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Abstract
Purpose Chemokines play multiple roles in the develop-
ment and progression of many diVerent tumors. Our cDNA
array data suggested that chemokine CXCL5 was upregu-
lated in gastric cancer. Here, we analyzed CXCL5 protein
expression in gastric cancer and investigated the clinical
implications of CXCL5 upregulation.
Methods Immunostaining for CXCL5 was performed on
gastric tissue microarrays of tissue specimens obtained by
gastrectomy. The intensity of immunostaining in tumor tis-
sue was considered strong when tumor tissue staining was
more intense than in normal tissue; the intensity was null
when staining was weaker in the tumor than in normal tis-
sue; and the intensity was weak when staining was similar
in both tissues. Serum CXCL5 levels and microvascular
density in tumor tissue were measured by ELISA and
monoclonal antibody to Factor VIII.
Results Strong CXCL5 expression correlated with tumor
stage. CXCL5 expression did not correlate with T stage.

However, N stage positively correlated with CXCL5
expression. Serum CXCL5 levels in late stage (IIIB, IV)
gastric cancer patients were higher than in patients with
benign conditions. Microvascular density was higher in
tumors with strong CXCL5 expression, but the correlation
with CXCL5 was not linear. Multiple logistic regression
analyses showed that, compared to no or weak expression,
strong expression of CXCL5 was a signiWcant risk factor
for high N stage (N2, N3).
Conclusions CXCL5 overexpression was associated with
late stage gastric cancer and high N stage. These results
suggest a role for CXCL5 in the progression of gastric
cancer, speciWcally in lymph node metastasis.
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Introduction

Gastric cancer is the second most common cause of cancer-
related deaths worldwide (Parkin et al. 2001). Surgery is
the only potential curative treatment. Early diagnosis and
treatment contribute to decreased mortality in Asian coun-
tries (Nagata et al. 1983; Abe et al. 1984). However, there
are still numerous patients with advanced gastric cancer
whose survival is not improved by surgery (Hundahl et al.
2000; Wanebo et al. 1993; Cenitagoya et al. 1998). Lymph
node metastasis is a major prognostic factor for advanced
gastric cancer (Kattan et al. 2003, Hyung et al. 2002).
Adjuvant chemotherapy is used to negate the eVects of
lymph node metastasis, but the survival beneWt is only mar-
ginal. Thus, understanding the mechanism of metastasis is
critical to develop new treatments that can improve the sur-
vival of patients with advanced gastric cancer.
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Many events are necessary for tumor cell metastasis.
Cells must degrade the basement membrane, migrate
through surrounding tissues, intravasate into lymphatic or
blood vessels, exit from these vessels, survive, and prolifer-
ate (Fidler 2002). Chemokines are believed to be involved
in these complex processes (Balkwill 2004). The chemo-
kine family is comprised of CXC and CC chemokines.
Chemokines are small, secreted proteins that act as immune
modulators and chemoattractants (Zlotnik and Yoshie
2000; Bacon et al. 2002). In tumor cells, the stimulation of
chemokine receptors results in the activation of molecular
pathways involved in actin reorganization and motility
(Muller et al. 2001).

Recently, we found that the CXC-chemokine CXCL5
was upregulated in gastric cancer using cDNA array tech-
nology. Compared to normal gastric mucosa, early and
advanced gastric cancers expressed 3.7 and 7.2 times more
CXCL5, respectively (unpublished data). CXCL5 is an
important angiogenic factor in human non-small cell lung
cancer (Arenberg et al. 1998). It is also a strong neutrophil
chemoattractant (Qiu et al. 2003). Recently Miyazaki et al.
showed that CXCL5 was highly expressed in metastatic
cells of head and neck squamous cell carcinomas, as com-
pared to cells of the primary tumor. Using RNA interfer-
ence, they were also able to show that CXCL5 played a role
in cancer cell migration and invasion (Miyazaki et al.
2006). Their results are supported by other studies showing
the involvement of CXCR2, a CXCL5 receptor, in the regu-
lation of cell motility (Schraufstatter et al. 2001). In addi-
tion, antibodies to CXCL5 reduce the metastatic potential
of lung cancer (Arenberg et al. 1998).

Even though there are studies on CXCL5 in several can-
cer types, there are no reports on the role of CXCL5 in gas-
tric cancer. In this study, we analyzed the level of CXCL5
protein expression in gastric cancer and discuss the clinical
implications of our Wndings.

Methods

Tissue samples were randomly selected and obtained from
consenting individuals who underwent gastrectomy for
gastric cancer between Jan 1999 and Dec 2001 at Sever-
ance Hospital, Yonsei University College of Medicine.
We used samples from 161 patients. All patients under-
went gastrectomy for curative purposes. A pathologist
reviewed samples, and pathological staging was conducted
independently of this study. Tumor stage was determined
based on the AJCC staging system. After pathological
evaluation, tissue cores for tumor and adjacent normal tis-
sue from each specimen were arrayed into a new paraYn
block to create a tissue microarray (TMA). All patients
gave informed consent, and the Ethical Committee for the

Clinical Research of the Institutional Review Board of
Yonsei Medical Center, Korea, approved the study proto-
col. Patient demographic characteristics and tumor status
are summarized in Table 1.

Immunostaining was performed on the TMA using stan-
dard procedures. The CXCL5-speciWc antibody (R&D Sys-
tems, Inc., Minneapolis, MN, USA) was used at a dilution
of 1:100. TMA slides were deparaVinized in xylene and
rehydrated in graded alcohol. Endogenous peroxidase
activity was blocked with methanol containing 0.3% hydro-
gen peroxide at room temperature for 20 min. Microwave
antigen retrieval was performed in citrate buVer (0.01 M,
pH 6.0) for 10 min. Then sections were blocked with 10%
normal donkey serum for 1 h to reduce non-speciWc back-
ground staining. Blocked sections were incubated in
primary antibody at 4°C. The subsequent reaction was per-
formed using the LSAB+ kit (DakoCytomation, Carpinte-
ria, CA, USA) according to the manufacturer’s instructions.
Finally, the immunoreaction was developed using 3-amino-
9-ethylcarbazole and counterstained with hematoxylin.

Dark brown granules in the cytoplasm of tumor cells or
in that of normal gastric epithelial cells indicated positive
immunoreactivity. The intensity of immunostaining in
tumor tissue was scored using normal tissue as an internal
control. Tumor tissue was considered to have strong
expression if it showed stronger intensity than normal tis-
sue. If the intensity was weaker than in normal tissue, we
considered the sample to have no expression. If the staining
intensity was similar to normal tissue, we considered the
sample to have weak expression. The samples were evalu-
ated by two pathologists who were blinded to patients’ clin-
ical information.

To measure serum CXCL5 levels by ELISA, serum sam-
ples were collected from nine patients with gastric cancer
and from ten patients with benign conditions such as gastri-
tis and hyperplsatic polyp. Samples were stored at -80°C
until they were assayed. Serum CXCL5 levels were mea-
sured with a Quantikine Human ENA78 immunoassay kit
(R&D systems, Inc., Minneapolis, MN, USA) according to
the manufacturer’s instructions. Gastric tissues from these
patients were not included in the immunohistochemical
analysis.

To measure microvascular density (MVD) in tumor tis-
sue, immunostaining using monoclonal antibody to Factor
VIII (DakoCytomation, Denmark) was performed as described
above. Stained vessels were counted under high-power
microscopic Welds (X200). The average number of vessels
counted in the best-visualized area was recorded for each
case (WulWng et al. 2004).

Medical records were reviewed for clinical information.
Tumor information, such as cancer cell diVerentiation, T
stage, N stage, overall stage, and MVD, were correlated to
tumor immunoreactivity using the Spearman correlation.
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Serum CXCL5 levels in the patients with benign tumors or
gastric cancer were compared using the non-parametric
Mann–Whitney U test. Multivariate logistic regression
analysis was performed to determine factors associated
with N stage.

Results

Association between CXCL5 overexpression 
and late tumor stage

Normal gastric epithelium and foveloar gland expressed
CXCL5 in a heterogeneous way. Normal gastric epithelium
as well as intestinal metaplsia expressed CXCL5, and its
level in intestinal metaplsia was not higher than normal
gastric epithelium. In all cases, immunoreactivity was
observed in the cytoplasm of tumor cells. Demographic
characteristics and tumor status were analyzed according to
CXCL5 expression levels (Table 1). In this study, we
grouped the tumor stages as follows: IA and IB as I, II as II,
IIIA as III, and IIIB and IV as IV. As tumor expression of
CXCL5 increased, so did the overall tumor stage
(P < 0.05). Thirteen (72.2%) of 18 tumors with strong
CXCL5 expression were stage IV, but only 2 (4.2%) of 48

tumors and 27 (28.4%) of 95 tumors with no and weak
CXCL5 expression, respectively, were stage IV. We
observed no correlation between cancer cell diVerentiation
and CXCL5 expression. Also, CXCL5 expression did not
correlate with T stage. However, N stage positively corre-
lated with CXCL5 expression, as 2 (4.2%) of 48 tumors
with no expression and 12 (12.6%) of 95 tumors with weak
expression were N3 stage, compared to 11 (61.1%) of 18
tumors with strong expression (P < 0.05).

Higher CXCL5 serum levels in late stage gastric cancer 
than benign conditions

Ten non-tumor cases were included as a control group.
Two cases had hyperplastic gastric polyps. The other eight
cases simply had gastritis. The gastric cancer group
included two cases with stage I cancer, three cases with
stage III cancer, and four cases with stage IV cancer. Stage
IV tumors were considered late stage tumors (n = 4) and
stages I to III were considered early stage tumors (n = 5).
By ELISA, the median CXCL5 level in the control group
was 588.92 pg/ml (range 420.46–983.43 pg/ml). In early
stage cancer, it was 906.53 pg/ml (range 536.52–
1,015.58 pg/ml). The median CXCL5 level in last stage
cancer was 1,473.91 pg/ml (range 757.74–3,200.32 pg/ml),

Table 1 CXCL5 expression 
and tumor status

No expression 
(n = 48)

Weak expression 
(n = 95)

Strong expression 
(n = 18)

P value

M:F 28:20 67:28 13:5

Age 57.3 § 12.7 57.5 § 10.5 59.6 § 13.0 >0.05

Cancer cell diVerentiation >0.05

Well diVerentiated 5 (10.4%) 7 (7.4%) 0 (0%)

Moderately diVerentiated 9 (18.8%) 38 (40.0%) 6 (33.3%)

Poorly diVerentiated 25 (52.1%) 36 (37.9%) 10 (55.5%)

Signet ring cell 6 (12.5%) 11 (11.6%) 1 (5.6%)

Other 3 (6.3%) 3 (3.2%) 1 (5.6%)

T stage >0.05

T1 10 (20.8%) 32 (33.7%) 2 (11.1%)

T2 24 (50.0%) 29 (30.5%) 5 (27.8%)

T3 14 (29.2%) 34 (35.8%) 9 (50.0%)

T4 0 (0%) 0 (0%) 2 (11.1%)

N stage <0.05*

N0 21 (43.8%) 38 (40.0%) 2 (11.1%)

N1 15 (31.3%) 26 (27.4%) 3 (16.7%)

N2 10 (20.8%) 19 (20.0%) 2 (11.1%)

N3 2 (4.1%) 12 (12.6%) 11 (61.1%)

Overall stage <0.05*

IA, IB 20 (41.7%) 43 (45.5%) 2 (11.1%)

II 12 (25.0%) 12 (12.6%) 1 (5.6%)

IIIA 8 (16.7%) 13 (13.7%) 2 (11.1%)

IIIB, IV 8 (16.7%) 27 (28.4%) 13 (72.2%)
* P < 0.05 by Spearman 
correlation
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which was signiWcantly higher than in the control group
(P < 0.05, Figs. 1, 2).

No correlation between CXCL5 expression and MVD

MVD was calculated as the number of vessels per high-
power microscopic Weld. According to statistical analysis,
MVD correlated with overall tumor stage (P < 0.05). MVD
for stages I, II, III, and IV were 12.2 § 9.8, 12.2 § 6.9,
15.0 § 8.9, and 15.4 § 10.3, respectively. MVD positively
correlated with overall stage (P < 0.05). The average MVD
was 14.5 § 9.1 for tumors with no CXCL5 expression,
12.4 § 9.4 for tumors with weak CXCL5 expression, and
16.8 § 10.1 for tumors with strong expression. MVD
tended to be higher in tumors with strong CXCL5 expres-
sion, but the correlation with CXCL5 expression levels was
not linear (P > 0.05).

Factors associated with high N stage

N2 and N3 stage tumors were considered high N stage
tumors. Based on univariate analysis, cancer cell diVerenti-
ation, T stage, MVD, and CXCL5 levels were signiWcantly
associated with high N stage. Multivariate logistic regres-
sion analysis with cancer cell diVerentiation, T stage,
MVD, and CXCL5 levels showed that CXCL5 was the
only factor signiWcantly associated with high N stage
(Table 2). Poorly diVerentiated cancer cell was associated
with high N stage, but it was not statistically signiWcant.
Strong CXCL5 expression had 14.7 and 4.7 times higher
risk for high N stage compared to no and weak CXCL5
expression, respectively (P < 0.05 and P < 0.05, respec-
tively). Multivariate analysis showed 71.7% sensitivity and
81.7% speciWcity for predicting high N stage.

Discussion

Even though early diagnosis and treatment improve the sur-
vival of patients with gastric cancer, there are still a signiW-
cant number of patients who die of advanced disease. To
further improve survival, treatments based on a better
understanding of cancer progression are needed (Miyazaki

et al. 2006). Our study revealed a strong association
between overexpression of CXCL5 and late tumor stage.
Patients with late stage tumors also had CXCL5 serum lev-
els that were higher than in controls. CXCL5 expression
was not unique to tumor tissues, as early stage tumor
CXCL5 expression was similar to that in normal tissues.
We believe that CXCL5 is involved in late stage tumor pro-
gression through one of many possible mechanisms, as
chemokines play multiple roles in the development and
progression of many tumors (Balkwill 2004).

CXCL5 expression was signiWcantly associated with
high N stage, proven with multivariate analysis. Tumors
with strong CXCL5 expression had higher risks for high N
stage compared to no and weak CXCL5 expression. Even
though CXCL5 expression correlated with N stage, it did
not correlate with T stage. These results suggest that
CXCL5 may be involved in cancer migration and invasion,
and association between strong CXCL5 expression and late
stage gastric cancer may contribute to its association with
high N stage. There is only one report relating CXCL5
expression to cancer cell migration and invasion (Miyazaki
et al. 2006). However, there is much indirect evidence

Fig. 1 Representative immuno-
staining for CXCL5 in normal 
and tumor cells. a Normal tissue. 
b Tumor tissue with strong 
expression

Fig. 2 Boxplots representing serum CXCL5 levels as measured by
ELISA. Compared to patients with benign conditions, patients with
late stage gastric cancer had signiWcantly higher serum CXCL5 levels
(P < 0.05). In contrast, patients with early stage gastric cancer did not
(P > 0.05)
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supporting this relationship. The receptor of CXCL5,
CXCR2, can regulate cell motility, and the activation of
other chemokine receptors induces actin polymerization as
well as cell migration and invasion (Schraufstatter et al.
2001; Wang et al. 2002). Various intracellular pathways are
also involved in actin reorganization, and motility can be
activated by chemokine receptors (Schraufstatter et al.
2001; Wang et al. 2002; Venkatakrishnan et al. 2000; Bon-
acchi et al. 2001; Chandrasekar et al. 2003, 2004; Ridley
2001). For CXCL5 and its related pathways to become
potential targets for cancer treatment, it is important to
determine the mechanistic roles of CXCL5 and whether
CXCL5 plays a role in cancer progression.

CXCL5 is a strong neutrophil attractant. In non-cancer-
ous conditions, such as ischemic/reperfusion injury and
chronic obstructive pulmonary disease, neutrophils recruited
by CXCL5 cause tissue damage (Walz et al. 1991; Colletti
et al. 1995; Lentsch et al. 1998). There are several reports
that Helicobacter infection is associated with increased
chemokine production, but CXCL5 seems to be not related
to Helicobacter infection (Shimoyama et al. 1998; Suzuki
et al. 1998; Sieveking et al. 2004). One report suggests that
increasing amounts of tumor inWltrating neutrophils in
advanced gastric cancer are associated with reduced mor-
tality (Caruso et al. 2002). However, neutrophils can either
eliminate tumor cell populations or contribute to their inva-
sive potential (Di Carlo et al. 2001; Welch et al. 1989).
Based on our results, neutrophil recruitment by CXCL5
may help gastric cancer cells to metastasize to lymph
nodes. Neutrophils may enable tumor cells to migrate
through the extracellular matrix, helping them to enter the
vasculature (De Larco et al. 2004). Even though neutrophil
inWltration could not be analyzed and the role of neutrophil
in tumors was controversial, this could be another hypothesis
supporting our results.

Studies on non-small cell lung cancer suggest that high
expression of CXCL5 in vivo and in vitro is associated with

poor prognosis. These studies point out that high CXCL5 is
associated with angiogenesis and that high levels of
ELR+CXC chemokines, including CXCL5, are associated
with enhanced tumor growth. CXCL5 expression correlates
with tumor vascularity and tumor growth, and high levels
of CXC-chemokines are associated with risk of recurrence
after tumor resection (Arenberg et al. 1996, 1998; White
et al. 2003). In our study, CXCL5 expression and microves-
sel count were evaluated on serial TMA sections to observe
a correlation between CXCL5 expression and MVD within
a certain area of the tumor (WulWng et al. 2004). Interest-
ingly, tumor samples with strong CXCL5 expression had a
high MVD, but the correlation between CXCL5 expression
and MVD was not linear. CXCL5 may not have as impor-
tant a role in the angiogenesis of gastric cancer as in lung
cancer. Tumors may induce angiogenesis by preferentially
secreting one type of angiogenic factor over another. Fur-
thermore, there may be more than one pathway regulating
angiogenesis (White et al. 2003). However, we cannot rule
out the possibility that CXCL5 helped tumor cells to sur-
vive by supplying blood vessels to late stage gastric can-
cers.

In conclusion, overexpression of CXCL5 was associated
with advanced tumor stage, speciWcally high N stage.
Through multiple mechanisms, CXCL5 may be involved in
the migration and invasion of cancer cells and in late stage
tumor progression. Further studies are needed to conWrm
and understand this interesting observation and to deter-
mine whether CXCL5 may serve as a therapeutic target for
cancer treatment.
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