
antibodies, and gave a stronger reaction in relation to some donors with a lymphocyte suspension enriched 
with the B-population. In one case a serum (K-v) containing HLA-A1 antibodies and, on the basis of its 
rosette-inhibiting activity, belonging to group H, was absorbed by the thrombocytes of a donor who reacted with 
it in the lymphocytotoxic test .  After absorption it lost its ability to inhibit rosette formation by T-lympho- 
cytes. It still remained capable of inhibiting rosette formation by B-lymphocytes. 

The investigations thus showed that HLA-antibodies can inhibit rosette formation by T- and B-lympho- 
cytes of a donor containing the corresponding histocompatibility antigen. Several sera were able to inhibit 
rosette formation m~inly by B-lymphocytes. This evidently indicates that they contain antibodies against the 
Ia (I-ILA-DR) system of antigens of human B-lymphocytes. 

The inhibition of rosette formation test  is a promising method for the detection of antibodies against 
individual lymphocyte populations. 
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S Y N G E N E I C  C E R E B R A L  

OF I M M U N O G E N E S I S  IN 

G. A.  B e l o k r y l o v  

C O R T I C A L  T I S S U E  AS A S T I M U L A T O R  

T H Y M E C T O M I Z E D  M I C E  

UDC 612.017.1 + 612.112 o94]-06:612.432 ].014.46:615.361.81 

ExperIments on CBA mice showed that homogenate of gray matter (cortex) of syngeneic brain 
contains components which restore the population of splenic T-cells  in thymectomized animals 
and stimulate the immune response to sheep's red blood cells. Homogenate of white matter 
has much weaker activity; indeed it could be due to gray matter contaminating the preparation. 
Homogenate of syngeneic muscle t issue has no biological activity. 

KEY WORDS: thymus; brain; cross-reacting antigens; stimulation of Immunogenesis. 

The 0-antigen of thymocytes in various species of animals is known to be present also in the brain [1, 7, 
11]. This antigen is associated chiefly with the gray matter (cortex) of the brain and is virtually absent in 
the white matter [1, 6]. It has also been shown that extracts of thymus can stimulate the immune response 
animals especially after thymectomy, and under these circumstances they functionally replace the receptors 
of the T-cel ls  [2, 10, 13]. The question arises,  do brain antigens have a similar effect? 

The object of this investigation was to study the effect of homogenates of the cortex and white matter 
of syngeneic brain on the primary immune response and on the thymus-dependent lymphocyte population in 
thymectomized mice. 

Laboratory of General Immunology, Department of Microbiology and Immunology, Institute of Experi- 
mental Medicine, Academy of Medical Sciences of the USSR, Leningrad. (Presented by Academician of the 
Academy of Medical Sciences of the USSR V. I. Ioffe.) Translated from Byulleten t t~ksperimental'noi Biologii 
i Meditsiny, Vol. 86, No. 9, pp. 327-330, September, 1978. Original article submitted March 2, 1978. 

1 1 9 8  0007-4888/78/8609-1198 $ 07.50 © 1979 Plenum Publishing Corporation 



TABLE 1. Effec t  of Syngeneic Homogena tes  of Gray  and White Ma t t e r  of the Bra in  and of 
Muscle  on N u m b e r  of  AFC in Spleen of T h y m e c t o m i z e d  Mice,  M ± m 

Number of AFC per ~ nucleated spleen cells after injection of homogenates 
100 mg/day 25 mg/day 

Preparation tested I 
direct AFC hadirect AF C direct AFC indirect AFC 

Homogenate of gray matter 51,2+3,01 48,9-t-3,1"~ ] 48,6+4,8* 55,0+2,8" 
of white matter 17,3¥1,6 19,6+1,7 52,2-~9,8 47,84-4,5 
of muscle 10,5~_.0,i$ 10,3~0,4 $ [ 12,0~-2,55 9,84-2,05 

16,8__.0,7 19,5+0,1 I 27 04-5 () 39,84-6,8 

8,64-0,4 9,24-0, I 11,04-2,3 9,04-I ,5 

Control  1) mice  undergoing m o c k  opera t ion  and rece iv ing  phys io-  
logical  saline,  control  2) thymec tomized  an imals  r ece iv ing  physiological  saline; an a s t e r i s k  
and a dagger  indicate  that  d i f fe rences  a r e  significant  compa red  with control  1 (P < 0.05 and 
0.001 respec t ive ly ) ,  a double dagger  indicates  that  d i f fe rences  a r e  not significant compared  
with control 2. 

Control 1 

Control 2 

Legend to T a b l e s  1 and 2. 

TABLE 2. Ef fec t  of Syngeneic Homogena tes  of Gray  and White Mat te r  of the Bra in  and of 
Muscle  on Se rum Hemagglut inin  and Hemolys in  T i t e r s  in Thymec tomized  Mice 

Antibodies 

Hemaggluti- 
nins - -  

Hemolysins 

Antibody tite~ (M ~ m) 
physiological saline homogenate, rag/day 

control I control 2 
I 

192,0--b17,3 64,0___15,5 
100,0!-15,0 50,0+12,3 

of gray matter 

100 25 

426,0+38,0t 200,0+38,8 
800,0_152,0' 

of white matter 

100 25 

2 2 12 33 i 
!805:00~_14,~1 40 0+_8 i 

of muscle 

100 25 

S6,6-/-11,25 52 0__12,5~: 
50,0+9,7 $ -- 

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

E x p e r i m e n t s  we re  c a r r i e d  out on 130 male  CBA mice  weighing 16-18 g. The  thymus  was r e m o v e d  f r o m  
100 an imals  Under superf ic ia l  e the r  anes thes ia  by a modif ied method of Galkin and Dobkin [3]. A mock  o p e r a -  
t ion was p e r f o r m e d  on 30 mice ,  i .e . ,  all s tages  were  c a r r i e d  out except  r e m o v a l  of  the thymus .  

Homogena tes  of g ray  and white m a t t e r  of the b r a in  and of the thigh m u s c l e s  we re  p r e p a r e d  in phys io-  
logical  sal ine and injected in t raper i tonea l ly  into thymec tomized  an ima l s  o v e r  a per iod of f ive days  in doses  
of 25 and 100 mg daily pe r  animal  in a volume of 0.5 ml .  Inject ion of the t i s sue  homogena tes  began on the 
20th day a f t e r  t hymec tomy .  Phys io logica l  sal ine was injected accord ing  to a s im i l a r  scheme into the control  
an imals  ( thymectomized  and undergoing the mock  operat ion) .  

After  injection of the homogenates  of the cor responding  t i s s u e s  the an imals  were  immunized  in t ravenous ly  
with sheep ' s  r ed  blood cel ls ,  thoroughly washed with physiological  saline,  in a dose  of 1 × 10 ~. The  m i c e  were  
decapi ta ted th ree  days  a f te r  immunizat ion.  The i r  s e r a  were  examined by the hemagglut inat ion and hemolys i s  
t e s t s  and the i r  spleens  for  the p r e s ence  of d i r ec t  and indi rec t  an t ibody- forming  ce i l s  (AFC). D i rec t  AFC 
were  detected by the method of J e r n e  and Nordin [12] and indirect  by the method of D r e s s e r  and Wort is  [9]. 
To de tec t  indi rec t  AFC,  rabb i t  s e r u m  (1 : 80) agains t  mouse  c l a s s  G immunoglobulin,  isolated by means  of 
capry l i c  acid [15], was  used.  The  number  of d i r ec t  and indi rec t  AFC was e x p r e s s e d  p e r  l0  s nucleated cel ls .  
T e s t s  fo r  antibodies and AFC were  c a r r i e d  out individually on each  mouse .  At l ea s t  f ive an ima l s  we re  used 
fo r  t es t ing  each dose of d i f ferent  homogena tes .  

An t i s e r a  against  the g ray  (cortex) and white m a t t e r  of the bra in  were  p r e p a r e d  by repea ted  subcutaneous 
immuniza t ion  of r abb i t s  with the cor responding  m a t e r i a l  f r o m  CBA mice  without F r e u n d ' s  adjuvant [11]. The  
s e r a  were  heated to 56"C for  30 min  and absorbed  by homogena tes  of  white o r  g ray  m a t t e r  r e spec t ive ly ,  by 
a homogenate  of mouse  l i ve r ,  and by mouse  and sheep ' s  r ed  blood ce l l s  [1] and examined in the complement  
f ixation t e s t  (CFT) in the cold [4] with t hymocy te s ,  bone m a r r o w  cel ls ,  and h o m o n y m o u s  antigens,  and also 
in the cytotoxici ty t e s t  [14] with thymocy tes  and bone m a r r o w  ce l l s .  The  cytotoxic t e s t  was c a r r i e d  out in 
the  p r e s e n c e  of f r e s h  guinea pig complemen t  (1 : 3), absorbed  by mouse  l i v e r  and spleen homogenates ,  o r  by 
mouse  and sheep ' s  r ed  blood cel ls  in a s i m i l a r  m nnner to the absorpt ion  of complement  by aga rose  [8]. Viable 
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and dying ce l l s  w e r e  d i f ferent ia ted  with a 0.2% aqueous solution of t rypan  blue.  No fewer  than 100 cel ls  were  
counted in each t e s t .  The  pe rcen tage  of dying ce l l s  was  e x p r e s s e d  as indices of cytotoxici ty [14]. 

EXPERIMENTAL RESULTS 

The  following fea tu re  was c h a r a c t e r i s t i c  of antigens of the g ray  and white m a t t e r  of the mouse  bra in .  
S e r a  agains t  homogenates  of g ray  o r  white m a t t e r  of the b ra in  r eac t ed  a f te r  c r o s s  absorpt ion with homonymous 
ant igens in the CFT in dilutions of 1 :320-1  : 640 but did not r e a c t  with bone m a r r o w  cel ls .  Serum against  
g r a y  m a t t e r  (af ter  absorp t ion  with white mat te r )  r e ac t ed  with thymocytes  in a dilution of 1 : 320, but s e r u m  
agains t  white m a t t e r  (af ter  absorp t ion  with g ray  ma t t e r )  r eac t ed  only in a dilution of 1 : 20. In the comple -  
ment -dependent  cytotoxic test ,  s e r u m  agains t  g ray  m a t t e r  in a dilution of 1: 10 caused death of 100% of thymus  
cel ls ,  whe rea s  s e r u m  agains t  white m a t t e r ,  on the o ther  hand, had vir tual ly  no action on thymocytes .  Nei ther  
s e r u m  r eac t ed  in the  cytotoxic  t e s t  with bone m a r r o w  cel ls .  

Inject ion of homogenate  of  g ray  m a t t e r  into thymec tomized  mice  had a ma rked  s t imulat ing action on the 
immune  r e s p o n s e  of the  an ima l s .  In a dose  of 100 r a g / d a y  the number  of  d i rec t  and indi rec t  AFC was inc reased  
by between 2 and 4 t i m e s  (P < 0.001), the hemagglut inin t i t e r  by between 2 and 3 t i m e s ,  and the hemolys in  t i t e r  
by 8 t i m e s  (P < 0.001) com pa red  with the i r  values  in an imals  undergoing the mock  opera t ion  and rece iv ing  
physiological  saline (Tables  1 and 2). In a dose  of 25 m g / d a y  homogenate  of g ray  m a t t e r  also caused an in-  
c r e a s e  in the  num ber  of  d i r ec t  and indi rec t  AFC compared  not only with the thymec tomized  an imals ,  but also 
with those  undergoing the m o c k  opera t ion ,  r ece iv ing  physiological  sal ine (P < 0.05), and brought  the h e m a g -  
glutinin t i t e r  up to the control  level  (in mice  undergoing the mock  operat ion) but not above it. 

Homogena te  of  white m a t t e r  of the bra in  had a weaker  s t imulat ing effect  on the fo rmat ion  of AFC,  h emag -  
glutinins,  and hemolys ins  in the t hymec tomized  an ima l s .  Doses  of 100 and 25 m g / d a y  led to an i nc rea se  in 
the  number  of  d i r ec t  and ind i rec t  AFC by between 2 and 4 t i m e s ,  and in the  antibody t i t e r s  by between 1.5 and 
4 t i m e s  compa red  with t hymec tomized  mice ,  but caused no i n c r e a s e  in the  number  of AFC or  the antibody 
t i t e r s  compared  with the an ima l s  undergoing the m o c k  opera t ion .  

I-Iomogenate of  m us c l e  t i s sue  affected nei ther  the number  of AFC nor  the antibody t i t e r s  in the t h y m e c -  
tomized  mice  (Tables  1 and 2). 

To  analyze the act ion of the b r a in  homogenates  the i r  effect  on the number  of T - c e l l s  in thymec tomized  
mice  was invest igated.  F o r  th is  purpose  homogena tes  of g ray  and white m a t t e r  of  the bra in  and of musc le  
in a dose  of 25 m g / d a y  p e r  animal  were  injected in t r amuscu la r ly  ove r  a per iod of 5 days  into thymec tomized  
mice ,  a f t e r  which the  number  of T - c e l l s  in the lymph nodes and spleens  was de te rmined  by the cytotoxic t e s t  
with s e rum (1 : 10) agains t  the cor t ica l  g ray  ma t t e r .  Lymph node ce l l s  f r o m  th ree  mice  were  pooled, whe reas  
spleen ce l l s  w e r e  t e s t ed  individually.  At  l e a s t  10-12 mice  were  used to t e s t  each homogenate .  

P rac t i ca l l y  no d e c r e a s e  in the  number  of  T - c e l l s  in the lymph nodes was found 1.5-2 months  a f t e r  thy-  
m e c t o m y  (the index of cytotoxicity was  70 • 3.2% compared  with 80 • 2.8% in mice  undergoing the mock  o p e r a -  
tion), but t he i r  number  in the spleen fell sharp ly  (5 • 1.5% compared  with 32 + 3.3% in an imals  undergoing the 
mock  operat ion) .  Correspondingly ,  injection of any of the th ree  above-ment ioned  homogenates  did not affect  
the number  of T - l y m p h o c y t e s  in the  lymph nodes (93 • 1.8%, 90 • 2.1%, and 76 ± 3.0% re spec t ive ly  compared  
with 70 • 3.2% in the t hym ec t om i zed  mice  r ece iv ing  physiological  saline) and, converse ly ,  it affected the number  
of T - c e l l s  in the spleen di f ferent ia l ly .  Homogenate  of gray  m a t t e r  of the bra in  led to an i nc rea se  in the number  
of  T - c e l l s  which actually exceeded that  in the an ima l s  undergoing the m o c k  opera t ion  and rece iv ing  phys io-  
logical  sal ine (49 • 3.5% com pared  with 32 ± 3.3% in an imals  undergoing the m o c k  operat ion;  P < 0.01). Ho-  
mogenate  of white m a t t e r  of the b ra in  had a weake r  s t imulat ing effect  (28 ± 3.2% compared  with 32 • 3.3% in 
an ima l s  undergoing the m o c k  opera t ion) .  

Musc le  t i s sue  homogenate  did not produce  a significant  i nc rease  in the number  of T - c e l l s  compared  with 
that  in t hymec tomi zed  mice  r ece iv ing  physiological  saline (10 ± 2.1% compared  with 5 • 1.5%). 

The  r e s u l t s  indicate that  b ra in  t i s sue ,  which has  common antigenic components  with thymocy tes  [1, 7, 
11], can s t imula te  the p r i m a r y  immune  r e s ponse  to sheep ' s  r ed  blood ce l l s  in thymec tomized  mice  and r e s t o r e  
the n u m b e r  of  splenic T - c e l l s  to the control  l eve l .  Homogenate  of the g ray  m a t t e r  (cortex) of the bra in ,  where  
antigens common with those  of the thymocy tes  a re  located  [1, 6], had the s t ronges t  biological  effect .  S t imula-  
t ion of the immune  r e s pons e  by homogenate  of g ray  m a t t e r  was  between 2 and 8 t i m e s  s t ronge r  than i ts  s t imu -  
la t ion by hcmcgena te  of  white m a t t e r .  Abil i ty to r e s t o r e  the thymus-dependen t  lymphocyte  population in the 
spleens  of the t hymec tomized  m i c e  was  cor respondingly  s t ronge r .  Whereas  a f te r  injection of homogenate  of 
white m a t t e r  the num ber  of T - c e l l s  in t hym ec tomized  mice  r o s e  f r o m  5 • 1.5 to 28 • 3.2%, i .e. ,  in fact  up to 
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their level in animals undergoing the mock operation, after injection of homogenate of gray matter into thy- 
mectomized animats the munber of T-ceUs increased to 49 ± 3.5%, i.e., above the level in the mice undergoing 
the mock operation. The restorative action of the brain homogenates on the lymphoid population of thymecto- 
mized a~imats indicates their  influence on the T 1 short-living population of lymphocytes, which is sensitive 
to thymectomy [5]. 

The significantly stronger biological effect of homogenate of gray matter and the data given above for 
antisera against the gray and white matter  are evidence that the activity is located actually in the gray matter, 
with which 0-antigen is predominantly associated [1, 6]. The biological activity of the homogenate of white 
matter can probably be exptained by contamination with components of gray matter,  which are extremely dif- 
ficult to remove. 

L I T E R A T U R E  C I T E D  

1. G .A.  Belokrylov and Yu. L. Zhitnukhin, Zh. Mikrobiol., No. 9, 66 (1976). 
2. G .A.  Belokrylov, V. G. Morozov, V. Kh. Khavinson, et at., Byull. l~ksp. Biol. Med., No. 7, 56 (1977). 
3. Yu. M. Galkin and V. G. Dobkin, l~ksp. Khir., No. 3, 26 (1975). 
4. V . I .  Ioffe and K. M. Rozental', Zh. Mikrobiol., No. 12, 65 (1943). 
5. B . A .  Araneo, i S. C. Marrack, and J.  W. Kappler, J. Immunol., 117, 1233 (1976). 
6. G. Birnbaum, Brain Res., 84, 111 (1975). 
7. J .  Clagett, II.-H. Peter ,  J .  D. Feldman~ et al., J .  Lmmunol., 110, 1085 (1973). 
8. A. Cohen and M. Schlesenger, Transplantation, ~ 130 (1970). 
9. D.W.  Dresser  and H. H. Wortls, Nature, 208~ 859 (1965). 

10. A . L .  Goldstein, A. Guha, M. M. Zatz, et al., Proc.  Nat. Acad. Sci. USA, ~ 1800 (1972). 
11. E .S .  Golub, J .  Immunol., 109 168 (1972). 
12. N .K.  Jerne and A. A. Nordin, Science, 140, 405 (1963). 
13. J . F . A . P .  Miller, New Engl. J. Med., 290, 1255 (1974). 
14. J . E .  Niederhuber and E. Moiler, Coll. Lmmunol., 3_, 559 (1972). 
15. M. Steinbuch and R. Audran, Arch. Biochem., 134, 279 (1969). 

1201 


