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Quantitative en r i chment  of the f rac t ion  of immune lymphocytes  eluted f r o m  a monolayer  of co r -  
responding a l logeneic  t a rge t  cel ls  with s u p p r e s s o r s  specif ic  for  H-2 antigen is assoc ia ted  with 
a 2~3-fold inc rease  in the number  of T - lymphocy te s  synthesizing the DNA of the cel ls  and in 
the total  uptake of thymidine-3H on account  of an i nc rea se  in the re la t ive  propor t ions  of med ium-  
s ized and la rge  lymphocytes  in the population, and also in the percen tage  of smal l  and med ium-  
s ized DNA-synthesiz ing lymphocytes .  Complete  abolit ion of the s u p p r e s s o r  effect  by an t i -Thy-  
1 and an t i -T-an t ibod ies ,  but not by a n t i - B - s e r u m  and the r e s i s t a n c e  of this effect  to ea r r ageenan  
and iron carbonyl  point to the T - c e l l  nature  of the eluted s u p p r e s s o r s .  
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Specific T - s u p p r e s s o r s ,  blocking the immune r e sponse  to the antigen used for  the i r  induction, play a 
ve ry  impor tan t  role  in the regula t ion of the immune r e sponse  [3]. An essen t ia l  step in the study of the p rop -  
e r t i e s  of these cel ls  and the i r  r e c e p t o r s  is the development  of methods of the i r  isolat ion f r o m  other  cell popu- 
la t ions .  One such method is by concentra t ion of T - s u p p r e s s o r s  specif ic  for  heterologous pro te in  antigens [12], 
by means  of the i r  adsorpt ion  of antigenic immunosorben t .  T - s u p p r e s s o r s  specif ic  for  H-2 antigens,  induced in 
mice  with i r rad ia ted  al logeneic spleen cel ls ,  and blocking DNA synthes is  and ki l le r  genera t ion  in a mixed lympho- 
cyte cul ture  (MLC), we re  se lec t ive ly  adsorbed  on a monolayer  of the corresponding t a rge t  cells ,  and by sub- 
sequent elution of the cel ls  with p ronase  they could be concentra ted 30-fold [4]. 

The object  of the p r e s en t  invest igat ion was to cha rac t e r i ze  the f rac t ion  of eluted s u p p r e s s o r s .  

E X P E R I M E N T A L  METHOD 

To induce suppressors in BI0.D 2 (H-2 d) mice, hereafter abbreviated to D2, they were immunized by a 
single intravenous injection of 9 • 107 spleen cells from C57BL/10 (H-2 b) mice, hereafter abbreviated to BI0, 
irradiated with 7-rays in a dose of 1500 rad (13~Cs, 740 rad/min). Four days later the D 2 spleen cells were 
treated with mitomycin C and added to a unidirectional MLC [9]. The methods of determining incorporation of 
thymidine-3H in a microvariant of MLC [2], of its blocking by suppressors [5], absorption of the suppressors 
on a monolayer of target cells, and their elution with pronase [4] were described previously. For the auto- 
radiographic investigation 107 lymphocytes were incubated for 1 h at 37~ with periodic shaking in I ml of 
medium RPMI-1640 containing 10% embryonic calf serum and 1 ~Ci thymidine-3H. After fixation, treatment 
with emulsion, and staining with methyl green-pyronine [1], 600 lymphocytes were counted in each film, dis- 
tinguishing (by the diameter of the nucleus) small (under 7 p), medium-sized (7-10 #), and large (over I0 p) 
lymphocytes. Total DNA synthesis was determined in a fi-spectrometer after incubation of 106 lymphocytes 
in a volume of 0.2 ml of the above-mentioned medium for 1.5 h at 37~ The cytotoxic test with antibodies 
was carried out by the method in [6] in the presence of 1 �9 I0 rabbit complement (Cederlane). Mouse antibodies 
against T-cells, anti-Thy-12 [11], and against B-cells, anti-Mls* [13], and also exhausted rabbit antisera 
against mouse T-cells, antithymocytic (anti-Tt) and antimarrow (anti-Tin) (Cederlane) and rabbit anti-T- 

* Minor lymphocyte  s t imulat ion locus .  
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Fig, 1. Changes in numbers  of T-  and B-lymphoeytes  (A) and activity of suppressors  
tn MLC (B) in spleen of D 2 anti-B10 mice after  t rea tment  with antt-T and anti-B anti-  
bodies. Intact immune lymphoeytes (a) and immune lymphocytes Muted f rom mono- 
layer  of B10 (b) or  D 2 (c) macrophages  and not adherent  to monolayer  of B10 (d) or  
D 2 (e) maerophages ,  not t reated (1) or  t reated in the presence  of complement  with the 
following se ra :  normal  mouse 1 �9 10 (2), normal  rabbit  1 : 10 (3), ant i -Thy-1,  2 1 : 10 
(4), ant i -Tt  (5), ant i -Tin (8), and ATG (7) in dilutions of 1 : 40 (A) or  1 : 10 (B), and anti- 
Mls 1 : 2 (8). In Fig. 1B, immune lymphocytes,  after  t reatment ,  were added to syngeneic 
react ing cells in the ratio of 1 : 1.5. Ordinate:  A) cytotoxie index of antibodies (in ~), 
B) index of inhibition of incorporat ion of thymidine-3I-I into MLC (in ~).  
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Fig. 2. Resis tance of D 2 anti-B10 suppressors  eluted 
f rom monolayer  of B10 cells to ca r rageenan  and iron 
carbonyl.  Abscissa ,  ratio of suppressors  and react ing 
lymphoeytes in MLC; ordinate, index of inhibition of 
thymidine-aH incorporat ion.  Continuous line with empty 
c i rc les  - lymphocytes untreated with carrageenan;  con- 
tinous line with filled c i rc les  - lymphocytes not t reated 
with iron carbonyl; broken line with empty c i rc les  - 
lymphocytes t reated with carrageenan;  broken line with 
filled c i rc les  - lymphocytes treated with iron carbonyl.  

globulin (ATG), were used. Data on the high activity and specificity of these an t i sera  were described p re -  
viously [5]. To remove maerophages  the cell suspensions were treated in vitro with car rageenan  [10] or  iron 
carbonyl [7], obtained f rom Marine Colloids and GAF Corp.  (USA) respect ively .  To verify completeness  of 
removal  of the macrophages ,  films stained by Giemsa ' s  method were examined under the microscope  and a 
test  for  nonspectfic e s t e ra se  also was used [9]. Judging f rom these cr i ter ia ,  contamination of the suspension 
of peri toneal  exudate cells t reated with iron earbonyl by macrephages  did not exceed 1-3~0. 
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Fig. 3. Morphological  composi t ion  and DNA synthesis  in intact  and eluted D 2 anti-B10- 
spleen cell  populat ions.  P ropor t ion  of thym~dine-aH-labeled cel ls  (black co lumns)among  
all lymphocytes  (a), smal l  (b), m e d i u m - s i z e d  (c), and la rge  (d) lymphocytes  (white col-  
umns) - intact  (1), and eluted f r o m  monolayer  of B10. cel ls  (2) and D 2 cells (3); e) total  
incorpora t ion  of thymidine-aH into D 2 lymphocytes  - no rmal  (1 and 2), immunized with 
D 2 spleen cel ls  (3) and with B10 spleen cells  (4-9). Intact  immune lymphocytes  (4 and 5), 
cel ls  not adherent  to monolayer  of B10 ceils  (6) and D 2 cells  (7), and eluted f r o m  mono-  
l aye r  of B10 cel ls  (8) and D 2 cel ls  (9). 2 and 5) Lymphocytes  t r ea t ed  with pronase ,  25 
/~g/ml, fo r  30 min at  37~ Ordinate:  on l e f t -  % of cei ls ,  on r i g h t -  incorpora t ion  of 
thymtdine-aH (in cpm"  10a). 

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

Specific s u p p r e s s o r s ,  induced in mice  by i r rad ia ted  al logeneic spleen cel ls ,  a r e  T - lymphocy te s .  Since 
the number  of s u p p r e s s o r s  i n c r e a s e s  s h a r p l y  a f te r  elution f r o m  an al logeneic monolayer  [4], it was in teres t ing 
to study the i r  nature  in this case .  It will be c l ea r  f r o m  Fig. 1A that  the propor t ion  of T - c e l l s  in the f rac t ion  
of spleen cells  eluted f r o m  the al logenete monolayer  (Fig.  1A, b) was 2.5 t imes  higher than in the intact  sus -  
pension (Fig .  1A, a), and reached  80~0 when the mos t  act ive a n t i - T - s e r u m  was used. Converse ly ,  the number  
of B- lymphocytes  in this s a m e  f rac t ion  was reduced by m o r e  than four - f i f ths .  Meanwhile, the number  of T -  
cel ls  in the f rac t ion  of cel ls  eluted f r o m  a syngeneic  monolayer  (Fig. 1A, e) was substant ia l ly  unchanged, where -  
as the number  of B-ce l l s  inc reased .  Quantitat ive enr ichment  with specif ic  s u p p r e s s o r s  thus co r re l a t e s  with 
an i nc r ea se  in the number  of T -ce l l s ,  which is unconnected with the action of pronase ,  used to elute them f r o m  
both types of monolayer ,  on the lymphocytes .  The i nc rea se  in the p ropor t ion  of the cel ls  ca r ry ing  T - m a r k e r s  
l ikewise was not due to the action of the cul ture  med ium in the lymphocyte  population not adherent  to the a l lo-  
geneic  (Fig.  1A, d) or  the syngeneic monolayer  (Fig. 1A, e), and no inc rease  in the number  of T - c e l l s  was 
obse rved .  

T r e a t m e n t  of the intact  (Fig. 1B, a) immune lymphocytes  or  those eluted f r o m  the al logeneic monolayer  
(Fig. 1B, b) with antibodies against  T - c e l l  m a r k e r s  led to aboli t ion of the action of the s u p p r e s s o r s  by 97-100~ 
Converse ly ,  ant t -Mls  antibodies did not inact ivate the s u p p r e s s o r s .  Meanwhile, s u p p r e s s o r s  eluted f r o m  the 
syngeneie  monolayer  were  only pa r t i a l ly  inact ivated by a n t i - T - s e r a ,  and also by a n t i - M l s - s e r u m  (Fig.  1B, c). 
This  evidently means  that about 25-40~0 of s u p p r e s s o r s ,  nonspecif ical ly  attached to the syngeneic  monolayer ,  
a r e  not T - lymphocy t e s .  

It can be tenta t ively  suggested that nonspecif ic  s u p p r e s s o r s ,  consti tuting about one-f if th of the population 
of unfraet ionated s u p p r e s s o r s  [4], and which a re  not T - c e l l s ,  a re  adherent  to any monolayer  and can l a t e r  be 
eluted. Since, however ,  the population of lymphocytes  eluted f r o m  the al logenetc monolayer  was enriched 30- 
fold with specif ic  T - s u p p r e s s o r s ,  the f rac t ion  of nonspecif ic  s u p p r e s s o r s  in it could not exceed 3-5% [4]. For  
that  reason ,  evidently, s u p p r e s s o r s  eluted f r o m  the al logeneie monolayer  were  hardly inactivated by ca r r ageenan  
or  i ron earbonyl  (Fig. 2), which e l iminate  mac rophages  but not T - c e l l s .  

It will be c lea r  f r o m  Fig. 3 that  in the i r  morphologica l  composi t ton and the f rac t ion  of the i r  cells syn-  
thesizing DNA, populations of intact  immune lymphocytes  and of those eluted f r o m  the syngeneic monolayer  
we re  ve ry  s i m i l a r .  They contained 55-60% of smal l ,  25-60% of med ium-s i zed ,  and 16-18% of l a rge  lympho-  
cytes  and only 10~ of DNA-synthesiz ing ce i l s .  Converse ly ,  the p ropor t ion  of smal l  Iymphocytes  in the lympho-  
cyte f rac t ion  eluted f r o m  the al logeneic monolayer  was reduced to 33%, and the propor t ions  of med ium-s i zed  
and la rge  lymphocytes  were  inc reased  to 40 and 27% respec t ive ly .  The th reefo ld  i nc rea se  in the number  of 
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cells  synthesiz ing DNA in this f rac t ion  (Fig. 3a) was connected with an i nc rea se  in: a) the p ropor t ion  of cel ls  
synthesizing DNA, among smal l  (Fig. 3b) and m e d i u m - s i z e d  lymphocytes  (Fig.  3c); b) the propor t ion  of m e -  
d ium-s ized  (Fig. 3c) and la rge  lymphocytes  (Fig.  3d) in the population. The r e su l t s  of au toradiography a re  
in a g r e e m e n t  with those of de te rmina t ion  of total  DNA synthes is  ( Fig. 3e): This value was inc reased  by 2 and 
3 t imes  a f t e r  immuniza t ion  of the mice with syngeneic  and al logene[c cel ls  r espec t ive ly ,  but it again fell by 
half  in the f rac t ion  of immune lymphocytes  not adherent  to the al logeneic (but not to the syngeneie) monolayer .  
This points to speci f ic  adsorpt ion  of a cons iderable  p ropor t ion  of the DNA-synthesiz ing immune lymphocytes  
After  the i r  subsequent  elution it was found that they synthesized DNA twice and eight t imes  m o r e  intensively 
than intact  and nonadherent  immune lymphocytes  r e spec t ive ly .  No inc rea se  in DNA synthes is  was observed  
in the f rac t ion  of lymphocytes  eluted f r o m  the syngeneic  monolayer ,  and the i nc r ea se  was not due to t r e a t m e n t  
of the cel ls  with p r onas e  (Fig. 3e). 

The i nc rea se  in the propor t ion  of DNA-synthesiz ing cells  among all smal l  and m e d i u m - s i z e d  lympho-  
cytes ,  and a lso  in the total  p ropor t ion  of m e d i u m - s i z e d  and large  lymphocytes  in the f rac t ion  of concentra ted 
speci f ic  T - s u p p r e s s o r s  indicates that the l a t t e r  were  in a mi to t ic  cycle,  although DNA synthes is  is not neces -  
s a r y  for  the i r  functions.  These  p r o p e r t i e s  br ing the T - s u p p r e s s o r s  close to T - k i l l e r s  [2], although in many 
other  biological  and immunological  r e s pec t s  [1] they differ  cardinal ly .  These  resu l t s  a re  in a g r e e m e n t  with 
those  of f rac t ionat ion of T - s u p p r e s s o r s ,  which as a rule ,  i r r e s p e c t i v e  of the fac tors  inducing them,  a re  la rge  
lymphocytes ,  sett l ing quickly in l inear  gradients  of a lbumin and Ficoll [5, 14]. 

The authors  a r e  gra tefu l  to the i r  col leagues L. V. Vaa 'ko,  N. A. Krasklna ,  Z. K. Blandova, and N. N. 
Vo[tenko for  help with this r e s e a r c h .  
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