
The discovery of cross-reactions between CL and PI by some workers and their absence in the experi- 
ments of others can evidently he explained by the different spectrum of antibodies against the determinants 
of the lipid hapten in antisera obtained by different research workers. Important factors determining the 
spectrum of antibodies against a given hapten in each concrete serum may be the nature of the preparation 
used for immunization, the method of injection of the antigen, the individual differences in the responses of 
different animals, and the method used to test serum activity. 

The authors are grateful to Professor G. I. Abelev for his great interest in the work and valuable advice, 
to I. K. Vardanyan for kindly providing the sera, and to O. A. GavrHov for technical assistance in the course 
of the experiments. 
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STROMAL FIBROBLASTS OF HEMATOPOIETIC 

AND ANTIBODY FORMATION IN CULTURE 

A. V. Sidorenko and N. N. Kulagina 

ORGANS 

UDC 612.017.1-06 : 612.41-085.23 

Stromal mechanocytes of thymic, bone-marrow, and splenic origin obtained from monolayer 
cultures at the 3rd-6th passage, if added to suspension cultures of rabbit spleen cells by the 
method of Mishell and Dutton, have a significant effect on the accumulation of antibody-forming 
cells (AFC) by the 4th day in culture. Their action clearly depends on dose. Stromal mechano- 
cytes of bone marrow origin, in doses of 2.1 • 103-6.25 • 105, caused inhibition of AFC formation 
in culture. Stromal mechanocytes of thymic origin in doses of 2.75 x 103-8 • 105 caused an in- 
crease in the number of AFC, whereas mechanocytes of splenic origin in doses of 2.1 x 103- 
1.3 • 104 had no significant effect, and in doses of 8 • 104-6.25 • 105 inhibited AFC formation. 
Many of the living cells and AFC were concentrated in the fraction of nonadherent cells. 

KEY WORDS: stromal fibroblasts; antibody formation in vitro. 

Stromal mechanocytes (fibroblasts) of hematopoietic tissue play an important role in the creation of the 
microenvironment for lymphocytes in hematopoietic and lymphoid organs [1-6]. This ra ises  the question of 
the effect of stromal fibroblasts on the development of immunologic reactions in vitro. 

In the investigation described below the effect of stromal fibroblasts on antibody formation in culture 
was studied. The plan of the investigation was to isolate cell lines of stromal fibroblasts from bone marrow, 
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Fig.  1. Effect  of f ib roblas t s  of different  
or ig in  on number  of AFC in cul ture .  1) 
F i b r o b l a s t s  of thymic,  2) of b o n e - m a r -  
row, and 3) of splenic or igin.  Absc i s sa ,  
number  of f ib rob las t s  added to culture;  
ordinate ,  number  of AFC per  cul ture  
(in %). 

thymus ,  and spleen and to compare  the number  of an t ibody-forming cel ls  (AFC) a r i s ing  in cul tures  of spleen 
cel ls  s t imulated by sheep ' s  r ed  blood cel ls  in the p r e sence  of s t romal  f ib rob las t s  of different  or igin.  

EXPERIMENTAL METHOD 

Rabbits weighing 1.5-2 kg with a low titer of natural hemolysins were used as donors of the cells for 
explanation. Suspensions of spleen, thymus, and bone marrow cells were made up in Hanks ~ solution by the 
method described earlier [3]. To obtain strains of stromal fibroblasts, bone marrow, thymus, and spleen 
cells were explanted into Roux flasks with a base area of 42 and 78 cm 2 [3]. 

The cells were cultured in medium No. 199 with 10% autologous or homologous serum. On the 12th-15th 
days, whendiscrete colonies of fibroblasts had formed in the cultures, the cells were removed with trypsin and 
t r a n s f e r r e d  fo r  fu r the r  cul ture  to new f lasks .  These  p a s s a g e s  were  r epea t ed  once eve ry  4-6 days .  

To induce antibody fo rmat ion  in vi t ro spleen ce l l s  cul tured by the method of Mishell  and Dutton [8] in 
the modif icat ion of The i s  and Thorbecke  [9] in min imal  E a g l e ' s  medium,  with the addition of r e p l a c e a b l e  amino 
acids ,  glutamine,  v i tamins ,  sodium pyruvate ,  and 20% heated autologous s e r u m  were  used.  Culture  took p lace  
in p las t ic  dishes 50 nun in d i a m e t e r  on a revolv ing  p la t fo rm (7-10 rpm) .  Each dish contained 2.5 • l0  T cel ls  
in 2.5 ml  nutr ient  medium;  0.1 ml of a 2% suspension of sheep ' s  r ed  ce l l s  was  added as the antigen. Mishal l  
and Dut ton 's  [8] nutr ient  cocktai l  was  added daily to the cu l tures .  When the cul tures  were  set  up in t h e m ,  
f ib rob las t s  f rom bone m ar row ,  spleen, and thymus,  obtained f r o m  monolayer  cu l tures  a f t e r  the 3rd-6th  p a s -  
sage  were  added in addition to the spleen ce l l s .  The  number  of AFC in the cu l tures  was counted on the 4th 
day. Cel ls  in the medium were  r em oved  with a syr inge ,  and those  adherent  to the bot tom of the dish were  r e -  
moved  by means  of a s i l iconized r u b b e r  s c r a p e r .  The  number  of  l iving ce l l s  was  de te rmined  by the t rypan  
blue exclusion t e s t  and the num ber  of AFC by J e r n e  and Nord in ' s  method of d i r ec t  local  hemolys i s  in gel [7]. 
The  mean  number  of l iving ca l l s  and of AFC p e r  cul ture  was de te rmined  for  each group, and also deviat ions 
f r o m  the mean .  The s ignif icance of d i f fe rences  we re  de te rmined  by Student ' s  c r i t e r ion .  
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E X P E R I M E N T A L  R E S U L T S  

Although a few m a c r o p h a g e s  were  obtained in mono laye r  cu l tures  of s t r a ins  of f ib rob las t s  in the f i r s t  
pa s sage ,  in the  second and subsequent  p a s s a g e s  m a c r o p h a g e s  were  comple te ly  absent ,  and such cu l tures  con-  
s i s ted  of pure  s t r a in s  of f ib rob las t s ,  as  was conf i rmed  by speci f ic  an t i f ib roblas t  s a r a  [3, 4]. 

In the p r e s e n c e  of antigen the num ber  of AFC in cu l tures  of spleen ce l l s  on the 4th day was 257.61 �9 9.21 
p e r  cul ture .  The  number  of nspontaneousn AFC in cu l tures  to which no antigen was added was 26.27 ~- 1.35. 
Within each e x p e r i m e n t  the  number  of AFC in cu l tures  with antigen was 4-137 t imes  g r e a t e r  (on the ave rage  
l0  t imes )  than the num ber  of "background w AFC.  

The  addition of s t r o m a l  f ib rob las t s  to the spleen ce l l s  had a m a r k e d  act ion on AFC product ion.  The  
c h a r a c t e r  of  th is  effect  was  de te rmined  by the or igin  and number  of f ib rob las t s  added. The  cor responding  
data a r e  given in Fig .  1. On the addition of 2 • 103-1 • 104 f ib rob las t s  of  splenic or ig in  the number  of AFC 
did not change significantly;  s ta r t ing  with a dose  of 8 • 104 f ib rob las t s  pe r  cul ture  the number  of AFC fell ,  
so tha t  with a dose of 6.25 • 105 AFC fo rma t ion  was  inhibited p rac t i ca l ly  comple te ly .  

F i b r o b l a s t s  of thymic  or ig in  invar iab ly  had a m a r k e d  s t imulat ing act ion on AFC product ion.  A significant 
s t imulat ing act ion was noted a f te r  the addition of 2.7 • 103 f ibroblas t s ;  max imal  s t imulat ion of 4-5 t i m e s  was 
o b s e r v e d  a f t e r  the  addition of 6 • 104-9 • 104 f ib rob la s t s .  

Combined cul ture  of spleen ce l l s  with f ib rob ias t s  of bone m a r r o w  or ig in  invar iab ly  led to the opposi te  
resu l t :  a d e c r e a s e  in the number  of AFC.  A dose of 2 • 104-3 • 105 b o n e - m a r r o w  f ib rob las t s  reduced  AFC 
f o r m a t i o n  by about two- th i rds ,  and in a dose of 8 • 105 AFC fo rma t ion  was inhibited p rac t i ca l ly  comple te ly .  

The  addition of all  t h r ee  t~qoes of  f ib rob la s t s  did not Significantly affect  the surv iva l  r a t e  of the ce l l s  in 
culh~res.  In fact ,  on the addition of 1.7 • 103-6.25 • 105 splenic f ib rob las t s  and of 1 • 103-8 • 105 bone m a r r o w  
f ib rob la s t s  the surv iva l  r a t e  of the cei ls  was 0.88 and 0.89 r e spec t i ve ly  of that  of ce l l s  in cu l tures  to which 
no f ib rob la s t s  were  added, whe reas  a f t e r  the addition of 2.5 • 103-8 • 105 f ib rob las t s  of thymic  or igin the s u r -  
v ival  r a t e  was 0.9 of the cor responding  values  in the control  cu l tu res .  

F i b r o b l a s t s  of d i f ferent  or ig in  exhibited the same  intensi ty of growth in cu l tures  of spleen cel ls .  Af ter  
the addition of f ib rob las t s  of all t h r ee  types  in a dose of 2 • 103-5 • 103 cel ls  on the bot tom of the p las t ic  dish, 
by the 4th day of cul ture  so l i t a ry  f ib rob la s t s  we re  d is t r ibuted  in the field of vision; a f t e r  addition of 1 • 104- 
5 • 104 cel ls ,  an incomplete  mono laye r  of f ib rob las t s  was fo rmed ,  w h e r e a s  a f te r  the addition of a l a rge  number  
of cel ls  the monolayer  was comple te .  In some expe r imen t s  the number  of l iving ce l l s  and the number  of AFC 
in f r ac t ions  of  f r e e l y  r e m o v a b l e  and adherent  cel ls  we re  de te rmined  sepa ra t e ly .  In cu l tures  without the ad-  
dition of f ib rob la s t s  the f rac t ion  of nonadherent  cel ls  contained 97.92% of all  l iving cel ls  and 96.3% of all  AFC, 
whe rea s  a f t e r  the addition of 1 • 105 f ib rob las t s  f r o m  the bone m a r r o w  or  spleen and of 1.5 • 104 f ib rob las t s  
f r o m  the thymus ,  the number  of nonadherent  ce l l s  was  96.9-94.5% of the l iving ce i l s  and 87-100% of AFC. 
Among nonadharent  cel ls  f i b rob la s t s  a lways accounted for  under  1%. 

F i b r o b l a s t s  of d i f ferent  or ig in  thus d i f fered  in the i r  action on ant igen-dependent  AFC fo rma t ion  in cul-  
t u r e s  of spleen cei ls :  F [b rob las t s  f r o m  thymic  or igin  s t imulated,  whe reas  f ib rob las t s  f r o m  splenic and bone-  
m a r r o w  or ig in  inhibited i t .  The  act ion of all  t h r ee  types  of f ib rob las t s  c lea r ly  depended on dose.  If  the ef fec t  
of an equal number  of f ib rob las t s  is  com pa red  with a dose  of, for  example ,  8 • 105 per  cul ture ,  it d iffered by 
m o r e  than 100 t i m e s .  Cei ls  of noninbred r abb i t s  were  used  in the expe r imen t s  and, for  that  r eason ,  spleen 
ce l l s  were  combined in cul ture  with al logeneic s t romal  f ib rob ias t s .  However ,  in some  expe r imen t s  s t romal  
f ib rob la s t s  f r o m  the spleen,  thymus,  and bone m a r r o w  were  obtained by exp lan ta t ionofce l l s  f r o m  the s ame  
donor,  and these  were  then combined with the s a m e  spleen cel ls .  Under  these  c i r c u m s t a n c e s  the d i f ference  
in the act ion of f ib rob las t s  of d i f ferent  origin,  as indicated above,  on AFC product ion was mani fes ted  c o m -  
ple te ly .  Th i s  shows that  d i f fe rences  in the action of s t romal  f ib rob las t s  f r o m  bone m a r r o w ,  spleen, and thymus  
on AFC product ion is  independent on d i f fe rences  in the degree  of h is tocompat ib i l i ty  of the  s t r a in s  of f ib rob las t s  
and spleen cel ls  used,  and that  in te rac t ion  between s t r oma l  mechanocy tes  and lymphocytes  does not r e q u i r e  
them to be identical  with r e s p e c t  to h is tocompat ib i l i ty  ant igens.  The  effect  of s t roma l  f ib rob las t s  on AFC 
product ion was quite unconnected with the i r  action on the surv iva l  r a t e  of spleen ce l l s  in cul ture,  i .e.,  i t  was  
a imed  se lec t ive ly  at  p ro l i f e ra t ion  and different ia t ion of AFC or  of t he i r  p r e c u r s o r  ce l l s .  T h e s e  r e s u l t s  point 
to the p r e s e n c e  of yet  another  as  yet  unstudied level  of regula t ion  of ant igen-dependent  development  of ant i -  
body-producing  cei ls ,  connected with the influence of s t r o m a l  mechanocy tes  r e spons ib l e  for  the m i c r o e n v i r o n -  
ment ,  in hematopoie t ic  t i s sue .  The point of applicat ion of th is  regula t ion  (T-ce l l s ,  B -ce l l s ,  macrophages )  and 
the m e c h a n i s m  whereby it ac ts  (humoral  or  contact  effects)  st i l l  r e m a i n  unknown. 
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EFFECT OF A HIGHLY PURIFIED FACTOR FROM THE THYMUS 

ON CELLULAR AND HUMORAL INDICES OF IMMUNITY IN 

THYMECTOMIZED MICE 

G. A.  B e l o k r y l o v ,  V. G. M o r o z o v ,  
V.  Kh .  K h a v i n s o n ,  and  B.  N.  S o f r o n o v  

UDC 612.017.1-06:612.438 

In experiments on thymectomized adult CBA mice the effect of a homogeneous factor of poly- 
peptide nature from the thymus, with tool. wt. about 5000 (thymarin-IH) on the cellular and 
humoral indices of immunity was studied in animals. Thymectomy in animals was shown to 
sharply reduce the number of T-cells  in the spleen. Correspondingly, the ability of the mice to 
produce both IgM- and IgG-antibody-forming cells and humoral antibodies against a thymus- 
dependent antigen (sheep's red blood cells) was sharply inhibited in the mice. Subcutaneous in- 
jection of thymarin-IH in a dose of 1 ~g /kg  into the animals daily for 7 days completely re-  
stored the T-cell  population of the spleen and restored the normal immunologic reactivity of 
the animals. 

KEY WORDS: thymus factor; thymectomy; T-lymphocytes; antibody-formation. 

It has now been shown that certain factors isolated from the thymus can completely or partly res tore  the 
immunologic indices in neonatally thymectomized animals [7, 10]. Thymectomy in adult animals is known to 
lead chiefly to a reduction in the Tl-population of short-living lymphocytes [5] and to simulate to a considerable 
degree certain acquired immunodeficiency states. In this connection the possibility of restoring immunologic 
reactivity in thymectomized adult animals is interesting. The writers previously demonstrated the stimulating 
action of a highly purified factor from the thymus on the immune response to thymus-dependent antigen in 
intact animals [1]. 

The object of the present investigation was to sthdy the effect of thymus factor on the cellular and humoral 
indices of immunity in adult thymectomized mice. 

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

Experiments were carried out on 105 male CBA mice weighing 16-18 g. The thymus was removed from' 
75 animals, under superficial ether anesthesia, by a modified method of Galkin and Drobkin [3]. A mock op- 
eration was performed on 30 mice, i.e., all stages of the operation except actual removal of the thymus. 

Between 1.5 and 2 months after the operation thymus factor was injected subcutaneously into 40 thymec- 
tomized animals in a dose of 1 #g/g in 0.2 ml of physiological saline daily for 7 days. The thymus preparation 
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