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. Adjuvanticity potential of
Lactobacillus casei was suggested in
an old survey.

. There is no/or limited information
about the possible adjuvant benefit of
the killed preparation of Lactobacillus
casei in tumor vaccines.

. Mice with mammary tumors treated
with combined immunization showed
a more favorable survival curve and
slower rate of tumor development than
mice with tumors receiving only heated
4T1 and/or negative control mice.

. Combined immunization
significantly amplified the respiratory
burst potential and the secretion of
IFN-y and, conversely, diminished the
secretion of IL-4, IL-10, and TGF-B in
the splenocyte population compared to
the splenocytes from the other groups.
. Combined immunotherapy  with
heated 4T1 cells and heated Lactobacillus
casei promoted beneficial outcomes in
our mouse model of breast cancer.

Iran J Med Sci September 2017; Vol 42 No 5

Abstract

Background: The adjuvanticity potential of Lactobacillus casei
was first suggested in an old survey. The present study was
designed to investigate the efficacy of a new immunotherapy
against breast cancer made by mixing an extract of heated 4T1
mammary carcinoma cell line and a heat-killed preparation of
Lactobacillus casei.

Methods: Female BALB/c mice (68 weeks old, n=40) were
challenged subcutaneously in the right flanks with 4T1 cells.
When all the animals developed a palpable tumor, they were
allocated to 4 equal groups and immunotherapy was initiated.
The tumor-bearing mice in the experimental groups received
the extract of heated 4T1 or heated Lactobacillus casei and/or a
combination of both, twice at a 1-week interval. The mice in the
control group received phosphate-buffered saline. One week after
the last immunotherapy, one half of the mice were euthanized to
determine the immune response profile. The remaining animals
were kept until death occurred spontaneously.

Results: The animals receiving the combined treatment
significantly showed more favorable survival curves and
slower rates of tumor development than the tumor-bearing
mice receiving only the heated 4T1 and/or the negative control
mice. The combined immunization significantly amplified
the production of nitric oxide and the cytotoxicity of natural
killer cells in the spleen cell culture of the tumor-bearing mice.
Moreover, the combined immunotherapy significantly increased
the secretion of IFN-y and conversely diminished the secretion
of [L-4 and TGF-p in the splenocyte population compared to the
splenocytes from the other groups.

Conclusion: The combined immunotherapy with heated
4TI cells and heated Lactobacillus casei conferred beneficial
outcomes in our mouse model of breast cancer.

Please cite this article as: Jafari S, Froushani SMA, Tokmachi A. Combined
Extract of Heated 4T1 and a Heat-Killed Preparation of Lactobacillus Casei in a
Mouse Model of Breast Cancer. Iran J Med Sci. 2017;42(5):457-464.

Keywords e 4T1 cell line e Breast neoplasms e Lactobacillus
casei e Immunotherapy

Introduction

In spite of valuable progressinthe treatment of breast cancer, many
women with breast cancer have a less-than-perfect response.’ It
is well-recognized that innate and adaptive immune responses
possess the ability to identify and eliminate some tumor cells,
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at least in the early stage of their development.?
Nevertheless, many tumors are frequently able
to grow and evade destruction by the immune
system due to their low immunogenicity or the
production of immunoregulatory substances.
Thus, improving immunity responses against
tumor cells is a useful approach to control
malignancy.>* Therapeutic cancer vaccines
are one of the suitable strategies to elicit an
appropriate anti-tumor immune response.® It is
obvious that the cellular arm of immunity like the
Th1 response plays a pivotal role in the defense
against tumor cells.®Adjuvants are advantageous
materials to polarize immune responses into the
desired pathway.®” Alum is the only adjuvant
licensed worldwide for human use. However,
alum is only able to promote the Th2-specific
response.® Unfortunately, strong Th1 adjuvants
such as complete Freund’s adjuvant cannot be
tolerated by humans.® Therefore, investigation
of new and safe adjuvants for the induction of
robust cellular immunity is a logical decision.

The 4T1 mammary carcinoma is an
easily transplantable, highly tumorigenic, and
invasive tumor cell line that can be used as an
experimental animal model for human mammary
cancer.'® In contrast to most tumor models, 4T1
cell lines can spontaneously metastasize from
the primary tumor in the mammary gland to
multiple distant sites like lymph nodes, blood,
liver, lung, brain, and bone in a manner very
similar to human mammary cancer.™

Probiotics are organisms that are believed to
improve health when consumed. Lactobacillus
casei (L. casei) is one of the Lactobacillus
bacteria considered a safe probiotic.'2 Although
several beneficial effects have been attributed
to probiotic bacteria, the anticancer activity is
the most interesting and controversial property
of these bacteria.’? It has also been shown that
some strains of this family such as L. casei can
modify immune responses against solid tumors
when administrated orally.’®*' For example,
it has been reported that the daily intake of
L. casei can improve the cytotoxicity of natural
killer cells and adoptive immune responses in
mice bearing invasive ductal carcinoma.™ On
the other hand, the adjuvanticity potential of a
killed preparation of L. casei was suggested in
an old survey."” However, there is precious little
information on the possible adjuvant benefits
of the killed preparation of L. casei in a tumor
vaccine. Accordingly, the current study was
conducted to investigate the efficacy of a new
therapeutic vaccine against breast cancer made
by mixing an extract of heated 4T1 cells and a
heat-killed preparation of L. casei.
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Materials and Methods

Reagents

Griess reagent kit, Dulbecco’s modified eagle
medium (DMEM), and fetal calf serum (FCS)
were purchased from GIBCO/Life Technologies
Inc. (Gaithersburg, MD). Nitrotetrazolium blue
tetrazolium (NBT), 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyl tetrazolium bromide (MTT),
dimethyl sulfoxide (DMSO), phytohemagglutinin
(PHA), dioxin, and phosphate-buffered saline
(PBS) were obtained from Sigma-Aldrich (St.
Louis, MO). Enzyme-linked immunosorbent
assay (ELISA) kits were procured from Qiagen
(Hilden, Germany).

Bacterial Strains and Growth Conditions

L. casei (ATCC: 393) was obtained from
Pasteur Institute of Iran. The bacteria were
cultivated in a Rogosa’s medium at 37 °C for
24 hours, washed with PBS, heated at 56 °C for
60 minutes, and lyophilized.

Cell and Culture Conditions

4T1 cells were provided by Pasteur Institute
of Iran. The cells were cultured at 37°C humidified
atmosphere with 5% CO, and maintained in
monolayer cultures in DMEM supplemented with
10% FBS.

Mice and Tumor Induction

Female inbred BALB/c mice, between 6 and
8 weeks of age, were procured from Pasteur
Institute of Iran. All the experimental procedures
were conducted in compliance with the
regulations of the Ministry of Health, I. R. Iran and
were approved by the Medical Ethics Committee
for Animal Studies of Urmia University. The mice
were housed under standardized conditions of
temperature (22-24 °C) and 12-hour light/dark
cycles and received standard food and water
ad libitum. All the animals were acclimatized to
their new surroundings for 1 week prior to the
experimental procedures and then challenged
subcutaneously in the right flanks with 1x 10*
viable tumor cells in 50 pL of PBS. Tumor growth
was evaluated every 5 days with a caliper. Tumor
volume (mm?) was computed using the formula
of an ellipsoid (lengthxwidthxheightx0.5236).

Vaccination of the Mice

Vaccination was started once all the animals
had developed a palpable tumor. Thereafter, the
mice were randomly divided into 4 groups. Each
group contained 10 tumor-bearing animals,
and all the vaccines were administrated via
subcutaneous injections in the left flank. The
1st group (control mice) received 100 pL of
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PBS twice at a 1-week interval. The 2nd group
(heated 4T1-treated mice) was immunized at a
1-week interval with a freeze-and-thaw extract of
10* heated 4T1cells in a 100-uL volume, twice.
The heated 4T1 cells were provided by the
exposure of the 4T1 cell lines to nonlethal heat
shock (43 °C, 30 min). The 3rd group (heated
L. casei-treated group) was treated twice with
2x10% CFU/mL of heated L. casei bacteria in
a 100-pyL volume at a 1-week interval. Finally,
the 4th group (combined L. casei and heated
4T1-treated mice) was vaccinated twice at a
1-week interval with a freeze-and-thaw extract of
10* heated 4T1cells and 2x10® heated L. casei
bacteria in a 100-uL volume.

Splenocyte Proliferation and Cytokine Assay
One week after the last immunotherapy, one
half of the animals were euthanized to determine
the cytokine milieu induced in splenocytes. In
brief, splenocytes were aseptically isolated from
the mice, and single-cell suspensions of the
splenocytes were prepared in a DEMEM medium
supplemented with 10% FCS and red blood
cells (RBCs) were omitted by RBC lysis buffer.'
Next, the cell suspensions (2x10° cells/mL)
were incubated in 24-well plates and pulsed
with antigens derived from the tumor cells by
freeze and thaw (20 pg/mL). Tumor antigen
was prepared as was described previously."”
The culture supernatants were collected after
72 hours. The production of IFN-y, IL-4, IL-10,
and TGF-B was assessed via the ELISA
according to the manufacturer’s instructions.
The proliferation potential of lymphocytes
in the splenocyte population was checked
using the MTT assay. The splenocytes were
plated in 96-well flat-bottomed plates in a
DEMEM medium supplemented with 10%
FCS (1x10° cells/100 pL/well) and stimulated
with antigens derived from the tumor cells by
freeze and thaw (20 ug/mL). After 72 hours of
incubation, the cultures were pulsed with 20 uL
of the MTT solution (5 mg/mL) for 4 hours at
37 °C. Then, 150 mL of DMSO was added
and shaken vigorously to dissolve formazan
crystal. The optical density (OD) at 550 nm was
measured using a microplate reader (Dynatech,
Denkendorf, Germany). The experiments were
done in triplicate sets. The results are expressed
as the proliferation index according to the ratio of
OD,,, of the stimulated cells with PHAto OD,, of

550
the non-stimulated cells.®

Cytotoxicity Assay
Cytotoxic activity was assessed using a
lactate dehydrogenase (LDH) cytotoxicity

detection kit (Takara Company, Tehran, Iran).
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This assay is a simple and fast colorimetric assay
for quantifying cytotoxicity by determining LDH
activity released from damaged cells. LDH is a
stable cytoplasmic enzyme which is available
in most cells. The splenocytes were used as
effector cells, and the 4T1 cell lines were used
as target cells. The effector and target cells were
washed with the assay medium (RPMI1640 with
1% bovine serum albumin) and co-cultured at a
ratio of 50 effector cells to 1 target cell in 96-well
round-bottomed plates for 6 hours at 37 °C.
Subsequently, the plates were centrifuged and
the supernatants were transferred to 96-well flat-
bottomed plates. Thereafter, 100 pL of the LDH
detection mixture was added to each well and
incubated for 30 minutes at room temperature.
The OD was measured using a microplate reader
(Dynatech, Denkendorf, Germany) at 490 nm.
The percentage of cell-mediated cytotoxicity
was determined by the following equation:
cytotoxicity  (%)=(experimental release—
spontaneous  target release—spontaneous
effector release)/(maximal target release—
spontaneous target release)x100%.

Evaluation of Nitric Oxide in the Splenocyte
Population

The potential of nitric oxide production was
determined by assaying the nitrite levels of
the splenocyte culture supernatants using the
Griess reagent. After the splenocytes were
cultured, as was described above, the cell-
free supernatants (50 yL) were collected and
mixed with 50 pL of Griess reagent (0.1%
sulfanilamide, 3% phosphoric acid, and 0.1%
naphthyl-ethylenediamine) and incubated at
room temperature for 10 minutes in the dark.
After the incubation, absorbance was read
at 540 nm on a microplate reader (Dynatech,
Denkendorf, Germany). The nitrite concentration
was estimated based on a standard curve.

Statistical Analysis

The statistical analyses were performed
using the Kruskal-Wallis test, followed by pair-
wise comparisons, using the Mann-Whitney
U-test with the Bonferroni adjustment. The
Kaplan—Meier estimator was used to evaluate
the survival function from lifetime data. The
results are shown as means+SDs. A P<0.05 was
considered statistically significant.

Following tumor induction, the mice were
monitored every 5 days for the first sign of a
palpable tumor. All the immunization protocols
were started on day 12 after tumor induction,
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when individual mice developed a palpable
tumor, and continued until day 62, when all the
mice died. As is illustrated in figure 1, the mice
receiving the combined immunotherapy showed
a more favorable survival curve than the mice in
the other groups. At least 20% of the mice in the
combined immunization group were alive until
day 61 after tumor induction, while all the mice
in the group treated with heated 4T1 alone died
45 days after tumor induction. The survivability
rates of the control tumor-bearing mice and the
tumor-bearing mice receiving heated L. casei
were very poor compared to the other groups;
indeed, all the mice in these groups died on days
36 and 38 after tumor induction, respectively
(figure 1).

Tumors also developed at a significantly
slower rate in the mice receiving the combined
immunotherapy than in the other groups
(figure 2). The mice in this group showed a
significant reduction in the tumor growth rate from
day 27 after tumor induction compared to the
other groups. Tumor volume alteration was not
statistically different between the mice receiving
each of the individual immunotherapies and the
control tumor-bearing mice (figure 2).

Ex vivo cytokine assay demonstrated
that the combined immunization significantly
upregulated the secretion of IFN-y and
conversely downregulated the secretion of IL-4,
IL-10, and TGF-B in the splenocyte population
compared to the splenocytes from the control
(vehicle-treated) tumor-bearing mice (figure 3).
Although a similar pattern of change in the
secretion of these cytokines was observed in
the heated L. casei-immunized mice compared
to the control group, these changes, except
for TGF-B, were not statistically significant
(figure 3). Also, compared to the cells from the
vehicle-treated group, a significant decrease in
IL-4, TGF-B, and IL-10 production was found in
the cells from the heated 4T1-treated groups. Of
note, the combination treatment attenuated IL-4
and TGF-B secretion more prominently than the
heated 4T1 immunotherapy, compared with the
vehicle-treated tumor-bearing mice (figure 3).

Moreover, a significant increase in the
splenocyte proliferation was observed only in
the tumor-bearing mice receiving the combined
heated 4T1 and heated L. casei compared to the
other animals (table 1).

The effects of the immunotherapy on natural
killer cell-mediated cytotoxicity were explored
by assessing the release of LDH from the tumor
cells after challenge with the natural killer cells
in the splenocyte population. The attained data
showed that natural killer cell cytotoxicity was
only significantly increased in the tumor-bearing
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Figure 1: Comparison of the Kaplan—Meier survival curves
of the BALB/c mice challenged with 4T1 cells after the]
immunotherapy. The immunotherapy was started once all
the animals had developed a palpable tumor. A combined
extract of heated 4T1 and a heat-killed preparation of]

Lactobacillus casei led to a favorable outcome compared to|
the other groups (*P<0.01 vs. other groups; #P<0.05 vs. the]
control tumor-bearing mice and/or the tumor-bearing mice]
receiving only the heat-killed preparation of Lactobacillu
casei).
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Figure 2: Evaluation of the mammary tumor size after the
immunotherapy. The tumors were evaluated every 5 days
with a caliper. Tumor volume (mm?) was computed using the]
formula of an ellipsoid (lengthxwidthxheightx0.5236). The]

combined immunotherapy considerably decreased the tumo
growth rate compared to the other groups (*P<0.01 vs. the]
control tumor-bearing mice and/or the tumor-bearing micej
receiving only the monotherapy).

mice receiving the combined heated 4T1 and
heated L. casei compared to the other mice
(table 1).

As is shown in table 1, nitric oxide production
by the splenocytes was significantly increased in
the splenocytes from the combined immunized
mice with mammary tumors and those receiving
the monotherapy compared to the control tumor-
bearing mice. Nevertheless, this increase was
much more significant in the tumor-bearing
mice receiving the combination immunotherapy
than in the animals receiving only the extract of
heated 4T1.
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None or low immunogenic cell lines such
as 4T1cells are able to grow rapidly and
evade destruction by the immune system.'®1°
Therefore, designing new strategies to enhance
the immunogenicity of these tumor cell lines is a
logical approach to control induced malignancy.

The induction of heat shock proteins (HSPs)
is a proper therapeutic approach to enhance the
immunogenicity of tumor cells.?° HSPs are highly-
conserved housekeeping proteins expressed in
all organisms. Their expressions are increased
under a wide variety of physiological and
pathological stimuli such as heat shock.2%?!
Extracellular and membrane-bound HSPs,
especially Hsp70 families, chaperone tumor
antigens and mediate their uptake into antigen
presenting cells (APCs). HSP-antigen complexes
can be conducted toward the conventional
exogenous MHC class Il pathway. On the other
hand, HSP-antigen complexes may promote
the cross-presentation of antigens by APCs.
The cross-presentation of phagocyted antigens

IFN-y -4 TGF-B IL-10
X Control Z Heated L. casei /2 Heated 4T1 % Combined immunotherapy

Figure 3: Effects of the immunotherapy on cytoking
production in the splenocyte population. One half of the
mice in each group were euthanized 1 week after the lasf
immunotherapy, and the splenocytes were isolated and
cultured for 72 hours under the described materials and
methods (*P<0.01 **P<0.001 vs. the control tumor-bearing
mice and/or the tumor-bearing mice receiving only the
monotherapy; #P<0.01 vs. the heat-killed preparation off
Lactobacillus casei).

Combined 4T1 and L. casei in mouse model of breast cancer

is essential for the generation of cytotoxic T
subsets.?22® |t has been found that the exposure
of 4T1 cell lines to nonlethal heat shock
promotes the surface expression of Hsp72, a
member of the Hsp70 family, and diminishes the
growth and metastatic potential of these cells
in vivo.?* Accordingly, the 4T1 cells used in the
present survey were sublethally heated before
undergoing the freeze-and-thaw procedure. On
the other hand, adaptive immune responses are
initiated only when a dangerous signal is sensed
by the pattern recognition receptors (PRRs) of
APCs. In response to sensing the danger signals
by PRRs such as toll-like receptors, APCs
produce co-stimulatory molecules and polarizing
cytokines that promote adaptive immunity into the
best responses against the danger signals.2%2
Tumors may fail to induce appropriate effector
immune responses because most tumor cells
do not induce co-stimulatory molecules or
appropriate polarizing cytokines.?” In this regard,
we used a heat-killed preparation of L. casei
to induce danger signals for the induction of
robust cellular immunity against tumor antigens.
Prior evidence has suggested that L. casei
affects the phenotype of the immune system
through the upregulation of surface MHC class |l
and CD86 on dendritic cells (co-stimulatory
molecules) and the promotion of IL-12 secretion
(a potent polarizing cytokine toward Th1 immune
responses). Likewise, L. reuteri, another
analog of L. casei, reduced L. casei-induced
upregulation of CD86 and secretion of IL-12, IL-6,
and TNF-a.% Based on our results, the utilization
of the heat-killed preparation of L. casei alone
could not alter the outcome of the tumor-bearing
mice. Immunotherapy with the extract of heated
4T1 cells was able to reduce the tumor growth
rate and increase the survivability of the mice with
breast tumors; however, these changes were
not significant. Nevertheless, the vaccine made
with the extract of heated 4T1 cells and heated
L. casei as an adjuvant significantly diminished
the tumor growth rate and significantly increased
the survivability of these mice. In this regard, the
combined heated 4T1 cells and the heat-killed
preparation of L. casei significantly increased

Table 1: Effects of the immunotherapy on the proliferation index, cytotoxicity, and nitric oxide production in the splenocyte

population

Index Control Heated L. casei Heated 4T1 Combined immunotherapy P value
Proliferation index 1.4410.16 1.5+0.14 1.69+0.18 2.41+0.19* 0.003
Cytotoxicity (%) 48.1215 49.01+3.45 54.3414.2 70.1+5.32* 0.001
Nitric oxide (umol/L) 22.2+4.31 40.43+4.61° 43.64333+5.13° 72.3+4.98%# 0.004

One half of the mice in each group were euthanized 1 week after the last immunotherapy, and splenocytes were isolated and
cultured as under the described materials and methods (*P<0.001 vs. the control tumor-bearing mice and/or the tumor-bearing
mice receiving only the monotherapy; *P<0.01, $¥P<0.001 vs. the control tumor-bearing mice; *P<0.01 vs. the tumor-bearing
mice receiving only the monotherapy)
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the proliferative response of the splenocytes
more markedly than the treatment with heated
4T1 cells alone.

Tumors are able to evade immunity
responses by secreting some mediator-like 1L-4,
TGF-B, and IL-10. These cytokines can suppress
the essential arms of anti-tumor immunity,
including inflammatory macrophages and Th1
responses.?®3" IL-4 can directly promote tumor
cell growth in human breast cancer.?® TGF-3
and IL-10 tend to suppress the proliferation and
activation of lymphocytes and macrophages
and, therefore, suppress cell-mediated immunity,
which is needed to control tumor growth.303!
Both cytokines can induce the development
of regulatory T cells, which have been found
in a variety of tumors, and may suppress the
responses of T cells to tumors. Interestingly,
regulatory T cells are the other source of TGF-
and IL-10."%%2 Qur data demonstrated that the
combined 4T1 and heated L. casei significantly
inhibited the levels of TGF-B, IL-10, and IL-4
by comparison with the levels in the control
tumor-bearing mice and/or the tumor-bearing
mice receiving heated L. casei. Moreover, the
obtained results showed that the combined
immunotherapy more significantly lessened IL-4
and TGF-B secretion by lymphocytes than the
heated 4T1 immunotherapy.

Previous data have suggested that the level
of IFN-y is correlated with anti-tumor responses.*
Nonetheless, our results indicated that the level
of IFN-y did not show any significant differences
between the mice in the control group and the
mice receiving each of the immunotherapies
alone. However, the attained data showed that
IFN-y was significantly increased only in the
tumor-bearing mice receiving the combined
heated 4T1 and heated L. casei compared to
the other mice.

Natural killer cells and macrophages
are 2 important innate immune effector cells
involved in the defense against malignant
cells.®34Invitroand in vivo studies have indicated
that natural killer cells can eliminate tumor cells.
Natural killer cells are capable of mounting an
immune response against tumor cells by the
secretion of cytokines such as IFN-y and the
direct induction of apoptosis in tumor cells.
Our results demonestated that natural Killer
cell cytotoxicity was agumented only in the
tumor-bearing mice receiving the combined
immunotherapy.

The activity of tumor-associated macrophages
is controversial as there is surprising evidence
for their role in both cancer progression and anti-
tumor functions.** Be that as it may, it has been
revealed that macrophages are remarkably
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plastic and, based on their environments, can
undergo a reprogramming, which can lead
to the emergence of a spectrum of distinct
functional phenotypes. Previous studies have
demonstrated that M1 macrophages display
various anti-tumor functions such as profound
production of nitric oxide, a cytostatic cytotoxic
factor for tumors. Unfortunately, malignant
tumors by the promotion of macrophages toward
the M2 anti-inflammatory phenotype confer
a local state for tumor growth.3* A previous
study showed that heat-killed L. casei, when
administered intravenously to normal mice,
stimulated the production of inflammatory
macrophages in the bone marrow and spleen of
mice.*® Our findings showed that the production
of nitric oxide increased more significantly in the
tumor-bearing mice treated with the combined
immunotherapy than in tumor-bearing mice
receiving each of the immunotherapies alone.

Ofnote, 4T1 cells are low-immunogenic tumor
cell lines.'®'® Therefore, the better outcomes by
the combination of the extract of heated 4T1
and the heat-killed preparation of L. casei are
remarkable. However, the present survey is a
preliminary study and further studies should be
undertaken, especially in a larger group of mice.
Moreover, some additional evaluation such as
histopathology is also required.

Conclusion

The combined immunotherapy with heated
4T1 cellsand heated L. caseipromoted beneficial
outcomes in our mouse model of breast cancer.
Additionally, the current study demonstrated
that the beneficial effects of the combination
might be partly due to immune deviation from
anti-inflammatory cytokines (such as IL-4 and
TGF-B) to pro-inflammatory cytokine IFN-y and
the induction of innate anti-tumor immunity arm,
which was more pounced than that observed
from the monotherapy.
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