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Original Article 
CXCL12 chemokine expression suppresses human 
breast cancer growth and metastasis in vitro and in vivo
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Abstract: Chemokine receptors are now known to play an important role in cancer growth and metastasis. However, 
there is little information regarding chemokine expression in breast cancer. The aim of this study was to evaluate 
CXCL12 expression in breast cancer and to investigate the question of whether reduced expression of CXCL12 may 
have any pathological significance in breast cancer development or progression. In this study, we performed west-
ern blotting and immunohistochemistry to evaluate the expression of CXCL12 and relevance with clinicopathological 
factors in the invasive ductal carcinoma. Reduction of CXCL12 was significantly correlated with tumor size, lymph 
node metastasis, TNM stage and Her-2 expression in breast cancer. Patients with negative CXCL12 expression had 
significantly lower cumulative postoperative 5 year survival rate than those with positive CXCL12 expression. In addi-
tion, we demonstrated that upregulation of CXCL12 expression by infection with an adenovirus containing a CXCL12 
vector significantly inhibited cell growth and reduced the migration of breast cancer cells. Furthermore, animal 
studies revealed that nude mice injected with the Ad-CXCL12 cell lines featured a lighter weight than the control cell 
lines. These data suggest that CXCL12 plays an important role in cell growth and invasion in human breast cancer 
and it appears to be a potential prognostic marker for patients with breast cancer.
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Introduction

Breast cancer survival has improved signifi-
cantly over the last 30 years; however, it still 
ranks second among cancer deaths in women 
[1]. Therapeutic failure and distant metastasis 
have been a major challenge in the treatment 
of breast cancer. Thus, exploring more markers 
to predict responsiveness of treatment, tumor 
progression, and potential target therapies is 
becoming more and more important [2, 3].

Chemokines have multiple roles in many kinds 
of physiologic processes, such as hematopoie-
sis, lymphocyte development, and wound heal-
ing [4, 5]. Recent findings demonstrated that 
there is a close relationship between tumor 
cells and chemokines [6-8]. Cancer cell inva-
sion and metastasis shares many similarities 
with the process by which leukocytes enter 
inflamed tissues [9]. Numerous studies indi-
cate that chemokine receptors are expressed 
by tumor cells, while chemokines are expressed 
at organs that turn into metastatic targets [10, 

11]. To date, the CXCL12-CXCR4 pair was found 
to be involved in almost all malignancies that 
were studied, including many solid cancers and 
tumors of a hematopoietic origin. In most cases, 
the CXCL12-CXCR4 pair was found to be associ-
ated and/or involved with increased malignancy 
and metastasis, acting at many different levels 
[12, 13], and another CXCL12 receptor, CXCR7, 
was shown to promote the survival of tumor 
cells by preventing apoptosis, increased adhe-
sion properties and dissemination, but did not 
mediate chemotaxis towards CXCL12 [14, 15].

Although CXCL12 has been implicated in sev-
eral types of cancers, its exact role remains 
largely unknown [16]. In this study, we found 
that CXCL12 was reduced in breast cancer, and 
its low-expression was associated with aggres-
sive behavior of breast cancer. We then used 
adenovirus vector technology to increase 
endogenous CXCL12 expression in breast can-
cer cells. We demonstrated that upregulation of 
CXCL12 inhibited the growth and invasion of 
breast cancer in vitro and in vivo. Our study 
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strongly highlights the significance of CXCL12 
in the growth and invasion of breast cancer, 
and may provide a therapeutic target in breast 
cancer.

Materials and methods

Patient samples

The study included 52 patients with histologi-
cally confirmed invasive ductal carcinoma (IDC) 
of the breast who underwent lumpectomy or 
modified radical mastectomy at the Affiliated 
Hospital of Medical College, Qingdao University 
from 2006 to 2010. None of the patients had 
undergone preoperative chemotherapy or radi-
ation. Research protocols for the use of human 
tissue were approved by and conducted in 
accordance with the policies of the Institutional 
Review Boards at Qingdao University. The histo-
logical subtype was determined according to 
the World Health Organization classification. 
The TNM stage was determined postoperative-
ly according to the American Joint Committee 
on Cancer, and the histological grade was 
determined according to the Scarff-Bloom-
Richardson grading system.

Cell line and culture 

Six human breast cancer cell lines, MDA-
MB-468, HCC-1937, MCF-7, Bcap-37, MDA-
MB-231 and MX-1, were obtained from the 
Cancer Research Institute of Beijing, China. 
These cells were cultivated in T75 tissue cul-
ture flasks in DMEM supplemented with 10% 
fetal calf serum, 100 IU/ml penicillin, 100 μg/
ml streptomycin, 2 mM L-glutamine, and 20 
mM hydroxyethyl piperazine ethanesulfonic 
acid, and incubated in a humidified incubator 
containing 5% CO2 at 37°C.

Western blot analysis

Tissues or cells were lysed in RIPA buffer sup-
plemented with protease inhibitor mixture for 
30 min at 4°C. The cell lysates were then soni-
cated briefly and centrifuged (14,000 g at 4°C) 
for 15 min to remove insoluble materials. Equal 
amounts of protein were separated by SDS-
PAGE and transferred to a PVDF membrane. 
Membranes were blocked with 5% nonfat dry 
milk and then incubated with first antibody, fol-
lowed by horseradish peroxidase-conjugated 
secondary antibody. Protein bands were visual-
ized by ECL chemiluminescence method.

Construction of Tet-off adenoviral-mediated 
system

The recombinant adenovirus was assembled 
and produced using the Adeno-X Tet-Off 
Expression System 1 (Clontech, Mountain View, 
CA, USA) according to the manufacturer’s 
instructions. First, a CXCL12 construct (consist-
ing of a full-length CXCL12 cDNA fused to a 
C-terminal GFP tag) was cloned into a pTRE-
Shuttle2 vector (Clontech) containing a tetracy-
cline-responsive element upstream of the cyto-
megalovirus minimal promoter. Next, the resul-
tant TRE-GFP-CXCL12 expression unit was 
excised from the pTRE-CXCL12 vector using the 
I-CeuI and PI-SceI restriction enzymes and then 
ligated to Adeno-X System 1 Viral DNA 
(Clontech). The resultant recombinant Adeno-X-
GFP-CXCL12 vector (Ad-CXCL12) was packaged 
into infectious adenoviral particles by trans-
fecting HEK293 cells, and the recombinant 
adenoviruses were subsequently harvested by 
lysing the transfected cells. For transient 
expression of CXCL12, cells were coinfected 
with a recombinant adenovirus (Ad-CXCL12) 
and a regulator virus (Adeno-X Tet-off virus) in 
serum-free media for 12 h, followed by incuba-
tion in complete medium.

Invasion assay

Invasion assays were performed using the 
Chemicon Cell Invasion Assay Kit (Millipore, 
Billerica, MA, USA) according to the manufac-
turer’s protocol. Briefly, cells (1 × 104) were 
plated onto a Matrigel-coated transwell inva-
sion chamber and incubated at 37°C for 24 h. 
Non-invading cells were removed by wiping the 
upper side of the transwell. Invading cells were 
fixed with methanol and stained with hematoxy-
lin. Three independent invasion assays were 
performed in triplicate. Six random fields on 
average were counted using a light micro- 
scope.

MTT proliferation assay

The capability of cellular proliferation was mea-
sured by the [3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide] MTT assay. 
Approximately 5 × 103 cells were seeded into 
96-well culture plates with or without CXCL12 
knockdown at 24, 48, 72, 96 and 120 h, 
respectively. Then cells were incubated with 20 
μL MTT (10 mg/ml) for 4 hr at 37°C and 200 μL 
DMSO was pipetted to solubilize the formazan 
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Figure 1. Low-expression of CXCL12 in breast cancer with worse prognosis. A: Western blot analysis demonstrated 
the CXCL12 expression in breast cancer tissues and matched distal normal tissues from four randomly selected 
breast cancer patients. B: Immunohistochemistry results of CXCL12 expression in paired breast cancer tissue sam-
ples. C: Kaplen-Meir survival curves for 52 patients with breast cancer, grouped according to CXCL12 expression.

Table 1. Univariate surviva analysis of clinico-
pathological parameters and CXCL12 expression 

Number 
(52) 

CXCL12 
expression
+ - χ2 P

Age (years)
    < 50 12 2 10 1.31 > 0.05
    ≥ 50 40 16 24
Tumor size
    < 2 cm 14 10 4 9.35 < 0.01
    ≥ 2 cm 38 8 38
Lymph node metastasis
    Negative 24 4 20 6.34 < 0.05
    Positive 28 14 14
Tumor grade
    I-II 26 8 18 0.34 > 0.05
    III 26 10 16
TNM Stage
    I-II 30 7 23 3.99 > 0.05
    III-IV 22 11 11
ER
    Negative 20 6 14 0.31
    Positive 32 12 20
PR
    Negative 20 8 12 0.42 > 0.05
    Positive 32 10 22
Her-2
    Negative 37 37 20 7.28 < 0.01
    Positive 15 1 14

spectrophotometer (Bio-Rad) at a wavelength 
of 570 nm. The experiment was repeated 3 
times in triplicate.

Growth curve

Approximately 3 × 105 cells from each cell line 
were seeded in 60-mm plates. Cells were har-
vested and counted every day after the seed-
ing. Each point on the curve is the average of 
triplicates.

In vivo tumor model

Six-week-old female athymic nude mice were 
subcutaneously injected with 5 × 106 cells in 
0.2 ml PBS into right scapular region. Three 
groups (7 each) of mice were tested. Group 1 
was injected with MDA-MB-231 cells alone; 
group 2 was injected with MDA-MB-231 cells 
stably transfected with Ad-CXCL12; and group 
3 was injected with cells stably transfected 
with Ad-Control. Tumor size was measured 
every 2 days with calipers. After the mice were 
killed at 3 weeks, the weight of the tumors was 
measured.

Statistical analysis

All values in the text and figures are presented 
as mean ± SD. Overall survival rates were 
determined using Kaplan-Meier estimator, an 
event being defined as death for cancer corre-
lated cause. The log-rank test was used to iden-
tify differences between the survival curves of 
different patients’ groups. In univariate analy-
sis, 2-tailed χ2 tests for categorical variables 

product for 20 min at room temperature. The 
optical density (OD) was determined using a 
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and 2-tailed t test for continuous variables were 
used for statistical comparisons. Values of P < 
0.05 were taken to show a significant differ-
ence between means.

Results

Down-regulation of CXCL12 in breast cancers 
and correlated with clinicopathological fea-
tures of breast cancer patients

We determined the CXCL12 expression in 
breast cancer tissues and matched distal nor-
mal tissues. Figure 1A illustrated CXCL12 
expression in four randomly picked patients. 
Low levels of CXCL12 protein were found in 
human breast cancer tissues compared with 
the paired normal tissues from the patients. 
This was also confirmed by immunohistochemi-
cal staining (Figure 1B). Moreover, in order to 
further investigate the correlation between 
expression of CXCL12 and clinicopathological 
features, 52 samples were used for examina-
tion with immunohistochemical staining. 
Statistical analysis revealed negative CXCL12 
expression was significantly associated with 
tumor size, lymph node metastasis, TNM stage 
and Her-2 expression compared with those 
patients with positive CXCL12 expression 
(Table 1). Calculation of the survival duration of 
the 52 involved patients by the Kaplan-Meier 
method revealed that the patients who fea-
tured CXCL12-negative tumors demonstrated a 
shorter survival when compared with those 
patients who suffered from CXCL12-positive 
tumors (Figure 1C, P < 0.01).

Expression of CXCL12 in human breast cancer 
cell lines and upregulation of CXCL12 by ad-
enovirus vector

First, we examined CXCL12 expression in six 
breast cancer cell lines (MDA-MB-468, HCC-
1937, MCF-7, Bcap-37, MDA-MB-231, MX-1) by 
western blot. CXCL12 was detected in all cell 
lines evaluated, and with MDA-MB-231 cells 
expressing the lowest level (Figure 2A). 
Therefore, MDA-MB-231 cells were selected as 

the model for the subsequent function studies. 
After infected with an adenovirus containing a 
CXCL12 vector, CXCL12 expression was higher 
in MDA-MB-231 breast cancer cells (Ad-CXCL12) 
than in cells infected with a control adenovirus 
(Ad-cont) (Figure 2B).

Upregulation of CXCL12 expression inhibits 
the growth of breast cancer cells

The colony formation assay was used to evalu-
ate the growth of the cells in which infected 
with an adenovirus containing a CXCL12 vector. 
As shown in Figure 3A, Ad-CXCL12 cells formed 
significantly fewer colonies on soft agar com-
pared to MDA-MB-231 and Ad-cont cells. To fur-
ther test the effect of CXCL12 on breast cancer 
cell growth, MTT assay was performed and 
growth curves were generated (Figure 3B). As 
shown by the curves, Ad-CXCL12 cells prolifer-
ated lower than MDA-MB-231 and Ad-cont cells 
during the first 96 h after the cells were plated. 
The dramatic reduction of colony formation and 
growth of Ad-CXCL12 cells suggested CXCL12 
expression might negatively regulate breast 
cancer cell growth. Since CXCL12 confers an 
inhibitory effect on growth of MDA-MB-231 
cells in vitro, its effect in vivo was also investi-
gated. Ad-CXCL12 cells, control cell lines, and 
MDA-MB-231 cells were injected into 3 sepa-
rate groups of nude mice. Tumor volume was 
measured every 2 days until the mice were sac-
rificed on day 21. Figure 3C showed that 
Ad-CXCL12 cells formed substantially smaller 
tumors in nude mice than the control cell 
groups. At the time of death, the mean tumor 
weight at the end of the experiment was remark-
ably lower in the Ad-CXCL12 cells group (0.31 ± 
0.06 g) than in the MDA-MB-231 group (0.65 ± 
0.07 g, P < 0.05) or control group (0.59 ± 0.08 
g, P < 0.05) (Figure 3D).

Upregulation of CXCL12 suppresses the inva-
sive ability of breast cancer cells

To further examine whether the reactivation of 
CXCL12 expression can regulate breast cancer 

Figure 2. Expression of CXCL12 in breast cancer cell lines and upregulation of CXCL12 in MDA-MB-231. A: Western 
blot showing the expression of CXCL12 in 6 breast cancer cell lines. GAPDH served as protein loading control. B: 
Western blot of CXCL12 expression in Ad-cont and Ad-CXCL12 cells after normalization to GAPDH.
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invasion, we analyzed the invasion capability of 
the highly metastatic MDA-MB-231 cells using 
the methods described above. The number of 
MDA- MB-231 cells in the untreated group that 
migrated through the membrane was 125.06 ± 
15.42/HP. The number of invading cells was 
significantly increased when MDA-MB-231 cells 
infected with an adenovirus containing a 
CXCL12 vector (57.04 ± 8.83/HP). A significant 
reduction in the number of invasive cells was 
observed for 24 h when the cells infected with 
an adenovirus containing a CXCL12 vector 
compared to the control (Figure 4).

Discussion

Various types of cancer cells express chemo-
kine receptors and the chemokines may play a 
role in cancer progression and/or organ-selec-
tive metastasis. It is assumed that disseminat-
ed tumor cells expressing chemokine receptors 
invade the circulation and are then attracted 
and arrested by the corresponding ligand. The 
specific metastatic sites to which tumor cells 
preferred to metastasize expressed more che-
mokines, and these chemokines are then able 
to induce the migration of tumor cells [17-19]. 
The ability of a specific chemokine to act on 
chemokine receptor-expressing tumor cells 

Figure 3. Upregulation of CXCL12 inhibits the growth of breast cancer cells in vivo and in vitro. A: Colony formation 
assay. B: MTT proliferation assay. MDA-MB-231 and Ad-CXCL12 cell lines were injected into right scapular region 
of nude mice (each group = 7). 3 weeks later, the mice were sacrificed, photographed, dissected and the weight of 
tumor were counted. C: The photograph of excised tumors from each group terminated in 3 weeks. D: The mean 
weight of each group. All results were reproducible in three independent experiments.

Figure 4. Upregulation of CXCL12 decreases the in-
vasive potential of breast cancer cells. A: Ad-cont and 
Ad-CXCL12 cells were plated (1×104 cells per well) in 
Matrigel-coated transwell chambers. After 24 h, the 
invaded cells on the lower side of the chamber were 
fixed and stained with hematoxylin. B: The number of 
invaded cells was counted using an inverted light mi-
croscope. The data are the results of 3 independent 
experiments performed in triplicate. An average of 
6 fields of cells was counted at 100×magnification. 
Representative images of the invasion assay are 
shown in the right panel. Data were analyzed using 
the Student’s t test. P < 0.01 was considered statisti-
cally significant.
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and to support their directionality requires that 
chemokine-induced cellular changes occurring 
in the tumor cells would culminate into motility 
in response to chemokine gradients. Solid evi-
dence to such a mechanism was provided by 
the study of Li et al demonstrating that a highly 
potent functional axis exists between CXCL12 
and its CXCR4 receptor in breast cancer metas-
tasis [20]. In addition to this role, CXCR4 signal-
ing is also a key regulator of organogenesis as 
well as lymphopoiesis and myelopoiesis [21, 
22]. Previous studies have defined the co-
expression of both CXCR4 and CXCL12 by the 
cells of the human intestinal epithelium [23], 
and, also, many studies reported the different 
expression levels of CXCL12 in the cancer cells 
and tissues [24, 25].

In this study, we compared CXCL12 protein 
expression with clinicopathological values in 
52 patients with IDC breast cancer. In the pres-
ent study, positive cytosol staining of CXCL12 
was found in normal ductal and glandular epi-
thelium of the breast and in 34.6% of IDC 
cases, suggesting that CXCL12 is required for a 
normal physiological function. However, 34 
cases (65.4%) of IDC exhibited reduced expres-
sion of CXCL12, which was significantly corre-
lated with tumor size, lymph node metastasis, 
TNM stage and Her-2 expression in breast can-
cer. Furthermore, patients with negative 
CXCL12 expression had significantly lower 
cumulative postoperative 5 year survival rate 
than those with positive CXCL12 expression. In 
agreement with our findings, other researchers 
found the same phenomenon in colon cancer, 
gastric carcinoma, and non-small lung cancer 
[23, 25]. Collectively, these data suggest that 
reduced CXCL12 expression is positively corre-
lated with breast cancer development and 
progression.

When we detected the expression of CXCL12 in 
breast cancer cells, there was a difference in 
MCF-7, Bcap-37 and MX-1 vs MDA-MB-468, 
HCC-1937 and MDA-MB-231 cell lines. The dif-
ference may be caused by the different histo-
logical type of the six breast cancer cells. MDA-
MB-468, HCC-1937 and MDA-MB-231 cell 
lines are poorly differentiated adenocarcinoma, 
MDA-MB-468 cell line is inflammatory breast 
carcinoma, HCC-1937 cell line is triple negative 
breast adenocarcinoma, and MDA-MB-231 is a 
highly invasive human breast cancer cell line. In 
this study we explored that the expression of 
CXCL12 in MDA-MB-231 cells was the lowest 

level. Therefore, MDA-MB-231 cells were 
selected as the model for the subsequent func-
tion studies. Our subsequent studies verified 
that upregulation of CXCL12 expression could 
inhibit the proliferation and growth of MDA-
MB-231 cells in vitro and in vivo. 

To explore the relationship between CXCL12 
and the biological behavior of breast cancer 
cells, we upregulation CXCL12 function by 
using gene transfection technology in the MDA-
MB-231 cell line which has low endogenous 
CXCL12 expression. Cancer metastasis is a 
major cause of morbidity in cancer patients. 
Cancer metastasis consists of multiple sequen-
tial steps and invasion is one of the most char-
acteristic steps during the cascade of metasta-
sis [26]. Many studies have demonstrated the 
importance of invasion in the early stages of 
metastasis [27]. To investigate the pathological 
role of CXCL12 in breast cancer, we carried out 
invasion assays using CXCL12 overexpressing 
cells. Upregulation of CXCL12 decreased the 
invasiveness of breast cancer cells. Since inva-
sive growth of tumors is one of the important 
hallmarks of malignancy, these results suggest 
that CXCL12 may be a key protein responsible 
for the breast cancer development.

In conclusion, CXCL12 expression plays an 
important role in progression, metastasis and 
prognosis of breast cancer. With gene transfec-
tion technology, we showed that upregulation 
of CXCL12 expression could suppress breast 
cancer cell growth and invasion in vitro and in 
vivo. These data provide a sound scientific 
rationale for further investigation into targeting 
CXCL12 in breast cancer.
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