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Summary. — N i n e  oligopeptides corresponding t o  segments  o f  
different open  reading frame (ORF)  proteins o f  h u m a n  papillo­
mavirus ( H P V )  6b a n d  H P V - 1 6  were prepared a n d  tes ted  for 
react iv i ty  w i t h  h u m a n  sera i n  enzyme- immunoassay  (ELISA) .  
Of these  on ly  heptadecapeptide derived from L 2  O R F  o f  H P V - 6 b ,  
and encoded also b y  L 2  O R F  o f  H P V  11, w a s  reactive w i t h  some 
h u m a n  sera. Over 400  h u m a n  sera of  different origin were t e s t ed  
for t h e  presence o f  ant ibody  t o  this  antigen.  While  less t h a n  
1 5 %  o f  sera from heal thy  subjects  or cervical carcinoma pat ients  
were found  ant ibody positive,  sera from t h e  majori ty  o f  condy-
lomata accuminata (CA) pat ients  were reactive. T h e  ant ibody  
titres varied from 1 : 10 (initial serum dilution) t o  1 : 80; i n  th i s  
respect there w a s  n o  marked difference be tween  sera from CA 
patients  a n d  t h e  other subjects.  The  prevalence o f  ant ibody  w a s  
higher a m o n g  promiscuous t h a n  nonpromiscuous women.  This  
i s  i n  line w i t h  t h e  assuption t h a t  sexual  intercourse is t h e  m o s t  
important  route o f  H P V  6 a n d  11 transmission. 

Key ivords: Human papillomavirus (HPV)', synthetic peptides', 
condylomata accumÍ7iata(CA) patients', enzyme-immunoassay (ELI­
SA) test 

Introduction 

Availabil i ty  of  type-specific serological t e s t s  w i t h  h u m a n  papil lomavirus 
(HPV)  would  provide efficient tools  i n  epidemiological studies  o n  these  
viruses a n d  i n  assessing their roles i n  h u m a n  disease. Studies  o f  this  k ind  
have  been rare (Pfister a n d  zur Hausen,  1978; Kienzler  et al., 1983). I n  general, 
t h e y  h a v e  been hampered b y  lack o f  type-specifically reactive antigens.  
There are t w o  major difficulties involved.  First,  H P V  cannot  b e  propa­
gated  in vitro. Under  these  conditions virus induced lesions h a v e  served a s  
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t l ie  o n l y  source o f  v i r a l  ant igens  f o r  serological studies.  U n f o r t u n a t e l y  
a m i  th is  is t h e  second l imitat ion  — suf f ic ient  w o r k i n g  a m o u n t s  o f  v i ra l  
mater ia ls  c a n  o n l y  b e  o b t a i n e d  f r o m  s o m e  sorts o f  H P V  lesions, especia l ly  
f r o m  p lantar  a n d  c o m m o n  warts.  T h i s  has  restricted ef f ic ient  serological 
w o r k  t o  a f e w  H P V  t y p e s  e x c l u d i n g  those m o s t  s igni f icant ly  i n v o l v e d  i n  
h u m a n  cancer (Gissmann, 1984). A l s o  t h e  recent ly  d e v e l o p e d  s y s t e m  ut i l i z ing  
in vivo replication o f  H P V  in n u d e  mice xenograf ted  w i t h  in fected  h u m a n  
tissues (Kreider  et al., 1987) seems t o  b e  conf ined  t o  certain H P V  t y p e s  a n d  
strains. T h u s ,  e f forts  t o  categorize HPV7 serotypes  h a v e  b e e n  q u i t e  l i m i t e d  so 
f a r  a n d  i t  is n o t  y e t  clear w h e t h e r  a n d  t o  w h a t  e x t e n t  t h e  H P V  t y p i n g  b a s e d  
o n  D N A  h o m o l o g y  (Coggins a n d  z u r  Hausen,  1979), corresponds w i t h  actua l  
ant igenic  dist inctness.  However,  t h e  a d v e n t  o f  recombinant  D X A  techno logy  
a n d  t h e  e n s u i n g  k n o w l e d g e  a n d  skil ls h a v e  p r o v i d e d  a m e a n s  o f  so l v ing  t h e  
p r o b l e m .  H P V  ant igens  h a v e  been  successful ly  expressed in  bacteria (Banks  
ft al., 1987) or eukaryot ic  cells (Bernard  et al., 1987) a n d ,  b a s e d  o n  t h e  
recognit ion o f  H P V  D X A  sequences,  v i r u s  specific o l igopept ides  h a v e  b e e n  
synthes i zed  (Li et al., 1987). B o t h  genet ical ly  engineered a n d  s y n t h e t i c  pep ­
tides have been used for generating antibodies specifically reactive wi th  
authentic viral proteins present in H P V  lesions and HPV-containing cell-
lines (Androphy  et al., 1987; Doorbar a n d  Gallimore, 1987; Fitzlaff  et al., 
1987; K o m l y  et al., 198C; Li et al., 1987; Palefsky  et al., 1987; Seedorf  et al., 
1987; Smotkin and  Wettstein,  1986; Tomita  et al., 1987). 

Fusion proteins synthetized in E. coli have  also been employed for t h e  
detection and characterization of  antibodies directed against HPV-6b  encoded 
proteins (Jenison  et al., 1988). I n  this s tudy,  most  of  the sera of  condylomata 
accuminata (CA) patients have  reacted with  a H P V - 6 b  L I  fusion protein b u t  
n o t  wi th  t h e  homologous region of  H P V  16 capsid antigen. Since the  complex 
nature o f  t h e  proteins used as  antigen has led t o  frequent non-specific re­
actions and cross-reactivity, their employment  in serology has  been limited 
t o  Western blot  analysis demanding preabsorbtion of  sera tested. 

I n  our approach, w e  preferred t o  use short synthetic  peptides instead of  
of large recombinant proteins as  target molecules, w i th  the  hope that  w e  
would be  able t o  monitor the  antigen-antibody reactions directly a n d  t o  
design a usable antibody assay. Having  in mind tha t  the most important 
aspect of  H P V  serology in aetiological studies on  genital cancer is  differentiat­
ing between "benign", namely H P V  6 and  11, and "malignant" virus tj'pes, 
namely  H P V  16 and 18, w e  selected for the  present s tudy  some potential 
antigenic determinants exhibiting a high degree of  t y p e  specificity. 

Materials and Methods 

fíera. Tho first group consisted of flora taken f rom 10 heal thy children aged less than 3 years.  
A second group were sera from healthy women nged 25—45 years  enrolled into the  recent 
prospective s t u d y  on cervical neoplasia (Vonka  et al., 1984r/; 19846; 1987). For the  present in­
vest igat ion t h o  sera  were selected according t o  (i) donor  ago,  a n d  (ii) n u m b e r  of sexual  par tners ,  
a s  reportod b y  tho  women a t  t h o  enrol lment .  As  described elsewhere (Vonka  et al.. 19846; 1987) 
t h o  reliabili ty of answers  concerning sexual  behaviour  of these  sub jec t s  w a s  val idated  b y  de­
mons t ra t ing  internal  consistency of tho  informat ion ga the r ,  d .  I t  should also b e  recalled t h a t ,  
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when investigating the  same collection of sera  previously,  w e  found a relation between sexual  
promiscuity a n d  prevalence of ant ibody t o  herpes simplex t y p e  2, another sexually transmitted 
agent (Suchánková  et al., 1985). Al l  of these women were free of a n y  pathological cervical changes 
a t  the t ime of bleeding. Another group of sera  were  obtained f r c m  21 wcmen with invasive  cer­
vical ca rc inoma (CC), i n  t h e  m o s t  of w h o m  t h e  previous  hybr id iza t ion  t e s t s  w i th  biopsy specimens 
h a d  revealed t h e  presence of e i ther  H P V  16 o r  H P V  18 D N A  (Krčmář  et al., 1988 and unpublished 
data). A fourth  group of sera  originated in laboratory personnel (aged 25 to  63 years).  Additional 
serum samples were collected f r o m  some donors' regular  sexual  partners.  This  selection w a s  based 
on d a t a  obtained in t h e  first series of experiments  a n d  on willingness of their  partners  t o  co­
opera te ;  a t o t a l  of 26 sera  f r o m  13 mar r i ed  couples were  t h u s  collected. F ina l ly ,  sera  were  ob ta ined  
in 21  sub jec t s  a g e d  20  t o  25 y e a r s  suffering f r o m  C A f o r  prolonged per iods  of t i m e ;  t h e y  h a d  
experienced u p  t o  10 relapses of t h e  disease.  All se ra  were  s tored  a t  — 20°C un t i l  invest igat ion.  

Synthetic peptides. Ut i l iz ing t h e  knowledge of complete  D N A  sequence of H P V  t y p e s  l a ,  6b,  
8, 11, 16, 18 a n d  33 (Schwarz  et al., 1983; D a n o s  et al., 1982; Seedorf  et al., 1985; D a r t m a n n  et al., 
1986; Cole a n d  St reeck,  1986; F u c h s  et al., 1986; CoLe a n d  Denos ,  1987) we  searched f o r  po ten t ia l  
type-specific ant igenic  de t e rminan t s  o n  t h e  bas is  of h }  drophil ici ty a n d  secondary s t ruc tu re  
(presence of £}-turn) ut i l iz ing Chow a n d  F a s m a n ' s  c o m p u t e r  p rog ramme  (Chow a n d  F a s m a n ,  
1978) a s  modif ied b y  K r c h ň á k  et al., (1987). A total  of nine peptides ranging f r c m  9 to  17 amino 
acids in length, derived f r o m  E 6 ,  E 7  and L 2  open reading f rames  (ORF) of H P V  t y p e s  6 and 16 
were selected. The  amino-acid sequences of the  individual probes  are  g iven in Table  1. All  the 
sequences are specific re lat ive  to  the  other sequenced H P V  t y p e s  (see above), except  peptide 
No. 8, derived f rom the  carboxyl-terminal p a r t  of H P V  6 L 2  O R F ;  this  sequence is shared b y  the  
closely related H P V  11. 

Merrifield solid phase  method (Barany a n d  Merrifield, 1980) a s  modified b y  Krchňák  et al. 
(1988) for  multiple flow solid phase  peptide synthesis  w a s  used f o r  the  peptide preparation. The 
peptides were  purified b y  reverse phase  liquid chromatography and prior to  use in serological 
tests  were  conjugated  t o  bovine serum albumine (BSA) b y  glutaraldehyde.  

Enzyme-immunoassay (ELISA). Al l  a s s a y s  were perfoimed in 96-well polystyrene microtitre 
plates (Kohinoor, Gamma, Dalečín, Czechoslovakia). Wel ls  were coated with  100 (i.1 of t h e  peptide 
conjugate solution in 50 mmol/1 carbonate-bicarbonate buf fer  (pH 9.6) and dried overnight a t  
37°C. Unoccupied  s i tes  were  blocked w i th  bovine  se rum a lbumine  (BSA) used a t  a concentra t ion 
of 10 m g / m l  i n  ca rbona te -b ica rbona te  buffer .  A f t e r  1-hr incubat ion  t h e  p la tes  were  r insed five 
t imes w i th  wash ing  buf fe r  (0.35 mol/1 NaCl ,  2,7 mmol/1 K CI, 1.5 i r m o l / l  K H 2 P O 4 ,  6.4 mmol/1 
N a  H P O 4 ,  0 . 1 %  T r i t o n  X-100 ,  p H  7.2) a n d  0.1 m l  of s e rum di luted 1 : 1 0  (unless s t a t e d  other­
wise) i n  washing buf fe r  supp lemented  w i t h  B S A  a s  a d d e d  p e r  well. E a c h  se rum dilut ion was  
tested i n  t w o  parallels.  A f t e r  1-hr incuba t ion  a t  r o o m  t e m p e r a t u r e  t h e  p la tes  were repeatedly  
rinsed wi th  washing  buf fe r  ancklOO (j.1 of 1 : 2,500 di lu t ion  of percxidase-conjugated  Swine an t i -
h u m a n  I g G  (SwaHu,  Sevac,  Prague)  w a s  a d d e d .  T h e  reac t ion  w a s  revealed b y  add ing  100 (j.1 
of subs t r a t e  (O-phenylenediamine) a t  a concent ra t ion  of 3.7 nmol/1 i n  35 m mol/1 c i t r a te  buffer  
(pH 5.0) conta in ing  0 .006% H2O2. I t  w a s  s topped  w i th  2 mol/1 su lphur ic  ac id  a n d  measured  
photometr ical ly  a t  492 n m  in  T i te r tec  Mult iscan MCC 340 (Flow).  Absorbance  va lues  de termined 
in t w o  parallels were  averaged .  A nega t ive  a n d  a posi t ive cont ro l  s e r u m ,  a s  de termined in t h e  
first series of exper iments  (see Resul ts ) ,  were  included in each t e s t .  Glutara ldehyde- t rea ted  B S A  
served a s  control  an t igen .  

Competition assay. S e r u m  samples  d i lu ted  1 : 5 were  m i x e d  w i t h  a n  e q u a l  vo lume  (150 fj.1) 
of e i ther  washing buf fe r  o r  pep t ide  solut ion conta in ing  480 (j.g of t h e  pep t ide  p e r  m l .  T h e  m i x t u r e s  
were incubated  f o r  1 h r  a t  37°C a n d  overn igh t  a t  4°C, t h e n  t h e y  were cen t r i fuged  a t  4000 r e v  / m i n  
for 1 h r ,  a n d  t h e  s u p e r n a t a n t s  were tes ted  f o r  a n t i b o d y  c o n t e n t .  Control  a n d  pep t ide  absorbed  
samples were  r u n  in parallel .  

Results 
£t "* 

Set-wp of test 

I n  t h e  first series o f  experiments  different concentrations o f  all t h e  pept ide  
conjugates used were t e s t ed  in E L I S A  against  a panel  comprising children's 
sera a n d  sera from laboratory personnel. While  t e s t s  w i t h  E 6  a n d  E 7  pept ides  
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Tahle 2. Presence of B/11-L2 antibody in healthy women 
aged 25  to 3 5  and UK to 4 5  years  

A g e  group No. tested No. react ive  with  6/11-L2 antigen 

2 6 - 3 5  77 11 (14.2%) 
3 6 - 4 5  86 12 (13.9%) 

Total  163 23 (14.1%) 

d e r i v e d  f r o m  e i ther  H P V  6 b  o r  H P V  16 a n d  L 2  p e p t i d e s  f r o m  H P V  16 w e r e  
i n v a r i a b l y  n e g a t i v e ,  s o m e  o f  t h e  a d u l t  sera g a v e  a p o s i t i v e  react ion  w i t h  
H P V  6 L 2  h e p t a d e k a p e p t i d e ,  d e r i v e d  f r o m  t h e  C-half o f  L 2  a n d ' s h a r e d  b y  
H P V  11 L 2  (Table  1). T h e  react ion  w i t h  t h i s  p e p t i d e ,  denoted'6/11-L2,  w a s  
clearly d e p e n d e n t  o n  t h e  s e r u m  a n d  a n t i g e n  d i lu t ion .  B o x  t i t rat ions  o f  s o m e  
o f  t h e  r e a c t i v e  sera, t e n t a t i v e l y  cons idered  a n t i b o d y - p o s i t i v e ,  s h o w e d  t h a t  
t h e  h i g h e s t  d i f ference  i n  r e a c t i v i t y  t o  t h e  t e s t  a n d  contro l  a n t i g e n s  w a s  
a c h i e v e d  a t  a concentrat ion  o f  625 n g  o f  t h e  ant igen/ml.  T h i s  c o a t i n g  a m o u n t  
(i.e. 62.5 ng/wel l )  w a s  t h e r e a f t e r  u s e d  i n  al l  e x p e r i m e n t s .  O n ' t h e j b a s i s  o f  t h e  
results  o b t a i n e d ,  a s e r u m  w a s  cons idered  p o s i t i v e  i f  t h e  a b s o r b a n c y  d e t e c t e d  
w i t h  t e s t  a n t i g e n  m i n u s  a b s o r b a n c y  w i t h  contro l  a n t i g e n  ( i .e. 'g lutaraldehyde-
treated  B S A )  e x c e e d e d  a t  least  2.0 t i m e s  t h e  a b s o r b a n c y  v a l u e ' o f  n e g a t i v e  
s e r u m  w i t h  t e s t  ant igen .  T h i s  react ion  i n d e x  (RI)  o f  2.0 w a s  a s s i g n e d  a s  a 
cut-off p o i n t  a f t e r  t e s t i n g  t e n  sera f r o m  h e a l t h y  ch i ldren  cons idered  a n t i b o d y  
negat i ve .  T h e  m e a n  v a l u e  o f  R I  o f  HPV6/11-L2 w i t h  these  sera',was 1.046 — 
0.473; t h e  cut-off  p o i n t  chosen j u s t  e x c e e d e d  t h e  1.99 v a l u e  o f  t h e  m e a n  p l u s  
2 SDs. 

T o  d e m o n s t r a t e  t h a t  a n t i - 6 / l l - L 2  r e a c t i v i t y  w a s  d i rec ted  a g a i n s t  t h e  
p e p t i d e  a n d  n o t  t h e  carrier prote in,  a c o m p e t i t i o n  a s s a y  w a s  r u n  w i t h  2 sera 
d i s p l a y i n g  t i t res  o f  1 : 4 0  a n d  1 : 80. T h e  a n t i b o d y  t i t res  decreased~by"a f a c t o r  
o f  m o r e  t h a n  4 a n d  m o r e  t h a n  8, respect ive ly ,  i n d i c a t i n g  t h a t  the^'single cyc le  
o f  p r e a b s o r p t i o n  w i t h  t h e  p e p t i d e  resu l ted  i n  c o m p l e t e  b l o c k  o f  t h e  react ion.  

Table 3.  Presence of 6/11-L2 antibody in healthy women 
reporting various numbers of sexual  partners 

No. of partners  No. tested No. reactive wi th  6/11-L2 ant igen 

0 4 0 
1 89 9 (10.1%) 

2 - 1 0  54 8 (15.3%) 
1 1 - 5 0  37 9 (23.6%) 

Total 184 26 (14.1%) 
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Table Presence of (>/ll-L2 antibody i n  paired 
sera obtained i n  111 married eouples 

No. of  serum pairn 
ton tod 

No. reactive wi th  6/11-L2 antigen 

B o t h  negat ive  One positive Both positive 

13 7 6 0 

Testing sera from healthy individuals 
T o  g e t  s o m e  bas ic  i n f o r m a t i o n  o n  t h e  d i s t r i b u t i o n  o f  a n t i - 6 / l l - L 2  ant i ­

bodies, w e  tes ted  159 sera selected a t  random from a collection assembled 
a t  t h e  beginning o f  our prospective s t u d y  o n  cervical cancer (Vonka  et al., 
1984a, 1984b). T h e  results are shown in Table  2. I t  can b e  seen, t h a t  irres­
pect ive  o f  age, approximately  14% of  sera were reactive a t  t h e  1 : 10 dilution. 

Assuming t h a t  sexual  intercourse w a s  t h e  main  w a y  o f  H P V  6 and 11 
spreading w e  tried t o  ascertain t h e  capacity  o f  t h e  t e s t  for  monitoring t h e  
transmission o f  these  viruses. For  this  purpose t w o  groups o f  sera were 
selected. One again consisted o f  samples  collected a t  t h e  beginning o f  t h e  
prospective s t u d y  in w o m e n  reporting various numbers  of  sexual  partners. 
D a t a  s h o w n  in Table  3 indicate t h a t  the  presence o f  6/11-L2 ant ibody  w a s  
related t o  t h e  number o f  sexual  partners. T h e  percentage o f  promiscuous 
w o m e n  (more than 10 partners) possessing 6/11-L2 antibodies w a s  more t h a n  
twice  as  high a s  t h a t  o f  women  wi th  o n l y  one partner. T h e  difference between 
w o m e n  wi th  one  partner and women  wi th  more t h a n  10 partners is statistic­
al ly significant (p < 0.05). 

Another  group o f  sera originated from 13 married couples. The  results o f  
t h e  tes ts  are shown in Table  4. S ix  subjects were ant ibody posit ive.  Sur­
prisingly enough,  in n o  instance  were b o t h  sera of  a n y  couple found positive.  

Testing sera from patients with condylomata accuminata (CM) and cervical 
cancer (CC) 

Finally,  sera obtained in 21 CA patients  and 21 CC patients  were tested.  
A s  i s  ev ident  from Table  5, t h e  CA patients  differed markedly from b o t h  t h e  
hea l thy  subjects  (Tables 2 a n d  3) a n d  CC patients.  Sera from more t h a n  half  
o f  t h e  CA pat ients  possessed 6/11-L2 ant ibody while only  one  o f  the  CC 
pat ients  w a s  reactive. I t  w a s  o f  interest t o  compare t h e  ant ibody titres i n  CA 
pat ients  and in t h e  ant ibody posit ive hea l thy  individuals.  The  d a t a  are 
presented in Table  6. I t  can b e  seen t h a t  generally t h e  6/11-L2 ant ibody 
levels  were low a n d  t h a t  between t h e  groups there w a s  n o  marked difference, 
a l though t h e  highest  titre (1 : 80) w a s  detected  i n  one  CA patient.  

I n  t h e  present scries o f  exper iments  t h e  sero- ieact ivi ty  of  nine synthet ic  
peptides corresponding t o  type-specific (relative t o  H P V  t y p e s  l a ,  6b. 8. 
I I ,  16, 18 and 33) segments  o f  different O R F  proteins o f  HI'V7 6 a n d  16 were 

Discussion 
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Table 5. Presence oř 6/11-L2 antibody i n  patients w i t h  
condylomata accuminata (CA) a n d  cervical cancer (CC) 

Diagnosis H P V  typo  
detected 

No. patients  No. reactive with  6/11-L2 
antigen 

CA 
CC 
CC 
CC 

N.T. 1) 
16 
18 

neg. 2 )  

21 
10 

5 
6 

11 (52%) 
0 
0 
1 (17%) 

N.T — not  tested 
neg. — negat ive  results in dot-blot hybridization tes t  with H P V  16 a n d  18 DNA probes 

tested.  O n l y  o n e  o f  t h e  p e p t i d e s  w a s  f o u n d  react i ve  w i t h  s o m e  h u m a n  sera. 
T h i s  h e p t a d e k a p e p t i d e  h a d  b e e n  d e r i v e d  f r o m  t h e  C-terminal  h a l f  o f  H P V  
6 b  L 2  O R F  p r o t e i n ;  t h e  part icu lar  s e q u e n c e  i s  s h a r e d  b y  t h e  closely  r e l a t e d  
H P V  11. A f t e r  w o r k i n g  criteria f o r  s e r o p o s i t i v i t y  h a d  b e e n  es tab l i shed,  
m o r e  t h a n  400 h u m a n  sera o f  d i v e r s e  or ig in  w e r e  t e s t e d  f o r  t h e  presence  o f  
a n t i b o d y  t o  t h i s  p e p t i d e ,  d e n o t e d  6/11-L2. T h e  m o s t  s ign i f icant  o f  t h e  sero­
logical findings w a s  t h a t  t h e  6 /11-L2 reactive ant ibody  w a s  m u c h  more freq­
uent  i n  pat ients  w i t h  CA, a disease associated predominantly  w i t h  H P V  t y p e s  
6 and 11 (Gissmann  et al., 1983), t h a n  i n  hea l thy  subjects  or i n  pat ients  w i t h  
either H P V  16 or H P V  18 assocciated cervical neoplasia.  A l t h o u g h  CA 
tissues f rom t h e  present pat ients  were n o t  examined  for H P V  D N A s ,  our 
previous s t u d y  o n  Prague CA pat ients  h a d  revealed D N A  o f  H P V  6 or 11, 
or both,  i n  nearly all biopsies examined  (Krčmář  et al., 1988; a n d  u n p u b l i s h e d  
data ) .  T h e  p r e s e n t  d e m o n s t r a t i o n  o f  H P V  6 a n t i b o d y  i n  t h e  m a j o r i t y  o f  C A  
p a t i e n t s  is  i n  a g r e e m e n t  w i t h  a recent  r e p o r t  b y  J e n i s o n  e t  al., (1988). 
Ut i l i z ing  genet ica l ly  eng ineered  p e p t i d e s  correspond ing  t o  severa l  H P V  
t y p e  6 a n d  t y p e  16 o p e n  r e a d i n g  f r a m e s ,  t h e s e  a u t h o r s  w e r e  a b l e  t o  d e m o n ­
strate ant ibody reactive w i t h  H P V  6 L l  ant igen i n  9 o u t  o f  12 patients;  th i s  
reaction w a s  t y p e  specific relative t o  H P V  16. 

Al though t h e  d a t a  n o w  obtained i n  CA strongly suggested t h a t  t h e  sero­
logical t e s t  introduced w a s  really capable o f  detect ing a large proportion o f  
past  H P V  6 a n d  H P V  11 infections a n d  w a s  specific relative t o  H P V  t y p e s  16 

Table <>. 6/11-L2 antibody titres in  healthy subjects and in patients 
with condylomata accuminata (CA) 

Ant ibody  t i t r o  
Group  No.  1 : 10 1 : 20 1 : 40 1 : 80 GMT 

H e a l t h y  w o m e n  24 15 6 3 0 14.1 
C A p a t i e n t s  11 7 1 2 1 16.2 
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a n d  18, i t  is n o t  easy  t o  expla in  all t h e  present  f ind ings  i n  a n  u n e q u i v o c a l  
m a n n e r .  It is l ike ly  t h a t  t h e  high preva lence  o f  6 /11 - L 2 a n t i b o d y  i n  CA p a ­
t ients was a consequence of  extensive and long-lasting virus replication i 
these subjects. The higher prevalence of  the antibody in promiscuous than 
non-promiscuous women was  apparently due t o  a high risk of  infection, 
multiple infections and possibly t o  infections with both H P V  6 and 11. 
This rinding was  in line with the  assumption tha t  sexual intercourse is the  
main route of  H P V  6 and 11 transmission. The  lack of  dependence of  antibody 
presence on age (Table 2) did not  militate against this concept, because t h e  
younger women tended t o  start their sexual life earlier and t o  have  more 
sexual partners than  the  elder ones (Vonka  et al., 19846; 1987). The discordant 
findings in married couples (Table 4) are the  least clear portion of  our results. 
These da ta  are a t  variance with the previous demonstration that  H P V  
infections when monitored b y  filter hybridization tests, have  been usually 
shared b y  both partners (Schneider et al., 1987; Wickenden  et al., 1988). 
Several assumptions can be offered as explanation. First, sexual intercourse 
is  not  really the  predominant w a y  of  H P V  6 and H P V  11 virus transmission, 
which is unlikely. Second, most  of  those w h o  have experienced genital in­
fection b y  H P V  (i or H P V  11 and have  developed the  anti 6/11-L2 ant ibody 
d o  not  shed the  virus for prolonged periods of  t ime.  Third, most subclinical 
H P V 0 and H P V 11 infections occurring in sexual contacts  of  infected subjects 
are n o t  accompanied b y  development of  antibody reactive with the peptide 
representing only one of  m a n y  possible immunoreactive determinants o f  
these t w o  viruses, or result in ant ibody levels below the  threshold of  the 
assay. The  low antibody levels in most  seropositive subjects (Table 6) point 
t o  this possibility. I t  should also be noted that  only  IgG antibodies were 
monitored in the present series of  experiments. It  had been shown previously 
tha t  in  t h e  case o f  some H P V  infections viral IgM antibody^was present for  
prolonged periods o f  t ime in the  absence of  IgG class ant ibody (Goffe et al., 
1966; Morison, 1975). Such subjects would have  been missed in the present 
s tudy.  Should a n y  of  the  latter possibilities be true — which is likely — the  
corresponding viruses would be  much more widely distributed among t h e  
studied population than suggested b y  the  present serological findings. 

T o  decide between the  different explanations, more information on both 
t h e  immunology and epidemiology of H P V s  is needed. 

R e f e r e n c e s  

Androphy ,  E .  J . ,  H u b b e r t ,  N .  L . ,  Schiller, T .  J . ,  oncl L o v y ,  D .  R .  (1987): Ident i f icat ion of t h e  
H P V - 1 0  EG pro te in  f r o m  t r ans fo í m r d  mouse cclls and humen cervical carcinoma cell lines 
KM HO J .  tt, 9 8 9 - 9 9 2 .  

Banks,  L., Mallashewski,  O , ľ i m ,  I)., Churchcr, M., Robertu. C., and Crawford, L .  (1987): 
ExproHHion of human papillomavirus t y p e  0 and t y p e  10 capsid proteins in bacteria and their 
antigenic characterization.  J. gen. Virol. (Ill, 3081 — 3089. 

B a r a n y ,  () . ,  nnd  Morrifleld, R .  B . ,  I n .  E .  Gross a n d  J .  Meicnhofer (Eds) (1980): The Peptides, 
Analynin, Synthesis, Biology vol 2, p p  1 — 255, Academic Press,  New York .  

Be rna rd ,  H .  U., Oltersdorf,  T , a n d  Seedorf ,  K .  (1987): Expression of t h e  h u m a n  papil lomavirus 
t y p o  18 E 7  gone b y  a casset te-vector  for  t h e  t ranscr ip t ion a n d  t ransla t ion of open reading: 
f r a m e s  in eukaryo t ic  cells. K M HO J. (», 133— 138. 



ANTIBODIES  T O  A N  H P V  SYNTHETIC P E P T I D E  441 

Chou, P.  Y . ,  and Fasman, G. D.  (1978): Prediction of the  secondary s tructure  of proteins f rom 
their amino acid sequence.  Adv. Enzymol. 47, 46—148. 

Coggins, J .  R . ,  a n d  Zur  H a u s e n ,  H .  (1979): Workshop  o n  papi l lomavirus  a n d  cancer.  Cancer Res. 
39, 545 — 546. 

Cole, S.  T . ,  a n d  Danos ,  O .  (1987): Nucleot ide sequence a n d  compara t ive  analysis  of t h e  h u m a n  
papi l lomavirus  t y p e  18 genome.  J. mol. Biol. 193, 599 — 608. 

Cole, S.  T . ,  a n d  Streeck,  R .  E .  (1986): Genome organizat ion a n d  nucleot ide sequence of h u m a n  
papi l lomavirus  t y p e  33, which  is associated w i t h  cervical  cancer .  J. Virol. 58, 991 — 995. 

Danos,  O. ,  K a t i n k a ,  M. ,  a n d  Y a n i v ,  M .  (1982): H u m a n  papi l lomavirus  la complete  D N A  se­
quence:  a novel  t y p e  of genome organizat ion a m o n g  papovav i r idae .  EMBO J. 1, 231 — 236.  

D a r t m a n n ,  K . ,  Schwarz,  E . ,  Gissmann,  L . ,  a n d  Zur  H a u s e n ,  H .  (1986): T h e  nucleotide sequence 
a n d  genome organizat ion of h u m a n  papi l lomavirus  t y p e  11. Virology 151, 124— 130. 

Doorbar ,  J . ,  a n d  Gallimore,  P .  M .  (1987): Ident i f icat ion of p ro te ins  encoded b y  t h e  L I  a n d  L 2  
open  reading  f r a m e s  of h u m a n  papi l lomavirus  l a .  J. Virology 61, 2793 — 2799. 

Firzlaff ,  J .  M. ,  H s i a ,  C.-N. L . ,  H a l b e r t ,  C. P .  H .  L . ,  J en i son ,  S .  A . ,  a n d  Galloway, D .  A .  (1987): 
Polyclonal  ant ibodies  t o  h u m a n  papi l lomavirus  t y p e  6b  a n d  t y p e  16 bacter ia l ly  derived fus ion 
proteins ,  p p .  105—113. I n :  B .  M.  Steinberg,  J .  L .  B r a n d s m a  a n d  L .  B .  Te ichman  (Eds) :  Pa­
pillomaviruses, Cancer Cells, Cold Spr ing  H a r b o r  Labora to ry , .  N .  Y .  

Fuchs ,  P .  G . ,  I f t n e r ,  T . ,  Weninger ,  J . ,  a n d  Pfis ter ,  H .  (1986): Epidermodysplas ia  verruciformis-
associated h u m a n  papi l lomavirus  8.  Genomic sequence a n d  compara t ive  analysis .  J. Virol. 
5 8 , 6 2 6 - 6 3 4 .  

Gissmann,  L .  (1984): Papi l lomaviruses  a n d  the i r  association w i t h  cancer  i n  animals  a n d  in  m a n .  
Cancer Surv. 3 ,  161—181. 

Gissmann,  L . ,  Woln ik ,  L . ,  I k e n b u r g ,  H . ,  Koldorsky ,  V . ,  Schnureh ,  H . ,  a n d  Z u r  H a u s e n ,  H .  
(1983): H u m a n  papi l lomavirus  t y p e s  6 a n d  11 D N A  sequence i n  geni ta l  a n d  laryngeal  papillo­
m a s  a n d  in  some cervical cancer.  Proc. natn. Acad. Sci U.S.A. 80, 560—563. 

Goffe, A .  P . ,  Almeida,  J .  D . ,  a n d  Brown ,  F .  (1966): F u r t h e r  in fo rmat ion  o n  t h e  an t ibody  response 
t o  w a r t  v i rus .  Lancet 2 ,  607 — 609. 

Jenison,  S.  A . ,  F i r t z la f f ,  J .  M . ,  Langenberg ,  A , a n d  Gal loway,  D .  A .  (1988): Ident i f icat ion of 
immunoreac t ive  an t igens  of h u m a n  papi l lomavirus  t y p e  6b  b y  using  Escheria coli-expressed 
fus ion prote ins .  J. Virol. 62, 2115—2123. 

Kienzler, J .  L . ,  Lemoine,  M.  T . ,  O r t h ,  G. ,  J i b a r d ,  N . ,  B lanc ,  D . ,  L a u r e n t ,  R . ,  a n d  Agache,  P .  
(1988): H u m o r a l  a n d  cell-mediated i m m u n i t y  t o  h u m a n  papi l lomavirus  t y p e  1 (HPV-1)  i n  
h u m a n  war t s .  Br. J. Dermatol. 108, 665—672. 

Komh-,  C. A . ,  Bre i tburd ,  F . ,  Croissant,  O. ,  a n d  Streeck,  R .  E .  (1986): T h e  L-2 open  reading f r a m e  
of h u m a n  papi l lomavirus  t y p e  l a  encodes a minor  s t r u c t u r a l  p r o t e i n  car ry ing  type-specific 
ant igens.  J. Virol. 60 ,  813 — 816. 

Krchňák,  V . ,  Mach, O., a n d  Malý, A .  (1987): Computer prediction of potential  immunogenic 
determinants from protein aminoacid sequence. Anal. Biochem. 165, 200—207. 

Krchňák,  V . ,  Wagner,  J . ,  a n d  Hirsch, I .  (1988): Simultaneous synthesis  of sequence unrelated 
peptides derived f rom proteins of human papillomaviruses.  Coll. Czech. Chem. Comm. 53, 
2 6 4 5 - 2 6 5 3 .  

Kreider, J .  W . ,  Howett,  M. K . ,  Leure-Dupree, A .  E . ,  Zaino, R .  J . ,  a n d  Weber,  J .  A .  (1987): 
Laboratory production  in vivo of infectious human papil lomavirus t y p e  11. J. Virol. 61, 
5 9 0 - 5 9 3 .  

Krčmář, M., Hirsch, I . ,  Kaňka,  J . ,  Johannes,  R . ,  a n d  Vonka,  V .  (1988): Presence of human 
papillomaviruses in tumours  of the female genital  t ract .  Čas. Lék. Č es. 127, 689 — 693 (in 
Czech). 

Li, C. C. H . ,  Shah ,  K .  V . ,  Se th ,  A . ,  a n d  Gilden, R .  V. (1987): Ident i f ica t ion  of t h e  h u m a n  papillo­
mav i rus  t y p e  6b L I  open  reading  f r a m e  pro te in  i n  condylomas  a n d  corresponding antibodies 
i n  h u m a n  sera.  J. Virol. 61, 2684—2690. 

Morison, W .  L .  (1975): In vitro assay  of i m m u n i t y  t o  h u m a n  w a r t  an t igen .  Br. J. Dermatol. 93, 
5 4 5 - 5 5 2 .  

Palefsky, J .  M.,  Winkler ,  B . ,  Nizet ,  V. ,  K i d d ,  J .  L . ,  a n d  Schoolnik, G. K .  (1987): Detec t ion  of 
h u m a n  papi l lomavirus  prote ins :  T h e  syn the t ic  pep t ide  approach ,  p p .  101 — 104. I n :  B .  M .  
Steiberg,  J .  L .  B r a n d s m a  a n d  L .  B .  Te ichman  (Eds):  Papillomaviruses, Cancer Cells, Cold 
Spring H a r b o r  Labora tory .  



442 SUCHÁNKOVÁ, A .  et al. 

Pfister, H., and Zuř Hau=nn, H. (1978): Sero3pidemiological stuhies on human papillomavirus 
(HPV-1) infections. Int. J. Cancer 21,  161 — 165. 

Schneider, A. ,  Sawada,  E.,  Gissmann, L., and Shah, K .  (1987): Human papillomaviruses in 
women with a history of abnormxl Papanicolau smears  a n d  in their male partners.  Obstet. 
Gynecol. 09, 554 — 562. 

Schwarz, E., Durst, M., Dim?nkowski ,  C., Lattermann,  O., Zach, R . ,  Wolfsperger,  E. ,  Suhai, S., 
and Zur Hauson, H. (1983): DNA sequence and genome organization of genital human papillo­
mavi rus  t ypo  6b.  EM BO J. 2 ,  2 3 4 1 - 2 3 4 8 .  

Seedorf,  K . ,  Krämrner, G., Diierst, M. ,Suhai, S., and Rčiwekamp, W .  G. (1985): Human papillo­
m a v i r u s  t y p e  10 D X A  sequence.  Virology 145, 181 — 185. 

Seedorf, K.,  Oltersdorf, T. ,  Kriimmer, G., and Rowekanp, W .  (1987): Identification of ear ly  
proteins of the  human papillomaviruses t y p e  16 (HPV 16) and t y p e  18 (HPV 18) in cervical 
carcinoma cells. EM BO J. 0 ,  139— 144. 

Smotkin, D., and Wettstein,  F. O. (1986): Transcription of human papillomavirus t y p e  16 early  
genes in a cervical cancer and a cancer-derived cell-line and identification of the  E 7  protein. 
ľroc. naln. Acad. Sci. U.S.A. »:J, 4 6 8 0 - 4 6 8 4 .  

Suchánková,  A. ,  Hirsch, I., Krčmář,  M., and V o n k a ,  V .  (1984): Determination of herpes simplex 
virus  type-specific antibodies b y  sol id-phase RNA on Helix pomatia lectin-purified antigens. 
J. infect. JJis. 149, 9 6 4 - 9 7 2 .  

Tomita,  Y.,  Shirasawa, H., Sekine, H.. and Simizu, B .  (1987): Expression of the human papillo­
maviruses  6 b  open  reading f r a m e  in Escherichia coli: L2-[ii-galactosidase fusion prote ins  a n d  
the i r  ant igenic  properi tes .  Virology 151í, 8— 14. 

Vonka, V.,  K a ň k a ,  .J., Hirsch, 1., Závadová,  H., Krčmár, M. Suchánková, A. ,  í íezáčová, D., 
Brouček, J . ,  Press, M., Domorázková, E.,  Svoboda, B.,  Havránková,  A. ,  and Jelínek, J .  
(1984a): Prospective s t u d y  on the  relationship between cervical neoplasia and herpes simplex 
t y p e  2 v irus  II. Herpes simplex t y p e  2 ant ibody presence in sera  taken a t  enrolment.  Int. J. 
dancer ill —6(5. 

Vonka, V., Karika, .J., Jelínek, J . ,  Subrt ,  I., Suchánek, A.,  Havránková,  A. ,  Váchal,  M., Hirsch, 
1., Domorázková, E.,  Závadová,  H., Richterová, V.,  Náprstková,  J . ,  Dvořáková,  V.,  and 
Svoboda, B .  (19846): Prospective s t u d y  on the relationship between cervical neoplasia and 
herpes simplex typc-2 v irus .  I. Epidemiological characteristics.  Int. J. Cancer Res. 48, 49—60. 

Vonka, V., Kaňka,  .1.. and Rot h, Z. (1987): Herpes simplex t y p e  2 v i rus  and servical neoplasia 
Adv. Cancer lies. 48, 149— 191. 

Wickenden, C., Hanna, X . .  Taylor-Robinson, D., Harris,  J .  R .  W . ,  Bellamy, C., Carroll, P..  
Malcolm, A .  B .  I)., and Coleman, D. V.  (1988): Sexual transmission of human papillomaviruses 
in heterosexual and male homosexual couples, studies b y  D X A  hybridization.  Genitourin Med. 
04, 34 — 38. 


