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Natural Killer Cell Activity, Lymphocyte
Proliferation, and Cytokine Profile in
Tumor-Bearing Mice Treated with MAPA,
a Magnesium Aggregated Polymer from
Aspergillus oryzae

G. Z. Justo,! N. Duran,”> and M. L. S. Queiroz"*

"Departamento de Farmacologia and Hemocentro, Faculdade de Ciéncias Médicas,
and ZInstituto de Quimica, Biological Chemistry Laboratory, Universidade Estadual
de Campinas (UNICAMP), Campinas, SP, Brazil

ABSTRACT

The present study examined the effects of MAPA, an antitumor aggregated polymer of
protein magnesium ammonium phospholinoleate-palmitoleate anhydride, isolated from
Aspergillus oryzae, on concanavalin A (Con A)-induced spleen cell proliferation,
cytokine production and on natural killer (NK) cell activity in Ehrlich ascites tumor-
bearing mice. The Ehrlich ascites tumor (EAT) growth led to diminished mitogen-
induced expansion of spleen cell populations and total NK activity. This was
accompanied by striking spleen enlargement, with a marked increase in total cell
counts. Moreover, a substantial enhancement in IL-10 levels, paralleled by a significant
decrease in IL-2 was observed, while production of IL-4 and interferon-y (IFN-y) was
not altered. Treatment of mice with 5mg/kg MAPA for 7 days promoted spleen cell
proliferation, IL-2 production and NK cell activity regardless of tumor outgrowth. In
addition, MAPA treatment markedly enhanced IFN-y levels and reduced IL-10
production relative to EAT mice. A 35% reduction in splenomegaly with normal
number of nucleated cells was also found. Altogether, our results suggest that MAPA
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directly and/or indirectly modulates immune cell activity, and probably disengages
tumor-induced suppression of these responses. Clearly, MAPA has an impact and may
delay tumor outgrowth through immunotherapeutic mechanisms.

Key Words:  Ehrlich tumor; NK cell activity; IL-2; IFN-y IL-10; IL-4; MAPA; Proteic
aggregated polymer of magnesium ammonium phospholinoleate-palmitoleate
anhydride.

INTRODUCTION

Progressive tumor growth in humans and animal models is frequently accompanied
by a concomitant immunosuppression regardless of tumor location and aetiology.'*!
Additionally, down-regulation of cytotoxic cells, such as T lymphocytes and natural killer
(NK) cells, by developing neoplasmas may negatively affect the final outcome of the
disease.> ! One explanation for the evasion of host defenses by tumors is the production
of soluble factors affecting the function of host cells involved in immunity. In this respect,
different tumor-derived factors may affect the function of lymphocytes, macrophages and
NK cells, or may enhance the expansion of cells with down-regulatory properties.**>! In
addition, the production of factors in abnormal amounts by tumor-bearing hosts may alter
normal cytokine network and cause a deleterious imbalance of the immune system.[*™!
Previous reports have shown that the growth of the Ehrlich ascites tumor (EAT) results in a
dysfunction of T and NK cell immunosurveillance, and that macrophages and natural
suppressor cells are in part responsible for this suppressive effect.!®'*! Furthermore,
studies suggest that the inactivation of immune responses involving T lymphocytes and NK
cells may be mediated partly by a down-regulation of interleukin-2 (IL-2) production.t'¥
In this connection, recent studies on this tumor model have found early tumor effects on T
lymphocytes, accounting for a diminished interferon-y (IFN-y) expression by T cells after
in vitro polyclonal stimulation with mitogens.!"'-'* Therefore, IL-2 and IFN-y seem to be
critical to the functional reactivation of host immune cells against the tumor.

The extracellular purified compound isolated from Aspergillus oryzae, referred to as
MAPA, was characterized as an aggregated polymeric form of protein magnesium
ammonium phospholinoleate-palmitoleate anhydride (MW =316 kDa), having significant
in vivo antitumor and antibacterial activities and no toxicity.l'®**! MAPA administered to
mice and rats transplanted with plasmacytoma (SP-2/0/Agl4), Walker 256 tumor and
spontaneous mammary carcinoma (SP-1) mediated significant antitumor effects that could
be ascribed to its ability to increase host defense, without directly affecting the tumor
cells.["®2'1 Of note, mice cured of Walker 256 by MAPA treatment were largely resistant to
rechallenge with Walker 256, suggesting a role for T lymphocytes.!'>*'1 Subsequent
studies from our laboratory have shown that this compound improved the survival of EAT-
bearing mice and concurrently reduced tumor growth in the peritoneal cavity.!**!
Furthermore, evaluation of hematopoiesis in bone marrow and spleen of normal and
EAT-bearing mice revealed that the modulatory effect of MAPA on the myelopoietic
response may be partly related to its antitumor activities as a possible mechanism for
regulation of granulocyte-macrophage production and expression of functional
activities.!*?! Similar results were obtained in our laboratory, in mice infected with Listeria
monocytogenes and treated with MAPA.?!
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The cross-regulation of T lymphocytes as well as the reported studies suggesting the
role of soluble factors and cellular interactions to inhibit NK cell activity and lymphocyte
functions, led us to evaluate the effects of MAPA on the lymphoproliferative response of
spleen cells to concanavalin A (Con A) and on NK cell function in EAT-bearing mice. In
addition, we have investigated cytokine induction in Con A-stimulated spleen cells.

MATERIALS AND METHODS
Animals and Mouse Tumor Model

Male BALB/c mice, 6—8 weeks old, were used for experiments. The EAT was used for
in vivo evaluation of cytokine profile, mitogen-induced spleen cell proliferation, NK cell
activity and changes in spleen weight and cellularity. Animal experiments were approved
by the UNICAMP Institutional Animal Care and Use Committee that follows the
recommendations of the Canadian Council on Animal Care.[**)

Ehrlich ascites tumor was maintained in BALB/c mice in ascites form by serial
transplantation. Tumor cell suspensions were prepared in balanced salt solution at pH 7.4
to final concentrations of 6 x 107 viable cells/mL. In all experimental protocols described,
mice were inoculated intraperitoneally (ip) on day zero with 6 x 10° viable tumor cells per
mouse in a volume of 0.1 mL. Viability, assessed by the trypan blue dye exclusion method,
was always found to be 95% or more.

Drug and Treatment Regimen

The biosynthesis of MAPA was carried out from selected cultures of 4. oryzae and
purified according to Durdn and Nunes'® and Duran et al.!'” The title compound
(MAPA) is a white solid obtained as fine microcrystals in the form of an aggregated
polymer after 120 h of culturing in appropriated conditions as previously described.!'®1%!
The compound was supplied in balanced salt solution at pH 7.4 and diluted immediately
before use in appropriate concentration.

Doses of 5.0 mg/kg were administered for 7 consecutive days to groups of normal and
tumor-bearing mice by subcutaneous (sc) injections of 0.1 mL per mouse. Drug injections
started 24h after tumor inoculation. This dose was chosen because optimal dose-
dependent antitumor and immunomodulatory effects were previously established using
doses of MAPA varying from 0.5 to 5.0 mg/kg.*?! This dose response coincided closely
with those for optimal antitumor activities against other solid tumors.!'®!?*!1 Moreover,
the dose of 5.0 mg/kg MAPA, given prior or after the EAT inoculation, exhibited maximal
therapeutic effect.*?) Lymphoproliferative assay, quantitation of cytokine levels, and
changes in spleen weight and cellularity were performed on the first day after the last
injection. Each experiment included parallel control groups of normal and tumor-bearing
mice treated with an equivalent volume of the diluent.

Preparation of Spleen Cell Suspensions

Suspensions of spleen cells from all mice were prepared by gently pressing aseptically
removed spleen through a stainless-steel mesh net. The cells were suspended in RPMI
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1640 culture medium (Sigma Chemical Co., St. Louis, USA) supplemented with 5% foetal
calf serum (FCS—Sigma) and washed twice. Red blood cells were lysed with 0.17 M
NH4CI and the remaining cells were again washed three times and counted. Viability was
determined by trypan blue exclusion and consistently exceeded 90%.

Mitogen-Induced Proliferation

Splenocytes were suspended at 1 x 10° cells/mL in RPMI 1640 supplemented with
25mM HEPES, 25mM sodium bicarbonate, 2 x 107> M 2-mercaptoethanol, 2 mM
L-glutamine, 100 pg/mL streptomycin, 80 pg/mL gentamycin (enriched medium), and
5% FCS. Two hundred and fifty microliters of the cell suspensions were seeded into 96-
well microtiter plates (Corning, NY) in the presence of 5pug/mL Con A (Sigma), and
incubated at 37°C, in 5% CO,. After 72 h incubation, cultures were pulsed with 1uCi
[PH]TdR (5 Ci/mmol, Amersham, Little Chalfont, UK) for an additional period of 18 h.
The cells were then harvested and [PH]TdR uptake estimated by liquid scintillation
counting. Data are expressed as mean cpm [CH]TdR incorporation & SD of triplicate
cultures of each animal, corresponding to 8 mice/group.

Induction of Mouse Cytokine Secretion In Vitro

Splenocytes (1 x 10° cells/mL) were suspended in enriched medium supplemented
with 5% FCS and seeded into 24-well culture plates (Corning) in the presence of 5 pg/mL
Con A. Cell-free supernatants were collected after 48 h of incubation at 37°C, in 5% CO,,
and cytokine levels were detected by ELISA.

Quantitation of Cytokine Levels

Cytokines (IL-2, IL-4, IL-10, and IFN-y) were quantitated by sandwich ELISA using
the following monoclonal antibodies (mAbs) purchased from Pharmingen (San Diego,
USA). Purified anti-mouse IL-2 mAb (JES6-1A12—Rat IgG,,), purified anti-mouse 1L-4
mAb (BVD4-1D11—Rat IgGy,,), purified anti-mouse IL-10 mAb (JES5-2A5—Rat IgGy)
and purified anti-mouse IFN-y mAb (R4-6A2—Rat IgG;). Anti-mouse IL-10 mAb
(SXC-1—Rat 1gGy), anti-mouse IL-4 mAb (BVD6-24G2—Rat IgG,), anti-mouse [L-2
mAb (JES6-5H4—Rat 1gG,;), and anti-mouse IFN-y mAb (XMG1.2—Rat IgG,) were
biotinylated. Recombinant mouse IL-4 (19231W), recombinant mouse IL-10 (19281V),
recombinant mouse IL-2 (19211T) and recombinant mouse IFN-y (19301T) were used as
standards. Cytokine determinations were done according to Pharmingen’s cytokine ELISA
protocol. Briefly, microtiter plates (96-well flat-bottom maxisorp microplate—NUNC,
Roskilde, DM) were coated overnight with 2.0 pg/mL anti-cytokine mAbs in a coating
buffer of 0.1 M NaHCOs, pH 8.2, at 4°C. A blocking step was performed for 2 h at room
temperature (Phosphate buffer saline/10% FCS). After washing, the recombinant standards
and the supernatants were added to the coated plates and incubated overnight at 4°C. The
plates were washed and then incubated with the biotinylated anti-cytokine detecting
antibodies (2.5 ng/mL) for 45 min. After incubation with avidin-peroxidase (Sigma) for
30 min, the substrate consisting of 0.4 mg/mL o-phenylenediamine dihydrochloride (Sigma)
and 0.003% H,0, in citrate buffer, pH 4.35, was added. Reaction was determined by
measure of optical density at 492 nm in a Labsystem Immunoreader (Finland) after stopping
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the reaction using 1 N H,SO,. Cytokine titers were expressed as pg per mL, calculated by
reference to standard curves constructed with known amounts of recombinant cytokines.

Preparation of Effector Cells for the Natural Killer Cell Assay

Spleens from mice were collected and passed through a stainless-steel mesh net to
obtain single-cell suspensions. The resultant mononuclear cells were isolated from the cell
suspension by Ficoll-Hypaque gradient separation (density, 1.077 g/mL; Pharmacia,
Piscataway, USA), washed three times and resuspended in enriched medium supplemented
with 10% FCS. Cell suspensions were placed in 150 mm tissue culture dishes and
incubated at 37°C, in 5% CO,, for 90 min to remove adherent cells. Non-adherent cells
were then harvested by gently pipetting. The cells were washed three times and the
concentration adjusted to 5 x 10° cells/mL.

Preparation of Target Cells for the Natural Killer Cell Assay

YAC-1, a Moloney virus-induced mouse T-cell lymphoma of A/SN origin, was used
as target cell in the 4h >'Cr-release assay. Briefly, 5 x 10° pelleted YAC-1 cells were
resuspended to 0.2 mL of FCS and labeled with 100 uCi of sodium chromate (°'Cr) (IPEN,
Brazil) for 90 min at 37°C in a shaking water bath. After labeling, the cells were washed
twice with RPMI 1640 culture medium and resuspended at a concentration of
1 x 10° cells/mL in enriched medium supplemented with 10% FCS.

Natural Killer Cell Cytolytic Assay

Natural killer activity of effector cells was measured with a 4h 'Cr-release assay
using YAC-1 target cells. Effector cells and targets were dispensed in triplicates into round-
bottom microtiter plate wells (Corning) producing effector to target ratios of 50: 1, 25: 1,
and 12.5: 1. Plates were centrifuged at 800 rpm for 5 min and incubated 4 h at 37°C in a
humidified CO, incubator. After the incubation period, the plates were centrifuged again at
1200 rpm for 10 min and 0.1 mL of the supernatants were collected for radioactivity counts
in a Beckman Biograma Counting System (Beckman 5500 B, Irvine, USA). Spontaneous
release was determined by adding 100 labeled target cells to 0.1 mL of medium in the
absence of effector cells and were always less than 10% of the maximum release, which
was determined by exposure of labeled target cells to 0.05% Tween-20. Percentage of
cytotoxicity, as measured by specific >'Cr release, was calculated by using the formula:

(cpm experimental — cpm spontaneous)

. x 100.
(cpm maximal — cpm spontaneous)

Statistical Analysis

For statistical analysis of changes in spleen weight and cellularity, proliferation of spleen
cells, and NK cell activity, a parametric method, the one-way analysis of variance (ANOVA)
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followed by the Tukey test, was used to compare data among all groups. Analysis of cytokine
levels in all groups was done by Kruskal-Wallis nonparametric ANOVA. In case of significant
differences, the Dunn’s Multiple Comparisons test was used to compare single groups. All P
values represent two-sided test of statistical significance, which was assigned when P < 0.05.
All statistical analyses were performed using the Statistic 5.1 software (StatSoft, Inc.).

RESULTS
Concanavalin A-Induced Proliferation of Spleen Cells

Figure 1 shows that the proliferative response of spleen cells to Con A was
significantly reduced in tumor-bearing mice on the eighth day after tumor inoculation,
in relation to controls (P < 0.01). Moreover, these EAT-bearing mice showed a striking
spleen enlargement with marked increase in spleen cellularity (P < 0.01) (Table 1). In
contrast to the diminished responsiveness of spleen lymphocytes from EAT mice to the
mitogen, treatment with 5.0 mg/kg MAPA for 7 days significantly increased proliferation
(P <0.01) (Fig. 1). In addition, a 35% reduction in splenomegaly with normal numbers of
nucleated cells was found in these animals (P <0.01) (Table 1). MAPA-treated normal
mice demonstrated a slight expansion of mitogen-stimulated spleen cells, relative to
controls (P < 0.05) (Fig. 1), and no changes were observed in spleen weights and total cell
counts (Table 1).

7,

Mean [3 H]-TdR uptake (cpm)

=]

1

control 5.0 mg/kg EAT EAT + 5.0 mg/kg

Figure 1. Concanavalin A-stimulated splenic lymphocyte proliferation (1 x 10°cells/mL) in the
control and EAT-bearing mice after treatment with 5.0 mg/kg MAPA for 7 days. Control mice
received diluent only. The [*H]TdR uptake was estimated by liquid scintillation counting. Data are
expressed as mean cpm [H]TdR incorporationSD of triplicate cultures of each mouse,
corresponding to 8 mice/group. Proliferative responses in the absence of Con A (5 pg/mL) were
less than 1000 cpm. Key: +, P < 0.05 compared with control group; *, P <0.01 compared with
control group; #, P <0.01 compared with tumor group.
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Table 1. Effect of 5.0mg/kg MAPA on spleen weight and total spleen cell count in
mice bearing the EAT."

Spleen cell Spleen
Group counts (x10°) weight (mg) Reduction (%)
Control 85.7+6.8 172.2+10.8
5.0mg/kg MAPA 90.1£3.0 183.5+11.0
EAT 111.8+4.5° 332.6+19.1°
EAT + 5.0 mg/kg MAPA 94.6+11.0° 272.5+18.2° 35

IControl and EAT-bearing mice were treated with MAPA or diluent for 7 days, starting
24h after tumor inoculation and, after the last injections, measurements were done.
Results are the means £ SD of 8 mice/group.

°P <0.01 compared with control group.

°P < 0.05 compared with tumor group.

Natural Killer Cell Activity

The effects of the treatment of mice with seven doses of 5.0mg/kg MAPA on
NK cell activity are presented in Fig. 2. In the tumor-bearing group, NK cell function
was significantly reduced when compared to controls (P < 0.01). However, the degree of
NK activity was clearly greater in MAPA-treated EAT-bearing mice, at all effector : target
cell ratios (P < 0.05). In addition, although statistically insignificant, there was certainly an
upward trend in absolute NK cell activity in MAPA-treated normal mice (Fig. 2).

28+
—— control
—8—5.0 mg/kg
—A—FAT

21 —4&—EAT + 5.0 mg/kg

14

% Specific Cytotoxicity

12.5:1 25:1 50:1
Effector : Target Ratio (YAC-1)
Figure 2. Natural killer cell activity in mice bearing the EAT. Mice were treated with subcutaneous
injections of 5.0 mg/kg MAPA for 7 days starting 24 h after the intraperitoneal inoculation of 6 x 10°

EAT cells. Control mice received diluent only. Results represent the means = SD of 8 mice/group.
Key: *, P <0.01 compared with control group; **, P <0.01 compared with tumor group.
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Cytokine Levels

As shown in Fig. 3, the administration of 5.0 mg/kg MAPA for seven consecutive
days produced significantly higher IL-2 concentrations in normal mice, when compared
with all the other groups studied (P < 0.05). In tumor-bearing mice, IL-2 levels were
significantly reduced by approximately 30% relative to controls, on day eight after tumor
inoculation (P < 0.05). However, MAPA promoted spleen cell IL-2 production when given
to EAT-bearing mice at 5.0mg/kg doses (P <0.05) (Fig. 3). The results of IFN-y
production, presented in Fig. 4, demonstrated that there is no statistical changes in the
concentration of this cytokine in untreated tumor-bearing mice and in normal mice
treated with 5.0 mg/kg MAPA, as compared with control animals. In contrast, higher
levels of this cytokine were produced by tumor-bearing animals after MAPA administra-
tion, when compared with untreated tumor bearers (P < 0.05). Moreover, compared with
the control group, this concentration represented an increase in the amount of IFN-y
produced by 45% (P < 0.05).

Figure 5 shows a pronounced enhancement in the levels of IL-10 of tumor-bearing
animals (P < 0.05). Although this increase was still significant after treatment of these
animals with 5.0 mg/kg MAPA, a trend to down-modulate production of this cytokine is
suggested. No differences were detected in IL-10 levels of treated normal mice, when
compared with control animals (Fig. 5). No differences were induced in IL-4 secretion
either by the tumor or by the treatment with MAPA (Fig. 6). These results are in line with
those reported by Segura et al.,!' !> suggesting a progressive loss of T cell functionality in
EAT-bearing mice.

250 1

150 4

100 1

IL-2 production (pg/ml)

50 1

control 5.0 mg/kg EAT EAT +5.0 mg/kg

Figure 3. Production of IL-2 (pg/mL) by spleen cells of mice bearing the EAT. Mice were treated
with subcutaneous injections of 5.0 mg/kg MAPA for 7 days starting 24 h after the intraperitoneal
inoculation of 6 x 10° EAT cells. Control mice received diluent only. Cytokines were quantitated by
ELISA. Results represent the means=+ SD of 8 mice/group. Key: *, P <0.05 compared with
control group; #, P <0.05 compared with tumor group.
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1750 -
1500
1250

1000

750

TFN-y production (pg/ml)

control 5.0 mg/kg EAT EAT + 5.0 mg/kg

Figure 4. Production of IFN-y (pg/mL) by spleen cells of mice bearing the EAT. Mice were treated
with subcutaneous injections of 5.0 mg/kg MAPA for 7 days starting 24 h after the intraperitoneal
inoculation of 6 x 10® EAT cells. Control mice received diluent only. Cytokines were quantitated by
ELISA. Results represent the means +SD of 8 mice/group. Key: *, P <0.05 compared with
control and tumor groups.

600
s50]
500
450 -
400 .
350
300
250 -
200 -
150
100 A
50

TL-10 production (pg/ml)

control 5.0 mg/kg EAT  EAT + 5.0 mg/kg

Figure 5. Production of IL-10 (pg/mL) by spleen cells of mice bearing the EAT. Mice were treated
with subcutaneous injections of 5.0 mg/kg MAPA for 7 days starting 24 h after the intraperitoneal
inoculation of 6x10® EAT cells. Control mice received diluent only. Cytokines were quantitated by
ELISA. Results represent the means=+ SD of 8 mice/group. Key: *, P<0.05 compared with

control group.
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125 4

100 -

75

50 1

IL-4 production (pg/ml)

25 -

control 5.0 mg/kg EAT  EAT +5.0 mg/kg

Figure 6. Production of IL-4 (pg/mL) by spleen cells of mice bearing the EAT. Mice were treated
with subcutaneous injections of 5.0 mg/kg MAPA for 7 days starting 24 h after the intraperitoneal
inoculation of 6 x 10° EAT cells. Control mice received diluent only. Cytokines were quantitated by
ELISA. Results represent the means £ SD of 8 mice/group.

DISCUSSION

In recent studies on the immunomodulatory properties of MAPA, our group
reported that the dose of 5.0 mg/kg elicited optimal stimulatory effects on bone marrow
myelopoiesis, while it markedly inhibited the spleen granulocyte-macrophage colony
formation.*?) Moreover, this dose of MAPA, given after tumor inoculation, doubled the
life span of EAT-bearing mice and concurrently reduced the intraperitoneal tumor cell
burden by 50%.1*?! These findings are in line with studies showing that a correlation
between the increase in splenic granulocyte-macrophage progenitor cells and the tumor
mass exists in this tumor system, and that this phenomenon is closely associated with
humoral factors of tumor origin and with the development of suppressor cells.!'®-!%-24]
In this work we extended the study of some additional effects of MAPA administration
to EAT-bearing mice on the responsive status of splenic cell populations. These studies
demonstrate that MAPA promotes spleen cell IL-2 production, NK cell activity, and Con
A-induced lymphocyte proliferation, regardless of tumor outgrowth. Interesting observa-
tions were the significant reduction in spleen weight and the normal number of nucleated
cells found in this organ following treatment of tumor-bearing mice with MAPA.

In the Ehrlich tumor model, extramedullar hematopoiesis with splenomegaly has
been associated with a strong impairment of lymphoid responses and immuno-
deficiency.!'%'%?*! Consistent with earlier reports,'*'?! in this experiment the EAT growth
led to diminished mitogen-induced expansion of spleen cell populations. This may be
accounted by an influx of tumor-induced suppressor macrophages to the spleen, in
agreement with the considerable splenomegaly and the reported extramedullar hemato-
poietic activity in the EAT mouse."'%!>22 On the other hand, there were a significant
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increase in spleen cell proliferation and a reduction in splenomegaly after MAPA
administration. These results are in keeping with the proposition that MAPA either
diminishes the number of, and/or down-regulates the immunosuppressive effects of,
tumor-induced macrophages in the spleen.

Natural killer cells represent a small population of lymphocytes exhibiting cytolytic
activity against a broad range of tumor cells without prior sensitization.'*>*) Natural killer
cells are thought to be key players in tumor rejection in vivo because of their capacity
to produce cytokines, particularly IFN-y.2”) Relative to IFNs, it is well demonstrated
that IFNs or IFN-inducers potentiate NK cell reactivity and activate macrophage
functions.”® 3! In addition, several studies reveal that the lymphokine IL-2, alone or in
combination with IFNs, also augments the lytic activity of NK cells,?***") which also
produce and secrete a variety of immunoregulatory molecules that could synergize with
IFNs, IL-2, or IL-2-induced cytokines, for induction of antitumor 1resp0nses.[3 8391 1.2
was first identified as a T cell growth factor.***!! In this sense, when spleen cells are
stimulated by Con A, binding of the mitogen to the T-cell receptor-CD3 complex activates
T lymphocytes giving rise to a cascade of biochemical events that results in cell-cycle
entry, expression of IL-2 and IL-2 receptors and finally, cell proliferation.'*?! In fact, we
observed that normal host IL-2 levels and spleen cell proliferation were increased by
MAPA. Likewise, MAPA appears to stimulate IFN-y production and total NK activity.
Conversely, in EAT-bearing mice depressed NK activity and IL-2 secretion were found
when IFN-y levels were still normal. These results reinforce literature data suggesting that
the decline in NK activity is partly due to a down-regulation of IL-2 production.!>*!3!
In addition, it is clear from our cytokine data that promotion of IL-2 production after
MAPA treatment impacts immune cell activity, leading to immune cell proliferation and
modulation of their ability to produce cytokines, including IFN-y. This might, in turn,
facilitate stimulation of NK cell-mediated cytotoxicity.

At this point, it is worth commenting on the ability of tumor cells to inhibit T cell
responses mediated by IFN-y.[7">11437431 In quch a context, Segura et al.'"! reported a
decrease in the number of Th cells in the spleen of EAT-bearing mice beside a reduction in
the number of IFN-y expressing cells. In contrast, no positive cells were found for 1L-4
expression.['>) Whether MAPA treatment can promote different effects in the various
splenic cell populations is worthy of further investigation. Relative to induction of IL-10
protein in spleen cells, we found that in the EAT-bearing mice, spleen cells stimulated with
Con A in vitro produced more IL-10 protein than seen in equivalent cells obtained from
control mice. In contrast, we found that in tumor-bearing mice treated with MAPA, IL-10
production was significantly reduced when compared to untreated tumor bearers. IL-10
was first described as an immunoregulatory cytokine, which is produced later after
stimulation by T cells or macrophages.[*®! However, distinct signalling pathways leading
to IL-10 production by various other cells, including B cells, mast cells, and NK cells, have
also been shown."”**) Interestingly, IL-10 was reported to selectively impair the ability of
macrophages to provide costimulatory signals for resting T cell proliferation and that this
suppression of proliferation is primarily mediated by inhibition of IL-2 production.

Even though description of the different splenic cell populations was not assessed in
the present work, the data shown here indicate that MAPA directly and/or indirectly
induces immune cell proliferation and cytokine production. Clearly, MAPA may function
to reverse tumor-induced immunosuppression and may delay tumor outgrowth through
immunotherapeutic mechanisms.
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