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Abstract. Background/Aim: We have previously reported
that chemokine (C-X-C motif) receptor 2 (CXCR?2) signaling
was associated with the malignant progression of gastric
cancer (GC). We thus examined the clinicopathological
significance of CXCR2 ligands, CXCLI, CXCL2, CXCL3,
CXCL5, CXCL6, CXCL7, and CXCLS, in GC. Patients and
Methods: The expression of CXCR2 ligands in 590 GC cases
was investigated by immunohistochemistry. Results: The
expression was as follows: CXCLI, 46.2% (257/557);
CXCL2, 20.7% (122/590); CXCL3, 17.1% (101/589);
CXCL5/CXCL6, 2.9% (17/589); CXCL7, 36.4% (215/590);
and CXCL8 1.7% (10/585) of the cases. High invasion depth
was correlated with CXCLI expression. Lymph node
metastasis and peritoneal cytology positivity were correlated
with high expression of CXCLI and CXCL7. The prognoses
of the CXCLI-positive patients were significantly poorer
than those of the CXCLI-negative patients (p<0.001).
Conclusion: Among the CXCR2 ligands, CXCL7 and
especially CXCLI, might play an important role in the
malignant progression of GC via CXCR2 signaling.

Cancer progression has been recognized as not only the
proliferation of tumor cells, but also the interaction between
cancer cells and the surrounding stroma in the tumor
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microenvironment (1). Among the tumor stromal cells,
fibroblasts (especially cancer-associated fibroblasts) have
been reported to be closely associated with tumor
development in various solid carcinomas (2-4). We reported
that chemokine (C-X-C motif) receptor 2 (CXCR?2) signaling
might play an important role in the pathogenic construction
of tumor fibroblasts in the gastric tumor microenvironment,
suggesting that gastric cancer (GC) cells might alter their
adjacent stroma to form a permissive environment for tumor
progression (5, 6). Following those findings, we reported that
C-X-C ligand 1 (CXCL1) from GC cells stimulated the
recruitment of bone marrow cells into the GC
microenvironment via CXCR2 signaling (7). The reported
CXCR?2 ligands are not only CXCLI1 but also CXCL2,
CXCL3, CXCLS5, CXCL6, CXCL7, and CXCLS. Until now,
there has been only a single in vitro study on the significance
of these CXCR?2 ligands in GC (8).

Patients and Methods

Clinical materials. This study retrospectively analysed 590 GC
patients who received gastrectomy at Osaka City University
Hospital. GC tissues were obtained from each patient. The
pathological diagnoses and classifications were made according to
the Japanese classification of gastric carcinoma (15th edition). This
study was approved by the Osaka City University Ethics Committee
(approval number: 924). Written informed consent for research was
obtained from all patients.

Immunohistochemical determination of CXCL1, CXCL2, CXCL3,
CXCLS5, CXCL6, CXCL7, and CXCLS8. The immunohistochemical
determination of CXCL1, CXCL2, CXCL3, CXCL5, CXCL6,
CXCL7, and CXCLS8 expression in gastric tumors was performed,
as follows: We performed deparaffinization and slides were heated.
After blocking endogenous peroxidase activity, the samples were
incubated with anti-CXCL1 antibody (1:100; Abcam, Cambridge,
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UK), anti-CXCL2 antibody (1:200; Cloud-Clone Co., Katy, TX,
USA), anti-CXCL3 antibody (1:200; Cloud-Clone Co.), anti-
CXCLS5/CXCL6 antibody (1:100; Santa Cruz, Dallas, TX, USA),
anti-CXCL7 antibody (1:250; Santa Cruz), and anti-CXCLS8
antibody (1:250; R&D systems, Minneapolis, MN, USA) for 1 h at
room temperature. The samples were then incubated with
biotinylated secondary antibody, followed by treatment with
streptavidin-peroxidase reagent, and counterstaining with Mayer’s
hematoxylin. The expression levels of CXCL families were
analyzed by both intensity of staining and percentage of stained
cancer cells at the invading tumor front. CXCL1, CXCL2, CXCL3,
CXCLS5/CXCL6, CXCL7, and CXCLS8 expression levels were
evaluated as follows: the intensity was given scores 0-3 (0O=no,
1=weak, 2=moderate, 3=intense), and the percentage of immune-
positive cells was given scores 0-3 (CXCL1: 0=0%-10%, 1=11%-
50%, 2=51%-80%, 3=81%-100%, CXCL2: 0=0%, 1=1%-20%,
2=21%-50%, 3=51%-100%, CXCL3: 0=0%, 1=1%-20%, 2=21%-
60%, 3=61%-100%, CXCL5/6: 0=0%, 1=1%-10%, 2=11%-40%,
3=41%-100%, CXCL7: 0=0%-20%, 1=21%-50%, 2=51%-70%,
3=71%-100%, and CXCL8: 0=0%-20%, 1=21%-30%, 2=31%-50%,
3=51%-100%). The two scores multiplied to gain the final result of
0-9. Expression was considered positive when scores were CXCL1
>3, CXCL2 =3, CXCL3 =3, CXCL5/CXCL6 =6, CXCL7 =6, and
CXCL6 =2. Evaluation was made by two double-blinded
independent observers who were unaware of clinical data and
outcome. When a different evaluation between the two independent
observers was found, the evaluation was rechecked and discussed.

Statistical analysis. The chi-square test of Fisher’s exact was used
to decide the significance of difference between covariates. Survival
periods were calculated with the Kaplan-Meier method and
analyzed by log-rank test to compare cumulative survival durations
among patient groups. In addition, the Cox proportional hazards
model was used to compute univariate hazards ratios for the study
parameters. The SPSS software program (SPSS Japan, Tokyo,
Japan) was used for the analyses. A p-value <0.05 indicated a
statistically significant difference.

Results

Immunostaining of CXCL1, CXCL2, CXCL3, CXCL5/CXCLS,
CXCL7, and CXCLS. Staining of the members of the CXCL
family was mainly at the cytoplasm and partially at the nuclei
of cancer cells (Figure 1). In the 590 gastric tumors, the rates
of positive expression were as follows: CXCL1, 258 (46.2%);
CXCL2, 122 (20.7%); CXCL3, 101 (17.1%); CXCL5/6, 17
(2.9%); CXCL7, 215 (36.4%); and CXCLS, 10 (1.7%).

The relationship between clinicopathological features and the
expression of CXCLI, CXCL2, CXCL3, CXCL5/CXCLS6,
CXCL7, and CXCLS in gastric cancer. The clinicopathological
characteristics of all 590 cases of GC according to their CXCL
expression are summarized in Table I. The CXCL1-positive
tumor group was significantly correlated with high age
(p<0.001), high T-stage (p<0.001), lymph node metastasis
(p<0.001), lymphatic invasion (p<0.001), and venous invasion
(p<0.001). The expression of CXCL2 in cancer cells was
significantly correlated with low T-stage (p=0.013), no lymph
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node metastasis (p=0.033), and no peritoneal cytology
(p=0.01). The expression of CXCL3 in the cancer cells was
significantly correlated with low infiltration (p=0.002). The
expression of CXCL5/CXCL6 in the cancer cells was not
significantly correlated with any clinicopathological features.
The expression of CXCL7 in the cancer cells was significantly
correlated with high age (p<0.001), diffuse type (p=0.001),
lymph node metastasis (p=0.026), lymphatic invasion
(»=0.005), venous invasion (p=0.023), infiltration pattern
(p<0.001), and peritoneal cytology negativity (p=0.034). The
expression of CXCLS in the cancer cells was not correlated
with any clinicopathological features.

Survival. The 5-year overall survival rate of the patients in the
CXCL1-positive expression group was significantly worse
compared to that of the CXCL1-negative group (p<0.001,
Figure 2A). CXCL1 expression did not predict the prognosis
of the GC patients at any stage (data not shown). The Kaplan—
Meier survival curve indicated no significant difference in the
5-year overall survival rate between the positive and negative
patients in CXCL2, CXCL3, CXCL5/CXCL6, CXCL7, and
CXCLS expression (Figure 2B).

Univariate and multivariate analyses of overall survival
after surgery. Table II provides the results of the univariate
and multivariate analyses of the patients’ overall survival.
The univariate analysis revealed that poor survival was
significantly correlated with CXCL1-positive expression
(»<0.001), macroscopic type 4 (p<0.001), diffuse type
(»<0.001), high T invasion (p<0.001), lymph node
metastasis (p<0.001), venous invasion (p<0.001), infiltration
type ‘c’ (p<0.001), hepatic metastasis (p<0.001), peritoneal
metastasis (p<0.001), other metastasis (p<0.001), and age
=70 years (p=0.002). The multivariate analysis revealed that
the factors that were significantly correlated with poor
survival were CXCLI1-positive expression (p=0.039),
macroscopic type 4 (p<0.001), high T invasion (p=0.009),
lymph node metastasis (p<0.001), hepatic metastasis
(»=0.001), peritoneal metastasis (p<0.001), other metastasis
(p<0.001), and age =70 years (p=0.006).

Discussion

We investigated the expression of the CXCR2 ligands
CXCLI1, CXCL2, CXCL3, CXCL5/CXCL6, CXCL7, and
CXCLS in 590 gastric tumors. Expression on cancer cells
was frequent for CXCL1 (46.2%), followed by CXCL7
(36.4%), CXCL2 (20.7%), and CXCL3 (17.1%). In contrast,
CXCL5/CXCL6 (2.9%) and CXCLS8 (1.7%) expression on
GC cells was rare. CXCL1 has been reported to be expressed
in 36%-56% of GC cases (8-10), and our present observation
of a 46.2% CXCL1 expression rate is similar to these
reports. CXCL1 has been described as a prognostic factor in
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Figure 1. Representative images of CXCLI1, CXCL2, CXCL3, CXCL5/6,
CXCL7, and CXCLS expression in gastric cancer. CXCLI, CXCL2,
CXCL3, CXCL5/6, CXCL7 and CXCLS were mainly expressed at the
cytoplasm of cancer cells. (x200). Bar: 100 um.

various cancers (11) including hepatocellular carcinoma
(HCC) (12), laryngeal squamous cell carcinoma (13), and
colorectal cancer (14). In our present series of GC patients,
CXCL1 was correlated with poor prognosis, and CXCL1
expression was correlated with features of the malignant
potential of cancer, i.e., high T-stage, lymph node metastasis,

lymphatic invasion, and venous invasion. These findings
indicated that CXCL1 might play an important role in the
progression of GC.

Kaplan—Meier survival curves indicated that the 5-year
overall survival rate of the GC patients in the CXCLI-
positive group was significantly worse than that of the
CXCL1-negative group. In addition, the multivariate analysis
revealed that CXCL1 expression was an independent
prognostic factor. These findings suggest that CXCL1 could
be a useful prognostic factor for patients with GC.

The reported expression of CXCL7 in Wilms tumor
(n=40) was 87.5% (15). CXCL7 expression was detected in
36.4% of the GC cases in the present investigation, and was
correlated with the diffuse type, lymph node metastasis,
lymphatic invasion, and venous invasion, although no
significant difference in the 5-year survival rate was found
between the CXCL7-positive and CXCL7-negative groups.
CXCL7 might be partially associated with the malignant
potential of GC cells.

CXCL2 expression in tumors has been reported only in
HCC (16); there are no reports of CXCL2 expression in
other cancers, including GC. The rate of CXCL2 expression
in our series of 590 gastric cancer cases was 20.7%. No
significant difference in the 5-year survival rate was shown
between the CXCL2-positive and CXCL2-negative groups,
but the expression of CXCL2 was negatively correlated with
T-stage, lymph node metastasis, and cytology. These findings
indicate that CXCL2 might not play an important role in the
progression of GC.

The rate of CXCL3 expression in cases of prostate cancer
has been reported to be 21.7% (17). In the present study, the
rate of CXCL3 expression in gastric cancer was 17.1%. We
observed that CXCL3 expression was associated with the
infiltration pattern but with no other clinicopathological
factors, including prognosis. Together these findings suggest
that CXCL3 does not play an important role in the
progression of GC.

Our results suggest that CXCL1, CXCL7, CXCL2, and
CXCL3 produced from GC cells are involved in CXCR2
signaling. CXCL1 and CXCL7 and especially CXCL1 may
have important functions in the progression of gastric cancer,
but CXCL2 and CXCL3 expression may not.

CXCL5/CXCL6 expression was rare (2.9%, n=589) in this
study. The CXCLS5 expression in 155 cases of gastric cancer
was reported to be 45.2% (8). CXCL6 expression has not been
studied in any type of cancer. CXCL8 expression was also rare
among our present patients (1.7%; n=589), but a study of 22
patients with GC reported that CXCLS8 expression was 100%
(10). One of the possible reasons for these differences in the
rates of CXCLS5/CXCL6 and CXCLS8 expression is based on
the difference in the antibodies used in each study. The
expression of CXCL5/6 and CXCLS8 was not correlated with
any of the clinicopathological prognostic factors in the present
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Table II. Univariate and multivariate Cox multiple regression analysis with respect to overall survival after surgery in 589 patients with gastric

carcinoma.

Univariate Multivariate
Parameter Hazard ratio 95%C1 p-Value Hazard ratio 95%CI1 p-Value
CXCLI1 Positive 2.272 1.632-3.161 <0.001 1.469 1.109-2.117 0.039
CXCL2 Positive 0.732 0.453-1.182 0.202
CXCL3 Positive 0.835 0.54-1.289 0414
CXCL5/6 Positive 1.992 0.933-4.252 0.075
CXCL7 Positive 1.305 0.950-1.792 0.1
CXCLS Positive 1.615 0.598-4.360 0.344
Macroscopic type: type-4 7474 5.288-10.564 <0.001 2.619 1.669-4.109 <0.001
Histological type: diffuse-type 0.556 0.403-0.766 <0.001 0.843 0.556-1.254 0.399
T stage 7.98 4.992-12.756 <0.001 227 1.233-4.182 0.009
Lymph node metastasis: positive 8.337 5.556-12.610 <0.001 3.229 1.909-5.464 <0.001
Venous invasion: positive 3.291 2.379-4.554 <0.001 1.14 0.789-1.649 0.485
Infiltration type ¢ 1.817 1.315-2.511 <0.001 1.008 0.668-1.520 0.971
Hepatic metastasis: positive 6.555 3.696-11.628 <0.001 3.088 1.599-5.964 0.001
Peritoneal metastasis: positive 9.11 6.016-13.796 <0.001 2.749 1.624-4.654 <0.001
Metastasis: Positive 6.386 3.741-10.900 <0.001 3.523 1.864-6.659 <0.001
Age 270 1.65 1.210-2.251 0.002 1.636 1.152-2.324 0.006

study. These findings may indicate that CXCL5, CXCL6, and
CXCLS do not play important role in the CXCR2 signaling in
the gastric cancer tumor microenvironment.

In conclusion, among the CXCR2 ligands, CXCL7 and
especially CXCL1 were frequently expressed on gastric cancer
cells. CXCL1 was closely associated with the malignant
potential of this cancer, and it was an independent prognostic
factor. CXCL1 might play an important role in the malignant
progression of gastric cancer via CXCR2 signaling.
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