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Abstract. Resistance to docetaxel, a chemotherapy drug for 
breast cancer (BC) treatment, occurs in ~50% of patients, and 
the underlying molecular mechanisms of drug resistance are not 
fully understood. Gene regulation through miR-141 has been 
proven to play an important role in cancer drug resistance. The 
present study investigated the role of miR-141 expression in BC 
cells of acquired docetaxel resistance. Inhibition of miR-141 
enhanced the response to docetaxel in docetaxel-resistant cells 
(MCF-7/DTX and MDA-MB-231/DTX, respectively), whereas 
overexpression of miR-141 confered resistance in docetaxel-
sensitive cells (MCF-7 and MDA-MB-231, respectively). By 
directly targeting the eukaryotic translation initiation factor 4E 
(EIF4E) mRNA, miR-141 acts on genes that are necessary 
for drug induced apoptosis rendering the cells drug resistant. 
Modulation of miR-141 expression was correlated with EIF4E 
expression changes and a direct interaction of miR-141 with 
EIF4E was shown by a luciferase assay. Thus, the present 
study is the first to show an increased expression of miR-141 in 
an acquired model of docetaxel resistance in BC. This serves 
as a mechanism of acquired docetaxel resistance in BC cells, 
possibly through direct interactions with EIF4E, therefore 
presenting a potential therapeutic target for the treatment of 
docetaxel resistant BC.

Introduction

Breast cancer (BC) is the most frequently diagnosed cancer 
and the leading cause of cancer-related deaths in females 
worldwide, accounting for 23% (1.38 million) of the total new 
cancer cases and 14% (458,400) of the total cancer deaths in 

2008 (1). Even though treatment options have been greatly 
improved, resistance to classical chemotherapeutics is still a 
tremendous challenge for BC therapy (2). To date, there is no 
validated drug-response/resistant biomarker available in the 
clinical settings, and the underlying mechanisms of acquisition 
of resistance to chemotherapeutic agents are still poorly under-
stood. Hence, an advancement of the treatment by avoiding 
drug resistance and a better prediction of chemotherapy effi-
cacy would improve the clinical outcome for BC patients.

Several different mechanisms of chemoresistance in cancer 
have been elucidated. Changes in the intracellular metabolic 
machinery, induction of growth signaling and impairment of 
apoptosis all lead to the acquisition of drug resistance (3,4). 
As a semisynthetic analogue of paclitaxel, docetaxel is widely 
used in the treatment of advanced BC and other solid tumors. 
It leads to cell cycle arrest and apoptosis by binding to and 
inhibiting the depolymerisation of the β-tubulin subunit of 
microtubules (5,6). As with other chemotherapeutic agents, 
numerous patients are either intrinsically resistant or acquire 
resistance to docetaxel during the course of treatment.

The resistance to docetaxel results from both genetic 
and epigenetic dysregulation of key genes, involving drug 
transporters, changes in drug metabolism and pathway altera-
tions of cell cycle and apoptosis (7-9). Identified as important 
post-transcriptional regulators, microRNAs (miRNAs) have 
expanded the definition of epigenetic regulation. miRNAs are 
endogenous, non-coding RNAs of ~22 nucleotides that target 
various genes either by degrading the mRNA or by repressing 
the translation (10). An altered expression of miRNAs in 
primary human types of cancers has been used for tumor 
diagnosis, classification, staging and prognosis (11). Moreover, 
they control the cell growth, proliferation, metabolism and 
apoptosis. In addition, the current research highlights their 
role in drug resistance in various types of cancers (12,13).

As an oncogene or a tumor-suppressor gene, miR-141 has 
been reported to be either upregulated (ovarian and colorectal 
cancers) (14,15) or downregulated (prostate, renal cell and 
hepatocellular carcinoma) (16-18) in various types of cancers. 
Recently, a study showed that downregulated miR-141 may 
confer cisplatin resistance in esophageal squamous cell carci-
noma (19). Moreover, miR-141 modulates cisplatin sensivitity 
in ovarian cancer cells (20). Even though miR-141 has been 
intensively studied, no study has investigated the role of 
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miR-141 expression in docetaxel-resistance in BC or the 
underlying mechanisms.

The present study is the first to report that increased 
miR-141 expression was associated with acquired docetaxel 
resistance in vitro and changes in miR-141 expression 
modulated response to docetaxel in BC cells, at least in part 
by targeting the eukaryotic translation initiation factor 4E 
(EIF4E). Furthermore, we showed that suppression of miR-141 
or EIF4E significantly promoted or reduced docetaxel induced 
apoptosis, respectively. Our study revealed an increased 
expression of miR-141 in an acquired model of docetaxel 
resistance in breast cancer.

Materials and methods

Cell lines and culture. Human BC MCF-7 and MDA-MB-231 
cell lines were obtained from ATCC. The parental cell line 
(termed docetaxel-sensitive cells) was step wide cultured 
and made resistant to docetaxel (termed docetaxel-resistant 
cells) following sequential exposure to docetaxel (Sanofi-
Aventis, Surrey, uk) at increasing concentrations as 
previously described (21). Cells were cultured and maintained 
in RPMI-1640 medium including L-glutamine, supplemented 
with 10% (v/v) fetal calf serum and 1% (v/v) penicillin/strepto-
mycin (100,000 U/l penicillin, 10 mg/l streptomycin) at 37˚C 
in a humidified atmosphere containing 5% carbon dioxide.

RNA isolation. Total RNA and miRNA fractions were isolated 
from the cell lines by TRIzol agent (Invitrogen, Carlsbad, CA, 
uSA). The quality and quantity of the RNA was assessed 
with a NanoDrop ND-1000 Spectrophotometer (NanoDrop 
Technologies, Wilmington, DE, uSA) at 260 and 280 nm 
(A260/280).

Real-time quantitative reverse transcription-PCR. For 
miRNA expression detection, reverse transcription (RT) reac-
tion was performed with PrimeScript RT reagent kit and 
real-time quantitative RT-PCR (qRT-PCR) was performed 
using SYBR Premix Ex Taq™ II (both from Takara 
Biotechnology Co., Ltd., Dalian, China) on the basis of the 
protocol provided by the manufacturer. The expression of 
EIF4E mRNA was detected by quantitative PCR using paired 
primers. The designed PCR primers were as follows: EIF4E 
forward primer, 5'-ATGGCGACTGTCGAACCG-3' and 
reverse primer, 5'-ATTAGATTCCGTTTTCTCCTCTTC 
TG-3'; GAPDH forward primer, 5'-AAGGGAAGGTTGCT 
GGATAGG-3' and reverse primer, 5'-CACATCCACCTCCTC 
CACATC-3'. The expression of the target miRNA was normal-
ized relative to that of the internal control, u6 and the 
expression of the target gene was normalized relative to the 
expression of glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), which was used as an internal control. Data were 
analyzed according to the comparative Ct method also referred 
to as the 2-ΔΔCt method.

miRNA mimics, miRNA inhibitors and siRNA. miR-141 mimics 
and inhibitors were purchased from Shanghai GenePharma 
Co. (Shanghai, China) along with the negative controls 
(miR-NC mimics or anti-miR-NC). siRNAs against EIF4E 
were designed and synthesized by RiboBio Co. (Guangzhou, 

China). EIF4E siRNA oligonucleotide duplexes (or control 
siRNA) using Lipofectamine 2000 (Invitrogen) according to 
the manufacturer's protocol, respectively.

miR-141 transfection. miRNA-141 was overexpressed in 
MCF-7 or MDA-MB-231 docetaxel-sensitive cells using a 
miRNA-141 mimics. In MCF-7/DTX or MDA-MB-231/DTX 
docetaxel-resistant cells, miRNA-141 was knocked down 
using a miRNA-141 inhibitor. Cells (1x106) cultured in a 
well of a 6-well cell culture plate were transiently transfected 
with 50 pmol of miR-141 inhibitor and miR-141 mimics, and 
its negative control oligonucleotides. Transfected cells were 
resuspended and cultured in regular culture medium for 
48-72 h before analysis.

Western blotting. Total cellular proteins were extracted by cell 
lysis, separated on an 8-10% SDS-PAGE, transferred onto a 
PVDF membrane and incubated with primary antibodies 
against human EIF4E (Santa Cruz Biotechnology) at 1:500 
overnight at 4˚C and then with anti-rabbit IgG (horseradish 
peroxidase-conjugated secondary antibody) for 1 h at room 
temperature. After being washed, the membranes were devel-
oped with an ECL Plus Western Blotting Detection System 
(Amersham, uk). The loading control for western blotting 
was β-actin.

In vitro drug sensitivity assay. The sensitivity of the BC cells 
to docetaxel was evaluated using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as 
previously described (22). After 72-h culture, cell viability 
was assessed using the MTT assay. The absorbance of each 
well at 490 nm (A490) was read on a spectrophotometer. The 
concentration at which each drug produced 50% inhibition of 
growth (IC50) was estimated by the relative survival curve. 
Four independent experiments were performed in quadrupli-
cate.

Luciferase assay. The pGL3-EIF4E wild-type and pGL3-
EIF4E mutant constructs were constructed and either 400 ng 
pGL3-EIF4E wild-type or pGL3-EIF4E mutant and 8 ng 
pGL4.70 [hRluc] plasmid was co-transfected with 50 nM 
miRNA-141 precursor. Transfected cells were incubated for 
24 h before performing the dual luciferase assay according to 
the manufacturer's instructions (Promega). Firefly luciferase 
activity of the pGL3-control plasmid was normalized to the 
Renilla luciferase activity of pGL4.70 [hRluc]. Each assay was 
performed in triplicate.

Cell cycle and apoptosis analyses. At 24 h after miR-141 
inhibitor transfection, cells were incubated with docetaxel for 
48 h. For cell cycle analysis, cells were trypsinized, pelleted 
and then resuspended in propidium iodide (PI) solution 
(Sigma-Aldrich, St. Louis, MO, uSA), including 100 ng/ml 
of PI, 0.1 mg/ml of RNase A and 0.05% Triton X-100, for a 
30-min incubation at 37˚C and analyzed by flow cytometry 
using a FACS calibur instrument with CellQuest Software 
(BD Biosciences, Franklin Lakes, NJ, uSA).

The Annexin V-FITC Apoptosis Detection kit (BD 
Biosciences, La Jolla, CA, uSA) was used for the apoptosis 
assays. Cells (1x106) were stained according to the manuf-
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acturer's protocol and sorted using a FACS sorter and the data 
were analyzed using ModFit (both from BD Biosciences).

Bioinformatic and statistical analysis. Online miRNA data-
bases (TargetScan, miRBase Targets and PicTarget) were used 
for prediction of miR-141 target genes. Each experiment was 
repeated at least 3 times. Numerical data are presented as the 
mean ± SD. The difference between means was analyzed with 
ANOVA and then Student's t-test. All statistical analyses were 
performed using SPSS 19.0 software (SPSS, Inc., Chicago, IL, 
uSA). Differences were considered to indicate a statistically 
significant result when *P<0.05.

Results

miR-141 expression in docetaxel-sensitive and-resistant 
human BC cell lines. Two docetaxel-resistant BC cell lines 
(MCF-7/DTX and MDA-MB-231/DTX) were developed 
from the docetaxel-sensitive BC cell lines (MCF-7 and 
MDA-MB-231), respectively. To investigate whether miR-141 
regulates the acquired docetaxel-resistance in BC cells, 
qRT-PCR was performed to detect the expression of miR-141 
in docetaxel-resistant and parental BC cells. Notably, the 
results showed that miR-141 was expressed at significantly 
higher levels in the MCF-7/DTX and MDA-MB-231/DTX 
cells than that in their parental cells, respectively (P<0.05, 
Fig. 1A; P<0.01, Fig. 1B).

Then, we further verified whether docetaxel treatment 
could affect the expression of miR-141 in BC cells. As 
shown in Fig. 1C and D, the miR-141 levels were increased 
in the parental MCF-7 or MDA-MB-231 cells after treat-
ment with docetaxel (5.0 µg/l), but not in the MCF-7/DTX or 
MDA-MB-231/DTX cells.

Downregulation of miR-141 reverses the resistance of 
docetaxel-resistant BC cells to docetaxel. We further char-
acterized the role of miR-141 in regulating chemotherapy 
resistance by modulating its levels in BC cells. Transient 
transfection of miR-141 inhibitor resulted in a significant 
decrease in docetaxel-resistant BC cells. As shown in Fig. 2A, 
the expression of miR-141 in miR-141 inhibitor-transfected 
MCF-7/DTX and MDA-MB-231/DTX cells was significantly 
decreased compared with that in the anti-miR-NC-transected 
cells (P<0.05). Further, the results of the MTT assay showed 
that miR-141 inhibitor decreased the growth of MCF-7/DTX 
and MDA-MB-231/DTX cells compared with anti-miR-NC 
cells (Fig. 2B).

Next, the changes of docetaxel sensitivity of chemoresis-
tant BC cells induced by miR-141 inhibitor were analyzed. 
Compared with the anti-miR-NC-transfected cells, the IC50 
value of docetaxel in the miR-141 inhibitor-transfected 
MCF-7/DTX and MDA-MB-231/DTX cells was significantly 
decreased by ~44.0 and 46.4%, respectively (P<0.05, Fig. 2C). 
From these experimental data, it was concluded that the 

Figure 1. miR-141 expression in docetaxel-sensitive and -resistant human BC cell lines. (A and B) Relative expression levels of miR-141 were detected in 
parental (MCF-7 and MDA-MB-231) and resistant (MCF-7/DTX and MDA-MB-231/DTX) breast cancer cell lines via qRT-PCR. (C and D) Analysis of the 
expression of miR-141 in docetaxel-resistant or parental breast cancer cells after treatment with docetaxel (5 µg/l) via qRT-PCR. *P<0.05, **P<0.01. BC, breast 
cancer.
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do wnregulation of miR-141 could significantly reverse the 
resistance of docetaxel-resistant BC cells to docetaxel by 
inhibiting their growth and viability.

Upregulation of miR-141 reduces the in vitro sensitivity of 
parental BC cells to docetaxel. On the other hand, we investi-
gated whether upregulation of miR-141 affected the sensitivity 
of BC cells to docetaxel. Then, miR-141 mimics were trans-
fected into the parental MCF-7 or MDA-MB-231 cells. After 
48 h transfection, qRT-PCR assay showed that the expression 
of miR-141 in the miR-141 mimic-transfected MCF-7 or 
MDA-MB-231 cells could be significantly increased (P<0.05, 
Fig. 3A). MTT assay indicated that miR-141 mimics could 
induce the increased growth ability of the parental MCF-7 or 
MDA-MB-231 cells compared with miR-NC mimics (Fig. 3B). 
More importantly, the IC50 value of docetaxel in the miR-141 
mimic-transfected MCF-7 or MDA-MB-231 cells were 
increased by ~33.4 or 42.3%, respectively, compared with the 
miR-NC mimic-transfected cells (P<0.05, Fig. 3C). These 

data suggested that upregulation of miR-141 promotes the 
resistance of docetaxel in BC cells.

EIF4E is a target of miR-141 and responsible for the 
miR-141-induced resistance in BC cells. To examine the 
molecular mechanisms by which miR-141 regulates chemo-
resistance, we investigated its target genes and focused on 
a few that relate to cancer progression. By employing open 
access software (TargetScan, miRBase Targets and PicTarget), 
transcription factor EIF4E was chosen as a preferred candi-
date target gene of miR-141 due to the complementary site of 
miR-141 in its 3'-untranslated region (3'-uTR) (Fig. 4A). To 
investigate whether the EIF4E gene could exert functional 
effects in BC cells, western blot analysis was performed and 
downregulation of EIF4E protein expression was detected in  
the MCF-7/DTX and compared with MCF-7 cells. A similar 
trend was also found in the MDA-MB-231/DTX cells (Fig. 4B).

We investigated the correlation between miR-141 and 
EIF4E. As shown in Fig. 4C, compared with the NC-transfected 

Figure 2. Downregulation of miR-141 reverses the resistance of docetaxel-resistant BC cells to docetaxel. (A) miR-141 expression levels were detected via 
qRT-PCR at 48 h post-transfection with miR-141 inhibitor and anti-miR-NC in MCF-7/DTX and MDA-MB-231/DTX cells. miRNA abundance was normal-
ized to u6 RNA. (B) MTT analysis of growth in miR-141 inhibitor or anti-miR-NC-transfected MCF-7/DTX and MDA-MB-231/DTX cells. (C) Analysis of 
the IC50 values of docetaxel in MCF-7/DTX and MDA-MB-231/DTX cells that were transfected with anti-miR-NC or miR-141 inhibitor using MTT assays. 
*P<0.05, **P<0.01 in comparison with anti-miR-NC-transfected cells.
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cells, the level of EIF4E mRNA expression was significantly 
increased in the miR-141 inhibitor-transfected MCF-7/DTX 
and MDA-MB-231/DTX cells, and markedly decreased in the 
miR-141 mimic-transfected MCF-7 and MDA-MB-231 cells 
(P<0.05). While downregulation of the expression of EIF4E by 
siRNAs, MCF-7/MDA-MB-231 cells became more resistant to 
the therapy of docetaxel (Fig. 4D). In addition, the enhanced 
growth-inhibitory effect by the miR-141 inhibitor transfection 
was weakened after the addition of EIF4E siRNA (Fig. 4D). 
Those results suggest that the EIF4E expression is regulated 
by miR-141 in BC and is responsible for the miR-141-induced 
resistance.

To further confirm the possibility that miR-141 targets 
EIF4E, a dual luciferase reporter system was used to measure 
the direct interaction between miR-141 and EIF4E. upon 
transfection of the miR-141 precursor, luciferase activity 
significantly decreased by 27.0 and 36.1% (P<0.05) in the 
MCF-7/DTX/MDA-MB-231/DTX cells that contained the 
3'-uTR with the miR-141 seed region of EIF4E, respec-
tively (Fig. 4E). In contrast, addition of the miR-141 precursor 

did not alter luciferase activity in docetaxel-resistant cells that 
contained a mutated seed region in the 3'-uTR of the EIF4E 
sequence (Fig. 4E). By reducing luciferase activity, this shows 
that miR-141 directly interacts with the 3'-uTR region of the 
EIF4E gene.

Transfection of miR-141 inhibitor or siRNA-EIF4E promotes 
or reduces docetaxel-induced apoptosis, respectively. To 
explore the mechanism(s) by which miR-141 inhibitor induces 
sensitivity of BC cells to docetaxel, we analyzed the cell 
cycle and apoptosis alterations in MCF-7 cells transfected 
with the miR-141 inhibitor. Suppression of miR-141 had no 
significant alterations in the cell cycle (data not shown). We 
next measured cell apoptosis using an Annexin V/PI assay. 
The results showed a significant increase in the percentages 
of apoptosis of miR-141 inhibitor-transfected MCF-7 cells 
treated with docetaxel than the control cells (Fig. 5A, left 
panel) and significant decrease in the percentages of apop-
tosis of siRNA-EIF4E-transfected cells with docetaxel than 
the control cells (Fig. 5A, right panel). Therefore, the results 

Figure 3. upregulation of miR-141 reduces the in vitro sensitivity of parental BC cells to docetaxel. (A) miR-141 expression levels were detected via qRT-PCR 
at 48 h post-transfection with miR-141-mimics and miR-NC-mimics in MCF-7 and MDA-MB-231 cells. (B) MTT analysis of growth in miR-141-mimic or 
miR-NC-mimic-transfected MCF-7 and MDA-MB-231 cells. (C) Analysis of the IC50 values of docetaxel in MCF-7 and MDA-MB-231 cells transfected with 
miR-141-mimics and miR-NC-mimics using MTT assays. *P<0.05, **P<0.01 in comparison with miR-NC-mimic-transfected cells. BC, breast cancer.
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suggested that downregulation of miR-141 could lead to an 
apoptosis-inducing effect similarly to that in upregulation of 
EIF4E.

Next, we measured the expression of apoptosis-related 
proteins in BC cells. As a result, treatment with docetaxel 
elevated the expression of Bax and lowered the expression 
of Bcl-2 in the miR-141 inhibitor-transfected cells compared 
to the mock-transfected cells (Fig. 5B). After treatment with 
docetaxel, decreased expression of Bax and increased Bcl-2 
expression was noted when the cells were transfected with 
siRNA-EIF4E (Fig. 5C).

Discussion

The key finding of the present study is that miR-141 is corre-
lated with breast cancer (BC) chemoresistance to docetaxel 
and serves as a phenotypic regulator of chemoresistance. 
While our studies focused on the role of miR-141 as a regulator 
of chemotherapy response, data showed that downregulation 
of miR-141 reversed the resistance of docetaxel-resistant BC 
cells. Furthermore, EIF4E was a target of miR-141 and partly 
responsible for the miR-141-induced resistance in BC cells. 
Transfection of miR-141 inhibitor and siRNA-EIF4E signifi-

Figure 4. EIF4E is a target of miR-141 and responsible for the miR-141-induced resistance in BC cells. (A) The complementary sites of miR-141 in EIF4E 
3'-uTR is shown as predicted by bioinformatics analysis. (B) Western blot analysis indicates that MCF-7/DTX and MDA-MB-231/DTX cells had a lower 
EIF4E protein expression level than that in parental cells. (C) qRT-PCR assay (at 48 h post-transfection) suggests a negative correlation between miR-141 and 
EIF4E expression at mRNA levels. EIF4E mRNA abundance was normalized to GAPDH. (D) Changes in the antitumor effects of docetaxel after transfection 
with the miR-141 inhibitor and/or siRNA against EIF4E in MCF-7 and MDA-MB-231 cells. (E) Relative luciferase levels were measured in docetaxel-resistant 
cells transfected with either pGL3+EIF4E wild-type plasmid or pGL3+EIF4E mutant plasmid and miR-141 precursor. Cells transfected with pGL3+EIF4E 
wild-type plasmid or pGL3+EIF4E mutant plasmid only served as control .*P<0.05, **P<0.01. EIF4E, eukaryotic translation initiation factor 4E; BC, breast 
cancer; 3'-uTR, 3'-untranslated region.
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cantly promoted docetaxel-induced apoptosis and changed the 
expression of Bcl-2 and BAX. These data suggest that miR-141 
is a potential target for chemosensitizing BCs.

miR-141 is a widely studied human miRNA that was asso-
ciated with cancer progression and metastasis in a variety of 
cancers (23-27) and recently, evidence emerged that miR-141 
is also associated with drug resistance in cancer. Zhang et al 
reported that miR-141 can predict tumor progression in pros-
tate cancer (28). Also, high miR-141 plasma level is associated 
with poor prognosis in colorectal cancer and was proposed 
as a novel biomarker to find distant metastases (15). All the 
above research reported that miR-141 not only to acts as a 
tumor suppressor, but also as an oncogene. Equally impor-
tant, Imanaka et al highlighted an important regulatory role 
for miR-141 in the development of cisplatin resistance in 
esophageal squamous cell carcinoma (19). Furthermore, the 
miR-141-mediated regulation of kEAP1 has a crucial role in 

the cellular response to cisplatin in ovarian cancer cells (20). 
Moreover, the downregulated miR-141 was involved in 
Helicobacter pylori-modulated cisplatin sensitivity in gastric 
cancer (29). However, there are no previous reports concerning 
the association of miR-141 expression with the chemoresistance 
of BC tumor cells. In the present study, we firstly showed that 
miR-141 was significantly upregulated in docetaxel-resistant 
BC cells (MCF-7/DTX and MDA-MB-231/DTX) compared 
with parental BC cells. By modulating the miR-141 level in 
BC cells, we revealed that miR-141 mediated the docetaxel 
sensitivity of BC cells in vitro, which was consistent with the 
majority of the above studies.

Although several studies identified the role of miR-141 in 
chemoresistance, the underlying mechanism of the miR-141-
induced chemoresistance was still unclear. Most miRNAs 
function through the inhibition of effective mRNA translation 
of target genes, which may be involved in the progression of 

Figure 5. Transfection of the miR-141 inhibitor or siRNA-EIF4E promotes or reduces docetaxel-induced apoptosis. (A) Apoptosis analysis of BC cells after 
transfection of miR-141 inhibitor or siRNA against EIF4E. (B and C) Expression of apoptosis-related protein Bax and Bcl-2 in MCF-7 cells after transfection 
of miR-141 inhibitor and siRNA against EIF4E, respectively. *P<0.05, **P<0.01. EIF4E, eukaryotic translation initiation factor 4E; BC, breast cancer.
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cancer and chemoresistance. Previous research showed that 
the NF-κB pathway, which can be regulated by kEAP1, is 
activated upon miR-141 overexpression, and the inhibition of 
this pathway partially reverses miR-141-mediated cisplatin 
resistance in ovarian cancer (29). van Jaarsveld et al, stressed 
that miR-141 is an oncogene that can enhance anoikis resis-
tance in ovarian cancer cells through downregulation of 
kLF12. Indeed, the known targets of miR-141, kEAP1 and 
kLF12 played an important role in regulating drug-resistance 
and cancer development (20).

Eukaryotic initiation factor 4E (EIF4E), is a eukaryotic 
translation initiation factor involved in directing ribosomes to 
the cap structure of mRNAs and plays an important role in 
the development and progression of cancer (30,31). It contrib-
utes to malignancy by selectively enabling the translation of 
a limited pool of mRNAs that encode key proteins involved 
in cell proliferation, angiogenesis and survival, as well as 
in transformation and metastasis (32,33). Increased eIF4E 
expression has been shown in several cancer cells (including 
those of the breast, head and neck, bladder, colon, lung and 
prostate) (34-36) and its overexpression also appears to be 
related to disease progression (37). Moreover, studies showed 
that cellular overexpression of eIF4E results in increased 
proliferation and suppression of apoptosis, whereas reduc-
tion in eIF4E expression, reduces tumorigenesis (38). In our 
previous study, we demonstrated that siRNA-mediated EIF4E 
knockdown yielded very similar effects as that of ectopic 
miR-141 expression in BC cells. EIF4E is responsible for the 
miR-141 modulating chemosensitivity of BC cells to docetaxel 
and it was a direct target of miR-141. Moreover, EIF4E is partly 
responsible for the miR-141-induced apoptosis. This suggests 
that miR-141-mediated docetaxel resistance occurs through 
regulation of EIF4E and EIF4E is involved in the regula-
tion of the apoptosis process. Therefore, the biological role 
of decreased EIF4E in docetaxel resistance remains unclear 
and can only be speculated upon. The EIF4E family contains 
a variety of genes which may also be a target of miR-141. 
Therefore, alterations of miR-141 may trigger the apoptotic 
gene changes, whereby EIF4E expression is predominated by 
regulating the expression of other anti-apoptotic genes, which 
in turn may lead to resistance to docetaxel. It was concluded 
that downregulation of EIF4E may be a molecular mechanism 
by which miR-141 exerted its functions of chemosensitivity 
regulator on human BC cells.

Furthermore, we showed that transfection of miR-141 
inhibitor could significantly promote docetaxel-induced 
apoptosis and change the expression of Bax and Bcl-2. 
However, when the BC cells were transfected with siRNA-
EIF4E, the data showed opposite results. It suggested that 
EIF4E is partly responsible for the miR-141-induced apop-
tosis which is related to the mitochondrial apoptosis pathway. 
In the previous studies, antisense Bcl-2 treatment enhanced 
sensitivity to tamoxifen in HER2-positive cells in tamoxifen-
resistant BC cells (39). In addition, Bcl-2 overexpression, 
causes paclitaxel resistance in MCF-7 cells (40). These studies 
showed, that even though Bcl-2 is known as an anti-apoptotic 
protein, increased Bcl-2 expression can be beneficial in BC 
treatment, whereas decreased Bcl-2 expression is associated 
with drug resistance or poorer outcome. In the present study, 
the mechanisms by which the decreased Bcl-2 expression 

negatively influenced the activity of docetaxel are currently 
not known. The apoptotic pathway is a complex machinery 
that involves a variety of apoptotic genes, therefore it may be 
possible that other factors influence the cell to enter or evade 
docetaxel-induced apoptosis.

In conclusion, the results of the present study demonstrated 
that miR-141 affected the chemosensitivity of BC cells to 
docetaxel by directly targeting EIF4E, due to its anti-apoptotic 
properties. Our data suggest that miR-141 may serve as a 
potential target for BC therapy. The study highlights the poten-
tially important role of miR-141 in the development of drug 
resistance, and suggests that miR-141 may serve as biomarkers 
for response to chemotherapy. Further investigation of a larger 
patient population will be necessary to confirm the associa-
tion of miR-141 and its target EIF4E with the responses of BC 
patients to docetaxel-based chemotherapy.
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