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miR-205-5p downregulation decreases gemcitabine
sensitivity of breast cancer cells via ERp29 upregulation
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Abstract. Breast cancer is the most common cancer in
women worldwide, and the incidence and mortality rates are
increasing every year. Dysregulation of microRNAs (miRNAs
or miRs) is an important step in the initiation and develop-
ment of breast cancer. Previous studies demonstrated that
miR-205-5p is closely associated with occurrence and devel-
opment of breast cancer; however, underlying mechanisms
remain unclear. In the present study, reverse transcrip-
tion-quantitative polymerase chain reaction assays were used
to analyze miR-195-5p and endoplasmic reticulum protein 29
(ERp29) levels in breast cancer and matched normal tissues.
Western blot analysis was performed to analyze ERp29 and
heat shock protein 27 (HSP27) protein expression levels.
Cell viability, flow cytometry and luciferase reporter assay
were used to examine cell proliferation, apoptosis and direct
miRNA-mRNA binding, respectively. The results revealed
that miR-205-5p expression in breast cancer tissues and cell
lines was decreased compared with normal tissues and a
normal cell line. Overexpression of miR-205-5p significantly
augmented cytotoxicity effects of gemcitabine treatment
in MDA-MB-231 and BT549 cells. It was observed that
miR-205-5p negatively regulated ERp29 expression in breast
cancer cells. Dual luciferase assays confirmed that ERp29 was
a target of miR-205-5p in breast cancer cells. Additionally,
following the established gemcitabine-resistant MDA-MB-231
cells (MDA-MB-231/GEM), ERp29 and HSP27 expres-
sion was upregulated and miR-205-5p was downregulated
compared with parental cells. Overexpression of miR-205-5p
reversed gemcitabine resistance in MDA-MB-231/GEM cells.
In conclusion, the present study indicated that miR-205-5p
may inhibit gemcitabine resistance in breast cancer cells via
inhibition of ERp29 expression.
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Introduction

Breast cancer exhibits the highest incidence and mortality rates
among women worldwide. According to a statistical analysis
of cancer cases in 2012 (1), the number of new breast cancer
cases and cases of mortality are ~1,700,000 and 521,900,
respectively. Breast cancer accounts for 25% of all cancer
cases and 15% of cancer-associated cases of mortality (2).

Gemcitabine (2',2'-difluoro-deoxycytidine; dFdC) is a
nucleoside analog that prevents DNA replication and transcrip-
tion leading to apoptosis (3). Preliminary clinical observation
indicated that the effectiveness of gemcitabine in the treatment
of advanced breast cancer was 14-27% (4,5). Advanced breast
cancer chemotherapeutic drugs recommended by the Chinese
breast cancer diagnosis and treatment guide (2017) include
gemcitabine (6). Gemcitabine has good therapeutic effects
in a variety of patients with cancer, including the elderly (7).
However, gemcitabine resistance is common, and the
underlying molecular mechanisms remain to be elucidated (8).

The endoplasmic reticulum (ER) protein 29 (ERp29)
is a member of the ER chaperones that does not contain an
active-site double-cysteine motif with oxidoreductase activity,
observed in other ER chaperones (9). The structural variation
of ERp29 suggests a varying function in cells, particularly
cancer cells (9). Recent studies demonstrated that ERp29 over-
expression resulted in GO/GI1 arrest in MDA-MB-231 cells,
leading to a marked delay in tumorigenesis onset in vivo (10).
ERp29 upregulated heat shock protein 27 (HSP27) expression
in cancer cells (11,12) and attenuated apoptosis caused by
chemotherapy drugs (13). Another study revealed that ERp29
served a key role in the development of gemcitabine resistance
in cancer cells (14).

microRNAs (miRNAs or miRs) are small non-coding
RNA species containing 22-25 ribonucleic acids, which are
major elements of gene expression control, causing translation
inhibition or mRNA degradation (15,16). It is widely reported
that miRNAs serve important roles in tumorigenesis (17,18).
miR-205-5p is a highly conserved miRNA that is expressed
in mammary gland progenitor cells and in stratified squamous
epithelium-derived tissues (19,20). A previous study suggested
that miR-205-5p is downregulated in breast cancer (21,22).
As one of the most researched miRNAs in breast cancer, it is
involved in cellular differentiation, migration and prolifera-
tion (18,19). However, the role of miR-205-5p in the regulation of
gemcitabine sensitivity has not been elucidated in breast cancer.
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In this study, miR-205-5p expression was downregulated
and cell viability was decreased in a gemcitabine-resistant
breast cancer cell line (MDA-MB-231/GEM) compared with
the parental cell line (MDA-MB-231/P). miR-205-5p bound
to the 3' untranslated region (3'-UTR) of ERp29 directly and
negatively regulated its expression. Taken together, this study
revealed that miR-205-5p may mediate gemcitabine resistance
in breast cancer by targeting ERp29.

Materials and methods

Clinical tissue samples. A total of 25 breast cancer and matched
adjacent non-tumor tissue samples were collected at the Tianjin
Baodi People's Hospital between July 2014 and February 2017
(Tianjin, China). All tumor tissue samples were obtained from
women aged 30-65 years (mean age, 46 years). Tissue samples
were immediately frozen in liquid nitrogen after surgery and
stored at -80°C until use. The present study was approved by the
Ethics Committee of Tianjin Baodi People's Hospital. Written
informed consent was provided by all participants.

Cell culture and reagents. MDA-MB-231 and BT549 human
breast cancer cell lines were purchased from the American
Type Culture Collection (ATCC). MDA-MB-231 and BT549
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM; Thermo Fisher Scientific, Inc.) supplemented with
10% fetal bovine serum (HyClone; GE Healthcare Life
Sciences) and 1% penicillin-streptomycin solution (Thermo
Fisher Scientific, Inc.) in a humidified atmosphere containing
5% CO, at 37°C. MDA-MB-231/GEM cells were established
through continuous exposure of MDA-MB-231 cells to
increasing concentrations of gemcitabine (initial concentra-
tion, 12 nM; increased to 6 M over 6 months; Sigma-Aldrich;
Merck KGaA) at 37°C. After 6 months, gemcitabine resistance
was confirmed by comparison of cell viability between
MDA-MB-231/GEM and MDA-MB-231 cells in response to
6 yM gemcitabine. The immortal breast cell line MCF10A
was purchased from ATCC and cultured in DMEM/F12 media
with 10% horse serum, 20 ng/ml epidermal growth factor,
100 ng/ml cholera toxin, 0.01 mg/ml insulin, 500 ng/ml hydro-
cortisone (all from HyClone; GE Healthcare Life Sciences)
and 1% penicillin-streptomycin solution in a humidified atmo-
sphere containing 5% CO, at 37°C.

Overexpression and downregulation of miR-205-5p.
miR-205-5p mimic, miR-negative control (NC) mimic,
miR-205-5p inhibitor and miR-NC inhibitor were purchased
from Shanghai GenePharma Co., Ltd. The sequences were:
miR-205-5p mimic, 5'-UCCUUCAUUCCACCGGAGUCU
G-3'; miR-NC mimic, 5-UCGCUUGGUGCAGGUCGG
GAA-3'; miR-205-5p inhibitor, 5'-CAGACUCCGGUGGAA
UGAAGGA-3"; miR-NC inhibitor, 5'-CAGUACUUUUGU
GUAGUACAA-3'. A total of 50 nM miRNA was transfected
into MDA-MB-231 and BT549 cells using Lipofectamine®
2000 reagent (Thermo Fisher Scientific, Inc.) according to
manufacturer's protocol for 48 h at 37°C. Cells were then
subjected to the following experiments.

Overexpression of ERp29. The full-length opening reading
frame of ERp29 was amplified from MCFI10A cells,
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non-tumorigenic epithelial cell line expressing the normal
sequence for ERp29 and ligated into the pcDNA3.1 plasmid
(Invitrogen; Thermo Fisher Scientific, Inc.) by the restric-
tion sites of HindIIl and Xhol using the following primer
sequences: ERp29 forward, 5-"AAGCTTACTATCGCTTAC
CTA-3" and reverse, 5'-CTCGAGTGTTGGCACAAGTGC
T-3". For the overexpression of ERp29, 2 ug pcDNA3.1-ERp29
was transfected into cells using the Lipofectamine 2000
reagent (Thermo Fisher Scientific, Inc.) according to manufac-
turer's protocol and incubated for 48 h at 37°C. Cells were then
subjected to subsequent experiments.

Cell viability and apoptosis assays. Cell viability assays were
performed using the Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc.) according to the manufac-
turer's instruction. A total of 5x10° cells/well were seeded into
96-well plates. After treatment of MDA-MB-231, BT549 and
MDA-MB-231/GEM cells with different concentrations of
gemcitabine (10, 20, 40, 80 and 160 nM) for 24 h at 37°C, cells
were transfected with miRNA and/or cDNA using procedures
described as follows: MDA-MB-231 cells and BT549 cells
were transfected with miR-205-5p mimic or miR-NC mimic;
and MDA-MB-231/GEM cells were co-transfected with
miR-205-5p mimic or miR-NC mimic and pcDNA3.1-ERp29
or pcDNA3.1 plasmid. Following 48 h incubation, 10 u1 CCK-8
solution was added into each well. Cells were incubated for 2 h
at 37°C and the absorbance was measured at a wavelength of
450 nm.

Cell apoptosis assays were performed using the
Annexin-V/Dead Cell Apoptosis kit (Invitrogen; Thermo
Fisher Scientific,Inc.) according to the manufacturer's protocol.
After treatment with gemcitabine (40 nM) or corresponding
concentrations of dimethylsulfoxide (DMSO) followed by
co-transfection with miR-205-5p mimic or miR-NC mimic
and pcDNA3.1-ERp29 or pcDNA3.1 plasmid for 48 h,
MDA-MB-231/GEM cells were harvested and washed in cold
PBS. Cells were then diluted in 1X Annexin-binding buffer to
1x109 cells/ml; 100-u1 samples per assay were prepared. Alexa
Fluor 488 annexin V (5 ul) and propidium iodide working
solution (1 p1; 100 pg/ml) were added to the 100-u1 cell suspen-
sions. Cells were incubated at room temperature for 15 min
and annexin-binding buffer (400 ul) was added. Subsequently,
stained cells were analyzed using a BD FACSCalibur flow
cytometer (BD Biosciences). The results were quantified using
Cell Quest software (version 5.1; BD Biosciences).

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) for miRNA and mRNA
assays. Total RNA was extracted from cultured cells using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
and cDNA was synthetized using PrimeScript™ RT reagent
kit (Takara Bio, Inc.) according to the manufacturer's protocol.
RT-gPCR reactions were performed in triplicate using SYBR®
Premix Ex Taq (Takara Bio, Inc.) in a Bio-Rad CFX96
Real-Time PCR system (Bio-Rad Laboratories, Inc.). The
thermocycling conditions used for qPCR were described as
follows: Initial denaturation at 95°C for 30 sec, followed by
40 cycles of 95°C for 5 sec and 60°C for 30 sec. Levels of
miR-205-5p and ERp29 were normalized to GAPDH and U6,
respectively. The 224% method was used to quantify gene
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expression levels (23). The primer sequences used in the
present study were listed as follows: miR-205-5p forward,
5S"TCCTTCATTCCACCGGAGTCTG-3' and reverse, 5-GCG
AGCACAGAATTAATACGAC-3'; U6 forward, 5-ATTGGA
ACGATACAGAGAAGATT-3" and reverse, 5'-GGAACGCTT
CACGAATTTG-3"; ERp29 forward, 5'-"AAAGCAAGTTCG
TCTTGGTGA-3' and reverse, 5'-CGCCATAGTCTGAGATCC
CCA-3'; GAPDH forward, 5“TTGGTATCGTGGAAGGAC
TCA-3" and reverse, 5“-TGTCATCATATTTGGCAGGTT-3'.

Western blot analysis. ERp29 antibody (cat. no. 37555; 1:1,000)
and HSP27 (cat. no., 41043; 1:1,000) were purchased from
Signalway Antibody LLC, and GAPDH mouse monoclonal
antibody (cat. no. ab8245; 1:10,000) was obtained from Abcam.
Anti-mouse (cat. no. CW0221S; 1:10,000) and anti-rabbit
(cat.no.CW0234S; 1:10,000) secondary antibodies were provided
by CWBiotech. Western blotting was performed as follows:
Harvested cells were washed twice with cold PBS and incubated
with a cold RIPA buffer (Beyotime Institute of Biotechnology)
containing protease inhibitor cocktail (Sigma-Aldrich; Merck
KGaA) for lysis on ice for 30 min. Subsequently, lysates were
centrifuged at 12,000 x g for 15 min at 4°C. A bicinchoninic
acid protein assay kit (Thermo Fisher Scientific, Inc.) was
used to determine the protein concentration in the superna-
tant. Equal amounts of protein (20 pg/well) were separated by
SDS-PAGE (8% gel), transferred to polyvinylidene fluoride
membranes (EMD Millipore; Merck KGaA) and incubated
with the aforementioned primary antibodies at 4°C overnight
and corresponding secondary antibodies at room temperature
for 2 h. Blots were developed using SuperSignal West Femto
Maximum Sensitivity substrate (Thermo Fisher Scientific,
Inc.) and images were recorded using ImageQuant LAS 4000
(GE Healthcare Life Sciences). Densitometry was quantified with
Imagel] software (version. 1.8.0; National Institutes of Health).

Dual-luciferase reporter gene assays. Using the TargetScan
(release 7.1, www.targetscan.org) miRNA target predic-
tion database, a putative binding site of miR-205-5p was
predicted within the 3'-UTR of ERp29. The ERp29 3'-UTR
region was amplified using cDNA from MCFI10A cells and
cloned into the pGL3 vector [wild-type (WT)-ERp29-3'-UTR,;
Promega Corporation]. Two site mutations were intro-
duced to WT-ERp29-3'-UTR to construct the mutant (Mut)
ERp29-3-UTR. MDA-MB-231 cells were co-transfected with
100 nM of WT-ERp29-3'-UTR or Mut-ERp29-3'-UTR plasmid
and 100 nM of miR-205-5p mimic or negative control using
Lipofectamine 2000 reagent. Luciferase activity was evaluated
48 h following transfection using the Dual-Glo Luciferase
assay system (Promega Corporation), with all luciferase
activity normalized to that of Renilla luciferase activity.

Statistical analysis. All experiments were performed in tripli-
cate. Data were analyzed using GraphPad Prism 5.0 (GraphPad
Software, Inc.) and are presented as the mean + standard
deviation. Paired Student's t-test was used to analyze paired
samples from patients with breast cancer. Unpaired Student's
t-test was used to analyze differences between two inde-
pendent groups. Pearson's correlation analysis was used to
analyze the correlation between miR-205-5p and ERp29
mRNA expression levels in tumor tissues. One-way analysis

3527

of variance followed by Newman Keuls test was performed for
comparisons among multiple groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

Low miR-205-5p expression is detected in breast cancer
tissues and cells. miR-205-5p expression in breast cancer
and matched normal tissues collected from 25 patients with
breast cancer was compared using RT-qPCR. It was observed
that miR-205-5p levels were significantly decreased in tumor
compared with non-tumor tissues (Fig. 1A). Subsequently, rela-
tive miR-205-5p expression was determined in MDA-MB-231
and BT549 breast cancer cells and in MCF10A immortalized
normal breast cells. The results revealed that miR-205-5p
expression levels in MDA-MB-231 and BT549 were lower
compared with MCF10A cells (Fig. 1B). Collectively, these
finding suggested that miR-205-5p expression decreased in
breast cancer tissues and cells compared with normal controls.

miR-205-5p overexpression increases gemcitabine sensitivity
of breast cancer cells. To investigate the role of miR-205-5p
in breast cancer gemcitabine resistance, a miR-205-5p mimic
was transfected into MDA-MB-231 cells and RT-qPCR was
performed to detect miR-205-5p mRNA levels. The results
demonstrated thatthe miR-205-5p mimicincreased miR-205-5p
expression in MDA-MB-231 and BT549 cells compared
with the miR-NC mimic group (Fig. 2A). Overexpression
of miR-205-5p enhanced gemcitabine-induced cell viability
reduction in MDA-MB-231 and BT549 cells (Fig. 2B and C).
These data indicated that miR-205-5p overexpression may
increase gemcitabine sensitivity of breast cancer cells.

miR-205-5p downregulates ERp29 in breast cancer cells. The
current study explored the association between miR-205-5p
and ERp29 in breast cancer. RT-qPCR was used to confirm that
miR-205-5p inhibitor significantly downregulated miR-205-5p
expression in MDA-MB-231 cells compared with the miR-NC
inhibitor group (Fig. 3A). Inhibition of miR-205-5p markedly
enhanced ERp29 mRNA (Fig. 3B) and protein (Fig. 3C and D)
levels. miR-205-5p overexpression decreased ERp29 mRNA
(Fig. 3E) and protein (Fig. 3F and G) levels. Taken together,
these data indicated that miR-205-5p negatively regulated
ERp29 expression levels.

miR-205-5p regulates ERp29 by binding to the 3'-UTR.
According to TargetScan, ERp29 is a potential target gene
of miR-205-5p. A putative binding site for miR-205-5p was
predicted within the 3'-UTR of ERp29 (Fig. 4A). ERp29
WT and Mut 3'-UTR luciferase reporter gene plasmids were
constructed to verify this potential binding. Dual-luciferase
reporter gene assay results revealed that the miR-205-5p
mimic significantly decreased the luciferase activity in the
WT-ERp29-3'-UTR co-transfection system in MDA-MB-231
cells compared with the miR-NC mimic transfection (Fig. 4B).

miR-205-5p expression is decreased in MDA-MB-231/GEM
cells. MDA-MB-231/GEM cells were established to study
the mechanisms of gemcitabine resistance. With increasing
gemcitabine concentration, MDA-MB-231/GEM viability was
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Figure 1. miR-205-5p is downregulated in breast cancer tissues and cell lines. (A) miR-205-5p expression was decreased in tumor tissues compared with
matched normal tissues collected from 25 patients with breast cancer. (B) miR-205-5p expression was decreased in MDA-MB-231 and BT549 cell lines

compared with the MCF10A cell line. “P<0.01 and ““P<0.001.
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Figure 2. Overexpression of miR-205-5p increases gemcitabine sensitivity of breast cancer cells. (A) Compared with miR-NC mimics, miR-205-5p mimics
significantly increased miR-205-5p expression in MDA-MB-231 and BT549 cells. miR-205-5p mimics enhanced the gemcitabine-induced cell viability
reduction in (B) MDA-MB-231 and (C) BT549 cells. "P<0.05 and ““P<0.001 vs. the miR-NC mimic group. NC, negative control; miR, microRNA.

significantly greater compared with MDA-MB-231/P cells,
suggesting MDA-MB-231/GEM cells were comparatively less
insensitive towards gemcitabine treatment (Fig. 5A). ERp29
mRNA and protein expression levels were notably increased in
MDA-MB-231/GEM cells compared with the MDA-MB-231/P
group (Fig. 5B-D). HSP27 is regulated by ERp29 and involved
in breast cancer drug resistance (12,24). In the current study;, it
was observed that HSP27 protein levels significantly increased
in MDA-MB-231/GEM cells compared with MDA-MB-231/P
cells (Fig. 5C and D). In addition, miR-205-5p expression
significantly decreased in MDA-MB-231/GEM cells compared
with MDA-MB-231/P cells (Fig. SE). miR-205-5p downregu-
lation and ERp29 upregulation in MDA-MB-231/GEM cells

suggested that miR-205-5p/ERp29 may be involved in the
development of gemcitabine resistance in breast cancer cells.

miR-205-5p overexpression reverses gemcitabine resis-
tance of MDA-MB-231/GEM cells via ERp29 repression.
pcDNA3.1-ERp29 recombinant plasmids were constructed
and co-transfected with the miR-205-5p mimic into
MDA-MB-231/GEM cells to confirm the aforementioned
results. The results demonstrated that miR-205-5p overexpres-
sion reduced ERp29 protein expression levels; a phenomenon
that was reversed by co-transfection with pcDNA3.1-ERp29
recombinant plasmid (Fig. 6A and B). To evaluate the
function of miR-205-5p in the development of gemcitabine
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Figure 4. miR-205-5p regulates ERp29 by binding to its 3'-UTR.
(A) Bioinformatic prediction of the putative binding site of miR-205-5p on
the 3-UTR of ERp29. (B) Dual-luciferase assay confirmed that the luciferase
activity was reduced in MDA-MB-231 cells co-transfected with miR-205-5p
mimic and WT-ERp29-3'-UTR reporter plasmid and was unaltered in cells
co-transfected with miR-205-5p mimic and Mut-ERp29-3'-UTR reporter
plasmid. ““P<0.001 vs. the miR-NC mimic. 3'-UTR, 3'untranslated region;
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endoplasmic reticulum protein 29.

resistance, cell apoptosis and viability assays were performed
to detect effects of miR-205-5p and ERp29 overexpres-
sion on gemcitabine sensitivity in breast cancer cells. The
results revealed that among cells treated with gemcitabine,
miR-205-5p overexpression significantly enhanced
gemcitabine-induced apoptosis in MDA-MB-231/GEM cells,
which was reversed following transfection with recombinant
ERp29. Among cells treated with DMSO, there were no
significant differences between the 3 different groups. In
addition, gemcitabine significantly increased apoptosis in
cells transfected with miR-205-5p mimic + pcDNA3.1 but
not in miR-NC mimic + pcDNA3.1 or miR-205-5p mimic
+ pcDNA3.1-ERp29 groups (Fig. 6C and D). Meanwhile,
miR-205-5p overexpression significantly potentiated
the inhibitory effects of gemcitabine on cell viability in
MDA-MB-231/GEM cells, which was significantly reversed
by transfection with recombinant ERp29 (Fig. 6E). These
findings indicate that miR-205-5p overexpression sensitized
MDA-MB-231/GEM cells to gemcitabine by suppressing
ERp29 expression.
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ERp29 expression is elevated in breast cancer tissues and
negatively correlated with miR-205-5p expression. To further
study the association between miR-205-5p and ERp29 in
breast cancer tissues, RT-qPCR was used to detect ERp29
mRNA levels in 25 paired tumor and normal tissues. It was
observed that ERp29 expression was significantly elevated in
tumor tissues compared with non-tumor samples (Fig. 7A).
Furthermore, ERp29 mRNA expression was negatively
correlated with the expression of miR-205-5p, as determined
by analyzing the expression data of 25 breast cancer tissues
(Fig. 7B).

Discussion

Breast cancer is one of the leading causes of cancer-associated
mortality among women worldwide (1,2). Despite advances in

breast cancer chemotherapy (7), the development of chemo-
therapy resistance remains a major obstacle in successful
breast cancer treatment (8). Gemcitabine is a widely used
chemotherapy drug that serves an important role in the treat-
ment of advanced breast cancer (6). However, its therapeutic use
in cancer chemotherapy is impeded, at least in part, by drug
resistance (25). Over the past decade, increasing research efforts
focused on exploring the underlying mechanisms of drug resis-
tance. Recently, various studies have suggested that miRNAs
serve an important role in chemotherapy resistance (26,27).
miRNAs are tumor suppressors or oncogenes and are able to
modulate cancer progression, including cell proliferation and
apoptosis (16,28). Certain miRNAs, including let-7, miR-122,
miR-152 and miR-1246, have been reported to modulate liver
cancer stem cells by directly or indirectly binding to specific
target genes that are involved in signal pathways, including the
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Figure 6. Overexpression of miR-205-5p reverses gemcitabine resistance of MDA-MB-231/GEM cells via repression of ERp29. Compared with the miR-NC
mimic + pcDNA3.1 group, protein expression level of ERp29 decreased in the miR-205-5p mimic + pcDNA3.1 group and this effect was reversed by transfec-
tion with miR-205-5p mimic + pcDNA3.1-ERp29 as demonstrated by (A) western blotting and (B) quantitative analysis. Cell apoptosis of the transfected cells
was analyzed by (C) flow cytometry and (D) quantified. (E) Cell viability was measured using Cell Counting Kit-8. “P<0.01 and ““P<0.001. NC, negative
control; miR, microRNA; ERp29, endoplasmic reticulum protein 29; PI, propidium iodide.

‘Wnt/B-catenin signaling, TGF-f3 signaling, JAK/STAT signaling ~ gemcitabine-resistant breast cancer cells and that miR-200a
and epithelial-mesenchymal transition (EMT) pathway (27).  inhibition restored sensitivity. In this study, miR-200a promoted
Yu et al (29) reported that miR-200a was overexpressed in ~ DNA damage resistance by inhibiting DNA damage-induced
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apoptosis via Yes associated protein 1 and tumor protein p53
inducible nuclear protein 1. Previous studies revealed that
miR-205-5p is one of the most researched miRNAs in breast
cancer and it regulates cell proliferation and invasion (21,30).
Li and Li (31) reported that miR-205-5p inhibited cell migra-
tion and invasion in prostate carcinoma by targeting zinc
finger E-box binding homeobox (ZEB) 1. Previous studies
further reported that compared with differentiated tumor
cells, patient-derived breast cancer stem cells expressed higher
levels of miR-205-5p (22). miR-205-5p upregulation controls
cancer stem cell phenotype by targeting erb-b2 receptor
tyrosine kinase 2, tumor protein p63 and epidermal growth
factor receptor contributing to targeted therapy resistance (24).
miR-205 accumulation confers gemcitabine sensitivity and in
gemcitabine-resistant cancer stem cells it targets and suppresses
ZEBI1/2, E2F transcriptional factor 1, erb-b2 receptor tyro-
sine kinase 3 and vascular endothelial growth factor A (32).
However, the effects of miR-205-5p on gemcitabine resistance
in breast cancer cells remain to be elucidated. In the current
study, using cell viability assays, miR-205-5p overexpression in
combination with gemcitabine treatment at varying concentra-
tion was used to investigate gemcitabine-sensitivity of breast
cancer cells. miR-205-5p overexpression increased gemcitabine
sensitivity in breast cancer cells. Additionally, miR-205-5p was
downregulated in the established MDA-MB-231/GEM cells
and induced miR-205-5p overexpression reversed gemcitabine
resistance of MDA-MB-231/GEM cells. Furthermore, in the
present study, miR-205-5p overexpression increased apoptosis
in MDA-MB-231/GEM cells following treatment with 40 nM
gemcitabine. The results revealed the role of miR-205-5p in
breast cancer gemcitabine resistance.

The current study reported that ERp29 was predicted
as target gene of miR-205-5p according to the TargetScan
database. Transfection with WT and Mut ERp29-3'-UTR
luciferase reporter gene plasmids verified that miR-205-5p
regulated ERp29 by binding to the 3'-UTR. ERp29 is nega-
tively correlated with breast cancer development (33,34) and
functions as a tumor suppressor (35,36). ERp29 overexpression
aids tumor cell survival by inhibiting genotoxic effects caused
by chemotherapy (37). Zhang and Putti (12) investigated
the effects of breast cancer cell chemotherapeutic agents on
ERp29 expression. ERp29 expression increased doxorubicin
resistance and decreased doxorubicin-induced apoptosis in
MDA-MB-231 cells, and ERp29 knockdown in MCF-7 cells
increased the cytotoxicity of doxorubicin. In the current study,

overexpression and inhibition of miR-205-5p suggested that
ERp29 mRNA and protein levels were negatively regulated
by miR-205-5p in breast cancer cells. In addition, miR-205-5p
overexpression-induced apoptosis and decreased cell viability
were reversed by increased ERp29 expression.

In conclusion, it was revealed that miR-205-5p decreased
breast cancer gemcitabine sensitivity in vitro via regulation of
ERp29, suggesting that miR-205-5p may serve as a potential
treatment target in breast cancer.
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