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A para l le l  study was made of cytotoxic T lymphocytes (CTL) and suppresso r s  induced by immu- 
nization in the H-2 sys t em and inhibiting the activation of DNA synthesis  in mixed cul tures .  Un- 
like the CTL, the suppres so r s  do not adhere  specif ical ly to a monolayer  of t a rge t  cells ,  a re  not 
inactivated by t r ea tmen t  with an t i -0  se rum and complement,  and the i r  action is nonspecific: 
They  inhibit the activation of DNA synthesis  induced by any s t imulator  ce l ls  whatsoever  and 
also by phytohemagglutinin and concanavalin A. CTL and supp re s so r s  a re  different  populations 
of ef fec tor  cel ls  which can be separa ted  f rom each other .  

KEY WORDS: mixed lymphocyte cultures;  suppressors ;  activation of DNA synthesis;  cytotoxic 
T lymphocytes .  

Immunizat ion of mice  with al logeneic spleen cel ls  [14, 17] or tumor  cel ls  [5] induces not only cytotoxic 
T lymphocytes (CTL}, but a lso suppresso r  ce i ls  which block react ions  of cel lular  immunity. One such r e a c -  
tion, highly sensi t ive  to the inhibitory action of suppresso r s ,  is unidirect ional  b las t  t r ans fo rmat ion  in a mixed 
lymphocyte  cul ture  (MLC), a model of immunologic identification in vi t ro .  However,  it is not yet  c lear  whether 
the blocking of  b las t  t r ans fo rma t ion  is connected with the c~o tox ic  action of CTL on s t imula tors  of blast  t r a n s -  
format ion  [12] or  with the act ivi ty of a population of suppressor  cel ls  that differ  f r o m  CTL in a number of 
fea tu res  and have no eytotoxic action on ta rge t  cells (TC}. Data on dif ferences  in the dynamics of format ion 
of CTL and suppres so r s  during immunization in vivo [5, 14, 15] and in vitro [13] and in the i r  local izat ion in 
the lymphoid organs  a r e  indirect  evidence that the act ivi ty of the suppres so r s  is not connected with CTL. 

In the investigation descr ibed  below the p rope r t i e s  of CTL were  compared with those of suppresso r s  
found by the wr i t e r s  previous ly  and induced during immunization of mice in the same H-2 sys tem [5]. The 
wel l -s tudied p roper t i e s  of CTL, namely the i r  ability to adhere  specif ical ly  to a TC monolayer  [1, 2], h ighspec i -  
f ici ty of lys is  [4], and sensi t ivi ty of the CTL to anti-  ~ antibodies [10], including in the sys tem now used [3], 
were  chosen for this purpose;  

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

B10.D2(H-2d) or B A L B / c ( H - 2  d) mice  were  immunized by single subcutaneous injections, at  five separa te  
points,  of asc i tes  cel ls  of a s a r coma  MCh- l l ,  induced and maintained in C5 7 BL/1 0  (H-2 b) mice (abbreviated 
to B10). Lymphocytes  were  obtained f rom the regional  lymph nodes 8 days af ter  immunization.  

To set  up the MLC equal volumes of reac t ing  cel ls  of lymph nodes and stimulating cells of allogenic 
spleen, i r radia ted  in a dose of 1500 rad,  were mixed. In some exper iments  DNA synthesis  was act ivated by 
mitogens: phytohemagglutinin (PHA-P f rom Difco) or  concanavalin A (Con A f ro m  Calbiochem). The  doses  of 
the cells ,  the cul ture  medium, the conditions of cul ture in wells  in microdisks ,  and the method of determinat ion 
of DNA synthesis  were  all descr ibed  previously  [5]. Samples were  applied to f i l te rs  af ter  cul ture for  96-120 h 
in MLC or incubation for 72 h with mitogens 16 h af ter  the addition of 1/~Ci [3H]thymidine (1 C i /mmole ) .  The 
incorporat ion of [~I]thymidine was measured  in a scinti l lat ion f i - spec t romete r  (Mark H f rom Nuclear  Chicago, 
USA). 
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Fig. 1. Adsorpt ion of B10.D2 anti-B10 lymphocytes on TC: 1) original 
immune lymphocytes;  2) lymphocytes  adsorbed on B10 TC; 3) the same,  
on B10.D2 TC.  I, I~ M) No. of exper iment .  Ordinate: left) cytotoxic 
effect  re la t ive  to B10 TC (unshaded columns), right) dec rease  in act iva-  
tion of DNA synthesis  (B10 cells  as s t imulators)  compared  with normal  
lymphocytes  (shaded columns).  

Fig.  2. Activation of DNA synthesis  by s t imulators :  B10.D2 (1), B10 (2), 
B 1 0 ~  (3), A.CA (4), DBA/1  (5), D B A / 2  (6), R107 (7), 2R (8), PHA 2.5 
~ l / m l  (9), Con A 10 /~g /ml  (10). Unshaded columns denote normal,  
shaded columns immune B10.D2 anti-B10 lymphocytes .  Ordinate,  IS. 
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Fig. 3. Effect of anti- ~ anti- 
bodies on blocking of activation 
of DNA synthesis  by immune 
lymphocytes  in MLC. B10 cel ls  
were  s t imula tors .  2) Control 
t r ea tmen t  with cul ture  medium; 
3) with normal  mouse s e ru m  
1 /3  + complement;  4) with anti-  
0 s e rum  1 / 3 +  inactivated com-  

plement;  5) with ant i -0  se rum 
1 /3+complemen t :  I, II, M) 
No. of exper iment .  Ordinate,  

of normal  B A L B / c  lympho- 
cytes  (1) and m ~ e  of them 
(10: 1) with immune B A L B / c  
anti-B10 lymphocytes  (2-5). 
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As a control,  e i ther  a mix tu re  of r eac t ing  and syngeneic s t imulat ing lymphocytes  or  twice the volume of 
s t imulat ing and r eac t ing  cel ls  s e p a r a t e l y  (monocultures)  were  incubated in MLC. The  index of s t imulat ion 
(IS) of DNA synthes is  was a s s e s s e d  as  the ra t io  between incorpora t ion  of [3H]thymidine (in cpm) into al logeneic 
MLC and incorpora t ion  into syngeneic MLC or half  the combined incorpora t ion  into the monocul tures .  

F o r  the cytotoxic test ,  based  on l ibera t ion  of 51Cr f r o m  labeled macrophages ,  the mic rova r i an t  descr ibed  
in [5] of the method [6] was used.  

Adsorpt ion  of the immune lymphocytes  on the monolayer  of mac rophages  was c a r r i e d  out for  3-4 h by 
the  method desc r ibed  p rev ious ly  [2]. Nonadherent  lymphocytes  were  col lected and counted, and the cytotoxic 
act ivi ty  and abil i ty to r e a c t  in the MLC were  de te rmined  at  the s a m e  t ime .  

Ant i -  0 s e r u m  obtained by the method descr ibed  in [16] was used to t r e a t  the lymphocytes  at  the r a t e  of 
1 ml s e r u m  to 2 . 1 0  v ce l l s .  Af te r  incubation of 30 min at  20~ the lymphocytes  were  centrifuged and the r e s i -  
due of cel ls  was incubated in 1 ml nontoxic guinea pig complement  (1: 3) for  1 h at  37~C, followed by washing 
th ree  t i m e s .  T r e a t m e n t  with cul ture  medium, with no rma l  mouse  s e r u m  and complement ,  and also with ant i -  0 
s e r u m  and inact ivated complement  were  used as the cont ro ls .  After  t r ea tmen t  all suspens ions  were  counted and 
equalized for  concentra t ion of l iving cel ls .  Under these  conditions the ant i -  0 s e r u m  in dilutions of up to 1: 27 
killed up to 20-25% of lymph node ce l l s  of B A L B / c  mice .  

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

After  adsorpt ion  of the CTL by the corresponding al logeneic TC the cytotoxic act ivi ty  of the nonadherent  
lymphocytes  fell by 75-85%. This  d e c r e a s e  in the cytotoxic index was specif ic ,  for it was not obse rved  during 
analogous adsorpt ion  with syngeneic TC (Fig. 1). It will be c lea r  f r o m  Fig.  1 that  in the s ame  exper imen t s  
the  abi l i ty of the immune lymphocytes  to inhibit ac t ivat ion of DNA synthes is  in MLC was not r educed  a f t e r  
adsorp t ion  e i ther  by al logeneic or  by syngeneic TC. Thus unlike CTL,  the s u p p r e s s o r s  do not adhere  to TC 
under  the expe r imen ta l  conditions used.  

As was  shown prev ious ly ,  highly specif ic  CTL r e a c t  with "fore ign"  TC when c r o s s e d  with immunizing 
TC only with r e s p e c t  to spec ia l  H-2  speci f ic i t ies  [4]. As  Fig.  2 shows, immune B10.D2 ant i -B10 lymphocytes  
synthesize  much l e s s  DNA than n o r m a l  lymphocytes  following contact  with s t i m u l a t o r s  not only of the B10, but 
also of other  l ines  with a c r o s s i n g - o v e r  with B10 for  both spec ia l  (R107 and 2R) and for  s epa ra t e  genera l  H-2 
spec i f ic i t i es  (B10.A, A.CA, and DBA/1)  [7]. It  is a lso  c l ea r  f r o m  Fig. 2 that  immune lymphocytes  r e a c t  in 
MLC to a l e s s e r  degree  than normal ,  even on D B A / 2  cel ls ,  which a r e  identical with the reac t ing  B10.D2 ce l l s  
with r e s p e c t  to the H-2  s y s t e m  but differ  f r o m  them in the i r  M locus [I1]. In all  these  c a s e s  not only was IS 
reduced,  but the absolute  incorpora t ion  of [3H]thymidine into the immune lymphocytes  a lso  was reduced,  a l -  
though by a l e s s e r  degree ,  com pa red  with normal .  IS also was substant ia l ly  lower in the immune than in nor -  
mal  lymphocytes  in the reac t ion  to PHA and Con A (Fig. 2). 

Unlike the highly specif ic  CTL, the s u p p r e s s o r s  contained in the same  suspension of immune 1ympho- 
cy tes  a r e  thus nonspecif ic:  They  inhibit act ivat ion of DNA synthes is  in T cel ls  induced by any of the s t imu-  
l a to r s  used.  

Activat ion of DNA synthes is  in MLC is  blocked by the addition of only 10% of immune lymphocytes  to 
no rma l  lymphocytes  [5]. If immune  B A L B / c  lymphocytes  with ant i -B10 were  t r ea t ed  with anti-O s e r u m  and 
complement ,  and then added to n o r m a l  syngeneic lymphocytes ,  the i r  blocking act ivi ty  was comple te ly  p r e s e r v e d  
(Fig. 3). In the s a m e  exper imen t s ,  act ivi ty  of CTL was inhibited by ant i -  0 s e r u m  by 90-95% (control  t r e a t -  
ment  did not change the cytotoxic effect) .  By con t ras t  with CTL,  the s u p p r e s s o r s  a r e  thus not inactivated by 

ant i -  0 s e r u m .  

T h e s e  r e s u l t s  indicate that  inhibition of the  act ivat ion of DNA synthes is  by s u p p r e s s o r s  in MLC is not 
due to the i r  cytotoxic action on the TC inducing this  act ivat ion.  Moreover ,  the s u p p r e s s o r s  can be separa ted  
f r o m  CTL contained in the s a m e  suspens ion of immune lymphocytes  both by adsorpt ion  on a TC monolayer  
and by t r e a t m e n t  with ant i -  0 s e rum .  The absence  of specif ic i ty  of action of the s u p p r e s s o r s  ag r ee s  with data 
obtained with other  models  [13, 14] and may be due to polyclonal  act ivat ion of p r e c u r s o r s  of the s u p p r e s s o r s  
during immunizat ion  with H-2  ant igens.  Since ant i -  8 s e r u m  does not inact ivate  the s u p p r e s s o r s ,  this  sugges ts  
that  they e i ther  contain li t t le 0 antigen or  that  they a r e  not T lymphocytes  at  all .  Supp re s so r s  thus differ  both 
f r o m  CTL and f r o m  the T cel ls  that  p roduce  med ia to r s  of hypersens i t iv i ty  of delayed type, which a r e  highly 
sens i t ive  to ant i -  O antibodies [9] and which act  specif ical ly ,  although l e s s  se lec t ive ly  than CTL [8]. This  means  
that  H-2  ant igens induce a s p e c t r u m  of subpopulations of e f fec tor  lymphocytes ,  the his togenet ic  r e l a t ions  and 
in terac t ion  between which a r e  of cons iderab le  in teres t .  
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EFFECT OF PRELIMINARY INJECTION OF ALLOGENEIC 

CELLS ON TRANSPLANTATION IMMUNITY IN MICE 

RECEIVING CYCLOPHOSPHAMIDE 
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a nd  E .  I .  R u b a k o v a  
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Injection of 1• 108 C57BL/6 mouse spleen cells into CBA mice 1 day before treatment with cy- 
clophosphamide (CP) was shown to promote survival of 2 x 107 allogeneic or semiallogeneic cells 
injected later (3-6 h after CP). The cri ter ion of survival was the ability of the donor ceils to 
produce antibodies against sheep's red blood cells in recipients tolerant to this antigen. Injec- 
tion of 1 • l0 s allogeneic cells 2 days before CP treatment had no protective effect. After intra- 
venous immunization with allogeneic cells, killer cells began to appear in the recipient 's  spleen 
as ear ly  as on the 2nd day, and their number reached a maximum on the 5th day. The resul ts  
suggest that CP eliminates the recipient 's  lymphocytes responding to transplantation antigens, 
but the killer cells already formed are  resistant  to the action of CP. 

KEY WORDS: transplantation immunity; tolerance; killer cells, cyclophosphamide. 

The wri ters  showed previously that by combined injections of nonlethal doses of cyclophosphamide (CP) 
and spleen cells of (CBA • C57BL/6)F i hybrid mice, a long-lasting (up to 12 days) semiatlogeneic chimerism 
of the lymphoid tissue can be induced in adult CBA mice [1, 2]. This chimerism is accompanied by tolerance 
to the donors'  t issues, which differ from those of the recipient in their strong H-2 antigens. It has been shown 
that a transplanted allogeneic hear t  will survive for a long time, for 5 months or more, in such mice [4]. The 
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