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Abstract: Chemokine receptor CXCR3 has been proved to play an important role in tumorigenesis and tumor pro-
gression in many malignancies, but its precise efficacy on gastric cancer (GC) has not been evaluated yet. The pres-
ent study was aimed to explore the correlation of chemokine receptor CXCR3 with tumor-infiltrating lymphocytes
(TILs) and prognosis in advanced gastric cancer (GC). Expression of CXCR3 and CD4+, CD8+ TILs was conducted in
192 advanced GC specimens and 48 corresponding paracancerous tissues by immunohistochemical (IHC) analy-
sis. CXCR3 expression in GC tissues was significantly higher than that in paracancerous tissues (P<0.001) and
CD8+, CD4+ TiLs infiltration increased with high CXCR3 expression (P=0.032 and P<0.001, respectively). Our study
showed significantly lower CXCR3 expression in patients with greater tumor invasion depth and lymph node me-
tastasis compared with patients with lesser tumor invasion depth and without lymph node metastasis (P=0.002
and P=0.001, respectively). Univariate analysis indicated that patients with high CXCR3 expression and high CD8+
TILs infiltration had longer overall survival (0OS) (log-rank test, P<0.001 and P=0.002, respectively). Univariate and
multivariate analyses indicated that CXCR3 expression was an independent prognostic factor for OS (P=0.002).
The present study suggested that CXCR3 expression was upregulated in advanced GC and was associated with
increased CD4+, CD8+ TlLs infiltration and improved OS. Therefore, CXCR3 overexpression is implicated as a favor-
able prognostic biomarker in human advanced GC.
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Introduction

Although the incidence of gastric cancer (GC)
has been declining for decades, it is still the
fourth most common malignancy in the world
and is currently the second leading cause of
cancer deaths worldwide [1]. Most patients
who diagnosed with GC were at their advanced
stage, with local extension or lymph node
metastasis, and the 5-year survival rate for
this malignancy is below 25% [2, 3]. While
for those who diagnosed with early GC, the
5-year survival rates exceeds 90% with cura-
tive resection. Thus, the identification of prog-
nostic markers and new therapeutic targets for
advanced GC is urgently required.

Recently, an increasing number of studies have
been focused on the role of chemokines and

chemokine receptors in tumorigenesis and
tumor progression. It has become clear that
chemokines play a role in mediating the regula-
tion of tumor growth, invasion and metastasis
[4].

Currently four major subgroups have been iden-
tified within the chemokine family (CXC, CC,
CX3C and C), defined according to the position-
ing of the conserved cysteines in the amino-
terminal region of these small, inducible pro-
teins. The CXC chemokine family is further sub-
divided into ELR+ and ELR- chemokines, based
on the presence or absence of the tripeptide
glutamic acid-leucine-arginine (the ‘ELR’ motif)
preceding the CXC domain. The ELR+ CXC che-
mokines, such as interleukin-8 (IL-8/CXCLS8)
enhance tumor growth by inducing chemoat-
traction of neutrophilic granulocytes. In con-


http://www.ijcep.com

CXCR3 and prognosis in advanced gastric cancer

trast, ELR- CXC chemokines, such as CXCL9/
CXCL10/CXCL11 (MIG/IP-10/1-TAC), which bind
to CXCR3, attract anti-tumoural lymphocytes
[5-7].

However, less is known about the precise role
of CXC chemokine receptor 3 (CXCR3) in can-
cer. Research has shown that high CXCR3
expression in human melanoma [8], colorectal
[9], and breast [10] carcinoma facilitates tum-
or metastasis to lymph nodes and leads to
a poor prognosis, while other studies have
indicated that high CXCR3 expression in clear
cell renal carcinoma [11], prostate cancer [12],
and chronic lymphocytic leukemia [13] is asso-
ciated with a favorable prognosis. However,
the correlation between CXCR3 expression and
prognosis in GC patients has not yet been
reported.

It has been reported that CXC chemokine
ligands such as CXCL9, CXCL10 and CXCL11
attract anti-tumor T lymphocytes, therefore
mediating tumor progression through binding
to CXCR3 [14]. Increased expression of CXCR3
ligands in gastric adenocarcinoma results in
chemoattraction and activation of cytotoxic T
lymphocytes (CTLs) favoring tumor regression
[15]. However, little is known about the correla-
tion between CXCR3 expression and tumor-
infiltrating lymphocytes (TILs) in GC patients
and whether CXCR3 can be used as an inde-
pendent molecular marker for predicting the
prognosis of advanced GC patients.

In the present study, the correlations of CXCR3
protein expression with CD4+, CD8+ TILs infil-
tration, clinicopathologic features and overall
survival (0OS) of GC patients were evaluated. We
further explored the potential of CXCR3 overex-
pression as an independent prognostic factor
and a potential therapeutic target in advanced
GC patients.

Materials and methods
Patients

192 patients with advanced GC who received
surgical resection between 2008 and 2013 in
Zhongnan Hospital of Wuhan University, China,
were retrospectively evaluated. The diagnosis
of advanced GC was confirmed in all patients
by gastroscopic examination. None of these
patients had received preoperative chemother-
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apy. 48 relevant adjacent (=5 c¢cm) non-cancer-
ous tissues were obtained. The type of tumor
was identified histologically as intestinal or dif-
fuse according to Lauren’s classification [16]
and TNM staging of GC was performed accord-
ing to American Joint Committee on Cancer
[47]. The study was approved by the scientific
research ethics committee of Zhongnan Hos-
pital of Wuhan University. Written informed
consent for the tissues use for ex vivo experi-
mentation was obtained from all patients prior
to surgery. Follow-up duration (months) was
defined as the time of diagnosis until the final
visit of GC. The OS was defined as the time from
the diagnosis of GC until the patient’s death or
the final visit.

Immunohistochemical staining

A conventional S-P immunohistochemical (IHC)
staining protocol was used in this study. Briefly,
paraffin-embedded tumor tissue blocks were
cut into 4 um thick sections, then dried, depar-
affinised, and dehydrated in a graded series of
ethanol. Tissue sections were treated with 1%
hydrogen peroxide to block endogenous tissue
peroxidase activity for 10 min, followed by
treatment with bovine serum for 30 min to
reduce nonspecific binding. Antigen retrieval
was then accomplished by using citrate buffer
(pH 6.0) as follows: high heat microwave pro-
cessing for 5 min followed by low heat micro-
wave processing for 20 min. All the slides were
incubated with primary rabbit anti-human
CXCR3 polyclonal antibody (BAO759, 1:200
dilution; Wuhan Boster Biological Technology,
Ltd., Wuhan, China), rabbit anti-human CD8
monoclonal antibody (1:50 dilution, SP16,
Zhongshan Golden Bridge Biotechnology, Bei-
jing, China) and mouse anti-human CD4 mono-
clonal antibody (1:50 dilution, UMAB64, Zhong-
shan Golden Bridge Biotechnology, Beijing,
China) for one hour at 37°C or overnight at
4°C, followed by a 30-min incubation in Ultra-
Sensitive S-P Kit (Maixin-Bio, Fuzhou, China).
All slides were rinsed with phosphate-buffered
saline before color development using 3, 3-
diaminobenzidine substrate kit, and then coun-
terstained with haematoxylin.

Slides were read by two senior pathologists
who were blinded to the clinicopathologic data.
Cytoplasmic staining with CXCR3 antibody in
tumor cells and membranous or cytoplasmic
staining with CD8 or CD4 antibodies in TILs was
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Figure 1. Imumunohistochemical staining of CXCR3 in advanced gastric cancer (GC) lesions. The staining of CXCR3
protein was mainly located in the cytoplasm of GC tumor cells (x200): A. Negative staining (0); B. Weak staining
(1+); C. Moderate staining (2+); D. Strong staining (3+).

defined as positive. IHC staining of CXCR3, CD8
and CD4 proteins was assessed in terms of
staining intensity and percentage of posi-
tive cells as follows: O (negative, <5% of cells
staining positive), 1+ (weak staining, 6-25% of
cells staining positive), 2+ (moderate stain-
ing, 26-50% of cells staining positive), and 3+
(strong staining, >50% of cells staining posi-
tive). The final score for each slide was repre-
sented by the average of three representative
high-power fields (HPF, x400). Scores <1+ was
defined as low expression and scores >2+ were
defined as high expression.

Statistical analysis

Statistical analysis was performed using SPSS
software (Version 17.0). The differences of
CXCR3 expression in gastric cancerous tissues
and paracancerous tissues were analyzed by
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Wilcoxon signed-rank tests. The correlation
between CXCR3 expression and CD4+, CD8+
TILs infiltration, as well as clinicopathologic
parameters were analyzed using chi-square
and Mann-Whitney U tests. OS were analyzed
using Kaplan-Meier method by the log-rank
test. The Cox proportional hazards regres-
sion model was used to identify the prognostic
factors that influenced OS. All two-sided P-
values <0.05 were considered to be statistical-
ly significant.

Results

CXCR3 expression and CD4+, CD8+ TILs in GC
tissues and paracancerous tissues

IHC analysis of 192 cases of GC tissue and 48

corresponding paracancerous tissue samples
was performed. As shown in Figure 1, positive
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Table 1. CXCR3 expression in gastric cancer and paracancerous tissues

CXCR3 expression

P-value
0 1+ 2+ 3+
Gastric cancerous tissue (n = 192) 36 (18.75%) 44 (22.92%) 60 (31.25%) 52 (27.08%) 0.000
Paracancerous tissue (n = 48) 26 (54.17%) 15 (31.25%) 5 (10.41%) 2 (4.17%) '
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Figure 2. Immunohistochemical staining for CXCR3, CD4, and CD8 in gastric cancer lesions(x100): High CXCR3 pro-
tein expression (A) with Greater CD4 (C) and CD8 (E) TIL infiltration; Low CXCR3 protein expression (B) with Lesser
CD4 (D) and CDS8 (F) TIL infiltration.

Table 2. CXCR3 expression and CD4+ and in advanced GC tissues (Figure 2). According
CD8+ TILs in paracancerous tissues to the IHC analysis, high-CXCR3 expressing
High-CXCR3  Low-CXCR3 GC tissues were associated with greater infil-
expression expression  P-value tration by CD4+ and CD8+ TILs compared with
(n=7) n=41) that associated with low-CXCR3 expressing GC

CD8TIL tissues.

High 1(5.88%) 16 (94.12%) 0.211

Low 6(19.35%) 25 (80.65%) Correlations of CXCR3 expression, infiltration

by CD4+, CD8+ TILs and clinicopathologic fea-

CD4 TIL . . .
_ tures in GC tissues and paracancerous tissues
High 0(0.00%) 10 (100.00%) 0.146
Low 7(18.42%) 31 (81.58%) According to the CXCR3 immunoreactivity of GC

tissues, 112 (58.3%) were classified as high-
staining of the CXCR3 protein was mainly locat- CXCR3 expressflon an.d 80 (41.7%) as low-
ed in the cytoplasm of tumor cells in advanced CXCR3 expression, while among the paracan-

GC tissues. The results of IHC staining of cerous tissues, 7 (14.58%) were classified as
CXCR3, CD8 and CD4 proteins in GC tissues high-CXCR3 expression and 41 (85.42%) as
were shown in Table 1. CXCR3 expression in GC low-CXCR3 expression.

tissues was significantly higher than that in

paracancerous tissues (P<0.001). The correlation between CXCR3 expression and

CD4+, CD8+ TILs in paracancerous tissues is
CD4 and CDS8 protein expression was located shown in Table 2. There was no significant dif-
mainly in the membrane and cytoplasm of TIL ference between CXCR3 expression and infiltra-
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Table 3. CXCR3 expression, clinicopathologic param-

eters and infiltration by CD4+ and CD8+ TILs

Association between OS and CXCR3 ex-
pression, infiltration by CD8+ TILs and

High-CXCR3  Low-CXCR3

other parameters

The median survival time of the patients

expression  expression value
(n=112) (n=80)
CD8 TILs
High 88 (84.62%) 16 (15.38%) 0.000
Low 24 (27.27%) 64 (72.73%)
CD4 TILs
High 61 (66.30%) 31(33.70%) 0.032
Low 51 (51.00%) 49 (49.00%)
Sex
Male 76 (55.07%) 62 (44.93%) 0.143
Female 36 (66.67%) 18 (33.33%)
Age
<55 62 (64.58%) 34 (35.42%) 0.079
>55 50 (52.08%) 46 (47.92%)
Lauren’s classification
Intestinal 48 (60.00%) 32 (40.00%) 0.692
Diffuse 64 (57.14%) 48 (42.86%)
Invasion depth
T2 46 (74.19%) 16 (25.81%) 0.002
T3/T4 66 (50.77%) 64 (49.23%)
TNM stage
1+l 32 (66.67%) 16 (33.33%) 0.177
H=+Iv 80 (55.56%) 64 (44.44%)
Lymph node metastasis
No 48 (75.00%) 16 (25.00%) 0.001
Yes 64 (50.00%) 64 (50.00%)

was 19.5 months (range: 1-54 months).
The Kaplan-Meier and Cox proportional
hazards regression methods were used to
evaluate the association of CXCR3 expres-
sion with the prognosis of advanced GC
patients. Kaplan-Meier analysis showed
that patients with high CXCR expression
and more CD8+ TILs infiltration had a lon-
ger OS (Figure 3A) than patients with low
CXCR3 expression and less CD8+ TILs infil-
tration (Figure 3B) (log-rank test, P<0.001
and P=0.002, respectively) (Table 4).
Patients aged over 55 had shorter OS (log-
rank test, P=0.026). There were no signifi-
cant differences between patient OS and
CD4+ TILs infiltration (log-rank test,
P=0.422), Lauren’s classification (log-rank
test, P=0.951) invasion depth (log-rank
test, P=0.064) and TNM stage (log-rank
test, P=0.234).

The factors found to have an effect on OS
in advanced GC were then analyzed using
the Cox proportional hazards regression
method. Among the variables, CXCR3
expression was identified as an indepen-
dent factor for OS. Patients with advanced
GC with low CXCR3 expression had a 0.5-

T2, tumor invasion of the muscularis propria or subserosa; T3,
tumor invasion extends to or beyond the serosa; T4, tumor invasion

of adjacent structures.

tion by CD4+ or CD8+ TILs (P=0.146 and P=
0.211, respectively).

The correlation between CXCR3 expression
and CD4+, CD8+ TILs, as well as the clinico-
pathologic features of advanced GC patients
are shown in Table 3. It was found that CD4+,
CD8+ TILs infiltration increased with high
CXCR3 expression (P=0.032 and P<0.001,
respectively). In GC patients with greater inva-
sion depth and lymph node metastasis, CXCR3
expression was lower than that in patients with
lesser invasion depth and without lymph node
metastasis (P=0.002 and P=0.001, respec-
tively). CXCR3 expression was not associated
with sex (P=0.143), age (P=0.079), Lauren’s
classification (P=0.692) and TNM stage (P=
0.177).
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fold increased risk of death [hazard ratio
(HR): 0.464 (0.284-0.757); P=0.002].

Discussion

Chemokines are a large family of heparin-bind-
ing proteins that modulate leukocyte traffick-
ing and the targeting of immune cells [18].
They interact with their receptors to direct cells
to specific sites throughout the body during
development and other physiological process-
es, and involved in different steps of tumorigen-
esis, tumor growth, invasion and metastasis
[19, 20]. In cancer, chemokines and their recep-
tors modulate tumor behavior by regulation of
angiogenic or angiostatic activity, migration of
leukocytes to intratumoral tissues, activation
of a tumor-specific immune response and stim-
ulation of tumor cell proliferation, invasion and
metastasis [6, 7]. CXCR3, which belongs to
ELR- CXC chemokines receptors, could be pro-
duced by many tumor cells, including colorec-
tal, breast and clear cell renal carcinoma, and

Int J Clin Exp Pathol 2015;8(11):14725-14732
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Figure 3. Analysis of OS between CXCR3 expression and CD8 expression level: A. High CXCR3 expression had longer
OS (log-rank test, P<0.001). B. High CD8 expression is associated with longer OS (log-rank test, P=0.002).

Table 4. Univariate and multivariate analysis of 0S

P-value

univariate multivariate

P-value

Hazard ratio, 95% CI

CXCR3 expression

High 112

Low 80
CD8 TILs

High 104

Low 88
CD4 TILs

High 92

Low 100
Age

<55 96

>55 96
Lauren’s classification

Intestinal 80

Diffuse 112
Invasion depth

T2 62

T3/T4 130
TNM stage

I+l 48

I+1V 144

0.000

0.002

0.422

0.026

0.951

0.064

0.234

0.002

0.334

0.574

0.473

0.665

0.339

0.549

0.464 (0.284-0.757)

0.764 (0.443-1.318)

1.133 (0.733-1.753)

1.184 (0.746-1.879)

1.106 (0.702-1.743)

1.304 (0.756-2.249)

0.848 (0.495-1.453)

T2, tumor invasion of the muscularis propria or subserosa; T3, tumor invasion extends
to or beyond the serosa; T4, tumor invasion of adjacent structures.

prostate cancer, and played a complex role in
tumorigenesis and tumor progression.
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Teppei et al. [21] demon-
strated that high CXCR3
expression is associated
with lymph nodes meta-
stasis of colorectal carcino-
ma and leads to a poor
prognosis, while Tobias et
al. [11] suggested that high
CXCR3 expression in clear
renal carcinoma results in
a favorable prognosis. Fur-
thermore, Takanobu et al.
[22] revealed that high CX-
CR3 expression is associat-
ed with renal cell carcino-
ma migration, invasion and
metastasis. This divergent
outcome may be attributed
to the inconsistent expres-
sion of CXCR3 in different
types of tumors. However,
limited data are available
for the expression of CXC-
R3 in advanced GC, and
still less is known about the
correlation of CXCR3 with
the clinicopathologic char-
acteristics and prognosis
of advanced GC patients.
In our present study, we

showed that CXCR3 expression was significant-
ly higher in advanced GC tissues than that in

Int J Clin Exp Pathol 2015;8(11):14725-14732
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corresponding paracancerous tissues. We fur-
ther demonstrated that high CXCR3 expression
was inversely and significantly associated with
invasion depth and lymph node metastasis.
These data indicated that high CXCR3 expres-
sion plays a vital role in the progression of
tumor in GC.

It is generally believed that T lymphocytes
represent the major population of tumor-infil-
trating immune cells, among which CD8+ T
cells (CTLs) and CD4+ T cells (Th) comprise the
primary immune cells and are responsible for
anti-tumor immunity [23]. Oldham et al. [24]
demonstrated that CXCR3 plays a role in
recruiting TILs in renal cell carcinoma. In our
present study, we found that CD4+ and CD8+
TILs infiltration increased with CXCR3 expres-
sion. These observations support a role for
CXCR3 in mediating T cell recruitment to GC
and promoting anti-tumor immunity. Further-
more, a direct correlation was observed bet-
ween increased CXCR3 expression and im-
proved OS and multivariate analysis showed
that high CXCR3 expression is an independent
prognostic factor for GC patients. Consequent-
ly, CXCR3 is implicated in recruiting TILs in GC
resulting in an improved OS.

To the best of our knowledge, this is the first
report exploring the correlation between CXCR3
and TILs in GC, and this is the first report
demonstrating the prognostic role of CXCR3
in GC patients associated with anti-tumor
immunity; however, the mechanisms by which
CXCR3 influences GC progression require fur-
ther investigation to identify. In addition, due to
the limited number of patients in this study, a
larger study is required with the inclusion of
prolonged follow-up to allow analysis of the
5-year OS rates.

In conclusion, the current study indicated that
CXCR3 was overexpressed in advanced GC
patients. Our data revealed that high CXCR3
expression in advanced GC patients was asso-
ciated with greater CD4+ and CD8+ TILs infil-
tration, tumor progression and an improved
prognosis. Therefore, this study demonstrated
that, similar to CXCR3 expression in some other
cancers, CXCR3 is an indicator of a good prog-
nosis and a promising target for cancer therapy
in GC. Further studies are required to clarify the
mechanisms of which CXCR3 participates in
the progression of GC.
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