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Papilloma Viruses: Molecular and Clinical Aspects 

Papilloma Viruses and Human Genital Tract Diseases 

1307 
Since it has been shown that particular human papillomavirus types (HPV16 and 18) are preferentially 
associated wi th  malignant genital tumors whereas others (HPV6, 11) are mainly found in benign lesions. 
determination of  the HPV type might be of diagnostic relevance in order to elucidate the biological po- 
tential of single genital lesions to develop into a malignant tumor (1, 2). 
Analysing the molecular state of HPV DNA i t  has been shown that integration into the host genome might 
be an important step for malignant transformation since the viral molecules permit exclusively an extra- 
chromosomal circle within the benign lesions. 

1. Gissmann, L. (1984): Papillomaviruses and their Association to Cancer i n  Animals and in Man. Cancer 
Surveys 3,161-181. 
2. Wagner, D., Ikenberg, H., Bohm, N., and Gissmann, L. (1985): Identification of  Human Papillomavirus 
in Cervical Smears by Deoxiribonucleic Acid in Situ Hybridization. Obst. Gynecol. 65 (in press). 

DETECTION OF HPV DNA IN HUMAN GENITAL LESIONS, Lutz  Gissmann, Deutsches Krebs- 
forschungszentrum, I m  Neuenheimer Feld 280, 6900 Heidelberg, FRG 

1308 PAPILLOMAVIRUSES AN0 CERVICAL NEOPLASIA: REFLECTlOllS ON THE PAST, PERCEPTIONS O F  
THE PRESEilT, AND SPECULATIOM O N  THE FUTURE. R.J .  Kurman, A.3. Jenson, and V.0. 
Lancas ter .  Georgetown Un iv .  Ned. C t r . ,  I ' ash ing ton ,  DC 20007 

The r e c o g n i t i o n  t h a t  human p a p i l l o m a v i r u s e s  (PV) a r e  a s s o c i a t e d  w i t h  ben ign  g e n i t a l  
w a r t s  (condyloma acuminata) and precancerous l e s i o n s  o f  t h e  c e r v i x  ( d y s p l a s i a ,  carc inoma- in -  
s i t u  (CIS) or  a l t e r n a t i v e l y  c e r v i c a l  i n t r a e p i t h e l i a l  n e o p l a s i a  (CIN) has r a i s e d  a number of 
q u e s t i o n s  concern ing  t h e  e t i o l o g y ,  p a t h o l o g i c  d i a g n o s i s ,  and c l i n i c a l  management o f  p a t i e n t s  
w i t h  c e r v i c a l  d y s p l a s i a .  T r a d i t i o n a l l y ,  c e r v i c a l  d y s p l a s i a  was regarded as  a precancerous 
l e s i o n  a l t h o u g h  i t  was recogn ized t h a t  a h i g h  p r o p o r t i o n  o f  these l e s i o n s  spontaneous ly  
regressed o r  p e r s i s t e d  and only a m i n o r i t y  p rogressed t o  i n v a s i v e  cancer .  t:oreover, t h e  
b e h a v i o r  o f  a p a r t i c u l a r  d y s p l a s t i c  l e s i o n  based on i t s  h i s t o l o g i c  appearance has been 
n o t o r i o u s l y  u n p r e d i c t a b l e .  I n  v iew o f  i t s  c a p r i c i o u s  b e h a v i o r  t h e  c l i n i c a l  management o f  
women w i t h  d y s p l a s i a  has ranged f rom o b s e r v a t i o n  t o  hys terec tomy.  

c a l  and m o l e c u l a r  v i r o l o g i c  da ta .  Thus, C I N  i s  composed o f  a group o f  l e s i o n s  wh ich  fo rm a 
morpho log ic  cont inuum r a n g i n g  f rom m i l d  t o  severe d y s p l a s i a  t h a t  merges i m p e r c e p t i b l y  w i t h  
C I S .  P V - s p e c i f i c  s t r u c t u r a l  a n t i g e n s  and DllA sequences have been i d e n t i f i e d  w i t h i n  a l l  
phases o f  t h e  i n t r a e p i t h e l i a l  p rocess  l e a d i n g  up t o  C I S  (1 ,2 ,3 ) .  A number of d i f f e r e n t  PVs 
i n c l u d i n g  HPV-16 have been d e t e c t e d  i n  c e r v i c a l  d y s p l a s i a s  ( 4 )  and HPV-lG has been i d e n t i f i e d  
i n  a h i g h  p r o p o r t i o n  o f  i n v a s i v e  c e r v i c a l  cancers  ( 5 ) .  These da ta  p r o v i d e  f u r t h e r  ev idence 
i m p l i c a t i n g  P V  i n  t h e  genes is  o f  c e r v i c a l  n e o p l a s i a  and a l s o  suggest t h a t  c e r v i c a l  abnormal- 
a t i e s  t r a d i t i o n a l l y  c l a s s i f i e d  as " d y s p l a s i a "  may be composed o f  a heterogeneous group o f  
l e s i o n s  t h a t  a r e  induced by a l i m i t e d  number o f  P V  types  o f  v a r y i n g  oncogenic p o t e n t i a l .  
Perhaps o n l y  a subset  o f  PV types  a c t i n g  i n  c o n c e r t  w i t h  o t h e r  f a c t o r s  i . e . ,  herpes i n f e c t i o n ,  
s p e c i f i c  d e f e c t s  i n  h o s t  c e l l  med ia ted  immunity e t c .  induce n e o p l a s t i c  t r a n s f o r m a t i o n  whereas 
t h e  m a j o r i t y  produce l e s i o n s  w i t h  l i t t l e  o r  no oncogenic p o t e n t i a l  t h a t  p e r s i s t  as c h r o n i c  
i n f e c t i o n s  o r  regress  spontaneous ly .  

References: (1) Kurman, R.J. e t  a l . :  Am J Surg Patho l  7, 35-52 (1383);  ( 2 )  Lancas ter ,  V.D.  
e t  a l . :  l n t e r v i r o l o g y  20, 202-212 (1553) ;  (3 )  Okagaki ,  T. ,  e t  a l . :  I n t  J Gynecol Patho l  2, 
153-159 (1533);  ( 4 )  Crum, C . P .  e t  a l . :  :I Engl J Med 310:880, (1524) ;  (5 )  D u r s t ,  M. e t  a l . :  
Proc i i a t l  Acad Sci  USA 30, 3812-3315 (1;33). 

The ev idence r e l a t i n g  P V  t o  c e r v i c a l  n e o p l a s i a  i s  based on morpho log ic ,  irnmunocytochemi- 
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1309 NATURAL HISTORY OF HPV INFECTIONS I N  UTERINE C E R V I X  AS DETERMINED BY PROSPECTIVE 
FOLLOW-UP, Kar i  J. Syr j l nen ,  M a r t t i  Vlyrynen, Rauno M ln ty j ' d rv i ,  Seppo Saar ikosk i ,  

and O l l i  Castrkn, Department o f  Pathology, Gynecology&Obstetric, and C l i n i c a l  M ic rob io logy ,  
U n i v e r s i t y  o f  Kuopio, SF-70211 Kuopio, F in land  
To assess the  n a t u r a l  h i s t o r y  o f  c e r v i c a l  HPV les ions ,  i .e.  f l a t ,  i n v e r t e d  and pap i l lomatous  
condylomas, a long-term p rospec t i ve  fo l low-up s tudy  was s t a r t e d  i n  October 1981. A t  t h i s  
w r i t i n g ,  a t o t a l  o f  343 women have been fol lowed-up f o r  a mean o f  18 15 (M SD)  months, e i t h e r  
by  c e r v i c a l  punch b iopsy  o r  Papanicolaou (PAP) smears ( depending on whether concomitant CIN 
i s  o r  no t ,  r e s p e c t i v e l y  ) ,  repeated  a t  6-month i n t e r v a l s .  On each at tendance a t  t he  
C l i n i c ,  t h e  p a t i e n t  i s  sub jec ted  t o  colposcopy accompanied by c e r v i c a l  swabs ( f o r  i s o l a t i o n  
o f  Chlamydia t rachomat is  ), and by  b lood samples f o r  v i r a l  ( HPV, HSV, CMV ) serology. PAP 
smears and punch b iops ies  a re  analysed f o r  t h e  cy topa th i c  changes o f  HPV, and f o r  concomitant 
C I N ,  and t h e  b iops ies  a l so  f o r  HPV p a r t i c l e s  on EM, f o r  HPV s t r u c t u r a l  p r o t e i n s  IP-PAP 
techn ique and f o r  t he  l o c a l  imnune r e a c t i v i t y  us ing  ABC ( Av id in -B io t i n  Peroxidase Complex ) 
method w i t h  monoclonal an t i bod ies  (McAb) t o  d e f i n e  T c e l l  subsets, NK ( na tu ra l  k i l l e r  ) 
c e l l s  and Langerhans (OKT-6 ) c e l l s  i n  t h e  b iops ies .  A l l  p a t i e n t s  a re  requested f o r  t h e i r  
sexual h a b i t s  b y  a d e t a i l e d  ques t ionna i re .  Evidence was found by  s e r o l o g i c a l  means (CF- tes t )  
f o r  t he  coex is ten t  HSV i n f e c t i o n  i n  10% o f  the  females d u r i n g  the  fo l low-up.  Ch lanyd ia l  
c e r v i c i t i s  was de tec tab le  i n  10.4% o f  t he  pa t i en ts ,  t he  f i g u r e s  be ing  f u l l y  comparable w i t h  
those repo r ted  b y  STD c l i n i c s .  I n  HPV pa t ien ts ,  t he  ques t ionna i res  d i sc losed  t h e  same r i s k  
f a c t o r s  ( i . e .  e a r l y  onset o f  sexual a c t i v i t y ,  poor hygiene, and m u l t i p l e  pa r tne rsh ips  ) as 
shown t o  be associated w i t h  the  development o f  c e r v i c a l  cancer, thus  emphasizing the  
i d e n t i c a l  (STD) epi$emiology o f  these t w o  disease$. Only minor f l u c t u a t i o n s  i n  the  r e l a t i v e  
l e v e l s  o f  NK (HNK-1 ) c e l l s  and Langerhans (OKT-6 ) c e l l s  were observed between t h e  d i f f e r e n t  
types o f  HPV les ions ,  between vpr ious  grades o f  HPV-CIN, and between the  HPV les ions  w i t h  
d i f f e r e n t  n a t u r a l  h i s t o r y .  The OKT4 /OKTB+ (T he lper /T  suppressor c e l l )  r a t i o  was lowest ( 
0.93 ) i n  progressed les ions  and h ighes t  ( 1.07 ) i n  t h e  regressed ones, suggest ing t h a t  t he  
c l i n i c a l  course o f  c e r v i c a l  HPV i n f e c t i o n  migh t  be a f f e c t e d  b y  the  l o c a l  balance between T 
he lpe r  and T suppressor c e l l s .  Dur ing  t h e  fol low-up, 86/343 (25.1%) o f  t he  HPV les ions  
regressed (RE), 209 (60.9%) remained p e r s i s t e n t  (PE), and 48 (14.0%) progressed (PR), 14 
(4.1%) hav ing  been coned due t o  p rogress ion  i n t o  CIS. The c l i n i c a l  course was most p o w e r f u l l y  
i n f l uenced  b y  t h e  grade o f  HPV-associated C I N ,  t o  which RE was i n v e r s e l y  and PR d i r e c t l y  
r e l a t e d .  The r e s u l t s  unequ ivoca l l y  con f i rm t h e  STD charac ter  o f  c e r v i c a l  HPV i n f e c t i o n ,  which 
seems t o  possess the  p o t e n t i a l  f o r  c l i n i c a l  p rogress ion  towards C I S ,  q u i t e  comparable t o  t h a t  
o f  c l a s s i c a l  CIN. Therefore,  c e r v i c a l  HPV les ions  should be regarded as t r u l y  precancerous 
changes, and they  should be examined, t r e a t e d  and fol lowed-up w i t h  t h e  same concern as the  
c l a s s i c a l  C I N .  

p resent  

w i t h  

Clinical and Cell Biology 

1310 HUMAN PAPILLOMAVIRUS DNA I N  ANOGENITAL CARCINCHAS, Anna Marie Beckmann, Jane t  
R. Dal ing  and James K .  McDougall, Fred Hutchinson Cancer Research Center ,  
S e a t t l e ,  WA 98104 

Human papillomavirus (HPV) i n f e c t i o n  of the g e n i t a l  region i s  a common occurence in  
sexua l ly  a c t i v e  popula t ions  and epidemiologic evidence i n d i c a t e s  t h a t  g e n i t a l  war t s  a r e  a 
s exua l ly  t r ansmi t t ed  d i sease .  The epidemiology of c e r v i c a l  cancer sugges ts  t h a t  t h i s  
d i sease  may a l s o  be t r ansmi t t ed  by sexual  con tac t  and evidence from many l a b o r a t o r i e s  has 
e s t a b l i s h e d  an a s s o c i a t i o n  between HPV i n f e c t i o n  and ce rv ica l  mal ignancies .  We a r e  
conducting case-cont ro l  epidemiologic and biochemical s t u d i e s  of vu lvar  and ana l  cancers  
t o  i n v e s t i g a t e  the  r e l a t i o n s h i p  of HPV i n f e c t i o n  t o  the  development of t hese  mal ignancies .  

i n f e c t i o n  in  p a t i e n t s  with vulvar  and ana l  cancers  a s  wel l  a s  i n  women with ce rv ica l .  
cancer .  DNA sequences c lose ly  r e l a t e d  t o  HPV-16 o r  -18 were de tec t ed  in  66% of vulvar  
cancers  (4161, 60% of ana l  cancers  (3/5) and 56% of ce rv ica l  cancers  (5/9). The vulvar  
and ana l  tumors which conta ined  HPV DNA were squamous carcinomas, and the p o s i t i v e  
c e r v i c a l  tumors were of e i t h e r  squamous o r  adenosquamous o r i g i n .  I n  p a t i e n t s  with vulvar  
or  a n a l  cancers  t h a t  conta ined  HPV D N A ,  development of malignancy was a s soc ia t ed  with 
p r e e x i s t i n g  o r  coex i s t ing  g e n i t a l  war t s  and with h i s t o r i e s  of  ana l  i n t e rcour se .  These 
s t u d i e s  a l low inco rpora t ion  of ep idemiologica l  and biochemical da t a  i n t o  eva lua t ion  of the  
r o l e  of HPV in  the  induct ion  of human g e n i t a l  mal ignancies .  

We have used Southern t r a n s f e r  hybr id i za t ion  ana lyses  t o  demonstrate evidence of HPV 
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1311 Charac te r i za t i on  o f  t he  Involvement o f  HPV i n  Verrucous Carcinoma o f  t he  Larynx, 
Janet L. Brandsma, A l l a n  L. Abramson, and B e t t i e  M. Ste inberg ,  Long I s l a n d  Jewish- 
H i l l s i d e  Medical Center, New Hyde Park, NY 11042. 

We have p r e v i o u s l y  shown by Southern b l o t  h y b r i d i z a t i o n  t h a t  DNA sequences 
r e l a t e d  t o  HPV-16 a re  assoc ia ted  w i t h  verrucous carcinoma o f  t he  l a r y n x  ( 6  o u t  o f  
6 cases),  w h i l e  no de tec tab le  HPV-related sequences were found i n  4 o t h e r  
squamous c e l l  carcinomas o f  t he  l a rynx .  

Experiments i n  p rogress  aim a t  f u r t h e r  d e f i n i n g  the  involvement o f  HPV i n  
cancers o f  t he  head and neck. Tissues f rom two new cases o f  verrucous carcinoma 
and one c e l l  l i n e  es tab l i shed  f rom a t h i r d  p a t i e n t  w i t h  t h i s  disease a re  
be ing  analyzed f o r  t he  presence o f  HPV DNA. I f  found, we w i l l  mo lecu la r l y  c lone 
the  DNA(s) and cha rac te r i ze  t h e i r  homology t o  o t h e r  types o f  c loned HPVs by 
a n a l y s i s  w i t h  r e s t r i c t i o n  endonucleases and h y b r i d i z a t i o n  under va ry ing  cond i t i ons  
o f  s t r ingency .  

benign diseases o f  t he  head and neck a re  be ing  analyzed i n  ou r  e f f o r t  t o  es t imate  
b e t t e r  t he  prevalence o f  HPV-11, HPV-16, HPV-18 and ( i f  c loned)  the  verrucous 
type  o f  HPV DNA. 

I n  a d d i t i o n ,  l a r g e  numbers o f  t i s s u e s  f rom o t h e r  p a t i e n t s  w i t h  ma l ignant  o r  

1312 PROSPECTIVE HPV DNA ANALYSIS OF PATIENTS WITH ABNORMAL PAP SMEARS. Robert D. Burk, 
Anna S. Kadish, Servio Calderon, and Seymour b e y .  Albert Einstein College of 
Medicine, Bronx, NY, 10461. 

Human papilloma viruses (HPVs) have been implicated in an etiologic role for human cervix 
cancer. In order to investigate the relationship between HPVs, premalignant cervical 
lesions, and cervix cancer, we have used Southern blot analysis with HPV types 6 ,  11, 16, 
and 18 to detect,HPV DNA in secretions and biopsy materials. All patients were referred to 
colposcopy clinic after at least two abnormal PAP smears. HPV DNA was detected in the 
cervical biopsy and/or fluid 04 70% (16/23) of patients. 94% (15/16) of the HPV-positive 
patients showed koilocytosis apd/or dysplasia on biopsy as well as abnormal PAP smears. 
Several patients had HPV in one cervical biopsy, whereas a second biopsy was negative both 
for HPV and for histopathologic changes. HPV 11 was the most connnon HPV type detected; at 
least 3 patients had more than one HPV type. 86% (6 /7 )  of patients without detectable HPV 
DNA showed neither histologic evidence of HPV infection nor dysplasia; and 1 patient had 
dysplasia without koilocytoais. 35% (6/17) of HPV-positive patients had HPV DNA in cervical 
fluid samples but not in biopsy samples. All 6 of these patients had abnormal PAP smears on 
the day of fluid sampling. We conclude that (1) there is a close correlation between the 
presence or  absence of HPV DNA in cervical biopsies and the histologic findings; ( 2 )  EPV 
infection is limited to discrete areas of the cervix with histologic abnormalities, whereas 
adjacent histologically normal areas are free of HPV DNA; and ( 3 )  analysis of cervicovaginal 
fluid is a sensitive, representative method for detection of HPV DNA infection of the 
cervical area. Comparison of histologic findings with EF'V type will be presented. 

1313 LOCAL CELLULAR IMMUNE RESPONSE AND KERATINOCYTE ANTIGEN MODIFICATIONS IN HUMAN 
PAPILLOMAS. Yvette Chardonnet, Jacqueline Viac and Paule Beauve. Inserm U 209, CNRS 

ERA 788, HSpital E. Herriot, Pav. R, 69374 Lyon CQdex 08 France. 
Ninety-two lesions taken from different localizations were studied by immunofluorescence 
(IF) with specific monoclonal antibodies (Ab), for the presence of T cell subsets, Langer- 
hans cells (LC), HLA-DR bearing cells and keratincoyte antigens. The presence of papilloma- 
virus (HPV) was examined either by IF with rabbit Ab raised to SDS-dissociated purifed 
virus (dHPV) and/or by viral DNA-DNA hybridization. The number of lesions containing T cell 
subsets differed according to their localization : plantar sole 2/15, hand 7/38, miscellea- 
nous 6 /16 ,  genitals 4/7, laryngeal papillomas (LP) 2/8 ,  bowenoid papules (BP) 6/8. T8 posi- 
tive cells predominated in LP 2 / 8  and in BP 5 / 8  whereas both T cell subsets were equally 
found in the other biopsies. The distribution of LC was significantly disturbed as compared 
to normal tissues. The percentages of HLA-DR positive biopsies significantly differed. More 
than 60 % of biopsies contained viral antigen and/or viral DNA. As compared to normal epi- 
dermis, a number of papillomas showed some modifications of keratinocyte antigens : 55-57 
Kd keratins, recognized by KL1 monoclonal Ab, were detected in basal cells ; membrane and 
desmosome associated antigens, reacting respectively with KL3 and KM48monoclonal Ab, were 
drastically disturbed in the upper layers of epidermal lesions. Correlations were establi- 
shed between the presence of LC, dHPV and T8 cell subset. The various changes observed in 
papillomas are probably under control of viral infection. The modulation of T cell subsets 
might explain either regression or persistence of the lesions. 
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1314 MONOCLONAL ANTIBODIES TO THE GROUP SPECIFIC ANTIGEN OF PAPILLOMAVIRUS, Lex 
Cowsert and Phil Lake, Georgetown 

Monoclonal antibodies were generated by imunizing C57B1/6 mice with SDS-disrupted 
BPV-1. The primary screen was by ELISA designed to discriminate between antibodies that 
reconized determinants that were carried internally or externally on the virus capsid. 
This assay allowed the antibodies to be classified into three groups based on their 
reactivity. One group reacted only with intact virus, one group reacted only with 
disrupted virus, and the third group reacted with both intact and disrupted virus. 
Antibodies from the last two groups were screened by imnunoperoxidase on human cutaneous 
warts for group specific activity. Initial surveys on formalin-fixed paraffin-embeded 
cervical biopies and Papanicolaou-stained cervicovaginal smears have demonstrated the 
ability of these antibodies to detect papillomavirus infection o f  the cervix. These 
monoclonal antibodies show greater sensitivity and specificity than the polyclonal 
antisera. Imnunoprecipitation studies with these antibodies and charaterization of the 
antigen are being carried out. 

University, Washington, D.C., 20007. 

1315 HISTOLOGICAL AND MOLECULAR ANALYSIS OF EARLY CERVICAL NEOPLASIA. Christopher 
P.Crum, Nobutaka Nagai. Masaru Mitao, Richard U. Levine and Saul J. 
Silverstein, Columbia University, New York, N.Y. 

We have combined systematic histological analysis with Southern blot hybridization 
and DNA in-situ hybridization to correlate the presence of certain human papillomavirus 
(HPV) strains with specific precancerous cervical lesions and to pinpoint the distribu- 
tion of HPV's in these lesions. In a series of 58 blopsies, HPV sequences were detect- 
ed In 85% of the samples with abnormal histology, HPV 16 was detected in 70% of pre- 
cancers which contalned abnormal mitoses and/or diffuse nuclear atypia (CIN). Elghty 
two percent of condylomata contained HPV sequences, of these HPV 6 or 1 1  was detected 
in 56% of the lesions. Mixed infections were rare. DNA In-situ hybridizatlon of 
biopsies from CIN and condylomata localized HPV sequences within nuclei, primarily in 
the superficial cell layers. However, in some lesions positive nuclei were found 
within one cell layer of the basal lamina and sequences hybridizing with HPV 16 were 
found in both mature and immature neoplastlc cells. This study Indicates that these 
viruses segregate within lesions which exhibit strikingly different histoioglcai 
changes. However, the lesions associated with these diverse viruses share similar 
patterns of dlstribution of HPV in the epithelial cells. 

1316 DETECTION OF PAPILLOMAVIRUS IN TUMOURS USING LABELLED BIOPSY DNA. Ethel-Michele de 
Villiers, Referenzzentrum fur humanpathogene Papillomviren, Deutsches Krebsfor- 

schungszentrum, Heidelberg. 
A series of tumours were screened for the presence of papillomavirak DNA. 
lug of total biopsy DNA, hybridization with HPV 1 to 26 was carried out. Multiple infec- 
tions by two or more viruses were further investigated by hybridizing the cellular DNA with 
the respective labelled papillomaviral DNA. New, apparently yet unidentified virus types 
crosshybridizing with known HPV prototypes were found in certain biopsies. The method per- 
mitted u s  to detect and identify specific types of papillomaviral DNA in tumours of the 
genital tract, the oral cavity and the skin, as well as a few additional lesions previouslv 
not suspected to result from papillomavirus infections. 

After labelling 

1317 ORAL ~~HAIRY" LEUKOPLAKIA - EVIDENCE OF BOTH PAPILLOMAVIRUS & EPSTEIN- 
BARR VIRUS, J.S. Greenspan, D. Greenspan, E. Lennette, V. Petersen, & Y. de Souza, 
University of California, San Francisco, C A  94143 and Virolab, Emeryville, CA 94608 

Sixty-one male homosexuals presenting with leukoplakia of the lateral margin and ventral surface of the 
tongue ("hairy leukoplakia" (HL) Greenspan, D et al., Lancet, 11-1984) were subjected to immunological, 
histopathological and virological investigation. Thirteen patients develo ed AIDS during the 36 months 
of the study (at from 2 weeks to 33 months from first examination). 40f50 showed a reduced or absent 
delayed hypersensitivity skin test response while 19/20 had a Th/Ts ratio < I .  Biopsy of the lesion 
showed characteristic histology with koilocytosis. The PAP reaction for papillomavirus antigen was 
positive in 31/38 H L  biopsies, in 4/7 oral warts and in 0/11 biopsies of other oral epithelial lesions. 
Electronmicroscopy revealed sporadic papillomavirus particles in 15/21 specimens. However, 17/21 
specimens showed numerous herpes-type virus particles in nuclei, cytoplasm and intercellular spaces of 
prickle cells and more superficial keratinocytes. Efforts to culture the viruses have not been 
successful. Direct immunofluorescence on cryostat sections, using rabbit antisera to herpes simplex 
(HSV) I or 2, or varicella-zoster virus (VZV) and indirect immunofluorescence using human sera 
containing antibodies to cytomegalovirus (CMV), showed no positive staining in any case. Human sera 
positive for Epstein-Barr virus (EBV), used in indirect immunofluorescence, consistently produced 
staining in koilocytotic and adjoining cells in 13/15 HL cases and in O / l l  specimens of other oral 
epithelial lesions. HL is a new entity and represents oral leukoplakia of probable viral origin in 
immunosuppressed male homosexuals. The lesion appears to contain both human papillomavirus and 
Epstein-Barr virus and may be predictive of AIDS. Supported by grants from the UC Systemwide 
Taskforce on AIDS. 

70 



Papilloma Viruses: Molecular and Clinical Aspects 

TRANSMISSIPN OF GENITAL PAPI$LOMAVIRUS INFECTIONS: A SIUDY OF SEXUAL PfRTNERS, 
GerdlGross , Achim S5hpeider , Barbara Hauser -Brauqer ,3Dieter Wagner , Hans Iken- 
berg , Lutz Gissmann , Un ive rs i t i es  of  Fre iburg and Ulm, Oeutsches Krebsforschungs- 
zentrum Heidelberg, FRG. 

13' 

Heterosexual Partners o f  18 men and 31 women :.it.i e i t h e r  condylomatous les ions or i n t r a e p i -  
t h e l i a l  neoplasia o f  the penis  (PIN;  Bowenoid Papulosis, BP), o f  the ce rv i x  (CIN) and o f  the 
vulva (VIN, 84)  were examined macroscopically, h i s t o l o g i c a l l y ,  c y t o l o g i c a l l y  a n d v i r o l o g i c a l l y  
us ing a recen t l y  described i n  s i t u  hyb r id i za t i on  method f o r  detect ion o f  typespeci f ic  HPV- 
DNA sequences i n  c e l l s  from peni le ,  c e r v i c a l  and vu lvar  smears (Wagner, D., pers.comm. 1. 
I n  contrast  t o  44 % (8/18) o f  female par tners o f  men w i t h  the mentioned les ions only 29 X 
(9/31) o f  male par tners o f  females presented c l i n i c a l l y  evidence f o r  a papi l lomavi rus i n fec -  
t i on .  Overa l l  i n  51 76 (25/49) HPV-DNA was detected i n  c e l l s  o f  a t  l e a s t  one o f  the two pa r t -  
ners, HPV 16 was present i n  14,3 X ( 7 / 4 9 )  and HPV 11 i n  6 , l  % (3/49) o f  both partners, re- 
spect ive ly .  
Concluding, when men were seen f i r s t  w i t h  HPV-associated l es ions  t h e i r  female par tners had a 
higher r a t e  o f  HPV-positive g e n i t a l  les ions than viceversa. As a poss ib le  reason f o r  t h i s  
discrepancy the occurence o f  c l i n i c a l l y  occu l t  les ions i n  men i s  discussed according t o  one 
case with i n t r a u r e t h r a l  HPV-16 p o s i t i v e  papillomas. Another explanation might be a higher 
regression r a t e  o f  such les ions  i n  male pa t i en ts .  

1319 UTILIZATION OF FLOW CYTOMETRY TO QUANTITATF nNA AN0 T ANTIGEN I N  SV40 INFECTED AND 
TRANSFORMED CELLS, John M. Lehman, David Fogleman and James W. Jacobberger, Oepart- 
ment o f  Pathology, Un ive rs i t y  o f  Colorado School o f  Medicine, Oenver, CO 80262 

The papovavirus, SV,,, i s  capable o f  l y t i c a l l y  i n f e c t i n g  and transforming rodent and primate 
ce l l s .  Recently, research i n t e r e s t  has focused on the  a c t i v i t y  o f  the v i r a l  T ant igen(s)  
and t h e i r  r e l a t i o n s h i p  t o  the  v i r a l  r e p l i c a t i o n  cyc le  o r  the transformed state. Flow cytom- 
e t r y  o f f e r s  a means t o  quan t i t a te  several b i o l o g i c a l  phenomena simultaneously on a s ing le  
c e l l  basis. We have used propidium d i i o d i d e  t o  quan t i f y  DNA and an imnunofluorescent assay 
us ing antibody tagged w i th  f luorescein isoth iocyanate t o  quan t i f y  T antigen. 
s t e r  c e l l s  transformed by SV40 were u t i l i z e d  i n  these studies. Ce l l s  were f i x e d  and s ta ined 
w i t h  ant i -T serum o r  monoclonal antibody fo l lowed by anti-IgG-FITC. Microscal ing the tech- 
nique permits the processing o f  as few as 10,000 c e l l s ,  but  we r o u t i n e l y  use 500,000. Assay 
improvement and computer analys is  were u t i l i z e d  t o  minimize the  background fluorescence 
r e s u l t i n g  i n  a T ant igen-posi t ive populat ion w i th  a s ignal  -70% over background. The data 
t o  be presented w i l l  compare t h e  amount o f  T antigen present i n  the c e l l  w i th  the s ta te  of 
the c e l l  cyc le  and growth r a t e  o f  the populat ion. These studies have been performed on 
cloned wi ld- type and tsA-mutant transformed c e l l s .  
quan t i t a t i on  o f  t h i s  s p e c i f i c  v i r a l  antigen corre la ted w i th  the stage of the c e l l  cyc le  
a l lows the  character izat ion o f  the re la t i onsh ip  t h a t  T antigen has t o  c e l l  growth and pro- 
l i f e r a t i o n .  (This work was supported by grants CA-16030. CA-15823, CA-09157 and a depart- 
mental g i f t  from R.J. Reynolds Indust r ies,  Inc.) 

Chinese ham- 

The development o f  t h i s  technique for  

1320 PAPILLOMAVIRUS GENOMES IN HUMAN CERVICAL CARCINOMAS: ANALYSIS OF 
THEIR TRANSCRIPTIONAL ACTIVITY, Hermann Lehn, Peter Krieg and 
Gerhard Sauer, Institute for Virus Research, German Cancer Research 
Center, 6900 Heidelberg, FRG 

The DNA of individual types of human papillomaviruses (HPV) i s  found in 
some malignant human tumors, e. g. laryngeal carcinomas, epidermodysplasia 
verruciformis and cervical cancer. In the present study, six human cervical 
carcinomas were analyzed for the presence of HPV DNA and RNA. Four of the 
tumor specimens were shown to harbor the DNA of HPV16 as a single copy per 
cell exclusively in an integrated state. The two remaining tumors as well 
as normal uterine and cervical tissue from two of the patients with 
HPV16-containing tumors lacked detectable HPV16 DNA. There is compelling 
evidence for the monoclonal origin of three cervical carcinomas that were 
analyzed. Search for HPV16 RNA species revealed the presence of HPV16 mRNA 
in only one out of the four tumors, while we failed consistently to detect 
HPVl6 specific RNA sequences in the remaining three specimens under con- 
dition which permitted the detection of less than one mRNA molecule per 
cell. The possible role of HPV16 in the development of human cervical 
cancer will be discussed. 
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ones in males and their female pariners Dennis J. McCance, Michael 
1321 ~ ~ m ~ A l t e r t  Singer, Richard D311 

Epidenioloqical wideme indicates that p m l i g n a n t  and mlignant disease of the cervix 
is sexually transmitted. W e  w i l l  present data ~1 the frequency of Hw16 in premlignant 
and mliqnant disease in the U.K. and the prevalence in  the mle consorts of saw of 
these Wcrren. 
Brazil where the incidence of carc inm of the penis is as high as that of the cervix 
w i l l  also ke presented. 
carcinaras is 44% (21/48) and 24% (6/25) respectively. The incidence of HFV types i n  
fenales frcm the .sane popllation is king assessed. 

EUrther i n f m t i o n  on HPVl6 and 18 infection of males frm a province of 

Here the prevalence of HPV16 and 18 i n  biopsies f r m  penile 

1322 PRESENCE OF HUMAN AND HPV DNA SEQUENCES IN MOUSE EPITHELIAL CELLS TRANSFECTED WITH 
HUMAN CONDYLOMA DNA, Don M. Morgan, Gene Pecoraro and V i t t o r i o  Defendi, NYU Medical 

Center, New York, NY 10016 
Several d i s t i n c t  types o f  human pap i l lomav i ruses  have been c o r r e l a t e d  w i t h  benign and mal ig -  
nant  l es ions  o f  t he  g e n i t a l  t r a c t .  
assoc ia ted  w i t h  these les ions ,  we have t rans fec ted  var ious  species o f  p r imary  and es tab l i shed  
c e l l  l i n e s  w i t h  e i t h e r  c loned HPV DNA molecules o r  h igh  molecu la r  weight ano-gen i ta l  tumor 
DNA con ta in ing  HPV sequences. 
So f a r ,  none o f  t he  c e l l  l i n e s  t rans fec ted  w i t h  c loned HPV6 o r  11 molecules were suscep t ib le  
t o  t rans fo rma t ion  when assayed by growth i n  f o c i  o r  co lony  fo rmat ion  i n  agar.  
h igh  molecu la r  we igh t  DNA from ano-gen i ta l  condylomas progress ing  t o  squamus c e l l  carcinoma 
which conta ined HPV-6a episomal molecules a t  h i g h  copy number as w e l l  as a d d i t i o n a l  h e t e r o l -  
ogous HPV molecules which weakly hyb r id i zed  t o  HPV-6 DNA probes. 
w i t h  the  tumor DNA i n  the  hope t h a t  t he  human genomic DNA would supply sequences which would 
f a c i l i t a t e  t rans fo rma t ion  by the  HPV DNA. A f t e r  t r a n s f e c t i o n  o f  Pam 212 mouse e p i t h e l i a l  
c e l l s ,  we ob ta ined  co lon ies  i n  agar a t  inc reased frequency over c o n t r o l s  and a m p l i f i e d  these 
i n t o  c e l l  l i n e s ,  a t  l e a s t  one o f  which conta ins  HPV and human DNA sequences. 
l y  ana lyz ing  the  HPV and human DNA present  i n  these c e l l s  as w e l l  as t h e i r  a b i l i t y  versus 
c o n t r o l  c e l l s  t o  induce tumors i n  syngeneic mice. (Supported by N I H  g ran ts  #CA 16239 and 
#CA 09161). 

To s tudy  the  oncogenic func t i ons  o f  pap i l lomav i ruses  

We p u r i f i e d  

Ce l l  l i n e s  were t rans fec ted  

We a re  cu r ren t -  

1323 MONOCLONAL ANTIBODIES TO PAPILLOMAVIRUS CAPSID PROTEIN. 
Yutaka Nakai, Wayne D .  Lancas te r  and A .  Bennett  Jenson. 
Georgetown Unive r s i ty ,  Washington, D.C.  20007 

Myeloma hybridomas w e r e  ob ta ined  by fus ing  the  mouse myeloma P3X63Ag8U.l with sp l een  c e l l s  
from BALB/c mice immunized wi th  sodium dodecyl s u l f a t e  (SDS)-disrupted v i r i o n s  of bovine 
papi l lomavi rus  type  1 (BPV-1). Nine hybridoma c e l l  l i n e s  were e s t a b l i s h e d  a f t e r  sc reening  
by the  enzyme-linked immunosorbent assay  (ELISA)  us ing  SDS-disrupted BPV-1 a s  t h e  an t igen  
and i n d i r e c t  immunofluorescence ( I IF )  tests on f rozen  s e c t i o n s  of BPV-1 induced bovine 
f ibropapi l lomas .  
common an t igens  a s  de t ec t ed  by p o s i t i v e  I I F  on f rozen  s e c t i o n s  of BPV-1, BPV-2 f i b r o -  
papi l lomas  and human p l a n t a r  war t s  and by av id in -b io t in  complex tests on formal in- f ixed  
anogen i t a l  condylomas of mild c e r v i c a l  dysp la s i a s .  
by I I F  wi th  both  BPV-1 and BPV-2 f ibropapi l lomas ,  and one was r e a c t i v e  only  wi th  BPV-1 
f ibropapi l lomas .  
t h a t  a l l  monoclonal an t ibod ie s  r eac t ed  wi th  the  major caps id  p r o t e i n  (MW 53,000) of BPV-1. 

Superna tan t  from one of t hese  c e l l  l i n e s  w a s  r e a c t i v e  wi th  papi l lomavi rus  

Seven monoclonal an t ibod ie s  w e r e  r e a c t i v e  

SDS-polyacrylamide g e l  e l e c t r o p h o r e s i s  followed by Western B lo t s  showed 
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1324 EQUINE PAPILLOMAVIRUS: PARTIAL CHARACTERIZATION AND PRESENCE IN COMMON EQUINE SKIN 
TUMORS: M. KeKKy O'Banion, John P. Sundberg, and M. E. Reichmann, University of 
Illinois, Urbana, IL 61801 

Equine papilloma virus was isolated from cutaneous papillomas of several ponies. Virus 
particles were observed by transmission electron microscopy of thin sectioned tissue and 
structural viral antigens were detected immunologically using the peroxidase-antiperoxi- 
dase technique. Purified virions isolated from tissue extracts exhibited characteristic 
papilloma virus morphology (55 nm icosohedrons) in negative stained preparations. The 
structural proteins were characterized by SDS-PAGE under reducing conditions and found to 
be similar in their mobilities to those of BPV-1 and BPV-2. Based on melting temperature 
determination, DNAs from these three viruses were judged to have similar GC contents. 

Purified viral DNA was cloned by its single Bam H1 site into pBR322. A detailed restric- 
tion map of the viral DNA was determined. Using non-stringent annealing conditions with 
specific BPV-1 restriction fragments as probes, the genomic organization of EqPV was de- 
rived. Liquid hybridization with BPV-2 probes under stringent conditions (42'C, 50% form- 
amide, 0.825 M Na') indicated a 15% homology between the two viral DNAs. The nature and 
possible relevance of this homology to the reported presence of BPV in equine sarcoids 
will be discussed. 

1325 
HUMAN PAPILLOMA VIRUS DNA SEQUENCES IN CERVICAL 

CARCINOMA CELL LINES 

Mary M. Pater  and Alan Pater. Molecular BiologylMicrobiology, 
Health Sciences Center,  Memorial University of Newfoundland, St. 
John's Newfoundland, Canada 

A total  of eight permenant human epithilial cell lines 
established from cervical carcinoma were analyzed by dot-blot 
hybridization for  the presence of human papillomaviruses (HPV), 
types 16 and 18 (Kindly provided by Gissman and ZurHauzen). HPV 
DNA sequences were detected in six cell lines. Using Southern blot 
analysis and either HPV 16 or 18 DNAs as probes, we detect  HPV 18 
in four of the  positive cell lines and HPV 16 in two other cell lines. 
None of the  cell lines containing HPV 18 have the  complete genome 
of this virus. All the cell  lines contain the early region El, E6 and 
E7, but a re  missing the  early region E2, E4 and E6. One cell  line 
containing HPV 16 has the complete genome of the virus in both free 
and integrated form. The other cel l  line contains most of t he  HPV 
16 sequences in an integrated form. Further analysis of the state 
viral DNA in these cell  lines is under investigation. 

1326 ENHANCED ANTIGEN FOUND IN BPV-DNA INFECTED MOUSE CELL CULTURE LINE, S .  Kalinowski 
and D.E. Pumo, Biology Department, Hofstra University, Hempstead, Ny 11550 

A hybridoma was obtained which secreted a low level of antibody capable of differentiating 
between BPV-DNA infected ID13 and non-infected C127 mouse cell polypeptides by activity in 
enzyme-linked immunosorbent assay (ELISA). The ELISAs demonstrate that some antigen is 
present in the 6127 chromatin, however more is found in the ID13 cell chromatin. Other 
sample cells tested including 3T6 fibroblasts, and non-culture adapted rat liver also 
contain some antigen, however the amount is lower than in the ID13 cells. 
chromatin was tested in ELISA; at least three times as much antibody was bound per ug 
chromatin than was bound in ID13 cell chromatin. 
determine the molecular weight of the antigen polypeptides. The antibody binds to three 
polypeptides present in both ID13 and C127 cells; however, the antibody binding to the 30K 
MW polypeptide is considerably enhanced in the ID13 cells. We also performed immunocyto- 
chemistry to localize the antigen. 
obtained: 1) staining in the perinuclear area, no nuclear staining, 2) similar to (1) 
except with dark grains in the perinuclear area, 3) heavy staining in perinuclear area 
(cells not completely flattened), 4) little cytoplasmic staining, prominent reticular 
staining in the nucleus. 
ization. 
antibody i s  recognizing a "heat shock" or stress protein. 
grant no. lPOlNS19214-01, NSF grant no. RII-8217798, NmRC grant no. C-000272.) 

Human condyloma 

The antibody was tested by inmunoblots to 

FOUK distinctly different staining patterns were 

We have been unable to determine the factors controlling local- 
Parameters tested include cell cycle association and the possibility that the 

(This Work was supported by PHS 
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1327 IDENTIFICATION OF GENITAL TRACT PAPILLOMAVIRUS GENOMES I N  LESIONS OF THE ORAL 
CAVITY, 2. Naghashfar, E. Sawada, M . J .  Kutcher,  J .R.  Swancar, J .  Gupta, R. Danie l ,  

H. Kashima, J .D .  Woodruff and K.V. Shah, Johns Hopkins Medical I n s t i t u t i o n s ,  Maryland S t a t e  
Cancer Cont ro l  Unit  and the  Un ive r s i ty  of Maryland School of Den t i s t ry ,  Bal t imore ,  MD 
Warts i n  the  o r a l  c a v i t y  a r e  o f t e n  diagnosed as ver ruca  v u l g a r i s ,  condyloma acuminatum, s o l i -  
t a r y  wart, e p i t h e l i a l  f o c a l  hype rp la s i a ,  and o the r  cond i t ions  on the  b a s i s  of t h e i r  c l i n i c a l  
and h i s t o l o g i c  c h a r a c t e r i s t i c s .  
s exua l ly  t r ansmi t t ed  pathogens,  we a r e  screening  o r a l  c a v i t y  l e s i o n s  us ing  r ad ioac t ive  DNA 
probes of g e n i t a l  r a c t  v i r u s e s  HPV-6, HPV-11, HPV-16 and HPV-18. In tests of ex t r ac t ed  
t i s s u e  DNAs w i th  "P-labelled HPV-6 probe i n  non-stringent f i l t e r  hybr id i za t ion  tests,  pap i l -  
lomavi rus- re la ted  DNA sequences were demonstrated i n  3 of 7 o r a l  t i s s u e s  examined. The 
genome i n  one of t h e  p o s i t i v e  t i s s u e s  w a s  i d e n t i f i e d  a s  HPV-6, subtype a ,  by i t s  s t rong  
r e a c t i v i t y  wi th  an  HPV-6 probe i n  s t r i n g e n t  hybr id i za t ion  tests and by the  r e s t r i c t i o n  
endonuclease d i g e s t  p a t t e r n s  a f t e r  i ncuba t ion  wi th  P s t l  and o t h e r  enzymes. 
y i e lded  HPV-6a were diagnosed h i s t o l o g i c a l l y  a s  ver ruca  v u l g a r i s ,  and they  occurred a s  
mul t ip l e ,  asymptomatic p a p i l l a r y  l e s i o n s  of many yea r s  du ra t ion  i n  a 14 year  o ld  b lack  male. 
HPV-6, subtype  undetermined, was recovered from a s i n g l e  papilloma on t h e  p o s t e r i o r  su r f ace  
of t he  tongue of a young whi te  female. The genotype of t h e  t h i r d  p o s i t i v e  l e s i o n ,  a l s o  from 
a young whi te  female,  i s  undetermined but i t  appears  t o  form s t a b l e  hybr ids  wi th  a pool of 
HPV-16 and HPV-18 probes. 
pa tho log ica l  t i s s u e s  from the  o r a l  c a v i t y  by i n  s i t u  hybr id i za t ion  wi th  35s- labe l led  probes 
t o  i d e n t i f y  papi l lomavi rus  genotypes which inEc-e o r a l  cav i ty .  (Supported by N I H  g ran t  
PO1 AI-16549.) 

Because t h e  o r a l  c a v i t y  and the  g e n i t a l  tract sha re  many 

The war ts  which 

We are now screening  p a r a f f i n  s e c t i o n s  of p rev ious ly  c o l l e c t e d  

1328 IMMUNOLOGICAL ASPECTS OF BOVINE INFECTION WITH BPV3. Peter  B. Spradbrow and 
Vijay K. Kuchroo, University of Queensland, Brisbane, Australia. 

Calves were infected w i t h  BPV 3 and tes ted f o r  the  development of ce l l  mediated immunity 
and of serum factors  t h a t  block ce l l  mediated immunity. 
ocular  squamous ce l l  carcinomas - malignancies which develop from papillomas and i n  which 
papillomavirus genomes have been detected. 
was used t o  measure the responsiveness of leukocytes to  antigens. 

Leukocytes from c a t t l e  w i t h  squamous ce l l  carcinomas reacted only w i t h  squamous cel l  
carcinoma ext rac ts  and leukocytes from c a t t l e  w i t h  cutaneous papillomas reacted only with 
papilloma ext rac ts .  
ERA and autologous serum from c a t t l e  w i t h  papillomas blocked antigen-specific ERA. Serum 
from carcinoma-bearing c a t t l e  blocked carcinoma-specific ERA in some allogeneic combinations 
but i t  did not block papilloma-specific ERA.  

Comparisons were made with bovine 

The erythrocyte-roset te  augmentation ( E R A )  assay 

Autologous serum from c a t t l e  w i t h  carcinomas blocked ant igen-specif ic  

1329 
de analyzed the s t a t e  of the genomic DNA of the papovavirus, SV40, in human keratinocytes 
as  viral  infected c e l l s  gradually acquired a transformed phenotype over time. I n i t i a l l y ,  
the vast  majority of  the v i ra l  DNA i s  maintained e i t h e r  i n  a f u l l  length supercoiled form 
o r  as  truncated subgenomic fragments w i t h  l i t t l e  evidence of integrat ion.  
ses of clonal populations revealed great  heterogeneity and i n s t a b i l i t y  of the viral  DNA and 
we were able  to  i s o l a t e  one clonal subpopulation in which integrated forms of the virus ap- 
peared to predominate. Similar ly ,  uncloned populations eventually ceased production of the 
" f ree"  viral  DNA a f t e r  several years  i n  cu l ture  and instead came to  display tandemly re- 
peated SV40 copies a t  a s ing le  host integrat ion s i t e .  Interest ingly,  Bgl I 1  digestion of 
host DNA generated r e s t r i c t i o n  fragments containing the integrated SV40 DNA which were of 
d i f fe r ing  s izes  i n  cu l tures  a t  the  144th vs. the 163rd s e r i a l  passage suggesting modifica- 
t ion o r  rearrangement of sequences a t  o r  near the  integrat ion s i t e .  
i n g  the integrated viral  DNA a t  the  163rd s e r i a l  passage have been i so la ted  on res t r ic t ion  
fragments of <5Kb generated by e i t h e r  Barn HI o r  Hpa I1 digest ion.  
#CA 27869 and CA 32485) 

FATE OF VIRAL DNA IN SV40 INFECTED HUMAN EPIDERMAL KERATINOCYTES, Mark L .  
Steinberg, N Y U  School of Medicine, New York, N Y  10016 

However, analy- 

Host sequences flank- 

(Supported by N I H  g r a n t s  
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1330 
We have evaluated the usefulness of different promoters and terminators for expressing 
the human tissue plasminogen activator (tPA) gene in mouse C127 cells. The tPA cDNA gene 
was linked by transcriptional fusion to promoters such as the mouse metallothionein (MMT) 
promoter, the Rous sarcoma long terminal repeat (LTR), OK the mouse Moloney leukaemia 
virus LTR. 
the MMT polyA site OK the S V 4 0  early polyA site. 
inserted into bovine papilloma virus (BPV) vectors containing the BPV genome, the MMT 
gene, and bacterial plasmid DNA. Cells were transfected with the DNA constructs and 
tPA-producing foci were easily identified using a novel application of the fibrin- 
agarose assay method for detecting tPA activity. Stably-transformed, tPA-producing 
cell lines were analyzed in detail for the physical state and copy number of the tPA 
gene in the cells, the level and authenticity of tPA transcription, and the amount of 
active tPA protein being secreted. 

EXPRESSION OF HUMAN TISSUE PLASMINOGEN ACTIVATOR IN MOUSE CELLS, Paul E. Stephens, 
Mary M. Bendig, Christopher C. Hentschel, Celltech Limited, Slough SLl 4DY, U.K. 

Terminators were provided by linking the 3' end to DNA fragments containing 
The reconstructed tPA genes were 

SQUAMOUS CELL CARCINOMA ASSOCIATED WITH CANINE ORAL PAPILLOMAVIRUS, John P. Sund- 
berg, Elizabeth Schmidt, Kerry O'Banion, University of Illinois, Urbana, IL 61801, 
and Carl Olson, University of Wisconsin, Madison, WI 53706 

Use of a live canine oral papillomavirus (COP) vaccine in a commerical kennel resulted in 
development of cutaneous squamous cell carcinomas at the site of I.M. inoculation. Laten- 
cy ranged from 2 to 3 years and frequency was low. Five of 12 tumors were positive for 
the presence of papillomavirus group specific antigens by PAP. One hypothesis is that 
epithelium in which the virus can replicate is pushed into the muscle during injection. 
Some cells are infected, survive and ultimately transform, resulting in a slorgrowing, 
locally-invasive squamous cell carcinoma. Subcutaneous papillomatous cysts have been 
produced i n  this way in cattle with bovine papillomavirus (Koller and Olson, 1971). To 
test this, five susceptible male Beagles from another source were inoculated in several 
locations with a crude homogenate of the original oral papilloma used to make the vaccine. 
Four dogs developed oral papillomas and one developed an ocular papilloma, but after one 
year no carcinomas have been observed at the site of I.M. injection of minced autologous 
haired skin or oral mucosa mixed with the viral suspension. Restriction digests of COPV 
DNA purified from the original papilloma yielded a pattern similar to that originally 
published by Pfister and Meszaros (1980). The viral DNA has been cloned and a detailed 
restriction map prepared. This clone is being used to probe, by Southern Blot hybridiza- 
tion, DNA from induced tumors in this colony as well as spontaneous canine squamous cell 
carcinomas and papillomas. 

1331 

1332 DETECTION AND CHARACTERIZATION OF A NEW TYPE OF HUMAN PAPILLOMA VIRUS, Attilla T. 
Lorincz, Wayne D. Lancaster and Gary F. Temple, Bethesda Research Laboratories, 
8717 Grovemont Circle, Gaithersburp, MD 20877 

We have identified and molecularly cloned a new tyre of papilloma virus, hPV3!,which is 
comonly associated with anogenital neoplasms. HPV 31 lacks high sequence homology to 
other known types of HF'V; it does contain limited regions of partial homology which are 
revealed by hybridization at Tm-35c. 
genomic organization of HF'V31 are underway. 

In OUT study of specimens obtained from the Washington DC area, HPV31 was present in 
approximately 35% of mild cervical dysplasias but in less than 5% of CIS and cervical 
carcinomas whereas hPV types 6 and 11 were detected only rarely in cervical dysplasias. In 
contrast, studies by others in Germany and Britain detected a much higher proportion of HPV 
types 6 and 11 in mild and moderate dysplasias. We conclude that in the population of 
women that we studied, HPV3l is one of the most common types of papilloma virus infecting 
early dysplasias of the cervix. 

Detailed restriction mapping and an analysis of the 

75 



Papilloma Viruses: Molecular and Clinical Aspects 

1333 THE PRESENCE OF HPV SEQUENCES I N  THE UTERINE CERVICES OF WOMEN WHOSE 
CERVICAL SMEARS ARE NORMAL OR SHOW INFLAMMATORY CHAIIGES. P h i l i p  G. Toon, 
j c h n  R. Arrand and David S .  Sharp, Paterson L a b o r a t o r i e s ,  Manchester M20 9BX,UK. 

I t  has been observed t h a t  some p a t i e n t s  w i t h  r e c e n t  p r e v i o u s l y  normal c e r v i c a l  smears o r  
smears showing in f lammatory  changes o n l y ,  have r a p i d l y  progressed to a major  degree of  
C . I . N .  o r  o v e r t  c e r v i c a l  carcinoma. I t  i s  known t h a t  HPV sequences a r e  p r e s e n t  i n  a l n r m  
p r o p o r t i o n  of C . I . N .  o r  c e r v i c a l  carc inomata .  Consequent ly,  i t  i s  now w i d e l y  b e l i e v e d  t h a t  
HPV has a r o l e  i n  t h e  a e t i o l o g y  o f  these l e s i o n s ,  p o s s i b l y  i n  c o n j u n c t i o n  w i t h  some 
p r a n o t i n g  f a c t o r .  

We have i n i t i a t e d  a n  i n v e s t i g a t i o n  i n t o  t h e  sexual behav iour  of these p a t i e n t s  and t h e  
preva lence of HPV sequences i n  t h e i r  c e r v i c a l  t i s s u e .  q t h e r  aqents such as b a c t e r i a  wh ich  
m i g h t  cause in f lammatory  changes a r e  a l s o  be ing  i n v e s t i a a t e d .  

The aim i s  t o  a s c e r t a i n  i f  these c e r v i c a l  changes a r e  due t o  HPV o r  o t h e r  agents and t o  
compare these w i t h  a s e r i e s  of normal c e r v i c e s .  I f  t h e r e  i s  an increased inc idence o f  HPV i n  
these in f lammatory  smears t h i s  would suppor t  t h e  hypothes is  t h a t  t h i s  i s  an a t  r i s k  group 
wh ich  shou ld  be f o l l o w e d  up c l o s e l y .  The c u r r e n t  s t a t u s  of  t h e  onqoing s tudy  w i l l  be 
p resented .  

University of Glasgow. 
Non-passaged primary cell cultures of foetal bwine skin and p l a t e  fibroblasts w e  
infected w i t h  Bw T y p  2 .  
p l a t e  cells a f w  11.6 and 7.4 ppulation doublings respectively. 
long and spindle shaped and exhibited praperties characteristic of cellular transfornation 
including loss of contact inhibition, a n h r a g e  irulepenaant grcwth anci turrorigenicity 
i n  nude m i c e .  
cells. 

It has therefore been h n s t r a t e d  that BW T y p  2 possesses the capability of fully 
transforming h i n e  fibroblasts that have not become adapted for short term growth in v i m  
nor developd the p t e n t i a l  for indefinite subculture. 

Nxpblogical alterations were observed in the skin and 
The cells appeared 

Nan-integrated W - 2  mn sequences were also detected in the transformed 
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1335 PRESENCE AID EXPRESSION OF HW DNA SE~ENCES IN HUNAN CERVICAL CARCINOMA LINES, 
Indira Krishnan-Hewlett, Carole Yee, Richard Schlegel, and Peter M. Howley, 
Laboratory of Tumor Virus Biology, NCI, Bethesda, Maryland 20205 

A series of human carcinoma cell lines was examined for H W  DNA sequences using HPV-6, 
IiW-11, HW-16, and HW-18 DNA probes. Each of the eight cell lines derived from human 
cervical carcinomas contained integrated H W  DNA sequences. In six of the eight lines, 
HW-specific polyadenylated RNA species were identified. The expression of H W  sequences 
*as detected in four lines with a HW-18 DNA probe and in two lines with a HW-16 DNA 
probe. 
viral sequences which hybridized to both HPV-16 and HPV-18 DNA probes. The viral trans- 
cripts expressed in these cell lines are currently being mapped. Four cell lines estab- 
lished from human squamous cell carcinomas of the bladder. pharynx, lung, and vulva were 
.iegative for HW-6, HW-11, HW-16, and HW-18 DNA sequences. 

The two cell lines containing HW-16 specific transcripts contained integrated 

Viral Vectors 

1337 USE OF BOVINE PAPILLOMA DERIVED VECTORS TO STUDY REGULATION OF GENE EXPRESSION, 
Michael Ksrin, Adriana Heguy, Simon Ford and Alois Haslinger Department of Microbiology, USC 
School of Medicine 2011 Zonal Avenue, Los Angeles, CA 90033 

The use of reversed genetics has contributed a great deal to OUT understanding of gene 
expression in higher eucaryotes which are not amenable to conventional genetic analysis. 
The almost standard approach is to introduce by transfection the gene of interest and its &I 
vitro constructed mutants into cultured cells and then examine their expression. However, 
certain properties of the two most widely used systems: transient expression and atably 
transformed cell lines, complicate such an analysis. During transient expression only s 
fraction of the molecules introduced into the cells are transcriptionally active and in 
stably transformed lines the DNA sequences which flank the integration sites of transfected 
genes can exert strong modulatory effects upon their expression. 

The use of BPV derived vectors allows the investigator to circumvent some of these 
problems, mostly because such vectors can persist as relatively low copy number episomes in 
transformed cells. 

We are using BPV derived vectors to study the regulation of the human metallothionein 
(MT) genes. These genes belong to a multigene family encoding low molecular weight heavy 
metal binding proteins. The transcription of these genes is induced by group IB and IIB 
heavy metal ions, g~ucocorticoid hormones and various lymphokines such as interleukin 1 and 
interferons. To characterize cloned human MT genes as being functional, we insert them into 
a BPV vector and test their ability to protect transformed cells against Cd toxicity. Such 
vectors allow the cloned genes to be expressed in very high levels and if these genes encode 
a functional heavy metal binding protein, their expression confers a heavy metal resistant 
phenotype upon the host. 

Comparison of individual rat fibroblast cell lines carrying the human MT-IIA gene 
either stably integrated into the genome or carried on a BPV derived episome reveals extreme 
heterogeneity of expression phenotypes for stably transformed cell lines while BPV 
transformed cells exhibit a much more consistent phenotype in respect to MT gene expression. 

In all cell lines containing MTII-BPV vectors, expression of the human gene is induced 
by cadmium ions, about 5-10 fold above its already high basal level. We are currently using 
such cell lines to examine the effect .of induction on the topology of the episomes by 
resolving topoisomers on chloroquine gels. Also these episomes are used in methylation 
protection experiments to examine the interaction of regulatory proteins with the hMT-IIA 
gene before and after its induction. 
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TRANSFORMING FIJNCTIONS OF EPSTEIN-BARR VIRUS, B i l l  Sugden, John Yates,  and David 
Reisman, McArdle Laboratory fo r  Cancer Research, Universi ty  of Wisconsin, Madison, 
W I  53706 

1338 
Epstein-Barr v i r u s  (EBV) i n f e c t s  human B-lymphocytes in  v i t r o  and e f f i c i e n t l y  induces 

and maintains  cell p r o l i f e r a t i o n  i n  the in fec t ed  c e l l .  
i n  t h e  p r o l i f e r a t i n g  or "transformed" c e l l s  a s  complete plasmids which a r e  maintained 
through s e r i a l  c u l t i v a t i o n  of these transformed cells. 
v i r a l  funct ions that a r e  required by EBV t o  transform B-lymphocytes. W e  have taken one 
path towards t h i s  goa l  by f i r s t  i den t i fy ing  v i r a l  gene t i c  elements t h a t  a r e  required t o  
maintain DNA a s  plasmids i n  mammalian c e l l s .  There a r e  t w o  such v i r a l  elements: one a c t s  
i n  cis and is required for r e p l i c a t i o n  of plasmid DNAs; t he  second encodes the  nuclear  an t i -  
gen, EBNA-1, which i n t e r a c t s  with t h e  &-acting element to permit r e p l i c a t i o n  of plasmid 
DNAs. W e  have not  
shown t h a t  DNA syn thes i s  begins within H, only t h a t  oriP is required in  & f o r  DNA re- 
p l i c a t i o n .  & i t s e l f  is composed of two *-acting elements;  one con ta ins  20 tandem 
cop ies  of a 30 bp sequence: t h e  o the r ,  about 1 kbp away, con ta ins  a 65 bp inverted repeat  
with synnnetrically posi t ioned,  p a r t i a l  copies  of the  30 bp sequence. Derivat ives  of oriP 
have been generated i n  v i t r o  which when t e s t ed  i n  vivo ind ica t e  t h a t  t he  d i s t ance  between 
its two elements can be el iminated or increased to 2.5 kbp without loss of funct ion.  
Nei ther  element s e r v e s  as an enhancer of t r ansc r ip t ion .  The gene f o r  the nuclear  ant igen,  
EBNA-1, maps 100 kbp away from When this gene is l inked to OIip 
and to a marker t h a t  is s e l e c t a b l e  in  eukaryot ic  cells, such a recombinant plasmid can re- 
p l i c a t e  s t a b l y  i n  e s t ab l i shed  dog, monkey, and human c e l l  l i n e s  t h a t  ne i the r  contain EBV 
nor a r e  in fec t ab le  by t h i s  virus .  
20 copies  per c e l l  i n  t he  presence of t h e  s e l e c t i v e  agent.  These r e s u l t s  i nd ica t e  t h a t  we 
have i d e n t i f i e d  the gene t i c  elements of EBV t h a t  a r e  necessary to maintain DNA as plasmids 
i n  a v a r i e t y  of cells. We a r e  now adding to t h i s  mini-replicon other  v i r a l  DNA i n  order  t o  
i d e n t i f y  the  minimal v i r a l  information required to transform human B-lymphocytes. 

Plasmids der ived from PBR322 t h a t  express  r e s i s t ance  to hygromycin B or G418 i n  
mammalian c e l l s  and contain oriP and t h e  EBNA-1 gene can be used as s h u t t l e  vec to r s  s i n c e  
they a r e  maintained as plasmids i n  both prokaryot ic  and eukaryot ic  cells. 
have a wider hos t  range than do those der ived from BW but  do not  r e p l i c a t e  in  rodent 
c e l l s .  They should be use fu l  veh ic l e s  f o r  introducing and r e t r i e v i n g  genes from a v a r i e t y  
of mammalian cells. 

The v i r a l  DNA is usual ly  detected 

We wish to i d e n t i f y  and cha rac t e r i ze  

We term the  *-acting element oeiP fo r  o r i g i n  of plasmid r ep l i ca t ion .  

on the  v i r a l  genome. 

These plasmids a r e  usua l ly  maintained a t  t h e  l e v e l  of 1- 

Such vec to r s  

DNA Replication and Genome Organization 

M.3. 2mpo1, 7.F.R. .Tarrett?,  V.3. I'oar3, and K.'?. 
1. The 3 e a t i o n  I n s t i t u t e  for 2ancer Research, Tarscube ? d a t e ,  ?lasgow 
3 .  Department of Veter inary  F a t h o l ~ ,  Veter inary  ichool , Tarscube %tate, Slasqow 
3 .  Department of Z o o l o a ,  Un ive r s i ty  o f  EdinburEh, Edinburgh 

9W-4 induce-; p a p i l l m a ;  o f  t h e  upper a l imentary  cana l ,  ,.vhich transform t o  c a r c i n m a s  -.with a 

been a sc r ibed  t o  the  i n t e r p l a y  between t h e  virus and co-carcinoTeni preyent i n  t h e  fern.  To  
e l u c i d a t e  the  r o l e  of t h e  v i m s  in t he  t ransformat ion  proceys  ;ve ha.ie ana lvsed  seve ra l  
d i f f e r e n t  malignancies of t h e  a l imentary  cana l  and m e t a s t a t i c  depos i t s  for t h e  presence of 
v i r a l  DL. ??e have found t h e  v i r a l  Senme  i n  only one case of tongue c a r c i n m a ,  'vhere i t  rvas 
p resen t  i n  a few epi;anal copies .  A l l  t h e  o the r  cases ?were neya t ive  even i n  hybr id i za t ion  
cond i t ions  rhe l ede tec t ion  of 0.01 yenme equiva len t  pe r  c e l l  was possible.  ':ie conclude t h a t ,  
al thouyh t h e  v i m ;  i s  the  cauze t ive  &lent of p a p i l l m a ;  and the re fo re  r e spons ib l e  for one of 
t h e  primar,! events  of c e l l u l a r  t ransformat ion ,  t he  pre ience  of i t s  *Tenme i s  no t  r e i u i r e d  fo r  
t h e  maintenance of  t he  transformed s t a t e .  

To understand hov BPV-4 induce; h e r i t a b l e  c e l l u l a r  chan-es, .ve have ana lysea  the  t r a n s c r i p t i c r  
of its DXk i n  t h e  pre-mali .qant p a p i i l m a ; ,  aqd have i d e n t i f i e d  seven v i r a l  mmi.;, ranqing i n  
s i z e  from 4.2 k i lobases  (kb)  t o  1.0 kb. 
sequence c m p a r i s o n  ( P a t e l ,  3n i th  and Jampo, t h e s e  a b s t r a c t s )  - B e  have i d e n t i f i e d  the   AS 
coding f o r  t h e  late ( s t r u c t u r a l )  p ro t e ins  and those  ccdinp; f o r  t h e  e a r l y  ( t ransforming)  ones. 
One of t h e  t r a n s f o m i n y  Rh'As, t h e  1.0 k5 t r a n s c r i p t s  correspondin? t o  t h e  E2 open readinn: 
frame, i s  p resen t  i n  very hiyh amounts i n  p a p i l l m a s ,  approx. 0.59! of t h e  t o t a l  polyatenylated 
FNA, bu t  i s  absent  i n  i n  v i t r o  transformed mouse f i b r o b l a s t s .  T h i s  r a i s e s  t h e  i n t e r e s t i n g  
p o s a i b i l i t y  t h a t  express ion  of g i s  s p e c i f i c  f o r  e p i t h e l i a l  c e l l s ,  m.d t h a t  t h e  9 pro te in  
i s  invo'ved i n  korotynocyte t rapsformat ion .  Experiments aimed at  t n e  unders tandinf -  of t h e  
r o l e  of t h i s  v i r a l  p ro t e in  a r e  i n  p r q r e s .  

imirk?. 

very h iqh  frequency i n  c a t t l e  Eraz inc  on bracken fern.  The p r o y r e s s i m  t o  mali,qmncy has  

By n i ic leo t ide  sequence ana lys i s  and aminoacid 
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1340 SEARCP FOR THE PIOLOGICAL FUNCTION OF THE EAPLY PROTEINS OF PAPILLOMA V I R U S E S ,  
O l i v i e r  Danos, I s a b e l l e  G i r i ,  Francoise T h e i r r y  and Noshe Yaniv, Department o f  

f l o lecu la r  B io logy ,  Pasteur I n s t i t u t e  75724 Par i s  Cedex 15, France. 

The complete nuc leo t i de  sequence o f  several  pap i l loma v i r u s  genomes was es tab l i shed  i n  
recen t  years.  
t h e i r  genome; s i x  t o  seven open read ing  frames a re  found i n  the  e a r l y  coding reg ion .  However 
u n t i l  now, no e a r l y  v i r a l  p r o t e i n  was de tec ted  i n  i n f e c t e d  o r  t ransformed c e l l s .  We under- 
took  the  ana lys i s  o f  t he  coding p o t e n t i a l  o f  t he  e a r l y  reg ion  by examining the  v i r a l  RNA pre- 
sent i n  c o t t o n t a i l  r a b b i t  pap i l loma v i r u s  (CRPV) induced carcinoams. We cou ld  show t h a t  t he  
major RNA species present i n  VX2 c e l l s  a re  p o l y c i s t r o n i c ;  t hey  can code i n  t h e i r  S 'p rox ima l  
p o r t i o n  f o r  E6, t r unca ted  E6 and E7 open read ing  frames. 
i n  such a p o l y c i s t r o n i c  message can be t r a n s l a t e d ,  i t  w i l l  y i e l d  a fus ion  p r o t e i n  between the  
N-terminal  3 aminoacids o f  E l  and the  E4 open read ing  frame. Only minor mRNA species t h a t  we 
observed cover the  e n t i r e  E2 and E4 reg ion  (1).  

These v i ruses  share a common o rgan iza t i on  o f  t he  e a r l y  and l a t e  reg ions  o f  

I f  the  second open read ing  frame 

Comparison o f  t he  aminoacid sequence o f  t he  open read ing  frames o f  pap i l loma v i ruses  

The C R P V  E6 open read ing  frame shows an i n t r i g u i n g  homology 
w i t h  known p r o t e i n  sequences showed homology between the  C-terminal  p a r t  o f  t he  E2 reg ion  and 
c e l l u l a r  o r  v i r a l  mos oncogene. 
w i t h  the  be ta-subun i t  o f  ATP synthase from mi tochondr ia  o r  c h l o r o p l a s t s  (2 )  f u r t h e r  s tud ies  
t o  i d e n t i f y  t he  v i r a l  e a r l y  p r o t e i n s  and the  c o n t r o l  mechanisms o f  t h e i r  syn thes is  i n  k e r a t i n -  
ocy tes  a re  i n  progress.  

1 - 0. Oanos, E .  Georges, G. O r th  and M. Yaniv. submit ted f o r  p u b l i c a t i o n .  

2 - I .  G i r i ,  0. Danos and M. Yaniv. Proc. N a t l .  Acad. Sc i .  USA ( i n  p ress) .  
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PRESENCE AND POSSIBLE I N V D  VEMENT OF HPV DNA N PREMALIGNANT AND MALIGNANT 1341 TUMORS.2 Anthony J. Faras,\ Ronald S. Os t r  w , ~  Karen Zachow,l Takashi Dka aki ,2,  

Obs te t r i cs  and Gynecology, Labora tory  Medicine and Pathology,$ U n i v e r s i t y  o f  Minnesota 
Medical  School, Minneapol is,  MN and Department o f  D e r m a t ~ l o g y , ~  Jekei  U n i v e r s i t y  School o f  
Medicine, Tokyo, Japan. 

o f  anatomical  s i t e s  f o r  t he  presence o f  HPV-related nuc leo t i de  sequences, employing 
Southern b l o t  and i n  s i t u  h y b r i d i z a t i o n  procedures. 
benign and ma l ignan t  G r s  f rom the  a l imen ta ry  t r a c t ,  lungs, ovar ies ,  b ladder,  l i v e r  and 
o the r  i n t e r n a l  organs lacked de tec tab le  HPV-related genet ic  sequences, two groups o f  
neoplasias c o n s i s t e n t l y  e x h i b i t e d  the  presence o f  HPV-related nuc leo t i de  sequences: 1) 
squamous c e l l  carcinomas from p a t i e n t s  w i t h  the  chron ic  f l a t  war t  d isease syndrome ep ide r -  
modysplasia v e r r u c i f o r m i s  (EV), and 2) premal ignant and mal ignant  tumors o f  t he  anogen i ta l  
t r a c t .  I n  the  former group of neoplasias,  a l l  o f  t he  pr imary  and me tas ta t i c  carcinomas 
tes ted  con ta in  HPV DNA, i n d i c a t i n g  the  assoc ia t i on  o f  HPV DNA w i t h  100% o f  t he  tumors. I n  
t h e  l a t t e r  neop las ias ,  t h e  presence of HPV-related sequences has been es tab l i shed  i n  a 
v a r i e t y  o f  p remal ignant  and mal ignant  tumors, a l though i n  some ins tances  l ess  rep roduc ib l y  
than i n  EV-squamous c e l l  carcinomas. Of t he  250 cases o f  c e r v i c a l ,  vag ina l  and vu l va r  
p remal ignant  and i n v a s i v e  l es ions  analyzed f o r  t he  presence o f  HPV DNA, t h e  presence o f  
these sequences cou ld  be i d e n t i f i e d  i n  mi ld ,  moderate and severe dysp las ia  of t he  u t e r i n e  
ce rv i x ,  Bowen's disease and Bowenoid a typ ia ,  condylomatous carcinoma o f  t h e  vulva,  vag ina l  
dysp las ia  and carcinoma i n  s i t u ,  i nvas i ve  carcinoma o f  t he  u t e r i n e  c e r v i x  and f rank  inva-  
s i v e  squamous c e l l  carcinoma of t h e  vu lva .  
s i s t e n t l y  found assoc ia ted  w i t h  c e r t a i n  premal ignant and mal ignant  tumors o f  t he  s k i n  and 
anogen i ta l  t r a c t ,  t he  involvement o f  HPV i n  the  development o f  t he  mal ignant  tumor i s  p re -  
s e n t l y  inde terminant .  
ob ta ined f rom a carcinoma from a p a t i e n t  w i t h  EV i n d i c a t e d  t h a t  HPV DNA e x h i b i t e d  oncoge- 
n i c  p o t e n t i a l  and the re fo re  e x h i b i t e d  the  capac i t y  t o  f a c i l i t a t e  ma l ignant  p rogress ion .  
However, n e i t h e r  changes i n  the  s t r u c t u r e  of t he  HPV genome nor  i t s  express ion  can be 
r e l a t e d  t o  ma l ignant  p rogress ion  w i t h  pap i l lomav i ruses  t o  da te .  

Ep idemio log ica l  s t u d i e s  have i n d i c a t e d  h igh  r i s k  o f  HPV i n f e c t i o n  among the  sexua l l y  
promiscuous and in fec ted  par tners ,  suggest ing t h a t  sexual  con tac t  may r e f l e c t  one mode o f  
t ransmiss ion .  We have ob ta ined da ta  suppor t ing  t h i s  con ten t i on  by demonstrat ing the  p re -  
sence o f  HPV DNA i n  semen from p a t i e n t s  i n  h igh  r i s k  f a m i l i e s  o r  e x h i b i t i n g  d e b i l i t a t i n g  
ch ron ic  war t  d isease. 

M ich io  Fukushima, Leo Twijgs,? and M i c h i t o  Niimura.Q Departm n t s  o f  Mic roh io logy ,  9 

We have r e c e n t l y  completed a survey o f  w e l l  over 400 neop las ias  f rom a wide v a r i e t y  

Whereas the  vas t  m a j o r i t y  o f  t he  

Al though the  presence o f  HPV DNA can be con- 

DNA t r a n s f e c t i o n  s tud ies  us ing  mo lecu la r l y  c loned HPV-5 DNA 
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_ -  ~- S. Jnblanska- C.  Cmissant. G. Orth _. INi! 

The c l in i ca l  mrpholoqy of X P V  induced skin lesiona depends on virus type. 
There i e  a remarkable p lura l i ty  o f  'DVs denonstrated by molecular cloning / a t  
oresent 94 WV tvoes/. and a Drefe-ential association with spec i f ic  WV types 

The c l i n i c a l  momhol&g. p athol&y-and immunoiogy of papillomavirus 
infections o f  the skin. a s  related to the virus type 

r - - - -  ~~ 

has been-firmly estabiished. kew morphologic va r i e t i e s  of w & t S  were f O d -  to 
be induced by HPV4 and XPpv7, intermediate w a r t s  sharing features of  c o m n  
and plane w a r t s  are  associated with HPVlO and aV28. A variety of  u n u s d  HPV- 
induced lesions may be found in i~~~~nurnsuppressed persone. The natural  history 
of &HPV cutaneous infections and the immupe response of  the host d i f f e r  consi- 
derably depending on the virus type. Clinical recognition is not always possi- 
ble. However, there is almost a perfect correlation between histo1op;ic featu- 
r e s  and HPV type, if a proper les ion  ie chosen fo r  biopsy. A spec i f io  histo- 
loKical marker of each B V  type is the cytopathic e f fec t  due to v i r a l  DNA re- 
plication, a6 demonstrated by molecular hybrldizatioa in situ, and to its in- 
te rac t ion  with the keratinocyte differentiation. Only the related HPVS 3, 10 
and 28, sharing the same cytopathio effect ,  are  not infrequently indistlnguish 

able. Contrarily to the HPV infectiona in general population, i n  epidermodye- 
plaaia verruciformis /EV/, asaoclated with EV-specific viruses, diverse cuta- 
neous lesions have simfiar his to logic  features, with analogoun cytopathia 
effect. However EV case6 due to KPV3 and I IpVlO,  i.e. viruses induclng also 
plane w a r t s  in general population, d i f f e r  in c l in i ca l  morpholo~y nnd cytopa- 
t h i c  effect. Malignant transformation in EV was found to be mainly asmciated 
with WV type. Depreosion of co l l  mediated hnuu i ty  /CMI/ wae similar in case8 
induced by diverse EV-apeciflo HPVa with kmrm /Qy5, 8 ,  14/ o r  not proven on- 
cogenio potential ,  and in caees induced by H P q .  The load with viruses I s  a 
fur ther  fac tor  decreasing CMI, as shown in a case of regressing HPv3-induced 
EV. Increased natural  k i l l e r  c e l l  ac t iv i ty  appear8 to be an important host 
defense mechanism in EV patients. 

The immune responses of the pa t ien ts  infected with various l iPVs and the 
mde of  w a r t  regression depend on the K P V  type. Wost evident decreaee in CYI 
responses in pa t ien ts  with w a r t s  was found to be associated with HPV3, HPVlO 
and HPV28- induced infections, and CII arechanisne were ahown to be hvplved 
i n  t he i r  remession. 

PAPILLOMAVIRUSES FROM EPIDERMODYSPLASIA VERRUCIFORMIS PATIENTS 
AND RENAL ALLOGRAFT RECIPIENTS, Herbert Pfister, Institut fur 
Klinische Virologie, University Erlangen-Niirnberg, Erlangen, 

lM3 

F.R. Germany 
Patients with epidermodysplasia verruciformis (ev) suffer from congenital 
defects in cell-mediated immunity, which make them prone to infection with 
a large number of papillomavirus types, which are not regularly observed in 
the normal population. Individual patients are usually infected by a number 
of different virus types. From a representative case we isolated and cloned 
the DNAs of HPV5, 8, 19, 20, and 25 (1, 2). HPV5 predominated in the skin 
carcinoma. HPV8 DNA was also cloned from carcinoma DNA and represented a 
new variant, which differed from the prototype in several restriction en- 
zyme cleavage sites mainly in the non-coding, regulatory region of the ge- 
nome. The other DNAs were isolated from warts. The colinear genomes were 
aligned to define early and late regions and were partially sequenced. HPVs 
8, 19, and 25 showed homology in different parts of their genomes. 

It was repeatedly speculated if typical ev-viruses play a role in wart and 
cancer development in immunosuppressed transplant recipients because immune 
defects play an essential role in ev itself. A survey on 115 patients 
showed that ev specific viruses are not prevalent in transplant recipients. 
We detected HPV2 twice, HPV3 once, HPV4 and 10 twice,and HPVlG once.HPV2 (3) 
andl6 could be demonstrated once each in cases of Bowen's disease of the 
skin and HPV16 once in a squamous cell carcinoma of the skin. This may in- 
dicate that these viruses play a role in malignant conversion of warts of 
immunosuppressed patients. 

(1) Pfister et al., Cancer Res. 43, 1436-1441 (1983) 
(2) Gassenmaier et al., J. VirolF52, in press (1984) 
(3) Pfister and Haneke, Arch. Dermzol. Res., 276, 123-125 (1984) 
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Papilloma Viruses in Human Oral and Laryngeal Diseases 

INTERFERON I N  RT7:TIHRENT RESPIRATORY PAPILLOMATOSIS-A MULTICENTER CONTROLLED CLINICAL 
TRIAL. G.B. Hebly, M.D. A.L. Trowbridge, R . N .  Dept. of  O t o l a r y n g o l o a ,  The 
Ch i ld ren ' s  Hosp i t a l ,  Bosion, MA 02115. 

lW 
The o b j e c t i v e  o f  t h i s  n a t i o n a l  randomized c o n t r o l l e d  c l i n i c a l  t r i a l  i s  t o  e v a l u a t e  t h e  e f f ec -  

t i v e n e s s  of Human Leukocyte I n t e r f e r o n  i n  combination wi th  l a s e r  surgery  versus  l a s e r  surgery  
a lone  i n  t h e  t rea tment  o f  P e d i a t r i c  Recurren t  Resp i r a to ry  Pap i l loma tos i s .  P a t i e n t  enro l lment  
began i n  January  o f  1983 and ended i n  February o f  1985. 
p a r t i c i p a t i n g  cen te r s  were en ro l l ed  wi th  70 randomized t o  r ece ive  I n t e r f e r o n  the rapy .  

Human Leukocyte I n t e r f e r o n  w a s  adminis te red  in t r amuscu la r ly  a t  a dosage of  2mu/m2 d a i l y  f o r  
t h e  f i r s t  week then  3 t imes  a week f o r  1 yea r  t o  50% o f  t h e  p a t i e n t s  randomized i n t o  t h e  
t r i a l .  P a t i e n t s  i n  both  arms were eva lua ted  endoscopica l ly  a t  e n t r y ,  1 month, 3 months, and 
then  every 3 months for 2 yea r s .  A t  each endoscopy t h e  ex ten t  of  g ross  papilloma i n  t h e  
l a rynx  and t racheobronchia l  t r e e  was mapped pre-opera t ive ly  and pos t -opera t ive ly  accord ing  to 
42  s p e c i f i c  anatomical l o c a t i o n s  on d e t a i l e d  topgraphic  d a t a  forms. The degree o f  pre-op and 
post-op obs t ruc t ion  i n  t h e  l a rynx  and/or t r acheobronch ia l  t r e e  w a s  documented i n  te rms  of 
pe rcen t  airway o b s t r u c t i o n .  

I n t e r f e r o n ' s  p o t e n t i a l  e f f e c t  on t h e  growth and development o f  c h i l d r e n  w a s  a l s o  eva lua ted .  
Phys ica l  growth parameters were obta ined  on a l l  p a t i e n t s  at  each v i s i t  and p l o t t e d  by one 
ind iv idua l  on NCHS growth c h a r t s  and computerized by p e r c e n t i l e s .  The developmental  parameters 
were t a b u l a t e d  on s p e c i a l  age appropr i a t e  developmental  Corms a t  6 rronth i n t e r v a l s  and 
reviewed by t h e  Boston Ch i ld ren ' s  Hosp i t a l  Developmental Team. 

I n  t h e  f i r s t  22 months of t h e  t r i a l ,  1 3  p a t i e n t s ( 2 5 g )  experienced some form of I n t e r f e r o n  
t o x i c i t y .  Of t h e s e  1 3  p a t i e n t s ,  7(14%) experienced LFT e l e v a t i o n s ,  5(1O%) experienced t r a n -  
s i e n t  neu t ropen ia ,  and 111%) experienced gene ra l  mala ise ,  p e r s i s t a n t  f e v e r ,  muscle aches and 
cramps, pos t  i n j e c t i o n .  Of t h e  7 wi th  e l eva ted  LFT's,2 remained s t a b l e  on f u l l  dose a f t e r  1 
a l t e r a z i o n  whi le  5 r equ i r ed  f reouent  a l t e r a t i o n s ,  maintainin!= normal LFT's on h a l f  dose on ly .  
A l l  5 p a t i e n t s  w i th  t r a n s i e n t  neut ropenia  remained s t a b l e  on f u l l  dose a f t e r  1 a l t e r a t i o n .  
Two of t h e  5 neut ropenias  were most l i k e l y  dde t o  concurren t  acu te  i l l n e s s e s  and no t  t o  t h e  
I n t e r f e r o n .  

The degree  of d i s e a s e  involvement,  a s  r epor t ed  on t h e s e  d a t a  forms, w i l l  be s e r i a l l y  eval-  
uated by an o b j e c t i v e  group of  s t a t i s t i c i a n s  t o  t e s t  i f  t h e  ex ten t  o f  involvement a t  f i xed  
po in t s  i n  t ime i s  d i f f e r e n t  f o r  t h e  two t r ea tmen t  groups.  The t o t a l  number of  s i t e s  involved ,  
t h e  l o c a t i o n  of  new s i t e s  i n  r e l a t i o n  t o  t h e  o r i g i n a l  s i t e s ,  c o n t r a l a t e r a l  d i s e a s e  and spread  
t o  ad jacen t  anatomic a r e a s  w i l l  be  cons idered .  The primary a n a l y s i s  w i l l  c e n t e r  on t ime to 
r e l a p s e  i n  r e l a t i o n  to t r ea tmen t  and b a s e l i n e  da t a .  

A t o t a l  of 140 p a t i e n t s  from 31  

N o  f u r t h e r  t o x i c i t i e s  have been r epor t ed  i n  t h e  l a s t  6 months. 

CLINICAL AND EPIDEHIOLOGIC "EATURES OF RZCURRENT RESPIRATORY lY5 PAPILLOMATOSIS, Haskins Kashima, M.D.? Keerti Shah, M.D+and Br ig id  Leventhal,  M.D.++ 
;? Department of  Otolaryngology, +Department of Immunology and I n f e c t i o u s  Diseases ,  

*Department of P e d i a t r i c  Oncology, Johns Hopkins Hosp i t a l ,  600 N .  Wolfe S t r e e t ,  Bal t imore ,  
MD 21205. 
The term RRP is  app l i ed  t o  h i s t o l o g i c a l l y  benign warty growths (papi l lomata)  occur r ing  i n  the  
upper r e s p i r a t o r y  t r a c t  and encompasses two c l i n i c a l  ca t egor i e s  depending upon age a t  onse t  
of d i sease .  The j u v e n i l e  onse t  form, commonly known a s  j u v e n i l e  l a ryngea l  pap i l loma tos i s ,  
has onse t  p r i o r  t o  puberty and i s  cha rac t e r i zed  by papi l lomata  occurr ing  a t  mu l t ip l e  s i t e s ,  
tendency f o r  regrowth a f t e r  apparent  complete exc i s ion  and tumor growth by d i r e c t  ex tens ion  
and implanta t ion .  The combination of r ap id  papilloma regrowth and r e l a t i v e l y  smal l  s i z e  of 
airway n e c e s s i t a t e s  f r eauen t  repea ted  ope ra t ions  and p a t i e n t s  r equ i r ing  a hundred o r  more 
endoscopies a r e  n o t  unusual.  I n  the  a d u l t  onse t  form, the  papillomatous growths a r e  usua l ly  
s o l i t a r y  a t  i n i t i a l  p re sen ta t ion  and success fu l  t rea tment  by complete exc i s ion  i s  poss ib l e  
more o f t e n  than i n  the  j u v e n i l e  onse t  ca ses .  I n  both  forms the re  i s  p r e d i l e c t i o n  f o r  l e s i o n s  
t o  occur a t  squamo-columar junc t ions .  
l t  has  been gene ra l ly  taught  t h a t  JL? undergoes spontaneous r eg res s ion  a t  puberty;  i t  may be 
more c o r r e c t  t o  conclude t h a t  t he  l a r g e r  la ryngo- t rachea  makes s u r g i c a l  i n s t rumen ta t ion  e a s i e r  
and e r a d i c a t i o n  of l e s i o n s  more complete. Spontaneous r eg res s ion  of r e s p i r a t o r y  papilloma i s  
an uncommon occurrence .  Malignant t ransformat ion  of papilloma i s  uncommon and has been 
observed when papilloma has  been i r r a d i a t e d .  
Es t ab l i sh ing  the  v i r a l  e t io logy  of r e s p i r a t o r y  pap i l loma tos i s  has  been a r ecen t  and major 
achievement.  HPV-types 5 and 11, assoc ia t ed  wi th  RRP, a r e  a l s o  the  e t i o l o g i c  agen t s  
i d e n t i f i e d  wi th  g e n i t a l  war t s  (condvlomata).  The la t ter  cond i t ion ,  which i s  h i s t o l o g i c a l l v  
s i m i l a r  r o  r e s p i r a t o r y  papilloma, has  been repor ted  p resen t  a t  the  t i n e  of de l ive ry  i n  a 
d i sp ropor t iona te ly  l a r g e  percentage  of  mothers g iv ing  b i r t h  t o  ch i ld ren  who develop RRP. 
RRP p a t i e n t s  a t  The Johns Hopkins Hosp i t a l  have tended t o  be the  f i r s t  born of young ( teen-  
aged) mothers w i th  g e n i t a l  war t s .  No s i b l i n g s  of  RR? p a t i e n t s  have been found t o  be 
a f f l i c t e d  wi th  the  d i sease .  None of the  s i x t y  RRP p a t i e n t s  ( j u v e n i l e  onse t  and a d u l t  onse t )  
were born by Ceasarean s e c t i o n .  Assuming the  condyloma preva lence  i n  women t o  be i n  the 
l ; d  t o  2% range, the  r i s k  f o r  developing RRP f o r  a c h i l d  born to  an  i n f e c t e d  mother i s  c rude ly  
es t imated  to  be between 1:lOO and 1 : l O O O .  
The s e v e r i t y  of papilloma whether judged by frequency o r  t o t a l  number of ope ra t ions ,  o r  by 
e x t e n t  and na tu re  of growths, v a r i e s  from "mild" t o  "severe".  Analysis of 2 2  p a t i e n t s  
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indicates that IIPV-6c identifies the patient subgroup with more extensive disease. A 
severity score considering the number of anatomical sites diseased, the surface area involved 
and growth pattern, whether sessile or exophytic, has been developed. 
is being utilized to evaluate the efficacy of adjuvant modalities for treatment of this 
condition. 

This scoring system 

1346 

Ka~hima,~ Brigid Leventhal,' George T. Singlet~n,~ Phillip K. Weck,' and John K. Whisnant. 
'The Johns Hopkins University, Baltimore, MD 21205. 

CA 94143. 
Baltimore, MD 21205. 5University of Florida, Gainesville, FL 32610. 'Burroughs-Wellcome 

Company, Research Triangle Park, NC 27709. 

ANALYSIS OF HUMAN PAPILLOMAVIRUS IN THE RESPIRATORY AND GENITAL TRACTS DURING 
INTERFERON THERAPY. Phoebe Mounts,' Herbert H. Stanley A. Gall,3 Haskins K. 

6 

'University of California, San Francisco, 

3Duke University Medical Center, Durham, NC 27710. 4The Johns Hopkins Hospital, 

We have been investigating the role of human papillomavirus type 6 (HPV-6) in the etiology, 
pathogenesis, and clinical manifestations of condyloma acuminata (genital warts) and respira- 

tory papillomatosis. The papillomavirus genome is analyzed using the Southern transfer 
technology with DNA extracted from biopsy specimens of condyloma and respiratory papilloma. 
We have previously demonstrated the existence of multiple subtypes of HPV-6 which hybridize 
under stringent conditions but are distinguishable on the basis of restriction endonuclease 

digestion patterns. We have identified the HPV-6 subtype in papilloma specimens from patients 
registered in our multi-institutional clinical trials evaluating the efficacy of human lympho- 

blastoid interferon (Wellferon") for condyloma and juvenile-onset respiratory papillomatosis. 
The relative frequency of occurrence of HPV-6 subtypes in biopsies from the respiratory and 

genital tracts is different. I n  the respiratory tract, HPV-6c was identified in 63% of the 
lesions, HPV-6d in 2%, HPV-6e in 15% and HPV-6f in 20%. In the genital tract, HPV-6c was 

identified in 8% of the lesions, HPV-6d in 8%,  HPV-6e in 3 1 % ,  and HPV-6f in 23%. There was no 

discernible geographical localization of the subtypes. We have found HPV-6c to be associated 

with more severe disease. HPV-6c was found in 82% of the respiratory papillomatosis patients 
who had a tracheostomy and i n  all of the patients who had pulmonary disease. There was no 

association between viral subtype and response to interferon. 

I N  VITRO STUDIES OF LARYNGEAL PAPILLOMAS, B e t t i e  f.1. S te inberg ,  A l l a n  L .  Abramson, 
Department o f  Oto la ryngo logy  and Communicative D i s o r d e r s ,  Long I s l a n d  Jewish- 
H i l l s i d e  Med ica l  Center,  New Hyde Park, NY 11042. 

lM7 

We hav developed a method f o r  c u l t u r i n g  e p i t h e l i a l  c e l l s  i n  v i t r o  f r o m  human l a r y n g e a l  
pap i l lomas.?  Us ing  t h i s  techn ique,  we have been a b l e  t o  compare t h e  morphology, n u t r i e n t  
requ i rements  and d i f f e r e n t i a t i o n  o f  p a p i l l o m a  c e l l s  and normal v o c a l  c o r d  e p i t h e l i a l Z c e l l s .  
The HPV DNA copy number i s  t h e  same f o r  c u l t u r e d  c e l l s  as t h e  i n i t i a l  t i s s u e  b iopsy ,  
c o n f i r m i n g  t h a t  t h e  c u l t u r e d  c e l l s  a r e  i n  f a c t  d e r i v e d  f r o m  t h e  p a p i l l o m a  and n o t  f rom 
a d j a c e n t  normal t i s s u e .  

The general  morphology and appearance o f  t h e  two c e l l  t y p e s  i n  c u l t u r e  i s  
i n d i s t i n g u i s h a b l e .  However, t h e r e  a r e  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  a c t i n  and 
k e r a t i n  f i b e r s .  A n a l y s i s  o f  k e r a t i n s  by SDS-polyacrylamide g e l  e l e c t r o p h o r e s i s  shows 
v a r i a t i o n  i n  minor  k e r a t i n  bands f o r  t h e  two c e l l  t ypes ;  these a r e  a l s o  seen i n  t h e  

t i s s u e s .  A d d i t i o n  o f  r e t i n o i d s  t o  serum f r e e  c u l t u r e s  enhanced t h e  growth o r i g i n a l  
o f  b o t h  types  o f  c e l l s  and prevented  f o r m a t i o n  o f  c o r n i f i e d  enve lops .  
o f  t h e  e f f e c t s  o f  i n t e r f e r o n  on these c e l l s  i s  i n  p rogress .  
t h y m i d i n e  i n c o r p o r a t i o n  i s  reduced e q u a l l y  i n  t h e  two c e l l  t ypes ,  b u t  t h a t  o u t g r o w t h  
f r o m  t i s s u e  fragments i s  n o t  a f f e c t e d .  C u l t u r e  i n  t h e  presence o f  i n t e r f e r o n  f o r  
4-6 weeks does n o t  e f f e c t  HPV DNA copy numbers. 

w i l l  be d iscussed.  

I n  v i t r o  s t u d i e s  
Data t o  da te  suggests t h a t  

Problems and l i m i t a t i o n s  t o  these s t u d i e s ,  as w e l l  as p l a n s  f o r  f u t u r e  exper iments  

1. Ste inberg ,  B. ,  Abramson, A .  and Meade, R .  C u l t u r e  o f  Human Laryngeal  Pap i l loma 
C e l l s  i n  V i t r o .  Otolaryngology-Head and Neck Surg. 90:728-735 (1982) .  

2. S te inberg ,  B., Topp, W.C., Schneider,  P .  and Abramson, A. Laryngeal  P a p i l l o m a v i r u s  
I n f e c t i o n  D u r i n g  C l i n i c a l  Remission. New Eng l .  J .  o f  Ned. 308: 1262-1264 (1983) 
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INTERFERON TREATMENT OF LARYNGEAL PAPILLOMATOSIS: AN OVERVIEW, Hans Strander, 1348 
Radiumhehmet, Karolinska Hospital, 104 01 Stockholm 60, Sweden. 

There are three classes of human interferons (IFN) which have been characterized: alpha, 
beta, and gamma. The alpha interferons have been prepared either from leukocytes, (Le)IFN-O(, 
lymphoblastoid cells, IFN-O((Ly), or from bacteria, rlFN-62, rlFN-dA and rIFN-dD. Fibro- 
blast IFNs have been prepared from tissue cultures, IFN-8, o r  from bacteria, r IFN-$.  Gamma 
IFNs have been prepared either from natural sources, IFN-Y, or from bacteria, rIFN-Y. 
Several of these IFN preparations have been used to date in the treatment of juvenile 
laryngeal papillomatosis. 
An overview of the litterature is given and an attempt is made to assemble recent results 
in the treatment of this disease with various IFN preparations. The results obtained so far 
can be summarized as follows: IFNs are able to cause regression, complete o r  partial, of 
juvenile laryngeal papillomatosis. On prolonged treatment it is possible in most patients 
to obtain a long disease free interval. It is not known whether patients can be cured from 
their disease by sole IFN treatment since the first patient was treated only 8 years ago. 
Optimal schedules and doses are not known but the lowest possible doses to achieve effects 
have been established. The mechanism of IFN action can only be suggested on the basis o f  
previous clinical experience, biochemical investigations and animal experiments. 
Summary: It is suggested that I F N  treatment should be used on at least severe cases of 
juvenile laryngeal papillomatosis in combination with laser surgery. 

Molecular Biology 

STRUCTURAL ANALYSIS OF BW-1 mRNA's ISOLATED FROM BOVINE FIBROPAPILLOMAS, Carl C. 
Baker and Peter M. Howley, NCI, Bethesda, Maryland 2205 '34' 

Bovine papilloma virus type 1 (BW-1) causes cutaneous fibropapillomas in cattle and is 
tumorigenic when innoculated into hamsters. When BW-1 DNA is transfected into mouse (C127) 
cells, only the transforming or "early" region is expressed and the cells are transformed, 
but no virus is produced. The mRNAs from transformed cells have been extensively analyzed 
by cDNA cloning amd sequence analysis (Y .-C . Yang, H. Okayama and P. Howley, PNAS, in 
press). Vegetative viral DNA synthesis, "late" transcription, capsid protein synthesis 
and virion assembly occur only in the differentiated keratinocytes of the papilloma. 
order to study the transcription and function of the "late" viral genes, we have con- 
structed a cDNA library with mRNA isolated from bovine fibropapillomas using the method of 
Okayama and Berg. 
that the polyadenylation (AATAAA) site at base 7175 is used. One species of mRNA has been 
identified which splices a portion of the E5 ORF in phase with the L1 ORF. 
of BW-1 will be analyzed in nuclei isolated from BW-1 transformed cells to determine the 
nature of the block to "late" gene expression. An attempt will be made to identify cellu- 
lar and/or viral genes important in regulation of "late" gene transcription. 

In 

Preliminary analysis of cDNA clones from the wart-specific region show 

Transcription 

1350 STIMULATION OF p p 6 0 ~ - ~ ~ ~  TYROSYL KINASE ACTIVITY IN DNA TUMOR VIRUS TRANSFORMED 
CELLS, Joseph B. Bolen, Shorheh Amini and Virginia A. DeSeau, Laboratory of 
Tumor Virus Biology, NCI, Bethesda, Maryland 2205 

We have examined the effect of DNA tumor virus transformation of rodent cells on the ty- 
rosy1 kinase activity of pp60c-src. Previously, we found that pp60c-src kinase activity 
was stimulated in rodent cells transformed with polyoma virus following the association 
of the polyoma-encoded middle tumor antigen with pp60C-SrC. 
that rodent cells transformed by other DNA tumor viruses including Simian Virus 4 0 ,  Adeno- 
virus 2, Adenovirus 12, and Bovine Papillomavirus also can possess stimulated pp60c-src 
kinase activity. 
cells was not due to either src gene amplification or increased levels of src gene trans- 
cripts. Additionally, pp60c-c was not found to be physically associatedxth tumor 
antigens encoded by these viruses. 
can occur in many different viral transformed cells and suggest that the mechanism of 
pp60c-src kinase stimulation differs from that 0bserved.h polyoma virus transformed 
cells. 

Our present study demonstrates 

The increased levels of pp60c-src kinase activity in these transformed 

These results show that pp60c-src kinase activation 

83 



Papilloma Viruses: Molecular and Clinical Aspects 

1351 ELECTRON MICROSCOPICAL HETERODUPLEX COMPARISONS ON D N A ~  FROM HUMK PAPILLOMA 
VIRUS TYPES 6, 11, 16 AND 15: Thomas R. Broker and Louise T. Chow, Biochemistry Department, 
P.O. Box 607, University of Rochester School of Eledicine and Dentistry, 601 Elmwood Ave., 
Rochester, NY 14642. 

Heteroduplexes between cloned HPV-6 and HPV-11 DNAs were prepared at low stringency 
(0.1 M Tris-C1, 30% formamide, 22OC) and were examined by electron microscopy after spreading 
the samples in cytochrome c monolayers in the presence of different concentrations of 
formamide, to vary the effective stringency. 
mately the same length, in keeping with previous observations of many other pair5 of human 
and animal papilloma viral DNAs. HPV-6 and -11 are very closely related and exhibit about 
91% pairing in 30% formamide (Tm - 41°), 857: pairing in 50% formamide (T, - 2 5 ' ) ,  and 
50%-55% pairing in 60% formamide (T, - 21'). 
exceed 50%, 65% and 7 5 %  homology, respectively. The first genetic region to denature (in 
30% formamide) was E5b. The second portions to denature (in 50% formamide) were:'E5a and 
intergenic region immediately downstream frorr. L1. In 60% formamide, genetic regions E4, the 
3 '  third of E i ,  and the 5 '  half of L2 began to denature in the heteroduplexes. 

They were 
paired over 25% to 43% of their lengths in 30% formamide, indicating these regions have at 
least 50% homology. Based on the D?IA sequences of HPV-6 DNA, the major regions of genetic 
similarity between the viruses are in El, L 1 ,  and both ends of E2. The viruses differ most 
in E6, E7, E2, E4, E5, tt.e C-terminal two-thirds of L2, and the intergenic region. 

Regions and degrees of homology and divergence in heteroduplexes between HPV-16 (cloned 
by Durst and collaborators) and HPV-6 closely resembled those between HPV-6 and -15. Sur- 
prisingly, therefore, heteroduplexes between HPV-16 and -15 exhibit less homology than either 
does to HPV-6. Additional heteroduplex studies of HPV-19 and -25 in collaboration with 
H. Pfister and of HPV-26 in collaboration with R .  Ostrow are in progress .  

The two DNAs are collinear and are of approxi- 

DNA segments paired in the three preparations 

HPV-18 cloned by Boshart et al., Uas used to form heteroduplexes with HPV-6. 

1352 COMPARISON BETWEEN THE GENOMIC ORGA?IISATION OF HUMAN GENITAL PAPILLOMA 
VIRUSES, Klaus Dartmann, Elisabeth Schwarz, Lutz Gissman and Harald zur Hausen, 
Deutsches Krebsforschungszentrum, Im  Neuenheimer Feld 280, 6900 Heidelberg, FRG 

The large open reading frames of  HPV 6 and 11 and the putative proteins derived from their nucleotide 
sequences were compared. , 
The overall nucleotide sequence homology between both types i s  52 percent. A t  the protein level the 
homology varies between 58 percent (E5b) and 91 percent (El). 
The non-coding regulatory regions show at the nucleotide level only 10 percent o f  homologous sequences, 
suggesting that this region may play a role in possible differences of both virus types in host cell tropism. 
The homology of the HPV 11 sequence to HPV 16 is much less pronounced (55 percent for the complete 
sequences). 
The region of the putative early promoter contains a duplicated TATA-box-like sequence, separated 
by a direct repeat of a symmetric 12 bp element. 
This structure is common to al l  four genital papilloma viruses HPV 6 ,  11, 16 and 18. 

1353 THE NUCLEOTIOE SEQUENCE OF TWO VIRUS/CELL JUNCTIOI\TSITES IN A CERVICAL 
CARCINOMA AND THE ANALOGOUS REGION IN LYMPHOCYTE DNA, Matthias Durst 
and Lutz Gissmann, Deutsches Krebsforschungszentrum, Institut fur Virusforschung, Im  
Neuenheimer Feld 250, 6900 Heidelberg, FRG 

The analysis o f  a number of  malignant genital tumors suggests that at least some copies of the HPV16 
or HPVl8 genome are integrated within the host DNA. 
In order to learn something about the mechanisms of integration two of the viruslcell junction fragments 
from a cervical carcinoma as well as the analogous region within the lymphocyte DNA of the same 
patient have been cloned and their nucleotide sequence is being determined. 
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1354 U V j I S  AND TRYPTIC PEPTIDE ClVIBACI'EBIZATION OF TAE STRUCTURAL PROTEINS OF TBE 
PHOPE (RABBIT) PAPILLOMA VIRUS. 
Jack G .  Stevenst. 
Philadelphia, PA 19111; 2Department of Microbiology and Immunology, UCLA School 
of Medicine; 3Molecular Biology Institute, University of California, Los 
Angeles. CA 90024. 

chloramine T or by indirect lodination (acylation) using the Bolton-Hunter 
reagent. 
oulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and tryptic peptide 
lapping. 
dnltons, 5-7 bands between 20,000 and 60.000 daltons, and 3 bands below 20,000 
ddtons in size which codgrated with calf thymus histones. The peptide map of 
the major polypeptide shared 45% homology with the intermediate size polypep- 
tides (20,000-60.000 daltons). while the maps of these intermediate size compo- 
nents shared 70-75% homology among themselves. The results suggest that the 
Shope DNA possesses one gene coding for the major structural polypeptide and 
another coding for the family of intermediate size components. However, the 
8ppareat size of the major capsid polypeptide as well as its relationship to 
the intermediate size class of polypeptides suggest that some of its translated 
sequences are derived from the gene encoding these intermediate size components. 
These relationships could be the result of RNA splicing, post-translational 
rodification, or both. 
encodes the major and intermediate size structural polypeptides of the Shope 
papilloma virus. 

Hark A. Feitelsonl, Felix 0. Wettstein2t3 and 
lDivision of Clinical Research. Fox Chase Cancer Center, 

Purified Shope papilloma virus was radiolabelled by direct iodiaation using 

Structural polypeptides were then characterized by sodium dodecyl 

SDS-PAGE of these preparations showed a major polypeptide at 67,000 

Based upon this data, 40-502: of the Shope virus genome 

1355 GENE EXPRESSION OF W V  IN CARCINOMA OF THE CERVIX, U. Kar l  Freese, Elisabeth 
Schwarz, Thomas Bauknecht and Harald zur Hausen, Deutsches Krebsforschungszentrum, 
6900 Heidelberg, FRG 

The presence of  Human Papilloma Virus in cervical carcinomas and i t s  gene expression have been studied. 
Analysis of DNA and RNA extracted from the same tumor biopsies revealed the concomittant presence 
of  Human Papillomavirus DNA and RNA in the malignant tissues. The structure of  these RNAs is present- 
ly under investigation. This work aims to further elucidate the genetic act ivi ty of Human Papilloma 
Viruses i n  cervical cancer as a step i n  defining the role of these viruses i n  the etiology of human neo- 
plasia of  the uterine cervix. 

1356 AN OBLIGATORY TRANSFORMING FUNCTION OF BPV-1 IN THE E5 OPEN READING FRAME. O.E. 
Groff and W.D. Lancaster, Georgetown Univ. Med. Ctr., Washington, DC. 20007. 

To def ine the funct ions of the  bovine papi l lomavi rus type (BPV-1) open reading frames 
(ORF) i n  c e l l  t ransformat ion and autonanous v i r a l  DNA r e p l i c a t i o n  In  transformed ce l l s ,  
t h e  BPV-1 genome has been a l t e r r e d  a t  s p e c i f i c  s i t es .  The e f f e c t  o f  these mutations were 
assayed by t ransformat ion of C127 and NIH3T3 mouse c e l l s  and the  physical s t a t e  of  t h e  
v i r a l  DNA i n  transformed c e l l s  was determined. Mutants were generated by c leav ing a BPV- 
1/pML2 s h u t t l e  vector  w i t h  r e s t r l c t i o n  enzymes, repa i r i ng  the  ends w i t h  T4 DNA polymerase 
o r  E. c o l i  DNA polymerase I, Klenow fragment, and r e c i r c u l a r i z i n g  w i th  T4 DNA I igase. 
Resul t ing plasmids t h a t  were r e s l s t a n t  t o  cleavage w i th  the  o r l g i n a i  enzyme were analyzed 
fur ther .  The E l  ORF was a l t e r r e d  a t  t he  EcoRI s i t e  (pos. 2118). t he  E2/3 and E4 ORFs a t  
t he  Kpnl s i t e  (pos. 34551, and the  E5 ORF a t  t h e  BstXl s i t e  (pos. 3889). The amino 
po r t i on  o f  t h e  E2 ORF was a l t e r r e d  by de le t i ng  the  Ncol fragment (pos. 2879-3089). The 
Kpnl mutant transformed cells as wel l  as wild-type DNA and the  v i r a l  DNA remained 
episcxnai. The EcoRl mutant transformed cells a t  about 50% wild-type leve ls  and the  input  
DNA was exc lus ive ly  h igh molecular weight and appeared t o  be in tegrated i n t o  host  DNA. 
The Ncol mutant transformed c e l l s  a t  about 20% wlld-type leve ls  and t h e  input  DNA was h igh 
molecular weight but  appeared t o  be catenated c i r c l e s  o f  var ious s i z e  as wel l  as randanly 
integrated. The BstXl mutant f a i l e d  t o  transform e i t h e r  C127 o r  NiH3T3 c e l l s .  Whether 
the  8stXI  a l t e r a t i o n  a f f e c t s  the  t r a n s l a t l o n  of  a v i r a l  gene product o r  a s i t e  on the  BPV- 
1 DNA remains unclear. 
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1357 
The effect of the site of insertion on foreign gene expression in a B W  vector was assessed 
using the rat preproinsulin gene (rI1). Using derivatives of the pdBW-1 (142-6) vector 
which consists of the B a d 1  linear genome of BW-1 DNA cloned into pMLZd, the rI1 gene was 
inserted at each of the BW-lJpML2 junctions in either transcriptional orientation. Trans- 
formed lines of C127 cells were established and assayed for rI1 expression. Cells con- 
taining the rIl.gene at the 3' end of the transforming region made rat proinsulin whereas 
cells with the gene at the 5' end of the non-transforming region did not. There were no 
differences in plasmid copy number or in the extent of rearrangement which could account 
for this difference. We conclude that the expression of the rat preproinsulin gene (which 
is normally tissue specific for pancreatic islet cells) is due to the transcripitonal 
activation afforded by viral "enhancer" sequences located at the 3 '  end of the transforming 
region. The rat preproinsulin gene located in the "blocked" position not adjacent to the 
"enhancer" could be transcriptionally activated by the adjacent insertion of a DNA fragment 
containing the SV40, MSV, or BPV enhancer. Thus, a gene which is normally expressed in 
a cell specific manner may be expressed in a B W  vector when placed adjacent to a viral 
enhancer. Intervening BPV or pML2 sequences block this enhancer mediated activation. 

THE EFFECT OF POSITION ON GENE EXPRESSION IN B W  VECTORS, Nava Sarver. Ruth Muschel, 
Janet C. Byrne, George Khoury, and Peter M. Howley. NCI, Bethesda, Maryland 20205 

1358 Expression of Biologically Active Fertility Hormones 
Virus System 

in a Bovine Papilloma 

Nancy Hsiung, Barbara Fleming, Vinnie Velluci and Toni Beck - Integrated Genetics, Inc. 
31 New York Avenue, Framingham, MA 01701 
The human glycoprotein hormones are encoded by a family o f  related genes. Luteinizing 
(LH) and follicle stimulating (FSH) hormones are synthesized in the anterior pituitary 
gland and are involved in the regulation of the development and activity of the gonads. 
Both hormones are dimers consisting of a common alpha subunit and a beta subunit which 
confers the specificity. 
variety o f  Bovine Papilloma Virus vectors for expression in the mouse host cells. Foci 
were isolated and clones producing and secreting dimeric LH or FSH were identified. 
resulting stable transformants from different vectors were characterized and a comparison 
of the production levels was obtained. 
functions are described. 

Both LH and FSH genes have been cloned and inserted into a 

The 

Studies on protein structure and its relation to 

1359 
We have developed a general method for the identification of sequence specific DNA binding 
proteins. A well-characterized protein-DNA interaction is used as a hook to fish out pro- 
teins recognizing specific sequences from crude extracts or fractions thereof. The se- 
quence of interest is cloned adjacent to the lac operator and the resulting plasmid is 
incubated with a lac repressor-beta-galactosidase fusion protein which retains full 
operator and inducer binding properties. The DNA fragment is precipitated by the addition 
of Immunobeads with covalently bound goat anti-rabbit antibodies which have been saturated 
with affinity purified rabbit anti-beta-galactosidase antibodies. This forms an affinity 
matrix for the unknown protein interacting with the regulatory sequence of interest. When 
incubated with extracts containing the unknown protein and with excess competitor DNA, 
the specific protein can be cleanly precipitated. Upon addition of IPTG, a protein-DNA 
complex composed of the specific restriction fragment and the unknown protein is released 
permitting the analysis of the unknown proteins by conventional methods. 

We have tested this method using crude preparations of the yeast mitochondrial RNA 
polymerase and have identified a 70,000MW peptide which binds to the promoter region of 
the yeast mitochondrial 14s rRNA gene. We have correlated the presence of this protein 
with the ability to support faithful transcription in vitro from the 14s rRNA promoter. 

GENERAL METHOD FOR IDENTIFYING SEQUENCE SPECIFIC DNA BINDING PROTEINS, David 
.evens, Barbara A. Spalholz and Peter M. Howley, NCI, Bethesda, Maryland 20205 
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1360 
To ga in  i n s i g h t  i n t o  the  mechanism o f  pap i l loma v i r u s  r e p l i c a t i o n  and a l s o  pap i l loma induced 
c e l l u l a r  t rans fo rma t ion  we a re  express ing  pap i l loma v i r u s  e a r l y  reg ion  open read ing  frame 
sequences i n  Escher ich ia  @. 
t o r ,  pRW10, t h a t  i nco rpo ra tes  the  pL promoter o f  bacter iophage A and the  C I I  t r a n s l a t i o n  
s t a r t  s igna ls  (W. S isk ,  0. Court ,  personal  communication). A lso  conta ined on t h i s  vec to r  i s  
t he  p o l y l i n k e r  reg ion  o f  t he  MI3 mp19 v i r u s  and the  l a c  Z gene. 
C I I - p o l y l i n k e r - l a c  Z )  a l l ows  f o r  i n s e r t i o n  o f  pap i l l oma  sequences w i t h  e i t h e r  s t i c k y  o r  b l u n t  
ends. B l u n t  end pap i l loma fragments (generated by DNAse I o r  Bal 31  t rea tment )  t h a t  con ta in  
open read ing  frames when i n s e r t e d  i n t o  t h i s  vec to r  can e s t a b l i s h  a cont inuous read through 
i n t o  the  
i n g  X-gal. 
We a re  us ing  t h i s  system t o  express t h e  E2 and o t h e r  open read ing  frames f rom both  HPV6b and 
B P V I .  These p r o t e i n s  w i l l  be used t o  generate an t i bod ies  t o  probe pap i l loma transformed 
c e l l  l i n e s .  (Supported by NIH gran ts  #CA 16239 and #CA 09161). 

EXPRESSION OF OPEN READING FRAME SEQUENCES FROM THE EARLY REGIONS OF BPV AN0 HPV, 
Robert  Ma l lon  and V i t t o r i o  Defendi ,  NYU Medical  Center, New York, NY 10016 

We a re  making use o f  a mod i f i ed  p roka ryo t i c  express ion  vec- 

Vector o rgan iza t i on  (pL- 

Z gene r e s u l t i n g  i n  a lac Z+ b lue  co lony  when p l a t e d  on LB/amp p l a t e s  con ta in -  

1361 
DNA SElUEXCE AND GWahlE OFGAKIZATION OF BOVINP P&ILLOl;xVIRU3 TYPE-4 (BPiT-4) 

Kamalesh R. Patel, Kenneth T. Smith and Y. Saveria Campo, The Beatson Institute for 
Cancer Research, Glasgow G61 1BD. 

Sequence analysis of the DNA of BPV-4 has revealed that the arranyment of the genes is 
similar to that identified in other Papillmaviruses. 
transcribed, whilst the other strand contains numerous stop codons. Cmparative analysis 
of the amino acid sequences of the major open reading frames wlth other Papillmaviruses 
has localised the 'Early' and 'Late' genes. The L1 and L2 genes are separated by an 
intraqenic region -which contains two pranoter-like sequences %with CUT, TATAA, and ACA 
consensus dcinains. 
end of L2. 
PMS-like (Plasmid Vaintenance 3epence) elements in the L2 oper readinc: frame. 
sequence data is in concordance with the il nuclease maDping of virus-specific W A  
transcripts in productive warts. 
sequencing of SW4-specific cDNA molecules. 

Only one of the strands is 

An open reading frame designated as E2 has been identified at the 5' 
Ccinputer-aided sequence hcinoloq searches have identified enhancer-like and 

The 

Wrther corroborative evidence has been obtained by DNA 

1362 A VARIENT OF HUMAN PAPILLOMAVIRUS TYPE-6 CLONED FROM A RAPIDLY GROWING VERRUCOUS 
CARCINOMA, Robert F. Rando and Wayne D. Lancaster, Georgetown University, 
Washington, D.C. 20007 

DNA sequences of a human papillomavirus (HPV) were detected in a rapidly growing vulvar 
verrucous carcinoma when probed under stringent hybridization conditions using HPV-6b DNA 
as a probe. 
HPV-6b for sequence homology. 
analysis under stringent conditions indicated no detectable differences in sequence 
homology. However, analysis of restriction endonuclease cleavage patterns and 
subsequent DNA sequencing demonstrated an additional 106 nucleotides in the HPV-vc DNA 
located in the non-coding region of HPV-6b which contains the putative replication and 
early gene transcriptional control elements. Two small inserts (19 and 15 bases) 
contain sequences not found in HPV-6b and demonstrate a striking homology to regions of 
human interferon genes. 
addition in the purine-thymidine rich region 3 '  - to the end of the L I  reading frame. 
This insert is homologous to the virus DNA sequences 5' - to this insert. In, addition 
parts of this insert are homologous to conserved G/T rich repeated sequences in 
human DNA and regions in the human cardiac muscle actin gene. 

These sequences (HPV-vc) were cloned and the DNA genome compared to that o f  
Saturation as well as Southern blot hybridization 

Another alteration in the HPV-vc genome is a 74 nucleotide 
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1363 DETEXXION OF PAPILLOMAVIRUS GENOMES AND EVIDENCE FOR AMPLIFICATION OF THE ONCO- 
GENES c-rnyc AND c-Ha-ras I N  CARCINOMAS OF THE UTERINE CERVIX, Guy F. Riou, Michel 

Barrois, I s a b e l l e r d  jman, Viviane Dutronquay* and G r a d  Orth*, I n s t i t u t  Gustave Roussy , 
94800 Vil le juif  and * I n s t i t u t  Pasteur, Par is ,  France. 

Invasive squamous cell carcinomas of the uter ine cervix from 26 untreated pat ients  were 
examined f o r  t h e  presence of human papillomavirus (HPV) genomes and f o r  the  s t a t e  of the 
oncogenes c-myc and c-Ha-ras. Blot hybridization experiments have demonstrated the pre- 
sence of thegenome of HPVX i n  12 tumors, of HPV18 i n  2 tumors and that  of the gencmes 
of HPV types weakly related t o  HPV 1 6  o r  HPV 18 i n  7 others. In 15 of the 18 t w r s  
corresponding t o  advanced s tages  of the disease (s tages  3 and 4 )  there w a s  a 3-30 fold 
amplification of c-myc and i n  10 tumors an 6-30 fold amplification of c-Ha-ras. A con- 
comitant amplif icat ion of both oncqenes was found i n  10 cancers. The oncqeKc-myc or 
c-Ha-ras w a s  only weakly amplified i n  2 of the 7 tumors confined to  the  cervix ( s t a g T 1 ) .  
NeithrHPV DNA sequences nor oncqene amplification were detected i n  the leukocytes of 1 2  
of these pabients and i n  2 specimens of normal uter ine cervix. These data  extend previous 
resul ts* which confirmed the ro le  of s p c i f i c  HPV types i n  the development of cervical  
carcinomas and s q g e s t e d  tha t  c e l l u l a r  oncogenes, activated through an amplification 
process are involved i n  a t  l e a s t  some s teps  of tumor progression. 
*(G. Riou, M .  Barrois, I. Tordjman, V .  Dutronquay e t  G. Orth, C. R. Acad. Sc P a r i s ,  1984, 
i n  press) .  

1x4 
Cell apd Tumor Biology, German Cancer Research Cpnter, I m  Neuenheimer Feld 280, D - 6900 
Heidelberg. 

Human papillomavirus type 16 (HPV16) DNA has been found in hiopsy materials from cervical, 
vulva1 and penile cancers. The dsta indicate that HPV16 DNA prevails in malignant tumors 

IHE NUCLEOTJDE SEQUENCE OF HUMAN PAPILLOMA VIRlJS TYPE 16: EXPRESSION OF nPEN 
JEADING FRAMES IN E.COLI, Walter RGwekamp and Klaus Seedorf, Institute of 

(1, 2 ) .  
We have determined the nucleotide sequence of the HPV16 genome. The size and orga- 

nization o f  the oper! rea.ding frames is similsr to that of other papilloma DNAs already 
sequenced. These data prove that HPV16 represents a new member of the HPV family (3). 
We have initiated experiments to express all possible open reading frames in E.coli 
in order to raise antibodies against different virus proteins. 

1. Diirst, M .  et. al. (1983) PNAS 80, 3812-3815. 
2. Ibenberg, H. et. 31. (1983) I n c  J. Cancer 32, 563-565. 
3 .  Seedorf, K. and Rowekamp, W.G. (in preparatzn) 

STABLE HIM-LEVEL EXPRESSION OF HWAN y -INTERFERON USING A B W  VECTOR. 1365 Nava Sarver , Margret Hood and John Link. 
6715 Electronic Drive, Springfield, VA 22151. 

Biotechnology Research Center/Revlon, 

We have obtained a sustained high-level expression of h m n  Y -interferon ( Y -1FN) cDNA 
cloned i n  a Bw shuttle vector. 
foci generated with the recombinant molecule indicated considerable heterogeneity in 
the levels of Y-IFN secreted into the medium. In contrast, single-cell clones exhibited 
a uniform level of expression similar to that of the original parental line. 
Southern DNA analysis of transformants expressing high levels of Y -JFN (>105U/ml/106 
cells/24 hrs) revealed that the transferred DNA is maintained as an episome and for the 
most part is unrearranged. 
including excision of the IFN c m A  segment, were observed when the input DNA contained 
duplicated fragments. 
Polyacrylamide gel electrophoresis of intra- and extracellular proteins demonstrate the 
presence of a hanogeneous peptide comigrating with natural Y -1FN marker. 
of the recombinant-derived protein (a) confers protection against aW: infection of WISH 
cells, (b) is neutralized by monoclonal antibodies against Y -1FN. (c) competes with 
natural y -1FN in an inmunoprecipitation reaction, and (d) induces the expression of 
class I1 major histocanpatibility complex antigens in fibroblasts and in endothelial cells. 
Stability tests indicate that the protein is stable in the medium for up to five days. 

Analysis of gene expression in several C127-transformed 

However, high frequency of molecular rearrangements, 

Crude preparation 
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1366 IDENTIFICATION OF A SECOND TRANSFORMING GENE I N  BOVINE PAPILOMAVIRUS DNA. John 
T. S c h i l l e r ,  W i l l i am C. Vass, E l l i o t  J .  Androphy, and Douglas R.  Lowy, Labora tory  
o f  C e l l u l a r  Oncology, Nat iona l  I n s t i t u t e s  o f  Hea l th ,  Bethesda, MD 20205. 

Prev ious  s tud ies  o f  Bovine P a p i l l m a v i r u s  (BPV-1) induced t rans fo rma t ion  have found t h a t  
a c loned 5.4 k i l obase  fragment (69T) o f  t h e  genome i s  t rans forming  and t h a t  a 2.3 kb 
segment f rom t h e  3 '  end o f  t h i s  fragment i s  a l s o  t rans fo rm ing  i f  a c t i v a t e d  by a retro- 
v i r a l  r e g u l a t o r y  element ( t h e  l ong  te rm ina l  repea t ) .  We now r e p o r t  t h a t  69T conta ins  
another t rans fo rm ing  segment near i t s  5 '  end. Since t h i s  second segment does n o t  ove r lap  
t h e  3 '  t r ans fo rm ing  segment, we conclude t h a t  BPV-1 encodes a t  l e a s t  two genes t h a t  can 
independent ly  t rans fo rm c u l t u r e d  c e l l s .  Muta t iona l  a n a l y s i s  o f  t h e  5 '  t r ans fo rm ing  seg- 
ment suggests t h a t  t h e  t rans fo rm ing  gene o f  t h i s  segment l i e s  w i t h i n  t h e  E6 open read ing  
frame (ORF) .  The two t rans fo rm ing  segments d i f f e r  i n  t h e i r  b i o l o g i c a l  a c t i v i t y  i n  t h a t  
t h e  E6 con ta in ing  fragment can t rans form C127 b u t  no t  NIH3T3 mouse c e l l s  whereas the  3 '  
fragment can t rans fo rm bo th  c e l l  l i nes .  E6 t rans formed C127 c e l l s  a re  f u l l y  t rans formed 
i n  t h a t  t hey  form co lon ies  i n  s o f t  agar and tumors i n  nude mice. 

13667 
We have cloned fragments of the bovine papilloma virus (BW-1) genome into the plasmid 
vector pArOCAT, which contains the gene for chloramphenicol acetyl transferase (CAT) 
directed by the SV40 enhancer-deleted early promoter. From the analysis of the CAT activity 
in cells transfected with the BW-l/pAioCAT recombinant plasmids, we have mapped a trans- 
criptional activator sequence within the 1.0 kb (Hind111 to Hpa I) non-coding region of the 
BW-1 genome. This fragment exhibits enhancer activity when inserted either 5' or 3 '  to 
the CAT gene and this activity is independent of the orientation of the inserted fragment. 
TheJlevel of CAT activity directed by this enhancer is significantly augmented in BW-1 
transformed C127 cells as compared to untransformed C127 cells, suggesting that a viral gene 
product may be responsible for this trans-activation. 
BW-1 DNA and viral cDNAs expressed off of an SV40 early promoter, we have shown that the 
expression of this trans-activation function maps to the 3' ORFs of the transforming region. 
Further studies to specifically delineate this sequence in the BW-1 genome and to map the 
viral gene responsible for the expression of this trans-activation are in progress. A 
previous enhancer segment mapped by Lusky et al. (Mol. Cell. Biol. 2:1108, 1983) is 
unaffected by this trans-activation function. 

TRANS-ACTIVATION OF A BW-1 ENHANCER, Barbara A. Spalholz, Yu-Chung Yang and Peter M. 
Howley, Laboratory of Tumor Virus Biology, NCI, Bethesda, Maryland 20205 

Using defined deletion mutants of 

1x8 =-ACTING FUNCTIONS AN0 CIS-LINKED SEOUENCES REGULATING PAPILLOMA VIRUS GEIIE E l -  
PRESSION. T.Haugen, G . G i n d K  L .Ha t t i q ,  L.Cool ing,  and L.Turek, VAMC and U n i v e r s i t v  

o i  Iowa Co l lege o f  Medicine, Iowa City, I A  52240. 
To i d e n t i f y  t r a n s a c t i n g  r e g u l a t o r y  BPV gene(s) and t o  assess t h e i r  r o l e  i n  t i ssue-de-  

pendent a u t o r e g u l a t i o n  of BPV expression, we cons t ruc ted  two se ts  o f  ch imer i c  vec tors :  ( i )  
express ion  vec to rs  designed t o  express p red ic ted  pept ide-cod ino  rea ions  o f  t h e  BPV oenome; 
and ( i i )  t a r g e t  vec tors  i n  which de tec tab le  express ion  o f  p r o k a r y o t i c  oenes ( e i t h e r  CAT o r  
- neo) depended on the  c i s - a c t i n g  enhancer /ac t iva tor  p o t e n t i a l  o f  a BPV seoment. A c t i v i t y  o f  
t he  t a r g e t  vec to r  g e n e n  t r a n s f e c t e d  muse c e l l s  was determined a lone o r  i n  co t rans fec t i on  
w i t h  BPV, express ion  vec tors  and se lec ted  BPV mutants. A p rev ious l y  descr ibed a c t i v a t o r  se-  
quence a t  t he  downstream end o f  t h e  BPV e a r l y  reg ion  (bases 3838-4451) e x h i b i t e d  a weak c i s  
a c t i v i t y  i n  t r a n s i e n t  express ion  exper iments,  and was n o t  f u r t h e r  s t imu la ted  by cotrans-- 
f ec ted  express ion  vec tors .  A fragment o f  t he  upstream non-coding reg ion  between bases 6835- 
7279 ac ted  as a r e l a t i v e l y  weak --enhancer. I t s  a c t i o n  was increased d r a m a t i c a l l y  by a 
t rans -ac t i ng  produc t  o f  e a r l y  genes between bases 1-945 ( t h e  E6-E7 open read ina  frames).  
Whenadd i t i ona l  BPV DNA bases 7279-7477 were cont iguous t o  t h i s  c i s  element, i t s  enhancer 
f u n c t i o n  was p a r t i a l l y  suppressed. Another c i s  element whose a c t i v i t y  was g r e a t l y  inc reased 
by a BPV-encoded trans f unc t i on  was found i n a f r a a m e n t  spannina bases 6276-6946 o f  t h e  BPV 
l a t e  reg ion .  We conclude t h a t  BPV encodes a t  l e a s t  one t rans -ac t i ng  au to regu la to ry  f u n c t i o n  
i n  t h e  E6-E7 reg ion .  
p roduc ts  o f  t he  E6-E7 req ion  i s  respons ib le  f o r  t he  t rans  e f f e c t  by us ina  express ion  vec to rs  
w i t h  f ramesh i f t  muta t ions ,  t e rm ina t ion  codons, and p l d s  express ina  processed cDNAs. 

Experiments a re  underway t o  d e t e m m h i c h  o f  t he  p u t a t i v e  pep t ide  
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1369 DELETION MUTANTS I N  THE B O V I N E  PAPiLLOMA V I R U S :  EFFECTS ON CELLULAR TRANSFORMATION, 
Kar l  V.  Voelkerding and Jean Spence, U n i v e r s i t y  o f  Utah, S.L.C., Utah 84132 

Our exper iments were designed t o  develop and cha rac te r i ze  a BPV-1 s h u t t l e  vec to r  con ta in ing  
a se lec tab le  marker and t o  use  t h i s  vec tor  system t o  in t roduce d e l e t i o n  mutants i n  the  v i r a l  
genvne t o  assay f o r  t h e i r  e f f e c t ( s )  on c e l l u l a r  t rans format ion .  The plasmid pl40BPV was con- 
s t ruc ted  by c l o n i n g  the  e n t i r e  BPV-1 genome i n t o  pRMH140, a pBR322 based vec tor  which con- 
t a i n s  the  Neor gene o f  Tn5 under the  t r a n s c r i p t i o n a l  c o n t r o l  o f  t he  ASV LTR. The vec tor  
pl4OBPV, when in t roduced i n t o  C127 c e l l s ,  con fers  G418 res i s tance  and r e s u l t s  i n  morphoiog- 
i c a l  t x n s f o r m a t i o n  w i t h  h igh  e f f i c i e n c y .  Southern b l o t  ana lys i s  demonstrates t h a t  pl4OBPV 
e x i s t s  prednminant ly as a mu1 t i copy ,  autonomous plasmid. Me cons t ruc ted  two mutants; 
pl40BPV-A has v i r a l  sequences de le ted  between the  Ncol s i t e  a t  base 2878 and the  Ncol s i t e  
a t  bast? 3039, removing o n l y  E2 open read ing  frame sequences; pl4OBPV-C has v i r a l  sequences 
de le ted  betweeti t he  B s t E l l  s i t e  6 t  2405 and the  BstXl  s i t e  a t  3881. !n t rans format ion  exper- 
iments bo th  pl40BPV-A and pl4OBPV-C confer red  res i s tance  t o  6418 bu t  t h e i r  e f f i c i e n c i e s  o f  
o f  morphological  t ransfoi-mat ion o f  C127 c e l l s  were 10% and l e s s  than 5X, respec t i ve l y ,  as 
compared ts pl4OBPV vh ich  conra ins  the  i n t a c t  v i r a l  genome. Ana lys is  by Southern b l o t  i r l d i -  
c d t f s  t h a t  pl40BP\/-C in teg ra tes  i n t o  the  hos t  genome. As h3 th  mutants con ta in  de le t i ons  i n -  
v s i v i n g  t h e  E2 open read ing  frame, and pl4OBPVAis de le ted  o n l y  i n  E2 sequences, these 
r e s u l t s  i m p l i c a t e  the  p u t a t i v e  E2 p ro te i r i  as c r i t i c a l  f o r  c e l l u l a r  t rans format ion .  

1370 LOCALIZATION OF HPV-5 TRANSFORMING FUNCTIONS, Susan L .  Watts*, Louise T. Chow*, 
Ronald S. Ostrow#, Anthony J. Faras#, and Thomas R. Broker*; *Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY 11724 and #Department of Microbiology, Univer- 
sity of Minnesota, Minneapolis, MN 55455 USA 

We have shown that HPV-5 DNA can morphologically transform mouse C127 cells in culture. 
Based on the common DNA sequence organization of all human and animal papillomaviruses 
sequenced thus far and on electron microscopic heteroduplex analysis indicating regions of 
homology between the HPV-5 genome and the sequenced genome of HPV-I, we have determined 
the approximate locations of the putative open translation frames of the HPV-5 genome. 
Naturally-occurring mutant HPV-5 DNAs isolated from carcinomas of epidermodysplasia verru- 
ciformis patients represent deletions within the proposed late region of the virus genome 
yet retain the abilities to transform C127 cells and to replicate as persistent episomes 
within the transformed cells. Subgenomic fragments corresponding to portions of the pro- 
posed early genomic region also transform cultured cells but integrate into the host cell 
genome. Vectors containing these fragments as well as mutants containing defined deletions 
within the early region are being used to further localize the HPV-5 transforming functions. 

1371 FUNCTIONAL ANALYSIS OF VIRAL cDNAs FROM BW-1 TRANSFORMED CELLS, Yu-Chung Yang, 
Janet C. Byrne, and Peter M .  Howley. Laboratory of Tumor Virus Biology, NCI 
Bethesda, Maryland 20205. 

We have previously constructed a cDNA library from mRNA of BPV-1 transformed mouse cells 
using an Okayama-Berg expression vector (Yang, Okayama, and Howley, B, 1985, in press). 
This library contained seven classes representative of RNA species which are generated by 
differential splicing and which have a common 3 '  end. In conjunction with the open reading 
frames (ORFs)  for BPV-1, it is possible to predict the structure of the potential encoded 
proteins. Two distinct classes of cDNA molecules can each independently transform mouse 
C127 when transcribed from the SV40 early promoter. One class contains the E6 ORF intact 
and the other class contains the E2 ORF intact. Since other downstream ORFs which could 
potentially be translated are also contained in each of these classes of cDNA molecules, 
linker fragments containing translational termination codons were introduced into each of 
the potential ORFs  of these cDNAs to permit a more precise localization of the viral 
transforming functions. The results of these studies will be presented. 
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1372 PAPILLOMAS: C V X R E N T  TREATMENT I N  T H E  LARYNX, TRACHEA, PHARYNX A N D  
NOSE, Herbe r t  H .  Dedo ,  D e p a r t m e n t  o f  O t o l a r y n g o l o g y ,  U n i v e r s i t y  o f  
C a l i f o r n i a ,  S a n  F r a n c i s c o  9 4 1 4 3 .  

W e  s t i l l  d o  n o t  h a v e  a g o o d  t r e a t m e n t  f o r  p a p i l l o m a s  i n  t h e  r e s p i r a t o r y  t r a c t  
a n d  no  e f f e c t i v e  t r e a t m e n t  a t  a l l  f o r  t h e  p a p i l l o m a s  i n  t h e  l u n g  p a r e n c h y m a  a t  
t h e  p r e s e n t  t i m e .  P r i o r  t o  t h e  d e v e l o p m e n t  o f  l a r y n g e a l  s u r g i c a l  i n s t r u m e n t s  
p a t i e n t s  l o s t  t h e i r  a b i l i t y  t o  s p e a k  a n d  t h e n  w e r e  a s p h y x i a t e d .  P e r h a p s  5 - 1 0 %  
r e q u i r e d  t r a c h e o t o m i e s  a n d  e v e n  m u l t i p l e  s u r g i c a l  p r o c e d u r e s  r a r e l y  c u r e d  them. 
What i s  n e e d e d  i s  a c h e m i c a l  means  o f  p r e v e n t i n g  o r  c u r i n g  t h e  v i r u s  i n f e c t i o n  
w h i c h  c a u s e s  p a p i l l o m a .  W h i l e  s u c h  a v a c c i n e  o r  a n t i b i o t i c  i s  b e i n g  d e v e l o p e d  
t h e  b e s t  m e t h o d  h a s  c o n t i n u e d  t o  b e  r e p e a t e d  s u r g i c a l  r e m o v a l  o f  t h e s e  masses .  
The  l a t e s t  m a j o r  a d v a n c e  a p p e a r e d  i n  t h e  e a r l y  1 9 7 0 s  w i t h  t h e  C02 l a s e r  f o r  
r e m o v a l  o f  l a r y n g e a l  p a p i l l o m a s .  I m p r o v e d  m o d e l s  h a v e  d r a m a t i c a l l y  i m p r o v e d  
t h e  t h o r o u g h n e s s  a n d  p r e c i s i o n  w i t h  w h i c h  w e  c a n  r e m o v e  t h e s e  p a p i l l o m a s  b y  
v a p o r i z i n g  t h e m  away w i t h  a n  u n e x p e c t e d  s i d e  b e n e f i t  t h a t  t h e  h e a t  o f  v a p o r i -  
z a t i o n  s e a l s  t h e  c a p i l l a r i e s  i n  t h e  e p i t h e l i u m  a n d  s u b m u c o s a l  t i s s u e s  i m u r o v i n r j  
t h e  o p e r a t i v e  f i e l d .  T h e  C02 l a s e r  i s  now m a k i n g  i t  p o s s i b l e  t o  r e m o v e  
p a p i l l o m a s  a l l  t h e  way f r o m  t h e  a n t e r i o r  n a r e s  d e e p  i n t o  t h e  m a i n s t e m  b r o n c h i .  
However ,  w e  s t i l l  c a n  n o t  e f f e c t i v e l y  r e m o v e  o r  t r e a t  p a p i l l o m a s  i n  t h e  
p a r e n c h y m a  o f  t h e  l u n g .  

I n t r a o p e r a t i v e  p h o t o g r a p h s  show t h e  i m p r o v e m e n t  i n  t h e  a p p e a r a n c e  o f  t h e  
l a r y n x  o f  some o f  t h e s e  p a t i e n t s  b e i n g  t r e a t e d  w i t h  modern  C 0 2  l a s e r  v i a  
m i c r o d i r e c t  l a r y n g o s c o p y ,  p h a r y n g o s c o p y ,  n a s o s c o p y ,  a n d  b r o n c h o s c o p y  f o l l o w e d  
b y  p a i n t i n g  t h e  a r ea  o f  r e m o v a l  w i t h  p o d o p h y l l u m  t o  m i n i m i z e  t h e  r i s k  o f  
r e i m p l a n t a t i o n  o f  m o r e  v i r a l  p a r t i c l e s .  I n  r e s i s t a n t  c a s e s ,  a l p h a  i n t e r f e r o n  
i s  b e i n g  u s e d  t o  i m p r o v e  s u p p r e s s i o n .  

I n  summary ,  c u r r e n t  s u r g i c a l  t e c h n i q u e s  a r e  p r o v i d i n g  d r a m a t i c a l l y  b e t t e r  
r e s u l t s  i n  t h e  t r e a t m e n t  o f  a i r w a y  p a p i l l o m a t o s i s  t h a n  t h o s e  a c h i e v e d  i n  t h e  
p a s t  b u t  some p a t i e n t s  d o  n o t  s e e m  t o  h a v e  p r o p e r  t i s s u e  r e s i s t a n c e  o r  some 
v i r a l  s t r a i n s  a r e  m o r e  v i g o r o u s  t h a n  o t h e r s .  I t  s t i l l  r e q u i r e s  t o o  many 
s u r g i c a l  p r o c e d u r e s  i n  many p a t i e n t s  who a r e  n o t  a b l e  t o  b e  c u r e d  o f  p a p i l l o m a  
s o  t h e r e  i s  a r e a l  n e e d  f o r  a c h e m i c a l  c u r e  f o r  t h i s  d i s o r d e r .  

REP: Dedo H H  & J a c k l e r  R K :  L a r y n q e a l  p a o i l l o m a :  R e s u l t s  o f  t r e a t m e n t  w i t h  C O 2  
l a s e r  a n d  p o d o p h y l l u m .  Ann O t o l  9 1 ( 4 )  4 2 5 - 4 3 0 ,  1 9 8 2 .  

1373 THERAPY OF RESISTANT CONDYLOMA ACUMINATA W I T H  NYMPHOBLASTOID INTERFERON. Stan ley  A. 
G a l l ,  Department of O b s t e t r i c s  and Gynecology, Univers i ty  of I l l i n o i s  a t  Chicago, 
College of Medicine,  Chicago, I L  60612; Connie E. Hughes, R.N., Duke Univers i ty  
Medical Center ,  Durham, NC; John Whisnant and P h i l i p  Weck, Burroughs-Wellcome Co., 
Research Tr iangle  Park ,  NC. 

Condyloma acuminata or g e n i t a l  war t s ,  a r e  verrucous growths f r equen t ly  found in sexua l ly  
a c t i v e  females and males. Modes of therapy inc lude  K e r a t o l y t i c  agents  such as  podophyl l in ,  
t r i c h o r a c e t i c  a c i d  or 5 f luo ro -u rac i l  wi th  r ecu r ren t  d i sease  t r e a t e d  wi th  c ryotherapy  s u r g i c a l  
excess ion  or l a s e r .  Approximately 5% of p a t i e n t  w i l l  have p e r s i s t e n t  condyloma desp i t e  
cu r ren t  therapy. Our p re sen t  s tudy  was designed t o  t r e a t  p a t i e n t s  who f a i l e d  convent iona l  
therapy and t o  eva lua te  the e f f i c a c y ,  t o x i c i t y  and t o l e r a b i l i t y  of In t ramuscular  and 
i n t r a l e s i o n a l  admin i s t r a t ion  of Wellferon (lymphoblastoid I n t e r f e r o n ) .  T r i a l s  were conducted 
a t  Duke Univers i ty  Medical Center.  P a t i e n t s  were requi red  to  have condyloma present  for  a t  
l e a s t  6 months and rece ived  a t  l e a s t  t en  Podophyllin t rea tments .  P a t i e n t s  were eva lua ted  wi th  
bidimensional measurements of each wart  on a d iv ided  g r id  drawing, photographs,  b iops i e s  fo r  
h i s t o l o g i c  eva lua t ion  and DNA typing. Blood was obta ined  for hematological and Immunological 
t e s t i n g .  
fo r  two a d d i t i o n a l  weeks. Evalua t ions  were done weekly f o r  four  weeks then every o the r  week. 
P a t i e n t s  wi th  t o t a l  d i sappearance  condyloma were considered complete responders (CR) whi le  a 
p a r t i a l  response was a 50% or g r e a t e r  decrease  in w a r t ' s  s i z e  and no response was no change or 
l e s s  than 50% decrease  in s i z e .  P a t i e n t s  who were CR were observed 6 months; those  who were 
PR continued t o  r ece ive  I n t e r f e r o n  t h r e e  t i m e s  per week f o r  6 weeks and i f  the  p a t i e n t  was N R ,  
i n t r a l e s i o n a l  therapy was o f f e red .  Complete blood count,  l i v e r  and r ena l  t e s t s  were obtained. 
Seventeen female p a t i e n t s  were en te red  on t h i s  s tudy  wi th  mean age 31.2 and range 18-48 years  
and mean dura t ion  of d i sease  of 2.5 years  with 14.1 p r i o r  podophyllin t rea tments .  S ix t een  of 
seventeen p a t i e n t s  were eva luahle  wi th  8/16 (50%) CR; 7/16 (44%) PR and 1/16 (6%)  NR a f t e r  6 
weeks of therapy. Three p a t i e n t s  who were PR became CR with i n t r a l e s i o n a l  therapy ,  t he re fo re  
11/16 (69%) p a t i e n t s  t r e a t e d  wi th  Wellferon were judged CR a t  p r o t o c a l ' s  end. The dynamics of 
l e s ion  r eg res s ion  shows l i t t l e  ob jec t ive  response fo r  the  f i r s t  14 days of therapy but the 
ma jo r i ty  of wart  r eg res s ion  occurred  in  the  next 3-4 weeks. Bio logica l  s i d e  e f f e c t s  occur red  
in a l l  p a t i e n t s  but g radua l ly  decreased with time and e s p e c i a l l y  when th ree  t i m e s  a week 
admin i s t r a t ion .  Neut rophi l s ,  eos inoph i l s ,  WBC and p l a t e l e t s  were s i g n i f i c a n t l y  decreased from 
normal on a l l  days but no p a t i e n t  experienced c l i n i c a l  i n f e c t i o n  or bleeding  d i a t h e s i s .  T 

I n t e r f e r o n  was adminis te red  I . M .  a t  5MU/M2 d a i l y  fo r  28 days then th ree  t i m e s  a week 
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h e l p e r / T  s u p p r e s o r  r a t i o s ,  mi togen  s t i m u l a t i o n  of lymphocytes and IgG.and IgA c o n c e n t r a t i o n s  
were normal.  However IgM c o n c e n t r a t i o n s  were e l e v a t e d ,  endogenous i n t e r f e r o n  was p r e s e n t  and 
4/14  ( 2 9 % )  p a t i e n t s  were DNCB n e g a t i v e .  W e l l f e r o n  seems t o  be e f f i c a c i o u s  i n  t h e  t r e a t m e n t  of 
women w i t h  r e s i s t a n t  and p e r s i s t e n t  condyloma acuminata .  

CYTOTOXIC AND ANTIVIRAL DRUGS FOR THE TREATMENT OF PAPZLLOMATOSIS, B r i g i d  G .  Leven- 
t h a l  and Haskins  K .  Kashima, Johns  Ropkins H o s p i t a l ,  B a l t i m o r e ,  MD 21205. There  a r e  1374 

a number of problems i n  t h e  t r e a t m e n t  of  p a p i l l o m a s .  F i r s t :  t h e  l e s i o n s  a r e  d i f f i c u l t  t o  
q u a n t i t a t e  s o  t h a t  r e s p o n s e ,  i f  i t  i s  l e s s  t h a n  c o m p l e t e ,  i s  h a r d  t o  d e f i n e .  Second, occa- 
s i o n a l  l e s i o n s  undergo spontaneous  r e g r e s s i o n  s o  t r i a l s  s h o u l d  b e  c o n t r o l l e d ,  b u t  p a t i e n t  
numbers are small. T h i r d ,  o c c a s i o n a l  l e s i o n s  undergo m a l i g n a n t  d e g e n e r a t i o n  and t h i s  tend-  
ency  i s  e x a g g e r a t e d  i n  t h e  f a c e  of  known c a r c i n o g e n s  such  as r a d i a t i o n  and  c i g a r e t t e  smoke: 
any c y t o t o x i c  d r u g  might t h e n  s e r v e  as  a c o c a r c i n o g e n .  For  a l l  t h e s e  r e a s o n s  a r i s k  b e n e f i t  
r a t i o  f o r  t h e r a p y  is  h a r d  t o  c o n s t r u c t .  N e v e r t h e l e s s  t h e r e  a r e  a number of t h e r a p e u t i c  man- 
e u v e r s  which have been  a t t e m p t e d .  
d i f f e r e n t i a t i n g  e p i t h e l i a l  c e l l s .  I n  o r d e r  Lo c o m p l e t e l y  e l i m i n a t e  v i r a l  l e s i o n s ,  i t  i S  prob- 
a b l y  n e c e s s a r y  t o  remove t b e  e n t i r e  e p i t h e l i u m  o r  t o  t rea t  t h e  p a t i e n t  s v s t e m i c a l l y  s o  t h a t  a 
t h e r a p e u t i c  l e v e l  of  d r u g  is  a c h i e v e d  i n  all e p i t h e l i a l .  l a v e r s .  The f a c t  t h a t  t i s s u e  d e s t r u c -  
t i o n  a t  any d e s i r e d  d e p t h  c a n  be a c h i e v e d  w i t h  l a s e r s  and  t h a t  s u r g e r v  h a s  f a i l e d  e f f e c t i v e l y  
t o  e r a d i c a t e  d i s e a s e  a t  least  i n  t h e  l a r y n x  makes one  f e a r  t h a t  l o c a l  t h e r a p y  may n o t  r e s u l t  
i n  o p t i m a l  d i s e a s e  c o n t r o l .  A d d i t i o n a l  t o p i c a l  t h e r a p y  h a s  been  a t t e m p t e d .  L o c a l  podophyl- 
lum h a s  r e s u l t e d  i n  r e g r e s s i o n  o f  some l e s i o n s ,  u s u a l l v  a s s o c i a t e d  w i t h  an  inf lammatory  re -  
s p o n s e .  S y s t e m i c  t o x i c i t y  a n d  p o s s i b l e  i n d u c t i o n  of  d y s p l a s i a  h a s  been  r e p o r t e d .  Antimeta- 
b o l i t e s ,  s p e c i f i c a l l y  IUdR and 5 FU have been  r e p o r t e d  t o  b e  s u c c e s s f u l  when a p o l i e d  l o c a l l y .  
The DNA i n t e r c a l a t o r ,  b leomycin ;  t h e  a l k v l a t i n g  a g e n t ,  thioTEPA; t h e  m i t o t i c  i n h i b i t o r ,  c o l -  
c h i c i n e ;  and r e t i n o i d s  t o  i n d u c e  e p i t h e l i a l  c e l l  d i f f e r e n t i a t i o n  have  a l l  been  t r i e d  t o p i c -  
a l l y  w i t h  o c c a s i o n a l  s u c c e s s .  S i m i l a r  a g e n t s  have  a l l  been  t r i e d  f o r  s y s t e m i c  t h e r a y y .  A n t i -  
m e t a b o l i t e s  s u c h  a s  m e t h o t r e x a t e  and  5 FU have caused  r e g r e s s i o n  of l e s i o n s .  One p a t i e n t  
w i t h  t e s t i c u l a r  c a n c e r  had  comple te  r e g r e s s i o n  o f  i n c i d e n t a l  p a p i l l o m a s  w i t h  one c o u r s e  of 
b leomycin ,  v e l b a n  and  c i s p l a t i n u m .  Another  p a t i e n t ,  w i t h  e x t e n s i v e  b r o n c h i a l  p a p i l l o m a s ,  r e -  
sponded Lo bleomycin a l o n e .  The a r t i f i c i a l  i n t e r f e r o n  i n d u c e r  Polv  ICLC c a u s e d  a r e s p o n s e  i n  
2 p a t i e n t s ,  b u t  o t h e r  " a n t i v i r a l "  a g e n t s / b e s i d e s  i n t e r f e r o n  have e i t h e r  n o t  been  t r i e d  o r  n o t  
been e f f e c t i v e .  N o n s p e c i f i c  immune s t i m u l a n t s  such  a s  l e v a m i s o l e  o r  c y m e t i d i n e  which i n -  
h i b i t s  s u p p r e s s o r  c e l l  a c t i v i t y  have n o t  been  a c t i v e  when t r i e d  a l o n e .  A l l  t h e s e  t r i a l s  have 
i n v o l v e d  small numbers o f  p a t i e n t s .  It  seems t h a t  d e s t r u c t i o n  of  t h e  o b v i o u s l y  i n v o l v e d  e p i -  
t h e l i a l  c e l l s  t h e m s e l v e s  h a s  n o t  worked. I n t e r f e r o n  a l o n e  h a s  some e f f e c t  and compounds t h a t  
enhance e i t h e r  t h e  a n t i v i r a l  o r  a n t i p r o l i f e r a t i v e  e f f e c t  o f  i n t e r f e r o n  s h o u l d  be t r i e d .  No 
s p e c i f i c  m o l e c u l a r  b i o l o g i c  o r  immunologic c h a r a c t e r i s t i c s  of  t h e  v i r u s  have a s  y e t  been  
i d e n t i f i e d  which would a l l o w  us  t o  s e l e c t i v e l y  p i c k  a g e n t s  which, f o r  example,  i n h i b i t  v i r a l  
DNA r e p l i c a t i o n  w i t h o u t  a f f e c t i n g  t h a t  o f  t h e  h o s t  c e l l ,  b u t  knowledge i n  t h i s  area is  ad- 
v a n c i n g  s o  r a p i d l y  t h a t  t h i s  s h o u l d  be s e e n  as a r e a l  p o s s i b i l i t y  f o r  t h e  f u t u r e .  

P a p i l l o m a s  a r e  caused  by DNA v i r u s e s  which r e p l i c a t e  i n  
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and Ob/Gyn, Un ive rs i t y  o f  Arizona and Arizona Cancer Center, Tucson, AZ, 85724. 

We have invest igated the e f f e c t  o f  r e t i n o i d s  on HPV-associated diseases, inc lud ing cerv ica l  
dysplasia (CD), laryngeal papi l lomatosis, (LP), and epidermal dysplasia verruciformis(E0V). 
For pa t i en ts  w i t h  CD we have used a ce rv i ca l  cap w i t h  an i n e r t  col lagen sponge i n s e r t  t o  de- 
l i v e r  B- t ransret ino ic  ac id  (tRA, v i tamin A ac id) ;  the cap i s  changed d a i l y  f o r  a t o t a l  O f  4 
days. ble conducted a phase I t r i a l  and determined t h a t  a concentrat ion o f  0.37% t R A  was safe 
f o r  phase I 1  e f f i c a c y  t r i a l s  (1). Pat ients  received the i n i t i a l  treatment and were re t rea ted  
every 3 months f o r  2 days f o r  9 months. They were evaluated before each course by co~pOSCopy, 
cytology, and i f  both were negative, by biopsy. Six months a f t e r  therapy had been stopped, 
18 pa t i en ts  were evaluable f o r  response. Complete responses (CR) were shown i n  8 and p a r t i a l  
responses (PR) i n  5 pa t i en ts .  A phase 111 randomized t r i a l  against placebo i s  planned. Lie 
have a lso t rea ted  5 pa t i en ts  w i t h  r e f r a c t o r y  LP (2 )  using o ra l  13-cis r e t i n o i c  ac id  (13cRA). 
Three sustained CR were obtained. Using an e thy l  es te r  de r i va t i ve  o f  r e t i n o i c  ac id  ( E t r e t i n -  
a te)  B i ch le r  has reported CR i n  28 o f  42 pa t i en ts  w i t h  LP (3) .  \.le have a lso documented a PR 
i n  a p a t i e n t  w i th  severe EDV using o r a l  13cRA (4 ) .  
EDV t o  r e t i n o i d s  (4) .  O f  i n t e r e s t  i s  the response o f  pa t i en ts  w i t h  mycosis fungoides (KF), a 
T-ce l l  cutaneous lymphoma, t o  o ra l  re t i no ids .  Although HTLV has been c l a s s i c a l l y  associated 
w i th  a c l i n i c a l l y  d i f f e r e n t  type o f  T -ce l l  lymphoma, evidence f o r  i t s  presence has a lso been 
suggested in MF. ble and others have demonstrated marked s e n s i t i v i t y  o f  t h i s  disease t o  13cRA 
and E t re t i na te  w i th  exce l l en t  responses i n  50% o f  pa t i en ts  (5-8). The responsiveness o f  sev- 
e ra l  v i r a l  associated premalignant condi t ions t o  r e t i n o i d s  i s  o f  considerable i n t e r e s t  and 
suggests t h a t  use o f  these compounds may provide a new approach t o  prevention and treatment 
as wel l  as suggesting a way t o  probe the b io logy o f  these diseases. 

1. Meyskens, F.L. Jr.,  e t  a l :  J Natl Cancer I n s t  71:921-925, 1983. 
2 .  A lber ts ,  D.S., e t  a l :  Arch Otolaryn i n  press, 1985. 
3. B i ch le r ,  E.: The r o l e  o f  aromatic r e t i n o i d  i n  treatment o f  larync,ml  ke ra t i n i z ing  d i s -  

I n :  Spitzy, K., Karrer, K. (eds) Proc 13th I n t  Chemother Congress (Vienna, 1933). 
4. Meyskens, F.L. Jr.:  Cancer Treat Rep 66: 1315-1319, 1982. 
5. Kessler, J.E. e t  a l :  Lancet i: 1345-1347, 1983. 
6. I l a r r e l l ,  R.P. J r . ,  e t  a l :  Lancet i: 629, 1983. 
7. Clandy, A.L. e t  a l :  Arch Derm Res 273:37-42, 1982. 
8. Zacharial,  H. e t  a l :  Acta Dermatovener (Stockholm) 52: 152-164, 1981. 

RESPONSE OF HUMAN PAPILLOMA-P.SSOCIATED DISEASES TO RETIKOIDS (v i t am in  A der ivat ives) ,  
F.L. Meyskens, J r . ,  E.A. Surwit,  O.S. A lber ts ,  and N.S. Levine, Depts o f  Kedicine 

Others have a lso documented response o f  

orders. 

HIGH LEVEL EXPRESSION OF THE WV-1 El, E2, L l  and L2 OPEN READING FRAMES 
AN0 CLINICAL STUDIES ON THE EFFECTIVENESS OF AN L1 UlBUNIT VACCINE, 

1376 
Wi l l i am P i l a c i n s k i ,  Kimberly Glassman, David Reed, Mel issa Cum, Molecular Genetics, 
Inc., Minnetonka, MN 55343 and Donald L. Glassman, College o f  Veter inary Medicine, 
Un ive rs i t y  o f  Minnesota, St. Paul, MN 55108. 

We had prev ious ly  repor ted the c lon ing  and expression i n  E. c o l i  o f  the BPV-1 L1 
and L2 open reading frames together with the r e s u l t s  from s o m T i a o l o g i c a 1  s tud ies 
on the b a c t e r i a l  expression products (1). Fur ther  work has inc luded attempts t o  c lone 
the other  two major open reading frames, E l  and €2, t he  use o f  h igher  l e v e l  E. c o l i  
promoters and the i n i t i a t i o n  o f  c l i n i c a l  s tud ies  on the use o f  the L 1  p r o d u c r a K  
subunit vaccine i n  c a t t l e .  

reading frames r e s u l t s i n  the l o w T v e l  expression of a product which cannot be e a s i l y  
detected on Coomassie s ta ined polyacrylamide p r o t e i n  gels. 
p r o t e i n s  (2, 31, the carboxy-end fus ion  o f  a BPV-1 open reading frame t o  tk E. c o l i  
6-galactosidase ( 6 - s )  gene r e s u l t s  i n  the expression o f  a s tab le  p r o t e i n  t h 3 E -  
mulates i n  the c e l l  as an i nso lub le  aggregate. This aggregation a lso occurs with the 
n a t u r a l l y  terminat ing open reading frame when the l e v e l  of expression i s  increased by 
the s u b s t i t u t i o n  of a h ighe r  l e v e l  promoter, i n  t h i s  case an E. c o l i  t r p - l ac  promoter- 
operator  hybr id .  This l e v e l  o f  expression i s  l e t h a l  or extreGl- le ter ious t o  the 
c e l l  and expression must be c o n t r o l l e d  t o  mainta in  the plasmid within E. c o l i .  

A p re l im ina ry  study with a smal l  number o f  animals suggested t h a t  the L11:6-@ 
fus ion product may be u s e f u l  f o r  the prevent ion o f  BPV-1 induced warts i n  c a t t l e .  
Studies with greater  numbers of animals, t e s t i n g  both the prophy lac t i c  and therapeut ic  
usefulness of the L I  product  are p resen t l y  i n  progress. 

Expression i n  E. c o l i  by the l a c  promoter o f  the n a t u r a l l y  terminat ing BPV-1 open 

As repor ted with other  

1. P i l a c i n s k i ,  W.P., e t  a l ,  1984. B iohechnoloqy 1:356-360. 
2. Chen, Y.E., e t  a l ,  1982. Gene 14x121-130. 
3. Wil l iams, D.C., e t  a l ,  1 9 8 T S c i e n c e  215~687-689. 
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1377 SYNTHESIS OF HPV mRNAS FROM HEAT SHOCK AND SV40 EXPRESSION VECTORS AND CHARACTERI- 
ZATION OF THE COMPLEX FAMILIES OF RNAS BY EM ANALYSIS OF RNA:DNA HETERODUPLEXES: Louise T. 
Chow, Anthony J. Pelletier, Ute Brinckmann, Shinta Cheng, and Thomas R. Broker, Biochemistry 
Department, P.O. Box 607, University of Rochester School of Medicine and Dentistry, 601 
Elmwood Avenue, Rochester, New York 14642. 

We have assembled a vector which consists of modified pML2, the SV40 origin of replicatiol 
and enhancer sequences, and the promoter for the Drosophila gene encoding the heat shock 
protein &=. 
of the &= promoter. HPV-1 or HPV-6 DNAs have been opened imediately upstream of the 
E-region and cloned adjacent to the surrogate promoter s o  that transcription would be 
expected to start within the HPV sequences. 
70-containing recombinant DNA into COS A2 cells and amplification of the plasmid DNAs, the 
cells were shocked at 43OC. 
microscopical heteroduplex methods. The hsp-HPV clone gave about 100 fold more HPV-1 
specific mRNA than had been observed previously. Most of  the many mRNA species were indeed 
derived from the Drosophila heat shock promoter. All contained one or more splices. The 
most abundant spans the overlapping open translation frames E4 and the C-terminal half of 
E2 in the transformation region. Less abundant species cover the L1 region coding for the 
major capsid protein. Minor species have sequences that span the E6, E7 and E4 regions 
or that extend through the El and L2 regions. Transfection of COS cells with clones contain 
ing the SV40 early promoter also produced a large amount of  HPV-specific transcripts. 
Interestingly, despite the different promoters and 5 '  cap sites, the main bodies of the 
messages and the internal RNA splice sites are the same in both kinds of RNA preparations. 

kidney cells with a variety of cloned HPV-1 and HPV-6 DNAs, of which several also include 
in the vector the HSV 3 gene or the neomycin resistance gene from bacterial transposon 
Tn5. HAT- or G418-resistant cells as well as morphological transformants were picked 
after 2-3 weeks. Most of the transformants contain very low copy number of the input DNA 
in an integrated state. In this respect, HPV behaves differently from bovine papilloma 
virus or viral vectors. We could not detect any HPV mRNA in these transformants. 

Other vectors have either the SV40 early or the SV40 late promoter instead 

Forty hours after transfection of the & 

The recovered cytoplasmic mRNAs were analysed by electron 

We have transformed mouse C127 , Rat 4, mouse L &-, human 143 3- cells and rat primary 

1378 MESSENGER RNAs FROM THE TRANSFORMING REGION OF BOVINE PAPILLOMAVIRUS TYPE I ,  Ulf 
Pettersson, A ne Stenlund, Jan Zabielski, Harri Ahola. Mart Ustav, Jorge 
Moreno-Lopezly, Departments of Medical Gene cs and Microbiology, Biomedical 

Biomedical Center, Box 585, S-751 23 Uppsala, Sweden 
Center, Box 589, 5-751 23 Uppsala, Sweden, li Department of Veterinary Virology, 

mRNAs present i n  C127 mouse c e l l s  transformed by bovine papillomavirus type 1 
(BPV-1) were studied by the S1 nuclease protection technique, Northern blot t ing,  
and electron microscopic heteroduplex analysis .  The resu l t s  revealed a t  l e a s t  f ive 
c lasses  of spliced mRNAs which we designate types 1 t o  5. They had a comnon 
poly(A) addi t ion s i t e  located a t  coordinate 53 and a l l  MNAs, except the type 3 
mRNAs ,  contained an exon located between coordinates 41 and 53. In the type 1 
mRNAs t h i s  exon was connected t o  a very short  leader sequence, located around 
coordinate 31. The type 2 mRNAs contained 220-400 nucleotides long leaders which 
were located approximately 1.5 kilobases fur ther  upstream. Two d i f fe ren t  sub- 
c lasses  of type 2 molecules (2A and 2B) were ident i f ied and these had s l igh t ly  
d i f fe ren t  leaders. The type 4 mRNAs contained a b ipar t i te  leader whereas the type 
5 mRNAs carr ied an approximately 900 nucleotides long leader. The type 3 mRNAs 
consis ted of a main exon located between coordinates 32 and 53, linked to the same 
leader as is present i n  the type 2A mRNAs.  A cap site which presumably is  u t i l i zed  
by the type 2A, type 3, type 4, and type 5 mRNAs was mapped a t  nucleotide 89 i n  
the BPV-1 sequence. A putative cap site f o r  the type 1 mRNAs was mapped a t  coordi- 
nate 31. 

The 5' ends of the type 1 A  and type 18 mRNAs have also been studied by primar 
extension. 

Studies have a l so  been carr ied out  i n  order t o  determine which of the BPV-1 
mRNAs tha t  is  of c r i t i c a l  importance f o r  transformation. For this purpose the  
transforming region of BPV-1 was inser ted in to  a re t rovirus  vector which has been 
used t o  transform mouse c e l l s .  The mRNAs produced i n  c e l l s  transformed by a mutant 
BPV-1 virus which contains a re t rovirus  LTR inser ted i n  the Eco RI cleavage s i t e  
of BPV-1 has been studied i n  order to  fur ther  e lucidate  the mRNAs which have a 
transforming function. 

Final ly  point mutations have been inser ted by i n  v i t r o  mutagenesis into c r i t i -  
cal par ts  of the transforming region i n  order to  es tabl ish a correlat ion between 
the s t ruc ture  of d i f fe ren t  MNAs and their transforming capabi l i t i es .  
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1379 EXPRESSION OF HUMAN PAPILLOMAVIRUS SEQUENCES IN CERVICAL CARCINOMA 
CELLS, Elisabeth Schwarz, Eirgit  Roggenbuck, Wolfgang Mayer, Lutz Gissmann and Harald 
zur Hausen, Insti tut  fur Virusforschung, Deutsches Krebsforschungszentrum, Im Neuenheimer 
Feld 280, 6900 Heidelberg, FRG. 

Cel l  lines derived from human cervical cancer  (HeLa, C4-1, 756) contain DNA sequences of human papil- 
lomavirus type 18 (HPV18, ref. 1) integrated into t h e  cellular genome (ref. 2). HPV18 DNA is amplified 
in HeLa and 756 cells toge ther  with flanking cellular sequences. Almost the  comple te  HPV18 genome 
seems to  b e  present in 756 cells and is linearized due to integration by opening within a 1.15 kbp segment  
of the  early region. In HeLa and C4-1 cells, a 2-3 kbp segment  of HPV18 sequences from the  € 2  to  L2 
region is missing and one border of the  integrated HPVl8 DNA is also located within the  1.15 kbp region. 
In all  th ree  ce l l  lines, HPV18 sequences a re  specifically transcribed f rom the  E 6 X 7 - U  early region into 
poly(A)+ RNAs which range in s ize  f r o m  about 1.5 kb to  6.5 kb. The large size of some of t h e  transcripts 
suggested t h a t  transciption may also include flanking cellular sequences. cDNA libraries f rom the  poly(A)+ 
RNAs of t h e  three  ce l l  lines were constructed and HPV18 positive cDNAs isolated. Some of the  cDNAs 
from 756 cells were shown t o  contain in addition cellular sequences which a r e  repeated in the human 
genome. For fur ther  analysis of the  transcribed HPV18 and cellular sequences and for prediction of pu- 
ta t ive  gene products, the  nucleotide sequences of the  cDNAs a r e  now determined. 

1. Eoshart ,  M., Gissmann, L., Ikenberg, H., Kleinheinz, A., Scheurlen, W. and zur Hausen, H., The EMBO 
Journal, 3, 1151-1157 (1984). 
2. Schwarz, E., Freese, U. K., Gissmann, L., Mayer, W., Roggenbuck, E., and zur Hausen, H., Nature,  
in press. 

1380 IDENTIFICATION OF CAP SITE OF "EARLY" AND "LATE" COTTONTAIL RABBIT PAPILLOMA 
V I R U S  TRANSCRIPTS AND SEQUENCES REQUIRED FOR T,UKIR INDUCTION. F.O. W e t t s t e i n  

and  M. Nasseri, Department of Microbio logy  and I w u n o l o g y ,  and  Molecular  Biology 
I n s t i t u t e ,  UCLA School  of Medicine,  U n i v e r s i t y  of C a l i f o r n i a ,  Los Angeles,  C a l i f o r n i a  USA. 

S e v e r a l  s p e c i e s  of v i r a l  t r a n s c r i p t s  c a n  be r e s o l v e d  by Nor thern  b l o t t i n g  i n  v i r u s  pro- 
d u c i n g  and n o n v i r u s  producing  tumors induced by t h e  c o t t o n t a i l  r a b b i t  papi l loma v i r u s  
(CRPV). 
and  mal ignant  tumors induced  i n  domest ic  r a b b i t s .  
and  t h e y  s h a r e  a c m o n  3' proximal  exon. The 5' proximal  exons  are o v e r l a p p i n g  w i t h  a 
c o m n  3' end. The 5' end of t h e  5' proximal  1.3 kb RNA exon de termined  by S1 mapping is 
i d e n t i c a l  to t h e  end de termined  by p r i m e r  e x t e n s i o n ,  s u g g e s t i n g  t h a t  it r e p r e s e n t s  t h e  c a p  
si te o f  t h e  RNA. 
from t h e  c a p  site. The 2.0 kb RNA c o n s i s t s  of two v e r y  similar s p e c i e s .  
h a s  a 5 '  end which maps approximate ly  70 n u c l e o t i d e s  downstream from t h e  minor one. 
Pr imer  e x t e n s i o n  e x p e r i m e n t s  result also i n  two bands  f o r  t h e  5' e n d s  of t h e  2 kb RNAs  
i d e n t i f y i n g  t h e  same 5' e n d s  as S1 exper iments  d i d ;  i n d i c a t i n g  t h e  p r e s e n c e  of two d i f -  
f e r e n t  c a p  sites. 
(TATAT, TATAA). 
t r a n s c r i b e d .  I n  t h i s  c o n t e x t  i t  is i n t e r e s t i n g  to n o t e  t h a t  a DNA d e l e t i o n  c o n f i n e d  t o  
t h e  "late" r e g i o n  and s t a r t i n g  0.6 kb ups t ream from t h e  first c a p  si te d o e s  n o t  induce  
tumors i n  r a b b i t s  w h i l e  a s m a l l e r  d e l e t i o n  s t a r t i n g  2.1 kb ups t ream d o e s  induce  tumors.  
These r e s u l t s  s u g g e s t  t h a t  sequences  hundreds  of base pairs ups t ream from t h e  c a p  s i t e s  
and  l o c a t e d  i n  the "late" r e g i o n  are r e q u i r e d  for e x p r e s s i o n  of " e a r l y "  f u n c t i o n s  
n e c e s s a r y  for tumor i n d u c t i o n .  

I n  v i r u s  producing  c o t t o n t a i l  r a b b i t  papi l lomas  t h r e e  a d d i t i o n a l  t r a n s c r i p t s  un ique  t o  
v i r u s  producing  tumors c a n  be r e s o l v e d .  
t h e i r  main b o d i e s  i n  t h e  ''late" r e g i o n .  
The 5' end of t h e  5' proximal  exon o f  t h e  4.8 kb RNA i d e n t i f i e d  by S1 m p p i n g  c o r r e s p o n d s  
also to  t h e  end i d e n t i f i e d  by pr imer  e x t e n s i o n .  
RNA showed t h a t  t h e  i d e n t i c a l  exon is also p r e s e n t  i n  t h e  2.6 kb RNA and t h i s  s u g g e s t s  
t h a t  t h e  4.8 and  2.6 kb RNA are d e r i v e d  from t h e  same pr imary  t r a n s c r i p t  by d i f f e r e n t i a l  
s p l i c i n g .  For t h e s e  t r a n s c r i p t s ,  however, t h e r e  is no TATA l i k e  sequence  a t  t h e  
a n t i c i p a t e d  l o c a t i o n .  

Two major  t r a n s c r i p t s  of 1.3 and 2.0 kb are found i n  non-virus producing  benign  
Both t r a n s c r i p t s  c o n s i s t  of two exons 

F u r t h e r ,  a TATAAA sequence  is l o c a t e d  a b o u t  30 n u c l e o t i d e s  ups t ream 
The major one 

Both sites have a b o u t  30 n u c l e o t i d e s  ups t ream a TATA l i k e  sequence  
These data s u g g e s t  t h a t  t h e  t h r e e  RNA s p e c i e s  are independent ly  

Two of t h e  t r a n s c r i p t s  (4.8 and 2.6 kb)  have 
Both t r a n s c r i p t s  c o n s i s t  o f  a t  least t h r e e  exons.  

G r a d i e n t  s e p a r a t i o n  o f  t h e  4.8 and  2.6 kb 

95 



Papilloma Viruses: Molecular and Clinical Aspects 

Epithelial Cell Culture 

PAPILLOMAVIRUS EXPRESSION IN  CULTURED KERATINOCYTES, Lorne B. Taichman, S ta te  
U n i v e r s i t y  o f  New York a t  Stony Brook, Stony Brook, New York. 1381 

Product ive  r e p l i c a t i o n  o f  pap i l lomav i ruses  (PVs) i s  observed o n l y  i n  kera t inocy tes  
which a re  i n  the  process o f  te rmina l  d i f f e r e n t i a t i o n .  
c u l t u r e  model f o r  p roduc t i ve  H P V l  r e p l i c a t i o n  us ing  human epidermal ke ra t i nocy tes  i n  c u l t u r e .  

We have endeavored t o  develop a 

When c u l t u r e d  newborn ke ra t i nocy tes  a re  i n fec ted  w i t h  H P V l  p a r t i c l e s  the re  i s  no CPE 
and  the re  a re  no v i s i b l e  i n t ranuc lea r  v i r a l  p a r t i c l e s  no r  de tec tab le  caps id  an t igens .  
However, HPVl DNA i s  present as a monomeric episome a t  about 100 copies per c e l l .  
r e p l i c a t e s  and p e r s i s t s  a t  t he  same copy number f o r  up t o  e i g h t  passages. 
shown t h a t  v i r a l  DNA r e p l i c a t i o n  occurs o n l y  i n  the  l e a s t  d i f f e r e n t i a t e d  c e l l s  i n  the  c u l t u r e  
and n o t  i n  the  c e l l s  undergoing te rmina l  d i f f z r e n t i a t i o n .  
HPVl r e p l i c a t i o n  by augmenting the  l e v e l  o f  ke ra t i nocv te  d i f f e r e n t i a t i o n  have n o t  been 
success fu l .  

Since HPVl r e p l i c a t i o n  i n  war ts  occurs i n  c e l l s  r h i c h  a re  transformed, we at tempted t o  
i n f e c t  l i n e s  o f  ke ra t i nocy tes  der ived  from n a t u r a l l y  occu r r i ng  squamous carcinomas. 
H P V l  DNA i n  these c e l l s  was uns tab le  and was l o s t  by t he  second t o  t h i r d  passage. 

DNA tumor v i ruses ,  w i t h  the  except ion  o f  PV. do riot undergo produc t ive  r e p l i c a t i o n  i n  

HPVl DNA 
Experiments have 

Attempts t o  induce vegeta t ive  

However, 

t he  c e l l s  they t ransform. 
f o r  p roduc t i ve  P V  r e p l i c a t i o n  i s  probably r e l a t e d  t c  a dual  need f o r  c e l l u l a r  t rans format ion  
and te rmina l  d i f f e r e n t i a t i o n .  

The d i f f i c u l t y  we a re  e l coun te r ing  i n  developing a c u l t u r e  model 

Supported by the  Nat iona l  I n s t i t u t e  f o r  uenta i  Lesearch. 

1382. 
I n s t i t u t e ,  Bethesda, MD, 20205. 
The a b i l i t y  t o  c u l t u r e  mouse epidermal c e l l s  has prov ided a model f o r  d e l i n e a t i n g  the  
mechanism o f  a c t i o n  o f  i n i t i a t o r s  and promoters. I n  v i t r o ,  a l ow  l e v e l  o f  e x t r a c e l l u l a r  
ca lc ium (<0.1 mM) se lec ts  f o r  t h e  basal  c e l l  popu la t i on  w h i l e  h igher  l e v e l s  (>0.1 mM) 
induce te rmina l  d i f f e r e n t i a t i o n .  Exposure o f  c u l t u r e d  mouse kera t inocy tes  t o  i n i t i a t i n g  
agents r e s u l t s  i n  c e l l u l a r  f o c i  w i t h  a l t e r e d  behavior f o r  t he  c a l c i u n  s igna l .  
c e l l s  r e s i s t  t h e  i n h i b i t o r y  growth s igna l  associated w i t h  the  i nduc t i on  o f  te rmina l  d i f -  
f e r e n t i a t i o n  b y  ca lc ium (2) .  S i m i l a r  f o c i  a re  de r i ved  from c u l t u r e d  ke ra t i nocy tes  i s o l a t e d  
from epidermis o f  mice i n i t i a t e d  i n  v i v o  (3). I n  a d d i t i o n  t h e  number o f  f o c i  de r i ved  i n  
v i t r o  i s  dependent on bo th  t h e  dose and potency o f  t h e  i n i t i a t i n g  agent used e i t h e r  i n  v i v o  
o r  i n  v i t r o .  Thus t h e  a l t e r e d  d i f f e r e n t i a t i o n  phenotype i s  c o r r e l a t e d  t o  the  i n i t i a t i n g  
event. 
r o l e  o f  an a c t i v a t e d  An ac t i va ted  
r a s  gene induces dramat ic increases i n  epidermal basal  c e l l  p r o l i f e r a t i o n ,  b u t  such c e l l s  
m f e r  f rom i n i t i a t e d  c e l l s  i n  t h a t  t h e i r  growth ceases i n  response t o  the  h igh  ca lc ium 
s igna l .  However the  p r o l i f e r a t i v e  b lock  o f  sarcoma v i r u s  i n f e c t e d  ke ra t i nocy tes  can be  
reversed b y  r e c u l t u r i n g  i n  l ow  ca lc ium medium. Furthermore, v i r u s  blocked c e l l s ,  u n l i k e  
d i f f e r e n t i a t i n g  normal c e l l s ,  respond t o  phorbol e s t e r  tumor promoters. Promoter exposure 
produces e n z p e  changes which i n d i c a t e  t h a t  v i r u s  blocked c e l l s  can undergo a phenotypic 
reve rs ion  t o  c e l l s  w i t h  c h a r a c t e r i s t i c s  o f  a l e s s  mature c e l l  stage. 
t h a t  a c t i v a t i o n  o f  a r a s  gene cou ld  r e s u l t  i n  c o n d i t i o n a l l y  i n i t i a t e d  c e l l s  i n  which the  
f u l l  expression o f  t h e i r  b i o l o g i c a l  p o t e n t i a l  depends on exposure t o  tumor promoters. 

THE USE OF CULTURED MOUSE EPIDERMAL CELLS FOR STUDIES I N  CARCINOGENESIS, S tua r t  H. 
Yuspa, Labora tory  o f  C e l l u l a r  Carcinogenesis and T u m r  Promotion, Nat iona l  Cancer 

The a l t e r e d  

Using oncogenic r e t r o v i r u s e s  as vectors,  s tud ies  have been performed t o  assess t h e  
oncogene i n  producing t h e  i n i t i a t e d  phenotype (4). 

These r e s u l t s  suggest 

1. 

2. 

3. 
4. 

Hennings, H., Michael D., Cheng, C., S te ine r t ,  P., Holbrook, K., and Yuspa, S. H. (1980) 
Ce l l  19: 245-254. 
Kulesz-Mart in,  M., Koehler, B., Hennings, H., and Yuspa, S. H. (1980) Carcinogenesis 
1: 995-1006. 
Kawamura, H., S t r i ck land ,  J. E., and Yuspa, S. H. (1984) Cancer Res., i n  press. 
Yuspa, S. H., Vass, W., and Scolnick,  E. (1983,) Cancer Res. 43: 6021-6030. 
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Transformation 

1383 TRANSFORPATION BY POLYOMA V I R U S ,  Thomas L .  Benjamin, Department o f  Pathology, 
Harvard Medical  School, Boston, MA 02115, Leda R a p t i s ,  D i v i s i o n  o f  Mo lecu la r  
Genet ics,  N a t i o n a l  Research Counc i l  o f  Canada, Ontar io ,  Canada KlAOR9, Robert  L 
Garcea, D i v i s i o n  o f  P e d i a t r i c  Oncology, Dana Farber  Cancer I n s t i t u t e ,  Boston, 
MA 02115 

The smal l  and m i d d l e  T a n t i g e n s  o f  polyoma v i r u s  comprise dual  p roduc ts  o f  t h e  h r - i  
I n  non-produc t ive  i n f e c t i o n s ,  t h e  f u n c t i o n  o f  t h i s  gene i s  r e q u i r e d  f o r  v i r t u a l l y  gene. 

a l l  o f  t h e  c e l l u l a r  changes accompanying c e l l  t r a n s f o r m a t i o n ,  and i n  p r o d u c t i v e  i n f e c t i o n s  
i t  i s  r e q u i r e d  f o r  e f f i c i e n t  assembly o f  v i r u s  p a r t i c l e s . 1  O l i g o n u c l e o t i d e  mutagenesis 
exper iments have been aimed a t  i n d u c i n g  s p e c i f i c  s t r u c t u r a l  changes i n  these p r o t e i n s .  
The mT p r o t e i n ,  i n  t h e  absence o f  smal l  T, can e l i c i t  a f u l l  range o f  t rans formed c e l l  
behav io r  i n  e s t a b l i s h e d  r a t  embryo f i b r o b l a s t s .  
promoter d e r i v e d  from t h e  MMTV-LTR t o  r e g u l a t e  t h e  amount o f  mT be ing  syn thes ized,  t h e  
t rans formed phenotype u n f o l d s  i n  a d e f i n i t e  manner depending on t h e  l e v e l  o f  express ion  o f  
mT. Morpho log ica l  changes occur  w i t h  mT a t  a l e v e l  o f  a few percent  t h a t  o f  w i l d  type  
v i r a l  t rans formants ,  focus f o r m a t i o n  a t  about  20%; growth i n  s o f t  agar and tumor igenes is  
i n  syngeneic r a t s  show p r o p o r t i o n a l  responses f rom 20 t o  100% l e v e l s  o f  mT express ion .  
These parameters o f  t r a n s f o r m a t i o n  appear t o  depend on t h e  amount o f  mT p r e s e n t  i n  
mT.Pp60c-Src complexes, and n o t  t h e  t o t a l  amount o f  mT p r e s e n t  i n  t h e  c e l l .  S tud ies  o f  
the  v i r i o n  assembly d e f e c t  o f  h r - t  mutants i n  p r o d u c t i v e l y  i n f e c t e d  mouse c e l l s  i n d i c a t e  
a r o l e  o f  t h i s  v i r a l  t r a n s f o r m i n g "  gene i n  p h o s p h o r y l a t i o n  o f  VP-1, w h i l e  work f rom 
another  l a b  has shown a p o t e n t i a l  requ i rement  f o r  VP-1 m o d i f i c a t i o n  i n  t h e  a l l -pentamer  
model o f  t h e  polyoma caps id .2  

1. Benjamin, T.L. (1982).  The h r - t  gene o f  polyoma v i r u s .  B ioch imica  e t  B iophys ica  

2 .  Rayrnent, I . ,  Baker, T.S., Caspar, D.L.D., and Murakami, W.T. (1982) .  Polyoma v i r u s  

Us ing  t h e  dexamethasone-regulatable 

Acta Reviews on Cancer =:69-95. 

c a p s i d  s t r u c t u r e  a t  22.5 1 r e s o l u t i o n .  Nature g j : 1 1 0 - 1 1 5 .  

1384 STAGES IN THE TUIQRAL PI(CGRESSION INDIKED IN RODENP FIBROBLASTS BY EOVDJE P A P I ~  
VIRUS TYPE 1, F. Cuzin, G. Meguzz i ,  B. Binetruy,  G. Connan and M. Grisoni, 

INSERM U273 and (NRS Lp7300, C e n t r e  de Biochimie, UniversitiS de N i c e ,  06034, N i c e ,  France. 
Four d is t inc t  stages could he described in  the oncogenic t r ans fomt ion  process induced by 

BPV1 i n  rat FR3T3 and muse C127 cells. Stage 1 lines,  selected in G418 medium a f t e r  transfer 
of a BPVl-neo p l a d d  (1) , maintain n o m l  cell mrphology and grcwth control i n  culture; 
v i r a l  DNA =present i n  a plasnidial form; these lines produce phenotypically t r a n s f o d  
derivatives (Stage 2) a t  a low frequency, which increases a f t e r  treatment with a tmuw pram- 
ter; upon injection in  syngeneic animals or nude mice, Stage 1 cells produce turnours a f t e r  a 
latency period of several mths, in sane instances a t  locations distant fran the injection 
sites. Stage 2 l ines  were derived e i ther  by focus selection a f t e r  transfer of v i r a l  DNA o r  by 
spontaneous t r ans fomt ion  of Stage 1 cells; although the i r  pheno tm i n  v i t ro  is inte-ate 
between that of a n o m l  cell and that of a "typical" t r a n s f o m t  (plycfra-, =-trans- 
f o m t s ) ,  they produce highly invasive tumxlrs in the animal (2 ) .  Stage 3 cell l ines  were 
established in  culture fram turnours induced by Stage 2 cells (2); they maintain the v i r a l  DNA 
a s  a non-rearranged plasnid; unlike Stage 2 cells, they ef f ic ien t ly  in  suspension and 
they are even mre malignant i n  v im;  they maintain, hanrwer, an organized cytoskeletm and 
retrain dependent on serum f a c t = s x  grayth i n  culture. Stage 4 l ines  were also selected by 
turmur f o m t i o n  in  the animal, but directly fran Stage 1 cells; they d i f f e r  fran Stage 3 
cells by the canplete loss of actin cables and the presence of highly rearranged auton-s 
and/or integrated v i r a l  DNA (except one l i n e  which did not contain v i r a l  DNA any mre) . 

The phenotyps of Stage 1 and Stage 2 cells are  reroarkably different frcxn that induced, also 
a t  an early stage of t r ans fomt ion ,  by the " h r t a l i z i n g "  genes of other DNA viruses ( p l y -  
cfra =, adenovirus EIA) or  by oncogenes (3-5). BPV1 early genes did not i n  fac t  induce 
immrtalization i n  a stringent assay on REF cells. canpl-tation experiments hetween Bw1 
and the p l y m a  plt and pnt and ce l lu la r  and oncogenes are i n  progress. The tmra l  
progression s ta r t ing  frcm these early stages and leading to the advanced maligmnt Stages (3 
o r  4 depending on the conditions of selection) may involve changes both i n  v i r a l  and in  
ce l lu la r  gene expression. It is  not clear whether a v i r a l  ac t iv i ty  i s  still necessary i n  
Stage 4 cells, in which apparently randan rearrang-ts and, i n  one instance, a caplete 
disappearance of the  BW1 genames were observed. 
1: Meyuzzi ,  G. e t  a l .  The J., 3, 365-371 (1984). 
2: Grisoni, M. et a l .  V i r o l  , 135, aO6-416 (1984). 
3: Rassoulzadegan, M. d r m 7 N a t l .  Acad. Sci. USA, so, 4354-4358 (1983). 
4: Land, H. et a l .  N a t u r e ,  304, 596-602 (1983); FUley, H.E. Nature, 304, 602-606 (1983); 
5: M3ugneau. E. e t  al.. m l .  Acad. Sci. USA, g, 5 7 5 8 - 5 7 6 2 0 .  - 
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13% MUTATIONAL AI'IALYSIS OF C E L L  TRANSFORMATION B Y  BOVINE PAPILLOMAVIRUS, Daniel Dillaio, 
Department of Human Genetics, Yale Univerisity School of Medicine, New Haven, CT., 
06510 

Si te-specif ic  mutagenesis i s  being used t o  invest igate  the transforming functions of 
BPV type 1. Using oligonucleotide-directedmutagenesis of a subgenomic fragment o f  BPV DNA 
cloned in M13mp8, a C-to-G transversion mutation was constructed a t  BPV nucleotide number 
3081. This base change generates a UAG t ranslat ion 
cribed from open reading frame E2 in the transforming segment of BPV D N A ,  b u t  i t  does not 
a l t e r  any of the  other  viral  open reading frames, The nucleotide subs t i tu t ion  was confirmed 
by res t r ic t ion  endonucl ease cleavage and by nucleotide sequencing. 
containing the mutation was constructed in v i t r o ,  and the biological a c t i v i t y  of the cloned, 
mutant DNA was assayed i n  mouse C127 f ibroblas t s .  Following calcium phosphate-mediated 
t ransfer  of the f u l l  length v i ra l  genome excised from the bacter ia l  plasmid vector, the 
mutant DNA wasabout 50 fold less  e f f i c i e n t  than wild type DNA i n  inducing the formation of 
dense foci  of morphologically transformed c e l l s  on a monolayer of normal c e l l s .  
formation defect  i s  less pronounced i n  a d i f fe ren t  transformation assay, the a b i l i t y  of 
t ransfected,  sparsely-plated C127 c e l l s  t o  form colonies containing morphologically t rans-  
formed ce!ls. The ra re  foci generated w i t h  the mutant contain integrated mutant DNA, and 
c e l l s  from these foci a re  able  t o  for61 colonies i n  agarose. 
demonstrated t h a t  the constructed amber mutation i s  responsible for  the transformation and 
repl icat ion defects .  These resu l t s  suggest tha t  the putative protein product of BPV open 
reading frame E2 i s  involved i n  the  processes of c e l l u l a r  transformation and viral  DNA 
repl icat ion.  
duction o f  a suppressor t R N A  in to  c e l l s  containing the mutant. 

terninat ion codon in the mRNA t rans-  

An i n t a c t  v i ra l  genome 

This t rans-  

Genetic mapping experiments 

To confirm th is ,  we are  attempting to  correct  these defects  by the intro-  

Animal Papilloma Viruses 

1385 INTERACTION OF MASTOMYS NATALENSIS PAPILLOMAVIRUS GENOMES WITH 
CARCINOGENIC AGENTS 

Eberhard Amtmannl) and Klaus Wayssl), l)Institute for Virus Research and 
2)Institute for Experimental Pathology, German Cancer Research Center, 
Heidelberg, FRG 

In the Giessen strain of Mastomys natalensis skin tumors appear frequently in 
animals that are older than one year. Mastomys natalensis papillomavirus 
(MnPV) was identified as the etiologic agent of these tumors (1). In the nor- 
mal skin of Mastomys extrachromosomal papilloma virus genomes were detected. 
The relative amount of viral DNA increased with ageing of the animals (2). 
The effects of agents which are active at different stages of carcinogenesis 
on viral DNA accumulation and tumor formation were studied. By application of 
the carcinogen 9, 10 dimethyl-1.2-benzanthracene mainly carcinomas and a few 
basaliomas were induced. These tumors contained only minute amounts of MnPV 
DNA. Viral mRNA transkription was detected in no case. By treatment with the 
tumor promoter 12-0-tetradecanoyl-phorbol-13-acetate (TPA) and the second 
stage promoter 12-0-retinoylphorbol-13-acetate (RPA) kerathoacanthomas and 
papillomas were induced. These tumors contained several thousand MnPV DNA 
molecules per cell. While the carcinogen DMBA had no effect on the amount of 
MnPV DNA in skin cells, both TPA and RPA had a strong stimulating effect. 

1. Miiller H. and Gissmann, L., 1978, J. gen. Virol. 41: 315 - 323. 
2. Amtmann, E., Volm, M. and Wayss, K., 1984, Nature 308: 291 - 292 
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13% PERSISTENCE OF SHOPE PAPILLOMAVIRUS GENOME IN SHOE PAPILLOMA CARCINOMA COMPLEX. 
Yohei Ito and Kenji Sugawara, Department of Microbiology, Faulty of Medicine, Kyoto 
University, Kyoto 606 ,  Japan 

In 1960, papillomas were induced in domestic rabbits with DNA extracts from glycerinated 
cottontail rabbit papilloma tissues and from partially purified Shope papilloma virus (SW). 
This was the very first case of tumor induction in mammalian hosts with subviral agent. 
Such experimental procedures are recently being called as transfection. Later, it was also 
demonstrated that transfectious DNA extracts can be obtained from tissues of all phases of 
the Shope papilloma carcinoma complex, domestic rabbit papillomas, primary carcinomas and 
transplantable Vx7 carcinomas. Transfection with DNA extracts from Vx2 carcinomas was 
unsuccessful despite elaborate repeated attempts. The expression of structural coat pro- 
teins of S W  was also detectable in all these variety of tissues of the system by immuno- 
fluorescence technique. This suggested, although indirectly, that the S W  genome including 
the late structural genes are persisting in the system. 

More direct evidence was provided by detection of S W  DNA by recent technology of 
molecular hybridization and reassociation kinetics. The cottontail papillomas, domestic 
papillomas and transplantable Vx2 and Vx7 carcinomas were shown to contain 1.000-8.000. 
40-400 and 10-20 viral copies per diploid cells, respectively. The efficiency of trans- 
fection also paralleled these data roughly. More recently, we have cloned S W  DNA in 
p322 at SalI site and inoculated such DNA preparations into skin of domestic rabbits. 
Intact OK SalI-digested recombinant DNA induced typical papillomas at the sites of inocu- 
lation, however, the rate of positive growth (14% and 25%) was much lower than that of the 
DNA preparations from natural S W  ( 1 0 0 % ) .  SW genomes were detectable in all tumors induced 
by the synthetic DNA, however, their physical state, integrated or non-integrated, seemed 
to differ case by case. 

tions of these findings as a model for human neoplasia will be discussed. 
Our SPV studies for twenty-five years will be reviewed as summarized above and implica- 

1387 A COMPARISON OF THE TWO SUBGROUPS OF B O V I N E  PAPILLOMAVIRUSES, W i l l i a m  
J a r r e t t ,  Department o f  V e t e r i n a r y  Pathology, U n i v e r s i t y  o f  
Glasgow, Bearsden, Glasgow, Scot land 661 I Q H  
The s i x  c u r r e n t l y  c h a r a c t e r i s e d  Bovine Pap i l lomav i ruses  (BPV) can be 
d i v i d e d  i n t o  2 subgroups by a range o f  c r i t e r i a .  BPV-1, 2 and 5 have 
t h e  a b i l i t y  t o  t r a n s f o r m  b o t h  f i b r o b l a s t s  and e p i t h e l i a l  c e l l s  i n  v i v o  
and f i b r o b l a s t s  i n  v i t r o .  The tumours t h e y  induce a l though appear ing  
very  d i f f e r e n t  macroscop ica l l y ,  deve lop  by t h e  same 3 stages o f  
t r a n s f o r m a t i o n ;  t h e  f i r s t  2 o f  these a r e  non-permissive f o r  v i r a l  
r e p l i c a t i o n .  BPV-3, 4 and 6 t r a n s f o r m  o n l y  e p i t h e l i a l  c e l l s  and thus 
induce t r u e  pap i l lomas r a t h e r  than f i b r o p a p i l l o m a s .  
t h e  2 subgroups a r e  o f  d i f f e r e n t  leng ths ;  sequence homology e x i s t s  
between members o f  each subgroup b u t  n o t  between subgroups. 
second subgroup does n o t  seem t o  have t h e  s o - c a l l e d  p a p i l l o m a v i r u s  
g r o u p - s p e c i f i c  an t igen.  The r e l a t i o n s h i p s  o f  t h e  v a r i o u s  v i r u s e s  t o  
n a t u r a l l y  o c c u r r i n g  tumours w i l l  be o u t l i n e d  as w i l l  i m p l i c a t i o n s  o f  
these models f o r  human oncology. 

The genomes o f  

The 
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1% COMPARISON OF THE BIOLOGY OF BOVINE AND DEER PAPILLOMAVIRUSES. W.D. Lancaster 
and D.E. Groff.  Georgetown Univ. Med. Ctr.,  Washington, DC 20007. 

Papii ianaviruses canprize a heterogeneous group o f  viruses which are c losely  re la ted  
bu t  e x h i b i t  var ied a c t l v l t l e s  i n  v i v o  and i n  v i t r o .  The intensely studied bovlne 
p a p i i l m a v i r u s  type 1 (BPV-1) and the  less wel l  understood deer p a p l i l m a v i r u s  (DPV) are 
capable o f  tumor formation i n  anlmals and morphological transformation of  mouse c e l l s  i n  
cu l ture.  

Ear ly  DNA hyb r id i za t i on  s tud ies demonstrated t h a t  BPV-1-induced tumors contalned high 
concentrat ions (100-700 copies/cel I )  of  v i r a l  sequences [l]. 
connectlve t i ssue  tumors as well  as v i ra l ly - induced equine tumors were a l so  shown t o  
conta in  BPV DNA sequences suggesting t h a t  the v i r u s  was capable of  crossing the species 
b a r r i e r  and induce tumors i n  an unrelated host as a r e s u l t  o f  natural i n fec t i on  c21. 
Subsequent b l o t  t rans fe r  hyb r id i za t i on  experiments demonstrated a lack of  i n teg ra t l on  of  
the BPV genane i n  a v a r i e t y  o f  spontaneous and experimentally-induced tumors as well  as 
mouse ce l  I s  morphological ly transformed by v i r u s  C3.41. 
revealed t h a t  the genane o f  t h i s  v i r u s  a l so  does not  appear t o  in tegrate wh i l e  maintaining 
the  transformed s ta te  [5]. 

Natura l ly  occurring equine 

S l m i  l a r  s tud ies wi th  DPV have 

DNA sequence analys is  has revealed t h a t  t he  DPV genane (8371 bp) i s  sanewhat larger  
than BPV-1 (7945) [6]. Th is  s i ze  d i f f e rence  i s  re f l ec ted  i n  a reg ion o f  no open reading 
frames w i t h i n  the  DPV genane separating the open reading frames of the  ea r l y  and l a t e  
regions. The remainder of  the the DPV genanic organizat ion i s  s im i la r  t o  t h a t  of BPV-1. 
The degree o f  sequence homology (75%) exhib i ted between these v i ruses which spans both the  
ea r l y  and l a t e  regions i s  remarkable. Although these two v i ruses have extensive DNA 
sequence homology, they are Incapable o f  l n fec t l ng  the rec iprocal  host and t h e i r  spectrum 
o f  b io log i ca l  a c t i v i t y  shows dif ferences. I n  cu l ture,  mouse c e l l s  show d i f f e r e n t i a l  
s u s c e p t l b i l i t y  t o  In fec t i on  by BPV-1 and DPV which I s  independent o f  wnether the  c e l l s  are 
in fected w l th  v l r l o n s  o r  v i r u s  DNA. Whereas only BPV-1 transforms C127 c e l l s  and only DPV 
transforms BaIb/3T3 Clone A31 ce l ls ,  both v i ruses transform NIH/3T3 ce l l s .  
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