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4 ~ a n d  t he  h y p o t o n i c  t r e a t m e n t  was  r epea t ed  twice.  The  
cells were f ina l ly  washed  once t h e n  r e suspended  in ster i le  
P B S  to a cell p o p u l a t i o n  dens i t y  of 1 x 108 cells pe r  ml.  
This  p r e p a r a t i o n  of ceils will s u b s e q e u n t l y  be  refer red  to  as 
'ghosts ' ,  s ince t he  m e t h o d  used was s imi la r  to  t h a t  used b y  
DODGE et  al.S for t he  p r e p a r a t i o n  of e r y t h r o c y t e  ghosts .  

F e m a l e  C F L P  mice  were  i m m u n i z e d  b y  i.p. i n j ec t ion  of 
a suspens ion  of 'ghos ts ' .  A chal lenge w i t h  v iab le  t u m o u r  
cells was  m a d e  b y  i.p. i n j ec t ion  10 days  a f te r  t h e  las t  
i m m u n i z i n g  dose of 'ghos ts ' .  The  cha l lenged  mice were 
e x a m i n e d  da i ly  a n d  those  an i m a l s  w i t h  pa lpab le  asci tes  
t u m o u r s  were  recorded  and  sacrificed.  The  e x p e r i m e n t s  
were t e r m i n a t e d  a f te r  30 days.  P r o t e i n  was  m e a s u r e d  b y  
t h e  m e t h o d  of LOWRY et  al. 9. 

Over  80% of t he  or ig ina l  cell n u m b e r s  were recovered  
as 'ghosts ' ,  of wh ich  up  to  20% were  still v i ab le  b y  dye  
exclus ion ~0. A loss of 25 % of t h e  TCA prec ip i t ab le  p ro t e in  
was found  to occur  d u r i n g  t he  p r e p a r a t i o n  of 'ghos t s '  b u t  
a 100% recovery  of t he  p l a s m a  m e m b r a n e  m a r k e r  e n z y m e  
- (Na + + K+) A T P a s e  a n d  90% recovery  of the  an t igen ic  
m a t e r i a l  - m e a s u r e d  w i t h  *~I- label led  IgG f rom 'ghos t ' -  
i m m u n i z e d  mice, was  found  on  a pe r  cell bas is  (pre- 
l i m i n a r y  results) .  

Despi te  t h e  h igh  v i a b i l i t y  of t he  'ghosts ' ,  d e t e r m i n e d  
b y  dye exclusion,  the  inc idence  of t u m o u r  d e v e l o p m e n t  
a f t e r  2 inocu la t ions  w i t h  1 • 106 'ghos t s ' ,  a t  a n  i n t e r v a l  of 
t en  days,  was less t h a n  5%. 

The incidence of tumours in female CFLP mice immunized with a 
singIe dose of lysed ceils and challenged with 105 EAT ceils 

Immunizing dose 
No. lysed cells 

Incidence of tumours at 30 days 

0 14115 ~ 
10 x 13/15 
10 ~ 14[15 
108 15/15 
104 14/15 
l0 s 10/15 
106 5]15 
10 T 2/10 

Ratio of the number of mice with tumours at 30 days to the total 
number of mice in the group. 

Two i.p. in jec t ions  of 1 • 106 'ghos t s '  a t  a n  i n t e r v a l  of 
10 days  comple te ly  p r o t e c t e d  mice  aga ins t  a chal lenge 
w i t h  5 • v i ab le  E A T  cells. The  c o m b i n e d  washings ,  
o b t a i n e d  d u r i n g  t h e  p r e p a r a t i o n  of 'ghosts ' ,  w h e n  ad-  
min i s t e red  i.p., fai led to  p ro t ec t  mice  aga ins t  a cha l lenge  
w i t h  5 •  ~ v iab le  E A T  cells. These  inocu la t ions  were 
a d m i n i s t e r e d  in a n  a m o u n t  equ iva len t ,  on a p ro t e in  basis ,  
to  106 ' ghos t s ' ;  a p p r o x i m a t e l y  250 ag pro te in .  I t  is 
a p p a r e n t  the re fore  t h a t  t h e  i m m u n i z i n g  an t igens  are  
assoc ia ted  w i t h  t h e  m e m b r a n e  sys t ems  of t he  E A T  cell. 

Mice i m m u n i z e d  w i t h  a single dose of 'ghos t s '  were no t  
p r o t e c t e d  aga ins t  a chal lenge w i t h  1 • 105 E A T  ceils un t i l  
t h e  i m m u n i z i n g  dose of ' ghos t s '  was  e q u i v a l e n t  to  or 
g rea t e r  t h a n  t he  cha l lenge  dose of cells (Table).  

I t  h a s  been  suggested  t h a t  t he  i m m u n o g e n i c i t y  of weak  
an t igens  of m e m b r a n e  or igin is imap i r ed  if t he  i n t e g r i t y  
of t he  m e m b r a n e  is des t royed  n- ta .  The  s imple  e x p e d i e n t  
of h y p o t o n i c  lysis offers a r ap id  m e t h o d  for t he  r ecove ry  
of t h e  m e m b r a n e  c o m p o n e n t s  of t he  E A T  cells in  a n  
a p p a r e n t l y  i n t a c t  fo rm and  h i g h  yield.  Such  a p r e p a r a t i o n  
is mos t  su i t ab le  for t he  p r o d u c t i o n  of sera  aga ins t  mem-  
b r a n e  b o u n d  an t igens  w i t h o u t  recourse  to  t h e  use of 
a d j u v a n t s .  The  p r o t e c t i o n  of mice  wh ich  such  a p r epa ra -  
t i on  p rov ided  was b e t t e r  t h a n  4, 5 or e q u i v a l e n t  to  14 t h a t  
r epo r t ed  b y  others .  

Rdsumd. On d~cri t  que lques  ca rac t6 r i s t iques  biochi-  
miques  e t  immuno log iques  des <~ghosts~ de cellules de la 
t u m e u r  asc i t ique  d 'Eh r l i ch ,  p rodu i t s  p a r  une  m 6 t h o d e  
facile de lyse h y p o t o n i q u e .  Ces <~ghosts ~ ne  f o r m e n t  pas  de 
t u m e u r s  q u a n d  on  les in jec te  aux  souris  p a r  voie  i.p. e t  ils 
p r o t ~ g e n t  celles-ci con t r e  les cellules E A T  viabIes.  
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Immunofluorescent  Studies in Isoproterenol-Induced Myocardial Necrosis  in Rats 

The  presence  of c i rcu la t ing  an t ibod ie s  aga ins t  h u m a n  
h e a r t  ha s  been  r epo r t ed  in t h e  p o s t - m y o c a r d i a l  i n f a r c t i on  
and  p o s t - p e r i c a r d i o t o m y  syndromes ,  in  acu te  i schaemic  
h e a r t  disease a n d  in a v a r i e t y  of m y o c a r d i a l  diseases.  
Ci rcu la t ing  an t ibod ie s  h a v e  been  d e m o n s t r a t e d  b y  
h a e m a g g l u t i n a t i o n ,  c o m p l e m e n t  f ixa t ion ,  an t i g lobu l i n  
c o n s u m p t i o n  a n d  i m m u n o f l u o r e s c e n t  t e chn iques  1-4. I t  
was  possible  to  p roduce  c i rcu la t ing  a n t i - h e a r t  an t ibod ie s  
in  e x p e r i m e n t a l  an i m a t s  i m m u n i z e d  b y  xenogenic  a n d  
al logenic h e a r t  ex t rac t s .  S tudies  on  r a t s  k e p t  a t  in te r -  
m i t t e n t l y  reduced  b a r o m e t r i c  pressure  d e m o n s t r a t e d  t he  
appea rence  of c i rcu la t ing  a n t i - h e a r t  an t ibod ie s  ~. 

IRdNA et  al. 6 descr ibed  t h a t  i sopro te reno l  ( IPR)  g iven  
s.c. once da i ly  for 2 days  caused  infarc t - l ike  m y o c a r d i a l  
necrosis  in  rats .  WEXL~R a n d  I~ITTINGER 7 cons idered  t h e  
pa thogenes i s  a n d  repa i r  of I P R - i n d u c e d  m y o c a r d i a l  

necrosis  as s imi la r  to  in fa rc t  in  man .  W e  supposed  t h a t  t he  
I P R - i n d u c e d  necrosis  m i g h t  l ibe ra te  an t igen ic  subs t ances  
and  p rovoke  i m m u n e  reac t ion .  The  pu rpose  of t h e  p r e sen t  
s t u d y  was to  d e m o n s t r a t e  a n t i - h e a r t  an t i bod ie s  a f t e r  
I P R  in jec t ions  b y  immunof luorescence .  

Material and methods. Male W i s t a r  r a t s  w i t h  in i t ia l  
we igh ts  in t he  r ange  of 180-200 g were used in 3 g roups :  
1. An ima l s  were in jec ted  s.c. once da i ly  for 2 days  w i t h  
400 m g / k g  I P R .  2. An ima l s  were t r e a t e d  once da i ly  for 7 
days  w i t h  i.p. in jec t ions  of 5 mg /kg  I P R .  Sera  f rom an ima l s  
of g roup  1. a n d  2. were d r a w n  weekly  for 6 weeks for 
i nd i r ec t  immunof luo re scence  ( sandwich  technique) .  3. 
A n i m a l s  were t r e a t e d  as t he  f i rs t  group,  t h e y  were ki l led 
weekly,  t h e i r  hea r t s  were e x a m i n e d  b y  d i rec t  i m m u n o -  
f luorescence.  Con t ro l  a n i m a l s  were t r e a t e d  w i t h  i so tonic  
sa l ine  solut ion.  Ci rcu la t ing  an t ibod ie s  were d e m o n s t r a t e d  
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Anti-heart antibodies bound to rat myoeardium following 400 mg/kg isoproterenol-induced necrosis 

Weeks after 2 • 400 mg/kg Isoproterenol treatment Intensity of the fluorescence No. of hearts 

1st week -- -- -- + -- 5 
2nd week -- + + + + + + + 5 
3rd week + +  + +  + +  + +  + + +  5 
5th week + + +  + +  + + +  + + +  + + +  5 
6th week + -- + + + + + + 5 

Fluorescence was graded as follows; --, no fluorescence; +,  weak; + +,  strong; + + +,  bright fluorescence. 

by  indi rec t  immunof luorescence .  8 ~zm c ryos ta t  sect ions 
of normal  ra t  hea r t  were used as subs t ra te .  The sect ions  
were t r ea ted  w i t h  app ropr i a t e  se rum dilutions,  t h e n  wi th  
f luorescein i so th iocyana te  labeled goat  an t i - r a t  y-globulin 
(Hyland).  Bound  ant ibodies  were d e m o n s t r a t e d  by  di rect  
immunof luorescence .  The sect ions were s ta ined wi th  1 : 32 
di luted conjugate .  

Results. Specific f luorescence was seen in t he  sarcolem- 
real, subsarco lemmal  sites of myof ibers  in all pos i t ive  
sect ions p repa red  by  di rect  or ind i rec t  technique .  Ant i -  
hea r t  an t ibodies  were p resen t  in 90% of ra ts  t r e a t ed  wi th  
400 mg/kg  I P R  once dai ly for 2 days.  

Circulat ing an t ibodies  were inves t iga ted  a t  var ious  
in tervals  af ter  I P R  necrosis  (Figure). 1:10 or h igher  
d i lu t ions  of sera of control  animals  did no t  show fluo- 
rescence. An t i -hea r t  an t ibodies  appeared  in t he  blood 2 
weeks af ter  I P R  t r e a t m e n t .  Ti t res  of an t ibodies  gradual ly  
increased,  the i r  m a x i m u m  was seen on the  5th week and  
no fu r ther  increase could be observed.  

An t i -hea r t  an t ibodies  bound  to  hea r t  was found f rom 
the  second week af ter  I P R  t r e a t m e n t  (Table). Br igh t  
f luorescence was observed  in all sect ions in the  3rd and  
5th week af ter  2 • 400 mg/kg  I P R .  

Macroscopic lesions could be seen in the  hear t s  of 
t r ea t ed  animals.  These were well d e m a r c a t e d  pale areas 
involv ing  t h e  apex,  t he  adjoin ing left  vent r ic le  and  the  
apical  por t ion  of r igh t  ventr icle .  

Chronic I P R  t r e a t m e n t  of ra t s  did no t  evoke unequi -  
vocal  results.  Appea rence  and s l ight  increase of c irculat ing 
an t i -hea r t  an t ibodies  could be de tec ted  in I case while no 
de tec tab le  a m o u n t  of an t ibodies  could be observed in the  
o ther  9 cases. 

Discussion. I P R  induces  hypo tens ion  accompanied  by  
increased cardiac work  and  enhanced  myocard ia l  oxygen 
d e m a n d  leading to  infarct- l ike lesions 8. Necrosis  m a y  
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l~400~g/kg i~oprote~enol tr~atment5sc 6weeks 
Titres of circulating anti-heart antibodies following isoproterenol- 
induced myocardial necrosis in rats. Points represent averages q- SE 
of 10 animals. 

cause antigenic changes in heart tissue which initiate 
specific immune reactions. In our experiments we have 
found that myocardial necrosis induced by 400 mg/kg 
IPR evoked the production of specific circulating anti- 
heart antibodies in rats. Titres of antibodies gradually 
increased and their maximum was seen in the 5th week 
after IPR treatment. Appearence of antibodies demon- 
strated ill patients after myocardial infraction or com- 
missurotomy accounts for changes in the special structure 
of myocardial proteins. Significance of anti-heart anti- 
bodies is not yet clear. Probably they have no pathogenic 
role, though it is possible that the high level and per- 
s is tence of an t i -hea r t  an t ibodies  is connec ted  wi th  compli -  
cat ions  of pos t - in fa rc t ion  syndrome  3. Circulat ing anti-  
hea r t  an t ibodies  p roduced  af ter  IPIR necrosis  are able to 
b ind  in vivo to  hea r t  tissue. We  could d e m o n s t r a t e  ant i -  
bodies bound  to  hea r t  f rom the  second week af ter  I P R  
inject ions.  Small  doses of I P R  given chronical ly cause 
h y p e r t r o p h y  and micronecrosis  in  ra t s  ~ b u t  in our 
expe r imen t s  did no t  ac t iva te  the  p roduc t ion  of ant ibodies .  
Circulat ing an t i -hea r t  an t ibodies  could no t  be demons t r a t -  
ed af ter  120 mg/kg  I P R  t r e a t m e n t  by  haemagg lu t ina t ion  
me t h o d s  in young  ra ts  10. 

I t  would be i m p o r t a n t  to s t u d y  the  immunologica l  
processes af ter  expe r imen ta l  infarc t ion  because the  na tu re  
of an t i -hea r t  an t ibodies  is u n k n o w n  and the i r  possible 
role in t he  pa thogenes i s  of t he  progressive myocard ia l  
damage  is not  ye t  clear. 

Zusammen/assung. Immunof luoreszenz-Nachweis  yon  
Myokard -Ant ik6 rpe rn  nach  I sopro te renol - induz ie r te r  
Myokardnekrose  bet der R a t t e  in 90% der  Tiere. 
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