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During t ransp lan ta t ion  of va lves  in pat ients  with rheumat ic  f eve r  and acquired hear t  defects  
a ma rked  inc rease  in the level  of antibodies against  the components  of the musc le  f iber  and 
connective t i s sue  of the h e a r t  was  obse rved  by the use of the d i rec t  immunof luorescence  
method.  T h e  immune r e sponse  var ied  depending on the method of t r ea tmen t  of the graf t .  

After  t ransplan ta t ion  of aor t ic  xenogeneic valves  into a patient,  in some ca se s  late d e g e n e r a t i v e  
changes  take place in the valve t i s sue  leading to inadequacy of the graf t .  Some w o r k e r s  under these c i r c u m -  
s tances  have not observed  ce l lu la r  re jec t ion  reac t ions .  No c i rcula t ing  antibodies l ikewise have been found 
[5, 6, 10]. Recently,  however ,  r e p o r t s  have been published in which the causes  of compl ica t ions  of this type 
have been  at t r ibuted to immunological  r eac t ions  of the rec ip ien t  to the graf t .  These  invest igat ions have r e -  
vealed col lect ions  of immunocompeten t  ce l l s  at the boundary  between the donor ' s  and rec ip ien t ' s  t i s sues  
[3, 4]. Bound T-globulin has  been  found by the immunof luorescence  method in the valve t i ssue  [8, 91. There  
is  evidence of the toxic action of the r e c i p i e n t ' s  s e r u m  on the donor ' s  f ib rob las t s  [11]. 

The agents  now used  to t r e a t  va lves  (4% formaldehyde  solution, 7 - r a y  i r rad ia t ion  in a dose of 3 Mrad) 
have been shown not to abolish comple te ly  the antigenic act ivi ty of the valves  [2]. The exception to this rule 
is the conserva t ion  method suggested by Carpen t i e r  et  al.  [3]. The r e su l t s  of expe r imen t s  on an imals  have 
shown that  t r e a t m e n t  of va lves  by this method vir tual ly  comple te ly  s u p p r e s s e s  the i r  antigenic act ivi ty [2]. 

The object  of this invest igat ion was  to study the immune r e sponse  in pat ients  with rheumat ic  f eve r  
and acquired  hea r t  defects  a f te r  t ransp lan ta t ion  of xenogeneic (hog) aor t ic  va lves  t rea ted  in different  ways  
(with 4% formaldehyde  solution, by 7 - r a y  i r rad ia t ion ,  or  by a mix ture  of sodium metaper ioda te  and glu- 
ta ra ldehyde) .  

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

The s e r a  of pat ients  with rheumat ic  fever  and acquired hear t  defects  we re  studied before  and af ter  
opera t ions  for  t ransp lan ta t ion  of the va lves  at in te rva l s  of two weeks  on the average  until f ive months af ter  
the opera t ion.  The pat ients  w e r e  subdivided into th ree  groups depending on the method of t r ea tmen t  of the 
t r ansp lan ted  valve" group 1) 4% formaldehyde  solution (four patients) ,  group 2) 7 - r a y  i r rad ia t ion  (five pa-  
t ients) ,  group 3) sodium metape r ioda te  with glutaraldehyde by C a r p e n t i e r ' s  conditioning method (eight pa-  
t ients) .  The control  group cons is ted  of the s e r a  of pat ients  into whom a synthetic ball  valve was graf ted 
(seven pat ients) .  In addition the s e r a  of heal thy donors  were  tes ted .  The s e r a  were  p r e s e r v e d  by f reez ing  
to -20~  and were  tes ted  in dilutions of i : 4-1 : 6. 

Antibodies against  hea r t  t i s s ue s  were  studied in sect ions  of normal  bovine and porc ine  hea r t  t i ssue .  
P i eces  of t i s sue  taken f r o m  the wall  of the left  vent r ic le  we re  f rozen  at - 70~ Sections 4 p in th ickness  
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TABLE 1. Intensity of Reactions with Components of Muscle Fiber  and Connective Tissue in 
Patients with Rheumatic Fever  after  Transplantat ion of Valves 
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Fig. 1. Reactions with components of muscle fiber (I) and con- 
nective t issue (II) in patients with rheumatic  fever  after t r ans -  
plantation of xenogeneic valves t reated with formaldehyde solu- 
tion and ~/rays (A), of xenogeneic valves t reated by Carpen t ie r ' s  
conditioning method (B), and of synthetic valves (C). Each curve 
represen t s  the study of s e ra  of one patient over a period of t ime; 
O) time of operation. Abscissa ,  t ime after  transplantat ion (in 
months); ordinate, intensity of luminescence.  

were  cut in a c ryos ta t  at -20~  and were used unfixed. Four of the se ra  were tested on t issue sections of 
the human hear t  (biopsy mater ia l :  t issue f rom the auricle of the heat of a person  with blood group O, ob- 
tained during commissuro tomy) .  

The investigations were  ca r r i ed  out by the indirect immunofluorescence method using pure antibodies 
against human 7-globulinlabeled with f luorescein  isothiocyanate.  The technique of prepar ing the pure anti- 
bodies and the t rea tment  of the prepara t ions  were descr ibed previously [1]. The specimens were examined 
with the ML-2 luminescence microscope  with a 40)< objective and Homal 3x ocular .  The react ions  were 
a s sessed  by intensity: ++++ very  bright  luminescence,  +++ bright  luminescence,  ++ moderate  luminescence,  
+ weak luminescence,  • very  weal{ luminescence,  - absence of luminescence.  
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Fig. 2. Reactions of s e r a  of patients with rheumatic fever  after  t rans -  
plantation of valves t rea ted  with formaldehyde solution and 7 rays  with 
t issue sections of bovine (a) and porcine (b) heart ;  a) luminescence of 
cel ls  of interst i t ial  connective t issue;  b) diffuse luminescence of inter-  
stitial t i ssue.  

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

The s e r a  of the patients before operation, when tested on sections of bovine and porcine hear t  t issue,  
as a rule reacted weakly with the components of the muscle f iber  and connective t issue (except one serum).  
After t ransplantat ion of the valves the intensity of the react ions  with hea r t  t issue increased sharply in all 
groups.  The maximal  intensity of luminescence was observed between the second and eighth weeks, when 
most  of the se ra  reacted  with hear t  t i ssues ,  especia l ly  with the connective t issue,  giving resul ts  of ++, ++% 
and ++++ (Table 1). The intensity of luminescence fel l  appreciably toward the end of the investigation. 

The s e r a  reacted with the major i ty  of e lements  of the myocardia l  muscle fiber.  Antibodies were 
d iscovered most  frequently to discs  and sarcoplasm,  less  f requent lyto s a r co l emmaand the  in t e rca l a ryd i sc s  
of the muscle fiber.  Reactions with the connective t issue of the hear t  were localized chiefly in the region 
of the cel ls ,  and diffuse staining of the interst i t ial  t i ssue was seen less  commonly.  

The resul t s  of tes ts  of the patients '  s e r a  after  t ransplantat ion of xenogeneic valves treated with for-  
malin and "yrays are shown in Fig. 1A. In both groups the react ions ,  especial ly with connective t issue,  
reached high intensity after  t ransplantat ion (++% ++++), remaining at this level for a long t ime (8-9 months). 
In the group in which valves t rea ted  with formalin were  transplanted,  the se ra  of two of the four patients 
were  taken in the late stages (six months after the operation). The se ra  of one of them reacted both with 
the muscle f iber and with the connective t issue.  The se ra  of another patient reacted very  weakly with hear t  
t i ssue.  These se ra  are not shown on the graph. 

As a rule, during paral lel  tes ts  of the se ra  on the sections of bovine and porcine hear t  the resul ts  
were identical. However, the se ra  of four of the nine recipients ,  s tar t ing f rom 2.5-3.5 months after t rans -  
plantation of the valve, stained the whole of the interst i t ial  connective t issue (by ++++) in the sections of 
porcine hear t  t issue,  whereas  usually f luorescence of only individual cells  was observed on the sections of 
bovine hear t  (Fig. 2). 

After t ransplantat ionof  valves t reated by the conditioning method into the recipients  of group 3, their se ra  
reac ted  wi thhear t  t issue al i t t le  weaker thanthose of the twoprev iousgroups  (Fig. 1B). Only one pat ient ' s  se rum 
reached  very  strongly with connective t issue components.  By 4 months the intensity of the reac t ions  with muscle 
fiber and connective tissue as a rule was reduced;  in some cases  the se ra  ceased to r eac t  with hear t  t issue.  P a r -  
allel tes ts  of the se ra  on sections of bovine and porcine hear t  yielded identical r esu l t s .  

In the control group (synthetic pros thes is )  the rec ip ien t s '  s e ra  also reac ted  with the components of the 
muscle fiber and connective t issue of the hear t .  The se ra  of two patients reac ted  very strongly (+++ ~) with con- 
nective t issue.  The intensity of f luorescence reached a maximum alter 3-4 weeks; somet imes  the intensity of 
the reac t ion  increased  for 2 months and then fell gradual ly until 4-5 months (Fig. 1C). Para l le l  tests  of the se ra  
on sections of bovine and porcine hear t  yielded identical resu l t s .  

Some se ra  f rom recipients  of the different groups,  which reacted  intensively with t issue sections of 
the animals '  hear t  and, in par t icular ,  with the connective t issue,  were tested on t issue sections f rom the 
human hear t .  Reactions were  found in these experiments  with different elements  of the muscle fiber;  the 
sa reo lemma,  sarcoplasm,  discs ,  and in te rca la ry  discs  (by ++, +++, and ++++). However, none of the se ra  
reac ted  with the components of the interst i t ial  connective t issue.  
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The s e r a  of healthy pe r sons ,  when tes ted  on t i s sue  sect ions  of the hear t ,  did not r eac t  or  r eac ted  
only weakly with e lements  of the myoca rd ium.  

An inc rease  in the level  of antibodies against  components  of the hea r t  t i ssue  was  thus observed  in 
pat ients  with rheumat ic  hea r t  d i sease  a f te r  valve t ransplanta t ion  i r r e s p e c t i v e  of whether  a biological  or  a 
synthetic  p ro s the s i s  was  graf ted .  Antibodies against  hea r t  t i s sue  a re  known to be found af ter  the opera t ions  
of e o m m i s s u r o t o m y  and ca rd io tomy [7, 12], and it is poss ible ,  t he re fo re ,  that the e levat ion of the antibody 
level  a f te r  t ransplanta t ion  of the valves  was due to some degree  to the operat ion.  The spec t rum of antibod- 
ies  against  components  of the musc le  f iber  was  the same in the pat ients  a f ter  t ransplanta t ion  as in pat ients  
with rheumat ic  f eve r  in the actue per iod of the d i sease ,  when the s e r a  were  tes ted  on t i s sue  sect ions of 
bovine h e a r t  [1]. As a rule  the s e r a  reac ted  with the discs  and s a r e o p l a s m ,  but luminescence  of the s a r co -  
1emma and in t e rca l a ry  d iscs  of the m y o e a r d i u m  was  observed  l e s s  f requent ly .  However,  a f te r  t r ansp l an -  
t a t ionof the  va lves  antibodies against  e l ements  of the connect ive t i s sue  were  found in a higher  percentage  
of c a s e s .  The s e r a  of 21 of the 24 rec ip ien ts  r eac ted  with connective t i ssue ,  and in some ca se s  the inten- 
sity of the reac t ions  was  cons iderable  (++% ++++). 

In all groups  the reac t ions  with hear t  t i s sue  reached max ima l  intensity by the 3rd-4th or ,  s o m e t i m e s ,  
the eighth week.  However ,  the intensity and duration of these reac t ions  var ied  f r o m  one group to another.  
The reac t ions  las ted longest  in the group in which the rec ip ien ts  were  graf ted with valves  t r ea t ed  with ~/ 
r a y s .  When valves  t r ea t ed  by the conditioning method were  trm~splanted, the s e r a  ceased  to reac t  with the 
hea r t  t i s sue  3-5 months a f te r  the operat ion.  

In mos t  cases  the antibodies found reac ted  equally with t i s sue  sect ions of bovine and porcine hea r t ,  
evidently on account of antibodies against  antigens common  to these  two spec ies .  However,  in the groups  
of pat ients  into which xenogeneic valves  t r ea t ed  with y r a y s  and fo rma l in  were  t ransplanted ,  an immune 
r e sponse  was  observed  to specif ic  porc ine  antigens,  evidently located in the region of the in te rs t i t ia l  con- 
nect ive t i s sue .  This is shown by the m o r e  intensive and extensive  staining of the in te rs t i t i a l  t i ssue  in the 
sect ions  of the porcine hear t  with s e r a  obtained 2.5-3.5 months af ter  t ransplanta t ion .  A reac t ion  to these 
antigens was  not given by pat ients  graf ted  with valves  t r ea ted  by C a r p e n t i e r ' s  method.  The c h a r a c t e r  of 
the immune r e sponse  to the graf t  thus differed depending on the method of t r e a t m e n t  of the valve.  Immune 
reac t ions  were  l e s s  intensive a f te r  t ransplan ta t ion  of a valve t r ea ted  by the conditioning method, when, as 
expe r imen t s  have shown, a sha rp  dec rea se  in the antigenic p r o p e r t i e s  of the t i ssue  is obse rved  [2]. 

In the group of pat ients  with a synthetic p ro s the s i s  the reac t ions  of the s e r a  with hea r t  t i ssue  were  
s i m i l a r  to those observed  a f te r  t ransplanta t ion  of xenogeneie valves  t rea ted  by C a r p e n t i e r ' s  method~ It is 
not yet  c l ea r  why antibodies reac t ing  with bovine connective t i s sue  and not reac t ing  with human connective 
t i s sue  should be fo rm ed  af ter  t ransplan ta t ion  of a synthetic valve.  A s im i l a r  phenomenon has  bee~ ob- 
se rved  during the study of s e r a  f r o m  pat ients  with rheumat ic  fever  in the active per iod of the d i sease  [1]. 
On this bas i s  it was  postulated that human and bovine connective t i s sue  contain identical antigenic compo-  
nents ,  but the bovine antigens a re  located on the sur face  of the connec t ive - t i s sue  s t ruc tu r e s  while in man 
they are  hidden. T r a u m a  of the f ibrous  r ing during fixation and opera t ion of the p ros the s i s  evidently leads 
to exposure  of these  components ,  and this s t imula tes  antibody format ion .  
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