
can  be explained by the fact  that  the m e m b r a n e  of some  lymphocytes  shown by staining with 1% t rypan  blue 
solution to have died s t i l l  r emained  capable  of fixing sheep ' s  red cel ls  for  some  t ime.  This fact  was ver i f ied  
by pe r fo rming  the r o s e t t e - f o r m a t i o n  t e s t  with comple te ly  dead cel ls  obtained a f te r  t r e a t m e n t  with la rge  doses  
of  ALS and complement .  Some of these  cel ls  were  found to fix 1, 2, or in some cases  even 3 red  cel ls  to t hem-  
se lves .  In expe r imen t s  with lymphocytes  t rea ted  with ALS and complemen t  in the p r e sence  of HEDPA, the p e r -  
centages of r o s e t t e - f o r m i n g  cel ls  and of cel ls  t r a n s f o r m e d  under  the influence of phytohemagglut inin were  v i r -  
tually indis t inguishable  f r o m  the control .  S ta t i s t ica l  ana lys i s  of the data showed that  the effect  of HEDPA is 
s ignif icant  (P < 0.05). 

I t  can  thus be  concluded f r o m  the r e su l t s  of these  invest igat ions that  the p o t a s s i u m  sa l t  of HEDPA p r o -  
tects  T- lymphocy tes  aga ins t  immune  injury caused by ALS and complement ,  poss ib ly  as  a r e s u l t  of  binding of 
Ca ions. Some injured lymphocytes ,  cons idered  to be dead on the bas is  of staining with 1% t rypan  blue so lu-  
tion, could s t i l l  f o r m  r o s e t t e s  with sheep ' s  r ed  cel ls .  Finally,  the b l a s t - t r a n s f o r m a t i o n  tes t  was shown to be 
more  sens i t ive  than the r o s e t t e - f o r m a t i o n  t e s t  for a s s e s s m e n t  of the viabi l i ty  of T- lymphocy tes .  
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Accumula t ion  of e ry thro id  cel ls  and granulocytes ,  changes in the re la t ive  and absolute  numbers  
of T - ,  B- ,  and "null" lymphocytes ,  and a lso  sha rp  inhibition of the p r i m a r y  immune r e s p o n s e  
were  found in the spleen of CBA mice  t r ea ted  with specif ic  an t ie ry th rocy t ic  s e r u m  (AES). The 
inductive phase  of immunogenes i s  proved to be sens i t ive  to the act ion of AES. Inject ion of 
syngeneie  mac rophages  and splenocytes  did not o v e r c o m e  the immunodepress ion .  The r e su l t s  
can be r ega rded  as evidence of the ex i s tence  of functional dependence between the i m m u n o -  
competen t  cel ls  of  the spleen and the i r  nonlymphoid hematopoiet ic  mic roenv i ronment .  

KEY WORDS: immune r e s p o n s e ;  T -  and B-ce l l s ;  mic roenv i ronment .  

The mouse  spleen is an impor tan t  p e r i p h e r a l  o rgan  of immunity.  In the p l a s m a  cel ls  of its r ed  pulp, 
m o s t  of the humora l  antibodies of  the o r g a n i s m  a r e  synthes ized in r e s p o n s e  to in t raper i tonea l  or  intravenous 
inject ion of an antigen [1]. Meanwhile marked  hematopoies i s  takes place in the spleen.  Cells  of the e r y t h r o - ,  
mye lo - ,  and megaka ryocy t i c  type coexis t  with lymphocytes .  It  may be that  a hematopoie t ic  m ic roenv i ronmen t  
is e s sen t i a l  for  the n o r m a l  functioning of immunocompeten t  cel ls .  If this is t rue ,  a change in the ra t io  between 
hematopoie t ic  nonlymphoid components  of the red pulp or injury to them may  be re f l ec ted  in the intensi ty of the 
immune  r e sponse .  There  a r e  as  ye t  only so l i t a ry  communica t ions  that sugges t  the ex is tence  of a functional 

*Deceased.  

R e s e a r c h  Inst i tute  of Medical  Radiology,  Academy of Medical  Sciences  of  the USSR, Obninsk. (Presen ted  
by Academic ian  of the Academy of Medical  Sciences  of the USSR N. A. Fedorov.)  Trans la ted  f r o m  Byul le ten '  
l~ksper imenta l 'no i  Biologii i Meditsiny,  Vol. 87, No. 3, pp. 260-263, March,  1979. Original  a r t i c l e  submit ted 

June 2, 1978. 

254 0007-4888/79/8703- 0254507.50 �9 1979 Plemtrn Publishing Corpora t ion  



T
A

B
L

E
 

1.
 

C
h

an
g

es
 

in
 N

u
m

b
er

 
o

f 
A

F
C

 
in

 S
p

le
en

s 
of

 M
ic

e 
T

re
at

ed
 

w
it

h
 A

E
S

 

In
de
x 

A
FC

 p
er

 1
06

 k
ar

yo
cy

te
s 

A
FC

 p
er

 1
0 ~

 l
ym

ph
oc

yt
es

 

A
FC

 p
er

 s
pl

ee
n 

C
on

tr
ol

 
(n

or
m

al
 

ra
bb

it
 se

ru
m

) 

64
1,

0 

(5
74

,7
--

71
1,

7)
 

85
6,

8 

(8
16

,1
--

91
8,

4)
 

81
 3

00
,0

 

(7
6 

51
0,

0-
- 

--
 9

5 
50

5,
0)

 

24
 h

 b
ef

or
e 

in
je

ct
io

n 
of

 A
ES

 63
3,

6 

(5
77

,3
--

 6
94

,7
 

$8
57

,0
 

(8
06

,8
--

 9
10

,4
 

56
 2

40
,0

 

50
 4

70
,0

--
 

--
 6

2 
66

0,
0)

 

T
im

es
 o

f 
im

m
un

iz
at

io
n 

of
 m

ic
e 

w
it

h 
SR

B
C

 
si

m
ul

ta
ne

ou
sl

y 
w

it
h 

fi
rs

t 
in

- 
je

ct
io

n 
of

 
A

ES
 

33
8,

0"
 

(2
80

,9
--

 3
96

,7
) 

44
8,

0 

(3
16

,4
--

 6
34

,4
) 

34
10

0,
0"

 

(3
0 

12
0,

0-
- 

--
 
38

 5
60

,0
) 

3.
st

 

I0
,6

4"
 

(8
,2

5-
- 

12
,2

2)
 

18
,6

6"
 

(1
6,

2-
-2

1,
37

) 

1 
63

9,
0"

 

(1
 

31
5,

0-
- 

:-
 2

 0
40

,0
) 

D
ay

s 
af

te
r 

in
je

ct
io

n 
of

 A
ES

 

4
th

 

17
,8

7'
 

(1
4,

46
--

 2
2,

08
) 

31
,9

8*
 

(2
7,

76
--

 36
,8

6)
 

2 
56

2,
0*

 

(2
 0

35
,0

--
 

--
3 

22
5,

0)
 

8t
h 

24
1,

6"
 

(2
06

,0
--

 2
85

,7
) 

56
3,

6"
 

(4
92

,5
--

 6
45

,0
) 

24
 8

00
,0

" 

(2
O

 6
9O

,O
--

 

- 
2

9
 
88

o,
o)

 

iS
th

 

70
9,

4 

(5
25

,4
--

95
7,

8)
 

88
4,

5 

(4
43

,7
--

 1
76

3,
0)

 

89
 4

80
,0

 

(6
4 

61
0,

0-
 

--
 1

23
 9

00
,0

) 

L
eg

en
d

. 
M

ea
n

 
v

al
u

es
 

o
f 

A
F

C
 

g
iv

en
 

w
it

h
 

th
ei

r 
co

n
fi

d
en

ce
 

in
te

rv
al

s 
in

 p
ar

en
th

es
es

. 
H

er
e 

an
d

 
in

 
T

ab
le

s 
2 

an
d

 
3

: 

*)
 

v
al

u
es

 
d

if
fe

ri
n

g
 

si
g

n
if

ic
an

tl
y

 
(P

 <
 0

.0
5

) 
fr

o
m

 
co

n
tr

o
l.

 

t~
 

r r 



TABLE 2. Changes in Number of Different Types of Nucleated Spleen Cells of Mice 
Treated with AES (M • m) 

Type of karyocytes 

Lymphoid: 
% 
lO s 

Granulocytic: 
% 
lO s 

Erythroid: % 
lO s 

The rest (plasma-cells. mega- 
karyocytic, reticular): 
% 
l0 s 

Control 
(normal rabbit 
serum) 

Days of investigation after treatment of mic, with AES 

4th 8th 15th 

74,04-3,0 
105,7_ 1,9 

17,0• 
26,1• 

4,0• 
6,0~0,6 

4,4• 
6,0___2,0 

62,0"4-2,27* 
127,8• 

17,0~ 1,9 
35,0q-3,8 

14,0~ 1,97" 
31,5_0,05' 

6,6• 
13,5___1,7 

56,0• 
142,8___8,8" 

33,0+__3,6" 
84,0_+8,4" 

8,0+ 1,5 
16,0• 

3,6q-0,76 
9,3• 

38,0_4,3' 
47,6• 

50,0_3,8" 
63,1• 

8,0___ 1,3" 
9,9+0,5" 

4,2_+0,86 
5,2_+0,5 

78,0q-I,12 
91,6_9,3 

13,0• 
15,2_+!,2 

3,5~0,5 
4,0_0,5 

5,5_+0,8 
6,2• 

Number of karyocytes in 
spleen, 106 142,0_ 13,5 20,62___1,7" 255,0• 127,0• 15,0 117,0__+ 13,6 

connection between the immunocytes  of the spleen and the remaining hematopoietic cells  which surround 
them [2]. 

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

Male CBA mice  weighing 20-24 g were  used in the experiments .  The animals rece ived  an intraperi toneal  
injection of an t i se rum against  mouse e ry throcytes  in a dose of 0.2 ml daily for 3 consecut ive days. To obtain 
ant iery throcyt ic  s e rum (AES) chinchilla rabbits  were  immunized with mouse e ry throcytes  in a dose of 5 "108 
cells per  injection. The f i r s t  injection of antigen was given in t radermal ly  in Freund ' s  complete adjuvant, the 
next injections (after 4 weeks) intravenously on two consecutive days. The AES obtained on the 7th day af ter  
the end of immunizat ion was heated to 56~ for 40 min and then exhausted with mouseblood plasma and a sus-  
pension of lymph node and thymus cells and per i toneal  macrophages .  This se rum,  in the cytotoxic tes t  with 
complement,  did not damage lymphocytes or  maerophages ,  in the agglutination tes t  it did not agglutinate plate-  
lets, and it did not give a c ross  react ion with the tes t  antigen, sheep 's  red cells (SRBC). The AES was diluted 
1 : 20 and, with an agglutination t i ter  of 1/8, it was used for  the experiment .  Control animals were injected with 
normal  rabbi t  se rum,  t reated and diluted in the same way as the AES. The mice were immunized in t raper i -  
toneally with SRBC (3 �9 108) 24 h before  injection of the AES, simultaneously with the f i r s t  injections of AES, 
and 1, 4, 8, and 15 days af ter  t rea tment  of the animal  with AES. Antibody-forming cells (AFC) in the spleen 
were counted 4 days af ter  immunizat ion by J e r n e ' s  d i rec t  tes t  [3]. In some experiments  mice were injected 
intraperi toneal ly  with F(ab ' )2-fragments  of ant iery throcyt ic  antibodies with an agglutination t i ter  of 1/16, ob- 
tained by  the method of Madsen and Rodkey [4], in a dose of 0.2 ml daily for 3 days,  and a lso  with immune com-  
plexes (IC) obtained by t rea tment  of mouse e ry throcytes  with AES. The percentage of T- lymphocytes  was 
determined (in the cytotoxic tes t  using rabbit  s e rum against  mouse brain,  exhausted with blood and liver [5]) 
and the percentage of B- lymphocytes  ca r ry ing  recep tors  for complement  on their surface (by the method of 
rose t t e - fo rma t ion  with SRBC loaded with antibodies and mouse complement  [6]) were  determined in a suspen-  
sion of spleen cells  of unimmunized mice on the f i rs t ,  fourth, eighth, and fifteenth days af ter  inject ion of AES, 
and the ra t io  between T- and B- lymphocytes (T/B) was calculated. At al l  t imes the total number of nucleated 
cells was determined in the suspension of splenocytes of the experimental  animals and the relat ive proport ions 
of  different types of these cells  were  counted in fi lms stained with hematoxylin and eosin. Statist ical  analysis  
of the resu l t s  by Student's t - t e s t  showed a log-normal  distr ibution of AFC [7]. 

E X P E R I M E N T A L  R E S U L T S  

As Table 1 shows, in animals t reated with AES before o r  at  the same time as injection of antigen (SRBC) 
there  was a smal l  dec rease  in the number of AFC in the spleen. The decrease  in the number of AFC was most  
marked only when immunizat ion was ca r r i ed  out on the f i r s t  or  fourth days after  the injection of AES. Conse-  
quently, the inductive phase of immunogenesis  was most  sensit ive to the action of AES. A marked depress ive  
effect of AES was observed for not more  than one week, for on immunizat ion of the mice on the 8th and 15th 
days of the investigation the number  of AFC was the same as in the control.  

In response  to injection of AES into the experimental  animals in vivo at least  two p rocesses  were ob- 
served:  the format ion of IC ( e ry th rocy te s - an t i e ry th rocy te s )  capable of blocking the activity of the m a c r o -  

256 



TABLE 3. Number of T-,  B- ,  and "Null" Lymphocytes  in Spleens of Mice Treated with 
AES (M + m) 

Type of 
lymphocyte 

T-cells: 
% 
lO s 

B-ceils: 
% 
10 6 

Null 
l~mphocytes: 

10 6 
T/B 

Control (normal 
rabbit serum) 

34,5__+ 1,3 
48,4• 

28,3+ 1,64 
39,5+_1,5 

12,8• 
17,8~2,24 

1,2 

ist 

20,0• 
41,2• 

27,0_ 1,5 
55,6• 

15,0• 
31,0• 

0,74 

Days of investigation after treatment of mice with AES 

4th 8th 15th 

26,0• 
63,4_+3,4* 

17,7• ,5" 
43,1• 

12,3• 
36,3• 

|,4 

24,6• 
30,7_+0,5" 

17,0• 
21,4• 1,3" 

0,0 
0,0 
1.48 

28,0• 
32,3_+ 1,4 

20,0_+2,2, 
23,2• 

32.8• 
36,6• 

1,4 

phagal sys tem,  and stimulation of e ry thropoies is ,  caused by the erythrocytopenia.  These factors  evidently 
play an essent ia l  ro le  in the depress ion of the immune response  to SRBC. To determine the role  of IC in 
immunodepress ion caused by AES, a suspension of IC in which the antibody content was approximately twice 
the dose of antibodies in the AES obtained by the main group of animals was injected into mice. Immunization 
with SRBC was ca r r i ed  out 24 h af ter  the injection of IC. The number of AFC in the spleenwas 1 /3 -1 /4  of that in 
the control  [198.3 (158.7-247.8) per 106 karyocytes  and 20,120 (15,400-26,290) per  spleen], but nevertheless  
still one order  of magnitude higher than the level of AFC observed af ter  injection of ant ierythrocyt ic  anti-  
bodies (AES) not bound with IC (Table 1). Consequently, depress ion  of the immune response  in animals t reated 
with AES was due not to the formation of  an IC i n them, but to other  mechanisms.  This is shown indirectly also 
by the fact  that intravenous injection of syngeneic peri toneal  macrophages in a dose of 5 �9 106 into animals p r e -  
viously receiving IC enabled the immune response  to be fully res to red  to the control  level, whereas injection 
of macrophages  in the same  dose or of normal  syngeneic splenocytes (3 " 108) into mice treated with AES did 
not lead to an increase  in the number of AFC in the spleen. Fu r the rmore ,  injection of F(ab ')2-fragments  of 
ant iery throcyt ic  antibodies forming IC incapable of interacting with the F c - r e c e p t o r s  of the macrophages  
depressed the p r ima ry  immune response ,  although to a lesser  degree than AES [126.6 (75.7-212.0) AFC per  106 
splenic karyocytes] .  

A suspension of spleens of the experimental  animals was subjected to cytological  analysis  on the 1st, 
4th, 8th, and 15 thdaysa f t e r in j ec t i ono fAES(Tab le2 ) .  On the 1st and 4th days, i.e., during the period of 
grea tes t  depress ion of the immune response ,  a considerable  increase  was observed in the absolute number of 
nucleated spleen cel ls ,  including lymphocytes.  The relat ive number of lymphocytes under these c i r cums tances ,  
s tar t ing  from the f i r s t  day of the investigation, fell gradual ly to reach a minimum by the 8th day, mainly on 
account  of an increase  in the propor t ion of granulocytes and erythroid cells. 

Among the nucleated spleen cells under normal  conditions there were 34.5% of T-cel ls  and 28.3% of B- 
cells ca r ry ing  recep tors  for complement.  About 12% of lymphocytes could not be c lassed by the method used 
as ei ther  T- or  B-cel ls .  They were called "null" lymphocytes [8]. After injection of AES into the animals 
(Table 3) the relat ive percentage of T-cel ls  fell by 1.3-1.7 t imes between the 8th and 10th days. The relat ive 
number of B-cel ls  was below the control  s tar t ing f rom the 4th day of observation.  An increase  in the absolute 
number of lymphocytes calculated per spleen f rom the 1st day was due to an increase in the number of B - lym-  
phocytes and mainly to an increase  in the pool of null cells.  On the 4th day the increase  in the total number of 
splenic lymphocytes took place on account of T-cel ls .  The number of T- and B-lymphocytes  was low cha rac -  
te r i s t ica l ly  in the spleen on the 8th day and no null cells were presen t  a t  that time. On the 15th day the number  
of  null lymphocytes did not differ significantly f rom the control ,  whereas the number of T- and B-cel ls  was 
still below normal.  The increase  in the number of null lymphocytes on the 1st day after  injection of AES could 
be taken as evidence of a disturbance of differentiation of the immunocompetent  cells.  

An ext remely  important  factor for the obtaining of a marked cooperat ive immune response  is the optimal 
ra t io  between T- and B-cel ls .  In the p resen t  experiments  the T/B ratio in the control  was 1.2, falling to 0.74 
24 h af ter  injection of AES, and at later  stages of the investigation it was over 1 (Table 3). The decrease  in the 
T/B rat io to 0.74 on the f i r s t  day was not, however,  the essent ia l  cause of the decrease  in the number of AFC 
at that t ime, for as A. A. Yaril in and ]~. F. Polushkina found, significant depress ion of the p r ima ry  immune 
response  to SRBC in mice was observed only if the T/B ratio did not exceed 0.5. By the 4th day, when the 
immune response  was depressed to about the same  degree as on the 1st day, the T/B rat io was 1.4. In this 
case  other factors  probably play an important  role  in immunodepression.  
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The more profound depression of the pr imary  immune response to SRBC in mice treated with AES than 
the immunodepression caused by injection of IC obtained in vitro, the decrease in the number of AFC in the 
spleen under the influence of F(ab')2-fragments of antierythrocytic antibodies, the failure of the immune 
response to SRBC to be res tored after injection of syngeneic macrophages or splenocytes into animals treated 
with AES, the change in the cellular composition of the erythromyeloid complement of the spleen in these ani- 
mals, and disturbance of the normal numbers of T-,  B-,  and null lymphocytes - all these facts suggest the 
presence of functional interconneetions between the immunocytes of the spleen and their nonlymphoid hemat-  
opoietic microenvironment. 
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