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MiR-21-5p has been identified as an oncogene to enhance human tumor progression. Here, we explored the mechanism
by which miR-21-5p regulated progression and paclitaxel (PTX) resistance in drug-resistant breast cancer (BC) cell lines.
qRT-PCR assays were used to assess the expression levels of miR-21-5p and PDCD4 mRNA, and western blotting was
used to detect PDCDA4 protein level in PTX-resistant BC cell lines. Dual-luciferase reporter assay was used to observe the
interaction between miR-21-5p and PDCD4 in PTX-resistant BC cell lines. Cell proliferation ability and ICs, values of PTX
were measured by CCK-8 assay, cell cycle progression and apoptosis were determined with flow cytometry analysis, and
cell migration and invasion capacities were analyzed using Transwell assay. Xenograft mice assay was used to validate the
important role of miR-21-5p as a regulator on PTX-resistance BC cells growth in vivo. Then, we found that miR-21-5p was
upregulated and PDCD4 was downregulated in BC tissues and PTX-resistant BC cell lines. MiR-21-5p silencing or PDCD4
overexpression ameliorated PTX resistance and inhibited the progression in PTX-resistant BC cell lines. Moreover, PDCD4
was demonstrated to be a direct target of miR-21-5p. MiR-21-5p exerted its regulatory effect by PDCD4 in PTX-resistant
BC cell lines. Additionally, miR-21-5p silencing inhibited tumor growth in vivo. Therefore, our study demonstrated that
miR-21-5p silencing ameliorated PTX resistance and inhibited the progression in PTX-resistant BC cell lines at least partly

by targeting PDCD4, providing miR-21-5p as an effective therapeutic target for PTX-resistant BC treatment.
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Breast cancer (BC), the most prevalent malignancy in
women, is the second leading cause of cancer-death among
women after lung cancer worldwide [1]. Due to the improve-
ment of systemic therapeutic methods, such as surgical resec-
tion, chemotherapy and radiotherapy, the mortality of BC has
substantially decreased in recent years [2]. However, distal
metastasis and chemoresistance are still the main obstacles
in BC treatment [3]. Therefore, it is of importance to identify
more effective therapeutic targets for BC treatment.

MicroRNAs (miRNAs), a type of small non-coding,
single-stranded RNAs of 18-23 nucleotides, play important
roles in multiple physiopathology pathways [4]. MiRNAs
function as negative regulators of gene expression by binding
to 3’-untranslated region (UTR) of target-mRNA, resulting
in translational repression and target mRNA degradation
[4]. Growing amount of evidence has suggested that miRNA
dysregulation is tightly involved in tumorigenesis, cancer
progression and chemoresistance [5]. MiR-21-5p has been
identified as an oncogene given its abilities to repress the

actions of several tumor suppressor genes and to enhance
tumor progression in esophageal cancer [6], Hodgkin
lymphoma [7], lung cancer [8] and colon adenocarcinoma
[9]. Moreover, miR-21 expression was elevated in BC tissues
and miR-21 upregulation promoted the tumor progression
and associated with poor disease-free survival [10]. Addition-
ally, miR-21 depletion led to a reduction of chemoresistance
against gemcitabine in pancreatic cancer and cholangiocarci-
noma cell lines [11, 12].

The tumor suppressor programmed cell death 4
(PDCD4) is widely acknowledged to suppress tumorigen-
esis and progression in human cancers [13]. High PDCD4
expression was demonstrated to be sufficient to promote
paclitaxel (PTX) sensitivity in multiple human cancer cell
lines [14]. Moreover, PDCD4 was reported as a functional
target of miR-21 in BC and colorectal cancer cells [15, 16].
Additionally, a previous paper illuminated that miR-21
enhanced 5-fluorouracil resistance in pancreatic cancer cells
through targeting PDCD4 [17]. However, the effect of inter-
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play between miR-21-5p and PDCD4 in PTX-resistant BC
cell lines remains undefined. In this study, we found that
miR-21-5p was upregulated, and PDCD4 was downregu-
lated in BC tissues and PTX-resistant BC cell lines. Further-
more, miR-21-5p silencing ameliorated PTX resistance and
inhibited the progression in PTX-resistant BC cell lines at
least partly through targeting PDCD4.

Materials and methods

Tissues collection. Twenty pairs of BC tissues and adjacent
nontumor tissues were obtained from Chifeng Municipal
Hospital (Chifeng, Inner Mongolia, China). All patients did
not receive any therapy before surgery. All tissues were stored
at —80°C. Informed consent was obtained from all patients,
and the study was approved by the Ethics Committee of
Chifeng Municipal Hospital.

Cell culture and treatment. Human mammary epithe-
lial cell line (MCF-10A) and BC cell lines (MCF-7 and
MDA-MB-231) were purchased from ATCC (Manassas, VA,
USA), and cultured in RPMI-1640 medium (Thermo Fisher
Scientific, Waltham, MA, USA) containing L-glutamine,
supplemented with 10% FBS (Thermo Fisher Scientific) and
1% penicillin/streptomycin (Thermo Fisher Scientific) in
a humidifier chamber at 37 °C with 5% CO.,.

PTX-resistant BC cell lines (MCF-7/PTX and MDA-MB-
231/PTX) were constructed by sequential exposure to PTX
(Sigma-Aldrich, St. Louis, MO, USA) at stepwise increasing
concentrations over a period of 6 months, as described previ-
ously [18]. Additional 1 pM PTX was added into the culture
medium to maintain PTX-resistant cell line drug-resistant
phenotype.

Cell transfection. PDCD4 overexpression plasmid
(pcDNA-PDCD4) was constructed by GenePhama
(Shanghai, China), and pcDNA-NC was used as negative
control. The modified miR-21-5p mimics, miR-21-5p inhibi-
tors (anti-miR-21-5p), siRNA targeting PDCD4 (si-PDCD4)
or corresponding controls (miR-NC mimics, anti-miR-NC
or si-NC) were designed and synthetized by GenePhama.
Cells were transfected with 100 nM of the indicated oligo-
nucleotide or 10 ng of plasmid using Lipofectamine 3000
Reagent (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s protocol.

RNA isolation and quantitative real-time PCR
(qQRT-PCR). qRT-PCR assays were used to assess the expres-
sion levels of miR-21-5p and PDCD4 mRNA in BC tissues
and cells. For PDCD4 mRNA level detection, total RNA was
extracted from tissues and cells with TRIzol™ Reagent (Invit-
rogen) and reversely transcribed into cDNA with M-MLV
reverse transcriptase (Promega, Madison, WI, USA). Then,
qRT-PCR assay was performed using SYBR green master mix
(Roche Diagnostics, Mannheim, Germany) on an ABI 7900
system (Applied Biosystems, Foster City, CA, USA). The
relative expression of PDCD4 mRNA was calculated by 2-44<
method and normalized to that of GAPDH.

For miR-21-5p expression measurement, total RNA was
isolated with TRIzol™ Reagent, reverse-transcribed using a
TagMan Reverse Transcription Kit (Applied Biosystems),
and subjected to QRT-PCR using a TagMan MicroRNA Assay
Kit (Life Technology, Grand Island, NY). 2744 method was
used to calculate miR-21-5p expression and U6 was used as
endogenous control.

CCK-8 assay of cell proliferation and ICj, values. Cell
proliferation ability and ICy, values of cell to PTX were
detected using Cell Count-8 Kit (CCK-8, Dojindo Laborato-
ries, Kumamoto, Japan) according to the manual of manufac-
turer. For the measurement of cell proliferation, at 0, 24, 48,
72 and 96 h post-transfection, 10 pl of CCK-8 solution was
added into each well of 96-well plates at 4 °C for 2 h, followed
by the detection of the absorbance at the wavelength of
450nm. For the determination of IC;, values, transfected
cells were exposed to different concentration (0, 2, 5, 10,
20 uM) of PTX for 48 h, followed by the measurement of IC,
values of PTX by CCK-8 assay.

Flow cytometry analysis of cell cycle progression
and apoptosis. For cell cycle analysis, flow cytometry was
performed using EZCell™ Cell Cycle Analysis Kit (BioVision,
San Francisco, CA, USA). Briefly, 48 h after transfection, cells
were stained with 50 pug/ml propidium iodide (PI), followed
by determination of cell cycle distribution with a flow cytom-
eter (Epics XLM.CL, Beckman Coulter, Fullerton, CA, USA).

For cell apoptosis analysis, flow cytometry analysis was
performed with Annexin V-FITC/PI Apoptosis Detection
Kit (BD Bioscience, Franklin Lakes, NJ, USA). To be brief,
at 48 h post-transfection, cells were stained with indicated
Annexin V-FITC and PI, followed by the measurement of
cell apoptosis using a flow cytometer.

Transwell assay of cell migration and invasion. Cell
migration and invasion capacities were detected by Transwell
assays. For migration assay, 200l of serum-free medium
containing 2.0 x 10* cells were seeded into the upper chamber
with the non-coated membrane in 24-Transwell plate (8 pm
pore size, Corning, Toledo, NY, USA). For invasion analysis,
2.0 x 10* cells maintained in serum-free medium were seeded
into the upper chamber with the Matrigel-coated membrane
(Corning). In both assays, 500 pl of growth medium supple-
mented with 10% FBS were added into the lower chamber.
After incubation for 48 h, migrated or invaded cells to the
lower surface of membrane were fixed with 4% paraformal-
dehyde (Sigma-Aldrich) and stained with 0.1% crystal violet
(Sigma-Aldrich). Images were taken with Image] software
(National Institutes of Health, Bethesda, Maryland, USA)
and cell number was counted under a Nikon microscope
(Shinagawa, Tokyo, Japan).

Western blotting. For total protein extraction, cells
were lysed with the lysis buffer (50 mM Tris-HCI, pH=7.4,
150 mM NaCl, 1% Triton X-100, 1 mM EDTA, 1% sodium
deoxycholate, 0.1% SDS) supplemented with protease and
phosphatase inhibitors (Roche Diagnostics). Protein concen-
tration was measured using BCA Protein Assay Kit (Thermo
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Fisher Scientific). 50 pg of protein lysates were separated by
10% SDS-PAGE and then transferred to PVDF membranes
(Bio-Rad, Hertfordshire, UK). After blocking with 5%
non-fat milk, the membranes were incubated with anti-
PDCD4 (1:1000, Cell Signaling Technology, Danvers, MA,
USA), anti-E-cadherin (1:1000, Cell Signaling Technology),
anti-Vimentin (1:1000, Cell Signaling Technology) and
anti-B-actin (1:1000, Cell Signaling Technology) primary
antibody, followed by an incubation with a horseradish
peroxidase-conjugated secondary antibody (1:1000, Cell
Signaling Technology). Protein bands were visualized using
a ECL plus Western Blotting Detection Kit (GE Healthcare,
Chalfont St Giles, UK) with Biorad Flour S Imager (Bio-Rad).
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Dual-luciferase reporter assay. Dual-luciferase reporter
assay was performed to confirm whether PDCD4 was a direct
target of miR-21-5p in PTX-resistant BC cells. 100ng of
PDCD4 wild-type or mutant-type reporter plasmid (PDCD4
3-UTR-WT or PDCD4 3’-UTR-MUT) constructed by
GenePhama were transfected into cells together with 100 nM
of miR-NC mimics, miR-21-5p mimics, anti-miR-NC or
anti-miR-21-5p. 48 h after transfection, the luciferase activity
was measured using the Dual-Luciferase Reporter Assay
System (Promega).

Xenograft mice assay in vivo. Male BALB/c nude mice
(6-8 weeks old) were purchased from Henan Research Center
of Laboratory Animal (Zhengzhou, Henan, China) and bred
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Figure 1. MiR-21-5p was upregulated and PDCD4 was downregulated in BC tissues and PTX-resistant BC cell lines. The expression levels of miR-21-5p
(A) and PDCD4 mRNA (B) were detected by qRT-PCR assay in 20 pairs of BC tissues and adjacent non-tumor tissues. MCF-7 (C) and MDA-MB-231
(D) cells were induced by PTX with stepwise increased concentration over a period of 6 months to establish stable PTX-resistant cells, and then PTX-
induced cells were exposed to different concentration (0, 2, 5, 10, 20 uM) of PTX for 48 h, followed by the measurement of IC;, values by CCK-8 assay.
qRT-PCR assay of miR-21-5p expression (E) and western blotting analysis of PDCD4 expression (F) in MCF-7/PTX, MDA-MB-231/PTX cells and their

parental cells. *p<0.05 or *p<0.05 vs. MCF-10A, MCF-7 or MDA-MB-231.
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in special-pathogen-free condition. About 5.0 x 10° MCEF-7/
PTX cells were subcutaneously injected into nude mice. 2
days after injection, intratumoral injection of anti-miR-NC
or anti-miR-21-5p was performed every 4 days (n=10). Also,
5 days after injection, an intravenous administration of PTX
solution (1 mg/kg) in each mouse was performed every 5
days. 35 days after injection, all mice were euthanized and
tumor tissues were excised for qRT-PCR and western blotting
assays. All animal experiments were carried out following the
national standard of the Care and Use of Laboratory Animals
and our study was approved by the Institutional Committee
of Chifeng Municipal Hospital.

Statistical analysis. All data were analyzed using SPSS
17.0 (SPSS Inc., Chicago, IL, USA) and were presented as
mean =+ standard error of mean (SEM). Student’s t-text was
performed to compare the difference of two groups. A p-value
of less than 0.05 was considered statistically significant.

Results

MiR-21-5p was upregulated and PDCD4 was downreg-
ulated in BC tissues and PTX-resistant BC cell lines. Firstly,
we detected the expression of miR-21-5p and PDCD4 in BC
tissues and adjacent non-tumor tissues. qRT-PCR results
showed that compared with control tissues, miR-21-5p
expression was significantly increased in BC tissues
(Figure 1A). On the contrary, PDCD4 mRNA expression was
markedly decreased in BC tissues (Figure 1B). To establish
stable PTX-resistant cell lines, MCF-7 and MDA-MB-231
cells were induced by PTX with stepwise increased concen-
tration over a period of 6 months. As shown in Figures 1Cand
1D, the IC;, values of MCF-7/PTX and MDA-MB-231/PTX
cells were markedly elevated by PTX induction compared
with their parental cells, indicating the successful establish-
ment of PTX-resistant cell lines. Subsequently, we assessed
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Figure 2. MiR-21-5p silencing ameliorated PTX resistance and inhibited the progression in PTX-resistant BC cell lines. A) MCF-7/PTX and MDA-
MB-231/PTX cells were transfected with anti-miR-NC or anti-miR-21-5p, followed by the detection of miR-21-5p expression. B) Transfected cells
were exposed to different concentration (0, 2, 5, 10, 20 uM) of PTX for 48 h, followed by the determination of IC;, values by CCK-8 assay. CCK-8 assay
of cell proliferation ability in transfected MCF-7/PTX (C) and MDA-MB-231/PTX (D) cells. E) Flow cytometry analysis of cell cycle progression in
transfected cells. (F and G) Western blotting analysis of vimentin and E-cadherin levels in transfected cells. Transwell assays of cell migration (H) and
invasion (I) in transfected cells. (J) Flow cytometry analysis of cell apoptosis in transfected cells. *p<0.05 vs. anti-miR-NC.
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miR-21-5p and PDCD4 expression levels in MCF-7/PTX,
MDA-MB-231/PTX cells and their parental cells. qRT-PCR
data presented that miR-21-5p was strikingly upregulated in
MCE-7 and MDA-MB-231 cells compared to MCF-10A cells
(Figure 1E). Moreover, PTX induction resulted in a more
distinct promotion on miR-21-5p expression in MCE-7/
PTX and MDA-MB-231/PTX cells (Figure 1E). Conversely,
PDCD4 expression was markedly downregulated in
PTX-resistant BC cell lines (Figure 1F).

MiR-21-5p silencing ameliorated PTX resistance and
inhibited the progression in PTX-resistant BC cell lines.
Then, loss-of-function experiments were performed by trans-
fecting anti-miR-21-5p into MCF-7/PTX and MDA-MB-
231/PTX cells. As shown in Figure 2A, the expression of
miR-21-5p was highly decreased by transfection with anti-
miR-21-5p in MCF-7/PTX and MDA-MB-231/PTX cells.
Subsequently, transfected cells were exposed to different
concentration of PTX. CCK-8 assay revealed that miR-21-5p
silencing in PTX-resistant cell lines resulted in a lower ICs,
values of PTX (Figure 2B). Further, miR-21-5p silencing
repressed cell proliferation (Figures 2C and 2D) and cell
cycle progression (Figure 2E) compared with corresponding
control. Western blotting analysis revealed that miR-21-5p

silencing led to a decrease of vimentin level and an increase of
E-cadherin expression, indicating that miR-21-5p silencing
repressed the epithelial-mesenchymal transition (EMT)
of MCF-7/PTX and MDA-MB-231/PTX cells (Figures 2F
and 2G). Additionally, miR-21-5p silencing highly inhib-
ited the migration (Figure 2H) and invasion (Figure 2I) and
promoted the apoptosis of MCF-7/PTX and MDA-MB-231/
PTX cells (Figure 2J).

PDCD4 was a direct target of miR-21-5p in PTX-resis-
tant BC cell lines. Previous reports verified that PDCD4 was
afunctional target of miR-21 in BC and colorectal cancer cells
[15, 16]. Here, we determined whether PDCD4 was a direct
target of miR-21-5p in PTX-resistant BC cell lines. Thus, dual-
luciferase reporter assays were performed by co-transfection
with PDCD4 3’-UTR-WT or PDCD4 3’-UTR-MUT into
MCEF-7/PTX and MDA-MB-231/PTX cells, together with
miR-NC mimics, miR-21-5p mimics, anti-miR-NC oranti-
miR-21-5p. Results showed that the luciferase activities of
PDCD4 3’-UTR-W'T were significantly weakened by intro-
duction with miR-21-5p mimics, while they were markedly
enhanced in the presence of anti-miR-21-5p (Figures 3A-D).
Whereas no change was found in the luciferase activities
of PDCD4 3’-UTR-MUT in response to the alteration of
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Figure 3. PDCD4 was a direct target of miR-21-5p in PTX-resistant BC cell lines. A-D) Luciferase reporter assay was performed by co-transfection
with PDCD4 3’-UTR-WT or PDCD4 3’-UTR-MUT into MCF-7/PTX and MDA-MB-231/PTX cells together with miR-NC mimics, miR-21-5p mimics,
anti-miR-NC and anti-miR-21-5p. E) The correlation between PDCD4 expression and miR-21-5p level was determined in BC tissues. F) Western blot-
ting analysis of PDCD4 expression in MCF-7/PTX and MDA-MB-231/PTX cells transfected with miR-NC mimics, miR-21-5p mimics, anti-miR-NC

or anti-miR-21-5p. *p<0.05 vs. miR-NC or anti-miR-NC.
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miR-21-5p expression (Figures 3A-D). More interestingly,
we found that PDCD4 level was inversely correlated with
miR-21-5p expression in BC tissues (Figure 3E). Further, we
observed whether miR-21-5p regulated PDCD4 expression
in PTX-resistant BC cells. These data revealed that compared
with respective control, PDCD4 expression was significantly
inhibited by transfection of miR-21-5p mimics, while it was
highly promoted following miR-21-5p silencing in MCE-7/
PTX and MDA-MB-231/PTX cells (Figure 3F).

PDCD4 overexpression reduced PTX resistance and
repressed the progression in PTX-resistant BC cell lines.
Further, we explored the effect of PDCD4 on PTX resistance
and progression of PTX-resistant cell lines by transfecting
with pcDNA-NC or pcDNA-PDCD4. These results revealed
that pcDNA-PDCD4 transfection resulted in a marked
increase of PDCD4 mRNA and protein levels in MCF-7/PTX
and MDA-MB-231/PTX cells (Figures 4A and 4B). Then,
transfected cells were treated with different concentration
of PTX. CCK-8 assay demonstrated that PDCD4 overex-
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pression highly decreased the ICs, values of PTX (Figure
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Figure 4. The effect of PDCD4 on PTX resistance and progression of PTX-resistant BC cell lines. MCF-7/PTX and MDA-MB-231/PTX cells were trans-
fected with pcDNA-NC or pcDNA-PDCD4. qRT-PCR assay of PDCD4 mRNA level (A) and western blotting analysis of PDCD4 protein expression
(B) in transfected cells. C) Transfected cells were exposed to different concentration (0, 2, 5, 10, 20 pM) of PTX for 48 h, followed by the measurement
of IC;, values of PTX by CCK-8 assay. D and E) CCK-8 assay of the proliferation ability in transfected cells. F) Flow cytometry analysis of cell cycle
progression in treated cells. G and H) Western blotting analysis of E-cadherin and vimentin levels in treated cells. Transwell assays of cell migration (I)
and invasion (J) capacities in transfected cells. K) Flow cytometry analysis of cell apoptosis in transfected cells. *p<0.05 vs. pcDNA-NC.
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Figure 6. MiR-21-5p silencing inhibited tumor growth in vivo. MCF-7/PTX cells (5.0 x 10°) were subcutaneously injected into nude mice. 2 days after
injection, intratumoral injection of anti-miR-NC or anti-miR-21-5p was performed every 4 days (n=10). Also, 5 days after injection, an intravenous
administration of PTX solution (1 mg/kg) in each mouse was performed every 5 days. All mice were euthanized 35 days after injection. A) Tumor vol-
ume was measured every one week by a calipers. B) Tumor average weight was calculated. C) QRT-PCR assay of miR-21-5p expression in excised tumor
tissues. D) Western blotting analysis of PDCD4 level in xenograft tissues. *p<0.05 vs. anti-miR-NC.
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ICs, of PTX was strikingly abolished by co-transfection with
si-PDCD4 (Figure 5B). In parallel, functional experiments
indicated that PDCD4 expression restoration remarkably
antagonized the regulatory effect of miR-21-5p silencing on
cell proliferation, cell cycle progression, migration, invasion
and apoptosis (Figures 5C-H).

MiR-21-5p silencing inhibited tumor growth in vivo. In
order to further validate the important role of miR-21-5p as
a regulator on PTX-resistance BC cell lines, we constructed
mice xenograft models of BC by subcutaneous injection with
MCE-7/PTX cells. Results demonstrated that compared with
negative control, miR-21-5p silencing significantly inhibited
tumor growth, indicated by the decrease of tumor volume
(Figure 6A) and tumor weight (Figure 6B). Moreover,
miR-21-5p silencing resulted in a decrease of miR-21-5p
expression and an increase of PDCD4 level in xenograft
tissues (Figures 6C and 6D).

Discussion

MiRNAs have been elucidated as oncogenes or tumor
suppressors involved in tumor growth, metastasis, apoptosis
and chemoresistance [5]. A large number of miRNAs play
pivotal roles in human cancers, including BC. For instance,
miR-10b overexpression promoted the invasion and metas-
tasis in non-metastatic BC cells [19]. Upregulation of miR-155
contributed to tumor angiogenesis through targeting VHL
and associated with poor prognosis in triple-negative BC
[20]. Conversely, miR-125b overexpression suppressed the
EMT by Sema4C in PTX-resistant BC cells [21]. In addition,
upregulation of miR-24 and miR-125b sensitized PTX-resis-
tant BC cells to PTX [21, 22]. MiR-451 also influenced the
drug resistance of PTX-resistant BC cells by enhancing cell
apoptosis [23].

In our study, we validated that miR-21-5p was upregulated
in BC tissues and PTX-resistant BC cell lines, highlighting its
role as important regulator in PTX-resistant BC. MiR-21-5p
was overexpressed and displayed oncogenic activity in most
cancers, such as clear cell renal cell carcinoma [24], rectal
cancer [25], laryngeal squamous cell carcinoma [26] and BC
[15]. Also, miR-21 overexpression was identified as predictor
of worse prognosis in various carcinomas [27]. Upregulation
of miR-21 induced radiation-resistance of non-small cell
lung cancer [28]. Moreover, miR-21 contributed to chemore-
sistance in several cancers [12, 17]. Further, we verified that
miR-21-5p silencing ameliorated PTX resistance and inhib-
ited the progression in PTX-resistant BC cell lines in vitro,
and repressed PTX-resistant tumor growth in vivo.

PDCD4, a novel tumor suppressor, is manifested
to suppress tissue polypeptide antigen (TPA)-induced
neoplastic transformation [29] and translation [30], repress
tumorigenesis and progression [13]. Moreover, PDCD4 was
identified to suppress IRES-mediated translation of anti-
apoptotic proteins (such as XIAP and Bcl-xl), suggesting
its role as a tumor suppressor [31]. PDCD4 knockdown

miR-21-5p f

PDCD4

!

Paclitaxel resistance ?
progression of breast cancer

Figure 7. A schematic model of regulation of BC progression and PTX-
resistance by miR-21-5p regulatory axis.

resulted in a decrease of E-cadherin expression and activated
B-catenin/Tcf-dependent transcription, providing molecular
explanation of how PDCD4 represses colon tumor invasion
[32]. Additionally, PDCD4 was demonstrated to act as a
novel and independent prognostic target in colorectal carci-
nomas [33]. PDCD4 was also verified to be associated with
drug resistance in cancers [14]. In the present study, our
data indicated that PDCD4 was downregulated in BC tissues
and PTX-resistant BC cell lines. Moreover, upregulation of
PDCD4 reduced PTX resistance and repressed the progres-
sion in PTX-resistant BC cell lines.

Increasing evidences showed that PDCD4 was an impor-
tant functional target of miR-21 in multiple human cancers,
such as gastric cancer [34], glioblastoma [35] and medullary
thyroid carcinoma [36]. The axis of miR-21 targeting PDCD4
was illuminated to be relevant to chemoresistance in pancre-
atic cancer [17], androgen-independent prostate cancer [37]
and tongue squamous cell carcinoma [38]. Furthermore,
miR-21 depletion inhibited the growth of MCF-7 BC cells
through targeting PDCD4, indicating miR-21/PDCD4 axis
in BC [15]. Therefore, we validated whether miR-21-5p
exerting its regulatory function on PTX-resistant BC cell
lines was mediated by PDCD4. As expected, PDCD4 was
confirmed to be a direct target of miR-21-5p in PTX-resis-
tant BC cell lines. Moreover, miR-21-5p exerted its regula-
tory effect on PTX resistance, progression and tumor growth
by PDCD4 in PTX-resistant BC cell lines.

In conclusion, our study indicated that miR-21-5p
silencing ameliorated PTX resistance and inhibited the
progression in PTX-resistant BC cell lines at least partly by
targeting PDCD4, providing miR-21-5p as an effective thera-
peutic target for PTX-resistant BC treatment.
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