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The effect of inhibitors o f  DNA and protein synthesis  on the production of mitogenic factor  (MF) 
by human lymphocytes  st imulated with phytohemagglutinin were studied. During inhibition of 
DNA synthesis by mitomycin MF production was not reduced. During inhibition of protein syn- 
thesis  the production of MF not only was not reduced but was actually increased.  It is concluded 
that MF pre -ex i s t s  in the lymphocyte before the beginning of stimulation, not in the ready-made  
form, but as an inactive p recu r so r ,  which is activated only in the living cell when st imulated by 
phytohemagglutinin, and not in need of protein synthesis  at that moment. 
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The study of the connection between production of mediators  of cel lular  immunity (lymphokines) [8] and 
var ious  metabolic p rocesses  in the lymphocyte is of great  importance both to the understanding of the molecular  
mechanisms t r igger ing  lymphokine production during the development of the cellular  immune response  and to 
the development of methods of influencing this p rocess  and of seeking optimal methods for obtaining lymphokines. 
It has recent ly  been shown that the in v i t ro  production of lymphokiaes such as migrat ion inhibition factor  [7], 
sk in-react ive  factor  [10], and lymphotoxin [13] is depressed  by inhibitors of protein synthesis .  

The effect of inhibitors of protein and DNA synthesis  on the production of one of the most  important lym-  
phokines, namely mitogeaic factor  (MF), was studied. Mitogenic factor,  l iberated in cul tures of lymphocytes 
st imulated by phytohemagglutinin (PHA), was descr ibed by the wr i te rs  previously and is a protein with mole-  
cular  weight of 20,000-30,000 daltons. The MF descr ibed previously is not a product of cell destruct ion and it 
s t imulates DNA synthesis  in cultures of autologous and allogeneie lymphocytes for 6-7 days [2-5]. 

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

Product ion of MF by lymphocytes was induced with PHA, using the method descr ibed previously  [2], which 
includes inactivation of PHA residues  by antisera.  The lymphocytes were isolated from whole heparinized blood 
of healthy donors. The red  cells were sedimented by dextran and the plasma with leukocytes was applied to 
columns with polyacryloni t r i le  fiber, incubated at 37~ for  40 min, and eluted with plasma of the same donor. 
The isolated cells were counted in a Goryaev ' s  chamber  on a Coul ter -F  d counter, and in stained preparat ions .  
The washed-off  lymphocytes,  in a concentrat ion of 3 million ee l l s /ml ,  were incubated with PHA-P  (Difco, 
1 #I /ml)  for 40 rain, washed off twice, and cultivated in the same cell concentration in medium TS-199 (Ear le-  
Base, IBL), enriched with L-glutamine,  antibiotics, and autologous se rum up to 1070 (pr imary cultures).  After  
48 h of cultivation the cells were removed from the medium by centrifugation, the culture medium (CM) was 
f i l tered through mill ipore f i l ters  (0.3 ~, Millipore Co.), and used for determination of its mitogenic activity 
af ter  neutralization of ]?HA residues  eluted f rom the cells during cultivation, by anti-PHA ant i serum [2]. The 
ant iserum was added in a previously chosen concentrat ion such that the mitogenie action was completely neu- 
t ra l ized by PHA-P in a concentrat ion of 1 ~ l /ml .  
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TABLE I. Effect of Inhibitors of Protein and DNA Synthesis on MF Production in Cultures of 

PHA-Stimulated Lymphoeytes (M • m) 

Expt. 

Mitegenic activity of Characteristics of action of inkibitors on primary lymphocyte cultures (n = 3) CM of primary cultures 
. . . . . . . . .  for DNA synthesis in 
I~,~.~ cello i blast cells and] DNA synthesis (in[ protein synthesis test cultures (in 
~'"t~ "~ intermeatate " co n " " " inhibitor (in %) I~rms lin %) I (m u tslmm) [(m counulrmn) c o u n t s / r a i n ,  n : 4) 

Aca~o~ 
Mitomycin C 

89+-2,6 43+-1,8 8 143-+634 
86-+- 4,3 1,7~ 1,2 
87+-0,5 44-+2,4 2 070+-301 

4 556-+ 294 
170+- 19 

4 682+- 558 

4 426-- ~ 553 
14 728~915 
4 292~-29t 

DNA synthesis in unslimulated test cultures 

Aetidion-e 
Mitomycin C 

84~2,3 
80-+ 0,4 
83+- 1,8 

56-+3,1 14 060-----2 000 
1,7--0,9 

50~ 1,2 76-+6,9 

10 743-+1 626 
238 -.-+ 66 

1 104+-236 

6 062--+662 
12 901-+2 251 
5 749-+541 

DNA synthesis in unsfimulated test cultures 1 218• 185 

86+-1,2 47---+1,7 5 815+-551 6 269+-733 24 250+----2 484 
Actidio~ 65+-1,4 2,3-+0,3 191-+64 142+-34 32 920----- 1 750 

3 Mitomycin C 89+----2,4 4t + 1,4 265+--58 3 266+-458 20 923-- + l 626 

DNA synthesis in unsfimulated test cultures 6 667• 

4 Puromy~n 87-+0'7 1 60~+0'9 1 2 0 2 1 + - 7 2  30668+--3222 
71+- 1,7 3~ 1,7 127~ 13 40 570~4 659 

DNA synthesis in umfimulated test cultures 10 948+--673 

Legend .  1) The  t h y m i d i n e - 3 H  u s e d  in e x p e r i m e n t s  1 and 2 had a s p e c i f i c  a c t i v i t y  
of  4 .1  C i / m m o l e  and  tha t  in e x p e r i m e n t s  3 and  4 an  a c t i v i t y  of 11 C i / m m o l e .  2) n = 

n u m b e r  of c u l t u r e s .  

T r e a t m e n t  of  t h e  C e l l s  of the  P r i m a r y  L y m p h o c y t e  C u l t u r e s  b y  I n h i b i t o r s  of  DNA and  P r o t e i n  S y n t h e s i s .  
1. DNA s y n t h e s i s  was  inh ib i t ed  by  m i t o m y c i n  by  the m e t h o d  of  Bach  and Voynow [6]. The  l y m p h o e y t e s  w e r e  
i ncuba ted  for  20 rain at  37~ wi th  m i t o m y c i n  C (Serva) in a c o n c e n t r a t i o n  of  25 ~ g / m l ,  w a s h e d  off once  wi th  
m e d i u m  No. 199, and  then  u s e d  fo r  incuba t ion  with  PHA and for  i n v e s t i g a t i o n  o f  M F  p r o d u c t i o n .  2. P r o t e i n  
s y n t h e s i s  was  inh ib i t ed  by  a c t i d i o n e  (Ca lb iochem)  and  p u r o m y e i n  (Nutr .  B iochem.  Corp.)  in a c o n c e n t r a t i o n  of 
5 ~ g / m l .  H i g h e r  c o n c e n t r a t i o n s  unde r  t h e s e  e x p e r i m e n t a l  cond i t i ons  c a u s e d  on ly  a v e r y  s l igh t  r e d u c t i o n  in 
p r o t e i n  s y n t h e s i s  but  s u b s t a n t i a l l y  r e d u c e d  the  v i a b i l i t y  of the  l y m p h o c y t e s .  The l y m p h o c y t e s  w e r e  p r e i n c u b a t e d  
wi th  i n h i b i t o r s  fo r  30 min b e f o r e  incuba t ion  of the  c e l l s  wi th  PHA;  d u r i n g  inhib i t ion  with  PHA, d u r i n g  wash ing  
off  the  c e l l s  and cu l t i va t i on  the  i n h i b i t o r s  of p r o t e i n  s y n t h e s i s  w e r e  p r e s e n t  in the  m e d i u m  in the  c o n c e n t r a t i o n  

s p e c i f i e d  above .  

Some o f  the  p r i m a r y  c u l t u r e s  w e r e  u s e d  to  i n v e s t i g a t e  DNA and p r o t e i n  s y n t h e s i s ,  the  v i a b i l i t y  of the  c e l l s ,  
and  t h e i r  m o r p h o l o g y  in s t a i n e d  p r e p a r a t i o n s ,  o t h e r s  w e r e  u s e d  fo r  the  s tudy  of M F  p r o d u c t i o n .  To i n v e s t i g a t e  
DNA s y n t h e s i s ,  t h y m i d i n e - 3 H  (4 o r  11 C i / m m o l e )  was  a d d e d  in a dose  of  2/~ C i / m l  f o r  4 h a t  the  end  of  c u l t i v a -  
t ion .  To i n v e s t i g a t e  p r o t e i n  s y n t h e s i s  the  c e l l s  w e r e  c u l t i v a t e d  in M i n i m a l  E s s e n t i a l  Med ium (IBL) to  which  
g lyc ine -3H [1] ( spec i f i c  a c t i v i t y  515 m C i / m m o l e ) ,  l eue ine -3H (75 m C i / m m o l e ) ,  and  m e t i a i o n i n e J H  (49 m C i /  
m m o l e ) ,  e a c h  in a dose  of  2 I s C i / m l ,  w e r e  a d d e d  a t  the  beg inn ing  of c u l t i va t i on .  The  nlabeledm c e l l s  w e r e  
t r e a t e d  by  a m o d i f i e d  m e t h o d  of  Robb in s  [12] and the  r a d i o a c t i v i t y  was  m e a s u r e d  with  a P a c k a r d  T r i C a r b  2450 
l iqu id  s c i n t i l l a t i o n / 3 - s p e c t r o m e t e r  and  e x p r e s s e d  in c o u n t s / r a i n / 1 0  G c e l l s .  The  v i a b i l i t y  of  the  c e l l s  was  s t u d i e d  
by  the T r y p a n  Blue  b l o c k i n g  m e t h o d .  

R e m o v a l  of I n h i b i t o r s  f r o m  the  C u l t u r e  Med ium.  The  i n h i b i t o r s  w e r e  not r e m o v e d  f r o m  CM by d i a l y s i s  
for  t r a c e s  of  inh ib i tQrs  w e r e  found in i t  even  a f t e r  d i a l y s i s  fo r  48 h. Be fo re  i n v e s t i g a t i o n  of  i t s  m i t o g e n i c  a c t i -  
v i t y  the  CM of the  p r i m a r y  c u l t u r e s  was  a c c o r d i n g l y  t r e a t e d  by  g e l - f i l t r a t i o n  on c h r o m a t o g r a p h i c  c o l u m n s  wi th  
B ioge l  P - 6  (Bio-Rad) ,  and  e l u t e d  with  m e d i u m  TS-199 .  In t h i s  way  the  l o w - m o l e c u l a r - w e i g h t  p h a s e  of  CM ( in-  
c lud ing  i nh ib i t o r s )  was  c o m p l e t e l y  r e p l a c e d  by  f r e s h  m e d i u m  TS-199  and  the  l o s s  of  p r o t e i n s  d id  not e x c e e d  8%. 

A f t e r  t r e a t m e n t  a s  d e s c r i b e d  above  the CM was  s t e r i l i z e d  b y  f i l t r a t i o n  t h r o u g h  M f l l i p o r e  f i l t e r s  (0.3 ~,  
M i l l i p o r e  Co.),  e n r i c h e d  with  a n t i b i o t i c s ,  L - g l u t a m i n e ,  and  human s e r u m  (up to  15%) h e a t e d  to  56~ and  then  
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tes ted for its mitogenic activity in secondary test  cul tures of allogeneic lymphoeytes purified on columns. DNA 
synthesis in the tes t  cul tures was investigated on the 6th day [3] with the aid of thymidine-3H. The method of 
labeling was s imi lar  to that descr ibed  for the p r i m a r y  cultures.  

EXPERIMENTAL RESULTS 

As Table 1 shows, inhibition of DNA synthesis by mitomycin C did not affect blast  t ransformat ion  of the 
lymphocytes  in the p r i m a r y  cul tures  st imulated by PHA and did not reduce MF production. DNA synthesis  is 
thus unnecessary  for MF production. Inhibition of protein synthesis led to depress ion of blast  t ransformat ion  
and of DNA synthesis;  under these c i rcumstances  not only was the mitogenic act ivi ty of CM not reduced, but in 
every  case it was increased  by a cer ta in  degree.  If allowance is made for the protein nature of MF, these ob- 
servat ions  suggest that this was not a case of ME synthesis  de novo, but of l iberation of a pre-exis t ing  mito-  
genic prote in  by the st imulated lymphocytes.  The present  wr i t e r s  showed previously  [2] that on incubation of 
lymphocytes  with PHA and thei r  subsequent rapid destruct ion by f reezing and thawing, followed by cultivation in 
medium No. 199 under the same conditions as  living cells,  no MF was found with the CM of these cultures.  In 
the present  investigation a decrease  in MF production also was observed In the case of death of cells of the 
p r i m a r y  cul tures f rom an overdose of inhibitor. The lymphocyte evidently contains, not the ready-made  MF, 
but its inactive p r ecu r so r ,  which can be act ivated only in the living cell when st imulated by PHA and not in need 
of protein synthesis  de novo at that moment. 

The phenomenon of the increase in mitogenic activity of CM on inhibition of protein synthesis  in the MF 
producer  cells descr ibed above cor re la tes  with ea r l i e r  observat ions of the pat tern of MF production by lympho- 
cytes in pro te in- f ree  nutrient media [3]. Despite a more  than fivefold decrease  in protein synthesis  in such 
media, their  MF content was 1.5 t imes  higher than in CM enriched with human se rum [3]. So far  as  the possible 
mechanism of this phenomenon is concerned,  it must  be r emembered  that the CM of the stimulated lymphocytes 
contained not only MF, but also a combination of biologically active fac tors  [11], including inhibitors of lympho- 
cyte prol i ferat ion [4, 9]. In par t icular ,  the wr i t e r s  observed previously that CM of human lymphocytes  s t imu-  
lated by PHA contains an inhibitor with a molecular  weight of 50,000-100,000 daltons, which sharply inhibits 
DNA synthesis in test  cul tures of lymphocytes  [4]. The increase  in mitogenic activi ty of CM may be due to a 
decrease  in the content of these inhibitors, as a resul t  of inhibition of their  synthesis.  

No information on the pre-exis tence  of lymphokines in the unstimulated lymphocyte could be found in the 
l i terature .  The MF studied by the wr i t e r s  is possibly unique in this respect .  Meanwhile the resul ts  of the 
present  investigation indicate that in exper iments  such as these there  is a great  r i sk  of e r r o r  as the resul t  of 
the toxicity of the inhibitor or  its incomplete removal  f rom the medium. This must be taken into account both 
when studying the mechanisms of production of other  fac tors  of the lymphokine group and during the in terpre ta-  
tion of existing communicat ions.  
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