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Abstract

Background: Chemotherapy based on paclitaxel (PTX) is the standard treatment for
a range of cancers, including triple-negative breast cancer (TNBC), but the increasing
development of resistance has reduced/has negatively impacted its clinical utility. A
previous study demonstrated that miR-5195-3p could suppress lung cancer cell
growth. This study was designed to investigate whether miR-5195-3p attenuates
chemoresistance to PTX by regulating target genes in TNBC cells.

Methods: The study used both PTX-resistant tumor tissues and PTX-resistant TNBC cell
lines. The expression of miR-5195-3p was determined using quantitative real-time PCR.
Cell viability, cell cycle distribution and apoptosis were analyzed using CCK-8 and flow
cytometry assays. The target genes of miR-5195-3p were predicted with bioinformatics
analysis and confirmed using the luciferase reporter assay.

Results: MiR-5195-3p expression was lower in PTX-resistant tumor tissues and PTX-
resistant TNBC cell lines. Upregulation of miR-5195-3p enhanced the sensitivity of
PTX-resistant TNBC cells to PTX treatment. EIF4A2 was confirmed as a potential
target of miR-5195-3p. EIF4A2 knockdown imitated the effects of miR-5195-3p on
chemosensitivity, while restoration of EIF4A2 rescued them.

Conclusion: These data demonstrate that miR-5195-3p might be a potential therapeutic
target to reverse chemoresistance in TNBC through its targeting of EIF4A2.

Keywords: Triple-negative breast cancer, miR-5195-3p, EIF4A2, Chemosensitivity

Background
Breast cancer is the leading cause of cancer-related death among women worldwide [1].

Accounting for approximately 20% of all cases, triple negative breast cancer (TNBC) is

characterized by tumors lacking epidermal growth factor receptor 2 (HER2), estrogen re-

ceptor (ER) and progesterone receptor (PR) [2]. TNBC shows more aggressive clinical be-

havior and poorer prognosis than other types of breast cancer [3, 4].

Paclitaxel (PTX), a chemotherapeutic agent, is commonly used for tumor therapies,

including TNBC, but the increasing development of chemoresistance has negatively

impacted its clinical utility for TNBC treatment [5, 6]. There is an urgent need to ex-

plore the molecular mechanisms underlying PTC chemoresistance in TNBC.
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MicroRNAs (miRNAs), identified as small noncoding RNAs with 19–22 nucleotides,

play a vital role in regulating gene expression. They bind to the 3′-UTR of target

mRNAs causing mRNA degradation and inhibiting translation [7, 8].

There is an increasing body of evidence indicating that miRNAs function as key regu-

lators in the development of chemoresistance. For example, upregulation of miR-383-

5p significantly elevates chemosensitivity in ovarian cancer cells by targeting TRIM27

[9]. MiR-22 functions as a tumor suppressor, increasing PTX sensitivity by targeting

NRAS in breast cancer cells [10]. MiR-5195-3p, a relatively recently discovered and

poorly studied miRNA, has been reported to suppress cell proliferation and invasion by

directing targeting the oncogene KLF5 in bladder cancer [11]. Yang et al. and Soltani et

al. respectively demonstrated that miR-5195-3p exerts tumor suppressive activity in

non-small cell lung cancer [12] and colon cancer [13]. Here, we are focusing on the ex-

pression and biological functions of miR-5195-3p in PTX resistance in TNBC, which

has yet to be studied.

Eukaryotic translation initiation factor 4 alpha 2 (EIF4A2) is an ATP-dependent RNA

helicase expressed widely in human tissues [14]. It was identified as gene biomarker of

rheumatoid arthritis related to the upregulation of cell proliferation [15]. Recent articles

have suggested that dysregulated expression of EIF4A2 significantly correlates to several

types of cancer, including non-small cell lung cancer [16] and malignant peripheral

nerve sheath tumors [17]. We speculated that EIF4A2 might be a potential oncogene

affecting chemoresistance in TNBC.

In this study, we determined the expression of miR-5195-3p in PTX-resistant tumor

tissues and TNBC cell lines and explored its potential function in the sensitivity of

TNBC cells to PTX. We also tested our hypothesis that miR-5195-3p might participate

in regulating TNBC sensitivity to PTX by regulating EIF4A2.

Materials and methods
Clinical tissues and cell lines

The study cohort consisted of 36 breast cancer patients who were receiving PTX-based

chemotherapy at the Department of Breast Surgery in the West China Hospital of Si-

chuan University. The breast cancer in 18 patients showed PTX sensitivity, and in the

other 18, it showed PTX resistance. Tumor tissues were collected and rapidly frozen in

liquid nitrogen at − 80 °C. Before enrollment, all patients signed informed written con-

sent. This study was approved by the Research Ethics Committee of West China Hos-

pital of Sichuan University.

We obtained four breast cancer cell lines, including MCF-7 and three TNBC cell

lines (BT549, MDA-MB-468 and MDA-MB-231), and a normal human breast epithelial

cell line (MCF-10A) from the American Tissue Culture Collection (ATCC). All cell

lines were cultured in ATCC-formulated Roswell Park Memorial Institute 1640

medium (RPMI-1640; Gibco-BRL) with 10% fetal bovine serum (FBS; Gibco) and main-

tained in a humidified incubator containing 5% CO2 at 37 °C.

Establishment of PTX-resistant cell lines

PTX with a purity of at least 98% was purchased Sigma-Aldrich and reconstituted in

distilled water at the appropriate concentrations. Based on a previous report [18],
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BT549 and MDA-MB-231 cells were exposed to continuous increasing concentrations

of paclitaxel at an initial concentration of 0.5 nM over a period of 3 months. The con-

structed PTX-resistant cells lines that grew under this high concentration of PTX were

respectively named BT549/PTX and MDA-MB-231/PTX. BT549/PTX and MDA-MB-

231/PTX cells were maintained in 1 μg/ml PTX to maintain this drug-resistant

phenotype.

Cell transfection

MiR-5195-3p mimics (mimics), small interfering RNA targeting EIF4A2 (siEIF4A2) and

their corresponding negative controls (miR-NC, siNC, respectively) were synthesized

by GenePharma Company. In addition, the open reading frame of EIF4A2 was gener-

ated using PCR and cloned into the pcDNA 3.1 vector (Invitrogen) to generate pcDNA

3.1-EIF4A2 plasmid (EIF4A2).

For miR-5195-3p overexpression, BT549/PTX and MDA-MB-231/PTX cells were

transfected with mimics or miR-NC at a final concentration of 200 nM. For EIF4A2

knockdown, BT549/PTX cells were transfected with siEIF4A2 or siNC. In the rescue

experiments, EIF4A2 (2 μg/ml) was transfected into miR-5195-3p-overexpressing

BT549/PTX cells. All transfections were accomplished using Lipofectamine 2000 (Invi-

trogen) according to the manufacturer’s instructions.

Quantitative real-time PCR analysis

Total RNA was extracted from tissues or cells using TRIzol reagent (Takara) and

cDNA was synthesized using a miScript II RT Kit or PrimeScript cDNA Synthesis

Kit (Takara). Quantitative real-time PCR was performed using a miScript SYBR

Green PCR Kit (Qiagen) or a LightCycler 480 SYBR Green I Master PCR Kit

(Roche) for miR-5195-3p or EIF4A2 detection. The primer sequences synthesized

by Sangon Biotech (Shanghai) were: miR-5195-3p, forward: 5′-TAGCAGACTCT-

TATGATG-3′ and reverse: 5′-TGGTGGAGTCGTCGTG-3′; U6, forward: 5′-CTCG

CTTCGGCAGCACA-3′ and reverse: 5′-AACGCTTCACGAATTTGCGT-3′;

EIF4A2 forward: 5′-ATGTTCGCTTCGAGACGTGC-3′; and reverse: 5′-TTTC

ACTAAAGGCAGAGAGTCAG-3′; and GAPDH forward: 5′-ATCGTCCACCG-

CAAATGCTTCTA-3′; and reverse: 5′-AGCCATGCCAATCTCATCTTGTT-3′. The

relative expressions of miR-5195-3p or EIF4A2 were respectively normalized to the

expression of U6 or GAPDH.

Paclitaxel sensitivity assay

The CCK-8 assay was performed to assess cell sensitivity to paclitaxel. Briefly, cells

from different groups were seeded in 96-well plates at a density of 1.5 × 104 cells per

well and incubated with serially diluted paclitaxel (0, 2, 4, 6 and 8 μg/ml), followed by

2 h incubation with CCK-8 solution (Sigma-Aldrich). The absorbance of each well was

measured at a wavelength of 450 nm using a microplate reader (Bio-Rad). The cell sur-

vival rate was calculated based on the absorbance of the control cells. IC50 values were

determined as the drug concentration causing 50% cell growth inhibition.
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Flow cytometry analysis

Cells from different groups were digested with trypsin, washed three times with cold

phosphate-buffered saline (PBS) and fixed with 80% ethanol overnight at 4 °C. After

centrifugation, the cells were washed twice with cold PBS.

The cells were stained with propidium iodide (PI, Nanjing KeyGen Biotech) for 30

min at 37 °C for cell cycle analysis or Annexin V-fluorescein isothiocyanate (FITC) and

PI (Nanjing KeyGen Biotech) for apoptosis analysis. A flow cytometer equipped with

FlowJo 10 software (BD Biosciences) was used to determine cell cycle distribution and

apoptosis rate.

Prediction of miRNA target and luciferase reporter assay

The target genes of miR-5195-3p were predicted using the minRNA database (TargetS-

can and miRBase). Based on the cellular function assay, EIF4A2 was selected as poten-

tial target gene of miR-5195-3p and assessed using the luciferase reporter assay. Briefly,

the 3′-UTR of EIF4A2 mRNA was synthesized and cloned into a psiCHECK-reporter

plasmid (Promega) and then validated through DNA sequencing. This was named

wide-type EIF4A2 (WT EIF4A2). Using QuikChange Multi Site-Directed Mutagenesis

kit (Stratagene), mutant EIF4A2 (MUT EIF4A2) plasmid was generated according to

the manufacturer’s protocol. Next, BT549/PTX and MDA-MB-231/PTX cells were co-

transfected with recombinant reporter WT or MUT plasmids and the mimics or miR-

NC in 24-well plates. After 48 h, the luciferase activities were measured using the Dual

Luciferase Reporter Assay System (Promega).

Western blotting

Total protein was extracted from cells using cell lysis buffer and the concentration was

determined using a BCA assay kit (Beyotime Biotechnology). Approximately 30 μg of

total protein was separated using 10% SDS-PAGE and transferred onto polyvinylidene

difluoride (PVDF) membranes (GE Healthcare). The membrane was blocked overnight

in 5% non-fat milk in TBST (Sigma-Aldrich), then incubated with primary antibodies

against EIF4A2 and GAPDH at room temperature for 2 h, followed by incubation with

horseradish peroxidase-labeled secondary antibody. Protein bands were evaluated using

an enhanced chemiluminescence detection system (Bio-Rad).

Statistical analysis

All data were analyzed using SPSS 17.0 and expressed as means ± SD. Differences be-

tween groups were analyzed using Student’s t test or one-way analysis of variance,

followed by the Tukey-Kramer post hoc test. Correlation between EIF4A2 mRNA and

miR-5195-3p was estimated using Spearman’s correlation method. p < 0.05 was consid-

ered significant.

Results
MiR-5195-3p was downregulated in PTX-resistant breast cancer tissue and cells

To verify the expression level of miR-5195-3p in PTX-resistant breast cancer tissue,

quantitative real-time PCR was performed with samples from 36 patients: 18 with

PTX-sensitive and 18 with PTX-resistant tumors. MiR-5195-3p was significantly
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downregulated in PTX-resistant breast cancer tissues compared with its level in PTX-

sensitive tissues (Fig. 1a). We found the miR-5195-3p level was significantly lower in all

four breast cancer cell lines (MCF-7, BT549, MDA-MB-468 and MDA-MB-231) than

in the normal breast epithelial cell line, MCF-10A. Notably, the lowest level of miR-

5195-3p was seen in two of the TNBC cell lines, BT549 and MDA-MB-231 (Fig. 1b). In

the constructed PTX-resistant cells BT549/PTX and MDA-MB-231/PTX, we found

that the miR-5195-3p level was significantly lower (Fig. 1c and d) than in the corre-

sponding parental cells. These results show that miR-5195-3p is downregulated in

PTX-resistant breast cancer tissue and cells, which might be an important molecular

role in chemoresistance.

Upregulated miR-5195-3p activated the PTX sensitivity of TNBC cells

We synthesized and transfected mimics to upregulate the miR-5195-3p expression

levels in BT549/PTX and MDA-MB-231/PTX cells, as confirmed using quantitative

real-time PCR analysis (Fig. 2a). The CCK-8 assay showed that the cell survival rate

was obviously suppressed in both BT549/PTX (Fig. 2b) and MDA-MB-231/PTX cells

(Fig. 2c) after treatment with various doses of PTX (0, 2, 4, 6 and 8 μg/ml). In addition,

the IC50 values for PTX in BT549/PTX and MDA-MB-231/PTX cells were significantly

lower in the mimic groups than in the miR-NC group (Fig. 2d).

Fig. 1 MiR-5195-3p was downregulated in paclitaxel-resistant breast cancer tissue and cells. a Using quantitative
real-time PCR, the expression of miR-5195-3p was determined in breast cancer samples from 36 patients: 18 with
paclitaxel-sensitive tumors and 18 with paclitaxel-resistant ones. b The expression of miR-5195-3p was determined
in the indicated breast cancer cell lines and in the normal breast epithelial cell line (MCF-10A). **p < 0.01,
***p < 0.001 vs. MCF-10A. c and d The expression of miR-5195-3p was determined in paclitaxel-resistant
BT549 and MDA-MB-231 cells and the corresponding parental cell lines. ***p < 0.001 vs. BT549 or MDA-MB-231
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These data indicate that the PTX sensitivity of TNBC cells was elevated upon miR-

5195-3p overexpression. Moreover, flow cytometry with the PI staining assay (Fig. 3a)

showed that the cell distribution was significantly higher at G0/G1 phase in the miR-

5195-3p-overexpressing group than in the miR-NC group in both BT549/PTX and

MDA-MB-231/PTX. Flow cytometry with the Annexin V/PI double staining assay (Fig.

3b) revealed that miR-5195-3p mimic transfection significantly promoted cell apoptosis

in BT549/PTX and MDA-MB-231/PTX cells, in comparison with the results for the

miR-NC transfection. These findings suggest that miR-5195-3p could significantly ele-

vate the PTX sensitivity of TNBC cells in vitro.

EIF4A2 is a direct target of miR-5195-3p

We used TargetScan and miRBase to analyze the underlying mechanism of miR-5195-

3p in the PTX sensitivity of TNBC cells. Of the predicted target genes of miR-5195-3p,

EIF4A2 was selected for its association with cell proliferation. Figure 4a shows that the

3′-UTR regions of EIF4A2 contained the binding site for the miR-5195-3p seed region.

Subsequently, WT EIF4A2 or MUT EIF4A2 reporter plasmids were transfected into

PTC-resistant TNBC cell lines together with mimics or miR-NC. We found that ec-

topic expression of miR-5195-3p significantly decreased the luciferase activity of WT

EIF4A2 3′-UTR in both BT549/PTX (Fig. 4b) and MDA-MB-231/PTX cells (Fig. 4c),

Fig. 2 MiR-5195-3p enhanced the paclitaxel sensitivity of breast cancer cells. a Synthesized miR-5195-3p
mimics were transfected into paclitaxel-resistant MCF-7/PTX and MDA-MB-231/PTX cells. MiR-5195-3p
expression was measured using quantitative real-time PCR. b and c CCK-8 assay was performed to
determine the cell sensitivity to paclitaxel of MCF-7/PTX and MDA-MB-231/PTX cells. d The 50% inhibitory
concentration (IC50) value of paclitaxel in MCF-7/PTX and MDA-MB-231/PTX cells transfected with mimics or
miR-NC. ***p < 0.001 vs. miR-NC
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in comparison with the results with miR-NC. These suppressive effects were abolished

with a mutated miR-5195-3p binding site for EIF4A2. What’s more, quantitative real-

time PCR (Fig. 4d) and western blot analysis (Fig. 4e) showed that EIF4A2 expression

was downregulated in miR-5195-3p-overexpressing BT549/PTX and MDA-MB-231/

PTX cells.

We next measured the EIF4A2 mRNA expression level in PTX-resistant breast can-

cer tissues and found that it was significantly higher in PTX-resistant breast cancer tis-

sues than in PTX-sensitive samples (Fig. 4f ). Pearson correlation analysis further

showed an inverse correlation between the levels of EIF4A2 and miR-5195-3p in PTX-

resistant breast cancer tissues (Fig. 4g; p = 0.0202). Our results suggest that EIF4A2

might be a novel target of miR-5195-3p.

Fig. 3 MiR-5195-3p induced cell cycle arrest and apoptosis of paclitaxel-resistant breast cancer cells.
Synthesized miR-5195-3p mimics were transfected into paclitaxel-resistant MCF-7/PTX and MDA-MB-231/
PTX cells. a Representative images of cell cycle distribution are shown in left panel and the statistical
analysis of the cell percentage in G0/G1, S and G2/M phases is shown in the right panel. b Representative
images of apoptosis are shown in left panel and the statistical analysis of apoptosis is shown in the right
panel. *p < 0.05, **p < 0.01, ***p < 0.001 vs. miR-NC
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MiR-5195-3p enhanced the PTX sensitivity of TNBC cells by downregulating EIF4A2

To explore whether miR-5195-3p mediated chemosensitivity by targeting EIF4A2 in

PTX-resistant cells, BT549/PTX cells were transfected with siNC, siEIF4A2, mimics or

mimcs + EIF4A2. Quantitative real-time PCR (Fig. 5a) and western blot analysis (Fig.

5b) confirmed that the expression of EIF4A2 significantly decreased after EIF4A2

knockdown, but its upregulation was partially attenuated after EIF4A2 overexpression.

The in vitro functional experiments further indicated that transfection with siEIF4A2

significantly reduced the IC50 value compared with siNC transfection, and induced G0/

G1 phase arrest and apoptosis. More importantly, EIF4A2 overexpression abrogated

Fig. 4 EIF4A2 is a direct target of miR-5195-3p. a The binding sites of EIF4A2 and miR-5195-3p were predicted
using bioinformatics analysis. b and c The luciferase reporter assay was performed in paclitaxel-resistant BT549/
PTX and MDA-MB-231/PTX cells. d and e Quantitative real-time PCR and western blot assays were used to
analyze the expression of EIF4A2 after transfection of miR-5195-3p mimics and miR-NC. f The expression of
EIF4A2 was determined via quantitative real-time PCR in 18 paclitaxel-sensitive and 18 paclitaxel-resistant
tissues. g Spearman rank correlation analysis showed an inverse correlations between the expression levels of
EIF4A2 and miR-5195-3p in paclitaxel-resistant breast cancer tissues. **p < 0.01 vs. miR-NC
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the effects of miR-5195-3p overexpression on the IC50 value, G0/G1 cell cycle arrest

and apoptosis, as assessed with CCK-8 (Fig. 5c and d), flow cytometry with PI (Fig. 5e)

and flow cytometry with Annexin V/PI staining (Fig. 5f ). These findings indicate that

miR-5195-3p enhanced the PTX sensitivity of TNBC cells by downregulating EIF4A2.

Discussion
Chemoresistance is the main obstacle in cancer therapy. It leads to poorer prognoses,

higher recurrence and lower five-year survival rates [19, 20]. Here, we investigate the

role of miR-5195-3p in PTX resistance in TNBC and explore the underlying mechan-

ism for drug resistance. We found miR-5195-3p was downregulated in PTX-resistant

breast cancer tissue and cells and demonstrated that miR-5195-3p overexpression could

significantly enhance the PTX sensitivity of TNBC cells.

In recent years, miRNAs have attracted considerable attention as new players in che-

moresistance in tumors. Pan et al. found that miR-503 enhances the drug sensitivity of

MCF-7/ADR cells through suppression of EIF4G [21]. Chen et al. reported that miR-

504 contributes to cisplatin resistance in MG63 osteosarcoma cells by suppressing p53

[22]. Previous studies implied that miR-5195-3p is downregulated in several cancers, in-

cluding bladder cancer [11] and lung cancer [12]. In our study, we found that overex-

pression of miR-5195-3p inhibited the activity of cell proliferation and induced G0/G1

phase arrest and apoptosis in PTX-resistant TNBC cells. This could imply its tumor

suppressive role in PTX-resistant TNBC cells.

Using bioinformatics tools and the luciferase reporter assay, we further identified and

validated the target genes of miR-5195-3p in regulating PTX chemoresistance: EIF4A2.

Fig. 5 MiR-5195-3p enhanced the paclitaxel sensitivity of TNBC cells by downregulating EIF4A2. BT549/PTX
cells were transfected with siNC, siEIF4A2, mimics, mimics + EIF4A2, respectively. a and b Quantitative real-
time analysis and western blotting were used to determine the expression of EIF4A2 in paclitaxel-resistant
BT549/PTX cells. c and d CCK-8 assay was performed to determine the IC50 value of paclitaxel in BT549/PTX
cells from different groups. e Representative images of cell cycle distribution are shown in the left panel
and a statistical analysis of the cell percentage in G0/G1, S and G2/M phases is shown in the right panel.
f Representative images of apoptosis are shown in the left panel and a statistical analysis of apoptosis is
shown in the right panel. ***p < 0.001 vs. siNC; #p < 0.05, ##p < 0.01, ###p < 0.001 vs. mimics

Liu et al. Cellular & Molecular Biology Letters           (2019) 24:47 Page 9 of 11



As expected, we found EIF4A2 was upregulated in PTX-resistant breast cancer tissues

and negatively correlated with miR-5195-3p expression.

EIF4A2 was previously shown to be necessary for efficient HIV-1 replication [23]. In

addition, EIF4A2 was associated with elevated cell proliferation in rheumatoid arthritis

[15], non-small-cell lung cancer [16] and malignant peripheral nerve sheath tumors

[17]. Consistent with this evidence, we demonstrated that EIF4A2 knockdown imitated

the effects of miR-5195-3p on chemosensitivity in TNBC cells, whereas restoration of

EIF4A2 levels caused chemoresistance to increase again. Garrido et al. recently demon-

strated that targeting the EIF4F translation initiation complex could be a novel thera-

peutic strategy to eradicate taxane-resistant prostate cancer cells [24]. Considering the

similarities between members of EIF the family, we speculate that EIF4A2 knockdown

treatment may offer a novel strategy to combat TNBC chemoresistance.

Conclusions
This study demonstrated the vital role of miR-5195-3p in the PTX resistance of TNBC.

Our results confirm that miR-5195-3p enhances the paclitaxel sensitivity of TNBC cells

by downregulating EIF4A2, which suggests a novel molecular mechanism of TNBC

chemotherapy resistance. Of course, more target genes and pathways of miR-5195-3p

will be explored to further elucidate the role of miR-5195-3p in chemotherapy

resistance.
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