
genes is  also is p resen t  in the cor tex only, and not p resen t  in the white m a t t e r  of the bra in .  It is ant igenical ly 
s i m i l a r  to polypeptide f rom the thymus and di f fers  f rom polypeptide f rom the white m a t t e r  of the bra in .  This 
sugges ts  that the c e r e b r a l  cor tex contains polypeptide of t hymar in  type, or  that biological ly act ive subs tances  
of the thymus and b ra in  a re  s i m i l a r  to or  identical with 0-ant igen.  The proof of this hypothesis ,  as well  as 
the solution to the problem of d i rec t  par t ic ipat ion of the act ive b ra in  substance in immunogenes is ,  requ i re  a 
m o r e  penetra t ing and detailed investigation.  
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All normal  human and rabbi t  s e r a  and also the IgG isolated f rom them have been shown to r e a c t  with 
human and bovine hear t  valve f ib rob las t s .  These reac t ions  a re  evidently due to the presence  of F c - r e c e p t o r s  
on the m e m b r a n e s  of hear t  valve f ib rob las t s  [1]. According to observa t ions  by other  w o r k e r s  [9], F c - r e c e p -  
t o t s  appeared  in cu l tures  of human skin f ib rob las t s  only a f te r  infection with cy tomega lov i rus .  The problem of 
the p resence  of F c - r e c e p t o r s  on f ib rob las t s  of the in ters t i t ia l  connective t i s sue  (ICT) of the hear t  and t i s sues  
of the joints has not been studied. By now F c - r e c e p t o r s  have been found on the sur face  of var ious  cei ls  (on 
lymphocytes ,  mac rophages ,  and l iver ,  kidney, and placental  cel ls  [5, 7, 10, 11]). These r e c e p t o r s  have been 
shown to differ:  Some r eac t  with immunoglobulins in the fo rm of a complex with antigen, some with mono-  
m e r l e  immunoglobulins,  some with different  c l a s s e s  of immunoglobulins [5, 8, 13, 14, 15]. 

The object  of this invest igat ion was to study some spec ia l  f ea tu res  of F c - r e c e p t o r s  found on hear t  valve 
f ib roblas t s  and also to s ea rch  for  s i m i l a r  r e c e p t o r s  on f ib rob las t s  of the ICT of the myocard ium and joints 
and in cul tures  of mouse  f ib roblas t s  (L-ce l l s ) .  
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August, 1980. Original  a r t i c le  submit ted June 24, 1979. 

1088 0007-4888/80/9008- 1088 $07.50 �9 1981 Plenum Publishing Corpora t ion  



T A B L E  1. The Study of N o r m a l  Human and Rabb i t  S e r a ,  P r e p a r a t i o n s  of IgG, F(ab t )2-  , and 
F c - F r a g m e n t s  on S e c t i o n s  of H e a r t  Va lve ,  M y o c a r d i a l ,  and Jo in t  T i s s u e s  and C u l t u r e s  of 
L - c e l l s  

I m m  unog l ob ulins 

Human: 
Normal sera 
IgG 
Fc-fragments 
F(ab' )z-fragments 
IgG, 

Rabbit 
Normal sera 
IgG 
F(ab' )2-fragments 
soluble complex EA + 

antibodies against EA 

Heart valve 
fibroblasts 

human bovine 

-!- (3]) '-- (43) 
L + 

-i F 

q 

: (12) -:- 02) 
+ i- 
- : -  -}- 

Myocardial ICT cells 

human bovine 

- -  (68) i0 % (68) 
- -  

Not studied - 

! 3 , 6%01 I )  -(11) 
--  Not studied 

Fibroblasts of 
connective 
tissue of 
human fetal 
joint 

+ (23) 
§ 

+ 
§ 

+ (io) 
+ 
§ 

• 

L-cells 

fixed suspension 
monolayer 

+ (3) + (3) 
+ + 
-. Not studied 

4- (9) + (3) 
+ + 
q- Not studied 

Not studied " " 

Legend .  N u m b e r s  in p a r e n t h e s e s  g ive  n u m b e r  of  s e r a  t e s t e d ,  n u m b e r s  ou t s i de  p a r e n t h e s e s  
g ive  p e r c e n t a g e  of p o s i t i v e  r e a c t i o n s .  In va lve  and jo in t  t i s s u e  s e c t i o n s  n o r m a l  s e r a  r e a c t e d  
wi th  f i b r o b l a s t s  in 10~c of c a s e s ;  +) p o s i t i v e  r e a c t i o n ,  - )  nega t ive  r e a c t i o n ,  • w e a k l y  p o s i t i v e  
r e a c t i o n .  

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

E x p e r i m e n t s  w e r e  c a r r i e d  out  by the i n d i r e c t  i m m u n o f l u o r e s c e n e e  me thod ,  us ing  pu re  a n t i b o d i e s  a g a i n s t  
h u m a n  and r a b b i t  IgG p r e p a r e d  wi th  the  a id  of an i m m u n o s o r b e n t  [4], and l a b e l e d  with f l u o r e s e e i n  i s o t h i o c y a -  
ha te .  The  me thod  of p r e p a r a t i o n  and l a b e l i n g  of the a n t i b o d i e s  was  d e s c r i b e d  p r e v i o u s l y  [2]. Judg ing  by the 
ge l  p r e c i p i t a t i o n  t e s t ,  the an t ibody  p r e p a r a t i o n  con ta ined  a n t i b o d i e s  a g a i n s t  F e b -  and F e - r e g i o n s  of the  IgG 
m o l e c u l e .  S e r a  f r o m  hea l thy  p e r s o n s ,  f r o m  c h i l d r e n  aged  unde r  2 y e a r s ,  and s e r e  f r o m  u n i m m u n i z e d  r a b b i t s  

in d i l u t i ons  of 1 : 16-1 : 64 w e r e  s tud ied .  

IgG w e r e  i s o l a t e d  f r o m  h u m a n  and r a b b i t  s e r a  on D E A E - c e l l u l o s e .  A g g r e g a t e d  human  T -g lobu l i n  was  
p r e p a r e d  f r o m  m e a s l e s  T -g lobu l i n  by  hea t i ng  fo r  20 ruin at  63~ [121. The  r e s u l t i n g  p r e p a r a t i o n  was  e e n t r i -  
fuged at  105,000g fo r  1.5 h and then  s e p a r a t e d  into t h r e e  l a y e r s .  The r a b b i t  IgG was  s u b j e e t e d  to u l t r a e e n t r i f -  
uga t ion  wi thout  p r e l i m i n a r y  h e a t i n g .  

To p r e p a r e  the s o l u b l e  c o m p l e x  of egg  a l b u m i n  (EA) + a n t i b o d i e s  a g a i n s t  EA,  wi th  the a id  of an  i m m u n o -  
s o r b e n t  (EA, con juga t ed  wi th  S e p h a r o s e  4B) a n t i b o d i e s  w e r e  i s o l a t e d  f r o m  an i m m u n e  r a b b i t  s e r u m  by e lu t ion  
with  0.2 M g l y e i n e - H C 1  bu f fe r ,  pH 2.4. The a g g r e g a t e s  w e r e  r e m o v e d  f r o m  the an t ibody  p r e p a r a t i o n s  on a 
c o l u m n  wi th  Sephadex  G-200 .  The an t ibody  eonten t  was  d e t e r m i n e d  by H e i d e l b e r g e r ' s  me thod  [61. The e q u i v -  
a l e n c e  zone was  d e t e r m i n e d  by  the quan t i t a t i v e  p r e e i p i t a t i o n  me thod .  The so lub l e  e o m p l e x  was  ob t a ined  in an  
e x c e s s  of an t i gens  by m i x i n g  0.2 m l  of a n t i b o d i e s  (2 m g / m l )  and 0,05 m l  of an t igen  (20 m g / m l ) .  The c o m p l e x  
was  kep t  f o r  1 h at  r o o m  t e m p e r a t u r e ,  c e n t r i f u g e d  at  15,000 r p m ,  and the s u p e r n a t a n t  was  t e s t e d  on t i s s u e  

s e c t i o n s .  

IgG of t h r e e  s u b e l a s s e s  (IgG1, IgG2, IgG3) was  i s o l a t e d  f r o m  s e r a  of p a t i e n t s  wi th  G - m y e l o m a  [3]. 

The  t e s t s  w e r e  c a r r i e d  out  on t i s s u e  s e c t i o n s  f r o m  bovine  and human  m y o e a r d i u m  and h e a r t  v a l v e s ,  
h u m a n  f e t a l  j o in t  t i s s u e s ,  and c u l t u r e s  of m o u s e  L - c e l l s .  S e c t i o n s  4 # t h i ek  w e r e  cut  in a c r y o s t a t  f r o m  t i s s u e  
f r o z e n  to - 7 0 ~  and w e r e  p r o c e s s e d  unfixed [1, 2]. The L - e e l l s  w e r e  c u l t u r e d  in m e d i u m  No. 199 with  the  
a d d i t i o n  of 207c bov ine  s e r u m .  M o s t  of the e x p e r i m e n t s  w e r e  c a r r i e d  out  on a 24 -h  c u l t u r e  which  was  f ixed  on 
the c o v e r s l i p  wi th  cold  a c e t o n e  fo r  10 ra in  and p r o c e s s e d  in the s a m e  way  a s  the t i s s u e  s e c t i o n s .  To c a r r y  out  
the t e s t  in a s u s p e n s i o n  of l iv ing  c e i l s  the  c u l t u r e  was  d e t a c h e d  wi th  t r y p s i n ,  washed  wi th  m e d i u m ,  and t r a n s -  
f e r r e d  to t e s t  t u b e s ,  e a c h  of wh ich  con ta ined  2 �9 106 c e l l s .  The  c e l l  r e s i d u e  was  t r e a t e d  wi th  0.15 m l  of s e r u m  
o r  IgG (5-10 m g / m l ) .  The  m i x t u r e  was  incuba ted  fo r  20 m i n  at  37~ the c e l l s  w e r e  washed  5 t i m e s  wi th  
m e d i u m ,  0.15 m l  of l a b e l e d  a n t i b o d i e s  a g a i n s t  h u m a n  o r  r a b b i t  IgG was  added ,  the c e l l s  w e r e  aga in  w a s h e d w i t h  
m e d i u m ,  the  s u s p e n s i o n  was  app l i ed  to a s l i d e ,  and a f t e r  d r y i n g ,  it  was  moun ted  in g l y c e r o l  (pH 7.0). The 
r e a e t i o n  w a s  r e a d  by m e a n s  of the M L - 2  l u m i n e s c e n c e  m i c r o s e o p e  in b l u e - v i o l e t  l ight  and the LYUMAM I-2  
m i c r o s c o p e  in UV- l igh t .  P h o t o g r a p h s  w e r e  t a k e n  on R F - 3  f i lm .  
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Fig .  1. React ion  of F c - f r a g m e n t s  
of human IgG with bovine h e a r t  
valve f i b rob l a s t s .  Object ive  40x ,  
homal  3 x .  

F ig .  2 F ig .  3 

F ig .  2. React ion  of normal  r abb i t  IgG with f ib rob las t s  of dense  
connective t i s sue  of human fe ta l  joint.  Object ive  40x ,  homal  3 x .  

F ig .  3. React ion of normal  human IgG with L - c e l l s  in suspension.  
Objective 90x, homal 3 x. 

E X P E R I M E N T A L  R E S U L T S  

When normal  human and r abb i t  s e r a  were  tes ted  posi t ive r e s u l t s  were  obtained in 100% of ca ses  on s ec -  
t ions of human and bovine hea r t  va lves ,  on sec t ions  of joint  t i s s u e s ,  and on L - c e l l s  (Table 1). As a ru le ,  d i f -  
fuse f luorescence  of f i b rob la s t s  was obse rved  on sec t ions  through the va lves  and jo ints ,  and in some cases  the 
r eac t ion  was c l e a r l y  loca l ized  in the reg ion  of the ce l l  m e m b r a n e  (Figs .  1 and 2). F l u o r e s c e n c e  on a mono-  
l a y e r  of L - c e l l s  cons i s ted  of points of d i f ferent  s i ze s  on the t e r r i t o r y  of the cel l ,  and diffuse f luorescence  was 
obse rved  l e s s  f requent ly .  When the suspens ion  of l iving ce l l s  was s tained the r eac t ion  was loca l ized  in the 
r eg ion  of the membrane  in the form of points and "caps ,"  which were  much l a r g e r  when human s e r a  and IgG 
were  used (Fig.  3). Donors '  s e r a  did not r e a c t  with ICT f rom human myocard ium,  and in 10% of ca ses  they 
gave posi t ive r eac t i ons  with ICT ce l l s  f rom bovine m y o c a r d i u m .  Normal  r abb i t  s e r a  v i r tua l ly  did not r e a c t  
with m y o c a r d i a l  ICT ce l l s  (Table 1). P r e p a r a t i o n s  of IgG iso la ted  f rom normal  human and r abb i t  s e r a r e a c t e d  
with f i b rob la s t s  of hea r t  va lves  and joints andwith L - c e l l s  but did not r e a c t  with human m y o c a r d i a l  f i b rob la s t s .  
Weak r eac t i ons  were  obse rved  with bovine m y o c a r d i a l  f i b r ob l a s t s .  On tes t ing  of F c - f r a g m e n t s  of human IgG 
(three s e r i e s )  intensive posi t ive r eac t ions  were  obtained with two s e r i e s  on human and bovine hear t  valve f i b r o -  
b l a s t s ,  and one s e r i e s  gave a weak reac t ion .  On tes t ing  with one of the ac t ive ly  r eac t i ng  s e r i e s  posi t ive  r e s u l t s  
were  obtained on joint  f i b rob l a s t s  and on the monolayer  of L - c e l l s .  F (ab ' )2 - f r agmen t s  f rom normal  humanand 
rabb i t  IgG reac t ed  with valve and joint f i b rob l a s t s  and with L - c e l l s .  F c -  and F (ab ' )2 - f r agmen t s  did not r e a c t  
with m y o c a r d i a l  f i b rob l a s t s .  When monoclonal  immunoglobul ins  of the th ree  s u b c l a s s e s  were  t e s ted  on s e c -  
t ions of valves ,  posi t ive  r eac t i ons  with f i b rob la s t s  (++) were  obtained with IgG1, and very  weak r eac t ions  with 
IgG 2 and IgG 3. When joint  sec t ions  and the monolayer  of L - c e l l s  were  t r ea t ed ,  f luorescence  of the ce l l  m e m -  
b rane  was obse rved  only with IgG 1. Monoclonal  IgG did not r e a c t  with bovine m y o c a r d i a l  f i b rob l a s t s .  
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When aggregated human T-globulin was tested on sections of human and bovine heart  valves, react ions 
with f ibroblasts  were somewhat weaker  (++) than those of the original  "/-globulin (from +++ to ++++). The su r -  
face layer,  pract ical ly  free from aggregates ,  reacted with f ibroblasts  with the same intensity as the lower 
layers ,  containing much smal le r  amounts of aggregates .  The same resul ts  were obtained during the study of 
rabbit  IgG after ultracentrifugation.  

The react ion of antibodies against EA with valve f ibroblasts  varied from +++ to ++++. The complex pre-  
pared in an excess  of antigen reacted with most  of the cells much less strongly,  except for s m a l l  groups of 
cells located near capi l lar ies .  When antibodies against EA were tested on joint sections, they also reacted 
intensively with f ibroblasts ,  Whereas the complex reacted much less strongly with the cells.  Soluble complexes 
did not reac t  with myocardia l  f ibroblasts .  

This investigation thus confirmed data showing the presence of F c - r e c e p t o r s  on heart  valve f ibroblasts  
[1] and showed that s imi lar  recep tors  are  present  on f ibroblasts  of a r t icu lar  connective t issue and on L-ce l l s .  
Evidence of this is given by the positive react ions  obtained with Ec- f ragments  of IgG. The recep tors  reac t  
mainly with monomer ic  immunoglobulins. The react ions were much weaker with soluble complexes obtained 
in an excess  of antigen and also with aggregated immunoglobulins. In the experiments  with immunoglobulins 
of the different subclasses ,  mainly IgG 1 was found to take part  in the reaction.  Clear  differences were ob- 
served between heart  valve f ibroblasts  and myocardia l  fibroblasts;  the lat ter ,  like other cells of the myoca r -  
dial ICT, do not contain F c - r e c e p t o r s .  Positive react ions of F(ab ' )2-fragments  with valve and joint f ibroblasts  
and with L-ce l l s  could be due to the presence of small  amounts of unsplit IgG as an impurity, which could not 
be detected by immunodiffusion methods [1]. Another possibility is that positive react ions of F(ab ')2-fragments  
were due to the smal l  part  of the size of the IgG molecule which they account for.  A s imilar  hypothesis has 
been expressed on the basis  of a study of the F c - r e c e p t o r  on lymphocytes and other  cells [101. 
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