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I N D U C T I O N  O F  T - S U P P R E S S O R S  D U R I N G  

W I T H  A L L O G E N E I C  S P L E E N  C E L L S  

IN T H E  M O U S E  H - 2  S Y S T E M  

A.  V .  K a r a u l o v ,  I .  F .  A b r o n i n a ,  
a n d  B.  D.  B r o n d z  

I M M U N I Z A T I O N  

UDC 612.411. 017.1 

The nature of s u p p r e s s o r  cel ls  contained in a suspension of splenic lymphocytes  immunized with 
al logeneic spleen cel ls  and inhibiting act ivat ion of DNA synthesis  in mixed lymphocyte  cul tures  
was studied. The s u p p r e s s o r  cel ls  were  r e s i s t an t  to mi tomyc in  C and ca r rageen in ,  were  not 
inact ivated by t r e a t m e n t  with rabbi t  an t i -B-  and ant i - Ig  or  mouse  antibodies (anti-Mls se rum)  
against  B- lymphocytes ,  in the p r e s e n c e  of complement ,  but were  el iminated by rabbi t  ant i lympho-  
eytic globulin and also by antibodies against  T - lymphocy te s  (rabbit  ATG and a n t i - 0 - s e r u m ) .  The 
T - s u p p r e s s o r s  studied were  concentra ted  in the large lymphocyte  f rac t ion  in a f icoll  gradient .  
Blocking of act ivat ion of DNA synthes is  by these  cel ls  has a we l l -marked  nonspecif ic  compo-  
nent. 

KEY WORDS: 
rageenin .  

mixed  lymphocyte  cul ture;  T - s u p p r e s s o r s ;  act ivat ion of DNA synthes is ;  c a r -  

Immunizat ion of mice  with al logeneic spleen cel ls  or  t umor  cel ls  leads to the fo rmat ion  of s u p p r e s s o r  
cel ls  of macrophaga l  and T -ce l l  origin,  which block act ivat ion of DNA synthes is  in a one-way normal  mixed 
lymphocyte  cul ture  0VILC) [7, 13]. The w r i t e r s  p rev ious ly  showed that s u p p r e s s o r s  can be induced by immuni -  
zation with an al logeneic t u m o r  not consist ing of T - c e l l s  [6]. 

In the invest igat ion descr ibed  below the conditions of induction of T - s u p p r e s s o r s  during intravenous im-  
munizat ion of mice  with al logeneic spleen cei ls  and ce r ta in  p rope r t i e s  of T - s u p p r e s s o r s  Of this type were  
studied. 

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

B10. D2 (H-2 d) or  BALB/c  (H-2 d) mice  were  immunized by a single intravenous injection of 90 mil l ion 
allogenei c spleen cel ls  f rom C57BL/10 (H-2 d) (abbrevia t ion B10) or  C57BL/6 (H-2 b) mice .  In the control ,  
90 mil l ion syngeneic s p l e e n  cel ls  were  injected.  Lymphocytes  were  obtained f rom the spleen on the 4th day 
a f te r  immunizat ion.  The MLC tes t  was ca r r i ed  out in a modif icat ion [ 3] of the m i c r o  method in [ 10], by in- 
cubating mix tu res  of lymph node cells  with i r rad ia ted  (Co, :1500 tad) al logeneic spleen cel ls  and, in the con- 
t ro l ,  syngeneic spleen cel ls ,  in No. 3040 Microp la tes  (Falcon P las t ics ) .  The samples  were  applied to f i l te rs  
a f te r  cul ture  for  112 h and 16 h a f t e r  addition of 1 #Ci 3H-thymidine. Incorpora t ion  of thymidine was de t e r -  
mined in a scint i l lat ion f l - s pec t rom e t e r .  

To de te rmine  s u p p r e s s o r  cell  act ivi ty  normal  reac t ing  lymphocytes  were  mixed  with immune cel ls  in 
the ra t io  of 1.5 : 1. To main ta in  a constant  densi ty in the cul ture ,  the cor responding  number  of normal  lympho-  
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Medical Sciences of the USSR, Moscow. (P resen ted  by Academic ian  of the Academy of Medical  Sciences of 
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Fig. 1. Fraettonation of suppressor  cells in a l inearf icol l  
gradient  (results of four experiments) .  1) Unfractionated 
lymphocytes;  2) mixture of fract ions I and II; 3) f ract ion 
IIL Ordinate, percentage  inhibition. 

Fig. 2. Blocking activation of DNA synthesis by B10.D2 
anti-B10 immune lymphocytes (results of three exper t -  
merits). St imulators:  1) B10; 2) DBA/2; 3) CBA; 4) B10.A. 
Ordinate, percentage inhibition of DNA synthesis in MLC. 

TABLE 1. Blocking Activation of DNA Syn- 
thesis  in MLC by Immune Lymphocytes 
Treated with Various Preparat ions  

Ilnhibiri~ of incor p ora- 
litton ~f SH-thymidtne 

No. of l'into MLC 
Preparation experi- tuntreate------- ~ t r e a t e ~  

merits ]lyrnpbocyte: lymphocy~es 

MC 
NMS 
Anti-.0V 3 
Anti -0* /9  

An~-Mlsl/s 
ALG 
ATG 
ABG 
An~.-Igl/3 
Carageenin 

66,3_-4-11,8 
75,5• 
79,6• 
79,6• 
75,5~7,0 
76,0• 
67,0• 
68,0_+9,0 
68,0_+9,0 
80,5_+9,0 
81,3• 

63,8_+4,3 
69,2_+6,9 
17,6_+5,8" 
33,3_+7,0* 
70,5• 
74,5_+ l 1,5 
16,6_+3,3" 
26,5_+7,5* 
66,5_+3,5 
77,5_+7,0 
70,0+12,0 

Legend.  MC) Mitomycin C; NMS) normal  
mouse serum.  *)Differences from control  
significant (P< 0.01). 

ocytes was added in the control se r ies .  To determine suppressor  cell aotivity, the percentage of inhibition of 
activation of DNA synthesis was calculated by the formula  [ (a-b) /b]  x 100, where a and b represen t  incorpora-  
tion of 3H-thymidine (in cpm; mean of three paral lel  determinat ions)  into allogeneic MLC of the control  and 
experimental  ser ies  respect ively.  The cytotoxic test  with antibodies of homologous se ra  in the presence  of 
guinea pig and rabbit complements,  selected for nontoxicity, was car r ied  out in modification [1] of the method 
in [11]. AKR anti-C3H an t i -0 - se rum killed 48~0 of lymph node cells in a dilution of up to 1 : 32. Serum against 
fl-lymphocyte antigen - the product of the MLS (minor lymphocyte stimulation) locus - was obtained by im-  
munization of C3H mice with CBA spleen and lymph node cells [15]o This serum did not kill CBA thymocytes  
and, when mixed in a final dilution of 1 : 2  with an t i -0 - se rum in a final dilution of 1 : 4  the cytotoxtc index {CI) 
against CBA spleen cells was 0.87 (when tested separately,  CI of the an t i -0 - se rum was 0.35 and of the anti- 
Ml s - s e rum 0.53)~ Summation of the CI indicates that anti-Mls se rum in fact reac t s  only with B-lymphocytes .  

Rabbit ant iserum against mouse Ig, obtained f rom the hi. F. Gamaleya Institute of Epidemiology and 
Microbiology and absorbed with s a rcoma  Sa I cells [2] reacted with spleen cells in a dilution of up to 1/32 with 
a CI of about 0.4. Rabbit antilymphocyttc globulin (ALG) and globulins against mouse T- and B-lymphocytes  
(ATG and ABG) were obtained, absorbed, and tested in the Department of Immunology, Institute of Experimental  
Medicine, Ministry of Health of the RSFSR [5]. During t rea tment  of the cells with anti-0, anti-Mls, and anti-Ig 
ant tsera,  20 • 10 ~ lymphocytes were incubated in 1 ml serum for  30 rain at 20~ and, after  centrifugation, they 
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were  re ineubated in 1 ml  of 1 : 3 nontoxic guinea pig complement  or  1 : 20 nontoxic rabbi t  complement  ( t reat-  
m e a t  wi than t i -Mls)  for  1 h at 37~ followed by washing 3 t i m e s .  Af ter  t r e a t m e n t  with ALG, ATG, and ABG, 
0.05 m l a n t i g e a  (protein concentra t ion 2.5 m g / m l )  and 0.05 ml  nontoxic rabbi t  complement  (1/2) were  added to 
the lymphocyte  suspens ion (2 x 107 ce l l s  suspended in 0.9 m l  med ium No. 199). The mix tu re  was incubated 
for  30 rain at 37~ and then washed 3 t i m e s .  Next, 5 • 106 cel ls  were  t r ea t ed  with ca r r ageen in  (400 ttg/ml) 
for  4 h at 37~ with per iodic  shaking in 1 ml med ium No. 199 containing 0.01M HEPES. Cells  (5 • 106) were  
t r ea t ed  with mi tomyctn  C 0VIC) (50 t tg/ml) in 0.5 ml  medium No. 199. After  these  t r e a tmen t s  the cel ls  were  
washed 3 t imes .  Frac t ionat ion  of the ce l l s  in a l inear  ficoll  gradient  was ca r r i ed  out by the method in [9], 
a f te r  which the top two f rac t ions ,  containing fewer  than 10% of la rge  lymphocytes ,  we re  pooled and washed 
3 t imes  to  r emove  ficoll s imuItaneously  with the lower  f ract ion,  containing up to 60~0 of la rge  lymphocytes .  
To study the speci f ic i ty  of action of the s u p p r e s s o r s ,  spleen cel ls  f rom CBA (H-2k), DBA/2 {I-I-2d), and B10.A 
(H-2 a) ce l l s  were  added to the mix tu re  of no rma l  B10.D2 ant i-B10 lymphocytes  as s t imuia to r s .  

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

On the addition of the f rac t ion  of immune lymphocytes  to normal  reac t ing  lymph node cel ls  inhibition of 
act ivat ion of DNA synthes is  in MLC was 65 • (23 exper iment ) ,  and on addition of the f rac t ion  of spleen 
cel ls  f rom mice  immunized with syngeneic spleen it was 24.0• (13 exper iments ) .  Addition of immune 
lymphocytes  to the normal  cel ls  was accompanied by an inc rease  in incorpora t ion  of 3H-thymidine in the con- 
t ro l  syngeneic mix tu re s ,  evidently because  of the h igher  content of cel ls  synthesizing DNA in the immune 
lymphocytes  than in the cont ro ls .  To equalize 3H-thymidine incorpora t ion  in the syngeneic mix tu re s  of con- 
t ro l  MLC, the immune  lymphocytes  were  t r ea t ed  beforehand with MC. This t r e a t m e n t  had no effect  on sup- 
p r e s s o r  act ivi ty (Table 1). 

As Table  1 shows, t r e a t m e n t  of the immune lymphocytes  with a n t i - 0 - s e r u m  and also with ALG and ATG 
in the p r e sence  of complement  cons iderably  reduced the blocking effect.  Converse ly ,  the s a m e  t r ea tmen t  with 
antibodies against  B-ce l l s  (ABG, ant i - Ig  s e rum,  and mouse  ant i -Mls se rum) ,  and a lso  with carageenin ,  had no 
effect  on the abil i ty of the lymphocytes  to block DNA synthes is  in MLC. These  r e su l t s  indicate that  mos t  of 
the blocking of act ivat ion of DNA synthes is  in MLC was connected with the action of T - s u p p r e s s o r  cel ls ,  w h e re -  
as B-ce l l s  and mac rophages  were  much less  act ive .  

The r e su l t s  of f rac t ionat ion of the spleen cel ls  show that the blocking act ivi ty  of a mix tu re  of f rac t ions  I 
and H is reduced whereas  act ivi ty  of f rac t ion  [H is inc reased  compared  with unfract ionated spleen cells  (Fig. 1). 
The mos t  act ive T - s u p p r e s s o r s  a re  thus evidently la rge  lymphocytes .  

As Fig. 2 showed, t h e a c t i o a  of the s u p p r e s s o r s  lacked comple te  specif ic i ty :  They inhibited act ivat ion of 
DNA synthes is ,  although to a l e s s e r  degree  during the reac t ion  for  antigens differing in the H-2 s y s t e m  f rom 
the immunizing B10 cel ls .  Blocking a lso  was obse rved  during s t imulat ion of the reac t ion  by DBA/2 cel ls ,  
identical with the reac t ing  B10.D2 cel ls  with r e spec t  to the H-2 sys t em,  but differ ing f rom them in the Mls 
locus.  

The r e su l t s  descr ibed  above show that intravenous immunizat ion  with al logeneic spleen induces T - s u p -  
p r e s s o r s  in mice  which block act ivat ion of DNA synthesis  in MLC; this blocking, m o r e o v e r ,  has a ma rk ed  non- 
specif ic  component.  Since the effect  is not abolished by t r e a t m e n t  of the s u p p r e s s o r s  with mi tomycin  C, it is 
evident that DNA synthes is  is not n e c e s s a r y  for  the i r  action. The absence  of complete  speci f ic i ty  of act ion 
m a y  be connected with the pe r s i s t ence  of immunizing antigen in the spleen of the immunized mice ,  so that l a t e r  
it en te r s  the cul ture  along with the immune lymphocytes .  Specific contact of the antigen with immune s u p p r e s -  
sors  in MLC can induce nonspecif ic suppress ion  of the functions of the other T - c e l l s  [16]. Another cause  of 
the nonspecif ic  component  of suppress ion  is the graf t  ve r sus  host  react ion,  which a r i s e s  af ter  intravenous in- 
ject ion Of lymphocytes  to al logeneic or  semia l logeneic  mice  and is accompanied by the appearance  of non- 
specif ic  s u p p r e s s o r s  [8]. The action of these  m e c h a n i s m s  of nonspecif ic  suppres s ion  m a y  be weakened by the 
use  of killed or  i r rad ia ted  al logeneic spleen cei ls  for  immunizat ion.  Separat ion of specif ic  s u p p r e s s o r s  f rom 
nonspecif ic  is poss ib le  because  of the i r  different  sens i t iv i ty  to i r rad ia t ion  [12], and a lso  because  of the p r e s e n c e  
of an t igen-spec i f ic  r e c e p t o r s  [14]. This p rob lem can be tackled  by the p romis ing  method of adsorpt ion and 
elution of lymphocytes  on a t a rge t  mono laye r  [4]. Invest igat ions now in p r o g r e s s  will enable specif ic  T - s u p -  
p r e s s o r s  to be concent ra ted  and the i r  r e c e p t o r s  to be studied. 

The work was pa r t l y  supported by the World Health Organization.  The authors  a re  grateful  to hi. A. 
Krask ina  for  providing the heterologous globulin against  T -  and B- lymphocytes ,  to N. N. Medvedev and I. K. 
Egorov for  providing the inbred mice ,  and to S. G. Egorova  and A. Yu. Gr i t sman  for  a s s i s t a n c e  in p r epa r ing  the 
ficoll  gradient  and de te rmin ing  the morphologica l  composi t ion of the f rac t ions .  
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F O R M A T I O N  OF H E M A T O P O I E T I C  C O L O N I E S  O F  D O N O R ' S  

T Y P E  I N  T H E  B O N E  M A R R O W  O F  I R R A D I A T E D  C H I C K S  

A F T E R  T R A N S P L A N T A T I O N  O F  Q U A I L  Y O L K  SAC 

A N D  L I M B  B U D  C E L L S  I N T O  T H E I R  B O N E  M A R R O W  

R .  V .  L a t s i s ,  N. [ .  D r i z e ,  
a n d  E .  I .  D e r u g i n a  

UDC 612.419-063 

Ability to fo rm hematopoie t ic  cell  colonies f rom the  yolk sac  and l imb bud of a quail embryo  
at the 60 h incubation stage (i.e., before  es tab l i shment  of a c losed circulat ion) was studied in 
t h e  bone m a r r o w  of sublethal ly i r rad ia ted  3-week-old  chicks.  The exper imenta l  r e su l t s  a re  
based on the abil i ty to distinguish between quail and chick cel ls  by means  of a na tura l  m a r k e r  
(Feulgen-posi t ive  nucleolus).  After  t ransplanta t ion  of l imbbud cel ls  roughly 3 t imes  m o r e  
hematopoiet ie  colonies were  found to be fo rmed than a f te r  t ransplanta t ion  of yolk sac  cel ls  
of the quail embryo .  With the dose of i r rad ia t ion  used, about 75% of exogenous (quail) and 
25% of endogenous (chick)hematopoie t ic  colonies were  identified in the bone m a r r o w .  

KEY WORDS: bone m ar row;  hematopoie t ic  colonies;  quail embryonic  yolk sac  and l imb bud. 

The method of obtaining hematopoie t ic  colonies in the bone m a r r o w  of lethally i r rad ia ted  chicks a f t e r  
injection of chick embryonic  bone m a r r o w  and yo lk  sac cel ls  was f i r s t  developed by Samarut  and Nigon [3]. 
In the i r  invest igat ions the rec ip ients  were  3-week-old  chicks,  i r rad ia ted  twice in doses  of 750 and 970 R, and 
into which hematopoie t ic  cel ls  were  injected in t ravenously  4 h a f te r  the second i r rad ia t ion .  On the 6th-10th 
day a f t e r  injection of the cel ls ,  benzid ine-pos i t ive  maeroco lon ies  were  detected in the bone m a r r o w .  The 
clonal origin of these  colonies was l a t e r  es tabl ished [4]. This method has not found widespread  application, 
for  the surv iva l  r a t e  of the bi rds  a f te r  this dose of i r rad ia t ion  is very  low. 

However ,  when modified,  this method offers  cons iderable  opportuni t ies  for  the study of the number  of 
co lony-forming units in p re sumpt ive  anlagen of the hematopoiet ic  organs  in avian e m b r y o s .  
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