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Inhibition of Con A-induced lymphocyte proliferation by
peritoneal exudate of Toxoplasma gondii-infected mice
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Abstract: The presence of biological response modifiers (BRM)-like effect was confirmed
in peritoneal exudate (PE) of Toxoplasma gondit-infected ICR mice which inhibited
Concanavalin A (Con A)-induced peritoneal lymphocyte (PL) proliferation. During 5 days of
PL incubation with 10 ug/ml Con A with or without PE, 3H-thymidine uptake was
measured for the last 24 hrs. Compared to uninduced control, PL proliferated by 7.3-fold
with Con A induction. When PE of infected mice was added, PL proliferation was inhibited
by 74.0 £ 11.9% whereas inhibition by PE of normal mice was 16.4 + 8.3%. Inhibitory
effect of PE increased exponentially from 3 days up to 4-5 days of survival after the
infection. Inhibitory activity of PE was decreased concentration-dependently. Also the
inhibition was diminished when the PE was treated with heat of 95°C for 10 min or
precipitated with 10% trichloroacetic acid (TCA). In SDS-PAGE of PE, many minor bands
appeared newly. Heat-labile protein molecule in PE exerted inhibitory activity to Con A-
induced lymphocyte proliferation.
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INTRODUCTION

Toxoplasma gondii is an obligate
intracellular protozoan parasite that has
emerged as an important opportunistic
pathogen in both humans and animals. Only a
minority of those infected develop clinical
diseases (Kim et al., 1993). Life-threatening
toxoplasmosis can occur in individuals with
diminished cellular immunity resulting from
immunosuppressive agents administered for
cancer chemotherapy or in association with
organ transplantation (Lowenberg et al., 1983).
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Similarly, individuals suffering from AIDS
frequently experience serious toxoplasmosis
involving central nervous system (Luft &
Remington, 1988; Ho-Yen, 1992).

The cell-mediated immunity to 7. gondii
represents the major component of host
immunity to this organism. T gondii infection
itself apppears to change host immunity as
determined by several immunologic assays.
Lymphocyte proliferation to the T-cell mitogen,
Con A, has been found depressed markedly in
mice acutely and chronically infected with T.
gondil (Strickland et al.,, 1975; Chan et al.,
1986; Luft et al., 1987; Yano et al., 1987). All
these reports have described the modulation of
T cell or T cell subpopulations via antigen-
specific priming in acute and chronic
infections with T. gondii. In this study. to
clarify the link between peritoneal exudate (PE)
of T. gondii-infected mice and peritoneal cells
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without specific priming, the inhibitory effect
of PE was observed in a model of Con A-
induced peritoneal lymphocyte (PL)
proliferation.

MATERIALS AND METHODS

Parasites
Tachyzoites of RH strain of T. gondii were
passaged in the peritoneumn of ICR mice that
had been injected with 2 - 5 x 108 organisms

4 days earlier.

Peritoneal exudate preparation

Three ml of saline was injected into the
Peritoneal cavity and then the exudate was
collected. The exudates were centrifuged twice
at 13,000 rpm for 5 min to remove cells, debris
and T. gondii. The exudates were stored at —20
°C until used. Aliquots were electrophoresed
under SDS in 7.5% to 15% gradient
polyacrylamide gel.

Peritoneal lymphocytes

Normal ICR mice were bred and maintained
under conventional conditions. Male mice of 6-
8 week old were used for the experiments.
Each group consisted of 6 to 8 mice. After
injecting 3 ml of Eagle's MEM (Gibco BRL Co.,
USA) into the peritoneal cavity, peritoneal cells
were collected with 3 ml syringes. Peritoneal
cells were centrifuged at 6,500 rpm for 5 min
and resuspended in EMEM supplemented with
10% fetal bovine serum (FBS, Gemini Co.,
USA). Cells were cultured for 2 hrs in 35 mm
petri dishes (NUNC, Denmark) under 95%
air/5% CO5; incubator to settle down
anchorage-dependent cells. Floating cells were
harvested and used as peritoneal lymphocytes.

Assay of Con A-induced lymphocyte
proliferation
Peritoneal lymphocytes were cultured in 96-
well culture plate (Corning Co., USA) for 5 days
with 10 ug/ml Con A (Sigma Co., USA) with or
without peritoneal exudates by the final
concentration 10% ©/v). On the fourth day of
the culture, each well was added with 1 uCi of
3H-thymidine (NEN Co., USA) and then
incubated for 24 hrs. Cells were harvested
onto a glass fiber filter paper by an automatic

cell harvester (Dynatech Co., USA). The
radioactivity was counted by a liquid
scintillation counter (Kontron Co., USA).

RESULTS

Con A-induced PL proliferation was inhibited
by adding PE from mice infected with T. gondii
into the culture medium. As represented in
Fig. 1, 3H-thymidine uptake of Con A-induced
PL proliferation was increased up to 7.3-fold
compared to the control culture of PL without
Con A. When both the PE and Con A were
treated, the 3H-thymidine uptake was
increased as little as 1.6-fold to control. PL
culture with PE only did not proliferate no
more than 0.8-fold. In the presence of Con A,
PE inhibited PL proliferation by 74.0 + 11.9%.

As shown in Fig. 2, the inhibitory action of
PE was resulted from PE of infected mice.
When PE of normal uninfected mice was added
to PL culture with Con A, 16.4 + 8.3% of the
radioactivity was reduced comparing cultures
of PL with Con A. It was significantly lower
than that with PE of infected mice (P < 0.01).
Inhibitory effect of PE from infected mice was
increased exponentially from day 1 (16.9 =
7.9%), 2 (23.4 = 8.3%), 3 (41.4 = 7.1%) to 4

10 4

@
|
—

=]
|

]-Thymidine uptake ratio
'Y
1

&)
1
-

[3H

A -

Control Con A Con A+PE PE

Fig. 1. Inhibition of Con A-induced peritoneal
lymphocyte (PL) proliferation by peritoneal
exudate of mice infected with T. gondii. Control,
PL only; Con A, PL induced with Con A; Con A +
PE, PL induced with Con A in the presence of
peritoneal exudate; and PE, PL without Con A bt
with peritoneal exudate.
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Fig. 2. Percent inhibition of Con A-induced PL
proliferation by PE from infected and non-infected
mice. Percent inhibition was calculated by the
formula: {1- cpm of PL with Con A and PE/cpm of
PL with Con A) x 100. PE (infected), PE from
infected mice; and PE (normal), PE from non-
infected mice.
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Fig. 3. Changing pattern of inhibitory effects on
Con A-induced PL proliferation in PE which were
collected consecutively after peritoneal infection
with T. gondii.

(74.0 + 11.9%) up to 4 to 5 days of survival
time of mice after the infection (Fig. 3). PE
obtained on the first day after infection did not
inhibit just as PE of normal mice did.

To characterize the components which
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Fig. 4. Effect of PE dilution on inhibition of Con
A-induced PL proliferation. PE added to the
culture well was 10% (v/v) of media primarily, the
dilution factors were further multiplied by 10
actually.
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Fig. 5. SDS-PAGE pattern of PE on the time
course of postinfection. M, molecular weight
markers; N, PE of uninfected normal mouse, and
1-4, days after infection.
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Fig. 6. Effects of heat (95°C for 10 min) and 10%
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PL proliferation.
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expressed inhibitory action of Con A-induced
PL proliferation, the effects of PE dilution by
logarithmic factors were observed primarily
(Fig 4). The inhibition was diminished by
dilution of PE such as dilution factor 1 (74.0 +
11.9%), 5 (45.4 = 9.0%), 10 (32.0 + 9.6%), 50
(24.7 * 10.5%) and 100 (19.4 + 10.8%). Same
volume of aliquots of PE obtained daily were
electrophoresed. Many minor bands appeared
newly and increased in quantities according to
the time compared to PE of normal mice. In
this regard, exact protein concentration of PE
was meaningless because serum albumin was
a dominant protein in PE as revealed by SDS-
PAGE (Fig. 5) which might disturb the
quantification of actual concentration of newly
appeared minor bands. The inhibitory effect
was diminished by heat treatment and TCA
precipitation of PE (Fig. 6). The inhibition by
PE was lowered down to background level by
heating at 95°C for 10 min (11.5 = 8.5%) and
10% TCA precipitation treatment (26.2 =
5.1%).

DISCUSSION

Although the responsible factor is yet to be
identified, cell-free PE of mice infected with T,
gondii expressed evidently the inhibitory
activity to Con A-induced lymphocyte
proliferation in this study, The inhibitory
activity was dose-dependent, heat-labile, and
increased chronologically after the infection. It

was implicated that the factor might be a heat-
labile protein molecule.

Immunosuppression, evoked by the parasitic
infection, may allow a parasite to survive
within the host by not permitting a protective
response to develop. The dynamic mechanisms
of immunosuppression in murine toxoplasm-
osis are elicited by different lymphocyte
subpopulations involved at different times
during the infection. Strickland et al. (1975)
assessed the blastogenic responses of spleen
cells to various mitogens in acute and chronic
toxoplasmosis in which mitogen-induced
proliferation was reduced. Thereafter, many
reports have described similar reduction of
lymphoblastogenesis in human and
experimental mouse models of toxoplasmosis
(Chan et al., 1986; Luft et al., 1987; Yano et al.,
1987). Almost all these reported that T. gondii-
specific T cells (T cells from T gondii-infected
humans and animals) failed to proliferate in
response to mitogens or antigenic stimulation.
This study used non-primed normal
lymphocytes instead of spleen cells from
infected animals. It was confirmed that
proliferation of mnon-primed, normal
lymphocytes by Con A could be suppressed by
allotrophic PE from the infected mice with T
gondii.

It is well known that macrophages play a
central role in the regulation of specific and
nonspecific immunity to pathogens. Processing
and presentation of the antigen and production
of soluble mediators by macrophages are
essential steps for the development of T cell-
mediated immune responses (Unanue and
Allen, 1987; Sypek et al, 1993). On the other
hand, macrophages have also been reported to
act as natural suppressor cells that down-
regulate lymphocyte-dependent immune
events. Lymphocyte proliferation in vitro after
mitogenic stimmulation can be suppressed by
addition of excess macrophages to the culture
system. Evidence has been presented that
implicates HyQ,, prostaglandins, arginase, and
other macrophage products (Kung et al., 1977;
Allison, 1978; Metzger et al., 1980), and
recently nitric oxide (NO) and TNF-« (Albina et
al., 1991: Isobe & Nakashima, 1992; Alleva et
al., 1994) are concerned in mediating the
suppressive effects. Peritoneal injection of T.



gondii recruits many macrophages into the
peritoneal cavity. We speculate that recruited
macrophages themselves may secrete above
listed suppressive factors into the PE. Of these,
a certain heat-labile protein can be a candidate
material which explains the suppressive
activity of the PE.

Cytokines related with T. gondil infection
include interferon, IL-2, TNF-a and IL-12
(Gazzinelll et al., 1992). An important T cell
cytokine is IFN-y which activates macrophages
to kill T. gondii (Murray et al., 1987; Suzuki et
al.,, 1988; Mellors et al., 1989). IL-2 has been
demonstrated to induce a number of cellular
immune functions. Sharma et al. (1985)
showed that administration of recombinant IL-
2 resulted in a significant decrease in the
mortality in lethally infected mice. Activated
macrophages are known to p'roduce TNF-a, a
cytokine that demonstrates both antitumor
and antimalarial activities. Sibley et al. (1991)
reported that TNF-a was able to regulate
enhanced antimicrobial activity by triggering
IFN-y primed macro-phages to kill or inhibit
intracellular T. gondii. Alteration of these
cytokine responses may result in an increased
immunosuppression of infected individuals,
which facilitates T. gondii to evade from the
host protection. Such cytokines as IL-4, IL-6,
and IL-10 modulate cell-mediated immune
responses directly or indirectly (Kishimoto,
1992). Especially, IL-10 inhibits Con A-induced
T cell proliferation or IL-2 production in
addition to down-regulation of a number of
macrophage function (Ding et al., 1993;
Mosmann, 1994). It is suggested that the
biased response to suppression overwhelms
that of activation of lymphocytes to proliferate
in susceptible hosts.
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