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The conditions of ki l ler  formation during the p r i m a r y  and secondary  response were established 
in a one-way m{xed lymphocyte culture (MLC), stimulated by i rradiated or killed allogeneic 
lymphocytes.  Migration inhibition factor  (MIF) was found in the culture medium of the MLC 
as a pointed peak on the 2nd or 3rd day of the p r i m a r y  response and as a plateau after  the 1st 
day of the secondary  response,  whereas ki l lers  were formed much later,  reaching a maximum 
on the 5th and 4th days of culture respect ively .  The use of heated allogeneic lymphocytes in- 
stead of i r radiated lymphocytes to stimulate the response in MLC had no effect on the kinetics 
of the MIF producers  but delayed kil ler  format ion in the p r i m a r y  MLC. 

KEY WORDS: mixed lymphocyte culture;  ki l ler  cells; cells producing macrophage migrat ion 
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Effector T-ce l l s  responsible for destruct ion of target  cells (killers) and the react ion of hypersensi t ivi ty  
of delayed type (producers of macrophage inhibition fac tor  - MIF) differ in cer ta in  p roper t i es :  The d iameter  
of the cells and their  ability to migra te  into various lymphoid organs [16], the kinetics of formation after  
al loimmunization in vitro [6, 11], sensit ivity to pronase and anti-0-antibodies,  proper t ies  of antigen-binding 
receptors  [3]. The most  adequate approach for  the comparat ive  study of these subclasses  of T- lymphocytes  
is their  generat ion in vitro in mixed lymphocyte cultures (MLC). The conditions for  generat ion of kil lers in 
MLC has been well studied [12, 14], but M[F produced by T-ce l l s  has been found in culture medium of MLC 
from man [9], guinea pigs [7], ra ts  [15], and mice [13]. 

The object of this investigation was to compare  the format ion of ki l lers  and MIF producers  in the same 
MLC during the p r i m a r y  and secondary  immune response.  

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

B10.D2 ~ - 2  d) mice were immunized by a single intraperi toneal  injection of 5 x 107 spleen cells f rom 
C57BL/10 (H-2"b') (abbreviation B10), and, in some experiments ,  by injection of leukemia EL4 cells (2 x 107 
cells,  intraperitoneally) or MKh 11 sa rcoma  cells (10 7 c e l l s  subcutaneously at 5 points), induced and main-  
rained by passage in C57BL/6 and B10 mice  respect ively .  Spleen cells f rom normal  and immune (3-8 weeks 
af ter  immunization) B10.D2 mice  were used as reacting lymphocytes in a one-way MLC. Spleen cells f rom 
B10 mice (B10.D2 in the control), t rea ted  by various methods - x - r a y  i r rad ia t ion  (Co, 1500 R), heating (45~ 
30 rain), with glutaraldehyde (0.01~0, 3 rain) or with ultraviolet  rays  [14] - were  used as s t imulators  of the r e -  
actions. Reacting and stimulating lymphocytes were suspended in RPMI-1629 or RPMI-1640 medium contain- 
ing 10% embryonic  calf  se rum,  L-glutamine (2 raM), HEPES (12 raM, 2-mercaptoethanol  (5 x 10 -5 M), and anti- 
biotics (penicillin and streptomycin,  100 uni ts /ml  of each). Next, 5 • 106 react ing lymphocytes were mixed 
with 1 x 10 ~ x- i r rad ia ted  stimulating cells or  with 5 x 106 stimulating cells t reated by other methods,  and in- 
cubated in a total volume of 2 ml in wells in 25-well plates (Flow Lab., England) at 37~ in an a tmosphere  of 
5~ CO 2. At different t imes  of incubation Iymphocytes were  taken f rom the wells, centrifuged, and counted and 
thei r  cytotoxic activity was determined on macrophages  f rom B10 mice,  labeled with ~tCr and cultured for 2 
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Fig. 1. Format ion  of secondary  k i l l e r s  during incubation of m e m o r y  
ce l l s  with i r rad ia ted  s t imu la to r s  in MLC. Here  and tn Fig. 2: a b s c i s s a ,  
t ime  of cul ture in MLC (in days); ordinate,  cytotoxic index (A) and f r a c -  
t ion of la rge  lymphocytes  (B). Broken lines indicate reac t ing  lympho-  
cytes  (cells of no rm a l  B10.D2 lymph nodes), s t imula tedby  B10 cel ls  (1) 
or  B10.D2 cel ls  (2); continuous l ines r e p r e s e n t  reac t ing  lymphocytes  - 
lymph node cel ls  (1) or  spleen cel ls  (2, 3, 4) or  B10.D2 mice  21 days 
a f te r  immunizat ion with s a r c o m a  M K h l l  cel ls  (1, 3), B10 mouse  spleen 
cel ls  (2), or  l eukemia  EL4 cel ls  (4). Stimulating cel ls  - B10. 

Fig. 2. Format ion  of B10.D2 k i l le rs  in MLC af te r  different methods of 
t r ea tmen t  of B10 s t imulat ing lymphocytes .  React ing splenic lympho-  
eytes  were  normal  B10 or B10 immunized with spleen cel ls  34 days be-  
fore  the exper imen t s  (continuous line). Stimulating lymphocytes  i r rad ia ted  
tn a dose of 1500 R (1), heated (2), or  t r ea t ed  with glutara ldehyde (3). 
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Fig. 3. M[F product ion and cytotoxie effects  during p r i m a r y  
(a, b) and secondary  (c, d) r e sponse  in MLC. Absc i ssa ,  per iod 
of cul ture  in MLC (in days); ordinate,  macrophage  mig ra t ion  
inhibition, index (broken line) and cytotoxtc index (continuous 
line). Stimulating lymphocytes  were  al logenetc (filled c i r c l e s  
and t r iangles)  or  syngeneic (empty c i r c l e s  and t r iangles)  - i r -  
radia ted  (a, e) or  heated (b, d). 1, 2) Expt.  Nos. 

days in wells  of No. 3040 m t c r o p l a t e s  (Flacon P las t i c s ,  USA), at the ra te  of 50,000 cel ls  pe r  well.  Lyrnpho- 
eytes  number ing  300,000 were  introduced into each well  and, a f t e r  incubation fo r  20 h, l iberat ion of 51Cr 
into the med ium was de te rmined  [2, 4]. Meanwhile act ivi ty  of M[S was de te rmined  in the medium of the s ame  
MLC as re f lec ted  in its abil i ty to inhibit mig ra t ion  of mac rophages  f r o m  CC57Br (H-2 b) mice .  The m a c r o -  
phage migra t ion  inhibition tes t  was ca r r i ed  out in the m t c r o v a r i a n t  [5] of the method in [10], using 1-day p r i -  
m a r y  MLC as the control  of migra t ion  in the medium.  The a r e a  of migra t ion  of the mae rophages  in this m e -  
dium was not l e s s  than in f r e sh  cul ture  med ium.  
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E X P E R I M E N T A L  R E S U L T S  

In the f i r s t  exper imen t s  the conditions were  chosen for  induction of m e m o r y  cel ls  for  immunizat ion of 
the mice  by different  methods .  As Fig. 1A shows, max ima l  act ivi ty  of p r i m a r y  k i l l e r s  was observed  on the 
5th day, and of secondary  on the 4th day of MLC. The g r ea t e s t  d i f ference  in cytotoxic act ivi ty  of the p r i m a r y  
and secondary  k i l l e r s  was observed  on the 4th day of cul ture when spleen ce l l s  w e r e  used as reac t ing  lympho-  
cytes and p r i m a r y  in t raper i tonea l  immunizat ion  of the mice  was c a r r i e d  out with at logenelc spleen o r  with 
leukemia  EL4. Converse ly ,  lower  m e m o r y  cell  act ivi ty  than in the spleen was obse rved  in the lymph nodes 
containing highly act ive k i l l e r s  on the 8th day a f te r  p r i m a r y  subcutaneous immunizat ion of s a r c o m a  MKhl l  [1]. 
The cytotox[c act ivi ty  of k i l l e r s  fo rmed  in the MLC, incidentally,  did not c o r r e l a t e  with the f rac t ion  of l a rge  
lymphocytes :  The i r  p ropor t ion  was much higher in the population of p r i m a r y  k i l l e r s  than secondary  (Fig. 1B). 

To de te rmine  quali tat ive r a t h e r  than quanti tat ive d i f fe rences  between the p r i m a r y  and secondary  k i l l e r s ,  
instead of i r rad ia t ing  the s t imulat ing cel ls  they were  heated,  t r ea t ed  with glutara ldehyde,  or  exposed to u l t r a -  
violet r ays  [14]. In these  cases  the fo rmat ion  of p r i m a r y  k i l l e r s  was delayed:  They were  absent  on the 4th 
day and could be detected only on the 5th day in MLC (Fig. 2). Converse ly ,  act iv i ty  of secondary  k i l le rs  reached 
a m a x i m u m  on the 4th day of MLC r e g a r d l e s s  of the method of t r ea tmen t  of the s t imulat ing cel ls .  The r e su l t s  
shown in Figs.  1 and 2 were  reproduced,  and in subsequent  exper imen t s  to study m e m o r y  cel ls ,  in the absence 
of a p r i m a r y  react ion,  spleen cel ls  immune to al logeneic spleen and s t imulated for  4 days with heated cel ls  in 
MLC were  used as reac t ing  lymphocytes .  

The t imes  of format ion  of MIF p roduce r s  and k i l le rs  in MLC differed s ignif icant ly.  The MIF concen t ra -  
tion in the medium rose  to a pointed peak on the 2nd or  3rd day of the p r i m a r y  r e sponse  when all s t imula to r s  - 
both i r rad ia ted  (Fig. 3a) or  heated (Fig.  3b) were  used. At these  t imes  k i l l e r  act ivi ty  was min imal  (Fig. 3a) 
or  (when heated s t imula to r s  were  used) it was not detected until the 4th day inclusive (Fig.  3b). Converse ly ,  
on the 5th day of cul ture max ima l  k i l le r  act ivi ty  was combined with a min imal  MIF concentra t ion  in the medium.  

During the secondary  r e sponse  these  d i f ferences  in MLC were  m o r e  demons t ra t ive  st i l l :  M I F a p p e a r e d  
f rom the 1st day and was held at constant  level  throughout the per iod of cul ture,  whereas  no k i l l e r s  appeared  
on the 1st o r  2rid days and they reached  a m a x i m u m  by the 4th day of MLC by whatever  method the s t imulat ing 
cel ls  were  t rea ted  - b y  i r rad ia t ion  (Fig. 3c) o r  heating (Fig. 3d). Both these  act ivi t ies  were  min imal  or  could 
not be detected when the reac t ing  lymphocytes  were  in tegrated with syngeneic s t imula to r s .  

The fo rmat ion  of MIF p roduce r s  thus p recedes  k i l l e r  fo rmat ion  during both p r i m a r y  and secondary  im-  
munizat ion in v i t ro  in the H-2 sys t em.  The w r i t e r s  obtained s i m i l a r  r e su l t s  when mice  were  immunized with 
al logeneic cel ls  in vivo [6]. This r e su l t  ag rees  with the dynamics of changes in the MIF concentra t ion in the 
cul ture  medium of MLC in mice  [13] and ra t s  [15], whereas  in man  [9] and guinea pigs [7] MIF f o r m a t i o n  in 
the p r i m a r y  MLC is s lower  and s tead ie r .  

It is not yet c l ea r  whether  MIF p roduce r s  and k i l l e r s  re f lec t  success ive  s tages  of different ia t ion of T -  
cells in r e sponse  to antigen or  whether  they re f l ec t  independent l ines of such differentiat ion.  Since some MIF 
p roduce r s  fo rmed  in MLC, like k i l l e r s ,  have the Ly =1-23 + phenotype [13], it can be tenta t ive ly  suggested that 
they a r e  one line of differentiat ion,  and that MIF p roduce r s  re f lec t  an in te rmedia te  s tage of different iat ion of 
k i l l e r s  in r e sponse  to antigen, i .e. ,  they a re  l ess  ma tu r e  cel ls  fo rmed  without p ro l i f e ra t ion  and DNA synthesis  
[8, 9]. The conditions of se lec t ive  detect ion of each of these  two ca tegor ies  of T - c e l l s  es tabl ished by the p r e s -  
ent invest igat ion enable this p rob lem to be studied, for  example ,  by the p repa ra t ion  of an t i s e r a  against  each of 
them.  

The authors a re  grateful  to G. N. Vornakova for  exper t  technical  help. The invest igat ion was pa r t i a l ly  
supported by the World Health Organizat ion.  
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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-  

Labo ra to ry  of Im m unochem i s t ry  and Diagnosis  of Tumors ,  Oncologic Scientific Center ,  Academy of 
Medical Sciences of the USSR, Moscow. (P resen ted  by Academic ian  of the Academy of Medical  Sciences of 
the USSR L. M. Shabad.) Trans la ted  f rom Byulle ten '  t~ksper imental 'noi  Biologii i Meditsiny,  Vol. 88, No. 10, 
pp. 429-431, October ,  1979. Original a r t ic le  submit ted D e c e m b e r  10, 1978. 

0007-4888/79/8810-1147507.50 �9 1980 Plenum Publishing Corpora t ion  1147 


