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Abstract. Breast cancer (BC) is the leading cause of death in 
females worldwide. Although cisplatin is a strong‑effect and 
broad‑spectrum chemotherapy drug, resistance to cisplatin 
remains a significant factor effecting clinical efficacy. The 
underlying mechanism of cancer cell resistance to cisplatin is 
not fully understood. MicroRNAs (miRs/miRNAs), as a regu‑
lator, are involved in regulating chemosensitivity to numerous 
chemotherapeutic drugs. The present study aimed to investigate 
the function of miR‑181a‑5p as a potential tumor suppressor in 
improving the efficiency of cisplatin in BC. The IC50 of cisplatin 
and miR‑181a‑5p expression were determined in five BC cell 
lines, and HS578T was selected as an appropriate cell line for 
subsequent experiments. The sensitivity of HS578T cells to 
cisplatin was assessed using cell proliferation, migration and 
apoptosis assays. Western blotting was performed to detect 
the expression of vitamin D receptor (VDR) and autophagy 
in HS578T cells. It was found that the increase in autophagy 
resulted in increased apoptosis and sensitivity to cisplatin in 
HS578T cells. miR‑181a‑5p transfection also inhibited the 
proliferation and migration ability of HS578T cells and induced 
apoptosis. Meanwhile, HS578T cells have increased sensitivity 
to cisplatin. VDR, as a target gene and autophagy regulator of 
miR‑181a‑5p, was negatively regulated by miR‑181a‑5p. Upon 
the decrease in VDR expression, the autophagy in HS578T 
cells was increased. These results indicate that the increase 
in autophagy enhanced the chemosensitivity of cisplatin 

by inducing apoptosis of HS578T cells and by inhibiting 
proliferation and migration. The present study showed that 
miR‑181a‑5p increased the chemical sensitivity of HS578T 
cells to cisplatin by inhibiting VDR to promote autophagy. 
The use of miR‑181a‑5p/autophagy/VDR‑based treatment 
strategies may be a potential method to overcome cisplatin 
resistance in BC.

Introduction

As the most common cause of death worldwide, breast cancer 
(BC) mortality ranks first among Chinese women with malig‑
nant tumors  (1). Although comprehensive treatments with 
surgery and radiotherapy are used for BC, chemotherapy has 
been deemed safer and more essential for prolonging survival 
time or decreasing metastases (2). Cisplatin is an effective 
strong‑effect and broad‑spectrum chemotherapy agent for the 
therapy of BC (3). Cisplatin induces apoptosis in cancer cells 
by forming platinum‑DNA adducts  (4). However, cisplatin 
resistance remains a significant factor limiting clinical 
efficacy (5). Therefore, sensitivity to cisplatin in BC must be 
improved.

MicroRNAs (miRs/miRNAs) are a type of endogenously 
expressed non‑coding small RNA that can regulate the expres‑
sion of various genes (6). miRNAs have been determined to 
play key roles in various biological processes, including cell 
proliferation, differentiation and apoptosis (7). In recent years, 
a growing number of studies have shown that the imbalance of 
miRNAs may be responsible for resistance (8‑10). miR‑181a 
was reported to be differentially expressed in BC  (11,12). 
Therefore, targeted regulation of miRNAs have become a 
potential method to decrease cisplatin resistance in BC.

Autophagy plays a major homeostatic role in controlling 
the quality and quantity of proteins and organelles, which can 
help cells resist poor growth and promote cell survival (13,14). 
Protective autophagy can also promote chemotherapy‑induced 
apoptosis (15). Vitamin D receptor (VDR), as a regulator of 
autophagy, is a ubiquitous nuclear receptor that can regulate 
the expression of numerous genes involved in cell differentia‑
tion, proliferation and calcium/phosphate homeostasis (16,17). 
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Studies indicated that VDR acts as a major transcriptional 
regulator and plays a crucial role in chemotherapy 
sensitivity (18).

The present study investigated the function and down‑
stream genes of miR‑181a‑5p, a potential tumor suppressor, in 
order to improve the efficiency of cisplatin in BC.

Materials and methods

Cell culture and transfection. Human breast cancer cell lines 
HS578T, HCC70, MDA‑MB‑231, MDA‑MB‑468 and BT549 
were cultured in corresponding culture medium (HyClone; 
Cytiva) containing 10%  fetal bovine serum (Capricorn 
Scientific GmbH) and 1% penicillin‑streptomycin mixture 
(MDA‑MB‑231‑L15, Base; MDA‑MB‑468, L15 medium; 
Hst578, high sugar DMEM, HCC70, RPMI‑1640; and BT549, 
RPMI‑1640) at 37˚C and 5%  CO2 and sub‑cultured every 
4 days.

The five cell lines were treated with different concen‑
trations of cisplatin (0.8, 1.6, 3.1, 6.2, 12.5, 25, 50, 100 and 
200 µM) for 48 h in order to determine their IC50 of cisplatin. 
Upon reaching 70% confluence, miR‑181a inhibitor (100 pmol, 
5'‑ACU​CAC​CGA​CAG​CGU​UGA​AUG​UU‑3'), miR‑181a 
mimics (100 pmol, 5'‑AAC​AUU​CAA​CGC​UGU​CGG​UGA​
GUU​CAC​CGA​CAG​CGU​UGA​AUG​UUU​U‑3') or control 
(100 pmol, mimics‑NC: 5'‑UUC​UCC​GAA​CGU​GUC​ACG​ 
UTT​ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3'; and Inhibitor NC: 
5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3'), was transfected 
into HS578T cells using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. After 8‑12 h of cell culture, the medium was 
replaced with serum‑containing medium that was preheated 
at 37˚C and then cultured for another 24 h. Finally, cells were 
treated with cisplatin according to different experimental 
groups (Table I). Cells were collected for functional assays 
after 48 h.

Reverse transcription‑quantitative PCR (RT‑qPCR). TRIzol® 
(Roche Biotech) was used to isolate total RNA from all cells. 
cDNA was synthesized using the RevertAid First Strand 
cDNA Synthesis kit (Invitrogen; Thermo Fisher Scientific, 
Inc.) in accordance with the manufacturer's instructions. 
qPCR was performed on the ABI 7500 Real‑Time system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) with the 
following temperature protocol: 95˚C for 10 min; 95˚C for 

15 sec, 60˚C for 20 sec, 72˚C for 25 sec for 40 cycles; and 72˚C 
for 5 min. U6 expression was used to normalize the relative 
expression of miR‑181a. The following primer pairs were used 
for the qPCR: U6 forward, 5'‑CTC​ACT​TCG​GCA​GCA​CAT​
A‑3' and U6 reverse, 5'‑AAC​TCT​TCA​CGA​TTT​TGT​CTG​
TC‑3'; miR‑181a forward, 5'‑AGC​CAA​CAT​TCA​ACG​CTG​
TCG‑3' and miR‑181a reverse, 5'‑CAG​TGC​AGG​GTC​CGA​
GGT​ATT​C‑3'. Data was analyzed from at least three indepen‑
dent experiments and calculated using the 2‑ΔΔCq method (19).

Cell proliferation assay. Cells were seeded on a 96‑well 
plate at a density of 5x103 cells/well and cultured overnight 
in 100 ml of the corresponding medium. Following treatment 
with the respective cisplatin IC50 for 48 h, Cell Counting Kit‑8 
(Biosharp Life Sciences) was used to determine cell prolifera‑
tion, according to the manufacturer's protocol. The results are 
reported as the ratio of cell proliferation/inhibition, and each 
experiment was repeated three times. The formula used was as 
follows: Suppression of proliferation rate (%)=(1‑absorbance 
value of experimental group/absorbance value of control 
group) x100%.

Transwell assay. Following treatment with or without 
cisplatin for 48 h, cells were collected in each group after 
trypsin digestion. The Matrigel‑coated upper chamber of the 
Transwell insert was inoculated with 1 ml cell suspension at a 
density of 5x105 cells/ml, while the lower chamber was filled 
with 500 µl culture medium. Cells were incubated for 24 h. 
After washing with PBS, cells were fixed with polymethanol at 
37˚C for 30 min, air dried and stained with 0.1% crystal violet 
at 37˚C for 30 min. The experiment was repeated three times. 
Cells were randomly observed and counted under a light 
microscope (magnification, x100; Olympus BX53; Olympus 
Corporation).

Flow cytometry analysis of apoptosis. Following treat‑
ment with or without cisplatin for 48 h, cells were collected 
and stained with propidium iodide and Annexin  V‑FITC 
according to the manufacturer's protocol (Sangon Biotech Co., 
Ltd.). Stained cells were analyzed by flow cytometry (Guava 
EasyCyte; InCyte Software; EMD Millipore). Experiments 
were repeated three times.

Western blotting. Following treatment with or without 
cisplatin for 48 h, cells were lysed with RIPA lysis buffer 

Table I. Experimental grouping.

Group	 a	 b	 c	 d	 e	 f	 g	 h	 i	 j

Cisplatin‑NC	 +	 +	 +	 +	 +	 ‑	 ‑	 ‑	 ‑	 ‑
Cisplatin	 ‑	 ‑	 ‑	 ‑	 ‑	 +	 +	 +	 +	 +
Mimics‑NC	 ‑	 +	 ‑	 ‑	 ‑	 ‑	 +	 ‑	 ‑	 ‑
Mimics‑181a	 ‑	 ‑	 +	 ‑	 ‑	 ‑	 ‑	 +	 ‑	 ‑
Inhibitor‑NC	 ‑	 ‑	 ‑	 +	 ‑	 ‑	 ‑	 ‑	 +	 ‑
Inhibitor‑181a	 ‑	 ‑	 ‑	 ‑	 +	 ‑	 ‑	 ‑	 ‑	 +

NC, negative control.
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(Sangon Biotech Co., Ltd.). A BCA protein quantitation kit 
(Sangon Biotech Co., Ltd.) was used to determine protein 
concentration. After 12%  SDS‑PAGE, protein samples 
(30  µg/well) were transferred to PVDF membranes and 
blocked with 5% BSA (Sigma‑Aldrich; Merck KGaA) at room 
temperature for 1 h. Membranes were incubated with primary 
antibodies against VDR (1:100; cat. no. ab3508; Abcam) and 
microtubule‑associated proteins 1A/1B light chain 3B (LC3B; 
1:2,000; cat. no. ab192890; Abcam) at 37˚C for 1 h and then 
overnight at 4˚C. After washing with PBS, membranes were 
incubated for 1 h at room temperature with HRP‑conjugated 
goat anti‑rabbit secondary antibody (1:5,000; cat. no. ab6789; 
Abcam). Protein signals were visualized using an ECL system 
(EMD Millipore). GAPDH (1:5,000; cat. no. ab8245; Abcam) 

was used as the internal control. A multimode microplate 
reader (Varioskan LUX; Thermo Fisher Scientific, Inc.) was 
used for densitometry.

Immunofluorescence. Following treatment with or without 
cisplatin for 48 h, cells were seeded onto coverslips and then 
fixed in 4% paraformaldehyde at room temperature for 15 min. 
Cells were washed three times with PBS, permeabilized at 
room temperature for 20 min with 0.5% Triton X‑100 and 
blocked at room temperature for 1 h with 1% BSA. Cells were 
incubated at 4˚C overnight with rabbit polyclonal anti‑VDR 
antibody (1:100; cat.  no.  ab3508; Abcam). After washing 
with PBS, cells were incubated for 2 h at room temperature 
with FITC‑labeled anti‑rabbit secondary antibody (1:5,000; 

Figure 1. HS578T as a cell model for experiments. (A) Relative expression of miR‑181a‑5p in the five breast cancer cell lines. (B) The IC50 of cisplatin and 
(C) inhibition ratio of different concentrations of cisplatin in the five breast cancer cell lines. miR, microRNA.
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Figure 2. Continued.
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cat. no. ab6721; Abcam). Fluorescence microscopy (Olympus 
Corporation) (magnification, 100x) was used to acquire 
images.

Statistical analysis. All experiments were repeated at least 
three times. The data are reported as the mean ± standard 
deviation. Data were analyzed using SPSS 19.0 (IBM Corp.). 
One‑way ANOVA and Tukey's HSD test were used to analyze 
significant differences between groups or among groups. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

HS578T as a cell model for experiments. To select the most 
appropriate cell line suitable for subsequent experiments, the 
relative expression of miR‑181a‑5p and the IC50 of cisplatin 
was assessed in the five types of BC cells (Fig. 1). Since 
HS578T showed average miR‑181a‑5p expression and IC50 

values compared with other cells, this cell line was chosen for 
subsequent experimentation.

miR‑181a‑5p enhances the chemosensitivity of cisplatin by 
regulating biological processes in HS578T cells. To inves‑
tigate whether miR‑181a‑5p affected the therapeutic effects 
of cisplatin by regulating proliferation, migration and apop‑
tosis, miR‑181a‑5p mimics, miR‑181a‑5p inhibitor or control 
was transfected into HS578T cells and then treated with or 
without 30.26 µM cisplatin for 48 h. As shown in Fig. 2A, 

miR‑181a‑5p expression was significantly different among the 
groups, indicating successful transfection. Cisplatin treatment 
increased miR‑181a‑5p expression, which may be due to the 
synergy of the drug. Cell viability was then detected using 
a cell proliferation assay. Following 48 h of treatment with 
cisplatin, compared with the control group, cell viability was 
significantly inhibited in the mimics‑181a group, while the 
cell viability recovered to some extent in the inhibitor‑181a 
group (Fig. 2B). When miR‑181a‑5p is overexpressed, the cell 
invasion ability was weaker compared with the control group. 
Cell invasion ability was recovered in the inhibitor‑181a group 
compared with the control group (Fig. 2C). Subsequently, flow 
cytometry was performed to determine whether miR‑181a‑5p 
overexpression can enhance cisplatin‑induced apoptosis. 
miR‑181a‑5p overexpression increased cisplatin‑induced 
apoptosis compared with the control group. Meanwhile, in the 
inhibitor‑181a group, apoptosis was significantly decreased 
compared with the control group (Fig. 2D).

miR‑181a‑5p potentially enhances cisplatin chemosensitivity 
by negatively regulating VDR. miR‑181a‑5p overexpression 
inhibited the VDR expression in HS578T cells, as shown by 
western blotting (Fig. 3A). However, in the absence of cispl‑
atin, miR‑181a‑5p mimics enhanced VDR expression, which 
may be due to the limited inhibitory effect of miR‑181a‑5p 
alone. Meanwhile, miR‑181a‑5p and cisplatin exerts syner‑
gistic effects to effectively inhibit VDR expression. Inhibition 
of miR‑181a‑5p expression resulted in an increase in VDR 
expression (column 5 vs. column 10). TargetScan prediction 

Figure 2. miR‑181a‑5p enhances cisplatin chemosensitivity by regulating biological processes in HS578T cells. (A) miR‑181a‑5p expression among the groups. 
(B) Cell proliferation was determined using a Cell Counting Kit‑8 assay. (C) Cell invasion ability was determined using a Transwell assay. (D) Cellular apop‑
tosis was determined by flow cytometry. Data were reported as the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01, ***P<0.001 
and ****P<0.0001 vs. control group. NC, negative control; miR, microRNA.

https://www.spandidos-publications.com/10.3892/ol.2021.12508
https://www.spandidos-publications.com/10.3892/ol.2021.12508
https://www.spandidos-publications.com/10.3892/ol.2021.12508


LIN et al:  miR-181a-5p INCREASES THE SENSITIVITY TO CISPLATIN IN BREAST CANCER CELLS6

Figure 3. VDR potentially enhances cisplatin chemosensitivity in HS578T cells. (A) VDR expression determined by western blotting. (B) VDR expression 
determined by immunofluorescence assay (magnification, x100). (C) LC3BI and LC3BII expression in cells was determined by western blotting. Data reported 
as the mean ± standard deviation of three independent experiments. *P<0.05, ***P<0.001 and ****P<0.0001 vs. control group. VDR, vitamin D receptor; NC, 
negative control; LC3BI/II, microtubule‑associated proteins 1A/1B light chain 3B.
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revealed VDR as a potential target gene of miR‑181a‑5p. Since 
vitamin D signals via VDR and is involved with preventing 
cancer (20), the present study focused on investigating VDR. 
To verify the effects of miR‑181a‑5p on VDR expression, 
western blotting and immunofluorescence was performed. 
Western blotting results showed that miR‑181a‑5p overex‑
pression inhibited the expression of VDR levels in HS578T 
cells (Fig. 3A). Immunofluorescence assay showed that VDR 
is located in the cytoplasm, and the expression levels were 
consistent with those observed in western blot assays (Fig. 3B). 
These results indicated that following the administration of 
cisplatin, miR‑181a‑5p directly suppressed the endogenous 
expression of VDR in HS578T cells. Based on the association 
between miR‑181a‑5p with VDR, and since VDR signaling is 
an essential mediator of autophagy, the present study hypoth‑
esized that miR‑181a‑5p might inhibit or induce autophagy 
through regulating VDR. Subsequently, western blotting was 
used for detecting the levels of autophagy. Following cisplatin 
treatment, autophagy levels were lower in the inhibitor‑181a 
group compared with the control group (Fig.  3C). These 
data showed that VDR downregulation enhanced the level of 
autophagy. In conclusion, the results support that miR‑181a‑5p 
overexpression could increase the chemosensitivity of HS578T 
cells to cisplatin by inhibiting VDR‑mediated cell autophagy.

Discussion

There are 280,000 new cases of BC and 66,000 deaths each 
year in China, accounting for 12.2% of all newly diagnosed 
cases and 9.6% of all deaths from BC worldwide (1). With the 
advancement in medical technology, more treatment options are 
available for improving the quality of life of patients with BC. 
As an essential chemotherapeutic agent, cisplatin has success‑
fully enhanced the survival rate of patients with cancer, such 
as gastric (21), testicular cancer (22) and BC (23). However, 
lower cisplatin sensitivity still exists due to chemoresistance 
and leads to poor prognosis (24). Recent studies have indicated 
that altered of miRNAs act as a regulator of chemosensitivity 
in BC, which has become a research focus (25,26).

The present study investigated the potential role of 
miR‑181a‑5p in altering cisplatin resistance in BC (11,12). 
Five types of BC cell lines were chosen to identify a suit‑
able cell line for subsequent experiments, which included 
HS578T, HCC70, MDA‑MB‑231, MDA‑MB‑468 and BT549 
cells. miR‑181a‑5p expression and cisplatin IC50 in these cell 
lines were determined. Finally, HS578T chosen for subse‑
quent experiments, due to the average levels of miR‑181a‑5p 
and cisplatin IC50 measured compared with other cells. 
HS578T cells were transfected of miR‑181a‑5p mimic, 
miR‑181a‑5p inhibitor or control and then treated with or 
without cisplatin. Compared with the control group, the cell 
viability and invasion abilities were significantly inhibited 
in the mimics‑181a group, while viability and invasion was 
recovered to a certain extent in the inhibitor‑181a group. It 
was found that cisplatin treatment in the mimics‑181a group 
resulted in high levels of HS578T cell death. Compared with 
the control group, miR‑181a‑5p overexpression increased 
cisplatin‑induced apoptosis, while in the inhibitor‑181a 
group, apoptosis was significantly decreased. In conclu‑
sion, upregulation of miR‑181a‑5p resulted in an increased 

apoptosis ratio in HS578T cells, while proliferation 
and migration abilities were inhibited. Meanwhile, the 
sensitivity of HS578T cells to cisplatin increased.

TargetScan prediction revealed VDR as a potential 
target gene of miR‑181a‑5p.VDR is expressed in a wide 
variety of tissues. Vitamin D signals through VDR, where 
1,25‑dihydroxy vitamin D3 binds with VDR to modulate 
target gene transcription. In cancer cells, the modulation 
includes preventing cell differentiation and proliferation 
and the regulation of programmed cell death, such as apop‑
tosis and autophagy (27,28). Studies have shown that VDR 
regulates autophagy in luminal BC cells  (29) and other 
cells (16,30). To verify whether VDR can regulate autophagy 
as the target gene of miR‑181a‑5p, immunofluorescence and 
western blot assays were performed. The western blotting 
results showed that miR‑181a‑5p overexpression inhibited 
the expression of VDR levels in HS578T cells, and VDR 
expression significantly increased in the inhibitor‑181a group 
compared with the control group. Immunofluorescence assay 
results were consistent with the western blotting. Due to time 
constraints, luciferase reporter assay was not performed to 
directly prove that miR‑181a‑5p directly suppresses VDR 
expression. However, both western blotting and immuno‑
fluorescence assays results showed that miR‑181a‑5p could 
negatively regulate VDR. A luciferase reporter assay will 
be performed in future studies. LC3 immunoblotting was 
performed to determine cell autophagy. It was shown that 
decreased expression of VDR resulted in the increased 
autophagy of HS578T cells. Additionally, the administration 
of cisplatin increased autophagy in cells. This indicated that 
VDR inhibits the occurrence of autophagy, and the admin‑
istration of cisplatin can increase the levels of miR‑181a‑5p. 
Increasing miR‑181a‑5p expression can increase autophagy. 
As aforementioned, the synergy of miR‑181a‑5p and cisplatin 
can promote HS578T cell apoptosis and inhibit migration. 
Since all tests were performed under the same conditions, 
it can be concluded that the increase in autophagy could 
enhance cisplatin chemosensitivity in HS578T cells.

To conclude, miR‑181a‑5p upregulation could increase 
chemosensitivity to cisplatin, decrease VDR expression and 
result in increased autophagy in HS578T cells. These data 
indicated that there was an inverse association between VDR 
and autophagy. This was consistent with a previously published 
study showing that VDR can directly regulate autophagy in 
BC cells. miR‑181a‑5p increased the chemical sensitivity 
of HS578T cells to cisplatin by inhibiting VDR to promote 
autophagy. However, further research must be performed 
to determine the underlying mechanism. Furthermore, 
miR‑181a‑5p and VDR might be attractive candidates for a 
novel method for overcoming cisplatin resistance in BC.
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