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STIMULATING EFFECT OF A POLYION OF CYTOLYTIC T
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The immunostimulating effect of polyions on antibody formation has been studied in de-
tail [2, 3, 6]. The cellular and molecular mechanisms of this phenomenon have been investi-
gated during synthesis of protective antibodies in response to microbial [7] or viral [8]
antigens under natural conditions in vitro, and also in cultures of lymphoid cells in model
experiments in vitro [5, 9]. The action of polyions potentiating T-cell responses has been
studied [7]. On the whole, however, the effect of polyionic immunostimulators on immunity
mediated by effector T lymphocytes has been inadequately studied. Yet as we know, these
cells are one of the most important factors in antitumor immunity.

The aim of this investigation was to study the action of the polyionic agent vegetan
on the formation and functicning of cytolytic T lymphocytes (CTL) in cell culture.

EXPERIMENTAL METHOD

Mice of lines BALB/c (H-24), €34 (3-2K), and (CBA x C57BL)F, hybrids aged 8-12 weeks
were studied. Mouse splenocytes were suspended in medium RPMI 1640, to which were added
107 embryonic calf serum, 2 mM L-glutamine, 5 m¥ HEPES, 30 uM 2-cercaptoethanol, and 100
U each of penicillin and streptomycin. The cells were cultured in 96-well plastic plates
(Falcon Plastics, USA) at 37°C in an atmosphere of 5% €O, for 3-5 days.

CTL were obtained in mixed lymphocyte culture {MLC) by the method in [10]. TFor this
purpose, 2 x 10° splenocytes from BALB/c mice were incubated for 5 days with i0® or 10°
C3H mouse spleen cells, previcusly irradiated in a dose of 1000 R.

The cytolytic activity of cells from MLC was determined by using L-fibroblasts of the
H-2k haplotype from mice syngeneic with C3H as the target cells. A suspension of 108 L-
cells in 1 ml was incubated in the presence of 5¥Cr (100 pCi/ml) for 45 min at 37°C. The
L cells were then washed 3 times by centrifugation in Hanks' solution and introduced at 37°C
into flat-bottomed plates (Falcon Plastics) at the rate of 4 x 10% cells per well in a
volume of 100 pl. Lymphocytes from a 5-day MLC were added for 3 h with lymphocyte—target
ratios of 10:1, 5:1, and 2:1 respectively. The degree of cytolysis was estimated from the
specific outflow of 5Cr from the target cells into the incubation medium. For this purpose
the cell-free fluid was transferred into plastic ampules for measurement of radioactivity
in a y-spectrometer (Nuclear Chicago, USA). The percentage of specific outflow of chromium
was calculated by the equation:

Experiment — control
Total lysis — control

Cytolysis. = » 100%.

Al1l-Union Oncologic Scientific Center, Academy of Medical Sciences of the USSR. In-
stitute of Immunology, Ministry of Health of the USSR, Moscow. {(Presented by Academician
of the Academy of Sciences of the USSR R. V. Petrov.) Translated from Byulleten® Eksperi-
mental'nois Biologii i Meditsiny, Vel. 1062, No. 9, pp. 327-329, September, 1986. Original
article submitted February 14, 1986.
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Fig. 1. Stimulation of killer T cell production by
vegetan in MLC in vitro. Abscissa, concentraton of
vegetan in MLC (in ug/ml); ordinate, cytolysis (in 7).
Values for cytolysis given were obtained during com-
bined culture of cytotoxic lymphocytes from optimal
(1) or weakly immunogenic MLC (2), containing differ-
ent concentrations of vegetan, with target cells, K,
and K,. Levels of cytolytic activity of controli
cells from optimal and weakly immune MLC respectively,
without vegetan.
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Fig. 2. Stimulating effect of vegetan on gensration

of antigen-dependent AFC in vivo depending on dose of
the compound and of antigen (a) and levels of control
response (without vegetan) in the experimental model
used (b}. a) Number of AFC in spleens of mice im-
munized with 2 x 10® SRBC (K,); 2 x 10® SRBC + vegetan
{1); 107 SRBC (K,); 107 SRBC + vegetan (2); 10® SRBC
(K53); 108 SRBC + vegetan {3). Abscissa, dose of
vegetan (in ug/mouse) injected intraperitoneally to-
gether with immunogen; ordinate,; number of AFC specific
for SRBC antigens formed in mouse spleen 4 days after
immunization; b) coefficients of stimulation: ratio of
number of AFC in experiments {vegetan + SEBC) to num-
ber of AFC in corresponding control (SRBC only).
Abscissa, coefficient of stimulation of AFC production
after injection of 100 pg vegetan together with differ-
ent doses of SRBC; ordinate, number of AFC in control
after injection of different doses of SRBC.
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Fig. 3. Effect of vegetan on proliferative ac-
tivity of cells. Abscissa, vegetan concentration
(in pg/ml); ordinate, incorporation of 2H-thymidine
(in cpm) into monoculture (obliquely shaded
columns), MLC (unshaded columns), and weakly im-
munogenic MLC (black columns). K) Control.

where experiment denotes radioactivity (in cpm) of cell-free fluid from wells containing
CTL and target cells; control denotes radioactivity of liquid from wells containing target
cells only; total lysis denotes radiocactivity of liquid from wells containing target cells
lyzed by detergent.

Two types of MLC were used: weakly immunogenic, in which the ratio between 'reacting”
and "stimulating" cells was 20:1, and optimal, in which this ratio was 2:1. The level of
proliferation in monocultures and mixed cultures of lymphocytes was estimated from incorpora-
tion of ®H-thymidine, reflecting the intensity of DNA synthesis [4].

A mother solution of vegetan was prepared by dissolving the dry substance in Hanks'
solution or in medium RPMI 1640 and sterilized by passing through GSVP filters (Millipore,
USA). The solution was kept at —20°C. Vegetan was added to the mono- and mixed cultures
of lymphocytes in doses of 10 to 100 pg/liter. The total added volume did not exceed 1/10
of the volume of the culture.

The number of antibody-forming cells (AFC) was determined by the method in [5].

In all cases triplets of identical cell cultures were investigated in one experiment.
The results of the measurements were subjected to statistical analysis by the usual method.

EXPERIMENTAL RESULTS

Active CTL, producing lysis of 50-557 of target cells, were formed in an optimal MLC
during 5 days of culture. The formation of fewer (perhaps less active) CTL, which caused
lysis of target cells amounting to about 30-357 of total lysis, was induced in a weakly im-
munogenic MLC.

Addition of vegetan to the optimal MLC led to a significant, but not very large, in-
crease in cytolytic activity of the cells (Fig. 1). The action of vegetan was manifested
more clearly under conditions of suboptimal stimulation in the weakly immunogenic MLC. 1In
the presence of vegetan, lymphocytes from the weakly immunogenic MLC were able to induce lysis
of target cells of the same intensity as TCL formed in response to the optimal antigenic
stimulus. Cells activated by the polyion in a weakly immunogenic MLC induced lysis of tar-
get cells 1.3-1.7 times more strongly than in the control. The greatest effect was observed
with vegetan in a concentration of 50-100 ug/ml. Marked stimulation took place if the
preparation was present in MLC starting from time "0" for 5 days. Addition of vegetan ac-
tually during the cytolytic test did not lead to any appreciable modification of activity
of the lymphocytes.

It was pointed out previously that in models of the optimally expressed immune response
the stimulating effect of immunoadjuvants is as a rule less marked than in models of an at-
tenuated immune response [6]. In other words, strengthening of a weak immune response was
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more evident than strengthening of an already strong response, close in some caseg te the
strongest possible. This conclusion was drawn from a study of stimulation of antibody syn-
thesis by synthetic polyions and membrane-active canalogens. In the present investigation
we observed the same effect when studying the potentiating action of vegetan on generation
of allospecific CTL {Fig. 1). In this connection it was interesting to compare the effect
of wvegetan on CTL production with its action on antibody production.

We induced immune reactions of different strengths in a model of primary antiboedy syn-
thesis against antigens of heterologous red blood cells in vivo. For this purpose, {(CBA x
C56BL)F; hybrid mice were given an intraperitoneal injection of 10°® to 5 x 10%® sheep's red
blood cells (SRBC). The number of AFC, reflecting the level of specific antibody production,
was determined 4 days later in the spleens of the immunized mice (Fig. 2a). The immune sys-
tem of the mice used virtually did not react to a single injection of 10°® SRBC: each spleen
contained about 40-50 AFC specific for antigens of SRBC. The same number of spontaneous
AFC of this specificity were found in the spleens of intact mice. After immunization of
the mice with 107 SRBC the immune response was significantly higher — up to 10% specific
AFC. A dose of 10® SRBC evoked a near-maximal response {up to 1.5 x 16° cells). The ac-
tion of vegetan was tested with three different doses of antigen (Fig. 2b). It was found
that the polyion strengthed a very weak immune response to 2 x 10° SRBC on average 20-50-fold,
a response of average intensity to 107 SRBC seven-eightfold, and a near-maximal response
to 10® SRBC by 1.2-2 times. It will be clear from Figs. 1 and 2 that the immunostimulating
action of vegetan is independent of the type of response activated (antibody synthesis or
CTL generation), but it is inversely proportional to the strength of the immune respense.

Previously it was shown on a model of antibody synthesis that the immunostimulating
action of a synthetic polyelectrolyte or canalogen correlates also with weak mitogenic ac-
tion [2}. They evidently induce transition of lymphocytes from the G, phase to the &, phase
of the cell cycle. We were interested to study the mitogenic action of wvegetan and also
the possibility of nonspecific stimulation of CTL in lymphocyte monoculture.

The experiments demonstrated the marked mitogenic action of vegetan (Fig. 3). Incorpora-
tion of 3H-thymidine into DNA of vegetan-activated cells was 1.5-2 times more intensive than
incorporation in the control. This property distinguishes vegetan from most other poly-
ions, which are weak mitogens {1, 6]. As will be clear from Fig. 3, vegetan considerably
stimulated cell division not only in monoculture, but also in both types of MLC. The fact
will also be noted that vegetan activated cell proliferation substantially in ordinary MLC,
and in this case had only a weak stimulating action on CTL generation. It canbe tentatively
suggested that this substance stimulates proliferation not only of killer T cells, but also
of other subpopulations of T lymphocytes. '
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