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ABSTRACT

in vitro

In vitro, the
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INTRODUCTION

cancer has not been investigated. In the current study,
we discussed whether platelet-derived growth factor

In China, more than 1.6 million people are newly
diagnosed with breast cancer and 1.2 million breast cancer
deaths are expected to occur among women each year [1].
The American Cancer Society released the 2013 national
cancer statistics report that ranked breast cancer as the
highest incidence in women (29%) and the second highest
death rate [2].
Paclitaxel (Taxol) is a powerful chemotherapeutic
that has been used to treat ovarian, breast, lung, pancreatic,

reversing CXCR4-induced EMT to provide insight
chemotherapy for breast cancer.

RESULTS
The overexpression of PDGF and PDGFR were
found in PR cells

chemoresistance. Paclitaxel resistance is associated with
the acquisition of the epithelial-to-mesenchymal transition
(EMT) [5]. Classical EMT-related signaling pathways,

Here, we established paclitaxel-resistant breast
cancer cells (PR cells) that exhibited resistance to
paclitaxel and acquired an EMT feature as described

breast carcinoma [6, 7].
protein-coupled receptor CXCR4 pathways in liver tumors

CXCL12, also known as stromal cell–derived factor-1
in breast cancer and has been correlated with poor

cancer oncogenesis, and chemoresistance was associated
with EMT in PR cells.

has been shown to play a key role in tumor growth,
invasion, and angiogenesis [11-14]. The results of these

cancer cells

tumor microenvironment may alter invasive capacity
as well as the tumor-associated immune cells that are
linked to increased metastasis and poor prognosis [15].

and enzyme-linked immunosorbent assay (ELISA).

also been studied in breast cancer treatment [16, 17].
High CXCR4 overexpression from breast cancer patients
receiving neoadjuvant chemotherapy was predictive of
pathway caused chemoresistance, while CXCR2 blockers
tumors, particularly against metastasis [19]. An oncolytic
virus armed with a CXCR4 antagonist effectively inhibited
the development of spontaneous metastasis and increased
overall tumor-free survival [20].
In a previous study, we reported that

the levels of CXCR4 in PR cells and their parental cells

reverse drug resistance in paclitaxel-resistant cells, we

and invasion in breast cancer cells by reducing the

signaling pathway and the subsequent activation of

reversed the phenotype of EMT in PR cells.
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(A)
reverse transcription–polymerase chain reaction (RT-PCR) analysis was used to detect the expressions of platelet-derived growth factor
(A), (B)
(B)

(A)
(B), ELISA
(C), ELISA was used to measure
(D)
cells analyzed by qRT-PCR. (E)
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#
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cells

0

1

resistance, we examined the proliferation, motility,
invasion, cycle, and apoptosis capacities of paclitaxelof apoptotic cells in PR cells compared with the
proliferation, motility and invasion capacities in PR

(A)
(B)
(C)

(D)
(E)
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To further investigate whether CXCR4 has a
via binding CXCR4 [27]. Therefore, to obtain further
resistance, we measured the expression of EMT markers
CXCR4 signal pathways in reverse drug resistance, we
depleted or increased the expression of CXCR4 in the
remarkably induce a change in Snail, Slug, Vimentin,
3 cells demonstrated the highest levels of CXCR4, while

express higher CXCR4 levels than the parental cells and
successfully established stable CXCR4-overexpressing cells

were increased, while that of E-cadherin was decreased
led to increased expression of Snail, Slug, Vimentin,

(A) and (B)
(C)
CXCR4 1-5. (D)

(E)

(F)
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expression was interfered with compared to the matching
CXCR4-dependent mechanism, we used Sulforhodamine
results indicated that CXCR4 played a critical role in

of CXCR4 on cell proliferation and cell migration ability

(A)
(B)
#
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reversing PR-induced EMT in breast cancer cells through
noted above and cell grouping were the same as the
promote cell proliferation or migration in the MDA-

PR cells
paclitaxel sensitivity of PR cells in vivo, we established a

tumor growth compared with paclitaxel and a negative
treatment than the matching group. These results showed
that CXCR4 played an important role in breast cancer cell
proliferation and migration.

induced cell growth inhibition.

To further investigate the signaling pathway by

DISCUSSION
The EMT is associated with tumorigenesis
and metastasis as well as chemoresistance of cancer.
Therefore, elucidating the mechanisms that govern the
acquisition of EMT would likely be useful for devising
targeted therapeutic approaches to overcome or prevent
resistance to conventional cancer therapeutics. Paclitaxel
promotes the polymerization of tubulin, thereby causing
cell death by disrupting the normal microtubule dynamics
cell migration and had a synergistic effect compared with

Recent studies have shown that links between paclitaxel
resistance and EMT lead breast cancer patients to develop
chemoresistance [29, 30]. In our previous studies, we

activator. To determine whether the antitumor activity

acquired EMT feature, as described previously [25, 26],

genes, we detected the expression of EMT markers and
cells.
CXCR4 expression is higher in dedifferentiated
cells than in normal cells and independently predicted
poor survival in tumors [31]. The activation of molecular

expressions of Snail, Slug and Vimentin but increased
group showed a more pronounced change. Similarly, the

progression and is associated with CXCR4 expression.

which is a selective synthetic polypeptide derived from
vMIP-II, from interacting with its natural ligand, our
previous study achieved the inhibition of primary tumor
growth and metastasis [22, 23].

decreased the expression of mesenchymal markers
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(A),
(B)
(C), Invasion
(D)
(E)

in vivo (A), Photographs of tumor size at the time of euthanization
(B), Total tumor weights in mice were measured at the time of
(C)
and EMT markers.
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Snail
Slug
Vimentin
E-cadherin
CXCR4

CXCR4 is also a key regulator of the EMT process,
through which it could activate signals associated
with tumor progression [34]. The targeted silencing of
CXCR4 inhibits epithelial-mesenchymal transition in

invasive and drug-resistant phenotype [42-44].
Here, we report an interaction between CXCR4 and

CXCR4 signaling inhibits the expression of kisspeptin-10
cancer cells proliferation, EMT and metastasis by

angiogenesis through CXCR4-mediated signaling [45] as
a pro-angiogenic growth factor. Thus, targeting CXCR4

peptide antagonist of CXCR4, inhibits tumor EMT process

appropriate therapeutic agent may represent a means of
activity, could enhance tumor invasion ability. This study

mechanism both in vitro and in vivo.
associated with an increased expression of CXCR4. The
association between CXCR4 and paclitaxel resistance
and EMT. The expression of CXCR4 in PR cells has been
correlation between the decreased expression CXCR4 and
in vitro
and vivo
CXCR4 signaling, similarly reversed EMT markers and
cell invasion. These results showed cross-talk of CXCR4
CXCR4, inhibits EMT, and inhibits tumor progression.
dependent manner. In vivo, tumor growth was assessed
became susceptible to the shift from a mesenchymal to
associated proteins had similar expression patterns to
the experimental results observed in vitro, suggesting
melanoma cells [40], and CXCR4 signaling induced EMT
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Sense

signaling pathway combined with CXCR4 and play a key

reverse transcription–polymerase chain reaction (RT-PCR)
procedures were performed as described previously [26].
The primers used in PCR reaction are Table 1.

The treated cells were washed with phosphatedrug resistance in breast cancer.

phosphatase inhibitor cocktails (Sigma) on ice. The protein
kit (Pierce). The protein was then denatured with sample
were separated on a sodium dodecyl sulfate–polyacrylamide

at room temperature and then incubated with the indicated
2

Primary antibodies against Snail, Slug, Vimentin,

The supernatants were collected after centrifugation,

instructions.

PR cells of × 105 were incubated with mouse monoclonal
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Diego, CA). Resulting cells were subjected to C6 Accuri

PR cells (5 × 103) were seeded in each well of the 96well plates overnight. The cells were then treated with 1
performed as described previously [27].
mL (the minimum concentration needed to kill this cell
collected. After more than 14 days, cells that grew under

The cells were seeded into six-well plates. After the
a 10 µL pipette tip, and the detached cells were removed

used as a negative control.

20 h. Images were collected at 0 and 20 h.

Cells were seeded in six-well plates and

The invasive activity of paclitaxel-resistant breast

Lipofectamine 2000 as described previously [26]. The

was evaluated using Transwell inserts as described

Table 2. After incubation, the cells were analyzed further
as described in the Results section.

added to the bottom wells of the 24-well plate, and no

inhibitor were added to the upper chamber insert. After
24 h, the cells in the upper chamber had partly invaded

purchased from Shanghai SLAC Laboratory Animal
Co. Ltd (Shanghai, China). The mice were housed and

photographed under a microscope.
All animal experiments were used in accordance with
College, and the protocol was approved by the Committee

5

The animals were acclimatized to laboratory conditions
cells were then re-suspended at 1 × 10

6

(5×106) were injected in the second right mammary gland,

propidium iodide at room temperature for 30 min. The
distribution of the cells throughout the cell cycle was

mm3, all mice were divided into 3 groups (n = 5 mice
each), including a control group (saline group), PTX

weeks with 100 µL per mouse. PTX or saline was injected
105
tail vein. At the end of the experiment, the mice were
western blot analysis.
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epithelial-to-mesenchymal transitions in epithelial cancers.

Immunohistochemical studies were performed

6.

previously [24].

7.

Statistical comparisons between two different

a mesenchymal-like phenotype and CXCR4-dependent
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