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The aim of the present study was to investigate the influence of a nonselective COX1/COX2 inhibitor (indomethacin) on tumor
growth of Ehrlich Ascites Tumor (EAT) in mice, using as parameters the tumor growth and cytokine profile. Mice were inoculated
with EAT cells and treated with indomethacin. After 1, 3, 6, 10, and 13 days the animals were evaluated for the secretion of TNF𝛼, IL-
1𝛼, IL-2, IL-4, IL-6, IL-10, and IL-13 and PGE

2
level in peritoneal cavity.The results have shown that EAT induces PGE

2
production

and increases tumor cells number from the 10th day. The cytokine profile showed EAT induces production of IL-6 from 10th day
and of IL-2 on 13th day; the other studied cytokines were not affected in a significant way. The indomethacin treatment of EAT-
bearing mice inhibited the tumor growth and PGE

2
synthesis from the 10th day. In addition, the treatment of EAT-bearing mice

with indomethacin has stimulated the IL-13 production and has significantly inhibited IL-6 in the 13th day of tumor growth. Taken
together, the results have demonstrated that EAT growth is modulated by PGE

2
and the inhibition of the tumor growth could be

partly related to suppression of IL-6 and induction of IL-13.

1. Introduction

In tumor microenvironment, the relationship between the
inflammatory, stromal, neoplastic cells and chemical medi-
ators produced in the neoplasm site is complex and is
the key for the disease outcome. Inflammation orchestrates
the microenvironment by resident and recruited leukocytes
which are responsible to drive a delicate balance between
antitumor immunity and tumor-originated inflammatory
activity [1]. One example of this regulation is the macrophage
polarization driven by tumor microenvironment towards a
suppressive phenotype or the known type 2macrophage (M2)
which is a consequence of presence of immunosuppressive
factors (e.g., IL-10 and TGF-𝛽) [2]. In addition, chemical
mediators produced by tumor cells and/or immune cells such
as IL-1, IL-4, IL-6, IL-10, IL-13, and prostaglandin (PG) E

2

can directly suppress the cytotoxic action of macrophages,
inhibiting both their migration toward the chemotactic
stimuli and their adherence to endothelial cells, or indi-
rectly by modulating the immune response by stimulating
macrophages to produce PGE

2
[3]. Moreover, in carcinomas

the suppression of Th1-type response is usual, specific for
tumors, due to Th2 cytokines production by T cells such as
IL-4 and IL-10, facilitating neoplastic growth [4].

Several physiological and pathophysiological responses,
including tumor growth and promotion, are modulated by
metabolites of arachidonic acid. Arachidonic acid is the pre-
cursor for the biosynthesis of all the eicosanoid messengers,
such as prostaglandins, thromboxanes, leukotrienes, lipoxins,
and hydroxyeicosatetraenoic acids (HETEs). PGE

2
is a pri-

mary product of arachidonic metabolism and is synthesized
via the cyclooxygenase (COX) and prostaglandin synthase
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pathways. Such prostaglandin is a major eicosanoid detected
in inflamed tissues, responsible for much of the proin-
flammatory effects and suppression of some host defense
mechanisms against the neoplastic growth [5].

The useofnonsteroidal anti-inflammatory drugs (NSAIDs)
which prevent PGE

2
production has been associated with

reduced risk of some types of human tumors, including
breast, lung, colon, head, and neck due to inhibition of
prostaglandin synthesis [6]. Indomethacin, a nonselective
COX1/COX2 inhibitor and widely used NSAID, can alter
phospholipid profiles of invasive human breast cancer cells
towards a less invasive phospholipid profile, reducing the
invasive and metastatic behavior of the neoplastic cells [7].
A variety of studies with laboratory animals and clinical
research have demonstrated whether NSAIDs suppress can-
cer growth to increase the anticancer effects of current
chemotherapy in different types of cancer. However, it was
established that the inflammatory reaction in the neoplastic
tissue is of lower intensity as compared to normal tissues [8].

The use of experimental models has contributed to
evaluating the engineered inflammatory response against
tumors, by determining the types of inflammatory cells, and
tumor immunity, as well as cytokines released during the
establishment of the tumor. Ehrlich Ascites Tumor (EAT) has
been used as a model to evaluate the inflammatory response
against the tumor growth because of its development in
all mice strains and easy manipulation. During the EAT
development intense influx of polymorphonuclear leukocytes
occurs as well as increase of the number and cytotoxic
activity of NK cells, which is inhibited by the treatment with
indomethacin, suggesting the participation of prostaglandins
in this process [9]. It has also been shown that during EAT
growth there is a large release of PGE

2
without activation of

peritoneal macrophages, suggesting that this prostaglandin,
which may be synthesized primarily by the neoplastic cells,
is suppressing the inflammatory response against the tumor
because of its high concentrations in the tumor site [7].

According to this context, the aim of this study was
to analyze and characterize the cytokines profile and the
involvement of PGE

2
in the evolution of EAT.

2. Material and Methods

2.1. Animals. Four- to six-week-old male Swiss mice, from
our animal facilities, were used. All animal procedures were
in accordance with the ethical principles adopted by the
Brazilian College of Animal Experimentation and approved
by the Ethical Committee for Animal Research of School of
Medicine, Universidade Estadual Paulista (UNESP) (Proto-
col number 17/99).

2.2. Ehrlich Ascites Tumor (EAT). The tumor was maintained
in Swiss mice in the ascitic form. Tumor cells were collected
by aspiration with a Pasteur pipette, centrifuged for 10min at
200 g, andwashed twicewith phosphate-buffered saline (PBS,
pH 7.2). Cell viability was evaluated by trypan blue (0.2%)
exclusion test and only cell suspensions with more than 95%
viability were used. In all experimental protocols, mice were
injected intraperitoneally with 1 × 103 tumor cells per animal.

2.3. Drug Treatment. Indomethacin (Sigma) was dissolved in
Tris buffer 1M, pH 8.0, and the final concentration adjusted
with sterile pyrogen-free physiological saline solution at
1mg/kg.

2.4. Total and Neoplastic Ascites Cell Count. Mice were euth-
anized (ketamine chloride and xylazine HCl), the peritoneal
cavity was washed with 3mL of PBS, thematerial was fixed in
solution of 0.5% crystal violet dissolved in 30% glacial acetic
acid, and the total number of cells (leukocytes and neoplastic
cells) was determined by counting in Neubauer chamber.
For differential counts, aliquots of 0.3mL of each peritoneal
washed were adjusted for 2 × 105 cells/mL and centrifuged at
600 rpm during 3 minutes. The cells were fixed in methanol
for 5 minutes and stained with Giemsa for identification of
neoplastic cells.

2.5. Immunoenzymatic Assay. Samples were obtained by
centrifugation of the ascites fluid at 1500 rpm for 10 min-
utes obtaining the supernatants which were evaluated for
the cytokines analysis. The cytokines profile was obtained
through Enzyme-Linked Immunosorbent Assay (ELISA)
using supernatant aliquots of the peritoneal washing. The
following cytokines were analyzed: TNF𝛼, IL-1𝛼, IL-2, IL-4,
IL-6, IL-10, and IL-13.The protocols, antibodies, and reagents
used were according to the manufacturer’s specifications
(R&D System).

2.6. Experimental Design. Mice were inoculated with 1 ×
103 tumor cells intraperitoneally (i.p.) and received indo-
methacin at a dose of 1mg/kg, once daily, by i.p. injection.
The first dose of indomethacin was administered 24 hours
before tumor implantation. After 1, 3, 6, 10, and 13 days the
animals were euthanized, the ascites fluid was collected and
centrifuged, and the cell population was evaluated for total
number of neoplastic cells, present in the peritoneal cavity.
The ascitic fluid supernatant was separated and stored at
−20∘C for later determination of cytokines. As control, EAT-
bearing mice were treated with diluent solution (Tris buffer
1M, pH 8.0) in the same condition as the experimental group
(Figure 1).

The experimental groups were as follows: tumor-bearing
animals inoculated with diluent (Vehicle; 𝑁 = 103) and
tumor-bearing animals treated with indomethacin (Indo-
methacin;𝑁 = 106).

2.7. Statistical Analysis. Datawere analyzed byKruskalWallis
test for independent samples and differences between groups
were analyzed by Dunn’s test and Mann-Whitney test. The
level of significance was 5%.

3. Results

3.1. Effects of Indomethacin on the Number of Total and Neo-
plastic Cells. The total number of cells in the peritoneal cavity
of EAT-bearing mice treated or not with indomethacin pro-
gressively increased from the 10th day of development. Treat-
ment with indomethacin promoted a significant decrease in
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Figure 1: Study setting and time period. To assess the involvement of prostaglandin in cytokines profile during growth of EAT, mice were
inoculated with 1000 tumor cells intraperitoneally (i.p.) and received indomethacin at a dose of 1mg/kg, once a day, via i.p. The first dose of
indomethacin was administered 24 hours prior to tumor implantation. After 1, 3, 6, 10, and 13 days the animals were euthanized and evaluated
for cytokine profile.
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Figure 2: Graphs representing the number of total cells (a) and neoplastic cells (b) present in the peritoneal cavity 1, 3, 6, 10, and 13 days after
inoculation of 103 EAT cells in mice treated with indomethacin (Indomethacin) or diluent (Vehicle). The groups consist of 6 to 21 animals.
The graphs represent the median values obtained for the variables. 𝑃 values are provided as follows: +,∗𝑃 < 0.05, when compared to prior
time point in the same experimental group or to the other experimental group in the same time point, respectively.

the number of tumor cells only after 13 days of implantation
of neoplastic cells (Figures 2(a) and 2(b)).

3.2. Effects of Indomethacin on PGE
2
and Cytokines Profile.

EAT stimulated PGE
2
production from the 10th day of

tumor growth. Treatment of tumor-bearing animals with
indomethacin resulted in significant inhibition of PGE

2
only

on the 13th day of neoplastic development, although, at the
10th day, the results suggest that the synthesis of the mediator
was already inhibited (Figure 3(a)).

The inoculation of EAT stimulated IL-2 release on the
13th day of neoplasm evolution and the treatment with
indomethacin did not affect the levels of this cytokine in
tumor-bearing animals (Figure 3(b)). EAT growth stimulated

release of IL-6 in the 13th day of tumor growth, whereas treat-
ment with indomethacin of tumor-bearing animals inhibited
the release of this cytokine at the same time of tumor growth
(Figure 3(c)).

The neoplastic growth has not affected the IL-13 produc-
tion throughout the whole experiment. EAT-bearing animals
treated with indomethacin showed a significant increase in
IL-13 only in the 13th day of neoplasm growth (Figure 3(d)).

There were no significant differences in the TNF𝛼 profile
in any of the groups and times studied (Figure 4(a)). The
results demonstrated that EATdid not stimulate the release of
IL-1𝛼 during its development (Figure 4(b)).The development
of EAT in animals did not stimulate the production of IL-4
throughout the experiment (Figure 4(c)). In tumor-bearing
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Figure 3: Graphs representing the levels of PGE
2
(a), IL-2 (b), IL-6 (c), and IL-13 (d) present in the peritoneal cavity 1, 3, 6, 10, and 13 days after

inoculation of 103 EAT cells in mice treated with indomethacin (Indomethacin) or diluent (Vehicle). The groups consist of 6 to 21 animals.
The graphs represent the median values obtained for the variables. 𝑃 values are provided as follows: +,∗𝑃 < 0.05, when compared to prior
time point in the same experimental group or to the other experimental group in the same time point, respectively.

animals tumor growth has not stimulated the release of IL-10,
and this cytokine profile was not modified by the treatment
with indomethacin (Figure 4(d)).

4. Discussion

Theaimof this workwas to study themodulation of cytokines
production by PGE

2
suppression during the development of

EAT. The analysis of nucleated cells in the peritoneal cavity
revealed that tumor-bearing animals showed a progressive
increase in this number from the 10th day of tumor develop-
ment.The treatment of EAT-bearingmicewith indomethacin
induced a decrease in the total number of peritoneal cells

from the same period. In order to confirm the EAT growth
inhibition by indomethacin the number of tumor cells was
determined. The results showed that the treatment with
indomethacin of EAT-bearing animals inhibited the tumor
growth in 93.3% and 65.8% in 10th and 13th days of neoplastic
development, respectively. Although on 10th day of tumor
growth the decrease of tumor cells in the group of mice
treated with indomethacin was not statistically significant,
in this group of 20 animals, 15 showed intense inhibition of
neoplasm growth.These results are consistent with data from
the literature, where most of the growth of transplantable
mammary tumors in rodents is inhibited by indomethacin
[10, 11].
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Figure 4: Graphs representing the levels of TNF𝛼 (a), IL-1𝛼 (b), IL-4 (c), and IL-10 (d) present in the peritoneal cavity 1, 3, 6, 10, and 13
days after inoculation of 103 EAT cells in mice treated with indomethacin (Indomethacin) or diluent (Vehicle). The groups consist of 6 to 21
animals. The graphs represent the median values obtained for the variables.

The analysis of PGE
2
levels in the peritoneal cavity

of EAT-bearing animals revealed an increase of the con-
centration of this eicosanoid with the progressive tumor
growth. Results obtained in our laboratory (unpublished
data) showed that EAT cells cultured in vitro produce PGE

2
.

It is noteworthy that the treatment of tumor-bearing animals
with indomethacin reduced the concentration of PGE

2
from

the 10th day of treatment. These results suggest that PGE
2
is

associated with tumor proliferation, growth, and expansion,
confirming the involvement of prostaglandins in control of
tumor growth in vivo, both in humans and in experimental
animals [12, 13].

The results obtained in the measurement of cytokines
showed that the EAT promoted release of IL-2 and IL-6 in
the 13th day of tumor development. However, levels of IL-1𝛼,

IL-4, IL-10, IL-13, and TNF𝛼 were not significantly altered by
tumor growth.

There are numerous studies demonstrating the role of IL-
1𝛼 as a stimulatory factor of cellular proliferation, growth,
and differentiation [14–17] and its role in the invasion and
metastasis of various solid tumors [18–20]. However, there
were no significant differences in the profile of this cytokine
in any of the time points evaluated during the EAT growth.

Although TNF𝛼 induces hemorrhagic necrosis in certain
solid tumors, intraperitoneal tumors, such as Ehrlich tumor,
are resistant to its cytotoxic effect [21]. There was no produc-
tion of this cytokine in animals with EAT in any time during
tumor development.

After 13 days of EAT growth there was a significant
increase in the concentration of IL-2. One aspect of the
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importance of IL-2 is its use in immunotherapy for cancer;
there are several studies demonstrating its effectiveness in
treating human tumors such as renal cancer, metastatic
melanoma, and murine tumors such as Ehrlich Ascites
Tumor and B16F10 melanoma [22–25]. In the specific case
of EAT 90% of tumor-bearing mice were cured with a
combination therapy consisting of the administration of
indomethacin and IL-2 [24]. Despite the increase in the IL-
2 levels after 13 days of tumor development, the treatment
of tumor-bearing mice with indomethacin has not altered
the production of this cytokine during the neoplastic growth.
This result indicates the suppression of PGE

2
has not modu-

lated the IL-2 levels and the decrease in the number of tumor
cells from the 10th day observed with the indomethacin
treatment should not be associated with IL-2.

Although there are several studies showing that IL-4
can inhibit tumor growth, induce apoptosis in neoplastic
cells, stimulate the activity of antigen-presenting cells in
patients with cancer, and regulate the expression of adhesion
molecules in neoplastic cells [26], the levels of IL-4 were
not changed during the development of EAT. Although not
significant, a tendency to increase in the concentration of IL-4
was verified on the 13th day of development of the EAT, which
could be reflecting aTh2 immune response against the tumor
[27].

Increased levels of IL-6 observed from the 10th day of
development of the EAT corroborate the results obtained by
da Silva et al. [28], who found a significant increase in IL-
6 at similar times. Chen et al. [29] detected in squamous
cell carcinoma of head and neck in situ IL-6, confirming
the role of this cytokine in immune unresponsiveness and
carcinogenesis. Nakano et al. [30] also detected elevated
levels of IL-6 in tissues of homogeneous oral squamous
cell carcinoma. Based on these findings, IL-6 could have a
role in host immune suppression and induction of cachexia
in times of late neoplastic growth in animals with EAT.
The microenvironments of solid and ascites tumors are
crucial players for the tumor growth. Perhaps this cytokine
is being produced by either neoplastic or late-phase response
inflammatory cells as in animals with EAT the release of IL-6
from the 10th day of tumor growth is increased. Fibroblast-
like stromal cells modulate cancer cells through secreted
factors and adhesion, but those factors are not fully under-
stood. Using a cell coculture system, a group of researchers
have identified critical stromal factors that modulate cancer
growth positively and negatively, showing that gastric stromal
cells secreted IL-6 as a growth and survival factor for gastric
cancer cells [31].

In addition, PGE
2
and IL-6 signal pathways are involved

in the cross talk between tumor and stromal cells [32].
Increased PGE

2
levels induce the expression of the inflam-

matory factor IL-6 in fibroblasts [33, 34]. IL-6 is an important
mediator involved in the cross talk between cancer-associated
fibroblasts (CAFs) and tumor cells [35, 36]. Apparently, PGE

2

induces the increase of tumor cells number, and this effect
is dependent on cytokines and IL-6 seemed to be the most
important in EAT development. The results in EAT-bearing
mice have shown increase in the PGE

2
levels from the 10th

day and IL-6 levels on 13th day. These results may suggest

that IL-6 was induced by PGE
2
. Although the presence of

CAFs in ascites tumors is not an obvious finding, in the
current experimental model, IL-6 could be responsible for
the cross talk between CAFs or phenotypically similar cells
and tumor cells [32]. Then, when the levels of PGE

2
and

IL-6 decreased by the use of indomethacin this cross talk
is disrupted and the sequential EAT growth inhibition has
occurred. Besides, results obtained in the IL-6 levels in
EAT-bearing animals treated with indomethacin allow us to
suggest that the decrease in the release of this cytokine could
be related to inhibition of tumor growth, as in tumor-bearing
animals there was no increase in IL-6 from the 10th day of
tumor growth, when there is tumor growth, with increased
numbers of tumor cells and increased production of PGE

2
.

IL-10 is a potent immunosuppressive cytokine that has
been found to play a role in a variety of human neoplasms,
including gastric, colorectal, and prostate cancers [37–40].
Despite the findings in these neoplastic types, the results have
demonstrated no stimulation for the release of IL-10 in EAT-
bearing animals.

Reports in the literature associated IL-13 with inhibition
of tumor proliferation [41], by increasing antigen presenta-
tion to T cells [42]. In addition, IL-13, among other functions,
stimulates proliferation of B cells and cytotoxic T cells.
Treatment of animals with EATwith indomethacin promoted
a significant increase in the level of IL-13 on the 13th day of
neoplastic changes, coinciding with the inhibition of tumor
growth.The increase in IL-13 observed in EATcarrier animals
treated with indomethacin could be due to the change of
Th2 CD4 T cells and/or increase in antigen presentation
by macrophages. However, further studies are necessary for
clarifying this issue.

5. Conclusions

Theresults obtained allowus to infer that the EAT inoculation
stimulated PGE

2
production throughout its development

and that the neoplasm growth has a positive influence on
the production of IL-2 and IL-6 in the 13th day of tumor
development. In addition, the treatment with indomethacin
of EAT-bearing animals positively modulates the production
of IL-13, negatively the release of IL-6, and does not alter
the profiles of IL-1𝛼, IL-2, IL-4, IL-10, and TNF𝛼. Also, the
indomethacin significantly inhibited the synthesis of PGE

2

on the 13th day of neoplastic development.
In conclusion, our findings showed that PGE

2
modulates

the growth of EAT and that inhibition of tumor growth
could be partly related to suppression of the release of IL-6
and to stimulation of the release of IL-13. Additional studies
in vivo and in vitro using specific inhibitors for COX-2,
assessing the relationships between microenvironment cell
subpopulations, cytokines, and neoplastic cells in tumor
growth inhibition, may contribute to the elucidation of the
mechanism(s) by which PGE

2
modulates the development of

the EAT.
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