV-I11  were h igh ly  l a b e l e d  (30-200 g r a i n s / c e l l )  when hybr id ized  wi th  t h e  HTLV-I11 probe. 
Also, hybr id i za t ion  of a probe c o n t r o l ,  35S-RNA s p e c i f i c  f o r  h DNA, t o  AIDS c e l l s  o r  the  
Hg/HTLV-III c e l l  l i n e  r e s u l t e d  i n  no l a b e l .  
t i o n  can be  used t o  d e t e c t  primary cells  expres s ing  HTLV-I11 RNA a f t e r  s h o r t  exposure.  
Gra ins  observed are s p e c i f i c  f o r  v i r a l  RNA and are p resen t  i n  a s i g n i f i c a n t  percentage  of 
cases so f a r  examined. It can a l s o  be concluded from these  and Southern b l o t  experiments 
t h a t  t h e  number of HTLV-111-infected c e l l s  i n  AIDS o r  ARC primary t i s s u e  is  very  low and 
t h a t  lymph node enlargement i n  p a t i e n t s  w i th  lymphadenopathy is nu t  due t o  a p r o l i f e r a t i o n  
of HTLV-111-infected lymphocytes. 

These r e s u l t s  i n d i c a t e  t h a t  i n  s i t u  hybr id iza-  
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Neoplasia of the Hematopoietic System and Reproductive Tract; 
Other Cancers 

IAFWFECTJON OF CHORIOCAACINOtlR AN3 NETHYLRTJON, Soverla A l t 7 3 r t C  and Leonord 
1279 A. Herzwberg. S t m f o r d  UntvereI ty.  Stanford. CR 94385 
Recent ly.  ue wonerected lyrphocyte n c d e r s  In w e e  L c e l l s  us lng  0s sources o f  OW 
o rumber o f  t leeues t h a t  do mt sxprees these ant lgens (11. Ue hava shoun t h a t  t rophoblast  
c e l l s  o r e  unlqJe In t h e l r  l ock  or expresston of K R  c loss  1 ontlgene (23. Thrs I s  
proboblcl Important f o r  t h e  s w v I v a I  of t h e  f e t u s  0s Implant ond noy tH re levant  f o r  
t h e  grou th  o f  trophOblast t m o r s  Cchorlocorclnomasl. Thus WB hove l n v e e t b p t e d  the  
erp-esslon o f  HLA class 1 ont lgens and of the lymphocyte narkers Leu--! a d  Leu-2 upo” 
t r l n s f e c t l o n  of OW f r a n  4 chorIocorcImno cell I Inns. These c e l l s  d f f f e r  In thelr levels 
o f  HLR cxpreaslon from mdetec tab le  t o  very hlgh. In te res t lng lyv  the  DNR f r o m  rml ther  Jar 
nor Beuo.  c e l l s  w i t h  undetectable and IOU K R  sxpresslon. t rons fec ted  HLR. Leu-1 o r  
Leu-2. CNR frm Ima. a IOU sxpresslng K R  l lne .  t rons fec ted  HLR b u t  n o t  Lm-1 or LEU-.? 
v h l l e  OW f rom Enaml. uhlch l e  h l g h l y  p o s r t l v e  F w  HLA. t ran fec ted  a1 I the markers studted. 
R l I  ce l l  1 lnes e f f l c l e n t l y  t ronsfected l r o p - I .  o vurfoce molecule expressed by chor locorclnolXg. 
Southern b l o t s  denonstrated t h o t  a l l  cell l l n e s  canto ln  the g e w s  codlng for H L A  ond 
Len-2 o r d  t h o t  these genes 0‘8 Ind Is t I l yu tshab le  from those o f  leukocytes. uscry 0 

number c 4  different e n z y e s .  Houever. u s l n g  the l s o s c h l z o w s  H p  11 and b p  I the  p t t e r n s  
o f  rnethylotron o f  HCR arc LW-2 genes from t h e  Y O T ~ O U S  sources dl f fer-ed. Thus. d l i r e r e n t l a l  
ONR n e t b y l o t l m l  m a y  p l o y  o r o l e  In the expresstan of the genes studled. 
11 Nature. 312: 68 [198+1. 
21 J. Erp. Hed.. 160: 633 11984). 

1280 

PSrine t m r s  are generally restricted (H-2)  when prom in mice of a different hanlotyoe. 
However, i n  some cases it is nossible to  isolate ce l l  variants which are canable of overcg 
ming tha t  res t r ic t ion  and nroliferate across haloeenic barriers.  We have iclentified a ce l l  
l ine  (LRK), originally thought to  be L5178Y which has the canacity of Rrowinq in mice of 
one of various haDlotynes(H-Zb,d o r  k) without anv detectable differences either in the 
canacit t o  nroduce metastasis (usually verv noor) or the time reouired to  k i l l  the r i ce .  
This ceIl  lime doesnot exnress W C  molecules in i‘ts membrane as deternines by the u e  of 
mtibodi’es apinst  H - 2  and cmlement o r  v&h cytotoxic T lynmhocytes. Cell hybrids were 

to  i’estieate the emression of H-2 anc’ other cellular nronerties. The exnerimental stra 
t e w  included the determinatimn of electronherotynes of metabolically labelled nroteins 
in one and two dimensional gels? the imlementation o C  a nrotocol to  exnlore the imunolo 
gical nronerttes, and the canacrty to nronamte these new ce l l s  in mice of one of various 
iianlotynes. 

UNRESTRICTED (H-2) GROWTH OF A WLIGNANT LWF’HOBLASTIC TWOQ OF WUSE ORIGIN, Gabri 
e l  Nava, Enrioue Escandh, Veronica Yakoleff and h i l l e r n o  Alfaro, National Univer- - 
s i t y  of hGxico. Wxico D.F. 04510, Wxico. 

constructed between annronrate mutants of LW and another lpmhoblastic tumor (LW) in order 

1281 A POTENTIAL HECHANISM OF TRANSFORMATION BY HERPES SIMPLEX VIRUS, TYPE 2 ,  DNA, Bruce 
Bejcek and Anthony J. Conley, St. Louis University Medical Center, St. Louis, MO. 
63110 

The mechanism for HSV-2 transformation is not known. Two distinct morphological trans- 
forming regiors(mtrI1 and mtrIII) have been identified. We transformed rat cells with mtrII 
DNA fragments. The cells contain multiple copies of viral DNA integrated in a complex 
manner. One line also contained a 20 Kbp extrachromosomal element. Remarkably, this 
element is able to rapidly transform cells at a 3000-fold higher frequency than mtrII DNA 
alone. This element contains rat sequences that are homologous to a known cellular 
oncogene. These same sequences are homologous to a subset of mtrIII DNA. Further, the 
element contains two separate copies of a small portion of the input transforming DNA. This 
small portion contains the type-specific direct repeat region DNA reported by Galloway and 
colleagues to induce foci. One copy is near the rat oncogene-mtrIII sequences. We suggest 
that the activation of the oncogene sequences is responsible for the rapid and high 
frequency transformation capacity of this element. We speculate that the structure of this 
element reflects a general mechanism of HSV-2 induced transformation: i.e. the activation o f  
a cellular oncogene by the HSV-2 direct repeat region DNA. 
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1282 METASTASIS I N  NUDE M I C E  OF CELLS CONTAINING VARIOUS Ha-ras GENES AND THEIR 
RECOMBINANTS, Matthews 0. Bradley,  Andrew Kraynak, and Jackson B. Gibbs, Merck 
Sharp and Dohme Research Labora tor ies ,  West Po in t ,  PA 19486 

We are  s tudy ing  the  me tas ta t i c  behav io r  o f  d i f f e r e n t  c e l l  types con ta in ing  a v a r i e t y  o f  
a c t i v a t e d  oncogenes. As a f i r s t  step, we have developed models o f  tumor embol iza t ion  and 
spontaneous metas tas is  i n  nude mice t h a t  a re  a l s o  NK c e l l  d e f i c i e n t .  Our i n i t i a l  s tud ies  
have compared the  a b i l i t y  t o  fo rm tumor nodules i n  lungs  a f t e r  t a i l  ve in  i n j e c t i o n  o f  N I H  
3T3 c e l l s  t h a t  con ta in  4 d i f f e r e n t  r a s  oncogenes. The 2 1  p r o t e i n s  produced by these 
genes are :  t he  normal c e l l u l a r  r a s  gene, EC(G1 12,Ala58); t he  a c t i v a t e d  oncogene, EJ 
(Val  12,Ala59 
EJ/v-Ha(Val l3 j :hr59).  The r e s u l t s  show t h a t  3T3 c e l l s  con ta in ing  these genes r e a d i l y  
form l e t h a l  tumor nodules i n  the  lungs  o f  nude mice a f t e r  t a i l  v e i n  i n j e c t i o n .  Nocont ro l  
3T3 c e l l s  formed tumors. The most embol ic c e l l  con ta ined the  EJ/v-Ha recombinant whose 
p r o t e i n  has the  lowest  GTPase a c t i v i t y ,  b u t  t he  h ighes t  au tophosphory la t ing  a c t i v i t y .  
I n t e r e s t i n g l y ,  c e l l s  con ta in ing  the  EC gene on an LTR were a l s o  ab le  t o  form exper imental  
metastases. 
by increased express ion  o f  normal c e l l u l a r  p21,and second, t h a t  lower  l e v e l s  o f  GTPase 
a c t i v i t y  a long w i t h  h igher  l e v e l s  o f  au tophosphory la t ion  i n  mutant p21s c o r r e l a t e  w i t h  
increased embol iza t ion .  

a recombinant gene, EC/v-Ha(GlylJ,Thr59); and a second recombinant gene, 

These s tud ies  show f i r s t ,  t h a t  me tas ta t i c  embo l iza t ion  can be con fe r red  s imp ly  

STUDIES ON THE MECHANISM OF TRANSFORMATION AND MUTATION BY HSV-2, C.  Brandt ,  F. 
Buonaguro, J.K. McDougall and D. Galloway, Fred Hutchinson  Cancer Research 
C e n t e r ,  S e a t t l e ,  WA 98104 

lZg3 

We have r e c e n t l y  shown t h a t  a 737 n u c l e o t i d e  fragment (BC24) o f  H2V-2 can  
m o r p h o l o g i c a l l y  t r a n s f o r m  c e l l s  when t r a n s f e c t e d  i n t o  N I H  3T3 c e l l s .  The n u c l e o t i d e  
sequence  of t h i s  fragment r e v e a l s  a p o t e n t i a l  stem loop  s t r u c t u r e  w i t h  s h o r t  d i r e c t  
r e p e a t s  a t  t h e  base o f  t h e  stem. This  stem l o o p  f l a n k e d  by d i r e c t  r e p e a t s  is  r e m i n i s c e n t  
of b a c t e r i a l  i n s e r t i o n  sequences .  
t h e  t r a n s f o r m i n g  p o t e n t i a l  o f  t h e  v i r u s  may r e s i d e  i n  i t s  a b i l i t y  t o  d i s r u p t  c e l l u l a r  gene 
e x p r e s s i o n .  We a r e  c u r r e n t l y  s c r e e n i n g  t ransformed c e l l  l i n e s  f o r  t h e  p r e s e n c e  o f  
i n t e g r a t e d  HSV-2 DNA. 

examining  t h e  mutagenic  a c t i v i t y  o f  t h e  HSV-2 BC24 fragment w i t h  a s e l e c t a b l e  marker .  N I H  
3T3 c e l l s  have been t r a n s f e c t e d  w i t h  BC24 and p l a t e d  i n  6- th ioguanine  t o  s e l e c t  f o r  
r e s i s t a n t  m u t a n t s .  Seven 6- th ioguanine  r e s i s t a n t  m u t a n t s  have been i s o l a t e d  and a r e  
c u r r e n t l y  b e i n g  a n a l y s e d  f o r  t h e  p r e s e n c e  o f  BC24 sequences  and a l t e r a t i o n s  i n  t h e  HGPRT 
gene .  A d d i t i o n a l  exper iments  t o  q u a n t i t a t e  t h e  mutagenic  p o t e n t i a l  o f  t h e  HSV 

'Galloway e t .  a 1  . (1984)  P.N.A.S. 81 ,  4736. 

Because HSV-2 does  n o t  encode a t r a n s f o r m i n g  p r o t e i n ,  

A s  a complementary t es t  of t h e  i n s e r t i o n a l  mutagenes is  h y p o t h e s i s ,  we a r e  a l s o  

r a n s f o m i n g  fragment and t o  o p t i m i z e  t h e  m u t a t i o n  a s s a y  a r e  i n  p r o g r e s s .  

ISOLATION OF A HUMAN ENDOGEN US RETROVIRUS (ERV3) cDNA CLONE FROM A 20 WEEK HUMAN 
FETAL LIBRARY, Maurice Coheny, Susan Pfe i fe r -Oh lssonz ,  R o l f  Ohlsson2, M a r i l y n  

Powers1, Jan Rydnert3, and Cather ine  O 'Conne l l l ,  l Labora to ry  o f  Mo lecu la r  V i ro logy  and 
Carcinogenesis,  LBI-Basic Research Program, NCI-Freder ick Cancer Research Program, 
Freder ick ,  MD 21701, 2Deparment g f  Oncglogy. U n i v e r s i t y  o f  Ume:, Umea, Sweden, 3Department 
o f  Gynecology, U n i v e r s i t y  o f  Umea, Umea, Sweden 

Endogenous r e t r o v i r u s  3, o r  ERV3, i s  a 9.9 kb endogenous human p r o v i r u s  t h a t  was i s o l a t e d  
from a human recombinant DNA l i b r a r y  c loned i n  A Charon 4A by low s t r i ngency  h y b r i d i z a t i o n  
us ing  two r e t r o v i r a l  probes: BaEV LTR, and an endogenous chimpanzee r e t r o v i r a l  c lone respre- 
sen t ing  t h e  3 '  end o f  t h e  pol gene. Th is  f u l l  l e n g t h  p r o v i r u s  may be d e f e c t i v e  due t o  i n -  
frame t e r m i n a t i o n  codons i n  i t s  $VJ and pol genes. 
read ing  frame spanning more than 1.8 kb. The ERV3 p r o v i r u s  was mapped t o  a s i n g l e  genomic 
l ocus  on human chromosome 7. The DNA sequence o f  t h e  ERV3 LTRs revea led  them t o  con ta in  
apparent ly  normal promoter sequences and two o f  t h e  hexanuc leo t ide  sequences upstream o f  
t h e  promoter t h a t  a re  respons ib le  f o r  b ind ing  a c t i v a t e d  g l u c o c o r t i c o i d  recep to r  i n  t h e  MMTV 
LTR. 
f i r s t - t e r m  p lacen ta  and fe tus .  Fu r the r ,  f rom a 20 week human f e t a l  cDNA l i b r a r y ,  we 
i s o l a t e d  two cDNA c lones  us ing  t h e  ERV3 % reg ion  as probe. 
revea led  t h a t  i t s  sequence i s  i d e n t i c a l  t o  t h a t  o f  t h e  ERV3 p r o v i r a l  genome. (Supported by 
N C I  Cont rac t  N01-CO-23909). 

The 2 gene, however, con ta ins  an open 

We f i n d  ERV3 %-spec i f i c  t r a n s c r i p t s  o f  4 kb and 2.2 kb i n  RNA i s o l a t e d  from human 

DNA sequencing o f  one c lone  
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1285 THE ROLE OF HUMAN CYTOMEGALOVIRUS (HCMV) IN TUMOUROGENESIS AND 

NEOPLASIA (CIN), K. Fletcher1, J. Cordinerz and J.C.M. Macnabl. IInstitute of 
Virology, Glasgow, ZDepartment of Midwifery, Queen Mothers Hospital, Glasgow. 

We have been investigating the role of HCMV in tumourogenesis by 
examining both CIN biopsies and rat embryo cells oncogenically transformed by 
HCMV. DNA has been extracted from CIN biopsies and transferred to biodyne 
filters by the method of Southern. The DNA was hybridized to a Hind/Bam 
subclone of the AD169 Hind I11 E fragment which contains the transforming 
region (Nelson, 1982) HCMV DNA sequences have been found to be present at 
10-20 copies per cell in one CIN biopsy. No HCMV DNA sequences have been 
detected in other CIN biopsies of our series at a level of 1 copy per cell. 
We have also formed an in vitro model system to study HCMV oncogenesis. Rat 
embryo cells have been transformed with W inactivated HCMV AD169. DNA 
extracted from transformed cells, tumours and cell lines cultured from the 
tumours has been probed with the transforming region and no HCMV DNA 
sequences have been found to be present at 1 copy per cell. These results 
suggest that HCMV DNA may only be necessary to initiate transformation and 
not required for maintenance of the transformed state. The roles of HCMV in 
inducing host cell proteins and latent infections, events which may be 
involved in a multistage carcinogenic process, are at present being 
evaluated. 

POSSIBLE INVOLVEMENT IN THE DEVELOPMENT OF CERVICAL INTRAEPITHELIAL 

12% MYELOID PRECURSORS CONTAIN LOW LEVELS OF O6 ALKYLGUANINE ALKYLTRANSFERASE ACTIVITY 
S. L .  Gerson, K. Ray, and N. A. Berger, Case Western Reserve, Cleveland, Ohio 44106 

06 a1 ky lguan ine  a l k y l t r a n s f e r a s e  (06G a l k - t r a n s )  r e p a i r s  the  promutagenic adduct, 06 a l k y l -  
guanine. 
066 a l k - t r a n s  a c t i v i t y  i n  mye lo id  c e l l  l i n e s ,  b lood c e l l s  and marrow mye lo id  p recursors .  
066 a l k - t r a n s  a c t i v i t y  was determined by the  a b i l i t y  o f  c e l l  e x t r a c t s  t o  remove [3H]06 
methylguanine (06MG) from methy la ted  DNA d u r i n g  a 60 min i n c  a t  37°C as q u a n t i f i e d  by HPLC 
separa t i on  o f  06MG f o l l o w i n g  DNA ac id -hyd ro l ys i s .  06G a l k - t rans  a c t i v i t y  was l i n e a r  r e l a -  
t i v e  t o  the  p r o t e i n  concen t ra t i on  o f  c e l l  e x t r a c t  and the  r e a c t i o n  was complete by 30 min. 
066 a l k - t r a n s  a c t i v i t y ,  repo r ted  as f M  06MG removed/mg p r o t e i n  v a r i e d  g r e a t l y  amoung th ree  
mye lo id  c e l l  l i n e s :  HL-60 (373+24), KG-1 (221236) and K562 (47*22). I n  pe r iphe ra l  b lood 
from 11 donors, t he  066 a l k - t r a n s  a c t i v i t y  was 89.4210.7 i n  g ranu locy tes ,  1622254 i n  mono- 
cy tes ,  189+17 i n  T lymphocytes and 139+29 i n  B lymphocytes. I n  bone marrow f rom 17 normal 
donors, t he  06G a l k - t r a n s  a c t i v i t y  was 210527 i n  T lymphocytes and 143+19 i n  mye lo id  p re -  
cu rso rs  (mye lob las ts  through myelocytes) (p<0.05, p a i r e d  t - t e s t ) .  
mye lo id  p recursors  was 3-8% o f  06G a l k - t r a n s  a c t i v i t y  i n  normal human l i v e r  and 12-18% the  
l e v e l  found i n  normal human i n t e s t i n e ,  normal ized  t o  the  DNA concen t ra t i on  o f  t he  c e l l  
e x t r a c t .  
a l ky lguan ine  adducts and pred ispose these c e l l s  t o  leukemic t rans fo rma t ion  f o l l o w i n g  a l k y l -  
a t i n g  agent exposure. 

Since a l k y l a t i n g  agent exposure i s  l i n k e d  t o  acute n lye lo id  leukemia, we s t u d i e d  

066 a1 k - t rans  a c t i v i t y  i n  

Low l e v e l s  o f  06G a l k - t r a n s  i n  mye lo id  p recursors  may a l l o w  pe rs i s tence  o f  O6 

1287 TREATMENT OF A FATAL TRANSPLANTABLE ERYTHROLEUKEMIA BY PROCEDURES WHICH LOWER 
ENDOGENOUS ERYTHROPOIETIN, W .  Dav id  Hankins and Azhar Hossain, Na t iona l  Cancer 

I n s t i t u t e ,  Bethesda, MD 20205 
We p rev ious l y  repo r ted  t h a t  some, b u t  n o t  a l l ,  e r y t h r o i d  c e l l  l i n e s  de r i ved  from leukemic 

i n f e c t e d  mice produced e r y t h r o p o i e t i n  (Epo). To b e t t e r  understand t h e  r e l a t i o n  o f  Epo and 
ery th ro leukemia  developnent, we de r i ved  7 a d d i t i o n a l  e ry th ro leukemic  l i n e s  which induce a 
f a t a l  leukemia when t r a n s p l a n t e d  i n  v ivo .  I n  v i t r o  c u l t u r e  o f  leukemic spleen c e l l s  revea led  
t h a t  t h r e e  d i f f e r e n t  p r e p a r a t i o n s o f -  d G m G l l y  s t imu la ted  t h e i r  p r o l i f e r a t i o n .  The 
Epo-responsive c e l l s  r e t a i n e d  t h e i r  leukemogenic p o t e n t i a l  when r e i n o c u l a t e d  i n  v ivo.  These 
i n  v i t r o  r e s u l t s  l e d  us t o  examine t h e  i n f l u e n c e  o f  Epo on tumor growth i n  v ivo .  Trans fus ion  
o f  RBC’5 p r i o r  t o  o r  a f t e r  i n o c u l a t i o n  s i g n i f i c a n t l y  re ta rded  leukemia developnent and 
g r e a t l y  extended t h e  s u r v i v a l  o f  i n o c u l a t e d  mice. Whi le o the r  exp lanat ions  a re  poss ib le ,  
i t  i s  l i k e l y  t h a t  t h e  t r a n s f u s i o n  e f f e c t s  were mediated th rough reduc t i on  o f  endogenous Epo 
s ince  simultaneous a d m i n i s t r a t i o n  o f  Epo l e d  t o  r a p i d  splenomegaly and death. These da ta  
i n d i c a t e  t h a t  ( A )  t r a n s p l a n t a b l e  e ry th ro leukemia  c e l l s  r e t a i n  s e n s i t i v i t y  t o  Epo, (B) a n t i -  
hormone therapy  may be e f f i c a c i o u s  i n  t h i s  f a t a l  leukemia, and (C) even i n  t h e  absence o f  
apparent d i f f e r e n t i a t i o n  Epo s t imu la ted  p r o l i f e r a t i o n  o f  leukemic c e l l s .  

- 
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1288 COLONY FORMATION BY BONE MARRO!J CELLS FOLLOWING TRANSFECTION OF CLONED ONCOGENES, 
H.Herbst+, C.LeFevre+, J.S.H.Wong+, B.A.Roe*, and M.J.CI ine+, +Div. of Hematology- 
Oncology, UCLA School of Medicine, Los Angeles, CA 90024, "Oept. of Chemistry, 
Universiry of Oklahoma, Norman, O K  73019 

In an attempt to study the role of oncogene sequences in leukemogenesis we have constructed 
non-retroviral eukaryotic expression vectors for the oncogenes v-abl, v-kis, v-myb, and c- 
myc involving promoters from the S V 4 0  early region, metallothionein, and mouse mammary tumor 
virus LTR. Additional eukaryotic gene processing signals were provided by a 3 '  fragment of 
the rabbit E globin gene. In a second set of vectorsthese 3 '  signals were substituted by a 
retroviral LTR. Upon transfection of linearized vector DNA employing Ca/P04 precipitate and 
glycerol shock techniques into murine bone marrow cells induction of colony formation in soft 
aqar could be observed in the absence of exoqenous colonv stimulatinq factor. Some colonies 
were apparantlv immortalized and exhibited prolonqed qrowth. The freauencv of colonv forma- 
tion. arowth behaviour o f  individual colonies. and other oarameters were dependent on the 
oncoQene(5) transfected, promoters, and 3 '  signals. Using equal amounts of DNA, the highest 
rate of  colony formation could be obtained with v-kis and v-abl employing S V 4 0 / 6  globin vec- 
tors. In case of modulatable promoters, colony formation was dependent on appropriate induc- 
tion. Furthermore, the rate of colony formation was highly augmented by a 3 '  LTR, probably 
throuqh the action of retroviral enhancers of transcription. Ve are currently investiqating 
the phenotype of cells in colonies of clearly immortalized cells and colonies that cease 
growing within weeks after transfection. The significance of these observations in compari- 
son to recently published experiments with recombinant retroviruses will be discussed. 

1289 
Chemotherapy r e l a t e d  leukemia i s  f r e q u e n t l y  preceded by a preleukemic phase. We have 
at tempted t o  i d e n t i f y  pa t te rns  o f  oncogene a c t i v a t i o n  du r ing  the  preleukemic phase and 
t o  i d e n t i f y  changes i n  t h i s  p a t t e r n  of a c t i v a t i o n  du r ing  progress ion  t o  acu te  leukemia. 
We have examined the  K-ras oncogene f o r  muta t ions  i n  codon 12, and have examined the  myc 
oncogene t o  determine copy number. I n  ou r  s tudy  of e leven pa t i en ts ,  we demonstrate t h a t  
one p a t i e n t  has a muta t ion  i n  the  12 th  codon o f  K-ras t o  produce a new Sac 1 r e s t r i c t i o n  
s i t e .  No p a t i e n t s  have a m p l i f i c a t i o n  of myc i n  the  preleukemic phase, a l though two 
p a t i e n t s  have increased copy number f o l l o w i n g  t r a n s i t i o n  t o  leukemia. We conclude t h a t  
t he  p a t t e r n  o f  oncogene a c t i v a t i o n  changes i n  some p a t i e n t s  as they  progress t o  leukemia. 

GENETIC CHANGES I N  PRELEUKEMIA AND LEUKEMIA, Russel E .  Kaufman, Joni  N icho ls ,  
Frank Deal and Cynthia Chua, Duke U n i v e r s i t y ,  Durham, NC 27710 

1290 AMPLIFICATION OF c-E ONCOGENE IN ACUTE WELOID LEUKBfIA CELLS WITH dmin 
CHROMOSOMES. Jorma Keski-Oja, Kalle Saksela, Riitta Alitalo, Robert Winqvist, 

Marikki Laiho, Albert de la Chapelle and Kari Alitalo, Department of Virology, and 111 
Department of Medicine, University of Helsinki, Haartmank. 3, 00290 Helsinki 29 FINLAh?). 

Cytogenetic analysis of the bone marrow cells of a 52-year old woman with AML showed 
cells with trisomy of chromosome number 4 .  The proportion of abnormal karyotypes was 
lower in subsequent analyses but virtually all mitoses from hone marrow contained an 
extra chromosome 4 .  and numerous (20-50) double minute chromsomes. Part of the mitoses 
also had trisomy of chromosome number 6 .  
DNA extracted from the bone marrow cells (containing dmin) was analyzed for the 
amplification or rearrangement of different oncogenes using twelve different oncogene 
probes including ras, src, e, E. Evidence for rearrangements was not obtained. About 
ten-fold amplification of an apparently nonrearranged c - s  gene was found, whereas the 
other probes identified single gene coples in the genome. 

This is, to OUK knowledge, the first case where amplification of a cellular oncogene 
( c - s )  is detected in APIL cells fresh from the patient. Previously, promyelocytic 
leukemia cells (HL-60) were found to have some dmin:s and amplified c-E when freshly 
isolated from the patient. 
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1291 PHARMACOKINETIC ANALYSIS OF dsRNA THERAPY I N  CANCER: CAVEAT OF CLONOGENIC 
ASSAYS. L.J. Krueger, D.R. S t raye r ,  P.J. Andryuk, G.L. K i e f f e r  and W.A. Ca r te r .  Depart-  
ment o f  Hematology/Oncology, Hahnemann Un ive rs i t y ,  Ph i l ade lph ia ,  PA 19102. Ampligens, a 
double-stranded mismatched RNA molecule,  p o l y ( 1 )  -po l y (C  U),  causes s u b s t a n t i a l  b i o l o g i -  
c a l  damage t o  cancer c e l l s .  A ma jor  b e n e f i t  o f  Amplige& therapy  has been the  absence o f  
s i g n i f i c a n t  s i d e  e f f e c t s ,  e s p e c i a l l y  when compared t o  t h e  h igh  percent  o f  p a t i e n t s  who 
exper ienced unacceptable t o x i c i t y  w i t h  po l y ( I ) . po l y (C) .  The t o x i c i t y  o f  p o l y  ( I ) . po l y (C)  
o r  i t s  d e r i v a t i v e s  occur red  e i t h e r  through drug  t o x i c i t y  o r  by t h e  delayed p roduc t i on  o f  
n e u t r a l i z i n g  an t i bod ies .  I n  v i t r o  s tud ies  have shown t h a t  t he  reduc t i on  o f  t o x i c i t y  
found d u r i n g  Ampligen8 t r e a z e n t y  be a t t r i b u t e d  t o  i t s  acce le ra ted  decay. However, i t  
has been d i f f i c u l t  t o  q u a n t i f y  n u c l e i c  a c i d  concent ra t ions  i n  human b lood  samples. We 
r e p o r t  t he  m o d i f i c a t i o n  o f  t he  Q u i c k b l o t 8  n u c l e i c  a c i d  immob i l i za t i on  and h y b r i d i z a t i o n  
techn ique (Bresser  e t  a l .  (1983) Proc. Na t l .  Acad. Sc i .  USA 80, 6523-7) t o  q u a n t i f y  sera 
l e v e l s  o f  A m p l i g e n @ T n T v o .  Th is  assay has a s e n s i t i v i t y  o f i s  l i t t l e  as 30 ng/spot and 
can be used t o  measured rug  l e v e l s  over  severa l  o rders  o f  magnitude. I n  7/8 p a t i e n t s  
measured t o  date.  Ampligen cou ld  be de tec ted  a t  l e a s t  2 h r  a f t e r  beg inn ing  the  drug 
i n f u s i o n .  Measurements o f  Ampligen decay suggest a h a l f - l i f e  va ry ing  f rom 15-90 min. 
However, i n  one p a t i e n t ,  c i r c u l a t i n g  Ampl igens l e v e l s  cou ld  n o t  be de tec ted  even du r ing  
i n fus ion .  A l though f r e s h  b iopsy  m a t e r i a l  was found t o  be most s e n s i t i v e  t o  AmpligenB, 
o t h e r  f a c t o r s ,  i .e .  serum RNAse l e v e l s ,  may i n f l u e n c e  c l i n i c a l  responsiveness. 

TRANSFECTION AND REGULATED EXPRESSION OF A TOXIN GENE IN HUMAN TUMOR CELLS, 
Ian H. Maxwell, L. Michael Glode and Francoise Maxwell, Division of Medical 
Oncology, University of Colorado Health Sciences Center, Denver,CO 80262 

1292 

We are attempting to demonstrate cell killing as a result of the endogenous expression of a 
transfected toxin gene and to achieve tissue-specificity of expression, as a possible novel 
approach to cancer therapy. We have constructed plasmids containing the diphtheria toxin 
mature A chain (DT-A) coding sequence linked to an inducible metallothionein promoter and 
have used these constructs to transfect HeLa cells, together with the selectable marker 
in a separate plasmid. Similar constructs containing the cat gene, or mutant DT-A genes, are 
being used in control experiments. We shall report on thGffects of induced expression of 
these genes in stable co-tranaformants selected for G418 resistance. Experiments designed to 
direct specific expression of these genes in transfected B lymphoid cells will also be 
presented. (Supported in part by grant No. 84-37 from the Milheim Foundation for Cancer 
Research.) 

INTERACTION BETWEEN RAF AND Myc ONCOGENES IN TRANSFORMATION IN VITRO AND IN VIVO, 
John L. Cleveland, Herbert C. Morse, James N. Ihle and Ulf RTRKNational- 
Cancer Institute, Frederick Cancer Research Facility, Frederick, MD 21701 

We have investigated the transforming activities of the raf and oncogenes in hemato- 
poetic and fibroblastic cells using a series of oncogene-transducing murine retroviruses. 
3611 MSV, containing the raf oncogene, induces fibrosarcomas in newborn mice after a la- 
tency of 4-8 weeks. 
retroviruses induce lymphomas after a 9-week latency. A combination of both oncogenes 
in an infectious murine retrovirus induces hematologic neoplasms 1-3 weeks after inocu- 
lation; these neoplasms primarily consist of immunoblastic lymphomas of T and B cell 
lineage and erythroblastosis. 
ducing viruses can be readily established in culture in regular medium whereas culture 
of cells from raf oncogene-induced tumors requires the addition of IL3. 
series of IL2 and IL3-independent myeloid leukemia cell lines with the various viruses 
has demonstrated that recombinants expressing abrogate growth factor requirements 
of IL2- or 3-dependent infected cell lines. In parallel to the synergistic action of - raf and 
oncogene-induced transformation of fibroblast cell lines in culture is enhanced by the 
addition of 2 which by itself does not morphologically transform these permanent cell 
lines. 
and fibroblast cells and cell lines enhances their respective transforming activities. 

1293 

In contrast, newly constructed 9 oncogene-transducing murine 

Cells from tumors induced by the 2- or raf + mE-trans- 

Infection of a 

oncogenes on hematopoeitic cell transformation in vivo, we find that raf 

We conclude that concomitant expression of raf and 2 oncogenes in hematopoetic 
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TBE IMMUNODEFICIENCY CANCER REGISTRY (LCR). LL Robison, G F r i z z e r a ,  AH 1294 
Fi l ipov ich .  Fron the Departments of Pediatrics, Laboratory Medicine and Path- 

logy. Un ive r s i ty  of M i n n e s o t a  Hospitals, Minneapolis, MN 55455. 
The ICR is a wor ldwide  registry c u r r e n t l y  c o n s i s t i n g  of 468 cases of c a n c e r s  i n  

patients w i t h  naturally-rring immunodeficiency d i s o r d e r s  (ID). The ICR collects tumor 
material for standardized p a h l c q y  review as w e l l  as to form a repos i to ry  of material for 
f u t u r e  b i o c h e m i c a l  and  m o l e c u l a r  s t u d i e s .  The ICR c o n t a i n s  a d i s p r o p o r t i o n a t e l y  h i g h  
percentage of lym-as including non-twdgkin's lymphomas (NHL) (43%) arid Hodgkin's d i s e a s e  
(€ID) (7%), most occurr ing a t  a younger age than expected. IWL, are the predominant tumors 
reported i n  ID w i t h  partial -11 dysfunction: Wiskott-Aldrich sydrome (WAS) 64% (47/74) 
ataxia talangiectasia (A+?) 42% (61/145), common variable immunodeficiency 38% (43/114) and 
s e v e r e  combined immunodef i c i ency  (SCID) 70% (26/37). I n  c o n t r a s t  to  NHL i n  non-ID 
p a t i e n t s ,  W A S  p a t i e n t s  were found more f r e q u e n t l y  to have: h i s t o l o g y  of h i s t i o c y t i c  
lympbnua, a i S  involvement and extranodal disease.  Detai led review of c l i n i c a l  and tumor 
material from 21 WAS p a t i e n t s  demonstrated that 16/21 tumors (diagnosed at  a mean age of 
6.7 years)  had the h i s t o l o g i c  appearance of B cells i n  multiple stages of transformation. 
As evidence of immunoregulatory dysfunction, autoimmune reacticns preceded B cell NHL i n  
6/16. The ICR contains 31 cases of HD diagnosed a t  a mean age of 11 years: 13 A-T, 3 WAS, 
1 SCID, and 1 0  v a r i a b l e  immunoglobul in  d e f e c t s .  U n l i k e  HD i n  t h e  g e n e r a l  p o p u l a t i o n ,  
unfavorable h i s t o l o g i e s  were found in  45% of cases and included l-te dep le t ion  and 
mixed c e l l u l a r i t y .  Additional evaluaticn of such ICR cases may provide d a t a  to assist i n  
the i d e n t i f i c a t i o n  of predisposing r i s k  factors for lymphoma. 

1295, STEROID HORMONES AND THE DEVELOPMENT OF FEMALE REPRODUCTIVE CANCERS: 

The effects of oral contraceptives and postmenopausal steroids were examined to determine 
how reproductive cancer risk varied with pharmacologic potency (progestational and 
estrogenic effects on target tissues) and duration of hormone use. Personal interviews 
of women with cancer of the breast (N=580), endometrium (N=101), and ovary (N=83), ages 
20-54,  identified from the Iowa State NCI population-based cancer registry, and 716 age- 
frequency matched controls, reviewed lifetime history of specific brands and dosages of 
steroid hormones, and other cancer risk factors. Oral contraceptive (OC) potency was 
evaluated using the Ferin Assay (FA); and postmenopausal steroid (PMS) potency using 
suppression of FSH Assay. There was no significant association between OC potency x 
duration (all OC combined) and risk of breast or endometrial cancer. OC users had a 
reduced risk of ovarian cancer (RR=.86, p<.OO5), regardless of potency or duration. No 
significant association was found between FMS (all FMS combined) and risk of cancer. 
Logistic models of pharmacologic potency effects showed a reduced risk of ovarian cancer 
with low potency (RR=.79/yr.) and mid-level potency (RR=.88/yr., pC.05) OC progestins. 
Sequentials (RR=1.48/yr., p<.Ol) and higher FSH F'MS potency drugs (RR=1.32/yr.) increased 
the risk of endometrial cancer, while high progestin potency drugs (RR=.82/yr., p<.O5) 
decreased the risk. Modeling of steroid hormones for lifetime and for potency x duration 
effects on cancer risk also was assessed. 

EFFECTS OF 
POTENCY AND DURATION, Elaine M. Smith, University 3f Iowa, Iowa City, I A  52242 

12% 
bvine, California 92717 
Correlation of the loss of specific chromosomes with the expression of tumorigenicity in intraspecific 
human hybrid cells was studied. Human hybrid cell lines derived from HeLa X fibroblast were analyzed 
using restriction fragment length polymorphisms (RPLPs). Genes for B-globin, C-Ha-ras-1 and insulin 
on chromosome 11 and a polymorphic locus AWlOl on chromosome 14 were used as Southern hybridi- 
zation probes. Analysis of DNA from fibroblast, HeLa and their non-tumorigenic and tumorigenic 
hybrids showed the loss of a fibroblast chromosome 11 in three tumorigenic hybrids and a HeLa chro- 
mosome 11 in a fourth tumorigenic hybrid cell line. This latter hybrid has also lost a copy of chromo- 
some 14 of fibroblast origin. Normal chromosomes 11 and possibly 14 thus seem to play an important 
role in the control of neoplastic expression in the human hybrid cell system. 

MOLECULAR ANALYSIS OF THE CHROMOSOMAL CONTROL OF NEOPLASTIC EXPRESSION 
IN XUMAN CELL HYBRIDS, E. S. Srivatsan and E. J. Stanbridge, University of California, 
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1297 
The power of r e s t r i c t i o n  fragment l eng th  polymorphisms a n a l y s i s  t o  a i d  i n  t h e  e luc ida t ion  
of t h e  mechanisms involved i n  ret inoblastoma and W i l m s  tumor has  been r e c e n t l y  demonstra- 
t ed .  These techniques a r e  now being advanced t o  understand underlying gene t i c  mechanisms 
i n  b r e a s t  cancer ,  mu l t ip l e  endocrine neop las i a ,  neurofibromatosis  and colon cancer .  
Fami l i a l  polyposis  c o l i  f ami l i e s  are being used as a model system f o r  colon cancer .  
Adenomatous polyps and colon cancers  a r e  being t e s t e d  f o r  r educ t ion  t o  homozygosity on 
each chromosome us ing  oncogenes and random DNA polymorphisms. Breast  cancer ,  mu l t ip l e  
endocrine neop las i a  and neurofibromatosis  f a m i l i e s  a r e  being t e s t e d  f o r  l inkage using 
va r ious  DNA polymorphisms. 

DNA PROBES AS GENETIC MARKERS I N  CANCER STUDIES, Sco t t  R. Woodward, Dora S t a u f f e r  
and Ray White, Howard Hughes Medical I n s t i t u t e ,  S a l t  Lake C i ty ,  Utah 84132 

1298 APPEARANCE OF A 14q+ MARKER CHROMOSOME IN A HUMAN B-CELL LINE IN CULTURE, David W .  
Yandell and John B. L i t t l e ,  Harvard School of Publ ic  H e a l t h ,  Boston, MA 02115 

The 14q+ marker chromosome i s  one of t h e  most s p e c i f i c  chromosome abnormali t ies  seen 
i n  human neoplasia .  I t  i s  most commonly seen i n  neoplasms of a pre-B o r  B-cell  o r i g i n ;  i n  
B u r k i t t  Lymphoma t h i s  marker appears  a s  a r e s u l t  of t r a n s l o c a t i o n  o f  t h e  c-myc gene i n t o  
t h e  immunoglobulin heavy chain locus .  

We have i n v e s t i g a t e d  t h e  appearance of a 14q+ marker chromosome i n  a human B-lympho- 
b l a s t o i d  l i n e  i n  c u l t u r e .  This  c e l l  l i n e  i s  of s p e c i a l  i n t e r e s t  because it w a s  der ived 16 
year; ago from an ind iv idua l  apparent ly  f r e e  from any hematopoiet ic  malignancy. No marker 
chromosome i s  apparent  i n  chromosome spreads prepared 1 yea r  a f t e r  t h e  l i n e  w a s  i n i t i a t e d  
i n  c u l t u r e .  Since t h a t  t i m e ,  t h e  l i n e  has been grown ex tens ive ly  i n  v i t r o  and now grows 
r ap id ly  with an  e x t r a o r d i n a r i l y  high c lon ing  e f f i c i e n c y .  Cytogenetic ana lys i s  shows t h e  
b reakpo in t  on chromosome 14 t o  be a t  o r  near  t h e  immunoglobulin heavy chain locus a t  
14q32. Molecular a n a l y s i s  shows t h a t  t h i s  c e l l  l i n e  c a r r i e s  two rearranged heavy-chain 
a l l e l e s  b u t  unrearranged lambda-light cha in  l o c i .  Th i r t een  onc-genes most commonly asso- 
c i a t e d  wi th  human malignancy, i nc lud ing  c-myc, were t e s t e d  f o r  rearrangement b u t  a l l  
showed a normal arrangement when compared t o  d i p l o i d  human c o n t r o l  c e l l  l i n e s .  Further  
s t u d i e s  a r e  underway t o  determine whether o t h e r  onc genes o r  endogenous c e l l u l a r  sequences 
a r e  involved i n  t h i s  rearrangement.  

1299 ALTERATIONS IN T CELL FUNCTIONS BY PBL FROM POSTMENOPAUSAL WOMEN* WITH ENDO- 
METRIAL HYPERPLASIAS AND CARCINOMA-POSSIBLE ROLE OF ESTROGENS, I l a n a  Yron, 

*Michael Sch ik le r .  'Jardena Ovadia and *Isaac P. Witz. 
*Tel Av i v  U n i v e r s i t y ,  Te l  Aviv, I s rae l .+Be i l i nson  Medical  Center, Petach-Tikva, I s r a e l .  

A l t e r a t i o n  i n  IL -2  p roduc t i on  and c e l l  p r o l i f e r a t i o n  f o l l o w i n g  PHA s t i m u l a t i o n  
o f  pe r iphe ra l  b lood lymphocytes (PBL) f rom non- invasive s tage I Endometr ia l  carcinoma 
(E.C.) pa t i en ts ,  and t h e  mechanisms invo lved  have been studied. We have been us ing  
t h i s  tumor system as a model f o r  s tudy ing  t h e  i n  v i v o  e f f e c t  o f  over exposure t o  
estrogens on T c e l l  responses. Since we i n c l u d e  i n  our  study on ly  non- invas ive  stage 
I E.C. p a t i e n t s  be fo re  any t rea tment  i t  i s  l i k e l y  t h a t  T - c e l l  d i s func t i ons ,  i f  
detected, would be i n f l u e n c e d  by t h e i r  spec ia l  hormonal se t  up r a t h e r  than  be ing  a 
secondary e f f e c t  o f  t h e  mal ignant  process i t s e l f .  Our study thus  i nc luded  3 groups, 
E.C. pa t i en ts ,  postmenopausal women a t  h i g h  r i s k  f o r  deve lop ing  E.C. and age matched 
h e a l t h l y  women. IL-2 produc t ion  was markedly lower i n  most E.C. p a t i e n t s  as compared 
t o  hea l thy  con t ro l s .  Vary ing  l e v e l s  o f  IL -2  were produced by PBL f rom women f rom t h e  
h i g h  r i s k  group. PBL p r o l i f e r a t i v e  response t o  PHA appears t o  c o r r e l a t e  w i t h  l e v e l s  
o f  I L -2  product ion.  
suppresosr c e l l s  may be i nvo l ved  i n  modu la t ing  p a t i e n t s  T c e l l  f unc t i ons .  I n  v i t r o  
assays s tudy ing  t h e  i n h i b i t o r y  e f f e c t  o f  estrogens on T c e l l  r egu la to ry  func t i ons  and 
t h e  mechanisms i n v o l v e d  w i l l  a l s o  be presented. 

P re l im ina ry  exper iments suggest t h ?  macrophages as w e l l  as T 
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1300 ONCOGENE EXPRESSION IN RADIATION INDUCED RAT THYROID CARCINOMA. Zain, S., _ _ _ -  
MulcahY, T.9 and Kaminsk , S. Cancer Centcr, University of Rochester Rochester, N.Y. To evaluate the hypothesis tha$ oncoqene expression occurs as a steD in radiation 

carcinogenesis, we used a rat thyroid radiation carcinogenesis model capitalizing on the 
exquisite sensitivity of thyroid epithelium to the carcinogenic effects of ionizing 
radiation. 
were used as a source of tumor material. 
transcripts between the normal thyroid and radiation induced carcinoma revealed the 
expression of a set o f  oncogenes (myc, Rask, abl) which qualitatively differs from that of 
the normal. 
rearrangements (myc) and gene amplification (Rask). 

The involvement of oncogene expression in TSH induced proliferation was investigated 
utilizing a normal, differentiated, in vitro thyroid cell model (FRTL-5). 
induction by TSH there is marked increase i n  the amount of Rask mRNA identified relative to 
the non-induced cells. 
stimulation in other proliferative modulation will be described. The involvement of hormone 
induced proliferation and its associated oncogene expression in the process of radiation 
transformation of thyroid epithelial cells will be discussed. 

Tumor cells derived from radiation induced thyroid carcinoma in early passage 
Comparison between the genomic DNA and mRNA 

In addition, the DNA from the tumor tissue gives indications of DNA 

Following 

Analysis of other oncogene expression following thyrotropin 

Cancers of the Reproductive Tract 

1301 fOLE(ITLAR EPIDEMIOLLGY AND ON(IX;ENESIS OF HUM “ID~ALCNIRUS. hg-Shang Huang 
and Michelle G. Davis, Cancer Research Center, and Deplrk~ent of Medicine, University of 
North Qrolina a t  Chapl H i l l ,  Chapl H i l l ,  NC 27514. 

It has been implicated a s  
a possible oncogenic agent due t o  its abi l i ty  t o  stimulate cellular micrcmlecules synthesis 
and t o  morphologically transform rodent and human cells. To understand the moleclllar 
epidemiology of CMV, we have applied DNA restriction enzyme (RE) analysis t o  stw Virus 
s t r a i n s  i so l a t ed  from groups with variors epidemiological identity. Our results indicate 
( a )  CMV has remarkable heterogeneity;  various CMV i s o l a t e s  have d i s t i n c t  RE pltterns. 
Considerable comigrating fragments a r e  found among various i so l a t e s ,  however no two 
epidemiologically unrelated i s o l a t e s  have iden t i ca l  RE patterns.  (b)  The majority of 
recurrent maternal infect ion represents reactivation of existing latent viruses, hmever 
re infect ion by a new virus  does occur ococasionally. (c) Virus isolates fran mother and 
offspring, and from consecutive congenitally infected infants born t o  the Same w a n e n  are 
genet ical ly  related.  (d) CMV can p r s i s t en t ly  infect i n d i v i b l s  for a substantial period 
of time without a l t e r ing  its RE marker. (e) Post-transplanted CMV infection is frequently 
caused by a CMV s t r a i n  genet ical ly  ident ical  t o  the pcetransplant isolate. ( f )  Strains 
i so l a t ed  from pa t i en t s  w i t h  AIDS a r e  not i den t i ca l ,  and finally (9) genetically related 
strains can be isolated f ran semen of hanosexual men residing i n  the Same area. 

As w i t h  other DNA tumor viruses,  human CMV is found t o  stimulate the synthesis of 
ce l lu l a r  DNA, RNA, mitochondria DNA and enzymes related t o  cell Fo l i f e ra t im:  such as  ENA 
polymerases, RNA polymerase, thymidine kinase, orni thine decarboxylase and plaanimgen 
act ivator .  As demonstrated by several investigators CMV and its DNA fragnents were able t o  
transform hamster embryonic cells, NIH3T3 as w e l l  a s  hunan fibroblasts. In hunan fibroblast 
systems, we found t h a t  subfragment of largest  CMV Hind111 fragnent was able t o  transform 
human embryonic lung cells. This fragment could hybridize t o  1.5 kb v-nyc DNA a t  highly 
s t r ingen t  hybridization condition. B u t  the ranoval of high G+C portims of DNA fran v-nyc 
DNA render negative hybridization results. %is implies the former r ep r t  of the existence 
of myc re l a t ed  sequence i n  CMV might be due t o  the existence of high GC containing DNA i n  
t h i s  area. By nucleic ac id  hybridization and various irmnunological techniques, we have 
observed t h a t  CMV DNA and virus-specific macranolecules frequently exist i n  various hunan 
tunor tissues; these include cervical cancer fran the h r  mst, F o s t a t i c  a d e n o c a r c i m  and 
ovarian cancer fran the states, and Kapsi’s s a r m ~  frcm Africa. UW is mrmonly existent 
i n  urogenital  organs, thus, it is  d i f f i c u l t  t o  confirm the etiological role of CMV w i t h  
these cancers. Nevertheless, its oncogenic po ten t i a l  a s  demonstrated ~JJ vitrp suggest 
that CMV might have omgen ic  potency in  urogenital organs. 

Human cytanegalovirus (CMV), is an ubiquitous h e r p s  virus. 
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1302 The Role o f  Pap i l lomav i ruses  i n  Tumors o f  the' U rogen i ta l  T rac t .  
Hara ld  zu r  Hausen, Deutsches Krebsforschungszentrum, I m  Neuenheimer Fe ld  280, 
D-6900 He ide lberg  1 
A t  l e a s t  f i v e  d i s t i n c t  types o f  pap i l lomav i ruses  have r e c e n t l y  been i d e n t i f i e d  i n  
the  human g e n i t a l  t r a c t .  Human pap i l l omav i rus  (HPV) type  6 i s  found i n  about 60 % 
o f  condylomata acuminata as w e l l  as i n  a smal l  percentage o f  c e r v i c a l  condylomatous 
l es ions .  HPV 11 i s  de tec ted  i n  approx imate ly  30 % o f  a d d i t i o n a l  condylomata acumi- 
na ta  and i n  about 50 % o f  k o i l o c y t o t i c  dysp las ias  o f  t he  c e r v i x .  Some o f  t he  l a t t e r  
l e s i o n s  a l s o  con ta in  HPV 10. Two v i r u s  types, HPV 16 and HPV 18 were r e c e n t l y  iden-  
t i f i e d  i n  about 70 % o f  i nvas i ve  c e r v i c a l  cancer b iops ies ,  as w e l l  as i n  vulva1 and 
p e n i l e  cancer.  A t  l e a s t  about 15 % o f  a d d i t i o n a l  b iops ies  con ta in  HPV-cross-hybri- 
d i z i n g  sequences, presumably o r i g i n a t i n g  f rom y e t  n o n - i d e n t i f i e d  pap i l lomav i ruses .  
HPV 16 i s  f r e q u e n t l y  found i n  a t y p i c a l  dysp las ias ,  i n  carcinomata i n  s i t u  and i n  
about 80 % o f  g e n i t a l  Bowen-s disease and Bowenoid papu los is .  HPV 18 DNA has been 
i d e n t i f i e d  i n  c e l l s  o f  severa l  l i n e s  o r i g i n a t i n g  f rom c e r v i c a l  cancer, i n c l u d i n g  
the  HeLa l i n e .  The e t i o l o g i c a l  involvement o f  these v i ruses  i n  g e n i t a l  ma l ignant  
tumors and t h e i r  poss ib le  synergism w i t h  t u m o r - i n i t i a t i n g  f a c t o r s  w i l l  be discussed. 

Late Additions 
1303 Human T - c e l l  Leukemia  V i r u s e s  i n  Leukemia  and Immunosuppress ion .  M. Essex, 

Department o f  Cancer B io logy ,  Harvard School o f  Pub l i c  Heal th,  Boston, MA 02115 

Members o f  t h e  human T -ce l l  leukemia v i r u s  (HTLV) f a m i l y  o f  agents have been l i n k e d  t o  
a d u l t  T - c e l l  leukcqnia (ATL), t o  AIDS, and t o  a form o f  c l i n i c a l  imnunosuppression t h a t  i s  l e s s  
severe  than  AIDS. V i ruses  o f  t h e  same f a m i l y  have been de tec ted  i n  numerous species o f  Old 
W o r l q  monkeys, i n  sme cases i n  assoc ia t i on  w i t h  ou tbreaks  o f  lymphoma and/or imnunosuppres- 
s ion.  

The HTLV p r o t e i n s  most app rop r ia te  f o r  seroep idemio log ic  sc reen ing  @f popu la t ions  exposed 
t o  HTLV I, HTLV 11, and HTLV I 1 1  a re  t h e x a n d x g e n e  products.  ' The m a j o r x g e n e  
produc t ,  which i s  designated gp61 i n  t h e  case o f  HTLV-I, gp67 i n  the  case o f  HTLV-11, and 
gp120 i n  t h e  case o f  HTLV-111, i s  t h e  most immunogenic v i r a l  p r o t e i n  i n  exposed people and 
an t i bod ies  t o  t h i s  c l a s s  o f  p r o t e i n  a re  found i n  e s s e n t i a l l y  a l l  ATL p a t i e n t s  o r  A I D  pa t i en ts .  
The major  l o r  gene produc t ,  des ignated  p42 f o r  HTLV-I and p38 f o r  HTLV-I1 i s  imnunogenic i n  
some i n d i m a l s ,  l o c a l i z e d  i n  t h e  nucleus, and i t s  express ion  may be r e l a t e d  t o  i m n o r t a l i -  
z a t i o n .  The presence o f  an t i bod ies  t o  t h e  e n v , k ,  and o t h e r  v i r a l  gene produc ts  p rov ide  a 
mechanism t o  mon i to r  popu la t i ons  f o r  e x o s u r e o  HTLV's as w e l l  as t o  es t ima te  disease r i s k  i n  
exposed i n d i v i d u a l s .  

1. Essex, M. In Human T -ce l l  Leukemia V i ruses .  Cold Spr ing  Harbor Press, p p . 1 1 1 - 1 2 0  

2. Homna, T. e t  a l .  Science 225:716-718 (1984). 
3. 
4. 

(1984). 

Lee, T., & -ax  Proc. N a t x c a d .  Sci. 81:3856-3860 (1984). 
Lee, T., 5 3. Science =:57-61 ( 1 9 8 q .  
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The leukemias and mal ignant  lymphomas a r e  r e l a t i v e l y  r a r e  cancers,  compr is inp  as they  do 
r o u g h l y  2.8% and 3.6% o f  a l l  newly-diagnosed mal ienanc ies  i n  t h e  U n i t e d  S t a t e s  each year .  
Desp i te  t h e i r  r a r i t y ,  these cancers have a t t r a c t e d  a g r e a t  deal  o f  i n t e r e s t  f rom t h e  oncolooy 
research  community, p a r t l y  owing t o  advances i n  t rea tment  wh ich  have rendered acute  lympho- 
c y t i c  leukemia, Hodgk in 's  d isease and h igh-arade mal ipnant  (non-Hodakin 's)  lymphomas amon? 
t h e  more t r e a t a b l e  human neop las ias .  E t i o l o g i c  research  has been f a c i l i t a t e d  bv t h e  develop- 
ment o f  d e t a i l e d  h i s t o l o g i c  c l a s s i f i c a t i o n  schemes which have p e r m i t t e d  t h e  r e c o g n i t i o n  o f  
over  a dozen s p e c i f i c  d isease e n t i t i e s  w i t h i n  t h e  o v e r a l l  r u b r i c  o f  l ympho id lhematopo ie t i c  
cancers.  I n  a d d i t i o n ,  these cancers have proven p a r t i c u l a r l y  amenable t o  labora tory -based 
i n v e s t i g a t i o n s  designed t o  c l a r i f y  t h e i r  e t i o l o a v  and pathopenesis.  
t h e  d e s c r i p t i v e  epidesi io logy and r i s k  f a c t o r  p r o f i l e s  f o r  each o f  these many d i f f e r e n t  
diseases, t h i s  p r e s e n t a t i o n  w i l l  cons ider  s e l e c t e d  i l l u s t r a t i v e  examples o f  the  i n t e r o l a y  
between e p i d e m i o l o g i c / e t i o l o g i c  research  and labora tory -based i n v e s t i g a t i o n s ,  t o  p r o v i d e  
models O F  t h e  biochemical  epidemiology research  s t r a t e g y  and sugaest ions r e o a r d i n g  f u t u r e  
s t u d i e s  o f  t h i s  type .  
banding techniques have r e v e a l e d  chromosomal a b n o r m a l i t i e s  i n  most o f  t h e  leukemia and 
lymphoma tumor samples t e s t e d .  
a r e  a s s o c i a t e d  w i t h  very  s p e c i f i c  c y t o g e n e t i c  a b n o r m a l i t i e s ,  p r o v i d i n o  evidence f o r  e t i o l o g i c  
h e t e r o g e n e i t y  among t h e  d i v e r s e  leukemia and lymphoma subtypes. Chronic myelopenous leukemia 
and B u r k i t t ' s  lymphoma p r o v i d e  models f o r  t h e  nexus between s p e c i f i c  c y t o g e n e t i c  abnormal t i e s  
and oncogene metabol ism; each has s p e c i f i c  chromosomal t r a n s l o c a t i o n s  which r e s u l t  i n  a l t e r e d  
oncogene express ion  ( c - a b l  and c-myc, r e s p e c t i v e l y ) .  The d e s c r i p t i v e  epidemiology o f  Hodokins 
d isease has suggested t h a t  t h e  young onset  form o f  t h i s  cancer may have an i n f e c t i o u s  e t i o l o g y  
The da ta  a r e  c o n s i s t e n t  w i t h  t h e  hypothes is  t h a t  l a t e  age-at-exposure t o  a common ( ?  v i r a l )  
agent i s  a s s o c i a t e d  w i t h  an inc reased r i s k  o f  Hodgk in 's  disease. S tud ies  o f  FBV sero loay  and 
HLA phenotype ( t h e  l a t t e r  of p a r t i c u l a r  i n t e r e s t  i n  f a m i l i a l  Hodok in 's  d isease)  have p r o v i d e d  
f u r t h e r  suppor t  f o r  t h i s  hypothes is .  
non-Hodgkin 's lymphoma i n  p a t i e n t s  r e c e i v i n g  immunosuppressive med ica t ions .  
b i o l o g i c  approaches have c l a r i f i e d  t h e  e v o l u t i o n  and c l o n a l i t y  o f  these tumors, as Well as 
h i g h l i g h t i n g  t h e  c o n t r i b u t i o n  o f  EBV t o  t h e i r  development. F i n a l l y ,  ep idemio log ic  surveys 
have documented t h a t  a l k y l a t i n g  agents a r e  p o t e n t  leukemogens i n  man. 
shown a p o s i t i v e  c o r r e l a t i o n  between a l k y l a t i n e  aaent dose and r i s k  o f  acu te  ?onlvmphocyt ic 
leukemia, and suggested v a r i a t i o n s  i n  h o s t  s u s c e p t i b i l i t y  t o  these e f f e c t s .  
bodies r a i s e d  a g a i n s t  a l k y l a t i n g  agent-DNA adducts may c l a r i f y  how these aaents induce ANL. 

THE EPIDEIIIOLOGY OF LEUKEMIA AND LYMPHOMA: LABCRATCPY IMPLICATIONS, Mark H. Greene, 
Environmental  Epidemiology Branch, N a t i o n a l  Cancer I n s t i t u t e ,  Bethesda, t1D 20205. 

Rather than address the 

Thus, f o r  example, r e c e n t  c y t o a e n e t i c  s t u d i e s  emplovinp h i g h  r e s o l u t i o n  

F u r t h e r ,  t h e r e  i s  evidence t h a t  many s p e c i f i c  d isease e n t i t i e s  

Ep idemio log ic  s t u d i e s  have documented t h e  h i o h  r i s k  of 
f lOleCUlar 

These s t u d i e s  have 

, lonoclonal  a n t i -  
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b s  Amgeles, CA 90033 and Labratory of H w n  Carcirmgenesis, National Cancer Institute, 
Bethesda, MD 20205. 

The methylation of qtosine residues in DNA is thought to be part of a potent gene silencing 
mechanism in eukaryotic cells. Undermethylation of specific sites within genes m y  be a 
necessary but not sufficient condition for their expression so that methylation an 
inportant role in cell differentiation. 
cell behaviour, then it follms that aberrations within it could be responsible 
aberrant gene control seen during transformation. 

We have therefore investigated aspects of DNA Ethylation and its relationship to tmri- 
genesis in several experimental systems. Chemical carcinogens were found to be strong 
inliibitors of the in vitro catalyzed transfer of rnethyl groups from S-adenosylmethionine to 
acceptor hemimethylated DNA. in 
living cells were also studied, and it was found that precarcincqens induced transient 
inhibition of methylation of DNA synthesized in Balb 3T3 cells. The overall methylation 
levels and patterns of 5-methylcytosine at the level of specific genes were investigated in 
cell lines and in primary explants of pediatric and adult turmrs. These studies all shokred 
aberrations in methylation control. This  suggests that the generation of abnoml CNA 
methylation levels and patterns m y  play a role in the genesis of certain types of cancer. 
The levels of DNA methyltransferase enzyme in mn-onccqenic cells and transfom deriv- 
atives from the same species were assayed. In rnany cases, the level o f  extractable W 
methyltransferase w a s  found to be mch higher in tmrigenic vs. m-tmrigenic cells 
suygesting that alterations in the methylating capacity of cells might acmrrpany 
transfomtion. These findings will k discussed in relationship tn the hypothesis that 
aberrations in methylation patterns and control mechanisms result in altered gene expression 
in cellular transfomtion. 
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