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In recent years a role of increasing importance has been ascribed to the system of natural 
resistance in the body's defense against tumors. This applied, in particular, to natural 
cytotoxic (cytolytic) activity, detectable {n ~ o  as death of target cells, and to cyto- 
static activity, recorded as inhibition of proliferation of target cells. The cytostatic 
mechanism is probably no less important than the cytotoxic in defense of the bodY against 
tumors. Various cells, including macrophages, normal (natural) killer (NK) cells, and granulo- 
cytes may exhibit cytostatic activity [4, 6, 8]. Great importance is nowadays attached to 
the cytostatic action of cells as a mechanism capable of maintaining mutual control and adap- 
tation of the cells of a multicellular organism [3]. 

The writers previously studied changes in the level of natural cytotoxic activity in the 
spleen and bone marrow of mice after injection of cyclophosphamide (CP) [I]. 

In the investigation described below the time course of natural<cytotoxic and cytostatic 
activity of the spleen cells was compared in mice receiving CP. 

EXPERIMENTAL >~THOD 

Experiments were carried out on male CBA mice weighing 16-20 g, obtained from the Stol- 
bovaya, and Svetlye Gory nurseries, Academy Of Medical Sciences of the USSR. CP from 
Serva, West Germany) was injected intraperitoneally in a dose of 250 mg/kz body weight. Daily 
for 9 days a cell suspension was prepared from the femoral marrow, thymus, and spleen. The 
cells, numbering 10"106/ml, were incubated in medium RPMI-1640 with 10% fetal serum and 1% 
glutamine in the presence of 3H-thymidine (5 DCi/ml, specific radioactivity 23 Ci/rmnole) for 
1 h. Radioactivity incorporated into the acid-insoluble fraction was estimated on a Packard 
Tricarb scintillation counter. 

In two series of experiments intact spleen cells were treated beforehand with mouse leu- 
kocytie interferon (400 U/ml) for 1 h at 37~ 

The natural cytotoxic activity of the cells was determined in the test of release of SICr 
from labeled target cells, which were cells of a YAC-I mouse T lymphoma, transplanted ~n ~'~tro. 

LITERATURE CITED 

i. Vo Yu. Kolesnikova, G. I. Anokhina, N. A. Zakharova, and I. M. Lyampert, Byull. Eksp. 

Biol. Med., No. 2, 181 (1985). 
2. V. Yu. Kolesnikova, N. A. Borodinyuk, and I. M. Lyampert, Byull. Eksp. Biol. Med., No. 

5, 433 (1985). 
3. I. M. Lyampert, Usp. Sovrem. Biol., 81, No. 2, 274 (1976). 
4. E. N. Semenova, V. Yu. Kolesnikova, and M. N. Smirnova, Byull. Eksp. Biol. Med., No. 3, 

51 (1983). 
S. Avrameas, G. Dighiero, P. Lymberi, and B. Guilbert, Ann. Immunol., 134, 103 (1983). 
M. W. Cunningham and S. M. Russell, Infect. Immun., 4_2_, 531 (1983). 
H. Herbst, D. Lavanchey, and D. G. Braun, Ann. Immunol., 134-D, 349 (1983). 
G. Kohler and C. Milstein, Nature, 256, 495 (1975). /~ 
I. M. Lyampert, L. W. Beletskaya, N. A. Borodiyuk, et al., Immunology, 31, 47 ~• 
M. Spitz, L. Spitz, R. Thorpe, and E. Eugui, Jo Immunol. Methods~ 70, 39 (1984). 
T.-T. Sun, R. Eichner, W. G. Nelson, et al., J. Invest. Derm., 81, 109 (1983). 

5. 
6. 
7. 
8. 
9. 

i0. 
ii. 

Institute of Human Morphology, Academy of Medical Sciences of the USSR, Moscow. (Pre- 
sented by Academician of the Academy of Medical Sciences of the USSR A. P. Avtsyn.) Trans- 
lated from Byulleten' Eksperimental'noi Biolo~ii i Meditsiny, Vol. 102, No. 8, pp. 200-203, 
August, 1986. Original article submitted January 23~ 1985. 

0007-4888/86/0008- 1099512.50 �9 1987 Plenum Publishing Corporation 1099 



b 
I 8 0 -  

% .10 -s i 
c. 7o l 

6 0  b . f 2 0  a 

5 0  10G 50  

2 0  6 0  3 0  30  

20  ~'0 20  

lO 2 0  fO  /o  

7 2 3 /+ s 5 7 8 B l 2 z z 

Fig.  1 F ig .  2 

Fig. i. Time course of number of cells and level of natural cytotoxic and 
cytostatic activity of mouse spleen cells after treatment with CP. Abscis- 
sa, time after injection of CP (in days); ordinate: right, number of nu- 

cleated cells (• left, CI (b) and CSI (c). [a, missing in Russian] 

Fig. 2. Effect of pretreatment with interferon on natural CYtotoxic and cyto- 
static activity of mouse spleen cells. Ordinate: a) CI (in %); b) CSI (in 
%). i) Control; 2) treatment with interferon. Unshaded columns, inhibi- 
tion of incorporation of 3H-thymidine; shaded columns, 3H-uridine. 

The target cells, numbering 5"10e-lO'lO 6, ware incubated with 100DCiof Na2SZCrO4 (specific 
radioactivity I ~Ci/mmole, from Amersham Corporation, England) for i h at 37~ Labeled 
target cells (2"104 ) were introduced into wells of round-bottomed panels with effector cells 
in various proportions (total volume of the mixture 0.2 ml). The cells were incubated for 
4 h at 37~ The panels were then centrifuged at 200g for 3 min." The radioactivity of 0.i 
ml of supernatant was measured by means of a "_Rack-Gamma" gamma-counter. The cytotoxic index 
(CI) was calculated in % by the equation: 

Number of counts (experiment -- spontaneous emission 
CI = - x 100%. 

Number of counts (maximal emission -- spontaneous emission) 

Cytostatic activity was assessed as the ability of the spleen cells to inhibit incorpora- 
tion of 3H-thymidine or 3H-uridine into the acid-insoluble fraction of target cells, for which 
purpose mastocytoma R-815 cells immune to the cytotoxic action of NK were used. Macrophages 
were removed from the suspension of effector cells by incubating the cells in plastic Petri 
dishes at 37~ for 1 h. 

Nonadherent cells were mixed with target cells in the ratio of 20:1 and cultured at 37~ 
After 4 h, 3H-thymidine (5 pCi/ml, specific radioactivity 5 Ci/mmole) or 3H-uridine (5 ~Ci/ml, 
specific radioactivity 5 Ci/mmole) was added. After 4 h of subsequent culture the cells were 
sedimented on filters and the radioactivity of the acid-insoluble fraction was determined. 
The cytostatic index (CSI) was calculated in percent by the equation: 

CSI = [1 number of counts (experiment -- effector control) 
number of counts (target control) ] • 100%. 

Values of radioactivity of target cells and effector cells cultured separately were used 
as the control. 

EXPERIMENTAL RESULTS 

During the first 48 h after administration of CP the number of cells in the spleen fell 
significantly (Fig. i). The level of natural cytotoxic activity of the cells which remained 
in the spleen was sharply reduced. Not until after 5 days did the number of cells in the 
spleen begin to increase, whereas the level of cytotoxicity of the cells rose after 6 days, 
and by the 9th day it had almost reached the level of cytotoxicity of the spleen cells of in- 
tact animals. Cytostatic activity of the spleen cells showed little change throughout this 
period after administration of CP. 

Investigation of the effect of interferon, ~ stimulator of natural cytotoxic activity, 
on the cytostatic activity of the spleen cells gave the results shown in Fig. 2. Pretreat- 
ment of splenocytes from intact mice ~m Pit~o with leukocytic interferon caused an increase 
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Fig. 3. Level of proliferative, cytotoxic, 
b and cytostatic activity of mouse spleen, 

bone marrow, and thymus cells. Ordinate: 
a) incorporation of 3H-thymidine (in cpm. 
I0-~); b) CI (in %); c) CSI (in %). Un- 
shaded columns, inhibition of 3H-ths~i- 
dine incorporation; shaded columns, 3H- 

r uridine. !) Spleen; 2) bone marrow; 3) thy- 
mus. 

~n both cytotoxic and cytostatic activity of these cells. We compared the cytotoxic and cyto- 
static activities of the cells of several organs, differing in the proliferative activity of 
their cells, in intact mice. It will be clear from Fig. 3 that the natural cytotoxic activ- 
ity of spleen cells, which proliferate less actively than bone marrow and thymus cells, was 
considerably higher than the cytotoxic activity of the latter. Differences~in the cytostatic 
activity of the cells of these organs we_re much less marked. All the cells had a quite high 
cytostatic action on mastocytoma R-815 cells (.with rew to DNA and RNA synthesis). 

The question arises whether cytostatic activity of spleen cells is found only against tu- 
~or cells or whether it is also exhibited against nontumor cells. Experiments were carried 
out to determine the cytostatic activity of splenocytes against a number of targets of non- 
tumor origin~ Cells of mastocytoma R-815 were the most sensitive to the cytostatic action 
of spleen cells, whereas normal bone marrow cells were the least sensitive. Actively prolifer- 
ating cells of regenerating bone marrow cells (5 days after treatment with CP) and blast cells 
induced by concanavalin A occupied an intermediate position. In our experiments NK had no 
cytostatic action on any of these cells. 

Investigation of the time course of the cytotoxic and cytostatic activity of spleen cells 
after treatment with CP, causing death of proliferating ceils, showed that effectors of natural 
cytotoxic activity constitute a homogeneous group as regards sensitivity to CP. Cells exert- 
ing cytostatic activity in u{~z~ are evidently heterogeneous for sensitivity to CPo Despite 
the considerable decrease in the number of splenocytes after administration of CP, the level 
of cytostatic activity was not reduced, i.e., some effector cells of cytostatic activity are 
resistant to this cytostatic. The absence of a relative increase in cytostatic activity af- 
ter treatment with CP may be evidence of the presence of a fraction of effector cells of cyto- 
stasis that are sensitive to CP. 

Mouse spleen cells have the highest level of natural cytotoxic activity compared with 
cells of other lymphoid organs, including organs of active lymphopoiesis (bone marrow and thy- 
mus). The question arises whether this effect is connected with the ability of NK cells to 
limit the proliferative activity ofcells. Ourcomparative investigation of the natural cyto- 
toxic and eytostatic activity of spleen, bone narrow, and thymus cells showed absence of cor- 
relation between the level of proliferation of cells and their cytostatic activity. Although 
these organs differ considerably in their level of proliferation and cytotoxic activity, they 
differed only a little in the cytotoxic effect of their cells. 

There are data in the literature to show that NK cells can exhibit cytotoxic activity 
against normal cells [5, 7]. We were unable to find a cytotoxic action of spleen cells against 
the target cells used. However, the cytostatic activity against normal cells was consider- 
able~ and it correlated to a certain degree with the level of proliferative activity of the 
target cells. 

The stimulating effect of interferon and its inducers on the level of natural cytotoxic 
activity of mouse spleen cells is known. In the present experiments pretreatment of spleno- 
cytes with interferon caused an increase in both cytotoxic and cyt0statid activity. Cells 
:sensitive to interferon are evidently present in both populations of effectors. 
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Exposure to considerable stress also leads to a change in the level of cytostatic and 
cytotoxic activity of spleen cells, and definite correlation is observed in the time course 
of these two functions after stress [2]. 

Data on the sensitivity of the cytostatic activity of spleen cells to the effect of 
interferon and exposure to stress a~e evidence of definite similarity between the properties 
of effectors of cytostatic and cytotoxic activity. Meanwhile there are marked differences 
in the level of their activities in different lymphoid organs and in relation to different 
target cells. 

The possibility cannot be ruled out that effectors of cytostatic activity constitute a 
heterogeneous population, of which cells with cytotoxic activity constitute one subpopula- 
tion. Further investigations are necessary in order:to explain this problem. 
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It has been shown [2] that specific supressor T cells (SSTC) in the H-2 system, appear- 
ing as a resnlt of induction in vivo, are narrowly specific for a certain epitope of the H-2 
molecule. SSTC can recognize determinants similar to serologic determinants [6]. 

In attempts to induce SSTC in mice mutant for the H-2 complex, with wild-type cells it 
was found that SSTC are easily formed in vivo by a complex mutation df the H-2D dml molecule if 
the corresponding mutant (M504), immunized by wild-type BI0.D2 (H-2 d) cells, can also form 
antibodies [6]. Conversely the "point" mutation of the H-2K bml molecule does not lead to 
the formation either of antibodies [i0], or of SSTC [6], on immunization of the mutant with 
wild-type C57BL/6 (H-2 b) cells, despite the effective formation Of cytotoxic T lymphocytes 
(CTL) in the same system [i0]o 

In the present investigation, in order to induce SSTC we used a set of mutants with 
clearly characterized replacement of amino acids in the H-2K b molecule (Table i). 

EXPERIMENTAL METHOD 

Mice of lines BALB/c (H-2d), DBA/2 (H-2d), CBA (H-2k), AKR (H-2k), and C56BL/6 (abbre- 
viation B6, H-2 b) were obtained from the Stolbovaya Nursery, Academy of Medical Sciences 

Laboratory of Immunochemistry, All-Union Oncologic Science Center, Academy of Medical 
Sciences of the USSR, Moscow. Branch of the M. M. Shemyakin Institute of Bioorganic Chemistry, 
Academy of Sciences of the USSR, Pushchino, Moseow Region. Laboratory of Experimental Biologi- 
cal Models, Academy of Medical Sciences of the USSR, Svetlye Gory, Moscow Region. (Presented by 
Academician~of the Academy of Medical Sciences of the USSR N. N. Blokhin.) Translated from 
Byulleten' Eksperimental'nok Biologii i Meditsiny, Vol. 102, No. 8, pp. 203-205, August, 1986. 
Original article submitted December 13, 1985. 

1102 0007-4888/86/0008- 1102512.50 �9 1987 Plenum Publishing Corporation 


