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Intensive sens i t iza t ion  of lymphocytes  of the blood, lymph glands,  and spleen of mice and 
of rec ip ien t  r abb i t s  to antigens of the donors  of al logeneic and xenogeneic  skin g ra f t  was  
found a few days before  the i r  re jec t ion  by means  of d i rec t  and indi rec t  (using al logeneic  
and xenogeneic f r a g m e n t s  of a tes t  spleen) methods inhibiting migra t ion  of spleen cei ls .  
In the ea r ly  per iods  (2nd-3rd days) a f t e r  t ransplanta t ion  and during the per iod  of m a r k e d  
des t ruc t ion  of the g ra f t s  the i r  sens i t iza t ion to antigens was weaker ,  and this was often ex-  
p r e s s e d  as s t imulat ion of cel l  migra t ion .  Detect ion of lymphocytes  sens i t ized  to donors '  
antigens by the migra t ion  ~est may provide a warning of the impending c r i s i s  of g ra f t  r e -  
ject ion.  

A p rob l em of g r ea t  impor tance  in connection with p r o g r e s s  in organ t ransplanta t ion  is the t imely  di-  
agnos i s  of the c r i s i s  of r e jec t ion  of incompatible  g ra f t s .  Humora l  antibodies of different  t y p e s  (hemagglu-  
t inins,  cytotoxins,  etc.) a re  usual ly found [1, 2, 5] e i ther  a f t e r  death of the g ra f t  or ,  at best ,  at  i ts  beginning. 
This late appearance  of immnnoglobul ins  in the rec ip ient '  s s e r u m  can be explained by the i r  low concen t ra -  
tion through adsorpt ion  in the e a r l i e r  per iods  on the antigens of the g ra f t s  [2, 3]. However,  even  the de-  
tect ion of humora l  antibodies against  donors '  antigens is not an absolute c r i t e r ion  of th rea tened  re jec t ion  
of the graf t ,  for  the main  role  in des t ruc t ion  of the g ra f t s  belongs to sens i t ized  lymphocytes ,  r espons ib le  
for  the reac t ion  of hypersens i t iv i ty  of delayed type [7, 9. 15, 16]. The appea rance  of such cel ls  in the blood 
or  lymphoid organs  can thus be used as a c r i t e r ion  of the onset  of sens i t iza t ion to the g ra f t  and, consequent-  
ly, as a warning of i ts  re jec t ion .  One way of detect ing lymphocytes  sens i t i zed  agains t  var ious  ant igens 
(including t ransplanta t ion  antigens) is by the t es t  based  on inhibition of the migra t ion  of cel ls  (macrophages  
and leukocytes) in vi t ro  [4, 6, 8, 10-14]. 

The poss ib l i ty  of using this tes t  in the diagnosis  of the g ra f t  re jec t ion  c r i s i s  was studied. 

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

Skin a l lograf t s  were  t ransplan ted  onto 16 rabbi t s  (donor and rec ip ien t  we re  of the s ame  breed) ,  on 
80 mice of line B10/D2 f rom C57BL/10Sn mice ,  and on 30 Wis ta r  r a t s  f r o m  August r a t s .  Xenogeneic skin 
g ra f t s  were  t ransp lan ted  onto 30 B10.D2 mice  f r o m  August r a t s .  In addition, autologous or  syngeneic  
g ra f t s  were  t ransp lan ted  onto an imals  of the same  l ines [4]. At var ious  t i m e s  a f t e r  graf t ing  the p r e s e n c e  
of sens i t ized  lymphoeytes  was tes ted  in the rec ip ien t  by d i rec t  and indi rec t  methods of inhibition of m i g r a -  
tion of spleen cel ls  in vi t ro  by the technique desc r ibed  e a r l i e r  [4]. When the d i rec t  method of inhibition of 
migra t ion  was  used, donors '  antigen cells  were  added (final concentrat ion 0.5 �9 10G-1 �9 106/ml) we re  added 
to the f r agmen t s  of r ec ip ien t s '  spleen cult ivated in vi t ro  on cover s l ips  in med ium No. 199 with 15% inac-  
t ivated guinea-pig  s e r u m .  If the spleen cells  were  sens i t ized  against  this  antigen, inhibition or  s t imulat ion 
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Fig.  1. Effect  of donors '  antigens on migra t ion  of rec ip ien t s '  spleen cells  
c o m p a r e d  with migra t ion  of the same  cel ls  without ant igens.  Continuous line 
with four  c i r c l e s  shows action of antigens of donor r a t s  on migra t ion  of spleen 
cel ls  of rec ip ien t  mice;  continuous line with empty  c i r c l e s  r e p r e s e n t s  act ion 
of the same antigens on migra t ion  of spleen cel ls  of intact  mice;  broken  line 
with fil led c i r c l e s  r e p r e s e n t s  effect  of antigens of donor mice  (C57B1/10Sn) 
on migra t ion  of spleen cel ls  of rec ip ien t  mice  (B10 �9 D2) ; b roken  line with 
empty  c i r c l e s  r e p r e s e n t s  effect  of the same antigens on migra~lon of spleen 
cells  of intact  mice .  Each point on curves  r e p r e s e n t s  data for  t h r e e - s i x  ani-  
ma l s  giving s t imulat ion g r e a t e r  than 1.0 o r  inhibition less  than 1.0 of m i g r a -  
tion. 

Fig.  2. Inhibition or s t imulat ion of migra t ion  of spleen cei ls  of intact a l ioge-  
neic an imals  under the influence of supernatant  of lymph gland or  blood leuko- 
cytes  of rec ip ien t s  incubated with donors '  ant igens,  re la t ive  to migra t ion  of 
cel ls  of the same spleen: a) in p r e sence  of supernatant  of rec ip ien ts '  leuko-  
cytes  without antigen; b) in medium; c) in p r e sence  of supernatant  of r ec ip i -  
ents '  leukocytes  incubated with intact  antigen; d) in p resence  of supernatant  of 
leukocytes  of intact  an imals  incubated with donors '  antigens; e) in p r e sence  
of supernatant  of rec ip ien t s '  leukocytes  d is in tegra ted  by f reez ing  and incu- 
bated with donors '  antigens; I) supernatant  of lymph gland cel ls  of mice r e -  
ceiving a l lograf ts ;  II) supernatant  of lymph gland cells;  III) blood leukocytes  
of rec ip ien t  rabbi t s .  In every  case ,  unless  spec ia l ly  mentioned, P < 0.05-0.02. 

of the i r  migra t ion  f r o m  the f r agmen t s  was obse rved .  In the d i rec t  method the supernatant  obtained a f t e r  
p r e l im ina ry  incubation of blood leukoeytes or  lymph gland cei ls  with donors '  cel ls  for 24 h at 37~ was 
tes ted  for  i ts  abil i ty to inhibit the migra t ion  of spleen cel ls  of intact an imals .  F o r  this purpose  p ieces  of 
spleen of an imals  of the same spec ies  or  line as the rec ip ien ts  and also of other  l ines or  spec ies  were  used. 
Appropr ia te  controls  [4] were  se t  up (Figs .  1 and 2). 

EXPERIMENTAL RESULTS 

When the direct method of inhibition of migration was used, on the 3rd day after transplantion donors' 
antigens were shown to inhibit (index of inhibition of migration < 1.0) or to stimulate (index of stimulation 
of migration > 1.0) the migration of spleen cells of mice receiving allogeneic or xenogeneic skin grafts 
(Fig. i). Stimulation and inhibition of migration reflect different degrees of sensitization to antigens [19, 
20]. If strong sensitization to the donors' antigens was present in some mice, inhibition of migration was 
observed, while weak sensitization of other animals under the same experimental conditions led to stimula- 
tion of the migration of spleen cells. The strongest inhibition of migration was observed in the period 
preceding rejection of the grafts (Fig. I). The degree of sensitization could depend not only on the number 
of sensitized cells in the lymphocyte population but also, evidently, on their sensitivity to the antigen. 

It was shown by the indirect method that the supernatant obtained after incubation of viable blood 
leukocytes or lymph gland cells from the recipients with the donors' antigens inhibited migration of the 
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spleen cel ls  of the intact  an imals  (Fig. 2). The supernatant  of sens i t ized  cel ls ,  incubated with antigens and 
d is in tegra ted  by f reez ing  and thawing, did not affect  migra t ion  or had a weaker  effect .  By means  of this 
method sens i t ized  cells  we re  found in the blood and lymph glands of some rabbi t s  2 days a f t e r  t r ansp l an t a -  
tion, and in the lymph glands of mice  3 days a f t e r  t ransplanta t ion  (F ig .  2). The migra t ion- inhib i t ing  fac tor  
s ec re t ed  by sens i t ized  lymphocytes  into the supernatant  under the influence of the speci f ic  antigen, it will  
be noted~ was ne i the r  s t r a i n - s pec i f i c  nor  s pec i e s - spec i f i c .  Fo r  instance,  the supernatant  obtained a f te r  
incubation of lymph gland cel ls  of B10. D2 rec ip ien t  mice  with antigens of C57B1/10Sn donors  was able 
to inhibit the migra t ion  of spleen cells  of mice  belonging to l ines  C3H/He and A. On the o ther  hand, the 
supernatant  obtained a f t e r  incubation of leukocytes  of r abb i t s  rece iv ing  a l lograf t s  with the donors '  antigens 
was able to inhibit migra t ion  of the spleen cells  of intact  mice by compar i son  with the con t ro l s .  This las t  
observa t ion  a g r e e s  with those obtained by o ther  w o r k e r s  [7]. Somet imes  the supernatant  of r ec ip ien t s '  
lymph gland cel ls  incubated with intact  antigens obtained f r o m  other  rabbi t s  had some effect  on migra t ion  
of the tes t  spleen cel ls .  This  effect  was evidently due to the p r e sence  of common isoant igens in the intact  
an imals  and in the donors .  In fact,  migra t ion  of spleen cel ls  of B10 .D2 mice  rece iv ing  skin g ra f t s  f r o m  
C57B1/10Sn mice  w e r e  inhibited by ant igens of lymph gland cel ls  of CC57W mice ,  containing the s ame  
a l lospec i f ic i t ies  of the H-2 locus as the donors ,  but not by antigens of lymph glands of BALB/c  mice ,  de -  
ficient in these a l lospec i f ic i t i es .  

In the per iod  of m a r k e d  des t ruc t ion  of al logeneic (9th-10th days) and xenogeneic (6th day) g ra f t s ,  the 
r e su l t s  of both the d i rec t  and the indirect  migra t ion  methods showed that sens i t iza t ion  could be diminished 
(Figs.  1 and 2), p r e s u m a b l y  because  of the par t ic ipa t ion  (and, perhaps ,  the death) of the sens i t i zed  cel ls  in 
the des t ruc t ion  of the g ra f t s .  This evidently could not have been the r eason  why the supernatant  of the 
blood leukocytes  obtained f r o m  rec ip ien t  rabbi t s  on the 9th day a f te r  graft ing,  and incubated with donors  
antigens,  had no effect  on migra t ion  of the a l logeneic  splenic tes t  ce l ls .  However,  definite inhibition of 
migra t ion  of the spleen cel ls  of intact  rabbi t s  was  obse rved  in the supernatant  of lymph gland cel ls  taken 
at the same t ime and incubated with donors '  ant igens.  In the per iod  immedia te ly  a f te r  r e jec t ion  of the 
graf t s ,  sens i t iza t ion of the cel ls  was  cons iderable ,  but l a t e r  it weakened apprec iab ly .  

The r e su l t s  of both the d i rec t  and indi rec t  t es t s  of inhibition of migra t ion  of spleen cel ls  in vi t ro  thus 
showed that lymphocytes  sens i t ized  to donors '  antigens appea r  in the blood, lymph glands,  and spleen of the 
rec ip ient  before  re jec t ion  of the g ra f t s .  Sensi t izat ion r eaches  its m a x i m u m  a few days before  the beginning 
of g ra f t  re jec t ion,  and has begun to weaken at  the t ime of marked  des t ruc t ion  of the graf t .  Since the p a r t i c -  
ipation of sens i t ized  cel ls  in the p r o c e s s  of g ra f t  des t ruc t ion  is genera l ly  accepted,  the appea rance  of these 
cel ls  can be used as a c r i t e r ion  of the onset  of sens i t iza t ion and the impending c r i s i s  of re jec t ion .  The use 
of the macrophage  migrat ion-inhibi t ion tes t  in cap i l l a ry  tubes [8, 11, 13] or  of the indirec~-spleen-cel l  
migrat ion-inhibi t ion t e s t  [4] with f r agments  of xenogeneic  t es t  spleen enables  these methods to be  used in 
clinical  p rac t i ce .  
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