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Summary. — The  sera  of women w i t h  benign a n d  mal ignant  
m a m m a r y  t u m o u r s  w e r e  inves t igated  f o r  t h e  presence of ant i ­
bodies  t o  s t r u c t u r a l  p ro t e in s  of re t rovi ruses  t y p e s  C a n d  D b y  
ind i rec t  i m m u n o e n z y m e  a s s a y  ( E L I S A )  a n d  i m m u n o b l o t t i n g .  
A m o n g  89 s e r a  t e s t e d  5 r e a c t e d  w i t h  t h e  R D - 1 1 4  p ro te in ,  2 w i t h  
SSV, M-7, a n d  bov ine  l e uka e m ia  v i ru s  pro te ins .  N o n e  s e r u m  re ­
a c t e d  w i t h  mouse  m a m m a r y  t u m o u r  v i r u s  p ro te ins .  O n  t h e  bas i s  
of t h e s e  results w e  conclude t h a t  t h e  express ion of an t ibod ies  t o  
s t r uc tu r a l  r e t rov i ru s  p ro te ins  is  n o t  specific f o r  m a m m a r y  cancer .  

Key words: mammary gland cancer-, antibodies; retroviruses of C 
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Introduction 
* 

I t  is k n o w n  t h a t  an t ibod ies  t o  p ro t e in s  immunologica l ly  r e l a t ed  t o  s t ruc ­
tura l  p ro te ins  of mouse  m a m m a r y  t u m o u r  v i r u s  (MMTV) h a v e  b e e n  f o u n d  
in t h e  se ra  of  m a m m a r y  t u m o u r  p a t i e n t s  i n  m o r e  t h a n  5 0 %  of cases (To­
mana  et al., 1980; D a y  et al., 1981; Zotter  et al., 1981; L i t v i n o v  et al., 1984). 
However, i t  i s  n o t  clear whether  m a m m a r y  tumour  express  ant igens  related 
t o  retrovirus  t y p e  B only or whether  re t rovi rus  t y p e  C a n d  D re lated  anti­
gens a r e  expressed  a s  well.  S u c h  a n t i ge ns  a n d  cor responding  an t ibod ies  h a v e  
been r epor t ed  (Kim,  1975; I l y i n  a n d  Morozov,  1980; Sun i  et al., 1981; Sche t -
ters  et al., 1983; J e r a b e k  et al., 1984; W a h l s t r o m  et al., 1984; A n h - T u a n  et 
al., 1984; Sche t t e r s  et al., 1985). F o r  e xa m p le ,  s imul t aneous  express ion o i  
antibodies t o  re t rovi ruses  t y p e s  B a n d  C w a s  f o u n d  in  leukosis a n d  haema-
tological p a t i e n t s  (Segal-Eiras  et al., 1983; A t k i s  et al., i n  press) .  

The  pu rpose  of  o u r  inves t iga t ion  w a s  t o  t e s t  t h e  presence  of an t ibod ie s  
t o  different  r e t rov i ru s  t y p e s  C a n d  D i n  m a l i g n a n t  a n d  ben ign  m a m m a r y  
t umour  p a t i e n t s  b y  ind i rec t  i m m u n o e n z y m e  m e t h o d ,  a n d  t o  d e t e r m i n e  t h e i r  
specific reac t ion  w i t h  ind iv idua l  retroviral p ro te ins .  
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Materials and Methods 

P a t i e n t s '  HO r a were  obta ined f r o m  t h e  M a m m a r y  Cancer D e p a r t m e n t  of All-Union Onco­
logical Scient if ic  C e n t r e  of  t h e  A c a d e m y  of  Medica l  Sciences a n d  p rese rved  u n d e r  — 20  °C. 

T h e  Hera were  ten ted  in E L I S A  f o r  t h e  prenence of  a n t i b o d i e s  r e a c t i n g  w i t h  p r o t e i n s  o f  t h e  
fo l lowing  retroviruHen: nirnian n a r c o m a  vi run  (SSV), M 7, b o v i n e  l e u k a e m i a  viruH (BLV) ,  Mason-
P f i z e r  m o n k e y  virun (MI 'MV),  HD-114 ;  t o b a c c o  m o s a c  virun (TMV) w a s  used  aH con t ro l  ( t h e  
v i run  p r e p a r a t i o n n  w e r e  o b t a i n e d  f r o m  t h e  N a t i o n a l  Cance r  JnHti tu te ,  B e t h e s d a ,  U.S .A. ) .  T h e  
r eac t ion  wa« ca r r ied  o u t  a s  p rev ious ly  descr ibed  (L i tv í n o v  et al., 1984). T h e  a n t i g e n  w a s  applied 
in 20 (Ag/ml concentration (2 [xg v i r u s  prote in  p e r  well).  T h e  p a t i e n t s '  s e r a  w e r e  used in 1/200 
di lut ion.  For  competi t ion b i n d i n g  tes t ,  t h e  s e r a  w e r e  incubated f o r  2 hr  a t  37  °C w i t h  v i r a l  
spec imens  a r  a r a t i o  of  5 (xg of  v i r u s  p r o t e i n  p e r  100 fxl of  t h e  d i l u t e d  1 : 300.  T h e n  t h e  s e r a  
w e r e  used  in E L I S A  a s  descr ibed  a b o v e .  T o  c on t ro l  o f  poss ib le  i n t e r a c t i o n  of  t h e  s e r a  w i t h  
c a r b o h y d r a t e  c o m p o n e n t s  o f  v i ra l  g lycopro te ins  t h e  r eac t ion  w a s  ca r r i ed  c u t  i n  t h e  presence  
of  0 .1  mol/1 mono-  a n d  ol igosacchar ides ,  N-ace ty l -D-ga lac tosamin ,  L - r a m n o s e ,  D- fucose ,  L -a r -
ab inose ,  D- f ruc tose ,  I ) - lactose ,  D-glucose,  m a l t o s e ,  D-a rab inose .  

T h e  speci f ic i ty  of  pos i t ive  E L I S A  r e s u l t s  w a s  checked a g a i n s t  ind iv idua l  v i r a l  p r o t e i n s  b y  
i m m u n o b l o t t i n g .  T h e  p r o t e i n s  were  s e p a r a t e d  b y  e lec t rophores i s  in 1 5 %  po lyac ry l amide  gel 
a c c o r d i n g  t o  L a c m m l i  (1970) (5  [xg of p r o t e i n  p e r  s a m p l e  a t  10 V/cm)  a n d  t r a n s f e r r e d  t o  a n i t r o ­
cellulose filter (I>u Oois  a n d  Rossen ,  1933). All r e t rov i ruses  were  p r e sen t  o n  e a c h  f i l ter ,  s o  t h a t  
t h e y  s e rved  a s  a m a r k e r  of a n t i b o d y  in t e r ac t i on  w i t h  he te ro logous  p r o t e i n s .  T h e  filters w e r e  
i n c u b a t e d  o v e r n i g h t  a t  8 "C in 3 %  o v a l b u m i n  in p h o s p h a t e  b u f f e r  f o r  b i n d i n g  of n i t r e  cellulose 
f r ee -bonds ,  a n d  t h e n  t h e y  w e r e  i n c u b a t e d  f o r  2 h r  a t  r o o m  t e m p e r a t u r e  w i t h  t e s t e d  s e r a  d i l u t e d  
1/300 in p h o s p h a t e  b u f f e r  s a l ine  c o n t a i n i n g  0 . 1 %  Tween-20  a n d  1 %  o v a l b u m i n .  A f t e r  w a s h i n g  
w i t h  0 . 1 %  ľ B S - T w e e n - 2 0  t h e  filters w e r e  incubated f o r  2 h r  a t  room t e m p e r a t u r e  w i t h  per ­
o x i d a s e  label led  goa t  I g G  aga ins t  h u m a n  immunog lobu l in s  u s i n g  tin? s a m e  bu f f e r .  A f t e r  wash i ng  
t lie b l o t s  w e r e  r e a c t e d  wit h 3 ,3 -d i aminobenz id in t e t r ahydrcch lo r ide  a s  s u b s t r a t e  (0.5 [xg/ml i n  
0 .05 inol/ l  T r i s -HCl  b u f f e r  p H  7.5) c o n t a i n i n g  2 |xg/ml of  3 %  H2O2 so lu t ion .  

Results 

The  sera of  8!) pat ients  were tested for t h e  presence of  antibodies against 
different retroviruses. Simultaneously all viral proteins, including TMV, 
were stained t o  monitor the  nonspecific reaction of  serum components.  The 
medium square deviation of  the  est imated nonspecific reaction was  deter­
mined from the  reaction of  each serum with TMV. Assav for antibodies t o  
MPMV w as  performed without the TMV samples so  that  in latter case the  
statistical da ta  were based on  this estimation only.  When the  reaction level 
exeeded x .'5.5, the  sera were est imated a s  probably positive. The  results 
are presented in Fig. I. When determining the  background reaction, one 
serum reacted positively with TMV in ELISA,  but  this  wa s  not confirmed 
b y  immunoblotting.  

The  specificity of  posit ive sera t o  individual proteins of  retroviral prep­
arations was  determined b y  immunoblotting. The  lack of  obvious reaction 
wit h "other viral proteins on t he same filter, even under analogous condition 
of  treatment,  served a s  internal control of  the  reaction specificity. 

Table I shows that  among sera reacting with RD-114 three types  of re­
actions wore Apparent. In the "first case the  serum act ivi ty  wa s  directed 
against p2U minor protein, whereas the  reaction with p30,  a major viral 
protein, was not  detected. This serum did not interact wi th  a n y  other retro­
virus. Another t y p e  of  the  reaction is represented b y  2 sera. Their major 
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activity w a s  directed a g a i n s t  p 3 0  of  RD-114;  in addit ion,  i n  one case a g a i n s t  
p25 of B L V ,  i n  t h e  other  a g a i n s t  m a j o r  internal  proteins  of B L V , M - 7 , a n d  
SSV. T h e  t h i r d  t y p e  reaction w a s  a f a i n t  w i t h  b o t h  prote ins  of  RD-114 
(p23 a n d  p30).  Furthermore,  one s e r u m  contained i n d i v i d u a l  speci f ic i ty  f o r  
p l 5  of M-7, a n d  t h e  other  f o r  p 3 0  of  S S Y .  I n  none of  t h e  s e r a  a detectab le  
reaction w i t h  t h e  internal  proteins  of MPMV w a s  f o u n d .  T h i s  m a y  ref lect  
the absence of  ant ibodies  t o  MPMV, because  in t h e  s a m e  conditions t h e  
structural  proteins  of t h i s  r e t r o v i r u s  h a d  b e e n  revea led  b y  specific a n t i s e r u m  
and h u m a n  blood s e r a  (Morozov  et al., i n  press)  containing ant ibodies  t o  
MPMV. T h e  other  s e r a  r e a c t e d  ei ther  w i t h  re t rovi ra l  g lycoprote ins  only  or 
failed t o  y ie ld  a n y  reaction (Fig. 2). 

T a k i n g  i n t o  account  t h e  poss ib i l i ty  t h a t  s e v e r a l  v i r a l  prote ins  m i g h t  h a v e  
reacted s imultaneous ly  b y  d i f fe rent  cross determinants ,  compet i t ive  E L I S A  
was  per formed t o  b i n d  p a t i e n t s '  ant ibodies  t o  one r e t r o v i r u s  b y  another  

T M V  R ľ >  1 1 4  M 7 S S V  H o l . V  M P M V  

Fill- 1. 
Immunoenzyme analysis  

Reaction of serum of female pat ients  w i t h  benign a n d  malignant  m a m m a r y  g land tumours 
with preparations of TMV a n d  retroviruses.  The dot ted  line — the l imit  of var ia t ion  of un-
specific reaction (x  + 3). 
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Tahle I .  Antibodies to structural  proteins types (; and I) retroviruses in the sera of patients 
witli mamillary | | iand cancer and heniyn tumours  

S e r u m  R e t r o v i r u s e s  a n d  their  proteins  

RD- 114 M-7 S S V  B L V  MPMV 

p.'MJ p23  p 3 0  p l 6  p 3 0  P 2 5  

MPMV 

A _ + + 
H 1 — — — — + — 

C* + Í + — + + — 

1) H T  H T  + + — — 

E *  + — — + — _ — 

F - G *  . — — — — 

* — t h e  s e r a  react ing  w i t h  retrovira l  g lycoproteins  

v i r u s  preparat ion.  Nei ther  RD-114 n o r  MPMV b l o c k e d  t h e  react ion o f  s e r u m  
w i t h  JSLV, M-7, a n d  SSV, w h i l e  t h e  lat ter  3 m a y  h a v e  h a d  cross deter ­
minants  (Fig.  3). In general,  t h e  results correlated with t h e  da ta  of  Barbacid 
et ul., (1980) a n d  Schetters  el al. (1983) w h o  discussed t h e  ex is tence  o f  inter-
species-specific antigenic  determinants  in C and B retrovirus proteins,  though 

" > ' » r  

feat •<* 

*• 

m' 

• i 4 t * • * y. 
4 4'** t - i #•" 

* * 

* l i t *  

1 2 3 4 5 1  2 3  A 5 1  2 3 4 5 1  2 3 4 5  

I II  I I I  I V  

"••III- a .  
Imrrmnoblo t t  in# of  d i f fe ren t  d o n o r  Hora poHitivoly m a c  t i n g  w i t h  v i r a l  p r e p a r a t i o n s  ( I I - IV)  

I — oleot-roplnrogram of roťrov i run p r o p a r a t i í  IIH; lanes :  (I — RD-114,  2 — B L V ,  3 — M-7, 
4 _ S S V ,  5 M ľ M V ) .  
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FijJ. 3 .  
The exhaustion of the  reaction of binding 
of the antibodies w i t h  the  proteins of 

M-7 (I) and B L V  (II) preparat ions  
Preliminary incubation w i t h  preparations 
of M-7 (1), B L V  (2) a n d  RD-114 (3). 
Black columns — t h e  reac t ion  of t h e  
sera wi th  v i ra l  p r epa ra t ions  w i t h o u t  ex­
haustion. 

1 0 0  -

a 1 2 3 b 1 2 3 

Barbac id  especial ly  se lec ted  B L V ,  w h i c h  d i d  n o t  e x h i b i t  c r o s s - i m m u n e  r e ­
act ions  w i t h  o t h e r  r e t rov i ruses .  A n o t h e r  e x p l a n a t i o n  f o r  dec reas ing  t h e  e x ­
t e n t  of r e a c t i o n  w i t h  M-7 o r  S S V  b y  p r e l i m i n a r y  e x h a u s t i o n  of  s e r a  w i t h  
B L V  o r  v ice  v e r s a  m a y  b e  b i n d i n g  of  a n t i b o d i e s  w i t h  t h e  c a r b o h y d r a t e  
por t ion  o f  v i r a l  g lycopro te ins  (Snyde r  et al., 1980). S ince  seve ra l  s e r a  r e a c t e d  
wi th  t h e s e  g lycopro te ins  i n  i m m u n o b l o t t i n g ,  t h e y  w e r e  t e s t e d  i n  E L I S A  f o r  
t h e  a b i l i t y  of  b i n d i n g  w i t h  v i r a l  p r e p a r a t i o n s  i n  t h e  p re sence  of  d i f f e r e n t  
ca rbohydra t e s .  F i g .  4 p r e s e n t s  a n  e x a m p l e  of  e x h a u s t i o n  of  a s e r u m  w i t h  
c a r b o h y d r a t e s  l e a d i n g  t o  a l m o s t  t w o f o l d  decrease  of  t h e  r e a c t i o n  i n t e n s i t y  

Fij/. 

The exhaust ion  of t h e  posi t ive i n  E L I S A  se rum reac t ion  b y  the i r  p re incubat ion  w i t h  
oligosaccharides 

I — t h e  react ion w i t h  M-7 p repa ra t ion ,  I I  — t h e  reac t ion  w i t h  B L V  prepa ra t ion .  B l a c k  
column — t h e  react ion w i t h o u t  exhaus t ion .  Oligosaccharides:  1 — N-acetyl-D-galactosamin,  
- — L-ramnose,  3 — D-fucose,  4 — L-arabinose,  5 — D-fructose ,  6 — D-lactose,  7 — D-glu-
cose, 8 — mal tose ,  9 — D-arabinose .  
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Tiililc 2 .  I'rcqiícncy of niitlhoclic* to sl mel  iir:a I proteins o I iinil I) viruses in putients 
ivllli mammary cjiiit'cr :IIH1 lirnifiii tumours 

Disoaso Sorum Antibodies t o  proteins 
number  K I M  14 M-7 SSV B L V  MPMV 

ľ\lammary gland cancor 07 4 2 2 J 

Bonign tumours and 
<IÍHplaHÍaH 27 1 — — I 

against M-7 and BLV.  The  presence of  antigens t o  carbohydrate residues of  
viral glycoproteins also enables t o  explain t h e  fact  that  sera strongly posi­
t ive  with respect t o  antibodies against all retroviruses in t h e  preliminary 
testing (in our selection there were 4 of them) reacted in immunoblott ing 
only  wi th  glycoproteins but n o t  with t h e  core gag gene products. 

A m o n g  8!) blood sera of  patients with mammary tumour and  from donors 
with benign tumours  and displasia, sera specifically reacting with structural 
proteins o f  different t y p e  (' retroviruses were selected. Among  them, t w o  
sera contained antibodies t o  individual proteins of  SSV, M-7, B L V  (2.3% 
for both viruses),  ô sera t o  RD-114 (ô.7%) b u t  not  a s ingle t o  MPMV 
(Table 2). A l l  sera conta in ing  ant iv i ra l  ant ibod ies  were  f r o m  t h e  pat ients  
w i t h  m a m m a r y  tumours ,  except  o f  t h e  pat ients  w i t h  m a s t o p a t h i a  cyst ica 
react ing w i t h  p 2 5  o f  B L V  a n d  p 3 P  o f  RD-114. T h e  f r e q u e n c y  o f  ant ibod ies  
t o  SSV, M-7, a n d  P L V  in o u r  s a m p l e  g r o u p  is smal l  a n d  m a y  b e  e s t i m a t e d  
as  c o m m o n  f o r  t h e  populat ion.  In add i t ion,  t h e  cross a n t i g e n  d e t e r m i n a n t s  
in t h i s  v i r u s  g r o u p  m a y  increase t h e  reaction f r e q u e n c y  as  t h e  t w o  sera 
m e n t i o n e d  a b o v e  conta ined  ant ibod ies  t o  structural  prote ins  o f  several  retro­
viruses and, accordingly, were several t imes  listed in Table 2. 

Discussion 

The  appearance in humans  of humoral antibodies reacting with structural 
proteins of  different retroviruses m a y  result from the synthesis o f  antigens 
(in a n y  tissues) containing common determinants wi th  retrovirus proteins. 
In some cases such proteins are coded b y  retrovirus sequence in the  human 
genome (Wahlstrom  et «l., 1!)85; One  ct al., I!)8(S) and the appearance of  
antibodies reacting with retroviral proteins reflects the  activation of the  
endogeneous human retrovirus, connected as  a rule with some proliferative 
(often tumourous) processes in the tissues. Thus, expression of  t h e  antigen 
related t o  gp52 of  MPMV is associated with mammary gland tumour, and  
the antigen related t o  p30  RD-114 with renal adenocarcinoma (Wahlstrom 
etui., 11)85). However, the  antibodies expressed in processes such a s  leukaemia 
crossreact with determinants of  individual epitopes of  t h e  majority of  retro­
viral proteins (Segal-1í i ras ct al., 1983; A t k i n  ct al., in press). T h e  ant ibod ies  
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against retroviruses  a r e  f o u n d  in  5 0 %  of m a m m a r y  t u m o u r  pat ients  and,  
as supported b y  numerous  researchers, specifically dist inguish only epitopes 
of the MMTV proteins (Tomana  et al., 1980; Zotter  et al., 1981; D a y  et al., 
1981; Li tv inov  et al., 1984). W e ,  however,  t r ied  t o  find out  whether  ant i ­
bodies t o  s t r u c t u r a l  p ro t e in s  of o t h e r  r e t r o v i r u s  h a v e  b e e n  f o r m e d .  

The  d a t a  o b t a i n e d  conf i rm t h a t  t h o u g h  i n  some  p a t i e n t s  w i t h  m a m m a r y  
gland t u m o u r  an t ibod ies  were  f o r m e d  r e a c t i n g  w i t h  t h e  p ro t e in s  of r e t ro ­
virus RD-114  o r  SSV.  T h i s  is a r a r e  p h e n o m e n o n  so t h a t  an t ibod ies  r eac t i ng  
with MMTV a r e  t h e  on ly  ones  specific f o r  t h i s  t u m o u r  a s  p rev ious ly  re ­
por ted  (Li tv inov  et al., 1984). 
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