Chemokine receptor CXCR4 expression and prognosis
in patients with metastatic prostate cancer
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The chemokine receptor CXCR4 has been reported to be aberrantly
expressed in human cancers and has also been shown to participate
in the development of cancer metastasis. The present study was
carried out to assess immunohistochemically the pattern of CXCR4
expression in patients with metastatic prostate cancer. We analyzed
whether there may be an association between CXCR4 expression
and prognosis. Fifty-two patients who received hormonal therapy
were enrolled. Specimens were obtained from transperineal needle
biopsy before treatment, and were stained with antihuman CXCR4
antibody. We also evaluated the pathological grade, extent of bony
metastasis, clinical response to hormonal therapy, and patient
prognosis. CXCR4 was detected in 94.2% patients. Its expression
showed no association with pathological grade, extent of bony
metastasis, or clinical response to hormonal therapy. Patients with
a high expression of CXCR4 in tumors had poorer cancer-specific
survival than those with low expression of CXCR4. CXCR4 expres-
sion is a useful prognostic factor for patients with metastatic
prostate cancer treated with androgen-withdrawal therapy. (Cancer
Sci 2008; 99: 539-542)

IVIost prostate cancer-related deaths are not the result of
primary tumor growth but, rather, are caused by the
spread of the cancer to other organs. Approximately 80% of
patients with untreated prostate cancer respond to androgen-
withdrawal therapy; however, disease recurrence occurs frequently
after progression to hormone-refractory status, in which androgen-
independent growth of the tumor is observed. Better prediction
of the progression and growth potential of prostate cancer is
needed urgently.

Chemokines, a superfamily of small cytokine-like proteins,
induce cytoskeletal rearrangement through binding the corresponding
G-protein-coupled receptors, adhesion to endothelial cells, and
directional migration.® For example, it has been shown that
CXCL12-CXCR4 interactions may play a significant role in the
metastasis of prostate cancer to bone.® CXCR4 is a seven-domain
transmembrane chemokine receptor expressed predominantly on
lymphocytes where it activates chemotaxis. CXCL12 is the only
physiological ligand for CXCR4, and is expressed by osteoblasts
and bone marrow stromal cells. It has also been demonstrated
that normal breast tissue expresses low amounts of CXCR4,
whereas neoplastic breast tissue expresses higher levels of
CXCR4.% Recently, CXCL12 and CXCR4 have been implicated
in the pathogenesis and progression of various cancers. For
example, there are a few studies reporting that CXCR4 expression
predicts poor prognosis in lung cancer,® melanoma,® esophageal
cancer,” and ovarian cancer.®

We hypothesized that there may be an association between
CXCR4 expression and prognostic factors. In the present study,
CXCR4 was stained immunohistochemically using transperineal
needle biopsy specimens from patients with metastatic prostate
cancer, and we compared its expression to cancer-specific survival
and other prognostic factors.
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Materials and Methods

Data collection. Fifty-two patients with untreated metastatic
prostate cancer (TxNxM1) who received hormonal therapy
between 1986 and 1999 were included in the present study.
All patients underwent surgical or medical castration plus
diethylstilbestrol diphosphate or chlormadinone acetate
administration. The age distribution ranged from 54 to 87 years
(mean + SD: 73.4+7.7 years). All specimens were primary
cancer tissue and were obtained by transperineal needle biopsy
before any treatment. This study was undertaken with the
approval and institutional overview of the institutional review
board at the University of Toyama.

Immunohistochemical staining of CXCR4 in prostate cancer. Im-
munohistochemical staining was carried out using the goat
antihuman CXCR4 polyclonal antibody fusin (A-17) (SC-6191;
Santa Cruz Biotechnology, Santa Cruz, CA, USA). In brief,
formalin-fixed, paraffin-embedded specimens were deparaffinized
in xylene and dehydrated with ethanol. Endogenous peroxidase
was blocked with 0.1% hydrogen peroxide—methanol for 30 min
at room temperature. After washing with distilled water, the
specimens were incubated in a microwave oven (95°C, 750 W;
ME-2; Nissin, Tokyo, Japan) in target retrieval solution (Dako,
Glostrup, Denmark) for 10 min and then washed with distilled
water. Nonspecific binding was blocked by treatment with a
special blocking reagent (Dako) for 15 min. Anti-CXCR4
antibody was applied at a dilution of 1:100, and the sections
were then incubated in a moist chamber overnight at 4°C. After
washing the specimens with Tris-buffered saline, they were then
incubated with a peroxidase-conjugated antigoat IgG polymer
(Histofine for goat; Nichirei, Tokyo, Japan). CXCR4 antigen was
visualized after the specimens were treated with diaminobenzidine
(Vector Laboratories, Burlingame, CA, USA) for 5 min at room
temperature. The nuclei were counterstained using Meyer’s
hematoxylin. Negative control sections were prepared by
incubation with normal mouse IgG (Vector Laboratories) at a
dilution of 1:100. Immunohistochemical detection of CXCR4
expression was carried out for specimens from patients with
prostate cancer and bony metastasis. The evaluations were
recorded as the percentage of positively stained tumor cells in
each of three intensity categories. A consensus judgment was
adopted as to the proper immunohistochemical score of the
tumors based on the strength of CXCR4 expression: negative,
weak staining, moderate staining, or strong staining. In the
present study, as in a previous study, the distribution of positive
cells was also recorded to portray the diffuse or focal nature
of the positive cells: sporadic (positive cells <5%); focal
(positive cells >11% but less than 50%); or diffuse (positive
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sporadic (0-5%) focal (6—50%)

diffuse (51-100%)

cells >50%).”” Samples with immunohistochemical scores of
negative, weak, or moderate staining with sporadic to focal
distributions were considered to have ‘low’ expression whereas
diffuse distributions were considered to have ‘high’ expression
for CXCR4 antibodies. In each category, the percentage of
positively stained tumor cells was assessed by scoring at least
1000 adjacent cells in the area with the highest density of
CXCR4-positive cells (Fig. 1). The pathological tumor grade was
evaluated according to the method of Gleason.!"” The extent
of bony metastasis (EOD) was classified according to the method
described by Soloway."V The clinical response of serum prostate-
specific antigen (PSA) was estimated 3 months after the beginning
of hormonal therapy. A complete response (CR) was considered
normalization of the PSA level (<4 ng/mL), a partial response
(PR) was a greater than 50% decrease from the pretreatment level,
progressive disease (PD) was a greater than 25% increase from
the pretreatment level, and no change (NC) was that between a
partial response and progressive disease. In terms of the clinical
response to hormonal therapy, a non-responder was defined as
either new or worsened bone metastasis, with a greater than
25% increase in local or soft-tissue disease.

Statistical analysis. All statistical analyses were carried out
with the Stat-View program, version 5.0 (Abacus Concepts,
Berkeley, CA, USA). Cause-specific survival was calculated by
the Kaplan—Meier method. According to the Kaplan—Meier
plots, the log-rank statistic was used for evaluating statistical
significance in the analyses. Statistical significance was
estimated using Student’s z-test and the Cox—Mantel method.
For multivariate analyses, we used a Cox proportional hazard
model.

Results

The clinical and pathological features of 52 patients are shown
in Table 1. The percentage of stained tumor cells in each of the
three intensity categories was 5.8% (sporadic; n=3), 59.6%
(focal; n=31), and 34.6% (diffuse; n=18). No statistically
significant differences were found in CXCR4 expression
according to the pretreatment PSA level (P = 0.8914). CXCR4
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Fig. 1. CXCR4 expression in prostate cancer
(with bone metastasis) (x200). The evaluations
were recorded as the percentage of positively
stained tumor cells in each of three intensity
categories: sporadic, 0-5%; focal, 6-50%; and
diffuse, 51-100%.

expression showed no association with pathological grade
(Gleason score; P =0.8812), clinical response to hormonal
therapy (P = 0.3447), or extent of bony metastasis (P = (0.9443).
However, pathological grade (P = 0.0025), clinical response to
hormonal therapy (P = 0.0257), and CXCR4 expression (P =
0.0159) exhibited correlations with cause-specific survival
(Fig. 2). The results of multivariate analysis to determine the
relative importance of the prognostic factors were found to be
statistically significant for pathological grade (P =0.0040, 95%
confidence interval [CI] 0.216—0.747) and CXCR4 expression
(P = 0.0329, 95% CI 0.284—0.948). In the present analysis,
CXCR4 expression was found to be one of the prognostic factors
(Table 2).

Discussion

Many studies on the CXCL12—CXCR4 ligand—receptor system
have been carried out mainly in the field of immunology and
infection, such as hematopoiesis, lymphocyte homing, and
HIV infection. In 2001, Muller et al. showed that CXCR4 is
expressed more highly in breast cancer tissue than in normal
breast tissue, and CXCL12 is expressed in many organs in which
breast cancer metastasis is often found, such as lymph nodes,
bone marrow, and lungs, but is not expressed in the kidney
where metastasis hardly occurs.” In addition, in vivo studies
have shown that injecting the antibody that neutralizes CXCR4
activity leads to inhibition of metastasis to the bone marrow and
lungs.®) These findings indicate that the CXCLI12-CXCR4
ligand-receptor system plays a critical role in determining the
metastatic destination of cancer cells. Similar experimental
results have also been reported in other types of cancer such as
esophageal,” malignant melanoma,'® ovarian,'® and lung
cancers; " however, such studies are limited in prostate cancer.

A previous study revealed that in the three prostate cancer
cell lines LNCaP, PC3, and DU-145, CXCR4 expression was
detected at both the mRNA and protein levels.!"> In contrast, in
normal human prostate epithelial cells, no detectable level of
CXCR4 expression was found. However, CXCL12 was not
expressed in these three prostate cancer cell lines; therefore,
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Table 1. CXCR4 expression and clinicopathological features

CXCR4 expression

Feature All cases Low High (IO\I/DV_\\I/aSIE?gh)
Sporadic Focal Diffuse
Mean age + SD (years) 73.4+7.7 77.7+13.6 73.2+7.18 735+7.9 0.9692
Mean pretreatment PSA + SD (ng/mL) 412.7 £726.9 21.4+23.1 443.0 £ 752.0 436.0 + 747.1 0.8914
Mean Gleason score + SD 8.10+1.40 73121 8.1+1.5 8.06 £ 1.31 0.8812
Clinical response to hormonal therapy' (n)
CR 32 2 21 9 0.3447
PR+ NC+ PD 20 1 10 9
EOD (n)
Low (0-2) 32 3 20 11 0.9443
High (3-4) 20 0 1 7

'Changes in prostate-specific antigen level after 3 months. CR, complete response; EOD, extent of bony metastasis; NC, no change; PD, progressive

disease; PE, partial response.
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respectively; P=0.0159.

Table 2. Multivariate analysis of prognostic factors in relation to

cause-specific survival

Prognostic factor P-value
Pretreatment Gleason score 0.0040
Clinical response to hormonal therapy 0.0551
CXCR4 expression 0.0329

although the autocrine action of the CXCR12-CXCR4 ligand—
receptor system is supposedly present in neuroblastoma,'® pros-
tate cancer cells might be affected not by endogenous CXCL12,
but by exogenous CXCL12. The preoperative PSA level is one
of the strongest predictors of recurrence in prostate cancer.!!”
Meanwhile, a previous study did not reveal a statistically sig-
nificant association between CXCR4 expression and patient
status, for example, with preoperative PSA level, T category,
Gleason sum, metastasis (lymph node, bone, lung), and patient
prognosis.!® In the present study, we used immunohistochemical
staining of transperineal needle biopsy specimens from patients with
metastatic prostate cancer treated with androgen-withdrawal
therapy. We also evaluated the relationship between CXCR4
expression and prognosis, and other clinicopathological factors.

Akashi et al.

Time (months) Time (months)

Although a statistically significant association was noted between
CXCR4 expression and cancer-specific survival in this study,
correlations with pretreatment PSA level, Gleason score, clinical
response to hormonal therapy, and extent of bony metastasis,
conventionally suggested to be related to survival, were not
noted. The reason why none of these factors had correlations
with CXCR4 expression might be because the subjects in the
present study all had prostate cancer with bone metastasis (in
a sense, biased object). So the mean value of each parameter
(EOD, Gleason score and clinical response to hormonal therapy)
had no relationship with CXCR4 expression.

The present results suggest that CXCR4 was detected in most
patients (94.2%) with metastatic prostate cancer or specimens.
According to a previous study, Mochizuki et al. reported that
positive CXCR4 protein was found in 57.1% of clinical prostate
cancer samples, and that the positive expression of CXCR4
protein was an independent and superior predictor of bone
metastasis to the Gleason score.!® Previous studies reported that
CXCR4 expression predicted poor prognosis in 61 patients with
completely resected non-small cell lung cancer,”® in esophageal
cancer,” and in epithelial ovarian cancer.® Recent clinical studies
have verified that cytoplasmic CXCR4 expression is associated
with tumor aggressiveness and has prognostic value."**” To the
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best of our knowledge, this is the first report demonstrating the
prognostic role of CXCR4 in prostate cancer.

CXCR4 expression appears to be an independent prognostic
factor in prostate cancer with bone metastasis. In our study, subjects
were a limited patient group (stage D2 only) who had received
androgen-withdrawal therapy, but the data showed that CXCR4
expression predicts poor prognosis, supporting the inhibition of
CXCR4 as a possible therapeutic target.

Experiments in vitro revealed that anti-CXCR4 antibody
inhibited the migration and invasion of a prostate cancer cell
line.® In prostate cancer, Darash-Yanaha et al. showed that high
expression levels of CXCR4 correlated with the presence of
metastatic disease.®” These findings suggest that CXCR4
expression in prostate cancer tissues is closely associated with
cancer progression or metastasis and is a useful tool in predicting
metastasis in prostate cancer patients.

Therapeutic strategies are classified mainly into two categories:
the application of neutralizing antibody against CXCR4 and
specific CXCR4 antagonists. It was first reported that lung
metastasis of human breast cancer is suppressed by the admin-
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