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A macrophage  monolayer  t r ea t ed  with phytohemagglutinin P or  s t rep to lys in  O induced b las t  
t r ans fo rma t ion  of autologous lymphocytes  during combined cultivation. The intensity of the 
effect  depended on the mitogen used  and the age of the monolayer .  

Macrophages  have been shown to play an impor tant  role  in the f i r s t  s tages  of the immune response  
[2, 3]. The role of macrophages  in b las t  t r ans fo rma t ion  of pe r iphe ra l  lymphocytes  as a r e sponse  of immuno-  
competent  cel ls  in vi t ro  has been conf i rmed by seve ra l  invest igat ions.  Ability to undergo b las t  t r a n s f o r m a -  
tion during incubation with specif ic  ant igens is reduced in pure  pe r iphe ra l  blood lymphocytes  obtained a f t e r  
r emova l  of phagocytic  cel ls ,  while the no rm a l  b las t  t r ans fo rma t ion  response  to phytohemagglut inin (PHA) 
is p r e se rved .  On addition of macrophages ,  the no rma l  r e sponse  of the lymphocytes  to specif ic  ant igens is  
r e s t o r e d  [9, 10]. The m e c h a n i s m s  of in teract ion between mac rophages  and lymphocytes  a re  not c lear .  

In the invest igat ion descr ibed  below the poss ib i l i ty  of induction of b las t  t r ans fo rma t ion  of lymphoeytes  
by means  of a monolayer  of autologous macrophages ,  t r ea t ed  with va r ious  mitogens,  was  studied. 

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

All t es t s  we re  c a r r i e d  out with human p e r i p h e r a l  blood leukocytes  obtained f rom healthy donors  whose 
lymphocytes  we re  shown to be  capable  of t r a n s f o r m a t i o n  under  the influence of PHA and s t rep to lys in  O 
(SLO). 

A monolayer  of mac rophages  was  grown on s t r ips  of cove r s l ips  in Leighton 's  tubes by the method 
of Hersh  and H a r r i s  [8]. The propor t ion  of macrophages  in the monolayer  was  98-99%. Monolayers  of 
macrophages  grown for  6-7 and 9-10 days were  t e s t e d .  Monolayers  of macrophages  grown for  9-10 days 
were  indist inguishable in density f rom those grown for  6-7 days and f rom monolayers  of embryonic  f ib ro-  
b las t s .  

The lymphocyte  suspension was obtained by the method of Coulson and Cha lmers  [6]. The propor t ion  
of lymphocytes  in the suspension was  76.7 * 5.7%. Lymphocytes  w e r e  cult ivated in o r d e r  to obtain b las t  
t r ans fo rma t ion  by a modified method of Bach and Hi r schhorn  [5]. The following mitogens were  tested:  
PHA-P  and SLO (Difco, USA). 

Tes t s  of the inducing ability of the mac rophages  were  c a r r i e d  out as  follows. Mitogenic doses  of 
PHA (0.002 ml) or  SLO (0.1 ml) were  added for  3 h to the culture of macrophages .  The macrophage  l aye r  
was  then washed with th ree  ba tches  of medium no. 199, each 1.5-2 ml in volume,  to r emove  the mitogen, 
and 2 ml of a suspension of uns t imula ted  autologous lymphocytes ,  containing 1 million ce l l s  p e r  ml, was  
added to each tube with the macrophages .  
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TABLE 1. Induct ion of Blas t  T r a n s f o r m a t i o n  of Lymphocy tes  by 
Mono laye r  of Macrophages  T r e a t e d  with SLO or  PHA 
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~ ~.~, ~ ~1 

SLO tramformation of lympho- 
cytes (in percent) * 

.o o n 
~ ~ ~$~ Indexofinduetion "t 

4,6 3,8 38,4 
1,4 2,1 34,6 
1,8 - -  19,3 
2,5 16,6 
3,7 ~ 16,4 
2,3 1,4 15,8 
2,8 15,7 

1,8 19,3 
2,5 16,6 
2,8 34,2 
1,2 21,2 
3,6 14,5 

PHA transformation of lympho- 
cytes (in percent) * 

~ ~ ~-~ Index of inductioI 

Use of 6-7-day monolayer 
47,5 +23,6 
40,6 +17,3 
26,7 +38,3 
23,6 +42,1 
22,4 +36,5 
19,2 +21,5 
16,7 +6,4 

M-- m=+26,5--+4,9 
P<O,OI 

68,1 
60,4 
58,1 

34,1 --52,1 :, 
33,8 --50,4 
21,6 --64,3 
40,2 --30,9 

M-- tn=--49,4-----6,9 
P<O,O1 

Use of 9-10-.day monolayer 

19,2 --0,5 71,1 45,4 
14,3 --13,8 68,1 52,6 
14,5 --57,0 66,5 48,5 
18,4 --13,2 63,2 39,1 
13,8 --4,8 -- -- 

M'+" m = - - 1 7 , 9  -'- 10, I 
] P>O,OI 

--36,2 
--22,8 
--27,1 
--38,1 

M~m~--31,1• 
I P<O,OI 

*Mean  va lue  of t r a n s f o r m a t i o n  in  two c u l t u r e s  of lymphocy tes .  

t Di f fe rence  be tween  d e g r e e s  of b l a s t  t r a n s f o r m a t i o n  induced b~ 
m a c r o p h a g e s  and ob ta ined  by  d i r ec t  s t i m u l a t i o n  e x p r e s s e d  as  a 
p e r c e n t a g e  of the l a t t e r .  

The fol lowing con t ro l s  w e r e  set  up: 

1) l ymphocy te s  cu l t iva ted  on a mac rophage  m o n o l a y e r  u n t r e a t e d  with mi togen;  

2) a mac rophage  m o n o l a y e r  t r e a t e d  with mi togen  without  the addi t ion  of lymphocy te  suspens ion ;  

3) l y m p h o e y t e s  cu l t iva ted  on a m o n o l a y e r  of h u m a n  e m b r y o n i c  f i b r o b l a s t s  t r e a t e d  with the  s ame  
mi togens  and by  the s a m e  method as  the mac rophage  m o n o l a y e r s ;  

4) c u l t u r e s  of l ymphocy t e s  without  a macrophage  m o n o l a y e r  s t i m u l a t e d  by SLO, by PHA, o r  u n s t i -  

mula ted .  

The b l a s t  t r a n s f o r m a t i o n  r eac t i on  was  read  in c u l t u r e s  s t i m u l a t e d  with PHA on the 3 r d  day and in 
c u l t u r e s  s t i m u l a t e d  with SLO on the 5th day. Af t e r  the end of cu l t iva t ion  f i l ms  w e r e  p r e p a r e d  f rom the ce l l  
s u s p e n s i o n  and s ta ined,  and the p e r c e n t a g e  of b l a s t  ce l l s  and of m i t o s e s  was  d e t e r m i n e d  u n d e r  the m i c r o -  
scope by the examina t i on  of 1000 ce l l s .  

Each  r e s u l t  was  c a l c u l a t e d  as  the m e a n  n u m b e r  of b l a s t  t r a n s f o r m a t i o n s  in  two dupl ica ted  c u l t u r e s .  
If the r e a c t i o n s  in the two c u l t u r e s  d i f fered  sha rp ly  f r o m  each o the r  (for SLO m > 4, for  PHA m > 6), the 
r e s u l t  was  d i s r e g a r d e d  b e c a u s e  of the p o s s i b l e  i n t e r v e n t i o n  of i r r e l e v a n t  fac to rs .  

EXPERIMENTAL RESULTS 

The results showed that a macrophage monolayer, if stimulated either by SLO or by PHA and then 
washed to remove the mitogen, induces blast transformation of autologous lymphocytes which have not been 
in contact withthe mitogen when cultivated on the same monolayer (Table i). 

Induced transformation of lymphocytes by stimulated macrophages always exceeded the spontaneous 
blast transformation of lymphocytes cultivated in the absence of the mitogen by many times. During analy- 
sis of the results, the intensity of blast transformation of lymphocytes induced by a monolayer treated with 
the mitogen was therefore compared with the degree of transformation obtained by direct stimulation of the 
lymphocytes with the corresponding mitogen (without the monolayer). 
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As Table  I shows, the level  of t r ans fo rma t ion  induced by the macrophage  monolayer  depended on the 
type of mitogen with which the monolayer  was  t r ea ted  and on the t ime of cult ivation of the monolayer .  

A 7-day  monolayer  of macrophages  s t imulated by SLO induced t r ans fo rma t ion  of lymphocytes  to a 
degree  g r e a t e r  than the b las t  t r ans fo rma t ion  response  of the lymphocytes  to SLO with d i rec t  s t imulat ion 
by the mitogen by 26.5 • (P < 0.01). During s t imulat ion of a s imi l a r  monolayer  by PHA, induction of 
b las t  t r ans fo rma t ion  was obse rved  in the lymphocytes  but i ts  intensity did not reach  the level  of b las t  
t r ans fo rma t ion  obtained by di rec t  s t imulat ion of the lymphocyte  by PHA (the react ion  was  reduced by 49.4 • 
6.9%; P < 0.01). 

With an i nc rea se  in the age of the monolayer  used to 9-10 days the induction phenomenon continued to 
be exhibited when the mac rophages  were  t r ea ted  by both mitogens,  but in this case  the reac t ion  of the 
lymphocytes  to t r ea tmen t  of the monolayer  by SLO was not significantly different  f rom the level  of t r a n s -  
fo rmat ion  by di rec t  s t imulat ion (P > 0.1). T rans fo rma t ion  induced by PHA remained  at the s ame  level  
as when the 7 -day  monolayer  was  used (decrease  of 31.1 • P < 0.01 compared  with the d i rec t  reaction).  

In lymphocytes  cult ivated on an unst imulated monolayer  no dif ference was found in the level  of b las t  
t r an s fo rma t ion  by compar i son  with the control  cul ture  without s t imula tor .  When a macrophage  monolayer  
s t imulated by SLO or  PHA was  grown without the addition of lymphocytes ,  no b las t  t r an s fo rma t ion  was  ob- 
served.  

During the examinat ion of the phenomenon of t r a n s m i s s i o n  of the s t imulus  to lymphocytes  by means  
of a macrophage  monolayer ,  the poss ib i l i ty  could not be ruled out that the lymphocytes  may have been s t i -  
mulated by res idua l  amounts of mitogen resul t ing f r o m  i ts  incomplete  r emova l  f rom the monolayer .  To 
test  this hypothesis  control  expe r imen t s  we re  c a r r i e d  out in which the macrophage  monolayer  was  r e -  
p laced  by a monolayer  of embryonic  f ibroblas ts .  Cultivation of the lymphocytes  on this monolayer ,  whether  
t r ea t ed  with SLO or with PHA, was  accompanied  by b las t  t r ans fo rma t ion  to an intensi ty which did not differ  
significantly f rom the level  of t r ans fo rma t ion  of the uns t imula ted  lymphocytes .  

It can be concluded f rom these  r e su l t s  that the phenomenon of induction of lymphocytes  is  connected 
with the biological  function of the macrophages ,  although i ts  mechan i sm is at p resen t  difficult to explain. 
In accordance  with views regard ing  the role  of  macrophages  deduced f rom expe r imen t s  using other  model 
s y s t e m s  [1, 4, 71 it can be postula ted  that in the s y s t e m  used in the p resen t  invest igat ion induction took 
p lace  through p rocess ing  of the mitogen within the macrophages  and the t r a n s m i s s i o n  of immunogenic  
m a t e r i a l  to the lymphocytes .  The poss ib i l i ty  of t r ansmi s s ion  of mitogen fixed on macrophages  with special  
sur face  p r o p e r t i e s  to the lymphocytes  l ikewise cannot be ruled out. 

The dif ference in the abil i ty of the monolayer  to induce t r ans fo rma t ion  of lymphocytes  when t rea ted  
with PHA and SLO could be the resu l t  of d i f fe rences  in the r e sponse  of these  mi togens  to p roces s ing  
by macrophages  and also to d i f fe rences  in the course  of the specif ic  and nonspecif ic  reac t ions  of the lympho-  
cytes  during the appearance  of additional contact resul t ing f rom the p r e s e n c e  of l a rge  number s  of m a c r o -  
phages  in the culture.  

The dec rea se  in the inducing power  of the mac rophages  with increas ing  age of the monolayer  was  
probably  due to morphologica l  t r ans fo rma t ion  of the cells .  Changes in macrophage  morphology were  ob- 
se rved  with an i nc rea se  in the age of the monolayer :  the number  of polynuclear  cel ls  inc reased ,  and giant 
cel ls  measur ing  100-200 ~ and f ib rob l a s t s  appeared.  Evidently mac rophages  exhibit an immunogenic  func- 
t ion only at cer ta in  s tages  of the i r  development.  
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