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Summary. — In the serum of healthy mice a factor was found in­
hibiting the in vivo effect of T-suppressors of autoreactive T-lymp- 
hocytes (TSarti) induced in mice by tick-borne encephalitis (TBE) 
virus, Langat virus, dengue virus type 2 (D2) and attenuated strain 
17D of yellow fever virus. Activity of the serum factor (s) was de­
monstrated providing that the TSarti had H-2 antigens comple­
tely or partially identical with the H-2 antigens of serum donors.
The activity was not connected with destruction of TSarti- The 
factor (s) did not inhibit the in vivo activity of TBE virus-induced 
T-suppressors directed to the effectors of graft versus host reac­
tion (GVHR) in allogeneic mice. These suppressors differed from 
TSarti in their distribution in the organs of immune system. As su­
ggested, the serum factor(s) inhibiting TSarti may be involved in 
pathogenesis of virus infections and in regulation of virus-indu­
ced autoimmune processes.
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Introduction

At present, the majority of specialists suggest in the population of immuno­
competent cells of healthy organism the existence of precursors of autoreacti­
ve T-lymphocytes (ARTL), which are capable to distinguish between self 
and genetically foreign antigens (Cohen and Wekerle, 1977; Wekerle, 1978; 
Cooke and Lydyard, 1981). However, activity of these cells is not usually 
manifested due to the complex system of regulation, including different 
population of immunoregulatory cells and their products, antiidiotype 
antibodies, blocking factors, etc. An appearance of functionally active auto­
reactive cells is considered to result from disturbance of the immunoregula­
tory system (Jerne, 1973; Cunningham, 1976; Cohen and Wekerle, 1977; 
Talal et al., 1980). Though the appearence of autoreactive lymphocytes and 
antigen-specific suppressors inhibiting the immune response to heterologous 
antigens was observed in many virus infections, the regulation mechanism
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of the effectors of autoimmune reactions in virus-caused diseases remains 
less clear (Levy, 1974; Denman et al., 1976; Semenov et al., 1982).

In our previous studies we demonstrated that the activity of virus-induced 
ARTL eliciting GVHR in syngeneic recipients was controlled by TS arti, which 
were activated by virus infection, as well as by serum factor(s) present in 
serum of intact mice possessing H-2 antigens identical with those of ARTL 
donor mice (Khozinsky and Semenov, 1980; 1983). This paper presents 
data on a serum factor inhibiting the activity of virus-induced TSarti and 
on the heterogeneity of virus-induced antigen-nonspecific T-suppressors 
populations.

Materials and Methods
Viruses. Strain Sophin of TBE virus, strain TP-21 of Langat virus, strain No. 23085 of D2 virus 

and vaccine strain 17D of yellow fever virus were grown in the brain of 2 to 3-day-old mice and 
titrated on suckling mice inoculated intracerebrally with serial dilutions of infectious brain 
suspension.

Inbred mice from the breed ,,Stolbovaya“ (Acad. Med. Sci. of the U.S.S.R.) weighing 16—18 g 
were inoculated intraperitoneally with 0.3 ml vol. of medium 199 in Hank's balanced solution 
(HBSS) containing 105 LD50 of the virus suspension. The lines BALB/c, CBA, C57BL, DBA and 
AKR or their Fi hybrids (CBA x C57B1) and (BALB/cxC57Bl) were employed; in each series 
of experiments animals of the same sex were used.

The mouse serum was prepared as follows: the blood collected from retroorbital sinus of intact, 
uninfected mice, was incubated for 1 hr at 37 °C followed by 2 hr incubation at 4 °C and subsequent 
centrifugation to discard blood cells and clots. Only non-haemolytic serum was used in further 
experiments.

Preparation of splenocytes, thymocytes and lymph node cells was described previously (Semenov 
et al., 1974). The cells were collected from mice on day 7 post-infection (p.i.) with a given virus; 
splenocytes served as the source of ARTL and thymocytes or lymph node cells as the source 
of TSarti* respectively (Khozinsky and Semenov, 1980).

Evaluation of the effect of suppressor cells and serum factor. Uninfected recipients were inoculated 
into footpad with 0.1 ml volumes of medium 199 in HBSS containing 107 ARTL alone or their 
mixture with the same amount of syngeneic thymocytes or lymph node cells from virus-infected 
donors. The index of GVHR was calculated as the ratio of the mass of isolated collateral lymph 
nodes from the inoculated and control leg at 6 days after footpad inoculation of the cells. Lower 
intensity of GVHR in the recipients inoculated with mixture of ARTL and thymocytes or lymph 
node cells indicated the presence of suppressor (TSarti) cells among the latter cell populations 
of virus-infected donors. To determine the effect of a serum factor on the activity of TSarti prior 
to the mixing with ARTL, the lymphocytes were incubated with serum of intact mice (107 cells/0.1 
ml of the serum) for 1 hr at 4 °C and washed twice with 5 ml of medium 199 in HBSS.

I mm типе aggression of allogeneic lymphocytes against their recipients was evaluated using the 
local GVHR (Khozinsky and Semenov, 1981). Uninfected recipients were inoculated subcuta­
neously with 0.1 ml volumes of medium 199 in HBSS containing 107 splenocytes from allogeneic 
uninfected donors. As the source of T-suppressors inhibiting the activity of GVHR effectors- 
on the allogeneic system (TSgVhr) served splenocytes, thymocytes or lymph node cells from virus - 
-infected donors collected on day 7 p.i., which were syngeneic in relation to the GVHR effectors 
Determination of TSgVhr activity and of GVHR indices was the same as in case of ARTL and 
TSarti* in all experiments keeping the ratio 1 : 1 between investigated GVHR effectors and TSgVhr 
on one hand or ARTL and TSarti on the other hand. As additional control of TSarte and TSgVhr 
corresponding populations of immunocompetent cells from uninfected donors were used, dis­
playing no suppressive activity.

Mitomycin C (Serva) in the concentration of 50 fxg/ml in medium 199 in HBSS was incubated 
with immunocompetent cells for 40 min at 37 °C, which were then three times washed by a fresh 
medium, to determine the effect of mitomycin on the activity of TSarti and TSgVhr* respectively.

Statistical analysis of the results obtained was carried out using the Student's test. Only p ^ 0.05 
values were considered for statistically significant .
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Table 1. Demonstration of the ability of intaet mouse serum to inhibit the aetivity 
of THE virus-induced TSarti and of its H-2 restrietion

Index of GVHR* in the recipients
Group Serum donors for TSarti of ARTL and TSarti
of mice treatment----------------------------------------------------------

BALB/c (H-2dd) CBA (H-2kk)

1 No TSarti added 2.1 2.2
2 Serum-untreated TSarti 1.4 1.3
3 BALB/c (H-2dd) 2.2 1.4
4 CBA (11-2“) 1.4 2.2
5 C57B1 (H-2bb) 1.3 1.2
6 AKR (H-2kk) 1.4 2.1
7 DBA (H-2dd) 2.0 1.4
8 Ft (CBAxC57Bl) (H-2kb) 1.3 1.9
9 Fi (BALB/cxC57B 1) (H-2db) 2.0 1.4

* Statistically significant differences (p iS 0.05) between groups 1, 3, 7, 9, and 2, 4, 6, 6, 8 for 
BALB/c (H-2dd) mice and between groups 1, 4, 6, 8 and 2, 3, 5, 7, 9 for CBA (H-2kk) mice, 
respectively.

Results
As shown in Table 1, the serum from intact mice inhibited the suppressive 

activity of TBE virus-induced TSarti against TBE virus infection-activated 
ARTL. The inhibitory effect of the serum was H-2 restricted, i.e. it appeared 
only in case of common specificities of H-2 gene complex of both TSarti and 
serum donors.

Thus, activity of TSarti from BALB/c (H-2dd) mice was inhibited by 
homologous BALB/c (H-2dd) serum as well as by sera from DBA (H-2dd) 
or Fi (BALB/cxC57Bl) (H-2db) mice, but not by sera of CBA (H-2kk), 
C57B1 (H-2bb) and AKR (H-2kk) or Fi (CBAxC57Bl) (H-2kb) mouse donors. 
Similarly, TSarti from CBA (H-2kk) donors were blocked by sera of CBA 
(H-2kk) and AKR (H-2kk) mouse lines or Fi (CBA x C57B1) (H-2kb) hybrids,

Table 2. The effect of normal mouse serum on TSgVhr

Group 
of mice Splenocytes

Donors of 
thymocytes 

(TSgvhr)

Normal
serum Recipients

Index 
of GVHR»

1 CBA (H-2kk) _ ** _ ** BALB/c 2.9
2 CBA CBA — BALB/c 1.7
3 CBA CBA CBA BALB/c 1.9
4 BALB/c (H-2dd) — — CBA 3.2
5 BALB/c BALB/c — CBA 1.9
6 BALB/c BALB/c BALB/c CBA 1.8
7 BALB/c — — C57B1 (H-2bb) 3.3
8 BALB/c BALB/c — C57B1 1.8
9 BALB/c BALB/c BALB/c C57B1 1.7

* Statistically significant differences (p ^ 0.05) for values in groups 2—3, 5 — 6, and 8 — 9, when 
compared with those in groups 1, 4, and 7, respectively.

** Recipients received neither untreated nor normal serum-treated thymocytes.
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Tahle :). Demonstration of TSarti and TSgvhr aetivities in the cell populations 
of the immune organs from THE virus-infeeted ntiee

Group of mice Donors Recipients Characteristics of donor 
cells1

Index of GVHR2

i CBA CBA
TSarti

Stbe 2.2
2 CBA CBA Stbe + Ttbe 1.4
3 CBA CBA Stbe "b Ttbe_Ulit C 1.3
4 CBA CBA Stbe + LNCtbe 1.5
5 CBA CBA Stbe 4“ LNCtbe-mit C 1.4
6 CBA CBA Stbe-mit C 1.1
7 CBA CBA Stbe T Stbe*mit C 2.1

8 CBA BALB/c
TSgvhrs 2.9

9 CBA BALB/c S + S,be 1.9
10 CBA BALB/c S + Stbe-mit C 1.8
11 CBA BALB/c S + Ttbe 1.7
12 CBA BALB/c S + Ttbe-mit C 1.8
13 CBA BALB/c S + LNCtbe 1.9
14 CBA BALB/c S + LNCtbe-mit C 1.8

1 Uninfected CBA or BALB/c recipients were inoculated into the footpad with 107 splenocytes 
from TBE virus-infected (Stbe) or uninfected (S) CBA donors or with their mixture with the 
same amount of syngeneic thymocytes (Ttbe) or lymph node cells (LNCtbe) from TBE virus- 
-infected donors, either treated before with mitomycin C (mit C) in vitro or untreated.

2 Statistically significant differences (p Si 0.05) for TSarti only in groups 1 and 7, for TSřvhr 
only in the group 8.

but not by sera of Balb/c (H-2dd), DBA (H-2dd) and C57B1 (H-2bb) mouse 
lines or Fi (BALB/cxC57Bl) (H-2db) hybrids (Table 1). Addition of TSa«i 
to ARTL was accompanied by a regular inhibition of GVHR induced in 
syngeneic recipients. Analogous results were obtained with thymocytes 
and splenocytes from mice infected with other flaviviruses used, namely with 
yellow fever, Langat and D2 viruses (results not presented). Activity of the 
serum factor was not connected with destruction of TSarti, because the 
proportion of destroyed thymocytes incubated in vitro either with medium 
199 in HBSS or with mouse serum was the same, not exceeding 3—5%.

As demonstrated previously, TBE virus infection of mice was accompanied 
by appearance of T-suppressors inhibiting the immune aggression of allogeneic 
lymphocytes against their recipient (Khozinsky and Semenov, 1981). These 
suppressors were not sensitive to the effect of pooled normal mouse serum 
inhibiting TSarti- When adding to normal splenocytes, the TSgVhr treated 
in vitro with serum of syngeneic donors, the suppressive effect was still 
preserved, but the index of GVHR induced by this mixture was markedly 
lower than in controls (Table 2). The demonstrated difference between 
TSarti and TSgvhr by the use of normal serum made it possible to suggest 
that they could belong to different subpopulations of T-lymphocytes. This 
suggestion is supported by a different distribution of either type of suppressors 
in organs of the immune system: TSgVhr could be found in thymus, lymph 
nodes and spleen, but TSarti in thymocytes and lymph nodes only.
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То confirm further this suggestion, the mitomycin C-treated splenocytes, 
thymocytes and lymph node cells from virus-infected mice were employed 
as possible source of TSarti for the inhibition of ARTL activity. As follows 
from Table 3, mitomycin C treatment did not affect activities of TSarti and 
TSgvhr present in the cell populations from thymus and lymph nodes. Howe­
ver, the mitomycin C-treated splenocytes displayed only TSgvhr activity, but 
not TS arti activity. They did not inhibit the virus-induced ARTL activity 
in syngeneic mice, even if increasing the ratio of mitomycin C-treated spleno­
cytes to ARTL 4 : 1 (data not presented).

Discussion

The question of the role of blocking factors in the pathogenesis of virus 
infections remains open, though the existence of such factors is undoubted. 
The best known are the effects of virus-induced factors of immunoglobulin 
nature, targets of which are the effectors of the immune response (Swick et al., 
1976; Veltři et al., 1981). We described earlier a factor in the serum of normal 
mice which inhibited in vivo the activity of virus-induced ARTL. The serum 
factor activity was H-2 restricted: the suppressing effect developed only 
providing that the H-2 antigens of ARTL were completely or partially 
identical with H-2 antigens of normal serum donors (Khozinsky and Semenov, 
1983). As follows from results of our present paper, the normal mouse serum 
was capable to inhibit the activity of flavivirus-induced ARTL; this phenome­
non was again H-2 dependent.

Thus, our data indicate the presence of factor(s) in the normal mouse 
serum directed to the effectors of autoimmune response, i.e. to ARTL, as well 
as to the cells regulating this response, i.e. to TSarti- The nature of the factor(s) 
and their possible difference or identity is so far unknown. The factor inhi­
biting TSarti was not effective against TBE virus-induced T-suppressors, 
which were directed to the immune aggression of allogeneic lymphocytes 
in vivo. This fact and the finding of different distribution of TSarti and TSgVhr 
in organs of the immune system makes it possible to suggest that flavivirus 
infection is accompanied by appearance of different subpopulations of 
nonspecific T-suppressors. The relativity of the term „nonspecific” should 
be stressed: T-suppressors are not specific in relation to the inducing virus, 
but they are highly specific for ARTL and GVHR effectors.

At present the appeareance of ARTL is connected with a selection of 
T-lymphocytes bearing on their membrane high affinity receptors for cell-to- 
-cell interactions, which are capable to distinguish self-antigens (Altman and 
Katz, 1980). Apparently in virus infection the TSarti are selected in parallel 
with ARTL selection. It can be assumed that decrease in the level of normal 
serum factor(s) inhibiting both ARTL and TSarti favoured ARTL and TSarti 
selection during virus infections. This assumption should be verified, though 
it is supported by the model of Cohen and Wekerle (1977) showing activation 
of autoreactive lymphocytes in a syngeneic culture using medium devoid of 
the blocking serum factor.
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