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Expression of CXCR4 and breast cancer prognosis:
a systematic review and meta-analysis
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Abstract

Background: The chemokine receptor CXCR4 plays a significant role in biological processes, as well as in
tumorigenesis and the progression of cancer, especially breast cancer. However, the clinical application of CXCR4
for breast cancer prognosis is still very limited. A meta-analysis based on published studies was performed with the aim
of obtaining an accurate evaluation of the relationship between CXCR4 expression and the prognosis of breast cancer.

Methods: A comprehensive search strategy was used to search relevant literature in PubMed, MEDLINE and the ISI Web
of Science. The correlation between CXCR4 expression and clinicopathological features and breast cancer prognosis was
analyzed. This meta-analysis was carried out using Review Manager 4.2.

Result: Thirteen eligible studies consisting of 3865 participants were included. We found that breast cancers with CXCR4
expression were associated with lymph node status (pooled RR =1.20, 95% CI: 1.01-1.43, P<0.001) and distant metastasis
(pooled RR =1.52, 95% CI: 1.17-1.98, P = 0.125). CXCR4 overexpression was significantly associated with disease free
survival (DFS) (RR = 0.77, 95% CI = 0.70–0.86, P = 0.554) and overall survival (OS) (RR = 0.70, 95% CI = 0.59–0.83, P = 0.329).
However, there was no significant association between CXCR4 expression and some clinical parameters of breast cancer,
such as tumor category, ER status, PR status, or c-erbB-2 status.

Conclusion: Our meta-analysis showed that CXCR4 is an efficient prognostic factor for breast cancer. Overexpression of
CXCR4 was significantly associated with lymph node status and distant metastasis and indicated poor overall and disease
free survival.
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Background
Breast cancer is the most common form of cancer diag-
nosed in women. Thus far in 2013, breast cancer has ac-
counted for 29% of all new cancer cases and 14% of all
cancer deaths among women worldwide [1]. Breast cancer-
related mortality is associated with the development of
metastatic potential of the primary tumor. Recently, many
studies have shown that the presence of CXCR4 can signify
invasion and metastasis in several cancers, including breast
cancer [2].
The chemokine receptor CXCR4 is a 352-amino acid

rhodopsin-like G protein-coupled receptor (GPCR) that
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selectively binds the CXC chemokine stromal cell-derived
factor 1 (SDF-1), also known as CXCL12. This chemokine
receptor has been identified to play a crucial role in a
number of biological processes, such as trafficking and
homeostasis of immune cells such as T lymphocytes [3],
and the CXCL12/CXCR4 axis is known to be important in
the enhancement of stem cell homing in tissue regener-
ation [4]. In various types of cancer, CXCR4 plays a vital
role in tumorigenesis and the progression of cancer [5,6].
A potential mechanism of CXCR4’s involvement in tumor
dissemination and metastasis is through promoting its
transendothelial migration at the primary site [7]. Further
evidence indicates that CXCR4 not only affects breast can-
cer metastasis but also promotes the survival and prolifer-
ation of breast cancer cells through increasing the number
of blood vessels in tumors [8]. However, there are insuffi-
cient studies to confirm the clinical significance of CXCR4
in breast cancer, and its accurate prognostic value in
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breast cancer is still unclear, especially in the different mo-
lecular types of breast cancer. To address this issue, we
conducted a meta-analysis aimed at evaluating the value
of CXCR4 as a prognostic marker for breast cancer and to
determine the relationship between CXCR4 and several
clinicopathological features of breast cancer.

Methods
Publication search
This systematic review and meta-analysis is reported ac-
cording to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [9]. The
electronic databases PubMed (http://www.ncbi.nlm.nih.
gov/pubmed/), MEDLINE and ISI Web of Science were
searched using the following tags: “CXCR4” and “breast
cancer”. The citation lists associated with the studies, in-
cluding review articles, that were retrieved in the search
were used to identify additional relevant publications. The
articles utilized in this study were published up to March
2013. The title and abstract of each study identified in the
search were scanned to exclude any clearly irrelevant
reports.

Selection criteria
The studies included in this meta-analysis were either
randomized controlled studies (RCTs) or observational
studies (case–control or cohort) that evaluated the associ-
ation between CXCR4 expression and breast cancer. The
criteria for inclusion were as follows: a) articles evaluating
the relationship between CXCR4 expression and parame-
ters such as clinicopathological features and prognostic
factors of breast cancer; b) articles containing sufficient
published data to determine an estimate of relative risk
(RR) and a 95% confidence interval (95% CI); and c) full
text, original research articles published in English.
Letters to the editor, reviews, comments, duplicated

studies and articles published in books as well as papers
published in non-English languages were excluded.

Data extraction
All data were independently abstracted by two reviewers
with standardized data abstraction tools. Disagreements
in data extraction were resolved by consensus and by re-
ferring back to the original article. The following data
were obtained from each article: first author’s last name;
year of publication; country of the population studied; num-
ber of participants; duration of follow-up; staining methods
of CXCR4; staining patterns of CXCR4; the choice of cutoff
scores for the definition of positive staining or staining
intensity; T category (T0-2, T3-4); N category; distant me-
tastasis; c-erbB-2, ER and PR status; and most importantly,
the 5-year overall survival (OS) and disease-free survival
(DFS) rates.
Because the cutoff value for the CXCR4 group varied
among studies, we defined CXCR4-high expression values
according to the original articles. The T category was de-
termined according to the American Joint Committee on
Cancer (AJCC) cancer staging manual (one group: T0-2,
other group: T3-4). To avoid bias from studies contributing
very long-term follow-up data compared with other stud-
ies, both OS and DFS were standardized to include 5 years
of follow-up in all studies. For the articles that did not pro-
vide 5-year OS and DFS rates directly, Kaplan–Meier
curves were evaluated using GetData Graph Digitizer 2.24
(http://getdatagraph-digitizer.com).

Statistical analysis
Statistical analyses were performed according to the guide-
lines proposed by the Meta-Analysis of Observational Stud-
ies in Epidemiology group. The relative risk (RR) with 95%
confidence interval (95% CI) was calculated using Review
Manager 4.2. Study heterogeneity was measured using the
Q test and I2 test. Fixed-effects models (Mantel-Haenszel,
P>0.1 and I2<50%) assume that the differences between the
results of various studies are due to chance. Random-
effects models (DerSimonian and Laird, P ≤ 0.1 or I2 ≥ 50%)
assume that the results could genuinely differ between
studies. In the absence of heterogeneity, both fixed- and
random-effects models provide similar results. When het-
erogeneity is present, the random-effects model is consid-
ered to be more appropriate than a fixed-effects model,
resulting in wider intervals and a more conservative esti-
mate of treatment effect. The potential for publication bias
was assessed using the Begg rank correlation method and
the Egger weighted regression method (software Stata 11.0,
P<0.05 was considered representative of statistically signifi-
cant publication bias). All P values are two tailed.

Results
Search results
The detailed search steps are described in Figure 1. Initially,
288 articles were retrieved utilizing the search strategy de-
scribed above. After titles and abstracts were reviewed, 260
articles were excluded due to the end point of the study;
some studies did not provide data between CXCR4 expres-
sion and pathological features or specify whether disease
free survival (DFS)/overall survival (OS) was investigated.
Of the published articles, 15 studies were excluded because
they were about CXCR4 mRNA, CXCR4 shRNA, CXCR4
gene expression or the CXCR4 signaling pathway. Finally, a
total of 13 studies were included in the meta-analysis.

Characteristics of eligible studies
All features of the 13 eligible studies are listed in Table 1.
These thirteen observational retrospective studies, con-
sisting of approximately 3865 participants with a median
of 297 (from 54 to 1699) per study, were included. These
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Figure 1 Flowchart of the selection of studies for inclusion in
the meta-analysis.
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studies evaluated the expression of CXCR4 and evalu-
ation parameters for breast cancer, based on either clini-
copathological features or prognostic factors. Among
them, 7 were from the USA, 1 was from Canada, 3 were
from China, 1 was from Japan, and 1 was from Korea.
We did not obtain any studies from Europe. In addition,
the expression of CXCR4 was detected by immunohisto-
chemistry (IHC) in 3 studies, by tissue microarray
(TMA) in 2 studies and by western blot analysis in 6
studies.
Correlation of CXCR4 expression with clinicopathological
parameters
CXCR4 expression was not associated with certain clin-
ical parameters of breast cancer, such as tumor category
(T category: T0-2, T3-4) (pooled RR =1.09, 95% CI: 0.80-
1.47, P = 0.451 and I2 = 0 fixed-effect), ER status (pooled
RR =0.97, 95% CI: 0.97-1.05, P = 0.014 and I2 = 51.3
random-effect), PR status (pooled RR =0.99, 95% CI: 0.87-
1.12, P = 0.016 and I2 = 51.5 random-effect), or c-erbB-2
status (pooled RR =1.16, 95% CI: 0.85-1.56, P<0.001 and
I2 = 84.9 random-effect) (Figure 2a,d,e,f).
However, breast cancers with CXCR4 expression were

associated with lymph node status (pooled RR =1.20,
95% CI: 1.01-1.43, P<0.001 and I2 = 80.9 random-effect)
and distant metastasis (pooled RR =1.52, 95% CI: 1.17-
1.98, P = 0.125 and I2 = 42.1 random-effect) (Figure 2b,c).
In the staining pattern subgroup analysis, CXCR4 mem-
brane and/or cytoplasm expression (pooled RR =1.72, 95%
CI: 1.29-2.29, P = 0.121 and I2 = 48.4 random-effect) had a
more significant association with distant metastasis than
nuclear CXCR4 expression. Additional results from the
subgroup analyses can be found in Additional file 1: Tables
S1 and Additional file 2: Tables S2.
Impact of CXCR4 expression on 5-year OS and DFS rates
The relationship between CXCR4 expression and breast
cancer prognosis is illustrated in Figure 3. Six studies
(including a total of 732 patients) that demonstrated the
association of CXCR4 and the 5-year OS rate were ob-
tained from the published information, and six studies
(including a total of 635 patients) containing information
on the correlation between CXCR4 and the 5-year DFS
rate were obtained from the published articles. CXCR4
overexpression was statistically associated with a poor 5-
year OS rate (Figure 3a, RR = 0.77, 95% CI = 0.70–0.86,
P = 0.554 and I2 = 0 fixed-effect). The 5-year OS rate was
0.77-fold lower in CXCR4-positive patients. Furthermore,
a similar difference was also observed in the 5-year DFS
rate (Figure 3b, RR = 0.70, 95% CI = 0.59–0.83, P = 0.329
and I2 = 13.4 fixed-effect).

Publication bias
Begg’s and Egger’s tests indicated that there was no evi-
dence of significant publication bias after assessing the
funnel plot (Figures 4 and 5) for the studies included in
our meta-analysis.

Discussion
Information about the prognostic and predictive value of
CXCR4 in breast cancer is limited. To our knowledge,
this present meta-analysis is the first study to systematic-
ally evaluate the association between chemokine receptor
CXCR4 and clinicopathological features and prognostic
factors in breast cancer. In our study, a combined analysis
of 13 clinical studies, which detected the CXCR4 antigen
in whole tissue sections, revealed a poor prognostic out-
come in patients expressing high levels of CXCR4. The re-
sults indicate that CXCR4 expression is significantly
associated with lymph node status, distant metastasis and
5-year OS and DFS rates. When compared with nuclear
expression, the expression of CXCR4 in the membrane
and cytoplasm could be more significant for prognosis.
What makes CXCR4 account for the poor prognosis

in breast cancer? On the one hand, CXCR4 is most com-
monly found in malignant cells from different types of
cancer. At least 23 different cancers, including breast can-
cer, express this receptor [23]. Interestingly, Anja et al. re-
ported that CXCR4 was present at a low level or absent in
normal breast tissue but was highly expressed both in pri-
mary and metastatic breast tumors [24]. Hypoxia, vascular
endothelial growth factor (VEGF), transcription factor nu-
clear factor-κB (NF-κB) and estrogen have been shown to
upregulate CXCR4 expression in the tumor microenviron-
ment, leading to cancer cell proliferation, resistance to
apoptosis and local invasion [25,26]. In our study, we also
found that CXCR4 expression was linked to lymph node
status and distant metastasis. Previous studies have shown
that CXCR4 and its chemokine ligand 12 (CXCL12) are



Table 1 Characteristics of the included studies

Author Year Country
Number of
patients

Duration of
follow-up

Methods
Staining
patterns

Cut off scores
(high/low)

T category
(T0/T1/2/3/4)

N category
(P/N)

Distant
metastasis
(M1/M0)

State of
CerbB-2 (P/N)

Stata of
ER (P/N)

Stata of
PR (P/N)

5-year OS rate 5-year DFS rate

Zhang [10] 2012 China 232 NA IHC
Membrane or
cytoplasm

5% (134/98)
H:(0/48/86/0/0);
L:(0/38/60/0/0)

H:(70/64);
L:(28/70)

NA
H:(82/52);
L:(38/60)

H:(52/82);
L:(44/54)

H:(44/90);
L:(38/60)

PARKER [11] 2012 USA 185 54 months
Western
blots

Membrane and
cytoplasm

≥7.5 F (37/148)
H:(0/7/21/7/2);
L:(2/21/82/24/18)

H:(37/37);
L:(148/148)

NA
H:(14/20);
L:(39/91)

H:(12/23);
L:(51/97)

H:(11/24);
L:(45/103)

H:57% (21/37)
L:69% (102/148)

H:53% (20/37)
L:62% (92/148)

Hiller [12] 2011 USA 77 42 months
Western
blots

Membrane and
cytoplasm

≥6.6 F (22/55) LABC(NA) NA NA
H:50% (11/22)
L:78% (43/55)

H:41% (9/22)
L:67% (37/55)

Chu [13] 2010 USA 101 59 months
Western
blots

Membrane and
cytoplasm

≥6.6 F (22/79)
H:(0/8/11/3/0);
L:(0/58/18/3/0)

NA NA
H:81% (18/22)
L:97% (77/79)

H:79% (17/22)
L:96% (76/79)

Liu [14] 2010 China 200 88 months TMA Cytoplasm Score ≥ 6 (110/90)
H:(0/41/56/13/0);
L:(0/27/50/13/0)

H:(69/41);
L:(31/59)

NA
H:(32/78);
L:(15/75)

H:(59/51);
L:(41/49)

H:(60/50);
L:(39/51)

H:68% (75/110)
L:80% (72/90)

Liu* [14] 2010 China 200 88 months TMA Nuclear Score ≥ 6 (113/87)
H:(0/32/67/14/0);
L:(0/36/39/12/0)

H:(61/52);
L:(39/48)

NA
H:(87/26);
L:(21/66)

H:(62/51);
L:(38/49)

H:(62/51);
L:(37/50)

H:63% (71/113)
L:82% (71/87)

Mizell [15] 2009 USA 115 53 months
Western
blots

Membrane and
cytoplasm

≥6.6 F (13/102)
H:(0/2/10/0/1);
L:(0/41/50/10/1)

H:(6/7);
L:(31/71)

H:(5/8);
L:(14/88)

H:(0/13);
L:(0/102)

H:(2/11);
L:(37/65)

H:(2/11);
L:(34/68)

H:52% (7/13)
L:86% (88/102)

H:38% (5/13);
L:74% (75/102)

ANDRE [16] 2009 USA 794 10 years IHC
Membrane or
cytoplasm

1% (92/702)
H:≥3 (9/81);
L: ≥3 (61/637)

H:(40/51);
L:(300/402)

H:(28/64);
L:(155/547)

H:(10/79);
L:(88/607)

H:(41/36);
L:(378/238)

Yasuoka [17] 2008 Japan 113 5 years IHC Cytoplasmic Score ≥ 5 (56/57)
T1:H:15; L: 19
T2-4:H:41; L: 28

H:(36/20);
L:(23/34)

H:(22/34);
L:(7/50)

H:(19/39);
L:(15/42)

H:(32/24);
L:(36/21)

H:(29/27);
L:(33/24)

Yasuoka* [17] 2008 Japan 113 5 years IHC Nuclear Score ≥ 5 (29/84)
T1:H:11; L: 23
T2-4:H:18; L: 61

H:(13/16);
L:(46/38)

H:(7/22);
L:(22/62)

H:(7/22);
L:(25/59)

H:(18/11);
L:(50/34)

H:(17/12);
L:(45/39)

Woo [18] 2007 Korea 107 NA IHC Cytoplasm Score ≥ 4 (33/72)
H:(0/7/18/8/0);
L:(0/19/45/8/0)

H:(21/12);
L:(34/38)

H:(17/15);
L:(30/34)

H:(20/13);
L:(41/27)

H:(20/13);
L:(38/28)

Woo* [18] 2007 Korea 107 NA IHC Nuclear Score ≥ 4 (63/42)
H:(0/16/37/10/0);
L:(0/10/26/6/0)

H:(39/24);
L:(16/26)

H:(31/28);
L:(16/21)

H:(39/23);
L:(22/17)

H:(36/24);
L:(22/17)

Holm [19] 2007 USA 103 26 months
Western
blots

Membrane and
cytoplasm

≥6.6 F (41/62)
H:(0/7/27/5/2);
L:(0/23/32/7/0)

H:(23/17);
L:(33/30)

H:46% (19/41);
L:70% (43/62)

Su [20] 2006 Taiwan 85 NA IHC Cytoplasm Score ≥ 3 (10/75)
H:(0/2/8/0/0);
L:(0/34/41/0/0)

H:(5/2);
L:(21/41)

H:(1/9);
L:(8/67)

H:(6/3);
L:(38/25)

H:(7/3);
L:(44/24)

H:(3/7);
L:(41/27)

Su* [20] 2006 Taiwan 85 NA IHC Nuclear Score ≥ 3 (59/26)
H:(0/27/32/0/0);
L:(0/9/17/0/0)

H:(15/30);
L:(11/13)

H:(6/53);
L:(3/23)

H:(30/19);
L:(14/9)

H:(33/20);
L:(18/7)

H:(29/24);
L:(15/10)

Salvucci [21] 2006 Canada 1699 68 months TMA Cytoplasm
>50%,

30–50, <30
(121/590/986)

H:(40/66);
M:(112/242);
L:(422/460)

H:(108/705);
M:(90/390)
L:(32/57)

H:(63/58);
M:(436/154)
L:(807/179)

H:(19/102);
M:(180/396);
L:(359/597)

Salvucci* [21] 2006 Canada 1697 69 months TMA Nuclear 30% (1161/538)
H:(514/527);
L:(218/242)

H:(160/809);
L:(70/343)

H:(895/266);
L:(412/126)

H:(390/743);
L:(166/353)

Holm [22] 2009 USA 54 30 months
Western
blots

Membrane and
cytoplasm

≥6.6 F (19/35)
H:15% (3/19)
L:40% (14/35)

H:20% (4/19);
L:55% (19/35)

*Date from the same study of the previous line.
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Figure 2 The forest plot of RRs was assessed for association between CXCR4 and clinicopathological features such as tumor category
(a), N category (b), distant metastasis (c), ER status (d), PR status (e) and c-erbB-2 status (f).
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two key factors in breast cancer metastasis [27]. CXCR4
signaling in response to CXCL12 mediates actin polymer-
ization and pseudopodia formation and subsequently in-
duces chemotactic and invasive responses [28]. Hence,
CXCR4 and CXCL12 form an important signaling axis be-
tween tumor cells and the tumor microenvironment, with
the interaction influencing the adhesion, migration and
invasion of tumor cells, reflecting the strong association
of CXCR4 with breast cancer metastasis. However, other
studies have indicated that CXCR4 is highly expressed
on cancer stem cells, and its activation maintains a stem
cell population in tamoxifen-resistant breast cancer [29].
Cancer stem cells (CSCs) exhibit stem cell-like character-
istics and gain the ability to regenerate the bulk of tumor
Figure 3 The forest plot of RRs for the 5-year OS rate (a) and 5-year D
cells while maintaining their self-renewing potential [30].
Hence, CXCR4+ cells could contribute to the development
of therapeutic resistance and relapse in breast cancer.
Furthermore, the CXCR4/CXCL12 axis could mediate
the chemotaxis of cancer stem cells [31] that are in-
volved in the metastasis of breast cancer stem cells and
cancer cell survival and proliferation [32]. Therefore,
CXCR4 could be a marker for poor prognosis and me-
tastasis of breast cancer.
Some limitations exist in the present meta-analysis. First,

the number of included studies was relatively small. Be-
cause these 3865 patients received different treatments
(neoadjuvant therapy or just surgical resection), we were
unable to assess the potential outliers present in individual
SF rate (b) among the included studies.



Figure 4 Begg’s test results of CXCR4 and clinicopathological features such as tumor category (a), N category (b), distant metastasis (c),
ER status (d), PR status (e) and c-erbB-2 status (f).
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studies. Second, all the studies were from North America
or Asia. Distinct site differences are believed to exist and
could cause publication bias. Finally, the applied method
for detecting CXCR4 expression and the cutoff values were
different in the included studies, which could cause hetero-
geneity among the studies. We could not perform sub-
group analysis to explore this influence because few studies
offered concrete data.

Conclusions
In conclusion, despite the limitations listed above, the
present study showed a significant correlation between
CXCR4 expression and the 5-year OS and DFS rates in
breast cancer patients. CXCR4 expression was also asso-
ciated with lymph node status and distant metastasis.
Figure 5 Begg’s test results of the 5-year OS rate (a) and 5-year DSF r
Thus, CXCR4 could have prognostic significance for pa-
tients with breast cancer. Recent studies indicated that
small antagonists, such as AMD3100, inhibited the pri-
mary tumor and metastasis in animal models of breast
cancer [33]. Hence, CXCR4 antagonists could have a sig-
nificant therapeutic impact on primary and metastatic
breast cancer by disrupting tumor vasculature in the
microenvironment [34]. Furthermore, inhibiting CXCR4
in tumor cells has the potential to induce growth arrest or
apoptosis and to prevent invasion and metastasis [34].
Hence, in addition to being a prognostic marker, CXCR4
could also be an anti-cancer therapy target. Recent preclin-
ical studies in mouse models of leukemia have provided
proof of concept for the greater benefits of combining
CXCR4 inhibition with conventional chemotherapy relative
ate (b).
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to chemotherapy treatment alone [31,32]. We infer that in
the case of breast cancer, a CXCR4 inhibitor could improve
survival and prognosis.
Further studies are required to clarify the role of CXCR4

in predicting organ specificity in breast cancer metastasis;
to explain whether CXCR4 could change in the process
of breast cancer neoadjuvant therapy and whether this
change could be significant for treatment and prognosis;
and to evaluate the application of CXCR4 as a bio-marker
for breast cancer prognosis and target therapy. Further-
more, anti-CXCR4 inhibitors need to be carefully assessed
for possible side effects that could occur during immune
cell trafficking or other biological processes.

Additional files

Additional file 1: Table S1. Relationship between CXCR4 expression
and the clinicopathological features of breast cancer.

Additional file 2: Table S2. Relationship between CXCR4 expression
and the prognosis of breast cancer.

Competing interests
The authors declare that they no competing interests.

Authors’ contributions
ZZ and CN participated in the design of the study and performed the
statistical analysis. WC, PW, ZW and JY carried out the data extraction. FQ
and HJ conceived of the study, and participated in its design and
coordination and helped to draft the manuscript. All authors read and
approved the final manuscript.

Acknowledgments
This work was supported by the Education Department of Zhejiang Province
(Y200909117), and the authors would like to thank the members of the
research group for useful discussions.

Received: 22 October 2013 Accepted: 16 December 2013
Published: 29 January 2014

References
1. Siegel R, Naishadham D, Jemal A: Cancer statistics, 2013. CA Cancer J Clin

2013, 63(1):11–30.
2. Teicher BA, Fricker SP: CXCL12 (SDF-1)/CXCR4 pathway in cancer.

Clin Cancer Res 2010, 16(11):2927–2931.
3. John M, Busillo JLB: Regulation of CXCR4 Signaling. Biochim Biophys Acta

2007, 1768(4):952–963.
4. Kucia M, Reca R, Miekus K, Wanzeck J, Wojakowski W, Janowska-Wieczorek A,

Ratajczak J, Ratajczak MZ: Trafficking of normal stem cells and metastasis of
cancer stem cells involve similar mechanisms: pivotal role of the SDF-1-
CXCR4 axis. Stem Cells 2005, 23(7):879–894.

5. Burger JA, Kipps TJ: CXCR4: a key receptor in the crosstalk between
tumor cells and their microenvironment. Blood 2006, 107(5):1761–1767.

6. He H, Wang C, Shen Z, Fang Y, Wang X, Chen W, Liu F, Qin X, Sun Y:
Upregulated expression of C-x-C chemokine receptor 4 is an independent
prognostic predictor for patients with gastric cancer. PloS One 2013,
8(8):e71864.

7. Zlotnik A: New insights on the role of CXCR4 in cancer metastasis.
J Pathol 2008, 215(3):211–213.

8. Luker KE, Luker GD: Functions of CXCL12 and CXCR4 in breast cancer.
Cancer Lett 2006, 238(1):30–41.

9. Liberati AAD, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, Clarke M,
Devereaux PJ, Kleijnen J, Moher D: The PRISMA statement for reporting
systematic reviewsand meta-analyses of studies that evaluate health
care interventions: explanation and elaboration. PLoS Med 2009,
6(7):e1000100.
10. Zhang M, Liu HX, Teng XD, Wang HB, Cui J, Jia SS, Gu XY, Li ZG:
The differences in CXCR4 protein expression are significant for the five
molecular subtypes of breast cancer. Ultrastruct Pathol 2012, 36(6):381–386.

11. Parker CC, Kim RH, Li BD, Chu QD: The chemokine receptor CXCR4 as a
novel independent prognostic marker for node-positive breast cancer
patients. J Surg Oncol 2012, 106(4):393–398.

12. Hiller DJ, Meschonat C, Kim R, Li BD, Chu QD: Chemokine receptor CXCR4
level in primary tumors independently predicts outcome for patients
with locally advanced breast cancer. Surgery 2011, 150(3):459–465.

13. Chu QD, Holm NT, Madumere P, Johnson LW, Abreo F, Li BD: Chemokine
receptor CXCR4 overexpression predicts recurrence for hormone
receptor-positive, node-negative breast cancer patients. Surgery 2011,
149(2):193–199.

14. Liu Y, Ji R, Li J, Gu Q, Zhao X, Sun T, Wang J, Du Q, Sun B: Correlation
effect of EGFR and CXCR4 and CCR7 chemokine receptors in predicting
breast cancer metastasis and prognosis. J Exp Clin Cancer Res
2010, 29:16.

15. Mizell J, Smith M, Li BD, Ampil F, Chu QD: Overexpression of CXCR4 in
primary tumor of patients with HER-2 negative breast cancer was predictive
of a poor disease-free survival: a validation study. Ann Surg Oncol 2009,
16(10):2711–2716.

16. Andre F, Xia W, Conforti R, Wei Y, Boulet T, Tomasic G, Spielmann M, Zoubir M,
Berrada N, Arriagada R, et al: CXCR4 expression in early breast cancer and
risk of distant recurrence. Oncologist 2009, 14(12):1182–1188.

17. Yasuoka H, Tsujimoto M, Yoshidome K, Nakahara M, Kodama R, Sanke T,
Nakamura Y: Cytoplasmic CXCR4 expression in breast cancer: induction
by nitric oxide and correlation with lymph node metastasis and poor
prognosis. BMC Cancer 2008, 8:340.

18. Woo SU, Bae JW, Kim CH, Lee JB, Koo BW: A significant correlation
between nuclear CXCR4 expression and axillary lymph node metastasis
in hormonal receptor negative breast cancer. Ann Surg Oncol 2008,
15(1):281–285.

19. Holm NT, Byrnes K, Li BD, Turnage RH, Abreo F, Mathis JM, Chu QD:
Elevated levels of chemokine receptor CXCR4 in HER-2 negative breast
cancer specimens predict recurrence. J Surg Res 2007, 141(1):53–59.

20. Su YC, Wu MT, Huang CJ, Hou MF, Yang SF, Chai CY: Expression of CXCR4
is associated with axillary lymph node status in patients with early
breast cancer. Breast 2006, 15(4):533–539.

21. Salvucci O, Bouchard A, Baccarelli A, Deschenes J, Sauter G, Simon R,
Bianchi R, Basik M: The role of CXCR4 receptor expression in breast
cancer: a large tissue microarray study. Breast Cancer Res Treat 2006,
97(3):275–283.

22. Holm NT, Abreo F, Johnson LW, Li BD, Chu QD: Elevated chemokine
receptor CXCR4 expression in primary tumors following neoadjuvant
chemotherapy predicts poor outcomes for patients with locally advanced
breast cancer (LABC). Breast Cancer Res Treat 2009, 113(2):293–299.

23. Balkwill FR: The chemokine system and cancer. J Pathol 2012, 226(2):148–157.
24. Anja Müller BH, Soto H, Nianfeng GE, Catron D, Buchanan ME, McClanahan T,

Murphy E, Yuan W, Wagner SN, Barrera JL, Mohar A, Verástegui E, Zlotnik A:
Involvement of chemokine receptors in breast cancer metastasis. Nature
2001, 410:50–56.

25. Debarati Mukherjee JZ: The Role of chemokine receptor CXCR4 in breast
cancer metastasis. Am J Cancer Res 2013, 3(1):46–57.

26. Zhongxing Liang YY, John Votaw, et al: Silencing of CXCR4 blocks breast
cancer metastasis. Cancer Res 2005, 65:967–971.

27. Wendel C, Hemping-Bovenkerk A, Krasnyanska J, Mees ST, Kochetkova M,
Stoeppeler S, Haier J: CXCR4/CXCL12 participate in extravasation of
metastasizing breast cancer cells within the liver in a rat model. PloS One
2012, 7(1):e30046.

28. Sun X, Cheng G, Hao M, Zheng J, Zhou X, Zhang J, Taichman RS, Pienta KJ,
Wang J: CXCL12 / CXCR4 / CXCR7 chemokine axis and cancer
progression. Cancer Metastasis Rev 2010, 29(4):709–722.

29. Dubrovska A, Hartung A, Bouchez LC, Walker JR, Reddy VA, Cho CY, Schultz PG:
CXCR4 activation maintains a stem cell population in tamoxifen-resistant
breast cancer cells through AhR signalling. Br J Cancer 2012, 107(1):43–52.

30. Economopoulou P, Kaklamani VG, Siziopikou K: The role of cancer stem
cells in breast cancer initiation and progression: potential cancer stem
cell-directed therapies. Oncologist 2012, 17(11):1394–1401.

31. Domanska UM, Kruizinga RC, Nagengast WB, Timmer-Bosscha H, Huls G,
de Vries EG, Walenkamp AM: A review on CXCR4/CXCL12 axis in oncology:
no place to hide. Eur J Cancer 2013, 49(1):219–230.

http://www.biomedcentral.com/content/supplementary/1471-2407-14-49-S1.doc
http://www.biomedcentral.com/content/supplementary/1471-2407-14-49-S2.doc


Zhang et al. BMC Cancer 2014, 14:49 Page 8 of 8
http://www.biomedcentral.com/1471-2407/14/49
32. Balkwill F: Cancer and the chemokine network. Nature reviews Cancer
2004, 4(7):540–550.

33. Liles WC, Broxmeyer HE, Rodger E, Wood B, Hubel K, Cooper S, Hangoc G,
Bridger GJ, Henson GW, Calandra G, et al: Mobilization of hematopoietic
progenitor cells in healthy volunteers by AMD3100, a CXCR4 antagonist.
Blood 2003, 102(8):2728–2730.

34. Gil M, Seshadri M, Komorowski MP, Abrams SI, Kozbor D: Targeting
CXCL12/CXCR4 signaling with oncolytic virotherapy disrupts tumor
vasculature and inhibits breast cancer metastases. Proc Natl Acad Sci USA
2013, 110(14):E1291–1300.

doi:10.1186/1471-2407-14-49
Cite this article as: Zhang et al.: Expression of CXCR4 and breast cancer
prognosis: a systematic review and meta-analysis. BMC Cancer
2014 14:49.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Result
	Conclusion

	Background
	Methods
	Publication search
	Selection criteria
	Data extraction
	Statistical analysis

	Results
	Search results
	Characteristics of eligible studies
	Correlation of CXCR4 expression with clinicopathological parameters
	Impact of CXCR4 expression on 5-year OS and DFS rates
	Publication bias

	Discussion
	Conclusions
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


