
A N T I B O D I E S  A G A I N S T  H E T E R O L O G O U S  C O N N E C T I V E  

T I S S U E  I S O L A T E D  F R O M  S E R U M  O F  P A T I E N T S  

W I T H  R H E U M A T I C  F E V E R  

T.  A .  D a n i l o v a  a n d  N. M. F e d o r o v a  UDC 612.017.1.014.46:576.858.095.383 

Antibodies against  connec t ive - t i s sue  s t r u c t u r e s  of var ious  bovine organs  were  isolated f r o m  
the s e r a  of rheuma t i c  f eve r  pat ients  by means  of immunosorben ts  containing antigens of 
bovine connective t i s sue  and e ry th rocy te  s t r o m a .  The antibodies thus obtained were  not 
identical  and contained antibodies agains t  different bovine connective t i s sue  antigens.  These  
antibodies did not r e a c t  with the components of human connective t i ssue .  
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P rev ious  invest igat ions [2-4] showed that the s e r a  of pat ients  with rheuma t i c  f eve r ,  when t e s t ed  by 
immunof luorescence ,  r e a c t  with in te rs t i t ia l  connective t i s sue  cells of the bovine hear t  but do not r e a c t w i t h  
connective t i s sue  of the human hear t .  Adsorpt ion exper imen t s  fai led to show that the antigen (or antigens) 
against  which these  antibodies a r e  f o rm ed  a re  constant ly  p re sen t  in bovine connective t i s sue  and e r y t h r o -  
cytes. 

The object of this investigation was to isolate antibodies against these antigens from the sera of pa- 
tients with rheumatic fever and then to study them. 

E X P E R I M E N T A L  M E T H O D  

Tests  were  c a r r i e d  out by the indirect  immunof luorescence  method, using pure  antibodies against  
human IgG p r e p a r e d  by the method of A v r a m e a s  and Te rnyack  [7] with the aid of an immunosorbent  and 
labe led  with f luoresce in  isothiocyanate.  The conditions of p r e p a r a t i o n  and labeling of the antibodies were  
desc r ibed  p rev ious ly  [2]. In some  expe r imen t s  f luoresce in - l abe led  immunoglobulin f rac t ions  containing 
antibodies against  pa r t i cu l a r  c l a s se s  of human immunoglobulins (anti-IgG, ant i - IgM, anti-IgA),  p r e p a r e d  in 
the Labo ra to ry  of L u m i n e s c e n t  Sera ,  N. F. Gamaleya  Insti tute of Epidemiology and Microbiology,  were  
used. 

The connect ive t i s sue  ex t rac t  was p r e p a r e d  f rom bovine pe r i ca rd ium.  The p e r i c a r d i u m  was c a r e -  
fully minced in a t i s sue  mic rob lender  at 4~ The resu l t ing  homogenate was sonicated in the MSE-20 u l t r a -  
sonic d i s in tegra tor  (12 cyc les ,  15-20 rain). The res idue  was t r ea t ed  with 0.85% NaC1 solution or  0.2 M 
phosphate  buffer ,  pH 7.2, for  24 h at 4~ The superna tant  was sepa ra t ed  by centr i fugat ion at 8000 r p m .  
The ex t rac t s  were  dialyzed against  0.08570 NaC1 solution, f r eeze  dried,  concentra ted,  and conver ted  into an 
immunosorben t  with r aid of glutaraldehyde.  Subsequent t r e a t m e n t  of the immunosorben t  was by the 
method of Awrameas and Ternynck  [7]. 

Bovine e ry th rocy te  s t ro rna  was obtained by Dausse t ' s  method [5]. Washed e ry th rocy te s  were  lysed  
with dist i l led wate r ,  f rozen and thawed three  t imes ,  and the s t r o m a  was p rec ip i t a t ed  at pH 5.8. The r e s u l t -  
ing s t r o m a  was washed  twice with 0.1 M g lyc ine -HC1  buffer ,  pH 2.8. 
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Fig. i .  T issue  sec t ions  of bovine organs  t r e a t ed  with antibody p repa ra t i ons  isola ted 
f r o m  the s e r a  of rheuma t i c  fever  pat ients  with the aid of an immunosorben t  p r e p a r e d  
f r o m  bovine connective t i ssue  antigens:  a) sec t ion  through hear t  t i ssue;  f luorescence  
of f ib rob las t s ,  cap i l l a ry  cel ls ,  and s a r c o l e m m a ;  b) sec t ion  through skele ta l  muscle ;  
f luorescence  in zone of s a r c o l e m m a  and connective t i s sue  cel ls ;  c) sect ion through 
kidney t i ssue;  f luorescence  of cells in f ibrous  s t ruc tu r e s  of in te rs t i t ia l  connective 
t i ssue ;  f luorescence  of cells in f ibrous  s t r u c t u r e s  of in ters t i t ia l  connective t i ssue;  
d) sec t ion  through thymus;  f luorescence  on sur face  of thymocytes .  

Fig. 2. T issue  sect ions of bovine organs  t r e a t ed  with antibody 
p repa ra t i ons  isolated f r o m  s e r a  of rheuma t i c  fever  p a t i e n t s w i t h  
the aid of bovine e ry th rocy te  s t r o m a :  a) sec t ion  through hear t  
valve;  f luorescence  of connective t i s sue  cel ls ;  b) sect ion through 
skele ta l  musc le ;  f luorescence  in reg ion  of s a r c o l e m m a ;  c) sect ion 
through l ive r  t i ssue .  

The antibodies were  isola ted with the aid of s e r u m  f r o m  pat ients  with rheuma t i c  fever  in the act ive 
phase ,  which r e a c t e d  ( x I z t) with in ters t i t ia l  connective t i s sue  cel ls  of bovine hear t .  A mixture  of act ive 
s e r a  was incubated with immunosorben ts  for  30 rain, with v igorous  mixing,  at r o o m  t e m p e r a t u r e  and for 1 
h at 4~ The antibodies were  eluted with 0.1 M g lyc ine-HC1 buffer ,  pH 2.8, then dialyzed against  0.085% 
NaC1 solution, and concent ra ted  by evapora t ion  under a fan. The final s amples  of antibodies contained 300- 
400 p g / m l  prote in .  The antibodies were  p r e s e r v e d  f rozen at -20~ 

The antibodies we re  t es ted  on f r e sh  t i s sues  of the bovine hear t ,  hea r t  va lves ,  l ive r ,  kidney, thymus,  
and lymph glands,  and a lso  on the human hear t ,  hear t  va lves ,  and thymus f r o m  pe r sons  of blood group O 
(the ma te r i a l  was obtained at  autopsy or f r o m  fetuses) .  Sections 4 12 in th ickness  we re  cut in a c ryos t a t  at 
-20~ f r o m  f rozen ,  unfixed t i s sue  and they were  used unfixed. Sections of bovine t i s sues  were  t r e a t ed  with 
antibodies at r o o m  t e m p e r a t u r e  for 45 rain, whereas  sect ions of human t i s sues  were  kept with antibodies 
for 30 rain at r o o m  t e m p e r a t u r e  and for  18 h at 4~ The incubation t ime  of the sec t ions  with luminescent  
antibodies was the s a m e  in both cases :  45 rain at r o o m  t e m p e r a t u r e .  

The p r epa ra t i ons  containing antibodies were  adsorbed  with bovine and human e ry th rocy te  s t r o m a  and 
with sheep ' s  e ry th rocy te s .  The e ry th rocy tes  or s t r o m a  were  added at  the r a t e  of 0.05 ml  to 0.2 ml of ant i -  
bodies.  The suga r s  de termining the speci f ic i ty  of human blood group antigens (D-galac tose  and N-ace ty l -  
ga lac tosamine)  were  added at the r a t e  of 10 mg sugar  to 0.2 ml  antibodies.  The antibodies a lso  were  ad-  
so rbed  by p repa ra t ions  of s t r ep tococca l  or igin (A-polysacchar ide ,  and a lso  a po lysacchar ide  and mucopep-  
t ide isola ted f r o m  s t rep tococc i  of the A variant)  by Fu l l e r ' s  method [8] in K r a n s e ' s  modification [9]. The 
p r e p a r a t i o n s  of po lysaccha r ides  were  used in sufficient  amount to r e m o v e  spec i f ic  antibodies f r o m  the ant i -  
s t r ep tococca l  s e r a ,  namely  200 ttg po lysaechar ide  to 1 ml s e r u m  [1], and the mucopeptide in a dose of 2 
rag/0.2 ml  ant ibodies.  Incubation continued for 2 h at 37~ and for  18 h at 4~ 
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E X P E R I M E N T A L  R E S U L T S  

Tests of the prepara t ion containing antibodies against  connective t issue antigens (CTA) on bovine 
hear t  t issue sections showed a s t rong react ion with interst i t ial  connective t issue cells:  f ibroblasts  and 
capi l lary cells.  In addition, react ions  were  observed  with fibrous s t ruc tu res  of connective t issues and also 
with the s a r co l emma  (Fig. la). CTA did not reac t  with sections of bovine heart  valves. On skeletal muscle 
sections f luorescence was observed in a nar row zone, corresponding in localization to the sa rco lemma,  and 
also in the endomysium and cytoplasm of the connective t issue cells (Fig. lb). In the l iver t issues f luores-  
cence of Kupffer cells and the endothelial cells of the l a rge r  vessels  was observed,  and in kidney cells 
there  was f luorescence  of the cellular  and fibrous s t ruc tures  of the interst i t ial  connective t issue (Fig. lc); 
in the t issues of the thymus f luorescence was observed in s t ruc tures  of the connect ive- t issue s t roma,  and 
weaker  f luorescence also was present  on the surface of the thymocytes (Fig. ld). A s imi lar  react ion was 
found when the localization of CTA was studied in sections of a lymph gland. 

Antibodies isolated with the aid of bovine ery throcyte  s t roma  (BEA) reac ted  with the same  s t ruc tures  
of heart  t issue as CTA, but the react ion was weaker.  In addition, BEA reac ted  with myocardia l  cell nuclei. 
In t issue sections of hear t  valves BEA reac ted  with connective t issue cells of different shapes and s izes ,  
including with f ibroblasts  (Fig. 2a). Clear f luorescence of the outlines of a fiber,  evidently of the s a r c o -  
lemma,  was observed in sections of muscle  (Fig. 2b). The react ions  of BEA and CTA in sections of Che 
l iver  (Fig. 2c) and kidney agreed in all r espec t s .  However, in sections through the thymus t issue BEA r e -  
acted weakly with the connect ive- t issue s t roma  and puncture f luorescence was observed on the t e r r i t o ry  of 
the thymocyte (2-3 points per  cell). Similar punctate f luorescence  of lymphocytes was observed in sections 
of the lymph gland. 

The control  to these experiments  was a prepara t ion  of normal  human T-globulin [11 a concentrat ion 
of 400 pg /ml ,  which did not reac t  or  reac ted  only very  weakly (+ or -) with bovine t issue sections.  

Reactions of CTA and BEA with the bovine t issues were  shown to take place on account of IgG. When 
ant i - IgM and anti-IgA were used, f luorescence was completely absent. 

In tests  of CTA and BEA on t issue sect ions of human heart ,  hear t  valves,  and thymus,  no specific 
f luorescence  of the connective t i s sue : s t ruc tu res  was found. 

Adsorption experiments  showed that the react ions  of CTA and BEA with bovine hear t  t issue were 
completely abolished by adsorption with bovine e ry throcyte  s t roma.  Sheep's e ry throcytes  did not abolish 
these react ions .  The negative react ions  of CTA and BEA with bovine hear t  t i ssue,  just as In the e~cperi- 
ments with whole se ra ,  were obtained on inhibition with D-galactose.  Although D-galactose is the terminal  
determinant  of human ery throcytes  of blood group B, in experiments  in which the CTA prepara t ion was ad- 
sorbed  by group B ery throcytes  only very  slight inhibition of the react ion with bovine hear t  t issue was ob- 
tained. The react ions  of the s e r a  and isolated antibodies with bovine hear t  connective t issue thus evidently 
had nothing to do with the p resence  of fl isoantibodies in the se ra ,  for the positive react ions were indepen- 
dent of blood group: the number of posit ive react ions with se ra  of blood group I (~ and fl isoantibodies)was 
42%, but with se ra  of group IV (not containing isoantibodies) it was 50%. 

Whereas D-galactose completely abolished the react ion of BEA with bovine hear t  t issue,  the reac t ion  
of BEA with bovine hear t  valve t issue still remained.  N-Acetylgalactosamine was virtually inactive in the 
ads orption experiments .  

On inhibition of CTA and BEA by s t reptococcal  polysacchar ides  (A and A variant) f luorescence  of the 
connective t issue s t ruc tures  of the hear t  and valves was p r e se rved  intact. Par t ia l  inhibition of f luores-  
cence of these s t ruc tures  was observed af ter  adsorption of the antibodies by s t reptococcal  mucopeptide. 

Antibodies against  connect ive- t issue s t ruc tures  of various bovine organs could thus be extracted 
f rom the s e r a  of rheumat ic  fever  patients with the aid of immunosorbents .  These antibodies were directed 
toward components of the cytoplasm and cytoplasmic membrane  of the connect ive- t issue cells and against 
cer ta in  f ibrous s t ruc tu res .  The resu l t s  indicate that the CTA and BEA prepara t ions  were not identical and 
that, consequently, extracts  of bovine connective t issue and bovine e ry throcyte  s t roma  contain both common 
and different antigens. The BEA prepara t ion  also is heterogeneous and evidently contains antibodies di- 
rec ted  against  different antigens; some antibodies (those against hear t  connective tissue) are  inhibited by 
D-galactose;  antibodies react ing with valve tissue still  r emain  after this t reatment .  The se ra  of rheumat ic  
fever  patients thus contain antibodies against  severa l  bovine connective t i ssue  antigens, but they do not all 
r eac t  with the components of human connective t issue.  
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Two problems that still require explanation are whether the corresponding antigens are present  in 
human connective tissue and whether the antibodies which reac t  with antigens of bovine connective tissue 
axe autoantibodies. It was suggested previously [2, 3] that human connective tissue contains antigens iden- 
tical with those of bovine connective tissue, but that the corresponding determinants are hidden [6]. The 
present  investigation provides some confirmation for this view, for D-galactose, which is not only the t e r -  
minal determinant of group B erythrocytes but also occurs in various components of human tissues,  in- 
hibited the reaction of the isolated antibodies with bovine heart  connective tissue. The discovery of partial 
inhibition of reactions with bovine connective tissue structures by streptococcal mucopeptide also is in- 
teresting. These results point to a possible role of cross- react ing microbial antigens in the induction of 
antibodies against bovine connective tissue antigens in rheumatic fever patients. 
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