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Abstract: CXCR4/CXCL12 axis plays an important role in tumor growth, angiogenesis,
metastasis, and therapeutic resistance. The aim of this study is to perform a meta-analysis and
literature review to evaluate the association of CXCR4 expression with clinicopathological
significance and prognosis in patients with prostate cancer (PCa). A detailed literature search
was made in Medline, EMBASE, Web of Science, and Google Scholar for related research
publications. The data were extracted and assessed independently. Analysis of pooled data
was performed using Review Manager 5.2. Odds ratio (OR) with corresponding confidence
intervals were calculated and summarized. The meta-analysis included a total of eleven studies
and 630 patients. The rate of CXCR4 protein expression in PCa was significantly higher than in
nonmalignant prostate tissues (OR =35.71, P<<0.00001). The expression of CXCR4 protein was
not significantly associated with Gleason score (P=0.73). However, the frequency of CXCR4
protein expression was significantly higher in T34 stage than in T1-2 stage of PCa (OR =2.35,
P=0.001). The expression of CXCR4 protein was significantly associated with the presence of
lymph node and bone metastasis of PCa: for lymph node metastasis positive versus negative,
OR was 5.07 and P=0.0003, and for bone metastasis positive versus negative, OR was 7.03 and
P=0.003. Cancer-specific survival of patients with PCa was significantly associated with CXCR4
protein expression, and the pooled Hazard ratio was 0.24 and P=0.002. In conclusion, the high
expression of CXCR4 protein is a diagnostic biomarker of PCa, and it is significantly associated
with T stages. The increased expression of CXCR4 protein is significantly associated with lymph
nodes or bone metastasis, and CXCR4 is a poor prognosis predictor for patients with PCa. Taken
together, our findings indicate that CXCR4 could be a target not only for the development of
therapeutic intervention but also for the noninvasive monitoring of PCa progression.
Keywords: prostate cancer, CXCR4, CXCL12, prognosis, metastasis

Introduction
Prostate cancer (PCa) is the most common cancer in men and the second leading cause
of cancer-related death among men in developed countries.! The most common cause
of mortality in PCa is not the primary tumor growth but rather the spread of the can-
cer to other organs, predominantly to bone.? Therefore, understanding the molecular
mechanism of the metastatic pathway would be crucial in elucidating the mechanisms
of PCa progression and developing new therapy strategy.’

Chemokines, small proinflammatory chemoattractant cytokines that bind to spe-
cific G-protein coupled seven-span transmembrane receptors,* are major regulators
of cell trafficking and adhesion,>” survival,®® proliferation,'® and gene transcription.'!
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Chemokine receptor 4 (CXCR4) is an alpha-chemokine
receptor specific for stromal-derived-factor-1 (SDF-1,
now renamed CXCL12), a molecule endowed with potent
chemotactic activity for lymphocytes.'? CXCR4 had gained
tremendous attention over the past decade ever since it was
found to be upregulated in a wide variety of cancer types and
contributed to the tumor growth, angiogenesis, metastasis,
and therapeutic resistance.'*'° Recent advances in the field
of cancer biology has also pointed to the critical role that
CXCR4 and its ligand CXCL12 play in cancer stem cell
renewal and the metastasis of various types of cancer, includ-
ing PCa.!”!* However, the clinical relevance of the expression
of CXCR4 in PCa remains controversial, and the association
between CXCR4 expression and clinicopathological features
is inconclusive due to the relatively small number of tested
samples in each study. Lee et al performed a meta-analysis
and reported increased CXCR4 expression in PCa is associ-
ated with the presence of metastasis but not associated with
T stages of PCa.!” We performed a meta-analysis to investi-
gate not only the association between CXCR4 expression and
clinicopathological features but also the precise relationship
of CXCR4 expression to prognosis in patients with PCa in
the present study.

Methods

Selection criteria and study search
We conducted a literature search for relevant articles with-
out any language restrictions by using PubMed (January
1966—-January 2015), Web of Science (January 1945—January
2015), and EMBASE (January 1980-January 2015). The
keywords “Chemokine receptor 4” or “CXCR4” and “pros-
tate cancer” or “prostate carcinoma” were used for search-
ing the relative articles. There were 157 articles identified
from PubMed, 342 articles from Web of Science, and 462
articles from EMBASE. A total of 842 articles were identi-
fied from Google Scholar. Only the first 300 of the articles
were screened because the rest of them were not related to
the present study. A total of 1,261 articles were screened by
article titles and abstracts. A manual search of the reference
lists from the included articles was also conducted to identify
other potential publications.

We included studies that met the following criteria:
1) The association between CXCR4 protein expression and
the clinicopathological features of PCa and 2) the associa-
tion of CXCR4 protein expression and prognosis in patients
with PCa. After screening by article titles and abstracts,
20 relevant articles were included for full-text review. The
following exclusion criteria were used: 1) investigating the

association between CXCR4 mRNA expression and clini-
copathological significance, 2) utilizing the same population
or overlapping database, and 3) the studies utilized cell lines
or mice. Eleven articles were eligible for inclusion in this
meta-analysis. The detailed information of eleven relevant
articles is listed in Table 1.

Data extraction and study assessment
Two reviewers (QC and TZ) independently extracted data
from selected studies using a standardized data extraction
form. Any disagreement was discussed and reached a
consensus for all issues. The following items were col-
lected from each study: first author’s name, year of pub-
lication, geographical location, sample size of different
histologic categories of PCa, T stage, Gleason score, lymph
node and bone metastasis status, and prognosis in patients
with PCa.

Statistics analysis

Odds ratios (ORs) with its 95% confidence intervals (Cls)
were calculated. Heterogeneity among studies was estimated
using the Cochran’s Q statistic and /2 tests. A fixed effect
model was used for <<50%, while a random effect model
was used for 2>50%. The analysis was performed to com-
pare the frequency of CXCR4 protein expression between
PCa and nonmalignant prostate tissue. In addition, we evalu-
ated the rate of CXCR4 protein positive immunolabeling of
tumor tissue in different T stages, Gleason score, different
lymph node, and bone metastasis status. The immunostaining
was scored according to the intensity of positive staining.
Negative staining was no staining or weak staining, while
positive staining was moderate or strong staining. All
P-values were two-sided. Funnel plots were used for the
detection of publication bias. All analyses were performed
using Review Manager 5.2 (Cochrane Collaboration, Soft-
ware Update, Oxford, UK).

Results

Eleven relevant articles were included for full review and
meta-analysis (Figure 1). The following items were collected
from each study: first author’s name, year of publication,
number of patients with PC, benign prostate hyperplasia,
para tumor tissue or normal prostate tissue, T stages, Gleason
score, and prognosis (Table 1).

The rate of CXCR4 protein expression in PC was sig-
nificantly higher than in nonmalignant prostate tissues: OR
was 35.71 with 95% CI =15.58-81.84, test for overall effect
z=8.45, P<<0.00001, and ”=14% (Figure 2). The expression
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People’s Republic of China
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Abbreviations: LN, lymph node; TNM, tumor, nodes and metastases.

Zhang et al*
Xing et al*
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People’s Republic of China
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(342), Google Scholar (300),
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| Articles excluded on screening of
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(n=20)
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the usable data (n=8)
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v

Full-text articles assessed for
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due to insufficient data (n=1)

A

Studies included in meta-
analysis (n=11)

Figure | Flow diagram for selection of included studies.

of CXCR4 protein was not associated with Gleason score: OR
was 1.19, 95% CI=0.43-3.27, test for overall effect z=0.34,
P=0.73, and P=60% (Figure 3). However, the frequency
of CXCR4 protein expression was significantly higher in
T34 stage than in T1-2 stage of PCa: OR was 2.35, 95%
CI =1.40-3.96, test for overall effect z=3.21, P=0.001, and
P=29% (Figure 4). The CXCR4 protein expression was sig-
nificantly associated with the presence of lymph node or bone
metastasis of PCa; for lymph node metastasis positive versus
negative, OR was 5.07, with 95% CI =2.11-12.17, test for
overall effect z=3.63, P=0.0003, and /’=0% (Figure 5), and
for bone metastasis positive versus negative, OR was 7.03,
with 95% CI =1.98-24.93, test for overall effect z=3.02,
P=0.003, ’=0% (Figure 6). Cancer-specific survival of
patients with PCa was significantly associated with CXCR4
protein expression, and the pooled HR was 0.24 with 95%
CI =0.10-0.61, test for overall effect z=3.03, P=0.002,
P=20% (Figure 7).

Methodological quality of included articles was assessed
using the Newcastle Ottawa Quality Assessment Scale. This
scale was used to allocate a maximum of nine points for the
quality of selection, comparability, exposure, and outcomes
for study participants. The NOS scores ranged from 0 to 9,
and a score =7 indicates a good quality. Of the studies, seven
scored eight points, two scored seven points, and two scored
six points. Hence, the studies were of a relatively high quality
(data not shown). A sensitivity analysis, in which one study
was removed at a time, was conducted to assess the result
stability. The pooled HR was not significantly changed,
indicating the stability of our analyses. The funnel plots
were largely symmetric (Figure 8), suggesting there were no
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Study or subgroup Prostate cancer Nonmalignant prostate Weight  Odds ratio M-H, fixed, 95% CI
Events Total Events Total M-H, fixed, 95% Cl
Delongchamps et al®® 34 40 2 40 10.7% 107.67 (20.35, 569.57) —_—
Diao et al* 11 148 0 10 8.4% 62.44 (3.57, 1,091.45) —_—
Mochizuki et al*® 20 35 0 9 12.1% 25.13 (1.36, 465.61) —_—
Qu et al*! 37 40 5 30 15.4% 61.67 (13.51, 281.57) —_—
Zhang et al* 25 45 0 10 12.9% 26.12 (1.44, 472.85) —_—
Zhao et al*® 28 43 2 10 40.6% 7.47 (1.40, 39.73) —
Total (95% CI) 351 109 100% 35.71 (15.58, 81.84) i
Total events 255 9
Heterogeneity: ¥?=5.80, df=5 (P=0.33); 1>=14% I + t {
Test for overall effect: z=8.45 (P<0.00001) 0.01 01 1 10 100
Prostate cancer Nonmalignant
prostate
Figure 2 Forest plot for CXCR4 protein expression in PCa and nonmalignant prostate tissue.
Abbreviations: CXCR4, chemokine receptor 4; PCa, prostate cancer; Cl, confidence interval.
Study or subgroup High Gleason score Low Gleason score Weight Odds ratio Odds ratio
Events Total Events Total M-H, random, 95% CI M-H, random, 95% CI
Delongchamps et al*® 19 24 12 16 19.9% 1.27 (0.28, 5.68) H—
Hirata et al*® 7 82 10 85 26.0% 0.70 (0.25, 1.94) ——
Jung et al? 20 33 16 24 24.9% 0.77 (0.26, 2.31) ——
Mochizuki et al® 5 10 15 25 20.2% 0.67 (0.15, 2.92) —_—t
Zhang et al* 15 15 10 30 9.0% 60.52 (3.29, 1,114.06) —_—

Total (95% Cl) 164 180 100% 1.19 (0.43, 3.27)
Total events 66 63

Heterogeneity: 72=0.75; x?=10.03, df=4 (P=0.04); >=60% F T T 1
Test for overall effect: z=0.34 (P=0.73) 0.01 0.1 1 10 100
High Gleason score Low Gleason score

Figure 3 Forest plot for CXCR4 protein expression in different Gleason score of PCa.
Abbreviations: CXCR4, chemokine receptor 4; PCa, prostate cancer; Cl, confidence interval.

Study or subgroup T3-4 T1-2 Weight  Odds ratio Odds ratio
Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Delongchamps et al*® 18 20 13 19 7.1% 4.15 (0.72, 23.95) ;b
Hirata et al*® 6 59 10 108 34.0% 1.11(0.38, 3.22)
Jung et al? 5 8 31 49 17.5% 0.97 (0.21, 4.54) —_—
Mochizuki et al*® 16 27 4 8 13.5% 1.45 (0.30, 7.09) e o]
Okera et al*® 27 50 8 31 24.4% 3.38(1.27,8.97) —
Zhao et al®® 14 15 14 28 3.5% 14.00 (1.61, 121.37) —_—————
Total (95% Cl) 179 243 100% 2.35 (1.40, 3.96) "'
Total events 86 80
Heterogeneity: x2=7.08, df=5 (P=0.21); [>=29% I } t |
Test for overall effect: z=3.21 (P=0.001) 0.01 0.1 1 10 100
T3-4 T1-2

Figure 4 Forest plot for CXCR4 protein expression in different TNM Classification of Malignant Tumors stages of PCa.
Abbreviations: CXCR4, chemokine receptor 4; PCa, prostate cancer; Cl, confidence interval; TNM, tumor, nodes and metastases.

Study or subgroup Lymph node (+) Lymph node (-) Weight Odds ratio Odds ratio
Events  Total Events  Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Hirata et al* 4 16 10 151 33.8% 4.70 (1.28, 17.26) —E——
Mochizuki et al*® 10 14 10 21 53.7% 2.75 (0.65, 11.62) ———
Zhang et al* 24 36 1 9 12.5% 16.00 (1.79, 143.15) —_—
Total (95% Cl) 66 181 100% 5.07 (2.1, 12.17) o
Total events 38 21
Heterogeneity: 42=1.76, df=2 (P=0.41); I>=0% I t t i
Test for overall effect: z=3.63 (P=0.0003) 0.01 0.1 1 10 100
Lymph node (+) Lymph node (-)

Figure 5 Forest plot for CXCR4 protein expression in different lymph node metastasis status.
Abbreviations: CXCR4, chemokine receptor 4; Cl, confidence interval.
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Study or subgroup Bone metastasis (+) Bone metastasis (-) Weight Odds ratio Odds ratio
Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Mochizuki et al?s 15 21 5 14 80.7% 4.50 (1.06, 19.11) — B
Zhao et al* 10 10 18 33 19.3% 17.59 (0.95, 324.99) p————F
Total (95% Cl) 31 47 100% 7.03 (1.98, 24.93) -*-
Total events 25 23
Heterogeneity: y2=0.75, df=1 (P=0.39); ’=0% I } } |
Test for overall effect: z=3.02 (P=0.003) 0.01 0.1 1 10 100

Figure 6 Forest plot for CXCR4 protein expression in different bone metastasis status.

Abbreviations: CXCR4, chemokine receptor 4; Cl, confidence interval.

publication biases in the meta-analysis of CXCR4 protein
expression and clinicopathological features.

Discussion

Serum prostate-specific antigen measurements have been
used for effective screening, early detection of PCa, predic-
tion of tumor invasion, prognosis, selection of treatment
modality, and monitoring of treatment response. However,
there were some limitations for the application of prostate-
specific antigen in various clinical settings.?’ Many PCa
identified by prostate-specific antigen screening were
indolent at presentation and could be appropriately man-
aged with active surveillance. However, some of them were
biologically aggressive and were appropriate targets for the
immediate treatment. Molecular biomarker could be applied
as amore accurate assay to discriminate indolent and aggres-
sive tumors at diagnosis and optimize clinical strategy.'’
CXCR4, a unique receptor that exclusively interacts with
the endogenous ligand CXCL12,'? had been reported in at
least 23 epithelial, mesenchymal, and hematopoietic tumors,
suggesting its importance of this ligand/receptor axis in tumor
initial, aggressiveness, and metastasis.!*1>21"2% In addition,
numerous studies have experimentally demonstrated the role
of SDF-1/CXCR4 axis in PCa. Several studies have shown
higher expression of CXCR4 protein in PCa; however, the
clinical relevance of CXCR expression in PCa remains incon-
sistent. We pooled six studies and compared the pooled rate
of CXCR4 protein expression in PCa and nonmalignant pros-
tate tissue including normal prostate tissue, benign prostate

Bone metastasis (+) Bone metastasis (-)

hyperplasia, and para PCa tissue. Our data showed the fre-
quency of CXCR4 protein expression in PCa was 35 times
higher than in nonmalignant prostate tissue, suggesting that
CXCR4 expression could be a diagnostic biomarker for PCa.
Our result also showed CXCR4 protein expression was asso-
ciated with T stage; the rate of CXCR4 protein expression
was significantly higher in T3—4 stages than in T1-2 stages.
Several studies investigated the association between CXCR4
expression and T stages and reported controversial results
due to small tested samples.>!***?> Because CXCR4 expres-
sion was significantly higher in PCa than in nonmalignant
prostate tissue, CXCR4-targeted imaging could be used for
the diagnosis of PCa and monitoring cancer treatment. A few
of peptide and small molecular CXCR4 antagonists including
AMD3100, Ac-TZ14011, and CPCR4 have been developed
and utilized as CXCR4-targeted SPECT or PET imaging
probes.!” Recently, a technetium-99m labeled AMD3100
analog (CXCR4-specific antagonist) was reported and evalu-
ated in mouse model bearing PC-3 xenograft. The tracer was
significantly uptaken not only in tumor but also in lung, liver,
spleen, bone, and kidney. However, SPECT images showed
the specific accumulation of (*"Tc) O,-AMD3100 in PCa
xenograft, when the nonspecific uptake was significantly
blocked with excess unlabeled AMD3100. Further studies
are needed for the diagnosis in human with CXCR4-targeted
antagonists.

In addition, we found that CXCR4 protein expression was
significantly associated with the presence of lymph node or
bone metastasis. The frequency of CXCR4 protein expression

Study or subgroup Log (Hazard ratio) SE Weight Hazard ratio Hazard ratio
IV, fixed, 95% CI IV, fixed, 95% CI

Akashi et al*® —0.9555 0.6281 56.0% 0.38 (0.11, 1.32) — |-

Jung et al? —2.0149 0.7081 44.0% 0.13(0.03, 0.53) _

Total (95% Cl) 100% 0.24 (0.10, 0.61) s

Heterogeneity: y?=1.25, df=1 (P=0.26); I>=20% ; } + {

Test for overall effect: z=3.03 (P=0.002) 0.01 0.1 1 10 100

High CXCR4 Low CXCR4

Figure 7 Forest plot for the association of CXCR4 protein expression with cancer-specific death in patients with PCa.
Abbreviations: CXCR4, chemokine receptor 4; PCa, prostate cancer; Cl, confidence interval; SE, standard error; IV, inverse variance.
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Figure 8 Funnel plot for publication bias.
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Notes: (A) CXCR4 protein expression in PCa and nonmalignant prostate tissue; (B) CXCR4 protein expression in different Gleason score of PCa; (C) CXCR4 protein
expression in different TNM Classification of Malignant Tumors stages of PCa; (D) CXCR#4 protein expression in different lymph node metastasis status; (E) CXCR4 protein
expression in different bone metastasis status; (F) the association of CXCR4 protein expression with cancer-specific death in patients with PCa.

Abbreviations: CXCR4, chemokine receptor 4; PCa, prostate cancer; TNM, tumor, nodes and metastases.

was significantly higher in PCa with lymph node or bone
metastasis than in PCa without metastasis. Recent studies
showed that CXCL12 mRNA was preferentially expressed in
lymph nodes and bone marrow.?* CXCL12 was constitutively
produced by osteoblasts, fibroblasts, and endothelia cells in
bone marrow.* PCa cells with overexpressed CXCR4 protein
migrated to lymph nodes and bone marrow by an interaction
between CXCR4 and CXCL12 in the pathway.> Moreover,
previous evidence showed increased CXCR4 expression in
cancer-associated fibroblasts, which play an important role
in tumor growth, angiogenesis, and metastasis.?**® Taken
together, our findings suggest that increased CXCR4 expres-
sion is a useful tool in predicting the presence of metastasis
in PCa.

Androgen deprivation treatment is the most effective
intervention for advanced PCa with metastasis. Although
approximately 80% patients initially respond to this treat-
ment, they eventually become unresponsive to androgen
deprivation.”3® Considering the critical role that CXCR4
and its ligand CXCL12 play in cancer development and
metastasis of PCa, there is currently growing interest in
the discovery and development of antagonists and imaging
probes for therapeutic targeting and noninvasive monitoring

of CXCR4 expression. Numerous agents, including peptide,
small-molecule-based, and antibody-based treatment, and
imaging probes have been developed to monitor CXCR4
expression and therapeutic resistance in past two decades.
Lower molecular weight peptide analogs including T22,
TW70, and T134 have been developed to reduce their cyto-
toxicity since 1992.3132 Later Tamamura et al developed T140,
a high-affinity 14 amino acid cyclic structural analog, which
is essential for the development of various peptide analogs
such as CVX15 and Ac-TZ14011. The efficacy of T140 and
its analogs has been demonstrated in vitro and in vivo by
reducing tumor growth and metastasis in chronic leukemia,
multiple myeloma, breast cancer, melanoma, and pancreatic
cancer mouse models.?* Darash-Yahana et al reported that
CXCR4 inhibitory antibodies blocked CXCR4-dependent
vascularization and tumor growth.?? Additionally, AMD3100,
a CXCR4-specific antagonist, was utilized on human PCa
PC-3 cells and xenograft model, which has lower expression
of proliferation marker Ki67 and anti-apoptptic maker Bcl-2
compared with control tumors in vivo.** Moreover, anti-
CXCR4 antibodies and peptide analogs have been found to
disrupt tumor-stromal interaction in breast cancer models and
reduce the extent of metastasis as well as intraosseous growth
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in mouse xenograft models of PCa.?>37 Taken together, the
inhibition of interaction of CXCR4 and CXCLI12 could
contribute to not only the therapeutic intervention but also
the noninvasive monitoring of disease progression in patients
with PCa. Further investigations are required for future clini-
cal development of diagnosis and management of PCa.

We investigated the relationship between CXCR4 expres-
sion and cancer-specific death, indicating CXCR4 expression
was strongly associated with prognosis in patients with PCa.
The finding indicated CXCR4 expression is a poor prognosis
predictor, which is consistent with previous studies. Finally,
our study selected all the published articles written in English
and Chinese and did not include some relevant articles writ-
ten in other languages or unpublished papers that may result
in certain publication bias. Therefore, the result should be
interpreted carefully.

Conclusion

In conclusion, the high expression of CXCR4 is a diagnostic
biomarker of PCa, and it is significantly associated with
T stages. The increased expression of CXCR4 protein is
significantly associated with the presence of lymph nodes or
bone metastasis, and CXCR4 is a poor prognosis predictor
for patients with PCa. Taken together, our findings indicate
that CXCR4 could be a target not only for the develop-
ment of therapeutic intervention of advanced PCa but also
for the noninvasive monitoring of progression in patients
with PCa.

Disclosure
The authors report no conflicts of interest in this work.
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