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Abstract: Background: The chemokine CXCL12 and its receptors CXCR4 and CXCR7 play important roles in cancer 
invasion and metastasis. This study investigated the mRNA expressions of CXCL12, CXCR4, and CXCR7 to illus-
trate the role of these biomarkers in breast cancer metastasis and prognosis. Methods: The mRNA expressions of 
CXCL12, CXCR4, and CXCR7 in 115 primary breast cancer and regional lymph node specimens were detected by 
quantitative reverse-transcription polymerase chain reaction. Survival time was analyzed by Kaplan-Meier survival 
curves using log-rank test. Univariable and multivariable Cox regression analyses were performed to assess inde-
pendent prognostic factors for survival. Results: The expression levels of CXCR4 and CXCR7 in breast cancer tis-
sues were significantly higher than that in adjacent normal tissues (P=0.022 and P<0.001, respectively), while the 
expression level of CXCL12 in breast cancer tissues did not differ from that in adjacent normal tissues (P=0.156). 
Furthermore, CXCL12 exhibited significant differences in expression between primary tumor and lymph node me-
tastasis tumor (P=0.039). CXCR4 and CXCR7 expressions in metastasis tumor were also higher, although no signifi-
cant difference was observed (P=0.067 and P=0.054, respectively). Kaplan-Meier survival analysis revealed that 
patients exhibiting high CXCR4 and CXCR7 expression experienced a shorter survival period compared with those 
with low expression. When analyzed with a Cox regression model, the expressions of CXCL12, CXCR4 and CXCR7 
were independent prognostic factors for overall survival. Conclusions: The mRNA expressions of CXCL12, CXCR4, 
and CXCR7 play important roles in the progression and metastasis of breast cancer and may act as predictive fac-
tors significantly affecting the prognosis.
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Introduction

Breast cancer is the most frequently diagnosed 
cancer and the leading cause of cancer death 
in females worldwide, accounting for 23% (1.38 
million) of the total new cancer cases and 14% 
(458,400) of the total cancer deaths [1]. 
Despite a major decline in mortality rates over 
the last two decades, breast cancer remains an 
important public health burden worldwide, 
especially in economically developing countries 
[1]. Metastasis is one characteristic of breast 
cancer which determines the course of therapy 
and prognosis. It is a multifactorial, nonran-
dom, and sequential process with an organ-
selective characteristic [2]. Due to the inability 
to accurately predict the risk of metastasis, 
more than 80% of patients receive adjuvant 
chemotherapy when diagnosed with breast 

cancer, and approximately 40% of these 
patients still relapse and die of metastatic 
breast cancer within five years, thus attracting 
increased attention from researchers [3].

Although several molecules are involved in 
breast cancer metastasis, precise mechanism 
of tumor cell migration to specific organs 
remains to be established [4]. Previously, the 
“seed and soil” theory was employed to explain 
directional metastasis, considering that certain 
metastasis organs possess the congenial envi-
ronment of the primary organ [5]. More recent-
ly, a “chemokine-receptor” model has been pro-
posed to explain the homing of tumor cells to 
specific organs [6]. Chemokines belongs to a 
super-family of small, cytokine-like proteins that 
induce cytoskeletal rearrangement and adhe-
sion to endothelial and directional migration 
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through their interaction with G-protein-coupled 
receptors (GPCRs) [7]. Among the cytokines/
receptor systems studied in the last fifteen 
years, the CXCL12/CXCR4 axis has been shown 
to play a relevant role in experimental models 
of metastases. Müller et al. demonstrated that 
CXCR4 is consistently expressed in human 
breast cancer cells, while its ligand CXCL12 is 
preferentially expressed in the lungs, liver, and 
lymph nodes [4]. CXCR4 expression was also 
identified as a predictive factor of worse out-
come in some metastatic tumors and in malig-
nant gliomas [8-10] and CXCL12/CXCR4 axis is 
supposed to be crucial in metastases forma-
tion from breast cancer [11]. Recently, another 
CXCL12 receptor has been identified: the 
orphan GPCR RDC1, now called CXCR7 [12]. 
This receptor does not mediate typical GPCR 
signaling through Gi or Ca2+ mobilization and 
recent findings in zebrafish primordial germ 
cells showed a scavenger activity of CXCR7 
generating a CXCL12 gradient that would lead 
to the formation of a guidance cue for CXCR4-
positive cells [13]. On the other hand, formation 
of CXCR4/CXCR7 heterodimers enhancing 
CXCL12 signaling in embryonic cells was 
observed, suggesting a potential interaction 
between the two receptors [14]. In in vivo mod-
els of breast cancer, CXCR7 has been shown to 
promote lung metastasis development and pro-
gression [15]. In addition, in vitro and in vivo 
studies with prostate cancer cell lines suggest 
a role of CXCR7 in promoting survival, adhesion 
to endothelial cells, invasion and angiogenesis 
of tumor cells, emphasizing the potential 
involvement of this receptor, as well as of 
CXCR4 in the metastatic process [16].

The aim of our work was to investigate the role 
of CXCL12 and its receptors (CXCR4 and 
CXCR7) in the evaluation of metastasis and the 
prognosis of breast cancer.

Materials and methods

Patients and tissue specimens

A total of 115 consecutive patients with breast 
carcinoma who underwent surgical resection at 
Department of Thyroid and Breast Surgery, the 
Third Xiangya Hospital of Central South 
University between January 2008 and 
December 2012 were retrospectively reviewed. 
All patients had not been subjected to chemo-

therapy or radiotherapy prior to surgery but had 
received chemotherapy following surgical oper-
ation. Fresh tissues including breast cancer tis-
sues and adjacent normal tissues were collect-
ed and immediately snap-frozen in liquid nitro-
gen after surgery and were stored at -196°C 
until used. Patient preoperative demographic 
and clinical data, including age, details of path-
ological diagnosis, serum carbohydrate antigen 
15-3 (CA 15-3) carbohydrate antigen 19-9CACA 
levels, follow-up period, and overall survival 
were collected prospectively. The study has 
been conducted in accordance with the ethical 
standards and the principles of the Declaration 
of Helsinki and has been approved by the 
Institutional Review Board of the Third Xiangya 
Hospital of Central South University. All patients 
gave their informed written consent for their tis-
sues to be retained and analyzed for research 
purposes.

Quantitative reverse transcriptase polymerase 
chain reaction (qRT-PCR)

qRT-PCR was utilized to detect CXCL12, CXCR4, 
and CXCR7 expression in breast cancer tis-
sues. Briefly, total RNA was extracted using 
TRIzol extraction liquid (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s 
instructions. GAPDH was used as an internal 
control. The reverse transcriptase (RT) reaction 
contained 10 ng of total RNA, 50 nmol/l stem-
loop RT primer, 1×RT buffer, 0.25 mmol/l each 
of deoxynucleotide triphosphate (dNTP), 3.33 
U/μl MultiScribe reverse transcriptase, and 
0.25 U/μl RNase Inhibitor. The 20 μl reaction 
volumes were incubated at 16°C for 30 min, 
40°C for 30 min, and 85°C for 5 min. Real-time 
PCR was then performed on a StepOnePlus 
real-time PCR system (Applied Biosystems, 
Foster City, CA, USA). The sequences of the 
primers were as follows: human CXCL12 for-
ward 5’-CTCCTGGGGATGTGTAATGG-3’ and re- 
verse 5’-GCCTCCATGGCATACATAGG-3’; human 
CXCR4 forward 5’-CTCCAAGCTGTCACACTCCA-3’ 
and reverse 5’-TCGATGCTGATCCCAATGTA-3’; 
human CXCR7 forward 5’-GCACTACATCCCGT- 
TCACCT-3’ and reverse 5’-AAGGCCTTCATCAG- 
CTCGTA-3’; and human GAPDH 5’-GGGCATCC- 
TGGGCTACACTG-3’ and reverse 5’-GAGGTCC- 
ACCACCCTGTTGC-3’. The following PCR param-
eters were used: 95°C for 2 min, followed by 35 
cycles of 95°C for 30 sec and 60°C for 30 sec 
and a final elongation step of 72°C for 10 min. 
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All reactions were performed in triplicate and 
the cycle threshold (CT) value in each reaction 
well was recorded. The relative quantification of 
HSPA2 mRNA expression was calculated using 
the 2-∆∆CT method.

Statistical analysis

The mRNA expression levels of CXCL12, CXCR4, 
and CXCR7 were expressed as mean ± stan-

dard deviation (SD); associations between 
these mRNA expression levels in breast cancer 
and clinicopathological features were deter-
mined using the χ2-test. Survival time was ana-
lyzed by Kaplan-Meier survival curves and dif-
ferences in this parameter between subgroups 
of patients by log-rank test; this test was used 
for equality of survival distributions. The vari-
ables considered for the univariate analysis 
consisted of patient-related and tumor-related 

Table 1. Association between CXCL12, CXCR4, and CXCR7 mRNA expression and clinicopathological 
features of breast cancer

Variables
CXCL12 expression CXCR4 expression CXCR7 expression

Low (n) High (n) P value Low (n) High (n) P value Low (n) High (n) P value
Age (years) 0.545 0.386 0.457
    <50 28 26 26 28 26 28
    ≥50 32 29 28 33 32 29
Tumor size (cm) 0.483  0.542 0.613
    D≤2 18 22 20 20 19 21
    2<D≤5 34 28 29 33 33 29
    D>5 8 5 5 8 6 7
Histological grades 0.216   0.437 0.189
    Well/Moderate 35 27 31 31 28 34
    Poor 25 28 23 30 30 23
TNM stagea 0.392 0.184 0.064
    I-II 39 40 44 35 36 43
    III-IV 21 15 10 26 22 14
Lymph node metastasis 0.001 0.022 0.006
    Negative 24 26 28 22 31 19
    Positive 36 29 26 39 23 42
No. of lymph node excised 0.491 0.367 0.513
    N≤3 13 11 12 12 9 15
    3<N≤9 36 31 32 35 33 34
    N≥10 11 13 10 14 12 12
ER 0.432 0.344 0.692
    Negative 37 29 33 33 31 35
    Positive 23 26 21 28 23 26
PR 0.281 0.081 0.096
    Negative 32 35 37 30 29 38
    Positive 28 20 17 31 29 19
HER-2 0.044 0.009 0.005
    Negative 36 27 35 28 37 26
    Positive 24 28 19 33 21 31
CA15-3 (U/ml) 0.096 0.335 0.218
    <25 23 25 24 24 22 26
    ≥25 37 30 30 37 36 31
aTNM staging was classified according to the 7th edition of the AJCC cancer staging manual. n, number of patients; D, diameter, 
N, number of lymph node excised; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor 
receptor-2.



CXCL12, CXCR4, and CXCR7 in breast cancer

13220	 Int J Clin Exp Pathol 2015;8(10):13217-13224

features, i.e., age, histology of primary tumor, 
status of metastasis and mRNA expression of 
CXCL12, CXCR4, and CXCR7. The Cox propor-
tional hazards model for multivariate survival 
analysis was used to assess predictors related 
to overall survival. All statistical analyses were 
performed using SPSS software (SPSS 19.0, 
Chicago, IL, USA) and P<0.05 was considered 
statistically significant.

Results

CXCL12, CXCR4, and CXCR7 mRNA expression 
in breast cancer

Patient and primary tumor characteristics are 
presented in Table 1. Samples included 115 
patients, among which 65 developed lymph 
node metastasis while 50 did not. The patients 
were aged from 32 to 77 years with a median of 
52 years. The degree of differentiation was well 
differentiated in 27 cases, moderately differen-
tiated in 34 cases, and poorly differentiated in 
53 cases. The TNM stage according to the 7th 
edition of the AJCC cancer staging manual was 
33 cases of stage I, 46 cases of stage II, 32 
cases of stage III, and 4 cases of stage IV. CA 
15-3 was elevated in 67 of the patients. In 
addition, the histopathology revealed 42.6% of 
estrogen receptor (ER), 41.7% of progesterone 
receptor (PR), and 45.2% of human epidermal 
growth factor receptor-2 (HER-2) to be positive.

The mRNA expression levels of CXCL12 and its 
receptors (CXCR4 and CXCR7) were detected in 
115 pairs of breast cancer and adjacent nor-
mal tissues by qRT-PCR. As shown in Figure 1, 
the expression levels of CXCR4 and CXCR7 in 
breast cancer tissues were significantly higher 
than that in adjacent normal tissues (P=0.022 
and P<0.001, respectively), while the expres-

sion level of CXCL12 in breast cancer tissues 
did not differ from that in adjacent normal tis-
sues (P=0.156). 

Association between CXCL12, CXCR4, and 
CXCR7 mRNA expression and clinicopathologi-
cal parameters of patients with breast cancer

The median mRNA expression level was used 
as a cut-off point to divide the patients into two 
groups: the low expression group and the high 
expression group. The results revealed that low 
expression of CXCL12 and high expression of 
CXCR4 and CXCR7 significantly correlated with 
lymph node metastasis (P=0.001, P=0.022, 
and P=0.006, respectively). To verify the impor-
tant effect of CXCR4 and CXCR7 in metastasis, 
CXCR4, CXCR7, and CXCL12 expression in pri-
mary breast cancer were compared with that in 
lymph node metastasis tumor. It was observed 
that CXCR4 and CXCR7 expression in metasta-
sis tumor was even higher, although no signifi-
cant difference was evident (P=0.067 and 
P=0.054, respectively). More importantly, their 
ligand, CXCL12 exhibited significant differenc-
es in expression between primary tumor and 
lymph node metastasis tumor (P=0.039, Table 
2).

Although neither ER nor PR positivity was asso-
ciated with degree of the biomarkers, HER-2 
over-expression was correlated with high 
expression of CXCR4 and CXCR7 (P=0.009 and 
P=0.005, respectively). The expression of 
HER-2 was 45%, and among these patients, 
approximately 63% and 59% were associated 
with high CXCR4 and CXCR7 expression.

Association between CXCL12, CXCR4, and 
CXCR7 mRNA expression and poor prognosis 
in patients with breast cancer

Follow-up investigation revealed that the medi-
an survival time was 79 months (ranging from 
10-89 months), within which 21 patients 
(18.3%) died because of breast cancer includ-
ing 14 (21.5%) in the tumor with metastasis 
group and 7 (14.0%) in the non-metastasis 
group. Kaplan-Meier analysis revealed that 
patients suffering from high levels of CXCR4 
expression had significantly lower overall sur-
vival compared with those with low CXCR4 
expression (P=0.034; Figure 2B). Similarly, 
high levels of CXCR7 expression also revealed 
poor prognosis (P=0.017; Figure 2C). However, 

Figure 1. Relative expression of CXCL12, CXCR4, and 
CXCR7 in 115 pairs of breast cancer tissues (C) and 
adjacent normal tissues (N).
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there was no correlation between CXCL12 
expression and overall survival (P=0.176; 
Figure 2A). Univariate analysis demonstrated 
that histological grades (P=0.037), TNM stage 
(P=0.008), the status of lymph node metasta-
sis (P=0.003), HER-2 expression (P=0.022), 
CXCL12 mRNA expression level (P=0.003), 
CXCR4 mRNA expression level (P=0.001), and 
CXCR7 mRNA expression level (P<0.001) were 
significantly associated with overall survival of 
breast cancer patients (Table 3). Multivariate 
analysis using the Cox proportional hazards 
model for all variables that were significant in 
the univariate analysis showed that TNM stage 
(P=0.011), the status of lymph node metasta-
sis (P=0.009), CXCL12 mRNA expression level 
(P=0.019), CXCR4 mRNA expression level 
(P=0.037), and CXCR7 mRNA expression level 
(P=0.002) were independent prognostic fac-
tors for overall survival in patients with breast 
cancer (Table 3).

Discussion

Recently, reports have demonstrated that che-
mokines and their receptors play critical roles 
in the development of cancer, including tumor 
cell growth, migration, and angiogenesis. 
Further, they influence the infiltration of immune 
cells in a tumor [17]. The mechanism of chemo-
kines in malignant tumor metastasis may be 
reflected by the production of chemokine 
receptors by tumor cells, which respond to their 
homologous ligands (produced by certain 
organs) and migrate along the chemokine gra-
dients to trigger specific organ metastasis [18]. 
Out of all the known chemokine receptors, 
breast cancer cells specifically express active 
CXCR4 and CXCR7, the ligand of which is 
CXCL12 [4]. Several studies have observed an 
association between CXCR4 expression and 
distant metastasis in primary breast cancer 
patients [19-21]. Furthermore, Hassan et al. 
identified circulating levels of CXCL12 as a 
prognostic blood marker in a series of patients 

Table 2. Differences of biomarkers between primary tumor and lymph node metastasis tumor
CXCL12 CXCR4 CXCR7

Low (n) High (n) P value Low (n) High (n) P value Low (n) High (n) P value
PT 36 29 0.039 26 39 0.067 23 42 0.054
MT 23 32 24 41 20 45
PT, primary tumor; MT, lymph node metastasis tumor.

Figure 2. Overall survival analysis for CXCL12, 
CXCR4, and CXCR7 expression. Kaplan-Meier curves 
for overall survival in 55 patients with high CXCL12 
expression and 60 patients with low CXCL12 expres-
sion revealed no significant difference (A). However, 
Kaplan-Meier curves of CXCR4 expression showed 
that 61 patients with high CXCR4 expression had 
lower survival rate than 54 patients with low CXCR4 
expression (B). Kaplan-Meier curves for overall sur-
vival in 57 patients with high CXCR7 expression and 
58 patients with low CXCR7 expression also revealed 
significant difference (C).
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with primary breast cancers [22]. However, the 
contribution of CXCL12 via its receptor CXCR7 
is less understood. CXCR7 has been implicated 
in enhancing cancer cell adhesion to fibronec-
tin and endothelial cells [16], increasing cell 
survival by decreasing apoptosis [23], and pro-
moting primary tumor growth of lymphoma, 
lung, prostate and hepatocellular cancer cells 
[16, 23, 24]. It has been reported to contribute 
to tumor angiogenesis through the secretion of 
angiogenic factors such as vascular endothelial 
growth factor (VEGF) [16, 23], as well as to pro-
mote experimental metastasis formation of 
breast cancer cells [15]. A recent study [25] 
showed that CXCR7 overexpression alone did 
not result in CXCL12-induced chemotaxis or 

lymph node metastasis and CXCL12 exhibited 
significant differences in expression between 
primary tumor and lymph node metastasis 
tumor. Besides, Survival analysis revealed 
patients with highly expressed CXCR4 and 
CXCR7 are subject to a more undesirable prog-
nosis compared with those who expressed low 
CXCR4 and CXCR7. Furthermore, when ana-
lyzed with a multivariate Cox regression model, 
the expression levels of CXCR4, CXCR7, and 
CXCL12 were independent prognostic factors 
for overall survival. Findings of this study coin-
cide with those of other studies [26]. In view of 
all the evidences, there is reason to believe 
that the CXCL12-CXCR4-CXCR7 axis is a crucial 
factor in tumor lymph node metastasis. 

Table 3. Univariate and multivariate analyses of prognostic factors 
in patients with breast cancer

Variables Univariable P-value 
(log-rank test)

Multivariable
HR (95% CI) P-value

Age (years)
    <50 vs. ≥50 0.472
Tumor size (cm)
    D≤5 vs. D>5 0.053
Histological grades
    Well/Moderate vs. Poor 0.037 1.12 (0.97-1.29) 0.056
TNM stagea

    I-II vs. III-IV 0.008 1.34 (1.18-1.51) 0.011
Lymph node metastasis
    Negative vs. Positive 0.003 1.41 (1.20-1.57) 0.009
No. of lymph node excised
    N≤9 vs. N≥10 0.088
ER
    Negative vs. Positive 0.147
PR
    Negative vs. Positive 0.093
HER-2
    Negative vs. Positive 0.022 1.19 (0.96-1.34) 0.053
CA15-3 (U/ml)
    <25 vs. ≥25 0.180
CXCL12 mRNA expression
    Low vs. High 0.003 1.29 (1.15-1.44) 0.019
CXCR4 mRNA expression
    Low vs. High 0.001 1.36 (1.09-1.59) 0.037
CXCR7 mRNA expression
    Low vs. High <0.001 1.43 (1.27-1.62) 0.002
aTNM staging was classified according to the 7th edition of the AJCC cancer staging 
manual. n, number of patients; D, diameter; N, number of lymph node excised; ER, 
estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth fac-
tor receptor-2.

invasion in vitro; however, in 
the context of high CXCR4 
expression it further incr- 
eased the in vitro chemotac-
tic response of MTLn3 CXCR4 
cells to CXCL12, while reduc-
ing invasion and matrix deg-
radation. In vivo, CXCR7 
increased primary tumor 
growth while it impaired inva-
sion to CXCL12, intravasa-
tion and spontaneous metas-
tasis formation. CXCR7 over-
expression downregulated 
the effects of CXCR4 in motil-
ity within the primary tumor, 
intravasation, and spontane-
ous metastasis formation. 
The authors concluded that 
CXCR4 and CXCR7 play dif-
ferent roles in metastasis, 
with CXCR4 mediating breast 
cancer invasion and CXCR7 
impairing invasion but en- 
hancing primary tumor gr- 
owth through angiogenesis.

In this study, we investigated 
a series of breast cancer to 
demonstrate whether the 
expression of the CXCR4 and 
CXCR7 chemokine receptors, 
along with expression of 
CXCL12, predicts the risk of 
metastasis and mortality. 
Present data showed that 
the expression of CXCR4, 
CXCR7, and CXCL12 was cor-
related with the status of 
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Finally, several therapeutic agents have been 
designed to target the CXCL12-CXCR4 axis, one 
of which is presently being tested in a clinical 
trial [27]. In preclinical models, such treat-
ments have been shown to be effective not only 
in decreasing metastasis from breast cancer, 
but also in inhibiting primary tumor growth in 
breast cancer [28, 29]. As most breast cancers 
express at least moderate to high levels of 
CXCR4, there is a risk that these therapeutic 
agents may not be adequately targeted, per-
haps impeding their clinical development. Since 
we found that HER-2 over-expression was cor-
related with high expression of CXCR7 and 
CXCR7 was also an independent prognostic 
factor for overall survival, patients with double 
positive of HER-2 and CXCR7 who do not bene-
fit from anti-HER-2 therapy may potentially ben-
efit from anti-CXCR7 therapy.

In summary, by examining the expression of 
CXCL12 and its receptors (CXCR4 and CXCR7) 
in both primary tumors and corresponding 
lymph node metastasis tumors, data indicate 
that CXCL12, CXCR4, and CXCR7 are differen-
tially expressed in the primary and metastatic 
sites of breast cancer. Results revealed the sig-
nificant association of CXCL12-CXCR4-CXCR7 
axis with metastasis and poor prognosis. The 
correlation between CXCL12-CXCR4-CXCR7 
axis and prognosis may provide a new method 
of understanding breast cancer metastasis 
and therapy, which are worthy of further study.
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