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Abstract. Gemcitabine‑based chemotherapy is commonly 
applied for the treatment of breast cancer in a clinical setting. 
However, acquired resistance to chemotherapy primarily 
results in treatment failure and eventually culminates in 
patient mortality. Aberrant expression of microRNAs 
(miRNAs) has been demonstrated to be implicated in the 
development of chemoresistance; however, the role of miR‑873 
in the chemoresistance of breast cancer and its underlying 
mechanism have not been completely elucidated. Herein, 
using cell viability assays, the present study demonstrated 
that overexpression of miR‑873 sensitized triple‑negative 
breast cancer (TNBC) cells (MDA‑MB‑231 and BT549) 
towards gemcitabine treatment, while inhibition of miR‑873 
promoted resistance of TNBC cells to gemcitabine exposure. 
The 3' untranslated region of zinc finger E‑box binding 
homeobox 1 (ZEB1) was predicted as a candidate target of 
miR‑873, and the regulatory association between ZEB1 and 
miR‑873 was validated with a dual luciferase assay. Reverse 
transcription‑quantitative polymerase chain reaction and 
western blot analysis confirmed that miR‑873 mimics reduced 
ZEB1 at mRNA and protein levels in MDA‑MB‑231 and 
BT549 cells. As ZEB1 was previously reported to interact with 
Yes associated protein (YAP) to promote cancer progression. 
The present study observed that miR‑873 overexpression 
decreased the expression of YAP target genes AXL receptor 
tyrosine kinase, connective tissue growth factor and cysteine 
rich angiogenic inducer 61 at mRNA and protein levels. 
Additionally, elevation of the ZEB1 level and reduction of 
the miR‑873 level were detected in gemcitabine‑resistant 
MDA‑MB‑231 (MDA‑MB‑231GEMr) cells, which were 
accompanied with stronger proliferative ability, compared 
with parental cells. Overexpression of miR‑873 or ZEB1 

knockdown reversed chemoresistance of MDA‑MB‑231GEMr 
cells by inducing a notable cell growth arrest upon gemcitabine 
exposure. In conclusion, the data obtained by the present study 
demonstrated that the decrease of miR‑873 promoted the 
development of gemcitabine resistance in TNBC via elevation 
of ZEB1 expression, which indicated that miR‑873 may be 
a promising predictor for gemcitabine sensitivity in patients 
with TNBC.

Introduction

Accounting for 15% of breast cancer cases worldwide, 
triple‑negative breast cancer (TNBC) is an aggressive subtype 
of breast cancer, which is characterized by the lack of estrogen 
receptor, progesterone receptor and human epidermal growth 
factor receptor 2 (HER2) (1). Despite high sensitivity towards 
chemotherapy, the overall survival rate of patients with TNBC 
remains poor due to the frequently occurring relapse (2).

Gemcitabine is a chemotherapy agent, which is derived 
from deoxycytidine, and is commonly used for the treatment of 
patients with breast cancer (3). Gemcitabine requires intracel-
lular transport and induces cell cycle arrest via incorporating 
into DNA or inhibition of ribonucleotide reductase  (4). 
Although patients respond to gemcitabine at the beginning of 
treatment, numerous patients eventually develop secondary 
resistance, which may result in patient mortality (5). Thus, 
further investigation regarding the molecular mechanism of 
gemcitabine resistance would facilitate the development of 
novel therapeutic approaches and improve patient outcomes.

microRNAs (miRNAs) are small, non‑coding, single strand 
RNAs with a length of ~20 nucleotides (6). Through binding to 
3' untranslated region (UTR) of target gene mRNAs, miRNAs 
directly inhibit gene expression at the post‑transcriptional 
level (7). Deregulation of numerous miRNAs has been deter-
mined to be associated with the chemotherapy resistance 
of breast cancer (8). For example, miR‑105 and miR‑93‑3p 
can target secreted frizzle related protein 1 to activate Wnt 
signaling, which leads to chemoresistance in TNBC cells (9). 
miR‑873 was reported to be downregulated in numerous 
cancer types, including breast cancer (10,11). Previous studies 
indicated that miR‑873 may function as a sensitizer of cancer 
cells towards chemotherapeutic agents  (12,13). However, 
whether and how miR‑873 influences chemosensitivity in 
TNBC remains unclear.
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Zinc finger E‑box binding homeobox 1 (ZEB1) is a 
transcription factor that is well‑known for its role as an epithe-
lial‑mesenchymal transition (EMT) inducer (14). Through the 
induction of EMT, ZEB1 promotes cancer cell dissociation, 
resulting in metastasis and poor prognosis of patients with 
cancer (15,16). Upregulation of ZEB1 was identified in TNBC, 
compared with other breast cancer subtypes  (17). Notably, 
ZEB1 elevation was detected in circulating breast cancer 
cells, which were characterized with cancer stem cell traits 
including self‑renewal and strong metastatic potential  (18). 
Mechanistically, ZEB1 coordinated with Hippo‑pathway 
effector Yes associated protein (YAP) to maintain cell stem-
ness and promote metastasis (19). Via maintenance of cancer 
cell stemness, ZEB1 has been identified to contribute to the 
development of cancer cell chemoresistance (14).

In the present study, the role of miR‑873 in the regulation 
of chemosensitivity in TNBC was demonstrated, and it was 
revealed that miR‑873 downregulation led to gemcitabine 
resistance of TNBC cells via regulation of ZEB1. The results 
depicted a novel role of miR‑873 in mediating gemcitabine 
sensitivity in TNBC cells, indicating that the expression of 
miR‑873 may serve as a predictor for gemcitabine sensitivity 
of patients with TNBC.

Materials and methods

Cell culture and agents. The human kidney cell line 293 and 
human TNBC cell lines (MDA‑MB‑231 and BT549) were 
purchased from American Type Culture Collection (Manassas, 
MA, USA). All cell lines were cultured in Dulbecco's minimum 
essential medium (DMEM; Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS; Hyclone; GE Healthcare Life Sciences, Logan 
UT, USA) in an incubator containing 5% CO2 at 37˚C.

The gemcitabine resistant MDA‑MB‑231 cell line 
(MDA‑MB‑231GEMr) was generated by continuous 
exposure of MDA‑MB‑231 to increasing concentrations 
(0.1‑15 nM) of gemcitabine (Sigma‑Aldrich, Merck KGaA, 
Darmstadt, Germany) for 12 months at 37˚C, according to the 
method of a precious report (20). The MDA‑MB‑231GEMr 
cells were cultured in DMEM with 10% FBS and 15 nM 
gemcitabine, and incubated in an incubator with 5% CO2 at 
37˚C prior to experiments. Prior to additional experiments, 
1x106 MDA‑MB‑231GEMr cell passage in DMEM without 
gemcitabine was conducted twice.

Overexpression and downregulation of miR‑873. miR‑873 
mimics, miR‑negative control (miR‑NC) mimics, miR‑873 
inhibitor and miR‑NC inhibitor were obtained from Chang 
Jing Bio‑Tech, Ltd. (Changsha, China). For overexpression 
or downregulation of miR‑873, 100 nM miR‑873 mimic or 
miR‑873 inhibitor was transfected into MDA‑MB‑231 or 
BT549 cells with Lipofectamine® 3000 (Invitrogen; Thermo 
Fisher Scientific, Inc.), according to manufacturer's protocol. 
Following 48 h, the cells were subjected to the further experi-
ments. The sequences are listed in Table I.

Silencing of ZEB1 in TNBC cells. Control small interfering 
RNA (siRNA), ZEB1 siRNA1 and ZEB1 siRNA2 were 
obtained from Chang Jing Bio‑Tech, Ltd.. For silencing of 

ZEB1 expression, 50 nM ZEB1 siRNA1 or ZEB1 siRNA2 
were transfected into MDA‑MB‑231GEMr cells using 
Lipofectamine® RNAiMax (Invitrogen; Thermo Fisher 
Scientific). Following 48 h, the cells were subjected to further 
experiments. The sequences are listed in Table II.

Western blot analysis. Antibodies for E‑cadherin (catalog 
no.  14472; 1:2,000), AXL receptor tyrosine kinase (AXL; 
catalog no. 8661; 1:2,000), connective tissue growth factor 
(CTGF; catalog no. 86641; 1:2,000), cysteine rich angiogenic 
inducer 61 (CYR61; catalog no. 14479; 1:2,000) and ZEB1 
(catalog no. 3396; 1:2,000) were purchased from Cell Signaling 
Technology (Cell Signaling Technology, Inc., Danvers, MA, 
USA). The GAPDH antibody (catalog no.  SAB1403850; 
1:10,000) was purchased from Sigma‑Aldrich (Merck 
KGaA). Horseradish peroxidase‑conjugated secondary 
antibodies against rabbit (catalog no. SA00001‑2; 1:10,000) 
and mouse (catalog no. SA00001‑1; 1:10,000) were obtained 
from ProteinTech Group, Inc. (Chicago, IL, USA). Protein 
lysates were prepared with radioimmunoprecipitation assay 
lysis buffer (Beyotime Institute of Biotechnology, Haimen, 
China). The concentration of lysates was determined with 
a BCA Protein assay kit (Pierce; Thermo Fisher Scientific, 
Inc.). Protein extracts (20 µg) were then separated on an 8% 
SDS‑PAGE gel and transferred to polyvinylidene fluoride 
membrane. The membrane was then blocked with 5% non‑fat 
milk at room temperature for 0.5 h, followed by incubation of 
indicated primary antibodies overnight at 4˚C. The following 
day, the membrane was washed three times with TBS with 0.1% 
Tween 20 (TBST) at room temperature for 10 mins and then 
incubated with secondary antibodies for 1 h at room tempera-
ture. Subsequently, the membrane was washed with TBST 
(0.1% Tween 20) at room temperature for 10 mins (three times), 
developed with enhanced chemiluminescence detection agent 
(Thermo Fisher Scientific, Inc.) and visualized on ImageQuant 
TL version 1.1.0.1 (GE Healthcare, Chicago, IL, USA).

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). The extraction of total 
RNA from 293, MDA‑MB‑231 and BT549 cells were achieved 
using a miRNeasy Mini kit (Qiagen GmbH, Hilden, Germany), 
according to the manufacturer's protocol. The synthesis of first 
strand cDNA was conducted using a M‑MLV kit (Thermo 
Fisher Scientific, Inc.). RT‑qPCR was conducted to analyze 
specific gene levels on CFX96 (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA) using SYBR® Premix Ex Taq (Takara 
Bio, Inc., Otsu, Japan). The thermocycling conditions were 
as follows: pre‑denaturing at 95˚C for 30 sec, denaturing at 
95˚C for 30 sec, and 35 cycles of annealing and elongation at 
60˚C for 30 sec. GAPDH and U6 served as internal controls 
for mRNA and miRNA, respectively. The relative expression 
levels of indicated genes were calculated using the 2‑ΔΔCq 
method (21). The primer sequences are listed in Table III.

Cell viability assay. The cell viability was detected using Cell 
Counting kit‑8 (CCK‑8; Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan), according to the manufacturer's protocol. 
Briefly, 1,000 MDA‑MB‑231 or BT549 cells/well were seeded 
in 96‑well plates. Following the transfection of miR‑873 
mimics or miR‑NC mimics for 48 h, 10 µl CCK‑8 solution 
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was added into each well and incubated for 1 h in an incubator 
with 5% CO2 at 37˚C. Following incubation the medium was 
transferred into another 96‑well plate and the absorbance at 

450 nm of each well was detected using a microplate reader 
(Bio‑Rad Laboratories, Inc.).

Dual luciferase assay. Prediction of the putative binding 
site between ZEB1 3'UTR and miR‑873 was achieved using 
TargetScan software version 7.2 (http://www.targetscan.
org/vert_72/). The cDNA was prepared by RNA extraction 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) and reverse transcribed into cDNA with RevertAid First 
Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.). The 
3'UTR of ZEB1 mRNA was amplified from cDNA of 293 cells 
and was inserted into pGL3 plasmid (Promega Corporation, 
Madison, WI, USA) to construct pGL3‑ZEB1 3'UTR‑wild 
type (WT). pGL3‑ZEB1 3'UTR‑mutant (Mut) with mutation 
of predicted miR‑873 binding sites was constructed by site 
mutation of pGL3‑ZEB1 3'UTR‑WT using a QuikChange 
Site‑directed Mutagenesis kit (Agilent Technologies, Inc., 
Santa Clara, CA, USA). For dual luciferase assay, 293 cells 
were transfected with pGL3‑ZEB1 3'UTR‑WT or pGL3‑ZEB1 
3'UTR‑Mut accompanied with miR‑873 mimics or miR‑nega-
tive control (NC) mimics and an internal control Renilla 
plasmid with Lipofectamine®  3000 (Invitrogen; Thermo 
Fisher Scientific, Inc.). The firefly luciferase activity was 
firstly normalized to Renilla luciferase activity, followed by 
normalization to the control group. At 24 h post‑transfection, 
the relative luciferase activity of each well was detected using 
a Dual Luciferase Reporter assay kit (Promega Corporation), 
according to the manufacturer's protocol.

Statistical analysis. All data were calculated and analyzed 
using GraphPad Prism 5.0 (GraphPad Software, Inc., La 
Jolla, CA, USA) and presented as mean ± standard deviation. 
The differences between two groups were compared with an 
unpaired Student's t‑test. The differences among three groups 
were analyzed using two‑way analysis of variance followed by 
Newman‑Keuls post‑hoc analysis. P<0.05 was considered to 
indicate a statistically significant difference significance. All 
experiments were repeated a minimum of three times.

Results

miR‑873 is negatively associated with gemcitabine sensitivity 
in TNBC cells. To investigate the role of miR‑873 in mediating 
gemcitabine sensitivity in TNBC cells, the present study exam-
ined the gemcitabine sensitivity of MDA‑MB‑231 cells and 
BT549 cells following miR‑873 elevation and downregulation 
via transfection of miR‑873 mimics or inhibitors, respectively. 
Following overexpression of miR‑873 (Fig. 1A), MDA‑MB‑231 
cells and BT549 cells became increasingly sensitive towards 
increasing concentrations of gemcitabine (0‑8 nM), compared 
with their corresponding control groups (Fig. 1B‑C). Conversely, 
antagonist of miR‑873 (Fig. 1D) caused MDA‑MB‑231 cells 
and BT549 cells to be more insensitive upon gemcitabine expo-
sure, compared with cells transfected with miR‑NC inhibitor 
(Fig. 1E‑F). These data indicate that miR‑873 could mediate 
gemcitabine sensitivity in TNBC cells.

miR‑873 directly represses ZEB1 expression via binding 
to its 3'UTR. Using TargetScan, miR‑873 was predicted to 
bind to 3'UTR of ZEB1 mRNA (Fig. 2A). To confirm the 

Table III. Sequences of primers for reverse transcription‑quan-
titative polymerase chain reaction.

Name	 Sequence

Stem loop primer	 5'‑CTCAACTGGTGTCGTGGAGTCG
	 GCAATTCAGTTGAGAGGAGA‑3'
miR‑873‑forward	 5'‑TCGGCAGGGCAGGAACTTGTGA‑3'
miR‑873‑reverse	 5'‑CTCAACTGGTGTCGTGGA‑3'
U6‑forward	 5'‑CTCGCTTCGGCAGCACA‑3'
U6‑reverse	 5'‑AACGCTTCACGAATTTGCGT‑3'
AXL‑forward	 5'‑GTGGGCAACCCAGGGAATATC‑3'
AXL‑reverse	 5'‑GTACTGTCCCGTGTCGGAAAG‑3'
CTGF‑forward	 5'‑CAGCATGGACGTTCGTCTG‑3'
CTGF‑reverse	 5'‑AACCACGGTTTGGTCCTTGG‑3'
CYR61‑forward	 5'‑CTCGCCTTAGTCGTCACCC‑3'
CYR61‑reverse	 5'‑CGCCGAAGTTGCATTCCAG‑3'
ZEB1‑forward	 5'‑GATGATGAATGCGAGTCAGATGC‑3'
ZEB1‑reverse	 5'‑ACAGCAGTGTCTTGTTGTTGT‑3'
GAPDH‑forward	 5'‑CCTGCACCACCAACTGCTTA‑3'
GAPDH‑reverse	 5'‑GGCCATCCACAGTCTTCTGAG‑3'

miR, microRNA; AXL, AXL receptor tyrosine kinase; CTGF, 
connective tissue growth factor; CYR61, cysteine rich angiogenic 
inducer 61; ZEB1, zinc finger E‑box binding homeobox 1.

Table II. Sequences of control siRNA and ZEB siRNAs.

Name	 Sequence

Control siRNA	 5'‑UUCUCCGAACGUGUCACGUTT‑3'
ZEB1 siRNA1	 5'‑GUCGCUACAAACAGUUGUATT‑3'
ZEB1 siRNA2	 5'‑CCUAGUCAGCCACCUUUAATT‑3'

ZEB1, zinc finger E‑box binding homeobox 1; siRNA, small inter-
fering RNA.

Table I. Sequences of miR mimics and miR inhibitors.

Name	 Sequence

miR‑873 mimic	 5'‑GCAGGAACUUGUGAGUCUCC
	 UTT‑3'
miR‑NC mimic	 5'‑UCGCUUGGUGCAGGUCGGGA
	 ATT‑3'
miR‑873 inhibitor	 5'‑AGGAGACUCACAAGUUCC
	 UGCTT‑3'
miR‑NC inhibitor	 5'‑UUCUCCGAACGUGUCACGUTT‑3'

NC, negative control; miR, microRNA.
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regulatory association between miR‑873 and 3'UTR of ZEB1, 
a dual luciferase assay was performed. miR‑873 mimics were 
demonstrated to significantly downregulate the relative lucif-
erase activity of ZEB1 3'UTR‑WT but not ZEB1 3'UTR‑Mut 
(Fig. 2B). This result validated ZEB1 as a direct target of 
miR‑873.

miR‑873 regulates ZEB1 and its target genes in TNBC 
cells. To investigate whether miR‑873 regulated ZEB1 
in TNBC cells, the present study detected ZEB1 mRNA 
levels following miR‑873 overexpression in MDA‑MB‑231 
and BT549 cells. As illustrated in Fig. 3A, overexpression 
of miR‑873 significantly decreased the ZEB1 mRNA level 
in MDA‑MB‑231 and BT549 cells. ZEB1 was determined 
to be a classic transcription suppressor and functions as an 
EMT inducer via repression of E‑cadherin expression (22). 
Consistently, in MDA‑MB‑231 and BT549 cells, miR‑873 
mimics markedly decreased ZEB1 protein levels and upregu-
lated E‑cadherin protein levels (Fig. 3B and C). A recent 
study demonstrated that ZEB1 functions as a transcription 
activator through interacting with YAP1 (19). Transfection 
of miR‑873 mimics predominantly decreased YAP target 
genes (AXL, CTGF and CYR61) at mRNA and protein levels 
in MDA‑MB‑231 and BT549 cells (Fig. 3D‑G). These data 
support the notion that miR‑873 regulates the target genes of 
ZEB1 in TNBC cells.

Aberrant  express ion of  miR‑ 873 and Z EB1 in 
gemcitabine‑resistant MDA‑MB‑231 cells. The present 
study then sought to investigate the role of miR‑873 

Figure 1. miR‑873 mediates gemcitabine sensitivity in triple‑negative breast cancer cells. (A) Transfection of miR‑873 mimics elevated miR‑873 level in 
MDA‑MB‑231 and BT549 cells. **P<0.01 vs. miR‑NC mimics. Overexpression of miR‑873 by transfection of miR‑873 mimics sensitized (B) MDA‑MB‑231 
cells and (C) BT549 cells towards gemcitabine (0‑8 nM). **P<0.01 and ***P<0.0001 vs. miR‑NC mimics. (D) Transfection of the miR‑873 inhibitor reduced 
miR‑873 levels in MDA‑MB‑231 and BT549 cells. **P<0.01 and ***P<0.0001 vs. miR‑NC inhibitor. Downregulation of miR‑873 by transfection of miR‑873 
inhibitor caused (E) MDA‑MB‑231 and (F) BT549 cells to become more insensitive towards gemcitabine (0‑8 nM). **P<0.01 vs. miR‑NC inhibitor. NC, 
negative control; miR, microRNA.

Figure 2. miR‑873 could directly bind to 3'UTR of ZEB1 mRNA. 
(A) Sequence alignment of miR‑873 and potential binding sites on 3'UTR of 
ZEB1 mRNA were presented. (B) Transfection of miR‑873 mimics, but not 
miR‑NC mimics, reduced the luciferase activity of 293 cells transfected with 
pGL3‑ZEB1 3'UTR‑WT. ***P<0.0001 vs. miR‑NC mimics. UTR, untrans-
lated region; ZEB1, zinc finger E‑box binding homeobox 1; WT, wild type; 
Mut, mutant; miR, microRNA.
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during the development of gemcitabine resistance using 
MDA‑MB‑231GEMr cells. Compared with parental 
MDA‑MB‑231 cells, MDA‑MB‑231GEMr cells were rela-
tively insensitive towards gemcitabine treatment (Fig. 4A). 
Additionally, miR‑873 level was significantly decreased 
(Fig.  4B) in MDA‑MB‑231GEMr cells accompanied 
with elevation of ZEB1 at the mRNA and protein levels 
(Fig. 4C and D). Consistent with the proliferation promotion 
role of ZEB1, the growth rate of MDA‑MB‑231GEMr cells was 
significantly increased, compared with that of MDA‑MB‑231 
cells (Fig. 4E; P<0.05 at 48 h; P<0.01 at 72 h).

Decrease of miR‑873 contributes to gemcitabine resis‑
tance in MDA‑MB‑231GEMr via regulation of ZEB1. In 
MDA‑MB‑231GEMr cells, the overexpression of miR‑873 
by transfection of miR‑873 mimics sensitized cells towards 

gemcitabine treatment (Fig.  5A). Furthermore, silencing 
of ZEB1 using ZEB1 siRNAs also enhanced cell viability 
inhibition, which was induced by gemcitabine treatment in 
MDA‑MB‑231GEMr cells, indicating a significant rever-
sion of gemcitabine resistance in MDA‑MB‑231GEMr cells 
(Fig. 5B and C).

Discussion

Standard chemotherapy is a major effective treatment approach 
for patients with TNBC that do not respond towards endocrine 
therapy or HER2‑target therapy  (23). However, almost all 
patients with TNBC develop chemoresistance, which eventu-
ally culminates in patient mortality  (24). Determining the 
underlying mechanism of chemoresistance is important to 
improve patient outcomes. In the present study, miR‑873 was 

Figure 3. miR‑873 represses ZEB1 expression in triple‑negative breast cancer cells. (A) Overexpression of miR‑873 decreased ZEB1 mRNA level in 
MDA‑MB‑231 and BT549 cells. Overexpression of miR‑873 decreased ZEB1 protein level and elevated E‑cadherin protein level in (B) MDA‑MB‑231 and 
(C) BT549 cells. Overexpression of miR‑873 decreased AXL, CTGF and CYR61 mRNA levels in (D) MDA‑MB‑231 and (E) BT549 cells. Overexpression of 
miR‑873 decreased AXL, CTGF and CYR61 protein levels in (F) MDA‑MB‑231 and (G) BT549 cells. *P<0.05, **P<0.01 and ***P<0.0001 vs. miR‑NC mimics. 
ZEB1, zinc finger E‑box binding homeobox 1; NC, negative control; AXL, AXL receptor tyrosine kinase; CTGF, connective tissue growth factor; CYR61, 
cysteine rich angiogenic inducer 61; miR, microRNA.
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Figure 4. Altered expression of miR‑873 and ZEB1 in MDA‑MB‑231GEMr cells. (A) Compared with MDA‑MB‑231, MDA‑MB‑231GEMr cells were relatively 
insensitive towards gemcitabine treatment (0‑8 nM). (B) miR‑873 level was decreased in MDA‑MB‑231GEMr cells. (C) The ZEB1 mRNA level was elevated in 
MDA‑MB‑231GEMr cells. (D) ZEB1 protein level was increased in MDA‑MBA‑231GEMr cells. (E) In comparison with MDA‑MB‑321 cells, the cell proliferation of 
MDA‑MB‑231GEMr cells was increased. *P<0.05, **P<0.01 and ***P<0.0001 vs. MDA‑MB‑321 cells. ZEB1, zinc finger E‑box binding homeobox 1; miR, microRNA.

Figure 5. Overexpression of miR‑873 or silencing of ZEB1 reverses gemcitabine resistance of MDA‑MB‑231GEMr cells. (A) Overexpression of miR‑873 
by transfection of miR‑873 mimics reversed gemcitabine resistance of MDA‑MB‑231GEMr cells. *P<0.05 vs. miR‑NC mimics. (B) ZEB1 protein level was 
decreased by transfection of ZEB1 siRNA1 or ZEB1 siRNA2. (C) Silencing of ZEB1 by transfection of ZEB1 siRNA reversed gemcitabine resistance of 
MDA‑MB‑231GEMr cells. *P<0.05; **P<0.01 vs. control siRNA. ZEB1, Zinc finger E‑box binding homeobox 1; siRNA, small interfering RNA; NC, negative 
control; miR, microRNA.
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identified as a pivotal molecule in the regulation of chemo-
therapy sensitivity in TNBC.

Dysregulation of miRNAs was frequently observed in 
TNBC and contributed to the initiation, progression and 
chemoresistance (25). Multiple miRNAs, including miR‑638 
and miR‑101, were decreased in TNBC tissues, compared 
with normal adjacent tissues, and these miRNAs could sensi-
tize TNBC cells towards chemotherapy, while reduction of 
their expression contributed to chemoresistance  (26,27). 
miR‑873 levels were downregulated in breast cancer tissues 
and tamoxifen‑resistant MCF7 cells, and forced overex-
pression of miR‑873 inhibited breast cancer cell growth 
and reversed tamoxifen resistance of tamoxifen‑resistant 
MCF7 cells  (11). The present study demonstrated that 
miR‑873 regulated gemcitabine sensitivity in TNBC cells, 
and the transfection of MDA‑MB‑231 and BT549 cells 
with miR‑873 mimics sensitized them towards gemcitabine 
treatment. Additionally, antagonists of miR‑873 by miR‑873 
inhibitors weakened gemcitabine‑induced cell viability 
inhibition in MDA‑MB‑231 and BT549 cells. Notably, 
in MDA‑MB‑231GEMr cells, a decreased miR‑873 
level, compared with their parental cells, was observed. 
Furthermore, silencing of miR‑873 reversed gemcitabine 
resistance of MDA‑MB‑231GEMr cells. These results 
indicated that loss of miR‑873 promotes the development of 
gemcitabine resistance in TNBC cells.

ZEB1 is a transcription factor well‑known for its 
oncogenic role via inducing EMT (28), which functions in 
cells through various mechanisms including Wnt, nuclear 
factor‑κB and miRNAs (29‑31). Using TargetScan, miR‑873 
was predicted as a direct regulator of 3'UTR of ZEB1 
mRNA. In 293 cells, miR‑873 mimics greatly repressed 
luciferase activity of ZEB1 3'UTR‑WT in a dual luciferase 
assay. In MDA‑MB‑231 cells and BT549 cells, transfection 
of miR‑873 mimics decreased ZEB1 expression. ZEB1 could 
function as a transcription activator to activate YAP1 target 
genes, including AXL, CTGF and CYR61 expression, and as 
a transcription suppressor to inhibit target gene (E‑cadherin) 
expression (19). In the present study, miR‑873 overexpression 
increased E‑cadherin expression and decreased AXL, CTGF 
and CYR61 expression, indicating that miR‑873 could repress 
ZEB1 expression to regulate ZEB1 target genes levels. With 
self‑renewal ability, cancer stem cells have been demon-
strated to contribute to chemoresistance in numerous types of 
cancer, including breast, colon and prostate cancer, through 
protecting tumor cells from DNA damage and activating 
pathways involved in maintaining cell survival (32,33). Since 
ZEB1 serves a pivotal role in promoting the development of 
cancer stem cell properties, overexpression of ZEB1 has been 
implicated in chemoresistance in cancer (14). The present 
study detected an elevation of ZEB1 in MDA‑MB‑231GEMr 
cells, indicating that ZEB1 expression was associated with 
chemoresistance in TNBC. Additionally, silencing of ZEB1 
reversed gemcitabine resistance of MDA‑MB‑231GEMr 
cells. Collectively, the present study identified miR‑873 as 
a novel regulator of ZEB1 3'UTR and demonstrated that 
miR‑873 determined ZEB1 expression to alter gemcitabine 
sensitivity in TNBC cells.

In conclusion, the present study demonstrated that miR‑873 
could negatively regulate ZEB1 expression and enhance cell 

growth inhibition induced by treatment with gemcitabine. 
These data provide strong evidence that the loss of miR‑873 
contributes to the development of gemcitabine resistance in 
TNBC by controlling ZEB1 expression, which implicates 
miR‑873 as a potential predictor and target for TNBC treat-
ment.
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