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The effect of stimulation of immunoglobulin synthesis in mixed cultures of lymph gland cells 
from immune mice and intact bone marrow cells was studied by a radioisotope method using 
immunosorbents. The stimulation effect was observed during the first few hours of com- 
bined incubation and it continued for 21 h. The increase in synthesis in mixed cultures was 
shown to take place uniformly through the same classes of immunoglobulins as are synthe- 
sized in monoculture. The stimulation effect takes place in the presence of intact, metabol- 
izing cells. On the addition of supernatant from cultures of intact bone marrow cells to the 
cells of immune lymph glands a slight increase in antibody synthesis was observed. 

Previous  investigations showed that antibody synthesis is increased  by about 3 t imes and the synthe- 
sis of nonspecific immunoglobulins is increased  by 1.5 t imes compared  with the levels observed in mono-  
cul tures in mixed cul tures of lymph gland cells obtained f rom immune animals at the peak of the productive 
phase of antibody formation with bone m a r r o w  or  spleen cells f rom intact donors [2, 3]. This effect of 
cel lular  interaction is a new phenomenon in immunology, for it operates  not at the level of the p r ecu r so r  
cel ls  initiating immunogenesis ,  but at the level of matur.e ant ibody-producers  [4]. The mechanisms of this 
effect have so far  received ve ry  little study. 

This paper descr ibes  experiments  to study some aspects  of interaction between immune lymphocytes 
and intact bone mar row cells  in mixed culture.  The t imes of appearance of the effect, the possibility of its 
production by humoral  factors ,  and the relationship between the various c lasses  of immunoglobulins synthe-  
sized after  stimulation were  investigated. 

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

Inbred CBA, A, and C57BL male and female mice weighing 18-22 g were used.  The animals were im-  
munized by subcutaneous injection of horse  y-globul in  in a dose of 5 mg per mouse in Freund 's  complete 
adjuvant and they were re immunized  by intravenous injection of a dose of 3 mg per mouse 1-1.5 months 
la ter .  To prepare  lymph gland cell  suspensions the mice were  decapitated on the fourth day after r e i m -  
munization and the axiUary, inguinal, and mesenter ic  lymph glands were removed with s ter i le  precautions.  
The t issue was minced with s c i s s o r s  and forced through needles with success ive ly  decreasing d iameters .  
The bone mar row cells were washed out with cold Eagle ' s  medium by means of a syringe from the long 
bones of the hind limbs of intact animals .  The result ing cell suspensions were passed through a double 
layer  of s ter i le  gauze and washed twice with cold Eagle ' s  medium. The washed cells were  suspended in 
Eagle ' s  medium in a proport ion of 3 �9 107-4 �9 107 cells to 1 ml medium, to which 207c bovine serum,  
glycine-C 14 (1 t~Ci/ml) ,  and penicillin (10 un i t s /ml )  with s t reptomycin (50 m g / m l )  had f i rs t  been added. 
The resul t ing suspension was poured in volumes of 3 ml into flasks for incubation. In the case of mixed 
cul tures ,  1.5 ml of a suspension of each of the two cell  suspensions for testing was poured into the f lasks.  
The cells  were incubated for 3-22 h at 37~ After the end of incubation the cells were disintegrated with 

Institute of Biophysics,  Ministry of Health of the USSR, Moscow. (Presented by Academician of the 
Academy of Medical Sciences of the USSR P.  D. Gorizontov.) Transla ted  from Byulleten' Eksper imenta l ' -  
noi Biologii i Meditsiny, Vol. 76, No. 9, pp .  73-77, September,  1973. Original ar t ic le  submitted November 27, 
1972. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g'est 17th Street, New York, Y. Y. 1001I. 
No part of t]zis publication may be reproduced, stored in a retrieval system, or trnnsmitted, in any form or b), any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. 
copy of this article is available from the publisher for $15.00. 

1073 



Pulses/lOOsec 
1200 
/ 000 
800 
600 
400 
200 

S.1{ ,X -~i 

,,}" 
t 1 

2 

3 6 9 12 151821 
Incubation time (11) 

Pulses :lOOsec 

B 

2000 

1000 

# # 
3 / # 

S 
it 1# # 

l 

! T t 

3 12 IS /8 21 

Incubat ion  t i m e  (b_) 

Fig. 1. Synthesis of antibodies (A) and nonspecific 7 -globulins 03) 
in cultures of immune lymph gland cells and in mixed cultures of 
cells from immune lymph glands and intact bone marrow at different 
times of incubation: 1) synthesis of immunoglobulins by immune 
lymph gland cells; 2) by intact bone marrow cells; 3) in mixed cul- 
tures of cells from immune lymph glands and intact bone marrow. 
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Fig. 2. Gel filtration of immunoglobulins synthesized by lympho- 
cytes in monoeultures (A) and in mixed cultures (B) through column 
with Sephadex G-200: 1) absorption at 280 nm; 2) nonspecific sorp- 
tion of radioactivity; 3) intensity of antibody synthesis; 4) intensity 
of synthesis of nonspecific 7-globulins. 
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TABLE 1. Synthes i s  of Ant ibod ies  and Nonspec i f ic  y - G l o b u l i n s  in 
Mixed C u l t u r e  of I m m u n e  Lymph Gland and In tac t  Bone M a r r o w  
Ce l l s  wi th  D i s i n t e g r a t e d  Ce l l s  of One Componen t  of the Mix ture  (M * m) 

Mixture of cells investigated 
No. of 
expts. 

Cells of immune lymph glands and , 3 
cells of intact bone marrow 

Cells of immune lymph glands and dis- 3 
integrated ceils of intact bone marrow 

Cells of intact bone marrow and dis- 3 
integrated cells of immune lymph 
glands 

Coefficient of stimulation 

antibodies 

3,46-----0,47 

0,74--0,t6 

No synthesis 

nonspecific 
7 -globulins 

2,98+---0,13 

0,48~--0,096 

t,05~0,13 

N0te .  He re  and in Tab l e  2: Coeff ic ien t  of s t i m u l a t i o n  i m p l i e s  r a t io  
be tween  s y n t h e s i s  of an t ibod ies  or nonspec i f i c  y - g l o b u l I n s  in mixed  
c u l t u r e  and s y n t h e s i s  of t hese  p r o t e i n s  in c o r r e s p o n d i n g  m o n o c u l t u r e s .  

TABLE 2. Syn thes i s  of Ant ibod ies  and Nonspec i f i c  y - G l o b u l i n s  in 
Mixed C u l t u r e s  of I m m u n e  Lymph Gland and In tac t  Bone M a r r o w  
Ce l l s  with Incuba t ion  F lu id  Obta ined  f rom The se  Same Ce l l s  

t No, of 
Mixture of cells investigate expts. 

Cells of immune lymph glands 
and ceils of intact bone mar- 
row 

Cells of immune lymph glands 
and supernatant ~rom intact 
bone marrow cells 

Cells of intact bone marrow 
and supernatant from immune 
lymph gland cells 

Cells of immune lymph glands 
and supernatant from a mix- 
lure of immune lymph gland 
and intact bone marrow cells 

Cells of intact bone marrow ant 
supernatant from mixture of 
immune lymph gland and in- 
tact bone marrow cells 

Coefficient of stimulation (M i m; P) 

antibodies 

2,23"+0,28 

1,20~0,I6 

0,88.e:-0,06 

0,65m0,008 

0,78m0,1 

PI 

~0,01 

~0,05 

<0,05 

<o,ol 

<o,05 

nonspecific 
7 -globulins 

1,55• 

0,69~0,008 

0,92~0,0t 

0,65m0, [ 

0,78m0,1 

Pz 

~0,001 

<O,OOt 

<0,001 

<O,05 

<0,05 

Note:  P l  and P2) s i gn i f i c ance  of s t i m u l a t i o n  of s y n t h e s i s  of a n t i -  
bodies  and nonspec i f i c  T - g l o b u l i n s  r e s p e c t i v e l y ,  d e t e r m i n e d  f rom 
the F i s h e r - S t u d e n t  t ab le .  

0.5% T r i t o n  X-100 solu t ion  or by f r e e z i n g  mad thawing t h r e e  t i me s  in the incuba t ion  m e d i u m ,  and the ce l l  
m e m b r a n e s  w e r e  then s e d i m e n t e d  by een t r i fuga t ion  (10,000 g, 20 rain) .  

The s y n t h e s i s  of an t ibod ies  and of nonspe c i f i e  i m m u n o g l o b u l i n s  in the mixed  c u l t u r e s  was c o m p a r e d  
with the t h e o r e t i c a l l y  expected  value  ca l cu l a t ed  f rom the c o r r e s p o n d i n g  unmixed  c o n t r o l s .  The level  of i m -  
munog lobu l in  s y n t h e s i s  was  d e t e r m i n e d  f r o m  the i n c o r p o r a t i o n  of r ad ioac t ive  label  into these  p ro t e in s  ex -  
t r a c t e d  s p e c i f i c a l l y  by m e a n s  of i m m u n o s o r b e n t s  [1]. 

The r a t io  be tween the s y n t h e s i s  of i m m u n o g l o b u l i n s  IgM, IgG, and IgA was s tud ied  by gel f i l t r a t ion  on 
a co lumn  (2 x 60 cm) wi th  Sephadex G-200,  e q u i l i b r a t e d  with 0.039 M T r i s - p h o s p h a t e  buffer ,  pH 7.5, with 
0.1 M NaC1 so lu t ion .  
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EXPERIMENTAL RESULTS 

The dynamics of synthesis of antibodies and nonspecific immunoglobulins in cultures of lymph gland 
cells from immune donors grown separately or in combined culture with bone marrow cells taken from in- 
tact mice of the same line was studied in the experiments of series I (Fig. I). 

It is clear from Fig. 1 that in monocultures of lymph gland cells from immune donors the titers of 
synthesized antibodies and nonspecific T-globulins rose gradually during the first 9 h of incubation, after 
which the production of these proteins ceased. In mixed cultures, on the other hand, the production of both 
specific and nonspecific immunoglobulins continued throughout the period of incubation and reached a maxi- 
mum af te r  21 h. 

To d i scove r  which c l a s s  of immunoglobul ins  was r e s p o n s i b l e  for  the i n c r e a s e  in prote in  syn thes i s  in 
the mixed cu l tu re ,  the incubation medium e i the r  f rom cu l tu res  of immune lymph gland ce l l s  or  f rom a m i x -  
ture  of immune l y m p h  gland ce l l s  and intact  bone m a r r o w  ce l l s  was passed  through a column with Sephadex 
G-200. This  showed that  the s a m e  c l a s s e s  of immunoglobul ins  a r e  syn thes ized  in the mixed cu l ture  as in 
the monocul ture  of immune lymph glands,  and that the i n c r e a s e  in T-globul in  syn thes i s  took p lace  un i fo rm-  
ly  on account of a l l  c l a s s e s  of immunoglobul ins :  IgM, IgA, and IgG (Fig. 2). 

In the next  s e r i e s  (II) of expe r imen t s  the p rob lem of whether  immunoglobulin syn thes i s  is i n c r e a s e d  
in mixed cu l tu re s  of immune lymph gland and in tac t  bone m a r r o w  ce l l s  following des t ruc t ion  of the ce l l s  of 
one component  of the mix ture  was studied. The r e s u l t s  showed that  in tac t  cel l  suspens ions  mus t  be cu l t i -  
vated in o r d e r  to obtain in tens i f ica t ion  of globulin synthes i s  (Table 1)o 

The i n c r e a s e  in immunoglobulin syn thes i s  in the mixed cu l tu res  evident ly  takes  place  e i ther  through 
d i r ec t  contact  between the in te rac t ing  ce i l s  or on account of a humora l  fac tor  s e c r e t e d  by one of the mixed 
populat ions into the incubation fluid during me tabo l i sm of the cu l tu red  c e l l s .  

To examine the ro le  of a humora l  fac tor  in the s t imula t ion  of immunoglobulin syn thes i s  in the mixed 
cul ture  expe r imen t s  were  c a r r i e d  out in which supernatant  f rom intact  bone m a r r o w  ce i l s  grown for 7-10 h 
was added to lymph gland ce l l s  of immune donors  or ,  on the con t r a ry ,  superna tan t  f rom cu l tu res  of immune 
lymph gland ce l l s  was added to intact  bone m a r r o w  ce l l s .  In addit ion,  superna tan t  f rom mixed  cu l tu res  g iv -  
ing the s t imula t ion  effect ,  i . e . ,  f rom a mix tu re  of immune lymph gland and intact  bone m a r r o w  ce l l s ,  was 
added to these  same  ce l l s  (Table 2). 

It wi l l  be c l e a r  f rom Table 2 that on mixing the supernatant  f rom a cu l tu re  of immune lymph gland 
ce l l s  and a ls0  f rom mixed  cu l tu res  with the bone m a r r o w  or  immune lymph gland ce l l s  no s t imula t ion  e f -  
fect  was obtained, and indeed,  immunoglobulin syn thes i s  was inhibi ted .  This  phenomenon could be due to 
the p re sence  of ce r t a in  inh ib i tors  s e c r e t e d  into the cu l tu re  fluid by the ce l l s  in the cour se  of the i r  me tabo-  
l i s m .  Only in one case ,  in which supernatant  f rom intact  bone m a r r o w  ce l l s  was mixed with ce l l s  f rom i m -  
mune lymph glands,  was a s m a l l  i n c r e a s e  in synthes i s  obse rved .  It mus t  be emphas ized  that,  although this 
s t imula t ion  effect  was not  s t a t i s t i c a l l y  s ignif icant ,  the i n c r e a s e  in immunoglobulin syn thes i s  in that case  
was s igni f icant  compared  with the lowered  level  of production of these  p ro te ins  in cu l tu res  to which s u p e r -  
natant  f rom immune lymph glands and f rom the mix ture  of ce l l s  was added.  

The poss ib i l i t y  thus cannot be ru led  out that ,  p a r a l l e l  with d i r ec t  contact  between ce l l s  of immune 
lymph glands and intact  bone m a r r o w ,  in o r d e r  to obtain the s t imula t ion  effect  ce r t a in  humora l  f ac to r s  
must  be p r e s e n t .  These  fac to rs  a r e  evident ly  s e c r e t e d  by intact  bc~e m a r r o w  ce l l s  and they exe r t  the i r  e f -  
fect  on ma tu re  an t ibody-producing  ce l l s  which a re  r e spons ib l e  for the i n c r e a s e  in antibody syn thes i s .  
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