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Nuclear Expression of Chemokine Receptor CXCR4
Indicates Poorer Prognosis in Gastric Cancer

TAKANOBU MASUDA!, YUICHIRO NAKASHIMA!, KOJI ANDO!, KEIJI YOSHINAGA!,
HIROSHI SAEKI!, EIJI OKI!, MASARU MORITA!, YOSHINAO ODAZ and YOSHIHIKO MAEHARA!

'Department of Surgery and Sciences, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan
’Department of Anatomic Pathology, Pathological Sciences,
Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

Abstract. Background: The CXCLI12/CXCR4 axis plays a
pivotal role in cancer progression and metastases in various
epithelial cancer cells. The aim of the present study was to
evaluate the localization and correlation between
CXCLI2/CXCR4 expression and clinicopathological features
in gastric cancers. Materials and Methods: This study
included 111 Japanese patients with primary gastric cancers,
which invade submucosa or more, all of whom underwent
gastrectomy between 1992 and 1996. Immunohistochemical
analysis was performed. Results: A significant correlation
was found in the immunoreactivity of nuclear CXCR4 and
poor differentiation (p=0.0026), infiltrated pattern
(p<0.0001), larger size (p<0.0001), advanced stage
(p=0.0342) and reduced 5-year survival rate (30% vs. 61%,
p=0.0012). Multivariate analysis revealed that high nuclear
CXCR4 immunoreactivity (RR: 3.077, p=0.0329) retained its
strength as an independent prognostic factor for overall
survival. Conclusion: High immunoreactivity of nuclear
CXCR4 in gastric cancer suggests that CXCLI12 binds to its
unique receptor CXCR4 at the membrane, translocates to the
nucleus and then becomes more invasive, and thus can be
considered a prognostic factor.

Chemokine CXCL12, also called stromal cell-derived factor
(SDF)-10 is a member of the CXC sub-family and exerts an
effect though its specific receptor CXCR4 (1). Chemokine
receptor CXCR4 is a G-protein-coupled receptor, which is
characterized by a seven-transmembrane-spanning domain.
CXCL12 and CXCR4 play a critical role in the behavior of
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cancer cells and modulate cell migration, proliferation and
survival. CXCLI12 and its unique receptor CXCR4 are
expressed in various epithelial cancer cells and associated
with tumor biology (2-4).

Miiller et al. (5) first showed that the chemokine receptor
CXCR4 was highly expressed in human breast cancer cells
and that activation of breast cancer cells with CXCL12
induced chemotaxis and tissue invasion in vitro. They also
showed that neutralizing the interaction of CXCL12 and
CXCR4 significantly impaired metastasis of breast cancer
cells to regional lymph nodes and lung in vivo, suggesting
that chemokines and their receptors have a critical role in
determining the metastatic destination of tumor cells.
Recently, many reports showed that the CXCL12/CXCR4
axis plays a pivotal role in cancer progression and metastasis
in breast (6-8), colorectal (9-13) and lung cancers (14, 15).

As for gastric cancer, the serum or malignant ascitic fluids
from patients with advanced disease have been reported to
contain high levels of CXCL12 (16, 17). Ishigami et al.
reported that the CXCL12 immunoreactivity correlated to
metastases or poor prognosis (18). However, there have been
other controversial reports indicating no correlation to node
metastasis or recurrence (19) or reduced expression of
CXCL12 mRNA (20). In the same way, CXCR4 positivity
correlated with metastases and prognosis (17, 21, 22),
whereas sometimes not correlated (19, 23). As many
discussion points are left unanswered, we evaluated the
CXCL12 and CXCR4 immunoreactivity from the
intracellular localization viewpoint.

Materials and Methods

Patients studied. The present study included 111 Japanese patients
with primary gastric cancer, which invade submucosa or more, all of
whom underwent gastrectomy between 1992 and 1996 at the
Department of Surgery and Science (Surgery II), Kyushu University
Hospital, Fukuoka. The study group included 83 men and 28 women
ranging from 28 to 86 years of age (mean, 62.9 years). No patient
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Figure 1. Immunohistochemistry for CXCL12 (A, B) and CXCR4 (C, D, E) in gastric cancer tissue (magnification x100). (A) Strong type: CXCLI2
is strongly detected in the membrane and cytoplasm of cancer cells. (B) Weak type: CXCLI2 is not detected in cancer cells. (C) Nuclear staining:
CXCRA4 is strongly detected in the nucleus of cancer cells. (D) Cytoplasmic staining: CXCR4 is detected in the cytoplasma of cancer cells. (E) No
staining: No CXCR4 is detected in cancer cells.

treated preoperatively with cytotoxic drugs was included in this  Immunohistochemistry. The avidin-biotin complex method was used
study. The median follow-up period was 42.9 months (range, 0.77 to ~ for CXCL12 and CXCR4 immunohistochemical staining. Tumor
60). Pathological features are classified based on the Japanese  specimens were collected and fixed in 10% formalin. Sections, 5-
classification of Gastric cancer, 12th edition (24). um-thick from paraffin-embedded blocks, were de-paraffinized in
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xylene and rehydrated in a graded series of ethanols. These sections
were heated in 0.01 M citrate buffer (pH6) for 20 minutes at 99°C
for CXCL12 and 10 minutes at 99°C for CXCR4 to retrieve antigen
activity and then cooled at room temperature.

After quenching the endogenous peroxidase activity in methanol
containing 3% hydrogen peroxidase for 30 min, the endogenous
biotin-avidin was blocked using an endogenous biotin-avidin
blocking kit (Nichirei Corp., Tokyo, Japan). Then the sections were
incubated with 10% normal rabbit serum for 10 min to block any
nonspecific binding of the immunoreagents. The sections were first
incubated with mouse anti-human CXCL12 monoclonal antibody
(8 ug/ml; clone 79018; R&D system, Minneapolis, MN, USA) for
CXCL12 and mouse anti-human CDI184 (CXCR4) monoclonal
antibody (5 ug/ml; clone 12G5; BD Pharmingen, Franklin Lakes,
NJ, USA) for CXCR4 at 4°C overnight. A Histofine Simple stain
PO (M) kit (Nichirei Corp., Tokyo, Japan) was used. The sections
were incubated with biotinylated rabbit anti-mouse 1gG+IgA+IgM
antibody (Nichirei Corp.) for 20 min and subsequently treated with
peroxidase labeled streptavidin for 20 min. The sections were
developed with diaminobenzidine (DAB) and lightly counterstained
with Mayer’s hematoxylin and mounted. Careful rinses were
performed with several changes of phosphate-buffered saline
between each stage of the procedure. Negative controls were
obtained by substituting the primary antibody with phosphate-
buffered saline.

The evaluation of CXCLI12 and CXCR4 expression was
performed by two pathologists (Y.N, T.M) without knowledge of the
patients’ clinicopathological features using light microscopy.
Therefore, since the role of these chemokines, CXCLI12 and its
receptor CXCR4, is invasion and proliferation, we evaluated the
invasive front of the tumor by immunostaining . The evaluation of
CXCL12 staining was categorized into strong and weak types:
staining intensity was stronger or equivalent than positive control,
weaker or no staining. CXCR4 staining was evaluated in terms of
nuclear expression and cytoplasmic expression.

Statistical analysis. The association of CXCL12 and CXCR4
expression with clinicopathological features was assessed using the
Fisher's exact test and Student's #-test. Survival rates were visualized
by applying Kaplan-Meier curves, and p-values were determined by
the log-lank test. Multivariate analysis was performed by applying
the logistic regression method for the determination of prognostic
factors. A p-value of less than 0.05 was considered significant. All
statistical analyses were conducted using the StatView 5.0 software
(SAS institute Inc., San Francisco, CA, USA).

Results

Immunohistochemical staining of CXCL12 in gastric cancer
tissue sections revealed predominance in membrane over the
cytoplasm (Figure 1A, B). The positive CXCL12 staining
was recognized in 98 out of 111 cases (88%). There were no
significant differences in histology, depth of invasion, lymph
node metastasis, lymphatic invasion, venous invasion,
infiltration pattern and stage between high and low CXCL12
expression groups (Table I). Overall survival remained also
unaffected (Figure 2A).

CXCR4 staining was seen in the cytoplasm and/or nucleus
(Figure 1C, D, E). The respective positive expression rate for
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Figure 2. Overall survival according to CXCLI2 and CXCR4
immunoreactivity. (A) CXCLI2 immunoreactivity. (B) Cytoplasmic
CXCR4 immunoreactivity. (C) Nuclear CXCR4 immunoreactivity.
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Table 1. Correlation between CXCLI2
clinicopathological features.

immunoreactivity and

Factor CXCL12 immunoreactivity
Low (n=13) High (n=98) p-Value

Age

mean (SD) 59.6 (9.3) 63.3 (12.6) ns
Gender

male 10 73

female 3 25 ns
Tumor location

Esophagus 0 1

Upper third 4 23

Middle third 6 33

Lower third 3 35

Whole 0 1
Tumor location

Anterior 2 14

Posterior 4 15

Greater 1 12

Lesser 1 28

Circle 5 24
Macroscopic type

0 1 27

I 0 3

1I 3 11

1 4 27

1AY 1 20

v 4 5
Differentiation

well/mode 4 39

por/sig 9 59 ns
Depth of invasion

SM, MP, SS 5 53

SE, Si 8 45 ns
Size

mean (SD) 9.6 (3.7) 7.0 (4.8) 0.0594
Lymphatic invasion

absent 6 55

present 7 43 ns
Venous invasion

absent 10 65

present 3 33 ns
Infiltration pattern

alpha 0 15

beta 7 41

gamma 6 42 ns
Lymph node metastasis

absent 3 39

present 10 59 ns
Liver metastasis

absent 12 94

present 1 4 ns
Peritoneal dissemination

absent 11 93

present 2 5 ns
Stage

I,1I 5 48

I, IV 8 50 ns

SD: Standard Deviation, ns: not significant, well: well differentiated
adenocarcinoma, mode: moderately differentiated adenocarcinoma, por:
poorly differentiated adenocarcinoma, sig: signet-ring cell carcinoma,
SM: submucosa, MP: muscularis propria, SS: subserosa, Si: tumor
invasion of adjacent structures.
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cytoplasmic CXCR4 was 44% (49/111) and 39% (43/111) for
the nuclear CXCR4 one. There was no correlation between
cytoplasmic and nuclear CXCR4 expression. There were no
significant differences between high and low cytoplasmic
CXCR4 expression in histology, depth of invasion, size,
lymphatic invasion, venous invasion, infiltration pattern,
lymph node metastasis, stage (Table II) and survival (Figure
2B). Notably, in contrast to cytoplasmic CXCR4 staining,
nuclear CXCR4 staining was significantly higher in the
undifferentiated cancer (p=0.0026), larger in size (p<0.0001),
infiltrated pattern (p<0.0001) and advanced stage (p=0.0342)
(Table II). Patients with high nuclear CXCR4 expression
showed a reduced 5-year survival rate compared to that in
patients with low nuclear CXCR4 expression (30% vs. 61%),
as depicted in the survival curve (p=0.0012) shown in Figure
2C. Using logistic regression analysis, high nuclear CXCR4
immunoreactivity (RR: 3.077, p=0.0329) retained its strength
as an independent prognostic factor for overall survival, as
lymph node metastasis (RR: 7.299, p=0.0002) and lymphatic
invasion (RR: 4.202, p=0.0054) did (Table III).

Discussion

The CXCLI12/CXCR4 axis was initially found to be
stimulated by the homing of lymphocytes to inflammatory
tissues and has recently been found to be involved in many
areas of immunology and human development, including
organogenesis, vascularisation, haematopoiesis  and
embryogenesis (25). Within hypoxic areas of tumors, both
CXCL12 expression by carcinoma-associated fibroblasts
(CAFs) and CXCR4 expression on tumor cells increase,
which stimulates tumor cell motility and invasiveness (2).
Fibroblast-derived CXCL12 promotes tumorigenesis by two
major mechanisms. First, CXCL12 promotes tumor cell
growth by directly stimulating tumor cell growth via CXCR4
in a paracrine fashion. Secondly, CXCL12 from CAFs
induces recruitment of endothelial progenitors, which allow
for tumor angiogenesis in an endocrine fashion. Targeted
metastasis to the marrow or other sites of high CXCLI12
expression involves CXCR4 activation on circulating tumor
cells that “hijack” the CXCR4/CXCL12 axis for homing to
microenvironments that normally are restricted to
haematopoietic progenitor cells (HPCs) (2).

In gastric cancer, Ishigami et al. reported that CXCL12 in
the cellular membrane of cancer cells may give cancer cells
themselves more aggressive behavior in an autocrine fashion
(18). High concentration of CXCL12 in serum (16) or
malignant ascitic fluids (17) from patients with gastric cancer
has also been reported. However, our study could not show
any correlation between CXCL12 expression both in cancer
cells and fibroblasts. Shibuta er al. reported reduced
expression of CXCR4 mRNA in gastric cancer (20). From
these findings, immunohistochemistry of CXCL12 in cancer
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Table II. Correlation between cytoplasmic and nuclear CXCR4 immunoreactivity and clinicopathological features.

Factor Cytoplasmic immunoreactivity Nuclear immunoreactivity
Low (n=62) High (n=49) p-Value Low (n=68) High (n=43) p-Value

Age

mean(SD) 64.7 (11.8) 60.6 (12.6) 0.0426 64.1 (10.6) 60.9 (14.4) ns
Gender

male 44 39 56 27

female 18 10 ns 12 16 0.0259
Tumor location

Esophagus 0 1 0 1

Upper third 14 13 16 11

Middle third 22 17 23 16

Lower third 24 14 25 13

Whole 1 0 0 1
Tumor location

Anterior 8 8 9 7

Posterior 12 7 14 5

Greater 8 5 11 2

Lesser 14 15 20 9

Circle 19 10 10 19
Macroscopic type

0 16 12 21 7

1 0 3 2 1

11 10 4 11 3

11 18 13 19 12

1Y 11 10 5 16

A\ 6 3 6 3
Differentiation

well/mode 22 21 34 9

por/sig 40 28 ns 34 34 0.0026
Depth of invasion

SM, MP, SS 35 23 41 17

SE, Si 27 26 ns 27 26 0.0506
Size

mean(SD) 72 (5.1) 74 (4.3) ns 5.8 (3.3) 9.6 (5.8) <0.0001
Lymphatic invasion

absent 31 30 41 20

present 31 19 ns 27 23 ns
Venous invasion

absent 45 30 46 29

present 17 19 ns 22 14 ns
Infiltration pattern

alpha 7 8 14 1

beta 29 19 36 12

gamma 26 22 ns 18 30 <0.0001
Lymph node metastasis

absent 25 17 29 13

present 37 32 ns 39 30 ns
Liver metastasis

absent 60 46 65 41

present 2 3 ns 3 2 ns
Peritoneal dissemination

absent 57 47 65 39

present 5 2 ns 3 4 ns
Stage

I, 11 34 19 38 15

III, IV 28 30 ns 30 28 0.0342

SD: Standard Deviation, ns: not significant, well: well differentiated adenocarcinoma, mode: moderately differentiated adenocarcinoma, por: poorly
differentiated adenocarcinoma, sig: signet-ring cell carcinoma, SM: submucosa, MP: muscularis propria, SS: subserosa, Si: tumor invasion of adjacent
structures.
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Table III. Multivariate analysis for overall survival.

Factors Status RR 95%CI1 p-Value
Differentiation well/mode vs. por/sig 1.164 0.407-3.333 0.7764
Depth of invasion SM, MP, SS vs. SE, Si 1.297 0.476-2.100 0.6104
Lymphatic invasion absent vs. present 4.202 1.527-11.628 0.0054
Venous invasion absent vs. present 1.021 0.351-2.976 0.9688
Lymph node metastasis absent vs. present 7.299 2.564-20.833 0.0002
Nuclear CXCR4 immunoreactivity low vs. high 3.077 1.095-8.621 0.0329

RR: relative risk, CI: Confidence interval, well: well differentiated adenocarcinoma, mode: moderately differentiated adenocarcinoma, por: poorly
differentiated adenocarcinoma, sig: signet-ring cell carcinoma, SM: submucosa, MP: muscularis propria, SS: subserosa, Si: tumor invasion of adjacent

structures.

cells may show fibroblast-derived CXCL12 binding to its
receptor in cancer cells, while CXCR4-positive cancer cells
are reported to be associated with lymphatic (21) or
haematogenous (22) metastases and peritoneal dissemination
(17). All these reports have evaluated the expression of
CXCR4 in the cellular membrane or cytoplasm of cancer
cells. We evaluated the localization of CXCR4 expression in
both cytoplasm and nucleus. The nuclear CXCR4 positivity
is often recognized in poorly differentiated adenocarcinoma,
which tended to be large and of the infiltrative type, resulting
with patients’ poor prognosis.

Binding of CXCL12 to CXCR4 results in receptor
dimerization and endosomal internalization of the
receptor—ligand complex (26). CXCR4 found in cancer cell
was not limited to the cell membrane but was also observed
frequently in the cytoplasm and, occasionally, in the nucleus.
Some recent studies reported that CXCL12/SDF-la
stimulation could trigger CXCR4 internalization and
subsequently CXCR4 endocytosis in renal cell carcinoma (27)
and colon cancer (13) cell lines. CXCR4 nuclear localization
in renal cell carcinoma (A-498) cells was found associated with
increased Matrigel matrix invasion, a metastatic trait (27). In
clinical settings, nuclear CXCR4 significantly correlated with
lymph node metastasis in breast cancer (28) and colorectal
cancer (11), suggesting that nuclear expression of CXCR4 may
play a role in the progression of cancer. From our data in this
study, nuclear CXCR4 expression in the primary gastric cancer
may reflect increased potential for infiltration and poor
outcome. Further investigation is necessary to elucidate the
functional mechanism of CXCL12/CXCR4 axis for its
effective application in cancer treatment.

Conclusion

We investigated the immunoreactivity and intracellular
localization of CXCL12 and CXCR4 in gastric cancer tissue
in an immunohistochemical manner. In gastric cancer
microenvironment, it is suggested that CXCL12 binds to its
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unique receptor CXCR4 at the membrane level and then
translocates to the nucleus becoming more invasive
resulting, thus, as a prognostic factor.
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