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MicroRNA‑615‑5p regulates the proliferation and
apoptosis of breast cancer cells by targeting HSF1
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Abstract. Breast cancer, which commonly occurs in the epithe‑
lium of the mammary gland, is a malignant tumor. MicroRNAs
are involved in various cancer‑associated processes, and
microRNA‑615‑5p has been identified to be decreased in the
pathological tissues from patients with breast cancer. In the
present study, the possible mechanism of microRNA‑615‑5p
in the progression of breast cancer was investigated in order
to identify potential novel targets for clinical treatment. Heat
shock factor 1 (HSF1) was identified as a predictive target
gene of microRNA‑615‑5p using TargetScan analysis. The
expression levels of microRNA‑615‑5p and its target gene,
HSF1, were measured in breast cancer tissues and normal
adjacent tissues. Additionally, the effects of microRNA‑615‑5p
on MCF‑7 breast cancer cell growth and apoptosis were
examined. Furthermore, the interaction between HSF1 and
microRNA‑615‑5p was investigated by a dual luciferase
gene reporter assay. The expression levels of HSF1 were
measured following transfection with microRNA‑615‑5p or
pcDNA3.1‑HSF1. Finally, the expression levels of proliferation‑
and apoptosis‑associated factors such as B‑cell lymphoma 2
(Bcl‑2), cyclin D1, proliferating cell nuclear antigen (PCNA)
and bcl‑2‑like protein 4 (Bax) were determined. The results
demonstrated that lower microRNA‑615‑5p expression and
higher HSF1 mRNA expression were present in tumor tissues
compared with adjacent tissues (P<0.01). HSF1 was verified as
a direct target of microRNA‑615‑5p using the dual luciferase
gene reporter assay. In comparison with untransfected control
and mimic‑transfected negative control (NC) cells, MCF‑7
cells transfected with microRNA‑615‑5p mimics exhibited
reduced cell proliferation and increased apoptosis (P<0.01).
However, the overexpression of HSF1 using a vector reversed
the suppression of HSF1 induced by microRNA‑615‑5p
mimics (P<0.01). The mRNA and protein expression levels
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of Bax were significantly increased, whereas those of Bcl‑2,
cyclin D1 and PCNA were decreased in the cells transfected
with microRNA‑615‑5p mimics compared with the control
and NC cells (P<0.01). Collectively, the present study indicated
that microRNA‑615‑5p may mediate the progression of breast
cancer by targeting HSF1.
Introduction
Breast cancer is a malignant tumor and the second most
common cause of cancer‑associated mortality worldwide (1).
Breast cancer may spread to distant organs via metastasis,
and 90% of breast cancer mortalities are attributable to
metastasis (2). At present, the pathogenesis and mechanism
of breast cancer remain unclear; therefore, elucidation of the
pathogenesis of breast cancer is urgently necessary in order
to determine specific novel targets for the diagnosis and treat‑
ment of breast cancer.
MicroRNAs (miRs) are single‑stranded non‑coding
RNAs that may recognize specific target mRNAs at the
post‑transcriptional level (3). The expression levels of the
target genes are downregulated via the promotion of mRNA
degradation and/or inhibition of the translation process (4).
Furthermore, there is evidence to suggest that microRNAs
may serve as suppressors or promoters in the development
of various types of cancer. For example, the overexpression
of miR‑3196 suppresses breast cancer cell proliferation and
induces apoptosis through targeting ERBB3 (5), whereas
miR‑24‑3p has been reported to promote breast cancer cell
proliferation and inhibit apoptosis by targeting p27Kip1 (6).
In a previous study, microRNA‑615 was identified to be down‑
regulated in breast cancer, suggesting that microRNA‑615 is a
potential tumor suppressor in breast cancer (7). Furthermore,
miR‑615‑5p may also suppress cell proliferation and invasion
in lung cancer (8) and pancreatic ductal adenocarcinoma (9).
However, to the best of our knowledge, the association between
breast cancer and the ectopic expression of microRNA‑615‑5p
has not yet been elucidated.
In the present study, heat shock factor (HSF1) was identi‑
fied as a target gene of microRNA‑615‑5p, and the regulatory
mechanism and expression of microRNA‑615‑5p and HSF1
were examined. The results of the present study demonstrated
that microRNA‑615‑5p may function as a tumor suppressor
and may provide a theoretical basis for the early diagnosis and
treatment of breast cancer.
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Materials and methods
Specimens. A total of 40 pairs of breast cancer tissues and
normal adjacent breast tissues were obtained from Qilu Hospital
of Shandong University (Jinan, China) between June 2015
and January 2016. The patients comprised 40 females, whose
mean age was 47.2±7.3 years. All patients were pathologically
diagnosed with breast cancer (Table 1) and had not received
chemotherapy or radiotherapy prior to the present study.
Written consent was obtained from each patient. The present
study was approved by the Ethics Committee of Qilu Hospital
of Shandong University.
Cell culture. The MCF‑7 human breast cancer cell line (Type
Culture Collection of the Chinese Academy of Sciences,
Shanghai, China) was cultured in RPMI‑1640 (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
with 10% fetal bovine serum (Invitrogen; Thermo Fisher
Scientific, Inc.), and 1% penicillin and streptomycin. The cells
were cultured at 37˚C in a 5% CO2 humidified incubator.
Transfection efficiency of microRNA‑615‑5p. The MCF‑7
cells were divided into three groups: i) Control group
(untreated); ii) negative control (NC) group (transfected with
microRNA‑615‑5p mimics NC); and iii) mimics group (trans‑
fected with microRNA‑615‑5p mimics). The MCF‑7 cells were
seeded onto six‑well plates at a density of 1x105 cells/well,
and 50 nmol/l oligonucleotide (microRNA‑615‑5p mimics
or NC) were subsequently transfected into cells using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. The
microRNA‑615‑5p mimics and NC oligonucleotides were
purchased from Shanghai GenePharma Co., Ltd. (Shanghai,
China). The sequences of the miR‑615‑5p mimics were as
follows: 5'‑GGGG GUCCCCGGUGCUCGGAUC‑3' (sense)
and 5'‑UCCGAGCACCGGG GACCCCCUU‑3' (anti‑sense).
The sequences of the NC were as follows: 5'‑UUCUCCGAA
CGUGUCACGU TT‑3' (sense) and 5'‑ACGUGACACGUU
CGGAGAATT‑3' (anti‑sense).
Transfection efficiency of HSF1. The MCF‑7 cells were divided
into three groups: i) Control group (untreated); ii) pcDNA3.1
group (transfected with pcDNA3.1); and iii) pcDNA3.1‑HSF1
group (transfected with pcDNA3.1‑HSF1). The cells were
seeded onto six‑well plates at a density of 2x104 cells/well, and
2 µg/ml pcDNA3.1 (Thermo Fisher Scientific, Inc., Waltham,
MA, USA) or pcDNA3.1‑HSF1 was subsequently transfected
into the cells using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's protocol.
Vector construction and co‑transfection assay. The
HSF1‑expression vector was constructed by inserting HSF1
into a pcDNA3.1 vector. In brief, HSF1 cDNA was ampli‑
fied by polymerase chain reaction (PCR) from the cDNA of
MCF‑10A cells (Bena Culture Collection, Beijing, China).
The HSF1 cDNA was then inserted into pcDNA3.1 (Thermo
Fisher Scientific, Inc.) to construct a pcDNA3.1‑HSF1 expres‑
sion vector. To evaluate whether or not HSF1 overexpression
attenuates the microRNA‑615‑5p‑induced suppression of
HSF1, MCF‑7 cells were divided into three different groups:

i) NC group (microRNA‑615‑5p mimics NC); ii) mimics
group (transfected with microRNA‑615‑5p mimics); and
iii) mimics + HSF1 group (transfected with microRNA‑615‑5p
mimics and pcDNA3.1‑HSF1). Briefly, cells were seeded onto
six‑well plates at a density of 1x105 cells/well, and co‑trans‑
fected with 50 nmol/l NC or microRNA‑615‑5p mimics with or
without 2 µg/ml pcDNA3.1‑HSF1 using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol.
Analysis of cell proliferation. Following 24 h of transfection,
the cells were washed with PBS, re‑seeded onto a 96‑well
plate at a density of 1x10 4 cells/well and cultured in fresh
RPMI‑1640 medium for 12, 24 or 48 h. Subsequently, a Cell
Counting kit‑8 (CCK‑8) cell proliferation assay was conducted
using the CCK‑8 kit (Dojindo Molecular Technologies Inc.,
Kumamoto, Japan). The absorbance of each well was measured
at 450 nm using a microplate reader.
Analysis of cell apoptosis. At 48 h post‑transfection, the MCF‑7
cells were washed with PBS. An Annexin V‑fluorescein
isothiocyanate (FITC) apoptosis kit (BD Biosciences, San
Jose, CA, USA) was used to quantify apoptotic MCF‑7 breast
cancer cells by flow cytometry (FACSCalibur, BD Biosciences)
using Cell Quest Pro software (version 6.0; BD Biosciences),
according to the manufacturer's protocol.
RNA extraction and reverse transcription‑quantitative PCR
(RT‑qPCR). Total RNA was extracted from patient tissue
samples and MCF‑7 cells using a microRNAeasy kit (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufacturer's
protocol. To quantify the microRNA‑615‑5p and HSF1 mRNA
expression in the 40 paired tumor and adjacent tissue samples
and MCF‑7 cells at 48 h post‑transfection. In total, 2 µl RNA
was isolated from the adjacent and tumor samples and reverse
transcribed into cDNA using the TaqMan MicroRNA RT kit
(Applied Biosystems; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. qPCR step was subsequently
performed using TaqMan Universal Master mix (Thermo Fisher
Scientific, Inc.). In total, 2 µl cDNA, 10 µl TaqMan Universal
Master mix, 1 µl primers and nuclease‑free H2O. The primer
sequences used were as follows: microRNA‑615‑5p forward,
5'‑GCCAGCCACCAAGAAGC‑3' and reverse, 5'‑GCTCCC
GCTGTTTACTCTG‑3'; U6 forward, 5'‑GCTTCGGCAGCA
CATATACTAA AAT‑3' and reverse, 5'‑CGCT TCACGA AT
TTGCGTGTCAT‑3'; HSF1 forward, 5'‑GCCT TCCTGACC
AAGCTGT‑3' and reverse, 5'‑GTCGAACACGTGGAAGCT
GT‑3'; Bcl‑2 forward, 5'‑ACAACATCGCCCTGTG GATGA
C‑3' and reverse, 5'‑ATAG CTGATTCGACGT TTTGCC‑3';
cyclin D1 forward, 5'‑CCTGTCCTACTACCGCCTCA‑3' and
reverse, 5'‑TCCTCCTCTTCCTCCTCCTC‑3'; PCNA forward,
5'‑CTCCAACTTCTGG GCTCAAG‑3' and reverse, 5'‑GTA
AACG GACTGCTGGAGGA‑3'; Bax forward, 5'‑GGAATT
CTGACGG CA ACTTCA ACTG GG‑3' and reverse, 5'‑GGA
ATTCTTCCAGATG GTGAGCGAG G‑3'; GAPDH forward,
5'‑GAAG GTGAAG GTCGGAGTC‑3' and reverse 5'‑GAA
GATG GTGATG GGATTTC‑3'. The thermocycling condi‑
tions used were as follows: Initial denaturation at 95˚C for
10 min; 40 cycles of 95˚C for 10 sec and 62˚C for 15 sec. U6
small nuclear RNA and GAPDH were used as the endogenous

EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 192, 2021

3

Table Ⅰ. Association between miR‑615‑5p expression status and clinicopathological features of patients with breast cancer.

Clinicopathological feature

Cases

Expression level
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
High miR‑615‑5p (n=10)
Low miR‑615‑5p (n=30)

P‑value

Age				0.271
≤60 years
22
4
18
>60 years
18
6
12
Tumor size				
0.000
≥2 cm
29
3
26
>2 cm
11
7
4
Tumor location				
0.361
Left
21
4
17
Right
19
6
13
ER status				
0.714
Negative
22
6
16
Positive
18
4
14
TNM stage				
0.126
I/II
31
6
25
III/IV
9
4
5
Lymph node metastasis				
0.002
Negative
7
5
2
Positive
33
5
28
ER, estrogen receptor; TNM, tumor, node and metastasis.

controls. The relative expression level of microRNA‑615‑5p was
normalized to U6, while the expression levels of HSF1, B‑cell
lymphoma 2 (Bcl‑2), cyclin D1, proliferating cell nuclear antigen
(PCNA) and Bcl‑2‑associated X protein (Bax) were normalized
to GAPDH using the 2‑ΔΔCq method (10).
Western blot analysis. Total protein was extracted from different
groups of treated MCF‑7 cells 48 h post‑transfection using M‑PER
protein extraction reagent (Pierce; Thermo Fisher Scientific, Inc.)
supplemented with a protease mimics cocktail (Thermo Fisher
Scientific, Inc.). Total protein was quantified using the Bradford
method and 10 µg protein/lane was separated via SDS‑PAGE
on a 10% gel (Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. The separated proteins were transferred
onto polyvinylidene fluoride membranes (Shanghai Ofluorine
Chemical Technology Co., Ltd., Shanghai, China) and blocked in
5% nonfat milk for 2 h at 37˚C. The membranes were incubated
overnight at 4˚C with the following primary antibodies: Mouse
anti‑HSF1 (1:1,000; cat. no. ab201978; Abcam, Cambridge,
UK), mouse anti‑Bcl‑2 (1:1,000; cat. no. ab692; Abcam),
rabbit anti‑cyclin D1 (1:100; cat. no. ab16663; Abcam), mouse
anti‑PCNA (1:1,000; cat. no. ab29; Abcam), rabbit anti‑Bax
(1:1,000; cat. no. ab32503; Abcam) and mouse anti‑GAPDH
(1:1,000; cat. no. ab8245; Abcam). Subsequent to washing, the
membranes were incubated for 1 h at 37˚C with horseradish
peroxidase (HRP)‑labeled goat anti‑rabbit IgG (1:1,000;
cat. no. A0208; Beyotime, Shanghai, China) and HRP‑labeled
goat anti‑mouse secondary antibody (1:1,000; cat. no. A0216;
Beyotime, Shanghai, China). Subsequent to washing, 200 µl

Abcam Chemiluminescent Horseradish Peroxidase Substrate
(Abcam) was added to the membrane surface. The signals were
captured and the intensity of the bands was quantified. ImageJ
software (version 1.49; National Institutes of Health, Bethesda,
MD, USA) was used to determine the protein expression levels
of HSF1, Bcl‑2, PCNA, cyclin D1 and Bax relative to those of
GAPDH. GAPDH served as the internal control.
Dual luciferase reporter assay. TargetScan bioinformatics
analysis (www.targetscan.org) was used to identify HSF1 as
a potential target of miR‑615‑5p (11). The 293 cells (Type
Culture Collection of the Chinese Academy of Sciences) were
seeded onto a six‑well plate at a density of 1x105 cells/well
and transfected with the wild‑type (WT) HSF1 3'untranslated
region (UTR; WT HSF1‑3'UTR) or mutant HSF1 3'UTR
(MUT HSF1 3'UTR) in combination with either NC or
microRNA‑615‑5p mimics using Lipofectamine® RNAi Max
(Thermo Fisher Scientific, Inc.). Transfected cells were subse‑
quently incubated at 37˚C for 48 h and the luciferase activity
was examined using a Dual‑Luciferase Reporter kit (Beyotime
Institute of Biotechnology, Haimen, China). Firefly luciferase
activity was normalized to Renilla luciferase activity.
Statistical analysis. SPSS version 22.0 (IBM Corp., Armonk,
NY, USA) was used to analyze the results. Data are presented
as the mean ± standard deviation. Statistical comparisons
between two groups were conducted using Student's t‑test, while
one‑way analysis of variance followed by Newman‑Keuls tests
was used to analyze differences among three or more groups.
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Figure 1. Comparison of the relative expression of miR‑615‑5p and HSF1 in breast cancer tissues and adjacent tissues. Relative expression of (A) miR‑615‑5p
and (B) HSF1 mRNA in breast cancer tissues and adjacent tissues. (C) Results of Pearson's correlation analysis between the expression of miR‑615‑5p and the
expression of HSF1 in patients with breast cancer. **P<0.01, tumor vs. control group. Control, adjacent non‑tumor tissues; tumor, breast cancer tumor tissues;
miR, microRNA; HSF1, heat shock factor 1.

Pearson's correlation analyses were performed to evaluate
the correlation between miR‑615‑5p and HSF1. P<0.05 was
considered to indicate a statistically significant difference.
Results
Expression of microRNA‑615‑5p and HSF1 in breast cancer
and adjacent tissues. Using the online bioinformatics tool
TargetScan, HSF1 was predicted as a potential target gene
of microRNA‑615‑5p. To verify the biological functions of
microRNA‑615‑5p and HSF1 in the development of breast
cancer, the expression levels of microRNA‑615‑5p and HSF1
in the breast cancer tissues and normal adjacent tissues from
40 patients were compared. As presented in Fig. 1A and B,
in tumor tissues the expression level of microRNA‑615‑5p
was significantly decreased (P<0.01) whereas the expression
level of HSF1 mRNA was significantly increased (P<0.01)
compared with the respective levels in the normal adjacent
tissues. Furthermore, Pearson's correlation analysis indicated
that the expression levels of microRNA‑615‑5p and HSF1
were negatively correlated (Fig. 1C; r=‑0.4510, P=0.0035).
Transfection efficiency of microRNA‑615‑5p and HSF1. As
shown in Fig. 2A, the expression level of microRNA‑615‑5p
was significantly higher in the mimics group compared with

the NC group (P<0.01), and no significant difference was
detected between the control and NC groups. Furthermore,
the expression level of HSF1 was significantly increased in
the pcDNA3.1‑HSF1 group compared with the pcDNA3.1 and
control groups (Fig. 2B; P<0.01).
Effect of microRNA‑615‑5p on the proliferation of MCF‑7
cells. A CCK‑8 assay was performed to investigate the effect
of microRNA‑615‑5p on breast cancer cell growth. The results
demonstrated that there was no significant difference in the
proliferation rate between the control and NC groups during
the 48‑h test period (Fig. 3; P>0.05). However, at 24 and
48 h, the cells transfected with microRNA‑615‑5p‑mimics
presented significantly decreased proliferation compared with
the control groups (Fig. 3; P<0.01).
Effect of microRNA‑615‑5p on the apoptosis of MCF‑7 cells.
To investigate the effect of microRNA‑615‑5p on breast
cancer cell apoptosis, an Annexin V‑FITC apoptosis kit was
used to examine the apoptosis of the cells in different groups
(Fig. 4A‑C). The apoptotic rates of the control and NC groups
were ~1.28 and 1.39%, respectively; the rate of apoptosis in
the microRNA‑615‑5p mimics group was ~18‑fold higher, and
was significantly increased compared that in with the control
groups (P<0.01; Fig. 4D).
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Figure 3. Effect of microRNA‑615‑5p on the proliferation of MCF‑7 cells.
Proliferation rate of MCF‑7 cells in different groups. **P<0.01, mimics
vs. NC group. miR, microRNA; control, untransfected cells; mimics,
microRNA‑615‑5p mimics‑transfected cells; NC, microRNA‑615‑5p nega‑
tive control‑transfected cells.

Figure 2. Transfection efficiency of microRNA‑615‑5p and HSF1. Relative
expression levels of (A) microRNA‑615‑5p and (B) HSF1 mRNA in
different groups. **P<0.01, mimics vs. NC group; pcDNA3.1‑HSF1 vs.
pcDNA3.1 group. miR, microRNA; control, untransfected cells; mimics,
microRNA‑615‑5p mimics‑transfected cells; NC, microRNA‑615‑5p nega‑
tive control‑transfected cells; HSF1, heat shock factor 1.

HSF1 overexpression attenuates the microRNA‑615‑5p‑in‑
duced suppression of HSF1. As shown in Fig. 5A, the mRNA
expression level of HSF1 was significantly decreased in
the microRNA‑615‑5p mimics group compared with the
NC group (P<0.01). However, the reduction in HSF1 expres‑
sion was attenuated by the co‑transfection of pcDNA3.1‑HSF1
(P<0.01). The western blotting results for HSF1 protein
presented a trend of variation similar to that of the mRNA
(P<0.01; Fig. 5B and C).
HSF1 is a direct target of microRNA‑615‑5p in breast cancer.
The interaction between HSF1 and microRNA‑615‑5p was
examined using a dual luciferase gene reporter assay. The
results demonstrated that the transfection of microRNA‑615‑5p
significantly restrained the luciferase activity in the
WT HSF1 3'UTR plasmid‑transfected cells (P<0.01), whereas
microRNA‑615‑5p had no significant effect on the MUT HSF1
3'UTR plasmid‑transfected cells (Fig. 6).
Effect of microRNA‑615‑5p on the expression levels of Bcl‑2,
cyclin D1, PCNA and Bax. In order to investigate the effect of
microRNA‑615‑5p on proliferation‑ and apoptosis‑associated
factors, the mRNA and protein expression levels of Bcl‑2,
cyclin D1, PCNA and Bax were tested. The RT‑qPCR data
demonstrate that in the microRNA‑615‑5p mimics group,
the mRNA expression levels of Bcl‑2, cyclin D1 and PCNA

were significantly decreased, whereas the expression level of
Bax was significantly increased compared with the respective
levels in the control groups (P<0.01; Fig. 7). Furthermore, the
protein expression levels exhibited the same trend of variation
as the mRNA results (P<0.01; Fig. 8).
Discussion
In the present study, the effects of microRNA‑615‑5p on the
progression of breast cancer at the cellular level were inves‑
tigated via the transfection of microRNA‑615‑5p mimics into
MCF‑7 cells. The results demonstrated that the overexpression
of microRNA‑615‑5p suppressed the growth and promoted the
apoptosis of MCF‑7 cells. In addition, bioinformatic analysis
predicted that HSF1 was a target gene of microRNA‑615‑5p,
which was confirmed by a dual luciferase reporter assay.
The present study is consistent with previous studies, which
demonstrated that microRNA‑615‑5p functions as a tumor
suppressor (12), whereas HSF1 serves as a tumor promoter (13).
In previous studies, it has been identified that
microRNA‑615‑5p functions as a tumor suppressor in pancreatic
ductal adenocarcinoma (9,14). Furthermore, microRNA‑615
may inhibit prostate cancer cell proliferation and invasion
by directly targeting cyclin D2 (15). MicroRNA‑615 has also
been indicated to be a tumor suppressor that may inhibit breast
cancer carcinogenesis by suppressing RAC‑b serine/threo‑
nine‑protein kinase expression (7). In the present study, the
results of the cell proliferation and apoptosis assays demon‑
strated that microRNA‑615‑5p serves as a tumor suppressor
in breast cancer, which is consistent with the aforementioned
previous studies.
MicroRNAs typically regulate cell proliferation and
apoptosis by targeting specific genes. An association of
HSF1 with oncogenesis has previously been identified (16). A
number of previous studies have demonstrated that HSF1 is
overexpressed in various types of cancer, including hepatocel‑
lular carcinoma (17), colorectal cancer (18), breast cancer (19)
and others (20‑24). In the present study, proliferation‑ and
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Figure 4. Effect of microRNA‑615‑5p on the apoptosis of MCF‑7 cells. Apoptosis of the (A) control group, (B) NC and (C) microRNA‑615‑5p mimics group.
(D) Quantified results of the flow cytometric analysis. **P<0.01, mimics vs. NC group. Control, untransfected cells; mimics, microRNA‑615 mimics‑transfected
cells; NC, microRNA‑615‑5p negative control‑transfected cells.

Figure 5. HSF1 overexpression overcomes the microRNA‑615‑5p‑induced suppression of HSF1. (A) The mRNA expression levels of HSF1 following transfec‑
tion. **P<0.01 as indicated. (B) Representative western blots showing the protein expression levels of HSF1 following transfection and (C) quantified HSF1
protein/GAPDH expression. **P<0.01, mimics vs. NC group; ##P<0.01, mimics + HSF1 vs. mimics group. NC, microRNA‑615‑5p negative control‑transfected
cells; mimics, microRNA‑615‑5p mimics‑transfected cells; mimics + HSF1, cells transfected with microRNA‑615‑5p mimics and pcDNA3.1‑HSF1. HSF1,
heat shock factor 1; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.

Figure 6. MicroRNA‑615‑5p targets HSF1. (A) Sequence alignment of the
paired site of the 3'‑UTR of microRNA‑615‑5p and HSF1. (B) Activity of
the luciferases in different groups. **P<0.01, mimics vs. NC group. miR,
microRNA; WT, wild‑type; mimics, microRNA‑615‑5p mimics‑transfected
cells; NC, microRNA‑615‑5p mimics negative control‑transfected cells;
HSF1, heat shock factor 1; UTR, untranslated region.

apoptosis‑associated factors, namely Bcl‑2, cyclin D1, PCNA
and Bax, were evaluated using RT‑qPCR and western blot
analysis. The results of the western blot analysis indicate that
HSF1 may function as an oncogene in breast cancer.
PCNA is a cell cycle marker that serves a role in the regula‑
tion of the cell proliferation process, and was first identified
by Miyachi et al (25). Several studies have demonstrated that
PCNA upregulation may promote breast cancer cell prolifera‑
tion (26‑28). Furthermore, a study observed that loss of HSF1
reduced the expression of PCNA in vivo (29). Cyclin D1 over‑
expression has been reported to correlate with early cancer
onset and tumor progression (30). Furthermore, cyclin D1 was
found to be overexpressed in breast cancer tissues, suggesting
that it may serve as a potential biomarker (31). A number of
studies have indicated that the suppression of cyclin D1 may
inhibit breast cancer cell proliferation (32‑34). Furthermore,
the forced expression of HSF1 has been shown to increase
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Figure 7. Effect of microRNA‑615‑5p on the mRNA expression levels of proliferation‑ and apoptosis‑associated factors. The mRNA expression levels
of (A) Bcl‑2, (B) cyclin D1, (C) PCNA and (D) Bax. **P<0.01, mimics vs. NC group. Control, untransfected cells; NC, microRNA‑615‑5p negative
control‑transfected cells; mimics, microRNA‑615‑5p mimics‑transfected cells; Bcl‑2, B‑cell lymphoma 2; PCNA, proliferating cell nuclear antigen;
Bax, bcl‑2‑like protein 4.

Figure 8. Effect of microRNA‑615‑5p on protein expression levels of proliferation‑ and apoptosis‑associated factors. (A) The protein expression levels of Bcl‑2,
cyclin D1, PCNA and Bax detected by western blot assay. (B) Quantified protein/GAPDH expression levels in different groups. **P<0.01, mimics vs. NC group.
Control, untransfected cells; NC, microRNA‑615‑5p negative control‑transfected cells; mimics, microRNA‑615‑5p mimics‑transfected cells; Bcl‑2, B‑cell
lymphoma 2; PCNA, proliferating cell nuclear antigen; Bax, bcl‑2‑like protein 4; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.

the expression of cyclin D1 (35). In the present study, it
was identified that the expression levels of HSF1, PCNA
and cyclin D1 were decreased following transfection with
microRNA‑615‑5p‑mimics. Therefore, it is hypothesized that
microRNA‑615‑5p may inhibit breast cancer cell proliferation
by targeting HSF1, which may decrease the expression levels
of PCNA and cyclin D1.
Bcl‑2 is recognized as an important factor with
anti‑apoptotic effects and was originally identified in human
follicular B cell lymphoma (36). Bcl‑2 expression has been
revealed to be downregulated in triple‑negative breast
cancer (37,38). Wang et al (39) demonstrated that HSF1 knock‑
down was able to restrain the expression of Bcl‑2 in breast
cancer. Bax is a proapoptotic protein associated with cell
apoptosis (40,41). The increased expression of Bax has been
confirmed to promote breast cancer cell apoptosis (42,43). In
addition, Lou et al (44) demonstrated that HSF1 knockdown

increased the expression of Bax. The results of the present
study demonstrated that the expression of Bcl‑2 was decreased
whereas that of Bax was increased when the cells were
transfected with microRNA‑615‑5p mimics. Therefore, it
is hypothesized that microRNA‑615‑5p may promote breast
cancer cell apoptosis by targeting HSF1, which may decrease
the expression of the anti‑apoptotic protein Bcl‑2 and increase
the expression of the proapoptotic protein Bax.
However, a previous study reported that insulin‑like
growth factor 2 (IGF2) is directly downstream of
microRNA‑615‑5p (45). MicroRNA‑615‑5p may inhibit
hepatocellular carcinoma cell invasion by directly suppressing
IGF2 (46). In addition, IGF2 has been found to be upregulated
in breast cancer (47), indicating that microRNA‑615‑5p may
also regulate breast cancer cell proliferation and apoptosis
via interaction with IGF2. Therefore, whether or not the
microRNA‑615‑5p/IGF2 axis participates in the regulation of
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breast cancer cell proliferation and apoptosis requires further
investigation. Other studies have indicated that HSF1 is down‑
stream of human epidermal growth factor receptor 2 (HER2)
and could be activated by HER2 (48,49). Therefore, the inter‑
action of microRNA‑615‑5p and HER2 in the regulation of
breast cancer cell proliferation and apoptosis remains unclear
and also requires further investigation.
In conclusion, the present results demonstrated that
microRNA‑615‑5p promoted the apoptosis of breast cancer
cells and inhibited their growth by downregulating the expres‑
sion levels of HSF1, Bcl‑2, PCNA and cyclin D1, and increasing
the expression of Bax. Therefore, targeting microRNA‑615‑5p
is potentially a promising method for the treatment of breast
cancer. However, two limitations remain: i) The underlying
targeted relationship between microRNA‑615‑5p and HER2
requires further elucidation, and ii) further investigation of
HER‑positive breast cancer cell lines is necessary.
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