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Details of a tes t  based on inhibition of the migrat ion of spleen cel ls  in the presence  of spe- 
cific antigens are  described.  The use of di rect  and indirect  vers ions  of this test  revealed 
sensit ization of spleen and lymph gland cells  to antigens of donors of allogeneic and xeno- 
geneic skin graf ts  after  transplantat ion in mice, ra ts ,  and rabbits.  

Inhibition of migra t ion  of macrophages  in vi tro in the presence  of specific antigens is used as a tes t  
for  hypersensi t iv i ty  of the delayed type observed during sensit ization by cer ta in  antigens [6, 7, 10-12] and 
by skin graf ts  [1, 5, 8, 9]. The investigation to be descr ibed below, as well as others  [2-4], has  shown that 
this tes t  is specific and sensitive and that i ts resu l t s  agree on the whole with those of skin tes ts .  If the 
cells  of an exudate or  pure macrophages  are  used, the migrat ion test  is ca r r i ed  out in capi l lary tubes [2, 

10], while if pieces of spleen a re  used, it is ca r r i ed  out in special 
chambers  [10, 11]~ 

Inhibition of migrat ion of spleen cells  in vi t ro  has been used 
by the wr i t e r s  as a test  for sensit ization of the cel ls  of animals r e -  
ceiving allogeneic or xenogeneie skin graf ts .  

Skin graf ts  (12 • 6 ram) f rom mice of line B10D2 were grafted 
on the dorsum of mice of the coisogeneic line C57BL/10Sn. Skin 
graf ts  (25 • 12 ram) f rom mice of line CBA/He or  ra t s  of the 
August line were  grafted onto Wistar  ra ts .  Noninbred rabbits  were 
grafted with skin (35 x 20 ram) f rom rabbits  of another color.  After 
appropriate  preparat ion,  the skin graf ts  were fixed to all the ani- 
mals  by a continuous suture and held in position by a p res su re  
bandage. Antibiotics were given. 

Cultivation. Sterile, chemical ly pure cover  slips (24 x 24 ram) 
were  f ramed by immers ing  their  edges for 2 mm in molten paraf-  
fin containing 5~o wax. F raming  in this manner  prevented the me- 

Fig. 1. Inhibition of migra t ion  of dium f rom escaping. The cover  slips were  placed on glass  slabs 
spleen cells  of recipient  r a t s  after  (12 x 40 cm), and 0.25-0.35 ml of medium No. 199 containing 20-30% 
addition of antigens f rom donor mice:  inactivated (56~ 30 rain) s e r u m  was applied to each cover slip. 
a) piece of spleen of recipient  ra t  Penicill in and s t reptomycin (100 units/ml of each) were  f i r s t  added 
without antigen; b) the same with to the medium. Pieces  of spleen measur ing  up to 2 x 3 ram, washed 
mouse antigen; c) piece of spleen of with medium No. 199 to remove blood, were  placed in the center  of 
control  ra t  without antigen; d) the the cover slips. The pieces were  usually taken f rom the subcapsu- 
same with mouse antigen, lar  part  of the spleen, opposite to the hilus. For  this purpose,  the 
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Fig. 2. Inhibition of migrat ion of 
spleen cells  of intact animals  after  
addition of lymph gland cells  of r e -  
cipients and antigens of donors to 
them, compared  with migrat ion of 
cel ls  of same spleen in pure medi-  
um (a), and in the presence  of re -  
cipients '  lymph gland cel ls  without 
antigen (b), or the same cells  with 
intact antigen (c), rec ip ients '  cells  
killed by freezing,  with donor ' s  an- 
tigen (d), lymph gland cells  of in- 
tact  animals  with donor ' s  antigen 
(e), and donor ' s  antigen alone (l). 
I) Lymph glands of r a t s  (5) on 8th 
day after  xenogeneic grafting (P < 
0.05-0.01); I1) lymph glands of ra t s  
(5) on l l t h  day after  allogeneic 
graft ing (P < 0.05-0.01); Ill) lymph 
glands of mice (4)on  20th day after  
allogeneic grafting (P < 0.05-0 02). 

spleen was cut into par ts  in two mutually perpendicular  planes 
so that the capsule covered  only the topside of the piece.  Cover 
slips with the pieces applied to them were  covered by special 
glass  caps. Sometimes a group of these cover  slips was cov- 
ered  by a Petr i  dish. In that case,  to prevent drying, several  
drops of s ter i le  water  were  applied to the inner surface of the 
dish. The edges of the caps and dishes were  f ramed with mol-  
ten paraffin. The chambers  were  incubated at 37~ for 48 h. 
However, as  special  exper iments  showed, the resu l t s  can be 
read  after 24 h. 

Pieces  of mouse spleen were cultivated in medium No. 
199 containing 20% inactivated guinea pig serum, pieces of rab- 
bit spleen were  cultivated in medium No. 199 with 20% homo- 
logous or  autologous serum,  and pieces of ra t  spleen also in 
medium No. 199, but with not less  than 30% of serum.  

Analysis  of Migration. The zones of migrat ion and the 
a rea  of the piece of spleen (Fig. 1) were measured  with an 
ocular  scale (20 divisions = 1 ram) under a s tereoscopic  mi-  
croscope giving a magnification of 16-20 t imes.  Some of the 
medium was f i r s t  removed.  The mean radius of migrat ion was 
found f rom eight mutually p6rpendicular radii measured.  Since 
the radius of migrat ion largely  depended on the size of the 
piece, the migrat ion index (M1) was determined as the ratio be- 
tween the mean radius  of migrat ion and the a rea  of the piece 
of spleen: 

mean radius of migrat ion 
MI = 

a rea  of piece of spleen. 

If the pieces were  unequal in thickness (in rabbits) ,  the 
thickness was measured  by the mic rome te r  screw of the mi-  
croscope;  in such cases  the migrat ion index was determined 
as the rat io between the mean radius of migrat ion (in mil l i -  

meters) and the volume of the piece (in cubic mi l l imeters) .  The migrat ion index was determined at the 
same t ime by a g rav imet r i c  method. The slab with the cover  slips was placed in the position of the f rame 
of a photographic en larger ,and  the image of the piece and the zone of migrat ion,  magnified 10-15 t imes,  
was projected on a flat sheet of squared paper on which their  outlines were t raced.  The migrat ion index 
was  found as the rat io between the weight of the image of the zone of migrat ion and the weight of the image 
of the piece. In some cases  the zones of migrat ion were  photographed in a s imi lar  manner,  in which case 
their  image was projected on photographic paper.  The inhibition of migrat ion index (IM1) was calculated 
by the formula: 

IMI = migration index in experiment (with antigen) 
migration index in control (without antigen) 

From each spleen of 3 to 5 recipients ,  3-10 pieces were cultivated with antigen and the same number 
in the control  without antigen. A second paral lel  control  was set up (for antigen toxicity) ; pieces of spleen 
of intact animals were cultivated under the same  conditions. In addition, the specificity of inhibition of mi-  
grat ion was tes ted by adding intact antigens to other experimental  chambers .  In the case of rabbits  sensi-  
t ized with allogeneie grafts ,  antigens of intact rabbits  were used for this purpose,  antigens of C3H mice 
were  used for the mice,  and antigens of noninbred ra t s  for the ra ts .  Lymph gland cells  in a number of 
5-10 - 104 to each chamber  were  used as the antigens. Statistical analysis  of the resu l t s  was  ca r r i ed  out 
by Student' s method. After  measu remen t  of the migrat ion zones the cells were fixed with methanol and 
stained with hematoxyl in-eosin.  

The experimental  resu l t s  showed that lymph gland cells (antigen) of donor animals (or lines of donors) 
inhibited migrat ion of the cells  of the pieces of spleen obtained f rom the recipients  (Fig. 1). 
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Fig. 3. Inhibition of migra t ion  of 
spleen ce l l s  f r o m  intact  an imals  in 
the p r e sence  of supernatant  f r o m  r e -  
c ip ients '  lymph gland ce l l s  incubated 
with donors '  ant igens,  compared  with 
migra t ion  of s ame  spleen ce l l s  in m e -  
dium (a), and in p r e sence  of superna-  
tant  f r o m  rec ip i en t s '  lymph gland 
ce l l s  without antigen (b) ; of same 
ce l l s  incubated with intact ant igen(c) ,  
of same  ce l l s  d is t in tegra ted  and in- 
cubated with donors '  antigens (d) ; of 
lymph gland ce l l s  f r o m  intact  an imals  
incubated with donors '  antigens (e). 1) 
Lymph glands of r abb i t s  (3) on16th day 
a f te r  al logeneic graf t ing  (P<  0.01); I1) 
lymph glands of mice  (3) on 20th day 
a f te r  al logeneic g ra f t ing(P  < 0.05-0.001) ; 
II1) lymph glands of r a t s  (3) on 8th day 
a f te r  al logeneic graf t ing (P < 0.05- 0.2). 

Most of the cel ls  migra t ing  on the sur face  of the g l a s s  
f r o m  the p ieces  of spleen were  mac rophages  of b las t - l ike  cel ls ,  
and the re  we re  cons iderable  number s  of lymphocytes ,  giant 
cel ls ,  and ce l l s  of unknown nature .  Imma tu re  eosinophils  we re  
seen; other  granulocytes  we re  usual ly  not p resen t  in the zones 
of migra t ion .  After  addition of the antigen to the p ieces  of 
spleen of the sens i t ized  an imals ,  foci of k a r y o r r h e x i s w e r e  found. 

Study of Sensit izatio~ of Lymph Gland Cells .  Explants  of 
lymph glands were  found to be unsuitable for  the study of cel l  
migra t ion  (because of the smal l  amount of m a t e r i a l ,  the diffi- 
culty of f ree ing  the explants  f r o m  the capsule,  and the r e l a -  
t ive ly  weak migra t ion  of the cel ls) .  Sensit ized lymphocytes ,  
on contact  with antigen, a r e  known to s ec re t e  a fac tor  inhibiting 
migra t ion  [2-4]. To study the sensi t izat ion of the lymph gland 
cel ls ,  two ve r s ions  of the indirect  method were  t he re fo re  used. 

1. Suspensions of viable  lymph gland cel ls ,  or  of lymph 
gland cel ls  killed by repea ted  f reez ing  and thawing (control),  
f r o m  r e c i p i e n t s  (0.5-2 �9 10%, were  added to c h a m b e r s  contain-  
ing p ieces  of spleen of intact  an imals .  Antigen, consis t ing of 
living ce l l s  (0.5 �9 105) f r o m  lymph gland ce l l s  f r o m  an imals  which 
were  d o n o r s ( o r  belonged to the donors '  line) of the skin g ra f t s  
was added (or not a d d e d -  control) to the c h a m b e r s .  The same 
number  of lymph gland ce l l s  f r o m  intact  an imals  and the same 
antigen (Fig. 2) we re  added to other  control  c h a m b e r s .  

2. Suspensions of ce l l s  (20-30 �9 10G/ml) obtained f r o m  
the lymph glands of r ec ip ien t s  o r  intact  an ima l s  we re  incubated 
in tubes for  24-48 h at 37~ in med ium No. 199 with s e ru m.  
Antigen ce l l s  in a number  of 0.5-1.105 or intact antigen (0nly to 
exper imenta l  samples)  in the same number ,  were  added to some 
of the tubes containing r ec ip i en t s '  lymph gland ce l l s  and to all  
tubes containing ce l l s  f r o m  intact  an imals .  In addition, control  

tubes we re  set up, to which r ec ip i en t s '  lymph gland ce l l s  d is in tegra ted  by freezing,  and living antigen ce l l s  
w e r e  added. The superna tant  of the incubated mix tu r e s  was  t e s t ed  for  i ts  abi l i ty to inhibit migra t ion  of 
spleen ce l l s  f r o m  norma l  an imals  when added to the c h a m b e r s  in a volume of 0.05-0.1 ml.  Some p ieces  of 
the t es t  sys t em were  incubated without supernatant  (Fig. 3). 

In both the f i r s t  and second v e r s i o n s  of the exper iment ,  lymph gland cel ls  of an imals  sens i t ized by 
al logeneic or  xenogeneie skin graf t s ,  incubated with donor ' s  antigens,  or  the supernatant  obtained a f te r  such 
incubation was found to be capable  of inhibiting migra t ion  of the spleen ce l l s  of intact an imals  (Figs.  2 and 3). 
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