
Abstract. CXCR4, a chemokine receptor, is considered to be
involved in the metastastic formation of various types of
cancer and could influence survival. More recently, CXCR4
was reported to be associated with peritoneal metastasis in
gastric cancer, and CXCL12, its ligand, as a prognostic
determinant among gastric cancer of various stages. In order
to more specifically delineate the relevance of CXCR4 in
peritoneal metastasis, 98 patients with pT3-stage gastric
cancer who underwent gastrectomy and detection of intra-
abdominal free cancer cells in the peritoneal washing samples
were evaluated. Immunostaining with anti-CXCL12 and
anti-CXCR4 antibodies were performed for the primary
tumor specimens, and correlation of the immunoreactivities
with various clinicopathologic factors was evaluated.
CXCR4 was detected in 61 specimens and CXCL12 in 76
specimens. No significant correlation was observed between
presence of free cancer cells in the peritoneal cavity or
development of clinical peritoneal carcinomatosis and
expression of either the chemokine or the receptor. On the
other hand, there was a trend towards correlation of
expression of these molecules with recurrences to the distant
lymph nodes or to the liver, although the number of events in
these categories were insufficient to reach a statistical
significance. In gastric cancer, CXCL12/ CXCR4 axis seems
to be more strongly associated with lymphatic or
hematogenous metastasis than the establishment of peritoneal
deposits.

Introduction

Gastric cancer is a common disease and remains a major
health concern in the Far East as well as in other countries
world wide (1). Prognosis of early-stage cancer is excellent,
and various minimally invasive procedures have been
exploited to dissect and cure these lesions (2). However, the
outcome of advanced/metastatic disease remains dismal.
Peritoneal carcinomatosis is the commonest pattern of failure
when a goal of local control has been achieved through
extended lymph node dissection (3,4). The authors have
explored peritoneal metastases from the viewpoint of free
cancer cells shed in the abdominal cavity, which has been
detected in >65% of patients with serosa-positive gastric
cancer (5). Some gastric cancers do not develop peritoneal
metastases despite invasion of the serosal surface, however,
suggesting that these cancers that develop peritoneal
metastases are biologically different from those that do not.
To improve treatment outcome of advanced gastric cancer, it
is a prerequisite to be able to control the peritoneal metastasis.
Attempts to elucidate the mechanisms underlining the organ-
specific metastatic capacity (6) of gastric cancer cells are
therefore warranted.

CXCR4 is a key receptor in the cross talk between tumor
cells and their microenvironment (7). Mesenchymal cells and
other non-neoplastic stromal cells constitutively secrete the
chemokine stromal cell-derived factor-1 (SDF-1/CXCL12)
(8). In addition, CXCL12 is produced by various cancer cells
and may act also in autocrine fashion (9,10). The chemokine
attracts circulating cells through its cognate receptor, CXCR4.
The distinct pattern of chemokine receptor expression by
tumor cells is considered to have a critical role in determining
the site(s) of metastatic spread (6), and cancer cells that
express CXCR4 are attracted to organs where CXCL12 is
expressed (11). CXCL12 also induces migration, growth and
survival of neoplastic cells in a paracrine fashion (10,12), and
promote tumor angiogenesis by attracting endothelial cells
to the microenvironment (12). Thus, expression of CXCR4
is associated with metastatic formation, including micro-
metastasis (13), in various types of cancer and could
consequently serve as a prognostic marker (14-21). Recently,
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CXCR4 was reported also to play an important role in the
development of peritoneal metastasis from gastric carcinoma
(22), while the expression of the chemokine CXCR12 in the
primary cancer was reported to be an independent prognostic
factor among gastric cancer patients of various stages (23).
These reports prompted the authors to evaluate the expressions
of CXCL12 and CXCR4 in a more specific data set consisting
only of pT3-stage gastric cancer whose details regarding
long-term outcome, occurrence of peritoneal carcinomatosis,
and detection status of free cancer cells in the abdominal
cavity are available.

Patients and methods

Patients. Ninety-eight consecutive patients with pT3-stage
gastric cancer who underwent gastrectomy at Department of
Gastroenterological Surgery, Aichi Cancer Center between
June 1995 and June 2001 and underwent detection of intra-
abdominal free cancer cells form the basis of this study. All
patients had been considered candidates for curative resection,
but staging laparoscopy had not been performed as a part of
preoperative work up. None of the patients had received
preoperative chemotherapy. Detection of free cancer cells in
the peritoneal washes was performed at the time of laparotomy
both by the conventional cytologic examination with
Papanicolaou and Giemsa staining and molecular detection
through amplification of carcinoembryonic antigen (CEA)
mRNA by reverse-trascriptase polymerase reaction (RT-PCR)
(5). All the resected specimens were evaluated histopatho-
logically after hematoxylin and eosin staining for accurate
staging based on the Japanese Classification of Gastric
Carcinoma (24). Patients were followed for over 5 years
(median, 2059 days; range, 1832-3289 days) or until death.

Surgical procedure and postoperative surveillance of patients.
After laparotomy, the abdominal cavity was thoroughly
examined for tumor metastasis. Samples of the peritoneal
deposits were usually taken for pathologic confirmation.
Gastrectomy with D2 lymphadenectomy was the treatment of
choice for potentially curable gastric cancer. The follow-up
program consisted of interim history, physical examination,
hematology and blood chemistry panels including tests for
CEA and carbohydrate antigen 19-9, and computerized
tomography performed at least once every 6 months. Peritoneal
carcinomatosis was evident on the basis of clinical symptoms,
digital examination, physical and radiological findings of
bowel obstruction and ascites. Histological confirmation
through biopsy and paracenthesis was performed where
possible.

Immunohistochemistry. Histology and immunohistochemistry
were performed on sections of 4 μm thickness from formalin-
fixed, paraffin-embedded tissues dewaxed through xylene
and graded concentrations of ethanol. For histology, sections
were stained with hematoxylin and eosin (H&E). For
immunohistochemistry, sections were pretreated for antigen
retrieval by microwave at 98˚C for 10 min (pH 6.0) for
CXCR4 and CXCL12. These sections were immersed in
methanol with 0.3% hydrogen peroxide for 20 min to
inactivate endogenous peroxidase activity, followed by normal
horse serum for 30 min to block non-specific reactions.

Sections were incubated at 4˚C overnight with the following
first antibodies diluted with PBS containing 1% BSA; mouse
monoclonal antibodies against human CXCR4 (1:5000
dilution, R&D Systems, Minneapolis, MN) and CXCL12
(1:500 dilution, R&D Systems). After washing with PBS,
sections were incubated with biotinylated second antibody
for 30 min. Sections were washed again with PBS, then
incubated with streptavidin-peroxidase complex (Vectastain
ABC kit; Vector, Burlingame, CA) for 60 min. Chromogen
was developed with 0.01% diaminobenzidine, and sections
were counterstained with hematoxylin. A pathologist (H.N.)
who had no information regarding the outcome of patients
evaluated the sections using a scoring system based on
percentage of positively stained cells (0, <10% positive cells;
1+, 10-50% positive cells; 2+, >50% positive cells) according
to a cut-off value by Sato et al (25). The sections were graded
as negative (0) and positive (1+ and 2+).

Collection of the peritoneal washes and real-time RT-PCR.
Just after laparotomy, 100 ml of saline were introduced into
the Douglas and left subphrenic cavities and aspirated after
gentle stirring, centrifuged at 1800 rpm for 5 min to collect
intact cells, rinsed with phosphate buffer saline, dissolved in
Isogen RNA extraction buffer (Nippon Gene, Tokyo, Japan)
and stored at -80˚C until use. A portion of each peritoneal
washing sample underwent cytologic examination using
conventional Papanicolaou and Giemsa staining.

Real-time RT-PCR detection of CEA and GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) mRNA in the
peritoneal washing samples was performed as described
elsewhere (5). In brief, total RNA was extracted using a
guanidinium isothiocyanate-phenol-chloroform method.
Extracted total RNA was converted to first-strand cDNA
and was immediately used for PCR amplification with a
LightCycler (Roche Diagnostics, Mannheim, Germany).
Real-time RT-PCR was performed by a single-step method
(50 cycles) using hybridization probes. Design of the primers
and probes used in the study, together with the conditions for
amplification, were described previously (5). All the primers
and probes were synthesized and purified by reverse-phase
high-performance liquid chromatography by Nihon Gene
Research Laboratories (Sendai, Japan). Real-time PCR
monitoring was achieved by measuring the fluorescent signal
at the end of the annealing phase for each cycle. GAPDH
was quantified only to ensure that mRNA was successfully
extracted. A cut-off value of 0.1 for CEA mRNA (equivalent
to one-tenth of CEA mRNA contained in a single COLM-2
cell) was established by the aid of a receiver operating
characteristics curve which was constructed using data for
CEA mRNA values and presence or absence of free intra-
abdominal cancer cells (presence of cancer cells in this
analysis was defined as either having peritoneal metastasis at
surgery or suffering from relapse as peritoneal carcinomatosis
within 2 years of surgery), as reported previously (5). For
individuals with samples from both Douglas and left sub-
phrenic cavities, the higher value of CEA mRNA was used
for the analysis.

Statistical analysis. Survival curves were constructed by the
Kaplan-Meier method and Log-rank test was used to evaluate
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the differences between the curves. χ2 test was performed to
evaluate correlation between the expression of CXCL12 or
CXCR4 and various clinicopathologic factors and patterns of
disease failure.

Results

Patient demographics. Mean age of the patients was 60.3±12.2
with the male:female ratio of 59:39. Node metastasis was
frequent, and only 8 patients were found after systemic lymph-
adenectomy to have no lymph node metastasis. Despite the
preoperative diagnosis through conventional imaging studies
that these patients have no distant metastasis, peritoneal
deposits were found at laparotomy in as many as 29 patients
(30%). Cytologic examination was positive in 31 patients
(32%) and CEA RT-PCR in 68 patients (76%).

Outcome and patterns of disease failure. There was no
operative mortality. Median survival of all patients was 585
days. Seventy-six of 98 patients had recurrences during the
follow-up. Site of recurrence was peritoneal in 60 patients
(61% of all patients, 80% of all patients with recurrent
disease), nodal in 19 patients, hepatic in 9 patients, bone in 8
patients and other sites in 4 patients.

Expression of CXCR4 and CXCL12. CXCR4 was detected
in 61 specimens (1+ in 49 specimens and 2+ in 12), and
CXCL12 in 76 specimens (1+ in 30 specimens and 2+ in 46).
Little difference in clinicopathologic factors were observed

between the tumors with 1+ status and those with 2+ status,
and these were treated collectively in the following analyses
as positive for CXCR4 or CXCL12. Tumor cells were stained
for CXCR4 moderately in the cytoplasm and weakly in the cell
membrane in both the differentiated and poorly differentiated
types (Fig. 1A and B). Staining of CXCR4 was inclined to be
more prominent in the invasion front. CXCL12 was strongly
stained in the cytoplasm of gastric cancer cells in both the
differentiated and poorly-differentiated types (Fig. 2A and B).
Staining of CXCL12 seemed to be more intense in floating
tumor cells in the lymphatic vessels (Fig. 2C).

Correlations of CXCR4 and CXCL12 expression with
various clinicopathologic variables and types of disease failure
are summarized in Tables I and II. No significant correlation
was observed between presence of free cancer cells in the
peritoneal cavity or development of peritoneal carcinoma-
tosis and expression profile of the CXCL12/CXCR4 axis. On
the other hand, there was a trend towards correlation of the
immunoreactivity to CXCR4 with recurrences to the distant
lymph nodes (p=0.1588), and hematogenously to the liver or
the bone (p=0.0971), although the number of events was too
small to reach a statistical significance. A section of liver
metastasis was available in 1 of 9 patients who had hepatic
metastasis or recurrence. Cancer cells in this specimen were
positively stained both with CXCR4 and CXCL12 (Figs. 1C
and 2D). At the same time, intrahepatic bile duct and portal
vein in the non-cancerous liver was positively stained (Fig.
2E). Immunostaining was attempted also for some samples of
peritoneal seeding, but CXCR4 was rarely stained (Fig. 1D)
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Figure 1. Immunohistochemical analysis of CXCR4 expression in the primary gastric tumor and metastasis. (A) Differentiated type adenocarcinoma stained
for CXCR4 at the invasion front in the primary tumor. (B) Poorly-differentiated type adenocarcinoma stained for CXCR4 at the invasion front. (C) Metastatic
liver tumor weakly stained for CXCR4. (D) Metastatic tumor in the peritoneum negatively stained for CXCR4. Bars, 100 μM.
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despite the strong expression of CXCL12 observed in the
mesothelial cells lining the peritoneum (Fig. 2F). CXCR4
was less frequently expressed in linitis plastica type gastric
cancer as opposed to the other types (p=0.0412), and had a
weak tendency to be detected more frequently among the
differentiated phenotype (p=0.2890). The expression of
CXCR4 or CXCL12 had no influence on survival of pT3-
stage cancers, even when the comparison was made between
CXCR4+CXCL12+ patients and CXCR4-CXCL12- patients.

Discussion

Peritoneal metastasis is a prominent pattern of disease failure
observed frequently among serosa-positive (T3 or T4 stage)
gastric cancer (3,4). It is considered to occur when cancer
cells are exfoliated from the serosal surface and attach to
any part of the peritoneal lining where it can proliferate.
Detection of free cancer cells in the peritoneal washes is

considered to be highly predictive of developing peritoneal
disease (26), and even minimal disease detected by RT-PCR
affects outcome of a patient substantially (5). This is in sharp
contrast with minimal residual disease within the lymph nodes
which was shown in an in vivo model to regress spontaneously
through resection of the primary tumor (27). Consequently,
detection of nodal micrometastases through immunostaining
in surgically resected specimens does not seem to affect the
outcome of patients treated with systematic lymph node
dissection (28).

One can speculate that floating in the peritoneal cavity
resembles laboratory cell culture condition which is apparently
a friendlier environment when compared with striving for
survival in a lymph node packed with lymphocytes. Thus, a
minute quantity of cancer cells floating in the abdominal
cavity can influence survival and, according to the current
study, activation of the CXCL12-CXCR4 axis is not
necessarily essential for the establishment of peritoneal
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Figure 2. Immunohistochemical analysis of CXCL12 expression in the primary gastric tumor and metastasis. (A) Differentiated type adenocarcinoma stained
for CXCL12 in the primary tumor. (B) Poorly-differentiated type adenocarcinoma stained for CXCL12 in the primary tumor. (C) Tumor cells permeated into
the lymphatic vessels strongly stained for CXCL12 in the primary tumor. (D) Metastatic liver tumor moderately stained for CXCL12. (E) Non-cancerous
tissue in the metastatic liver foci. Intrahepatic bile duct epithelial cells (thick arrow) and portal vein endothelial cells (thin arrow) was stained positive. (F)
Mesothelial lining cells also stained positive for CXCL12. Bars, 100 μM.
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metastasis. Mesothelial cells lining the peritoneum areknown
to express CXCL12, to which CXCR4-positive cancer cells
that have been shed from the serosa-positive primary could

be attracted. However, free cancer cells can land on the
peritoneal surface without being attracted, and firm adhesion
followed by transendothelial migration into tissues essential
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Table I. Correlation of the expression of CXCR4 with clinico-
pathologic variables.
–––––––––––––––––––––––––––––––––––––––––––––––––
CXCR4 (-) (+) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male 19 40
Female 18 21 0.2374

Age
<50 6 13
50-69 19 37
≥70 12 11 0.2603

Histology
Differentiated 5 15
Undifferentiated 32 46 0.2890

Node metastasis (pN)
Negative 4 4
Positive 32 56 0.7029

Concomitant peritoneal seeding
Negative 25 44
Positive 12 17 0.8014

Cytology of the peritoneal washes
Negative 27 40
Positive 10 21 0.5895

CEA RT-PCR
Negative 11 19
Positive 26 42 >0.9999

Linitis plastica
No 19 45
Yes 18 16 0.0412

Recurrence as peritoneal disease
No 15 23
Yes 22 38 0.9478

Recurrence in the lymph nodes
No 33 46
Yes 4 15 0.1588

Recurrence in the liver
No 36 53
Yes 1 8 0.1709

Recurrence as bone metastasis
No 35 55
Yes 2 6 0.6921

Hematogenous metastasis
No 35 49
Yes 2 12 0.0971

–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Correlation of the expression of CXCL12 with
clinicopathologic variables. 
–––––––––––––––––––––––––––––––––––––––––––––––––
CXCL12 (-) (+) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male 14 45
Female 8 31 0.8996

Age
<50 4 15
50-69 12 44
≥70 6 17 0.8915

Histology
Differentiated 3 17
Undifferentiated 19 59 0.5521

Node metastasis (pN)
Negative 2 6
Positive 20 68 >0.9999

Concomitant peritoneal seeding
Negative 14 55
Positive 8 21 0.5996

Cytology of the peritoneal washes
Negative 14 53
Positive 8 23 0.7783

CEA RT-PCR
Negative 9 21
Positive 13 55 0.3538

Linitis plastica
No 11 53 0.1447
Yes 11 23

Recurrence as peritoneal disease
No 10 12
Yes 28 48 0.6300

Recurrence in the lymph nodes
No 20 59
Yes 2 17 0.2797

Recurrence in the liver
No 21 68
Yes 1 8 0.6626

Recurrence as bone metastasis
No 21 69
Yes 1 7 0.7936

Hematogenous metastasis
No 20 64
Yes 2 12 0.6565

–––––––––––––––––––––––––––––––––––––––––––––––––
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for establishment of metastasis could then be governed by
other molecules such as integrins and selectins (29).
Yasumoto et al reported on a significant correlation between
CXCR4 expression in the primary tumor and peritoneal
carcinomatosis by immunostaining 29 cases with stage IV
gastric cancer (22). However, their data that 11 of 23 patients
(49%) with CXCR4-negative cancer suffered from peritoneal
carcinomatosis still point to the fact that CXCR4 expression
in the primary tumor may not be an essential factor in the
formation of peritoneal metastasis.

Chemokine gradients may have a greater role in transient
and reversible interaction between circulating tumor cells and
vascular endothelium in appropriate organs where CXCL12
is constitutively expressed by stromal fibroblasts. Role of
CXCL12/CXCR4 axis in bone metastasis of breast cancer
(13) or liver metastasis of colorectal cancer (18) may apply
also to gastric cancer. In the current study, primary tumor of
8 of 9 patients with hepatic metastasis and 6 of 8 patients
with bone metastasis were positively stained for CXCR4,
although these tendencies did not reach a statistical
significance due possibly to the small number of events.
Linitis plastica type cancer represents a peculiar subset of
gastric cancer which often metastasizes to the peritoneal
lining but is rarely seen harboring the liver (30). In the
current study, expression of CXCR4 was significantly less
frequent among linitis plastica type cancers. None of 34
patients with this type of cancer had hepatic metastasis,
whereas 3 of 16 linitis plastica type that were positive for
CXCR4 had metastasis to the bone. Despite the relatively
low positive rate of CXCR4 expression in the linitis plastica
in comparison with other types of gastric cancer, gross
peritoneal deposits were observed in 11 patients (32%) at
surgery, and peritoneal carcinomatosis eventually developed
in as many as 25 patients (74%). This suggests again that
CXCL12/CXCR4 axis does not play a major role in peritoneal
metastasis.

Interpretation of the chemokine CXCL12 expressed by
cancer cells themselves is more perplexing, given the general
understanding that chemokines may play an important role in
organ specificity of metastasis (6). Since chemokines are
known to stimulate growth of cancer cells and promote
angiogenesis (12), chemokines secreted by cancer cells may
enhance their proliferation in an autocrine fashion while
promoting angiogenesis in their microenvironment. Ishigami
et al reported through a study employing immunostaining
that the expression of CXCL12 influences outcome of patients
with gastric cancer (23). In their study, the positivity rate of
CXCL12 staining was elevated as the pT stage increased
(positivity had been 18% for pT1, 54% for pT2 and 63% for
T3), meaning that higher clinical stages may have been at
least partially responsible for the inferior prognosis of
CXCL12-positive gastric cancer. Perhaps, this difference in
survival was not observed in the current study since all
samples tested had been pT3 stage cancer in which CXCL12
was positively stained in as many as 76 of 98 patients (78%).

Neither was the expectation that CXCR4 staining could
serve as a prognostic determinant fulfilled in this study.
Although CXCR4 may have a role in hematogenous
metastasis, it may not have influenced the outcome signi-
ficantly since hematogenous metastasis is not a common

pattern of disease failure among patients with pT3-stage
gastric cancer. Surprisingly, Kwak et al reported through
another immunostaining study that prognosis of CXCR4-
positive gastric cancers was in fact superior to the CXCR4-
negative counterparts (31). The only finding in common with
the current study was that CXCR4 was more frequently
expressed among the differentiated phenotype.

To conclude, although it is not possible to deny the role
of CXCL12/CXCR4 axis in the peritoneal carcinomatosis of
gastric cancer, it seems to be more strongly associated with
hematogenous metastasis. Immunostaining of these molecules
is not currently useful as a prognostic determinant of pT3-
stage cancer. Further in vitro studies are required to elucidate
the role of CXCL12 production by cancer cells.
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