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A graft versus host reaction was induced in CBA mice by intraperitoneal injection of spleen 
or lymph gland cells from a rat immunized with mouse liver antigens during the first 24 h 
after birth. A sharp increase in acid phosphatase activity was found in the endothelium of 
the blood vessels and sinusoids and in the Kupffer cells of the liver. Three days after 
transplantation numerous phosphatase-positive loci were found in the parenchyma. They 
consisted of mononuclear cells with a high diffuse and granular acid phosphatase activity 
and of hepatocytes in which a spontaneous increase in activity of the lysosomal enzymes 
was observed. Some of the mononuclear cells in the loci were proliferating donor's cells. 
After 6 days or more, the separate foei in the liver merged with each other to form zones 
of coagulat ion nec ros i s .  At l ea s t  two types  of cel ls  may par t ic ipa te  in the des t ruc t ion  of 
the hepatocytes  during the g ra f t  v e r s u s  host  react ion:  donor ' s  immune lymphocytes  com-  
ing into c lose  contact  with the r ec ip i en t ' s  t a rge t  cel ls ,  and the r ec ip i en t ' s  macrophages  
which a r e  "a t t r ac ted"  toward the si te of the immune reac t ion  by  spec ia l  med ia to r s  of ce l l -  
u l a r  immune reac t ions .  

The writers have shown previously that after transplantation of lymphoid ceils of rats stimulated 
primarily or secondarily by mouse liver antigens into immunologically immature mice a typical graft ver~ 
sus host reaction (GVHR), resembling runt disease in its form [3], develops. One of the most characteris- 
tic features of the GVHR is the formation of loci of necrosis in the liver, initially along its free border but 
later extending throughout the hepatic parenehyma [6]. The causes and mechanism of this process have 
not been studied. 

In the investigation described below the role of acid hydrolases of the lysosomes in the development 
of necrotic lesions in the liver in the GVHR was examined. According to some reports these enzymes are 
mediators of the reactions of transplantation immunity and they are liberated from destroyed immune 
mononuclear cells in the immediate neighborhood of target cells [i, 13]. 

EXPERIMENTAL METHOD 

During the first 24 h of postnatal life CBA mice were injected intraperitoneally with 1.78 x 107-2.34 x 
l0 T spleen cells or 1.90 x 107-2.12 x 107 lymph gland cells of a Wistar rat which had first been immunized 
with a whole homogenate of mouse liver by the following scheme: the first injection consisted of 15 mg 
lyophilized material subcutaneously into all the limbs plus 30 mg intraperitoneally, followed by an interval 
of 30 days; the second injection was of 40 mg subcutaneously into the hind limbs. The cells were obtained 
1044 days after the final immunization. The technique of preparation and evaluation of the viability of the 
cell suspension was described previously [2]. The eytopathogenicity of the ceils was judged by the develop- 
ment of runt disease in the mice: the animals were sacrificed I, 3, 5-7, and 1042 days after transplanta- 
tion and the thymic, splenic, and hepatic indices were determined [3]. Acid phosphatase (AP) activity was 
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Fig. 1. Mouse l ive r  a f t e r  t ransplanta t ion  of sens i t ized  r a t  
lymphoid cel ls :  a) 6th day of exper iment ;  foci of p ro l i fe ra t ion  
of mononuclear  ce l l s  in l iver  pa renchyma  (methyl g r e e n - p y r o -  
nine, 200• b) s ame  t ime;  accumulat ion of pyroninophil ic 
b l a s t  cel ls  in di lated hepat ic  sinusoid (methyl g r e e n - p y r o n i n e ,  
400x); c) 10th day of exper iment ;  nec ros i s  in zone of in t ra -  
lobular  p ro l i f e ra t ion  of mononuclear  cel ls  (hematoxylin-eosin;  
140• d) same  section;  edge of necros i s ;  r e m m a n t s  of nuclei 
of dying cel ls  (300x). 

de te rmined  by G o m o r i ' s  method in f rozen  sect ions of the l iver  fixed in ca lc ium formol  and in unfixed 
f resh ly  f rozen  sect ions [5]. In the latter, case  t rue  act ivi ty  of the ly sosomal  enzymes  and the actual  p e r m e -  
abi l i ty of the ly sosome  m e m b r a n e s  were  obtained [5]. ~he subs t ra t e  mixture  cons is ted  of equal volumes  
of a -  and/}-g lycerophosphates .  The incubation t ime for  the fixed sect ions was 2 h and for  the unfixed s e c -  
tions 40-50 rain. Pa ra l l e l  s e r i e s  of paraf f in  sect ions were  stained with hematoxy l in -eos in  and methyl  
g reen -pyron ine~and t r ea t ed  by the indi rec t  Coon's  method. Rabbit  immune s e r u m  agains t  r a t  globulins,  
p rev ious ly  exhausted with a mix tu re  of mouse  s e r u m  proteins  and tes ted  by immunophores i s  and i m m u n o -  
f luorescence ,  was used  to de tec t  s p e c i e s - s p e c i f i c  r a t  globulins.  A luminescent  a s s  s e r u m  agains t  r abb i t  
globulins (prepared  at the N. F. Gamaleya  Insti tute of Epidemiology and Microbiology,  Moscow) was used  
as  the second reagen t .  The same  doses  of ce l l s ,  but previous ly  d is in tegra ted  by f reez ing  and thawing five 
t imes ,  were  used in the control  t e s t s .  
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Fig. 2. Sections of mouse l iver  t r ea ted  by ind i rec t  Coons '  method af te r  
t ransplanta t ion  of r a t  spleen cel ls :  a) 6th day of exper iment ;  r a t  mono-  
nuclear  cel ls  in s inusoids (320• b) s ame  t ime;  donor ' s  cel ls  among 
foci of p e r i v a s c u l a r  inf i l t rat ion (400• c) 10th day of exper iment ;  f luo-  
r e s cence  of hepatocytes  along the course  of the cen t ra l  vein (320• d) 
specif ic  neut ra l iza t ion  of f luorescence  of cel ls  in focus of inf i l t ra t ion 
( se rum agains t  r a t  globulins exhausted with r a t  s e r u m  prote ins ;  (400• 
e) control  sect ion;  2.3 • 107 dis in tegra ted  spleen cel ls  injected at  b i r th  
(320x). 

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

After  t ransplan ta t ion  of the r a t  sp leen cel ls  about 90% of the mice  died f rom an acute f o r m  of GVHR 
on the 8th-12th day of the exper iment .  After  injection of a cell  pool f r o m  the inguinal, ax i l l a ry ,  r e t r o p e r i -  
toneal ,  and m e s e n t e r i c  lymph glands all  the mice  had died by the 5th-7th day a f te r  t ransplanta t ion .  At the 
height of the GVIIR a t rophy  of the thymus and marked  sp lenomegaly  and hepatomegaly  were  obse rved .  

The fo rmat ion  of p r i m a r y  fol l ic les  was d is turbed  in the spleen and lymph glands and pro l i fe ra t ion  of 
r e t i cu lum cel ls  and m a c r o p h a g e s  was obse rved .  

On the 3rd day a f t e r  t ransplanta t ion  of the spleen ce i l s ,  multiple foci of cel l  p ro l i fe ra t ion  of two types 
appea red  in the l ive r .  The foci of the f i r s t  type were  found along the course  of the por ta l  v e s s e l s  and con- 
s i s ted  of dense col lect ions of mononuclear  cel ls  with h y p e r c h r o m i c  nuclei  and basophi l ic  cytop!asm~ and 
a lso  of l a rge ,  pyroninophil ie  b l a s t  ce l l s  with high mitot ic  ac t iv i ty .  The second type of loci  cons is ted  of 
in t ra lobular  loci  of hematopo ies i s  and nodules of p ro l i fe ra t ing  mononuclear  cel ls  of d i f ferent  deg rees  of 
ma tu r i ty*  (Fig. l a ,  b). La t e r  des t ruc t ion  and dis in tegra t ion  of the hepatocytes  took place in these foci 

*Not only cel ls  of the lymphoid s e r i e s ,  but  a lso  Kupffer  ce l l s ,  which a re  components  of a s ingle "mononu- 
c l ea r  phagocytic  s y s t e m  ~' [12], a r e  included among the mononuclear  ce l l s .  
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with the fo rmat ion  of c h a r a c t e r i s t i c  zones of coagulat ion nec ros i s  with round indist inct  outl ines (Fig. l c ,  d). 
Somet imes  the l a ye r s  of hepatocytes  which entered  the zone of p e r i v a s c u l a r  p ro l i fe ra t ion  of mononuclear  
ce l l s  underwent  nec ros i s .  

The injur ies  to the hepatocytes  in the rec ip ien ts  of the lymph gland cel ls  were  m o r e  widespread  in 
c h a r a c t e r .  

In fixed sec t ions  of the l ive r  f r o m  intact  mice  AP was detected in a few Kupffer cel ls  in the f o r m  of 
da rk  brown polymorphic  granules  aga ins t  the background of weak diffuse staining of the cy top lasm,  and 
a lso  as un i fo rm b lack  granules  of  l y s o s o m e s  in the hepa tocytes .  In the unfixed sec t ions  AP was d i scovered  
along the course  of the b i l i a ry  cap i l l a r i e s  and in individual Kupffer  ce l l s .  After  t ransplanta t ion  of d i s in t e -  
gra ted  r a t  lymphocytes ,  the number  of AP-pos i t ive  Kupffer cel ls  was inc reased  and AP act ivi ty was i n -  
c r ea sed  in the endothel ium of the por ta l  and hepat ic  ve ins .  

Three  days a f t e r  t ransplanta t ion  of the r a t  sp leen and lymph gland cells  numerous  AP-pos i t ive  foci 
were  found within the lobules and along the cour se  of the por ta l  t r ac t s  of the l ive r .  These foci consis ted 
of round, diffusely s ta ined mononuclear  cel ls  and a lso  of l a rge ,  polymorphic  Kupffer  monophages with high 
diffuse and g ranu la r  enzyme act iv i ty .  In the adjacent  hepatocytes  there  was apprec iab le  ac t ivat ion of AP, 
which was concent ra ted  in the enlarged granules  and dis t r ibuted diffusely in the cy top lasm of the cel l .  In 
individual cases  the boundar ies  between the mononuc lear  cel ls  and hepa tecy tes  within the focus were  par t ly  
o r  comple te ly  Obli terated.  ' The diffusely stained component  was predominant  because  of damage  to the 
cel ls ,  and the ent i re  focus consis ted  of p r i m a r y  nec ros i s  of hepatocytes  with ve ry  high AP act ivi ty .  

On the 6th day and la te r ,  bes ides  the changes desc r ibed  above,  fusion of the necrot ic  foci had o c -  
cu r r ed :  l aye r  a f t e r  l aye r  in the hepatocytes  showed spontaneous ac t ivat ion of l y sosomal  enzymes ,  leading 
to an  i nc rea se ,  init ially of the g ranu la r ,  and l a t e r  of the diffuse, ac t iv i ty  in the cy toplasm.  The c l ea r ly  
posi t ive G o m o r i ' s  r eac t ion  in the unfixed l ive r  sect ions  was evidence of spontaneous act ivat ion of AP in the 
zones  of  damage  to the hepatocytes .  High AP act ivi ty ,  in the f o r m  of granules  of d i f ferent  s i zes ,  shapes ,  
and intensi ty  of s taining,  was detected in fixed sect ions  in the newly formed foci of secondary  nec ros i s .  In 
many a r e a s  an intense,  diffuse staining by G o m o r i ' s  method was obse rved .  At these  t imes  of the exper i -  
ment  p ro l i fe ra t ion  of the Kupffer  cel ls ,  the endothel ium of the s inusoids and of the por ta l  veins was well  
ma rked ,  and they showed high AP act iv i ty .  At the s i t e s  of es tabl i shed nec ros i s  of the hepatecytes  AP a c -  
t ivity was sharp ly  reduced.  

The t imes  of accumula t ion  of mononuc lea r  cel ls  in the l ive r  coincided with the t imes  of appea rance  
of f luorescent  cel ls  of donor ' s  type.  On addit ion of the a n t i s e r u m  aga ins t  r a t  globulins,  exhausted with 
mouse  s e r u m  pro te ins ,  to the l i ve r  sect ions ,  in 18 of 23 ca se s  speci f ic  f luorescence  of the cel ls  of the in- 
t r ahepa t i c  and p e r i v a s c u l a r  loci of inf i l t ra t ion was obse rved  (Fig. 2). At the height of the GVHR the num- 
b e r  of f luo rescen t  ce l l s  was reduced ,  but by way of compensa t ion  the diffuse f luorescence  of the hepa to -  
cytes  along the course  of the veins and sinusoids was inc reased  on account  of fixation of r a t  globulins 
(Fig. 2c). Rat globulins were  r e g u l a r l y  found in the blood of these mice  [3]. In mice  without the GVHR 
a f t e r  inoculation of no rma l  or  sens i t i zed  spleen ce l l s ,  no f luorescent  donor ' s  cel ls  could be seen  in the l iver .  

It can thus be concluded that  sens i t ized  lymphoid cel ls  of a donor,  when introduced into the rec ip ient ,  
on the one hand died f r o m  contact  with an excess  of speci f ic  antigens [9] and, on the other  hand, they were  
conver ted  through a s tage of pyroninophil ic  b l a s t  cel ls  into immune lymphocytes ,  which can be r ega rded  as  
inducers  of the GVHR [4, 8]. At the same  t ime,  through close contact  between the immunological ly  act ive 
lymphocytes  and speci f ic  ant igens ,  a group of "molecu la r  m e d i a t o r s "  of hypersens i t iv i ty  reac t ions  of d e -  
layed type and of t ransplan ta t ion  immuni ty  [10, 11] was l ibe ra ted  into the medium.  These subs tances ,  t o -  
ge ther  with many  other  ef fec ts ,  can exe r t  posi t ive chemotaxis  on the blood monocytes ,  f r o m  which al l  
c l a s se s  of t i ssue  mac rophages  a r e  fo rmed  [12]. F r o m  the momen t  that  suff icient  macrophages  have accu-  
mula ted  in the zones of p r i m a r y  immunologica l  damage  to the hepatocytes ,  the nonspecif ic  phase  of the 
GVHR begins  and the mac rophages  t h e m s e l v e s  can be r ega rded  as e f fec tors  of this phase,  just  as is a c -  
cepted for  o ther  ce l lu la r  r eac t ions  of immunity  [11]. 

In the cour se  of immunologica l  t r an s fo rma t ion  hyper t rophy  of the ly sosomal  appara tus  takes  place in 
the lyphoid cel ls  [4, 5]. In the expe r imen t s  desc r ibed  above a sha rp  inc rease  in AP act ivi ty  a lso  was o b -  
s e rved  in the mononuc lear  cel ls  at the s i tes  of nec ros i s  of the hepatocytes .  Spontaneous ac t ivat ion of the 
ly sosomal  enzymes  may have occu r r ed  on account  of definite d i s tu rbances  of in t race l lu la r  me tabo l i sm  
a r i s ing  through contact  be tween the immune lymphocyte  and the cor responding  t a rge t  cel l  and leading to the 
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development  of acidosis  [7]. As the r e su l t  of autolysis  of the cell  membrane  the lysosomal  enzymes were  
able to penet ra te  into the surrounding t i ssues  and cause damage to the hepatocytes .  An impor tant  role  in 
the format ion of the extensive zones of secondary  necros i s  was played by the acid hydro lases  of the m a c r o -  
phages, which accumulated in the si tes of the p r im a ry  reac t ion  between the donor ' s  immune lymphocytes 
and the rec ip ien t ' s  hepatocytes .  
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