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Abstract: Cyclooxygenase-2 (COX2) and tumor-associated macrophages (TAMs) are associated with invasion, an-
giogenesis, and poor prognosis in many human cancers. However, the role of TAMs in human gastric cancer (GC)
remains elusive. In the present study, we first measured COX2 expression and TAM infiltration in human GC tissues
using double immunohistochemical staining. Then, we indirectly cocultured M2-polarized macrophages derived
from human THP-1 cells with GC cells as an in vitro model. Transwell assays, siRNA transfection, treatment with
a COX2 inhibitor and Western blotting were used to investigate the relationship among TAMs, invasion and COX2
expression as well as the underlying molecular mechanism. Double IHC staining showed that TAMs were aggregated
near GC tumor nests and had high COX2 expression; moreover, the number of TAMs that infiltrated the tumor nest
was correlated with the depth of invasion, COX2 expression and poor prognosis in human GC. In an in vitro assay,
after treatment with phorbol myristate acetate (PMA), the THP-1 cells differentiated into M2 macrophages and
induced COX2/MMP9-dependent invasiveness in GC cells. Pretreatment of GC cells with COX2 siRNA or a COX2
inhibitor (Celecoxib) can negate these promoting effects. The results of this study and those of our previous studies
indicate that coculture with M2-polarized macrophages can induce the COX2-dependent release of matrix metallo-
proteinase-9 (MMP9), which subsequently increases the invasiveness of GC cells. Our data may provide a basis for
targeting TAMs or for polarizing TAMs through immune regulation to halt GC progression, which could soon become
a nonsurgical treatment for human gastric cancer.

Keywords: TAMs, COX2, gastric cancer, invasion, poor prognosis

Introduction with GC is still low at approximately 40%, with

death occurring because of cancer cell invasion

Despite recent developments in surgical tech-
niques and improvements in the efficacies of
anticancer drugs, gastric cancer (GC) remains a
major cause of global cancer mortality [1]. Th-
ere were estimated 1.3 million incident cases
of GC and 819000 (95% uncertainty interval,
795000-844000) deaths in the world wide [2].
Notably, in China, due to late diagnosis (at
stage Ill and/or V), which is associated with a
high rate of lymph node and distant metasta-
ses, the overall 5-year survival rate of patients

and distant metastasis [3].

In solid tumors, such as GC, different types of
stromal cells surround the cancer core, includ-
ing activated fibroblasts (myofibroblasts), sm-
ooth muscle cells, endothelial cells and infla-
mmatory cells, which constitute a unique form
of the tumor microenvironment. Recent evi-
dence suggests that the tumor microenviron-
ment plays a positive role in cancer invasion
and metastasis because it contains numerous
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growth factors, cytokines, extracellular matrix
constituents, and cancer-promoting immuno-
cytes, especially tumor-associated macroph-
ages (TAMs) [4-6]. Macrophages have function-
al plasticity and can change their functional
profiles in response to environmental changes.
When macrophages are exposed to lipopoly-
saccharides (LPS) or gamma interferon (IFN-y),
they are polarized to M1 macrophages and
have antitumor activities. However, when they
are exposed to Th2 cytokines, such as IL-4 and
IL-13, they are polarized to M2 macrophages
and support tumor growth [7]. Macrophages in
the tumor microenvironment are defined as
TAMs and chiefly exhibit M2 characteristics [8].
Importantly, collective data have shown that
the high numbers of M2 macrophages in the
tumor microenvironment are associated with a
WOrse prognosis in numerous cancer types,
such as GC [9, 10], pancreatic cancer [10],
ovarian cancer [11], breast cancer [12] and
non-small-cell lung cancer [13]. Our previous
data also indicated that M2 macrophages
(expressing the surface markers CD206 and
CD204) could promote invasion and migration
of gastric cancer cells by stimulating cancer
cell expression of VEGF and MMP9 [14]. How-
ever, other potential underlying molecules
involved in this promotion still need to be
explored. In the present study, we used an
immunohistochemistry (IHC)-based double st-
aining method to investigate the correlations
between TAMs and COX2 expression. The in-
teraction among TAMs (M2-polarized human
THP-1 macrophages), GC cell migration and
invasion and COX2/MMP9 axis expression was
also investigated in vitro. Finally, we hypothe-
size that TAMs might activate COX2 in GC cells
and subsequently increase their invasiveness
in a COX2/MMP9-dependent manner.

Method
Cancer tissue and patients

In all, 228 GC formalin-fixed paraffin-embed-
ded (FFPE) samples included all types of gas-
tric carcinomas, which were collected from the
departments of Gastrointestinal Surgery and
Pathology of the Zhejiang Provincial People’s
Hospital from January 2009 to January 2013;
none of the patients had received radiotherapy
and/or chemotherapy prior to surgery. The
study designs and methods were approved by
the Ethics Committee of Zhejiang Provincial
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People’s Hospital. Upon admission, all patients
or their relatives provided informed consent
within the written treatment contract prior to
their inclusion in the study. The samples were
used for tissue section preparation and IHC
double staining. All patients were followed-up
for over 5 years or until December 2018. The
survival time was calculated from the date of
surgery to the end of the follow-up period and/
or the date of death. The age of the GC patients
ranged from 17 to 80 (with a median age of
59.3 years), and all cases were classified ac-
cording to the World Health Organization path-
ological classification (2010) of tumors. The
clinicopathological characteristics of the GC
patients are summarized in Table 1.

IHC double staining

For the COX2 and CD204 IHC double staining, 5
pum sections of GC tissue were used. The sec-
tions were deparaffinized, rehydrated, and sub-
jected to antigen retrieval combined with signal
detection, as previously described [14, 15].
Sections were incubated with blocking buffer
supplied with the Polymer Double Staining
Detection Kit (Mo/HRP + Rb/AP, DS-0002, Bei-
jing Zhongshan Jingiao Biotechnology Co. LTD.,
China) for 60 min and were then simultaneous-
ly incubated with two different primary antibod-
ies overnight at 4°C. The antibodies used were
mouse monoclonal anti-CD204 (1:200 dilution,
aal97-451, clone 9Eb5, cat no. LS-C336674,
LifeSpan BioSciences, Inc. USA) and rabbit
polyclonal anti-COX2 (1:500, sc-514489, Santa
Cruz Biotechnology, Inc. USA). After the sec-
tions were rinsed three times in TBST for 5 min
each time, the sections were incubated with
HRP- and AP-labeled secondary antibodies
(premixed at a 1:1 ratio) for 1 h at room tem-
perature. After the sections were rinsed three
times in TBST for 5 min each time, signal detec-
tion was performed using 3,3-diaminobenzi-
dine (DAB) and the GBI-Long red dye reagent
followed by counterstaining in hematoxylin
according to the instruction manual of the
Polymer Double Staining Detection Kit (Mo/
HRP + Rb/AP, DS-0002, Beijing Zhongshan Jin-
giao Biotechnology Co. LTD., China).

Immune signal evaluation
For each sample, the immunoreactivity levels

of COX2 were estimated under a light micro-
scope by assessing the average signal intensity
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Table 1. Association among COX2 and CD204 expression and clinicopathological factors

o COX2 Expression CD204 Expression
Clinical parameters — - -
Positive Negative /%2 P High Low /%2 P
Age (yrs) 57.08+11.49 56.46+11.37 0.278 0.598 58.17+11.51 55.48+11.23 0.608 0.432
Gender 2.250 0.134 1.570 0.210
Male 88 (67.2%) 74 (76.3%) 76 (67.3%) 86 (74.8%)
Female 43 (32.8%) 23(23.7%) 37 (32.7%) 29 (25.2%)
Location 3.892 0.147 0.192 0.907
Proximal 18 (13.7%) 14 (14.4%) 15 (13.3%) 17 (14.8%)
Middle 78 (59.5%) 46 (47.4%) 61 (54.0%) 63 (54.8%)
Distal 35(26.7%) 37 (38.1%) 37(32.7%) 35 (30.4%)
Size 3.040 0.081 3.453 0.063
>5cm 61 (46.6%) 34 (35.1%) 54 (47.8%) 41 (35.7%)
<5cm 70 (53.4%) 63 (64.9%) 59 (52.2%) 74 (64.3%)
Histology type 5.132 0.162 1.727 0.631
Papillary adenocarcinoma 6 (4.6%) 4 (4.1%) 6 (5.3%) 4 (3.5%)
Tubular adenocarcinoma 89 (67.9%) 60 (61.9%) 77 (68.1%) 72 (62.6%)
Mucinous adenocarcinoma 4 (3.1%) 10 (10.3%) 6 (5.3%) 8 (7.0%)
Signet-ring cell carcinoma 32 (24.4%) 23 (23.7%) 24 (21.2%) 31 (27.0%)
Lauren classification 8.885 0.012 0.867 0.648
Diffuse type 68 (51.9%) 32 (33.0%) 53 (46.9%) 47 (40.9%)
Intestinal type 59 (45.0%) 63 (64.9%) 57 (50.4%) 65 (56.5%)
Mixed type 4 (3.1%) 2 (2.1%) 3(2.7%) 3(2.7%)
Differentiation 3.577 0.167 0.565 0.754
Well 2 (1.5%) 6 (6.2%) 3(2.7%) 5 (4.3%)
Moderately 42 (32.1%) 30 (30.9%) 35(31.0%) 37 (32.2%)
Poorly 87 (66.4%) 61 (62.9%) 75 (66.4%) 73 (63.5%)
Invasion Depth (T Grade) 16.31 0.001 7.875 0.049
T1 52(39.7%) 38(39.2%) 39(34.5%) 51(44.3%)
T2 13 (9.9%) 20 (20.6%) 16 (14.2%) 17 (14.8%)
T3 50 (38.2%) 39 (40.2%) 45 (39.8%) 44 (38.3%)
T4 16 (12.2%) 0 (0.0%) 13 (11.5%) 3(2.6%)
Lymphatic Metastasis (N Grade) 12.83 0.000 8.607 0.003
NO 47 (35.9%) 58 (59.8%) 41 (36.3%) 64 (55.7%)
N1 84 (64.1%) 39 (40.2%) 72 (63.7%) 51 (44.3%)
Distant Metastasis (M Grade) 20.78 0.000 9.194 0.002
MO 103 (78.6%) 96 (99.0%) 91 (80.5%) 108 (93.9%)
M1 28 (21.4%) 1 (1.0%) 22 (19.5%) 7 (6.1%)
TNM Stages 28.61 0.000 13.90 0.003
| 41 (31.3%) 45 (46.4%) 33(29.2%) 53 (46.1%)
Il 4 (3.1%) 12 (12.4%) 6 (5.3%) 10 (8.7%)
11l 58 (44.3%) 39 (40.2%) 52 (46.0%) 45 (39.1%)
\% 28 (21.4%) 1 (1.0%) 22 (19.5%) 7 (6.1%)
Lymphatic invasion 5.115 0.024 5.064 0.024
Yes 67 (51.1%) 35 (36.1%) 59 (52.2%) 43 (37.4%)
No 64 (48.9%) 62 (63.9%) 54 (47.8%) 72 (62.6%)
Vascular invasion 3.909 0.048 4.476 0.034
No 61 (46.6%) 58 (59.8%) 51 (45.1%) 68 (59.1%)
Yes 70 (53.4%) 39 (40.2%) 62 (54.9%) 47 (40.9%)
CD204 Expression 38.21 0.000
High 88 (67.2%) 25 (25.8%)
Low 43 (32.8%) 72 (74.2%)

All cases were classified according to the World Health Organization’s (2010) pathological classification of gastric cancer. Invasion Depth (T
Grade) grade T1 includes T1a and T1b, and T4 includes T4a and T4b. Lymphatic Metastasis (N Grade) grade N3 includes N3a and N3b. TNM
grade | includes la and Ib, TNM grade Il includes lla and llb, and TNM grade Il includes llla, lllb and lllc.
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(on a scale of 0-3). The proportion of cells that
indicated positive staining (0, <5%; 1, 5-25%; 2,
26-50%; 3, 51-75%; and 4, 76-100%) was inde-
pendently estimated by two pathologists in the
absence of clinical information, as described in
previous studies [15, 16]. The intensity and per-
centage scores were subsequently multiplied
to obtain a composite score; a score of O to 3
was defined as negative, while a score of 4 to
12 was defined as positive.

CD204 is known to be a specific marker for
M2-type macrophages. The number of CD204+
macrophages was initially determined using
low-power magnification (100x). Then, the
CD204+ macrophage count was estimated by
assessing 5 high-power (400x) fields (HPFs),
which were representative intratumor areas,
per sample (where the staining was the stron-
gest). Only CD204+ cells that displayed macro-
phage morphology were counted. The average
counts were recorded as M2 macrophage
counts for each patient. Finally, we used the
macrophage counts to divide the patients into
two subgroups (high CD204+ and low CD204+
subgroups). These analyses were performed by
two independent pathologists who were blind-
ed to the IHC evaluations.

Induction and validation of M2 macrophages

In this study, we used the human monocytic cell
line THP-1 as a macrophage induction model;
the details of THP-1 cell maintenance and PMA
induction were reported in our previous study
[13]. THP-1 cells were treated with 320 nM of
PMA for 24 h to induce the cells to acquire an
adherent macrophage-like phenotype after
which they were washed three times with PBS
to remove the PMA. After washing, the cells
were treated for 72 h with 30 ng/ml IL-13 and 2
UM rosiglitazone to obtain an M2 phenotype.
After inducing an M2 phenotype, macrophages
and THP-1 cells were collected for downstream
experiments, such as coculture with GC cells,
Transwell experiments, and M2 phenotype
marker validation.

For M2 phenotype marker validation, we used
SYBR® Green-based real-time PCR assays with
the following primers: CD206-Fwd: 5-CCATG-
GACAATGCGCGAGCG-3’, CD206-Rev: 5-CACC-
TGTGGCCCAAGACACGT-3’, CD204-Fwd: 5-AGA-
CGTTGGGGAGATGAGGA-3’, CD204-Rev: 5-CTT-
CAGGAGTTGAGCTGCCA-3', GAPDH-Fwd: 5-TT-
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GCAACCGGGAAGGAAATG-3’, and GAPDH-Rev:
5-TGGAATTTGCCATGGGTGGA-3'. Briefly, the to-
tal RNA that was isolated from cells was rever-
se transcribed to cDNA using a PrimeScript™
RT Master Mix (Perfect Real Time) Kit (RRO36A,
Takara, Japan) according to the manufacturer’s
instructions. Real-time PCR was performed
using a SYBR Green master mix kit, and the
PCR parameters were as follows: 95°C for 4
min, followed by 40 cycles of 95°C for 10 s,
60°C for 30 s and 72°C for 30 s. After PCR,
melting curve analysis was performed. The rel-
ative expression levels were compared with the
expression level of glyceraldehyde phosphate
dehydrogenase (GAPDH) and were calculated
using the 225t method.

To test the M2 macrophage cytokine secretion
profile, the cytokines TNF-a (DTAOOD, R&D
Systems, Inc., USA) and TGF-B (DB100B, R&D
Systems, Inc., USA) were measured in the cell
supernatant after THP-1 induction by ELISA
according to the manufacturers’ instructions.

COX2 siRNA transfection and Celecoxib treat-
ment

GC cells were transfected with 10 nM small
interfering RNA (siRNA) that specifically targets
COX2 (COX2 siRNA, sc-29279, Santa Cruz Bio-
technology) or nontargeting control siRNA (sc-
37007, Santa Cruz Biotechnology) according to
the manufacturer’s instructions.

Celecoxib is a COX2 inhibitor that potently
inhibits COX2 enzymatic activity and reduces
the level of inflammatory prostaglandins. GC
cells were treated with 10 uM Celecoxib for 24
h to block COX2 expression and enzymatic
activity before coculture with the M2 macro-
phages or Transwell experiments.

Coculture experiments

One million GC cells (alone, individually treated
with COX2 siRNA or pretreated with Celecoxib)
were seeded into the upper insert of a six-well
Transwell plate (0.4 um pore size, 3412; Mi-
llipore, Billerica, MA, USA), and two million M2
macrophages were seeded into the bottom
chamber; the coculture was performed for 72
h. After coculture, the cells on the upper insert
were harvested for WB, RT-PCR, and migration
and invasion experiments.
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Table 2. Association between CD204+ cell number and clinico-

pathological factors

Clinical parameters CD}_?S;:MC:;LTZS;%V ;/\)/(;3; P
Gender 2.229 0.027
Male 37.58+18.10
Female 43.57+19.19
Location 0.006 0.994
Proximal 38.99+20.09
Middle 39.33+18.54
Distal 39.42+18.22
Size 2.235 0.026
>5cm 42.54+19.32
<5cm 37.00+17.75
Histology type 0.475 0.700
Papillary adenocarcinoma 40.80+19.14
Tubular adenocarcinoma 40.20+19.16
Mucinous adenocarcinoma 35.78+21.42
Signet-ring cell carcinoma 37.51+16.25
Lauren classification 1.581 0.208
Diffuse type 41.76+19.60
Intestinal type 37.32+17.54
Mixed type 38.88+19.84
Differentiation 1.021 0.362
Well 32.3317.86
Moderately 37.88+17.96
Poorly 40.38+19.22
Invasion Depth (T Grade) 7.786 0.000
T1 36.43+14.20
T2 36.03+17.84
T3 39.88+20.59
T4 59.11+19.20
Lymphatic Metastasis (N Grade) 3.013 0.003
NO 35.47+14.62
N1 42.59+20.89
Distant Metastasis (M Grade) 4945 0.000
MO 37.10+17.37
M1 54.49+19.81
TNM Stages 8.790 0.000
I 35.22+14.08
Il 36.61+18.38
I 38.84+19.69
v 54.49+19.80
Lymphatic invasion 2.004 0.047
Yes 42.11+21.14
No 37.04+15.94
Vascular invasion 1.892 0.060
No 37.07+15.54
Yes 41.76+21.22
6044

Western blot

Briefly, the protein samples
were subjected to SDS-PAGE
and transferred to polyvinyli-
dene difluoride (PVDF) mem-
branes. Then, the membranes
were blocked with 5% nonfat
dry milk in PBS/0.05% Tween
20 and probed with anti-COX2
(1:2000, sc-514489, Santa
Cruz Biotechnology, Inc., USA)
and anti-GAPDH (1:1000, sc-
47724, Santa Cruz Biotech-
nology, Inc., USA) antibodies.
After incubation with the corre-
sponding HRP-labeled second-
ary antibodies (1:5000), the
blots were developed with
enhanced chemiluminescence
(ECL) reagent and exposed
in a Bio-Rad ChemiDoc™ MP
System.

Cell migration and invasion
assays

For the migration assay, briefly,
1x10° GC cells (alone, individu-
ally treated with COX2 siRNA, or
pretreated with Celecoxib) were
added to the upper chamber
of a Boyden chamber (3422;
Millipore, Billerica, MA, USA),
while M2 macrophages were
added to the lower chamber.
In invasion assays, 2x10° GC
cells (alone, individually treated
with COX2 siRNA, or pretreated
with 10 uyM Celecoxib) were
plated in the top chamber con-
taining a membrane precoated
with Matrigel (ECM554; Milli-
pore, Billerica, MA, USA), and
M2 macrophages were added
to the lower chamber. After 24
h or 48 h of incubation, the
cells remaining on the top lay-
ers of the inserts were removed
by a cotton swab, while cells on
the lower surface of the mem-
brane were stained with H&E
and counted in three HPFs
under an inverted microscope
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COX2 Expression
Positive 46.95+17.77
Negative 28.99+14.18

8.483 0.000

significantly higher expression
of COX2 (P<0.05, Table 1). No
other variables, such as age,

All cases were classified according to the World Health Organization’s (2010)
pathological classification of gastric cancer. Invasion Depth (T Grade) grade T1
includes Tla and T1b, and T4 includes T4a and T4b. Lymphatic Metastasis (N
Grade) grade N3 includes N3a and N3b. TNM grade | includes la and b, TNM

sex, tumor diameter, and de-
gree of differentiation, were
correlated with COX2 expres-
sion (P>0.05, Table 1).

grade Il includes lla and llb, and TNM grade lll includes llla, llib and lllc.

(Nikon, Japan). Data are represented as the
average of three counts * SE.

Statistical analysis

All statistical analyses were performed using
SPSS 13.0 or PRISM statistical software. The
CD204+ cell counts, cell migration, cell inva-
sion, WB and PCR analysis data were expressed
as the mean + SE. Statistical differences be-
tween the number of CD204+ cells were deter-
mined by 2-tailed paired Student’s t-test, inde-
pendent sample t-test or one-way ANOVA. The
relationship between COX2 and CD204 expres-
sion and clinicopathological characteristics
was tested using the chi-square test. Survival
curves were plotted using the Kaplan-Meier
method and were compared by log-rank test.
The significance of various survival-related vari-
ables was assessed by a Cox regression model
in a multivariate analysis. A P value less than
0.05 (P<0.05) was considered statistically
significant.

Results

Correlation between COX2 and CD204 expres-
sion and clinical variables

Based on the COX2 immunoreactivity scores,
131 (57.46%) of 228 GCs were considered
COX2+. The COX2+ rate in patients with lymph
node metastasis (68.29% or 84/123) was
greater than that in patients without lymph
node metastasis (44.76% or 47/105; P<0.001).
The rate of COX2 positivity in patients with dis-
tant metastasis (96.55% or 28/29) was also
greater than that in patients without distant
metastasis (51.76% or 103/199; P<0.001). For
GC patients with stages Ill and IV disease,
68.25% (86/126) expressed intermediate to
high levels of COX2, whereas significantly fewer
GC patients with stages | and |l disease ex-
pressed COX2 (44.12% or 45/102; P<0.001).
Patients with vascular invasion, high infiltrating
depth (T grade) and lymphatic invasion had a
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In this cohort of patients (n=

228), the number of CD204+
macrophage intratumor hotspot fields ranged
from O to 89 per HPF, and the mean number
was 39.30+18.58. The median number of
CD204+ macrophages was 36.1 per HPF. The
number of CD204+ macrophages in stage IV
patients was 54.49+19.8, which was much
higher than the values seen in patients with
stage Il (38.84+19.69), stage Il (36.61+18.37)
and stage | (35.22+14.08, P<0.05) disease, no
significant difference was observed among pa-
tients with stage lll, Il and | disease (P>0.05).
Other clinical variables, such as T grade, lym-
phatic metastasis (N grade), lymphatic inva-
sion, Lauren classification, and TNM grade,
were also included in the analysis of macro-
phage numbers between each group (Table 2).

A higher number of TAMs was correlated with
increased COX2 expression in GC tissue and
poor prognosis

The IHC double staining results revealed con-
spicuous TAM (CD204+ cells) aggregations
close to COX2-positive tumor nests (Figure
1A). The number of CD204+ macrophages in
COX2+ patients was significantly higher than
in COX2-negative patients (46.95+17.77 vs
28.99+14.18, P<0.001, Table 2).

In addition, the association between COX2 and
CD204 expression level and the prognosis of
GC was analyzed. In the present cohort of pa-
tients (n=228), the overall survival time was
46.68+1.04 months, and the 5-year survival
time of COX2-positive patients was significantly
shorter than that of COX2-negative patients
(41.2141.38 months vs 54.19+1.22 months,
P<0.01). The 5-year survival rate of COX2-po-
sitive patients (31.4%) was significantly lower
than that of COX2-negative patients (78.4%,
P<0.05, Figure 1B). Patients with high CD204+
macrophage tumor infiltration had a poor prog-
nosis (Figure 1B). The 5-year survival time of
high CD204+ patients was 44.10+1.53 mon-
ths, which was significantly shorter than that
of low CD204+ patients (49.21+1.35 months,
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Figure 1. COX2 and CD204 double stain (TAM infiltration) and the Kaplan-Meier survival curves of GC patients. A. Representative images of COX2 and CD204
double-positive, single COX2-positive, single CD204-positive and double-negative GC samples. High numbers of TAMs were located near COX2-expressing GC cell

nests. Original magnification, x100 and x200. B. Kaplan-Meier survival curves of COX2 and CD204 expression in GC. The cumulative 5-year survival rate is shown.
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Table 3. Multivariate analysis as determined by Cox regression analysis in 228 GC patients

95.0% ClI for Exp (B)

Clinicopathological Parameters B SE Wald PValue  Exp (B)

Lower Upper
Lauren classification 0.743 0.235 9.959 0.002 2.102 1.325 3.336
Invasive depth (T grade) 0.591 0.204 8.439 0.004 1.806 1.212 2.691
COX2 expression 2.569 0.770 11.124 0.001 13.054 2.885 59.081
CD204 expression 1.083 0.530 4.175 0.041 2.952 1.045 8.340

P<0.01). The 5-year survival rate of high
CD204+ patients was 42.4%, which was sig-
nificantly lower than that of low CD204+ pa-
tients (59.6%, P<0.05, Figure 1B). In addition,
Spearman’s g-test showed a positive correla-
tion between the levels of COX2 and CD204
(R=0.409, P<0.01). Kaplan-Meier analysis also
indicated significantly worse survival in pa-
tients with both COX2 positivity and high
CD204+ cell infiltration. Patients with both
strong cytoplasmic COX2 intensity in cancer
cells and high CD204+ cell infiltration in GC
tumor nests exhibited the shortest mean sur-
vival time (40.25+1.70 months) compared with
patients with single COX2-positive (43.23+
2.23 month), single CD204-positive (52.77+
1.53 months) or double-negative stained sa-
mples (58.58+1.38 months, P<0.05; Figure
1B). A Cox multivariate analysis indicated that
Lauren classification, invasive depth (T grade),
and COX2 and CD204 expression were inde-
pendent prognostic factors in this GC cohort
(Table 3).

M2 macrophages induced COX2 expression in
GC cells

THP-1 cells are widely used as models for
macrophage differentiation. When treated with
PMA for 24 h, THP-1 cells quickly ceased to pro-
liferate, at which point they attached and dif-
ferentiated into macrophages (Figure 2A). The
macrophages could change their functional
profiles (from M1 to M2 or from M2 to M1)
repeatedly, which depended on the cytokines
(Thl or Th2) to which they were exposed.
CD204 and CD206 are already regarded as
specific markers of M2 macrophages. In our
recent study, we found that exposure of PMA-
treated THP-1 macrophages to IL-13 and rosig-
litazone led to a significant induction in CD204
and CD206 mRNA expression, and an M2-po-
larized THP-1 macrophage cytokine secretion
profile (low TNF-a and high TGF-B) was seen in
THP-1 macrophages. Considering these cyto-
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kine profiles and surface markers, we success-
fully generated an M2 response in THP-1 mac-
rophages (Figure 2B).

We then cocultured PMA-treated and M2-po-
larized THP-1 macrophages with GC cells in a
noncontact system. After coculture with M2-
polarized macrophages, the COX2 expression
level was significantly increased at both the
protein and mRNA levels in GC cells (Figure 3A
and 3B).

M2-polarized THP-1 macrophages induced
COX2-dependent migration and invasiveness
of GC cells

For invasion and migration assays, GC cells (in
24-well plates) were seeded into Transwell
chambers (24 wells; 8 um pore size) with or
without Matrigel. After 24 or 48 h, GC cells
were fixed, stained with hematoxylin, and co-
unted to determine the number of invading
cells. GC cells that were cocultured with PMA-
treated M2-polarized THP-1 macrophages sh-
owed an increased number of invading cells in
both the invasion and migration assays (both
P<0.05; Figure 4). However, when GC cells were
transiently transfected with COX2 siRNA or pre-
treated with Celecoxib (10 uM) for 24 h before
they were cocultured with macrophages, these
changes were abrogated (all P<0.05; Figure 4).
These results suggest that M2 macrophages
induce COX2-dependent invasion and migra-
tion in human GC cells.

M2-polarized THP-1 macrophages promoted
the migration and invasiveness of GC cells in a
COX2/MMP9-dependent manner

Degradation of the extracellular matrix by ma-
trix metalloproteinases (MMPs) is important in
cancer invasion, and the same phenomenon
exists in GC [17-19]. MMP9 is an important
member of the MMP family and is considered
a downstream molecule of the COX2 pathway,
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Figure 3. M2-polarized macrophages induced COX2 expression and COX2-
dependent MMP9 expression in GC cells. A. After pretreatment with or with-
out COX2 siRNA or Celecoxib, GC cells were cocultured with THP-1 macro-
phages and M2-polarized THP-1 macrophages. Real-time quantitative PCR
revealed that COX2 mRNA was significantly upregulated in GC cells and that
this result could be abrogated by pretreatment with COX2 siRNA or Cele-
coxib. Both P<0.05. *, Coculture with M2-polarized THP-1 macrophages vs
coculture with THP-1 cells; #, GC cells pretreated with COX2 siRNA then co-
cultured with M2-polarized macrophages vs GC cells pretreated with COX2
NTC siRNA then cocultured with M2-polarized macrophages; &, GC cells pre-
treated with a COX2 inhibitor (Celecoxib) then cocultured with M2-polarized
macrophages vs GC cells cocultured with M2-polarized macrophages. B.
Western blot results of COX2 and MMP9 expression changes in GC cells
after coculture with THP-1 or M2-polarized macrophages.

which promotes cancer progression [20]. In our
previous study [14], we reported that after
coculture with M2-polarized THP-1 macroph-
ages, the expression of MMP9 in GC cells was
significantly upregulated and that the number
of invading cells was also significantly increased
in the migration and invasion Transwell assays
(data presented in our previous study) [14].
However, when MMP9 activity was blocked by
specific inhibitors, the number of invading cells
induced by M2-polarized THP-1 macrophages
was obviously decreased (data presented in
our previous study) [14]. In addition to the re-
sults of our previous study, here, we found that

6049

blocking COX2 expression in
GC cells before coculture with
M2-polarized THP-1 cells ne-
gated the promoting effect of
MMP9 expression (Figure 3B).
Taken together, these two stu-
dies suggest that M2-polariz-
ed macrophages might induce
COX2-MMP9 axis expression
in GC cells and subsequently
promote the invasiveness of
GC cells.

Discussion

Macrophages are the key cells
involved in chronic inflam-
mation, and they can be phe-
notypically polarized by the
microenvironment to partici-
pate in specific functional pro-
grams [7]. In the tumor micro-
environment, these macroph-
ages are defined as TAMs,
which exhibit M2 characteris-
tics and promote angiogenic
activity, tumor growth and
metastasis [7, 12, 21]. TAMs
demonstrate several protu-
mor functions, including se-
cretion of growth factors and
matrix proteases, promotion
of angiogenesis and suppres-
sion of adaptive immunity [22,
23]. It has been reported that
TAM infiltration into tumor tis-
sue correlates significantly
with tumor vascularity in gas-
tric cancers [24]. Ishigami et
al. [25] reported a direct as-

sociation between the degree of TAM infiltra-
tion and the depth of tumor invasion, lymph
node status and clinical stage in GC, but the
potential mechanism of these correlations is
still not clear. Thus, understanding the underly-
ing mechanism of crosstalk between TAMs and
cancer cells has become a hot topic in cancer
research. Our current IHC results indicate that
high CD204+ (M2 characteristic) macrophage
infiltration in GC tumor tissue is associated with
aggressive stage and poor prognosis. At the
same time, coculture with M2-polarized THP-1
macrophages (CD204+) could promote the in-
vasive ability of GC cells in vitro. These data
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suggest that M2 macrophages play a promot-
ing role in the progression of gastric cancer.
However, the underlying mechanism remains
unclear.

Many studies have demonstrated that COX2 is
one of the enzymes involved in cancer inflam-
mation and that it catalyzes the conversion of
arachidonic acid to prostaglandins, including
prostaglandin E2 (PGE2), which in turn can
enhance the metastatic phenotype of tumors
[26]. The overexpression of COX2 in solid malig-
nancies, including colon [27], prostate [28],
breast [29], pancreas [30], non-small-cell lung
[31], and bladder [32] cancers, has been
reported to be significantly related to tumor
invasion and metastasis and patient survival.
Numerous studies have indicated that COX2
expression may contribute to an increase in
cyclooxygenase activity and the synthesis of
proteinoids, which have been associated with
carcinogenesis and colon tumor progression
[33]. Overexpression of COX2 protein was sh-
own to be significantly associated with lymph
node metastasis and depth of invasion and
was reported to be an important prognostic
parameter in gastric cancer [34]. However, the
relationship between COX2 and TAMs has not
yet been reported in GC. Based on the double
staining IHC assay, we found that CD204+ mac-
rophages aggregated near COX2-expressing
cancer nests in human GC and that high M2-
macrophage (CD204+) infiltration was positi-
vely associated with high COX2 expression in
GC nests. Both COX2 expression and high
CD204+ macrophage infiltration are correlated
with the depth of invasion in human GC, and
similar spatial adjacencies have been reported
in prostate cancer and hepatocellular carcino-
ma [35, 36]. In addition, we also found that
patients with both high CD204+ macrophage
infiltration and high COX2 expression in tumors
had the poorest prognosis compared with
patients with single-positive or double-negative
tumors. Moreover, a Cox multivariate analysis
indicated that COX2 and CD204 expression lev-
els were independent prognostic factors in this
GC cohort. Thus, we hypothesize that CD204+
TAMs (M2-polarized) might activate COX2 in GC
cells and subsequently increase their invasive
ability. To verify this hypothesis, we used human
THP-1 cells as a model to generate an in vitro
M2-polarized macrophage model and then indi-
rectly cocultured these macrophages with GC
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cells in a Transwell system. As expected, M2-
polarized macrophages increased GC cell in-
vasion and induced COX2 expression. Furth-
ermore, this promoting effect could be abro-
gated by blocking COX2 expression through
pretreatment of GC cells with COX2 siRNA or
Celecoxib. Controlled remodeling of the ext-
racellular matrix (ECM) is essential for the gr-
owth, invasion, and metastasis of malignant
tumors. Matrix metalloproteinases (MMPs) are
a family of secreted, zinc-dependent endopep-
tidases collectively capable of degrading ECM
components, and a considerable amount of evi-
dence has shown that they play an important
role in different steps of malignant tumor
growth [37, 38]. MMP9, an important gelatin-
ase in the MMP family, is thought to contribute
to the pathogenesis and progression of many
cancer types. MMP9 has also been reported as
one of the downstream target molecules of the
COX2 gene, and our previous study also verified
that after coculture with M2-macrophages, the
expression of MMP9 was increased; we also
showed that blocking MMP9 expression de-
creased the invasion-promoting effect of M2
macrophages [14]. This implies that M2 macro-
phages can induce gelatinase activity in GC
cells. Based on our previous study, here, we fur-
ther discovered that pre-inhibition of COX2
expression in GC cells could block the promot-
ing effect of macrophages on MMP9 expres-
sion. Taken together, these findings suggest
that GC cells are responsible for the increased
invasiveness induced by macrophages in a
COX2/MMP9-dependent manner.

Conclusion

In summary, we found that TAMs increased the
invasiveness of human GC. M2-polarized mac-
rophages could induce GC cells to release
MMP9 to support tumor cell invasion in a COX2-
dependent manner. The targeting of TAMs as a
therapeutic approach has been investigated
and discussed as a new strategy for cancer
therapy [39-41]. Targeting TAMs or polarizing
TAMs by immune modulation may soon be a
nonsurgical method used to treat human GC.
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