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Downregulation of miR-200c-3p contributes to the resistance
of breast cancer cells to paclitaxel by targeting SOX2
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Abstract. Acquisition of resistance to paclitaxel is a major
obstacle to successful treatment of breast cancer patients,
but the molecular mechanisms underlying the development
of drug resistance remain largely unclear. The aim of the
present study was to investigate the role and mechanism of
action of miR-200c-3p in the resistance of breast cancer to
paclitaxel. It was observed that miR-200c-3p expression, as
determined by reverse transcription-quantitative polymerase
chain reaction analysis, was significantly downregulated in
paclitaxel-resistant MCF-7/Tax cells compared with parental
MCEF-7 cells. Overexpression of miR-200¢-3p increased the
chemosensitivity to paclitaxel and enhanced apoptosis in
MCF-7/Tax cells, whereas the downregulation of miR-200c-3p
exerted the opposite effect. In addition, upregulation of
miR-200c-3p in MCF-7/Tax cells suppressed the expression
of sex-determining region Y-box 2 (SOX?2) at the mRNA and
protein levels. Dual-luciferase reporter assay demonstrated that
SOX2 is a target of miR-200c-3p in MCF-7/Tax cells. Moreover,
knockdown of SOX2 expression increased chemosensitivity
to paclitaxel and upregulated miR-200c-3p expression in
MCF-7/Tax cells. Taken together, the results of the present
study indicated that miR-200c-3p plays a key role in the
development of paclitaxel resistance in breast cancer, possibly
partially through regulating SOX2 expression, suggesting that
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the miR-200c-3p-SOX2 loop may serve as a potential target
for the reversal of paclitaxel resistance in breast cancer

Introduction

Breast cancer is the most commonly diagnosed malignancy
among women and a leading cause of cancer-related mortality
worldwide. In the United States, an estimated 266,120 new
cases of breast cancer will be diagnosed and 40,920 patients
will succumb to this disease in 2018 (1). It has been verified
that chemotherapy can improve the survival and quality of life
in breast cancer patients (2). Paclitaxel is a chemotherapeutic
agent widely used in the treatment of breast cancer. However,
~50% of breast cancer patients fail to respond to chemo-
therapeutic agents due to intrinsic or acquired resistance (3).
Resistance to chemotherapy remains a major obstacle to
successful treatment of breast cancer. Therefore, it is impor-
tant to investigate the mechanism underlying the development
of drug resistance and develop novel therapeutic strategies for
overcoming resistance to paclitaxel in breast cancer.
MicroRNAs (miRNAs) are a class of small non-coding
RNA molecules that are ~19-25 nucleotides in length and
regulate the expression of a wide variety of genes, mainly
through degradation of target mRNAs or inhibition of protein
translation (4). Previous studies demonstrated that miRNAs are
implicated in several critical cellular processes,including prolif-
eration, differentiation, cell-cycle control and apoptosis (5,6).
Recently, a growing volume of evidence has demonstrated that
dysregulation of miRNAs plays an important role in cancer
drug resistance. For example, overexpression of miR-210 was
observed to induce caspase-3-mediated apoptosis and reverse
gemcitabine resistance by regulation of ABCCS5 gene expres-
sion in pancreatic cancer (7). It was also observed that loss
of miR-17 and miR-20b enhanced breast cancer resistance to
paclitaxel through upregulating nuclear receptor coactivator 3
levels (8). Restoration of miR-200c expression inhibited cell
proliferation and increased the chemosensitivity to cisplatin
by targeting AKT2 in osteosarcoma (9). In female reproduc-
tive cancers, class III B-tubulin was reported to be a target of
miR-200c involved in the chemosensitivity to paclitaxel (10).
Our previous study demonstrated that downregulation of
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miR-200c was associated with poor response to neoadjuvant
chemotherapy in patients with breast cancer (11). However,
the molecular mechanisms underlying the role of miR-200c
in the resistance of breast cancer to paclitaxel remain largely
unexplored.

Sex-determining region Y-box 2 (SOX2) is a member
of the SOX gene family that has been demonstrated to play
a critical role in the regulation of self-renewal and pluripo-
tency in human embryonic stem cells (12) and activation of
breast cancer stem cells (13). Aberrant expression of SOX2
was observed in various types of cancer, such as glioblas-
toma (14), lung cancer (15) and prostate cancer (16). It was
demonstrated that overexpression of SOX2 contributes to
resistance of MCF-7 breast cancer cells to tamoxifen, whereas
downregulation of SOX2 enhanced the sensitivity of MCF-7
cells to tamoxifen (17). In addition, it was found that knock-
down of SOX2 in pancreatic ductal adenocarcinoma cells
increased the response to small-molecule inhibitors targeting
MEK and AKT signaling (18). A recent study indicated that
downregulation of SOX2 reduced invasiveness and increased
sensitivity to paclitaxel by preserving the epithelial-like prop-
erties of breast cancer stem cells (19).

The aims of the present study were to determine whether
miR-200c-3p expression is significantly downregulated in
paclitaxel-resistant breast cancer cells compared with parental
cells, to investigate how the overexpression of miR-200c-3p
affects the chemosensitivity to paclitaxel and cell apoptosis,
and to elucidate the role of SOX2 in this process.

Materials and methods

Cell lines. The human breast cancer cell line MCF-7 was
obtained from the China Center for Type Culture Collection
(Shanghai, China). The paclitaxel-resistant human breast
cancer cell line MCF-7/Tax was established through step-
wise selection by increasing the concentration of paclitaxel
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) over
8 months. MCF-7/Tax cells were cultured in the continuous
presence of 10 ug/ml paclitaxel to maintain the drug-resistant
phenotype (20). Paclitaxel-resistant human breast cancer
MCF-7/Tax cells and parental MCF-7 cells were maintained
in RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal
bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.)
and ampicillin and streptomycin at 37°C in a humidified
atmosphere containing 5% CO,. MCF-7/Tax cells were further
cultured in drug-free medium for >2 weeks prior to subsequent
experiments.

miRNA transfection. Cells were seeded in 6-well plates at a
density of 10° cells per well and cultured for 24 h. The cells
were then transfected with miR-200c¢-3p mimics, miR-200c-3p
inhibitor or negative control using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to
the manufacturer's protocol. The miR-200c¢-3p mimics,
miR-200c-3p inhibitor and negative control were purchased
from GenePharma Tech (Shanghai, China).

SiRNA transfection. Cells were seeded in 6-well plates and
transfected with SOX2 siRNA or negative control siRNA using
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Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. siRNAs were
supplied by GenePharma Tech. The sequences used for the
siRNAs were as follows: siSOX2, 5'-GGACAUGAUCAGCAU
GUAUTT-3' (sense) and 5'-AUACAUGCUGAUCAUGUC
CTT-3' (antisense); and negative control siRNA, 5'-UUCUCC
GAACGUGUCACGUTT-3' (sense) and 5'-ACGUGACAC
GUUCGGAGAATT-3' (antisense). Cells were harvested for
further analysis after 48 h.

Cell viability assay. Cell viability was measured using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay according to the manufacturer's protocol.
Untransfected or transfected cells were re-seeded in 96-well
plates at a density of 5x10° cells per well. The cells were then
treated with different concentrations of paclitaxel for 24,
48 and 72 h. A total of 100 ul MTT (Sigma-Aldrich; Merck
KGaA) per well was added and incubated at 37°C for 4 h.
Subsequently, 150 xl dimethyl sulfoxide was added to each
well. The absorbance was measured at 570 nm by a microplate
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Three
independent experiments were performed in quadruplicate.

Apoptosis assay. Apoptosis was evaluated by flow cytometry
using the FITC Annexin V Apoptosis Detection kit I (BD
Biosciences, Franklin Lakes, NJ, USA) according to the manu-
facturer's instructions. The cells were harvested and washed
with phosphate-buffered saline. A total of 5 ul FITC-labeled
enhanced Annexin V, 5 ul propidium iodide (PI) and 100 pl
binding buffer were added. After incubation in the dark for
15 min at room temperature, the samples were analyzed by
flow cytometry (FACSCalibur, BD Biosciences). All experi-
ments were performed in triplicate.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) analysis. Total RNA from cultured cells
was extracted using TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's
protocol. The concentration and quality of the RNA was
determined using the Nanodrop 1000 Spectrophotometer
(Thermo Fisher Scientific, Inc.). Quantitative analysis of
miRNA expression was performed by All-in-One miRNA
RT-qPCR Reagent kit (GeneCopoeia, Guangzhou, China)
and U6 snRNA was used for normalization according to
the manufacturer's instructions. To determine the mRNA
levels of SOX2, total RNA was reverse-transcribed using the
PrimeScript 1st Strand cDNA Synthesis kit (Takara, Dalian,
China) with B-actin used as an endogenous control according
to the manufacturer's instructions. PCR was performed on
the StepOnePlus system (ABI 7500; Applied Biosystems;
Thermo Fisher Scientific, Inc.) and each sample was run
in triplicate. The relative expression levels of miRNA or
mRNA were calculated using the comparative Cq method
(2-44€9) (21). The primers for amplification were as follows:
SOX2 forward, 5“TGGACAGTTACGCGCACAT-3" and
reverse, 5'-CGAGTAGGACATGCTGTAGGT-3'; p-actin
forward, 5'"TGACGTGGACATCCGCAAAG-3' and reverse,
5'-CTGGAAGGTGGACAGCGAGG-3"; miR-200c-3p
forward, 5'-UAAUACUGCCGGGUAAUGAUGGA-3'; U6
snRNA: 5-GCTTCGGCAGCACATATACTAAAAT-3'". The
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Figure 1. Downregulation of miR-200c-3p in paclitaxel-resistant MCF-7/Tax cells. The viability of MCF-7/Tax cells and parental MCF-7 cells treated with
various concentrations of paclitaxel for (A) 24 (B) 48 and (C) 72 h was measured by MTT assay. The MTT assay demonstrated that MCF-7/Tax cells were
significantly resistant to paclitaxel compared with parental MCF-7 cells. (D) miR-200c-3p expression in paclitaxel-resistant MCF-7/Tax cells and parental
MCEF-7 cells was evaluated using reverse transcription-quantitative polymerase chain reaction analysis. Data are presented as mean + standard deviation.

"P<0.001.

universal reverse primer of miR-200¢-3p and U6 snRNA was
5'-GAGACTGCGGATGTATAGAACTTGA-3".

Western blotting. Protein extracts were obtained using a lysis
buffer and the protein concentration was measured by a bicin-
choninic acid protein assay (Thermo Fisher Scientific, Inc.).
Total protein was separated on SDS-PAGE gels and transferred
to polyvinylidene difluoride membranes (EMD Millipore,
Billerica, MA, USA). The membranes were blocked in TBST
solution containing 5% non-fat milk and incubated with the
primary antibody for SOX2 (dilution 1:1,000; cat. no. 92494;
Abcam, Cambridge, UK) and GAPDH (dilution 1:5,000; cat.
no. 201822; Abcam) overnight at 4°C. GAPDH was used as an
internal control. Subsequently, the membranes were incubated
with a horseradish peroxidase-conjugated goat anti-rabbit
secondary antibody (dilution 1:3,000; cat. no. 6721; Abcam)
for 1 h at room temperature. The bands were visualized using
the ECL detection system (Thermo Fisher Scientific, Inc.).

Luciferase reporter assay. The 3'-untranslated region (UTR)
of SOX2 containing the miR-200c-3p binding sites and

its corresponding mutated sequence were cloned into the
psi-CHECK?2 vector (Promega Corporation, Madison, WI,
USA) downstream of the Renilla luciferase gene. MCF-7/TAX
cells were cotransfected with the luciferase vectors and
miR-200c-3p mimics or negative control in 96-well plates using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). After transfection for 48 h, the Renilla and firefly
luciferase activities were measured using the Dual-Luciferase
Reporter assay kit (Promega Corp.) according to the manufac-
turer's protocol. The firefly luciferase activity was normalized
to that of Renilla luciferase.

Statistical analysis. The statistical analysis was performed
using the SPSS version 19.0 statistical package (IBM Corp.,
Armonk, NY, USA). The data are presented as mean =+ stan-
dard deviation. Differences between two groups were
analyzed using the Student's t-test. One way analysis of
variance (ANOVA) with Bonferroni post hoc test was used
to analyze the differences among three or more groups.
P<0.05 was considered to indicate statistically significant
differences.
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Figure 2. miR-200c-3p overexpression promotes sensitivity of MCF-7/Tax cells to paclitaxel. MCF-7/Tax cells transfected with miR-200¢-3p mimics,
miR-200c-3p inhibitor or negative control were treated with various concentrations of paclitaxel for (A) 24 (B) 48 and (C) 72 h. Cell viability was measured
using the MTT assay. (D) miR-200c¢-3p expression following transfection of the cells with miR-200¢-3p mimics, miR-200c-3p inhibitor or the relative negative
control was evaluated using reverse transcription-quantitative polymerase chain reaction analysis. Data are presented as mean + standard deviation. "P<0.05,

“P<0.01, ""P<0.001.

Results

miR-200c-3p expression is significantly downregulated in
paclitaxel-resistant MCF-7/Tax cells. Paclitaxel-resistant
MCF-7/Tax human breast cancer cells were established
through stepwise selection by increasing the concentration
of paclitaxel in MCF-7 cells. The MCF-7 and MCF-7/Tax
cell sensitivity to various concentrations of paclitaxel was
determined with MTT assays. As illustrated in Fig. 1A-C,
MCF-7/Tax cells were significantly resistant to paclitaxel
compared with parental MCF-7 cells (all P<0.001). The
proliferation of MCF-7/Tax cells was markedly inhibited in a
dose- and time-dependent manner.

To determine whether miR-200c-3p expression was impli-
cated in breast cancer cell resistance to paclitaxel, miR-200c-3p
expression was evaluated in MCF-7 and MCF-7/Tax cells
using RT-qPCR analysis. The expression level of miR-200c-3p
in paclitaxel-resistant MCF-7/Tax cells was found to be
significantly downregulated by 4-fold compared with that
noted in the parental MCF-7 cells (P<0.001, Fig. 1D). These
results suggested that reduced miR-200c-3p expression may be
involved in the resistance of breast cancer cells to paclitaxel.

miR-200c-3p overexpression promotes paclitaxel sensitivity
in paclitaxel-resistant MCF-7/Tax cells. Downregulation of
miR-200c-3p expression was observed in paclitaxel-resistant
MCF-7/Tax cells compared with that noted in the parental
MCF-7 cells. To evaluate the effect of miR-200c-3p on the
resistance to paclitaxel, MCF-7/Tax cells were transfected
with miR-200c-3p mimics, miR-200c-3p inhibitor or negative

control for 24 h. The cells were then exposed to various
concentrations of paclitaxel for 24,48 or 72 h. The cell viability
was determined by MTT assays. As shown in Fig. 2A-C,
transfection of miR-200c-3p mimics into MCF-7/Tax cells
significantly increased the chemosensitivity to paclitaxel. By
contrast, downregulation of miR-200c-3p with transfection
of miR-200c¢ inhibitors significantly decreased the chemo-
sensitivity to paclitaxel in MCF-7/Tax cells (Fig. 2A-C).
miR-200c-3p expression was significantly increased in
MCF-7/Tax cells following transfection of miR-200c-3p
mimics and significantly decreased in MCF-7/Tax cells trans-
fected with miR-200c-3p inhibitors (Fig. 2D).

miR-200c-3p overexpression promotes apoptosis of pacli-
taxel-resistant MCF-7/Tax cells. The potential role of
miR-200c-3p in the apoptosis of MCF-7/Tax cells was
evaluated following transfection of the cells with miR-200c-3p
mimics, miR-200c-3p inhibitor or negative control. The cell
apoptosis was analyzed using flow cytometry. As shown in
Fig. 3A and B, overexpression of miR-200c-3p in MCF-7/Tax
cells significantly promoted cell apoptosis compared with
the negative control (P<0.001). By contrast, inhibition of
miR-200c-3p in MCF-7/Tax cells significantly decreased
apoptosis compared with the negative control (P<0.01). In
addition, a marked increase in the apoptotic rate was observed
in the MCF-7/Tax cells transfected with miR-200c-3p mimics
following treatment with 5 pg/ml paclitaxel for 48 h compared
with the negative control, whereas a significant decrease in the
apoptotic rate was detected in MCF-7/Tax cells transfected
with miR-200c-3p inhibitor following paclitaxel treatment
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Figure 3. miR-200c-3p overexpression promotes apoptosis of MCF-7/Tax cells with or without paclitaxel treatment. The cell apoptosis rate was analyzed
by flow cytometry. Apoptosis rate of MCF-7/Tax cells transfected with miR-200c¢-3p mimics, miR-200c-3p inhibitor or negative control (A and B) without
paclitaxel and (C and D) with 5 ug/ml paclitaxel for 48 h. Data are presented as mean =+ standard deviation. “P<0.01, ““P<0.001.

compared with the negative control (P<0.001, Fig. 3C and D).
These findings indicate that overexpression of miR-200c-3p
promoted MCF-7/Tax cell apoptosis, with or without pacli-
taxel treatment, whereas the downregulation of miR-200c-3p
exerted the opposite effect.

Prediction and validation of SOX2 as a target of miR-200c-3p.
To further explore the molecular mechanism of action of
miR-200c-3p in the resistance of breast cancer cells to pacli-
taxel, target gene prediction of miR-200c-3p was performed
using the TargetScan database, one of the most widely
used miRNA target prediction algorithms. Bioinformatic
analysis indicated that the SOX2 gene included the putative
miR-200c-3p targeting sequence. The predicted interaction
between miR-200c-3p and its target site in the SOX2 3' UTR
is illustrated in Fig. 4A.

The expression of SOX2 at the mRNA level was evalu-
ated in MCF-7/Tax and MCF-7 cells using RT-qPCR analysis.
The results demonstrated that SOX2 mRNA expression
in MCF-7/Tax cells was significantly increased by 2-fold

compared with parental MCF-7 cells (P<0.01, Fig. 4B).
Consistent with SOX2 mRNA expression, the SOX2 protein
expression in MCF-7/Tax cells, as determined by western
blotting, was also increased compared with parental MCF-7
cells (Fig. 4C).

To determine whether SOX2 is a direct target of
miR-200c-3p, a dual luciferase reporter assay was performed.
MCF-7/Tax cells were co-transfected with the SOX2 reporter
or empty vector and miR-200c-3p mimic or miR-negative
control. At 48 h after transfection, the Renilla and firefly
luciferase activities were measured using the Dual-Luciferase
Reporter assay kit. As shown in Fig. 4D, the luciferase activity
was markedly suppressed in the presence of miR-200c-3p
mimics, whereas no reduction in luciferase activity was
observed with the empty vector control or in the presence of
miR-negative control.

Upregulation of miR-200c-3p in MCF-7/Tax cells suppresses
SOX2 expression. To further verify the effect of miR-200c-3p
on SOX2 gene expression in paclitaxel-resistant breast
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SOX2, sex-determining region Y-box 2.

cancer cells, the SOX2 mRNA and protein expression in
MCF-7/Tax cells was determined following transfection with
miR-200c¢-3p mimics, miR-200c-3p inhibitor or negative
control. It was observed that miR-200c-3p overexpression in

the MCF-7/Tax cells resulted in a significant decrease in SOX2
mRNA compared with the negative control (P<0.01, Fig. 5A).
By contrast, downregulation of miR-200c-3p significantly
increased the expression of SOX2 mRNA in the MCF-7/Tax
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cells compared with the negative control (P<0.01, Fig. 5A).
As shown in Fig. 5B, overexpression of miR-200c-3p in
MCF-7/Tax cells also suppressed the expression of the SOX2
protein, whereas downregulation of miR-200c-3p exerted the
opposite effect.

SOX?2 knockdown increases chemosensitivity to paclitaxel
in MCF-7/Tax cells. To investigate whether SOX2 is impli-
cated in the resistance of breast cancer cells to paclitaxel,
the paclitaxel-resistant MCF-7/Tax cells were transfected
with siRNA-SOX2, miR-200c¢-3p mimics, miR-200c-3p
inhibitor, siRNA-SOX2 combined with miR-200¢-3p mimics,
siRNA-SOX2 combined with miR-200c-3p inhibitor or
negative control. Subsequently, the transfected cells were
exposed to 5 pg/ml paclitaxel for 48 h and cell viability was
determined with MTT assays. The transfection efficiency of
MCF-7/Tax cells transfected with siRNA-SOX?2 was detected
by western blot analysis (Fig. 6). As shown in Fig. 6, transfec-
tion with miR-200c-3p mimics and siRNA-SOX?2 reduced cell
viability more prominently compared with transfection with
miR-200c-3p mimics alone (P<0.05). In addition, treatment
with miR-200c¢-3p inhibitor and siRNA-SOX2 also reduced
cell viability compared with treatment with miR-200¢-3p
inhibitor alone (P<0.05). It was observed that SOX2 knock-
down was able to increase the sensitivity of MCF-7/Tax cells
to paclitaxel compared with the control.

SOX2 knockdown in MCF-7/Tax cells upregulates miR-200c-3p
expression. To investigate the potential effect of SOX2 on
miR-200c-3p expression, siRNA interference was used to
knock down SOX2 in MCF-7/Tax cells. The expression level of
miR-200c-3p was determined by RT-qPCR. As shown in Fig. 7,
SOX?2 knockdown resulted in significantly increased levels of
miR-200c-3p expression in MCF-7/Tax cells compared with the
control (P<0.05). In addition, co-treatment with miR-200c-3p
mimics and siRNA-SOX2 significantly increased miR-200c-3p
expression in MCF-7/Tax cells (P<0.001, Fig. 7). Treatment
with siRNA-SOX2 and miR-200c-3p inhibitor significantly
upregulated miR-200c-3p expression in MCF-7/Tax cells
compared following treatment with the miR-200c inhibitor
alone (P<0.05, Fig. 7).

Discussion

Although notable improvements have been made in the treat-
ment of breast cancer over the past decades, drug resistance
remains a major obstacle to successful treatment of breast
cancer patients. Recent studies have demonstrated that aber-
rant miR-200c expression may play an important role in cancer
chemotherapeutic resistance. Decreased miR-200c expression
was previously observed in cisplatin-resistant breast cancer
cells compared to parental MCF-7 breast cancer cells (22).
In addition, Zhu et al reported that miR-200c expression was
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downregulated in vincristine-resistant gastric cancer cells
compared with parental SGC7901 gastric cancer cells (23).
miR-200c expression was also downregulated in cispl-
atin-resistant lung cancer cells compared with parental A549
lung cancer cells (23). In our previous study, we demonstrated
that the miR-200c expression level in doxorubicin-resistant
breast cancer cells was markedly downregulated compared
with that in MCF-7 breast cancer cells (11). In the present
study, miR-200c-3p expression in paclitaxel-resistant breast
cancer cells was found to be significantly downregulated
compared with parental MCF-7 breast cancer cells. In addition,
overexpression of miR-200c-3p in MCF-7/Tax cells enhanced
the chemosensitivity to paclitaxel, while downregulation of
miR-200c-3p decreased the chemosensitivity to paclitaxel
in MCF-7/Tax cells. Furthermore, it was demonstrated that
overexpression of miR-200c-3p promoted MCF-7/Tax cell
apoptosis, with or without paclitaxel treatment. These find-
ings indicate that downregulation of miR-200c-3p expression
is involved in the resistance of breast cancer cells to pacli-
taxel, which was consistent with previous reports. However,
Hamano et al reported that miR-200c expression was increased
in cisplatin-resistant esophageal cancer cells and overexpres-
sion of miR-200c induced chemoresistance in esophageal
cancer (24). The inconsistent correlation between miR-200c
expression and chemoresistance may be due, in part, to the
differences among tumor types.

SOX2 has been demonstrated to play an important role in
the maintenance of breast cancer stem cells (13). A previous
study indicated that SOX?2 may be implicated in drug resistance,
and downregulation of SOX2 may enhance chemosensitivity of
breast cancer cells to paclitaxel (19). Overexpression of SOX?2
was demonstrated to enhance the resistance of PC-3 prostate
cancer cells to paclitaxel by promoting cell proliferation and
preventing cell apoptosis (16). The miR-200 family was found
to be downregulated in human breast cancer stem cells as well
as mammary stem cells, suggesting an association between the
miR-200 family and stemness (25). In the present study, SOX2
mRNA and SOX2 protein expression in paclitaxel-resistant
MCF-7/Tax cells were found to be markedly increased
compared with their parental MCF-7 cells, while miR-200c-3p
expression in MCF-7/Tax cells was downregulated compared
with MCF-7 cells. Moreover, upregulation of miR-200c¢-3p in
MCF-7/Tax cells suppressed the expression of SOX2 at the
mRNA and protein levels, whereas the downregulation of
miR-200c-3p exerted the opposite effect. The luciferase reporter
assay revealed that SOX2 was a direct target of miR-200c-3p
in breast cancer. It was demonstrated that a single miRNA
could regulate tens or hundreds of target genes, and one gene
could also be regulated by multiple miRNAs. Antiapoptotic
factors, such as the B-cell lymphoma-2 (BCL-2) and X-linked
inhibitor of apoptosis protein (XIAP) genes, were found to be
upregulated in vincristine-resistant gastric cancer cells and
cisplatin-resistant lung cancer cells (23). BCL-2 and XIAP were
identified as target genes of miR-200c and were involved in drug
resistance (23). In clear-cell renal cell carcinoma, miR-200c was
reported to enhance the efficiency of sorafenib and imatinib by
targeting heme oxygenase-1 (HO-1) (26). The findings of the
study suggest that downregulation of miR-200c-3p contributes
to paclitaxel resistance in breast cancer cells, at least partially
through targeting the SOX2 gene.
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It was demonstrated that overexpression of the miR-200
family upregulated E-cadherin expression, whereas
inhibition of the miR-200 family reduced E-cadherin expres-
sion (27,28). The miR-200 family was demonstrated to play
a key role in epithelial-to-mesenchymal transition (EMT)
by targeting the E-cadherin transcriptional repressors ZEB1
and ZEB2 (29,30). Interestingly, ZEB1 and ZEB2 were also
found to repress miR-200 family transcription by binding
to their regulatory E-boxes (29,30). Therefore, ZEB1/ZEB2
and the miR-200 family formed a double-negative feedback
loop involved in tumor progression and metastasis (29,30).
In the present study, the knockdown of SOX2 using SOX2
siRNA markedly increased miR-200c-3p expression in pacli-
taxel-resistant MCF-7/Tax cells. Furthermore, knockdown
of SOX2 in MCF-7/Tax cells increased chemosensitivity
to paclitaxel. A previous study reported that miR-200
expression was regulated by SOX2 through contributing
to the cell cycle exit and neuronal differentiation of neural
stem/progenitor cells (31). It was indicated that the transcrip-
tion of the mmu-miR-200c/141 gene cluster was activated by
SOX2 through binding to their promoters (31). In colorectal
carcinoma, it was demonstrated that the miR-200c-SOX?2
negative feedback loop mechanism was involved in the
regulation of cell stemness, proliferation and metastasis (32).
It was found that SOX2 could bind to specific promoter
transcription factor binding sites of miR-200c and inhibit the
transcription (32).

In summary, we herein demonstrated that miR-200c-3p
plays a crucial role in the resistance of breast cancer cells
to paclitaxel, possibly partially through targeting SOX2.
Furthermore, the evidence provided supports the role of SOX?2
in the regulation of miR-200c-3p expression. Taken together, the
findings of the present study point to the miR-200c-3p/SOX2
loop as a promising future therapeutic target for overcoming
paclitaxel resistance in breast cancer patients.
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