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Abstract. The aim of the current study was to investigate the 
expression and role of microRNA‑486‑5p (miR‑486‑5p) in 
hypertrophic scar (HS) formation, and to examine the associ-
ated mechanisms. First, miR‑486‑5p expression was detected 
in HS tissues and human hypertrophic scar fibroblasts 
(hHSFs) by reverse transcription‑quantitative polymerase 
chain reaction. Target genes of miR‑486‑5p were predicted 
using TargetScan and verified by dual‑luciferase reporter 
assays. To investigate the role of miR‑486‑5p in HS formation, 
miR‑486‑5p was overexpressed in hHSFs through transfection 
with miR‑486‑5p mimics. MTT, cell apoptosis and cell cycle 
assays were preformed to investigate the proliferation, cell 
apoptosis and cell cycle distribution of hHSFs, respectively. 
Additionally, protein expression was measured by western blot 
analysis. The results demonstrated that miR‑486‑5p expression 
was significantly decreased in HS tissues and cells. Mothers 
against decapentaplegic homolog (Smad)2 was a target gene of 
miR‑486‑5p, and it was negatively regulated by miR‑486‑5p. 
It was also found that Smad2 expression was significantly 
increased in HS tissues and cells. Further analysis indicated 
that miR‑486‑5p mimic transfection inhibited the prolifera-
tion, induced cell apoptosis and increased G1/S phase arrest 
in hHSFs. Furthermore, the expression of cyclin‑dependent 
kinase (CDK)2, CDK4 and apoptosis regulator Bcl‑2 was 
repressed, while apoptosis regulator BAX expression was 
enhanced by miR‑486‑5p mimic transfection. Notably, the 
effects of miR‑486‑5p mimic on hHSFs were significantly 
eliminated by Smad2 plasmid transfection. Taken together, 
these results demonstrated that miR‑486‑5p inhibited the 
proliferation, induced apoptosis and increased G1/S phase 
arrest of hHSFs by targeting Smad2. miR‑486‑5p may be a 
promising therapeutic target for HS management.

Introduction

Scars are traces of wound healing and are the end result of 
tissue repair. Large scars, which may be caused by burns, 
lacerations, surgery and vaccination, affect the patient's quality 
of life both physically and psychologically  (1). Excessive 
scarring may occur due to pain, itching and contracture (1). 
Severe trauma, inappropriate wound closure and occasionally 
standard surgery may lead to the formation of atypical raised 
scars, termed hypertrophic scars (HS) (2). HS is characterized 
by excessive growth of dense fibrous tissues (3‑5). At present, 
there are many methods for treating HS, including surgery, 
steroid injection and laser surgery, but the effects remain 
unsatisfactory (6). Recently, the molecular mechanisms of 
HS pathogenesis have been unraveled, thus providing new 
promise for the use of gene therapy to treat HS. Many genes 
that regulate extracellular matrix deposition and fibroblast 
hyperplasia are involved in the development and progression 
of HS. Increasing evidence has indicated that microRNAs 
(miRNAs/miRs) are involved in the progression of HS (7‑10).

miRNAs, a family of small (~22 nt), non‑coding, single 
stranded and highly conserved RNAs, negatively regu-
late the expression of target genes during various cellular 
events, including proliferation, apoptosis and differentiation, 
through binding to the 3'untranslated region (UTR) of target 
genes (11‑14). Dysregulation of miRNA expression is involved 
in various pathophysiological processes, including wound 
healing, and is closely associated with the formation of 
HS (7‑10). MiR‑486‑5p, a well‑studied miRNA in cancer, has 
been reported as a tumor inhibitor in a variety of cancer types, 
including breast, colorectal, lung and gastric cancer (15‑18). 
miR‑486‑5p serves an important role in the regulation of cell 
growth (15,19), and fibroblast hyperplasia is one of the main 
features of HS formation (20). Therefore, it was hypothesized 
that miR‑486‑5p may be involved in HS pathology. To the 
best of our knowledge, the expression and functional role of 
miR‑486‑5p in HS remains unknown. Thus, their relationship 
was investigated in the current study.

A large number of studies have demonstrated a key role for 
transforming growth factor‑β (TGF‑β) in HS formation (21). 
TGF‑β signaling involves mothers against decapentaplegic 
homolog (Smad) proteins (22). During HS progression, Smad2 
upregulation and increased TGF‑β production often occur. 
Silencing of Smad2 gene expression inhibits the TGF‑β 
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signaling pathway and consequently reduces HS formation (23). 
In the present study, Smad2 was predicted as a potential target 
gene of miR486‑5p by bioinformatics software, suggesting a 
role of the miR486‑5p/Smad2 axis in HS formation.

In the present study, the differential expression of 
miR‑486‑5p in HS tissues and cells was determined. Smad2, 
one of the important members of the TGF‑β signaling 
pathway (24), was identified as a direct target of miR486‑5p 
and was upregulated in HS. Smad2 was negatively regulated 
by miR‑486‑5p in human hypertrophic scar fibroblasts 
(hHSFs). Although the relationship between miR‑486‑5p and 
Smad2 in pulmonary fibrosis and lens epithelial cells has 
been studied (25,26), its role in HS is unclear. The present 
study demonstrated that miR‑486‑5p inhibited the prolifera-
tion, increased the apoptosis and induced G1/S phase arrest 
of hHSFs by targeting Smad2. Hyperplasia of fibroblasts is 
one of the main features of HS formation (20). Therefore, the 
current study indicated that miR‑486‑5p may be a promising 
therapeutic target for HS management.

Materials and methods

Clinical samples. A total of 60 HS (during scar excision; 
32‑57 years old; gender ratio, 1:1) and 60 normal control skin 
(NCS; during auto‑skin grafting; 29‑54 years old; gender ratio, 
1:1) tissues were collected from the thigh during biopsies at The 
Eighth People's Hospital of Shanghai between February 2015 
and September 2017. All tissues were immediately stored in 
liquid nitrogen until use. The present study was approved 
by the Ethics Committee of The Eighth People's Hospital of 
Shanghai. Informed consent was obtained from each patient.

Cell culture. hHSFs  (27) were obtained from Shanghai 
Guandao Biological Engineering Co., Ltd. (cat no. C0618; 
Shanghai, China; sgdbio.chemdrug.com), and human embry-
onic skin fibroblasts CCC‑ESF‑1 (; https://www.biomart.
cn/infosupply/30393402.htm?from=search_1) were purchased 
from Shanghai Zibo Biological Technology Co., Ltd. 
(cat no. YB‑ATCC‑3084; Shanghai, China; shybio.biomart.
cn). Both cell lines were cultured in RPMI‑1640 medium 
supplemented with 10% fetal bovine serum (both Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA), 10,000 
units/ml penicillin, and 10,000 µg/ml streptomycin. Prior to 
cell transfection, cells were incubated at 37˚C with 5% CO2 for 
24 h to reach 70‑80% confluence.

Cell transfection. miR‑486‑5p mimics (mimic; sense: CGG​
GGC​AGC​UCA​GUA​CAG​GAU​U; anti‑sense: UCC​UGU​ACU​
GAG​CUG​CCC​CGA​G) and mimic‑control (mimic‑c; sense: 
UUC​UCC​GAA​CGU​GUC​ACU​UTT; anti‑sense: ACG​UGA​
CAC​GUU​CGG​AGA​AAT​T) were obtained from Guangzhou 
RiboBio Co., Ltd. (Guangzhou, China). control‑plasmid 
(control‑p; cat. no. sc‑108083) and Smad2‑plasmid (plasmid; 
cat. no. sc‑421525‑ACT) were purchased from Santa Cruz 
Biotechnology, Inc. (Santa Cruz, CA, USA). To perform cell 
transfection, Lipofectamine® 3,000 (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) was used according to 
the manufacturer's instructions. Cells were transfected with 
50 nM mimic, 50 nM mimic‑c, 50 nM mimic + 2 µl control‑p 
or 50 nM mimic + 2 µl plasmid. Untreated cells were used 

as the control group (control). hHSFs cells were harvested for 
subsequent experimentation 48 h after cell transfection.

Western blot analysis. Total protein from hHSFs was extracted 
using radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology, Haimen, China) 48 h after trans-
fection. A bicinchoninic acid protein assay was performed to 
determine the quality of the protein samples. Equal amount 
of protein (30 µg per lane) were separated by SDS‑PAGE 
(12%  gel) and transferred to polyvinylidene difluoride 
membranes. Membranes were blocked with 5% skimmed 
milk in Tris buffered saline with 0.1% Tween‑20 at room 
temperature for 1.5 h, followed by incubation with primary 
antibodies (Cell Signaling Technology, Inc., Danvers, MA, 
USA) against Smad2 (cat. no. 5339; 1:1,000), cyclin‑dependent 
kinase (CDK)2 (cat. no. 2546; 1:1,000), CDK4 (cat. no. 12790; 
1:1,000), apoptosis regulator Bcl‑2 (Bcl‑2; cat. no.  4223; 
1:1,000), apoptosis regulator BAX (Bax; cat. no. 5023; 1:1,000) 
and β‑actin ( no. 4970; 1:5,000) at 4˚C overnight. Subsequently, 
the membranes were incubated with anti‑rabbit immunoglob-
ulin G horseradish peroxidase‑conjugated secondary antibody 
(cat no. 7074; 1:2,000; Cell Signaling Technology, Inc.) at 
room temperature for 2 h. Finally, protein bands were visual-
ized with an enhanced chemiluminescence detection system 
(Applygen Technologies, Inc., Beijing, China). ImageJ 1.38X 
(National Institutes of Health, Bethesda, MD, USA) was used 
to perform densitometry.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract total RNA from cells and 
tissues. Reverse transcription of RNA into cDNA was 
performed using miScript Reverse Transcription kit (Qiagen 
GmbH, Hilden, Germany) according to the manufacturer's 
instructions. RT‑qPCR was conducted using the SYBR Premix 
Ex Taq™ II (TliRNaseH Plus) kit (Takara Bio, Inc., Otsu, 
Japan) according to the manufacturer's protocol. U6 and 
GAPDH were used as internal control for miRNA and mRNA, 
respectively. Primer sequences for PCR were: GAPDH 
forward, 5'CTT​TGG​TAT​CGT​GGA​AGG​ACT​C3'; reverse, 
5'GTA​GAG​GCA​GGG​ATG​ATG​TTC​T3'; U6 forward, 5'GCT​
TCG​GCA​GCA​CAT​ATA​CTA​AAA​T3'; reverse, 5'CGC​TTC​
ACG​AAT​TTG​CGT​GTC​AT3'; miR‑486‑5p forward, 5'ACA​
CTC​CAG​CTG​GGT​CCT​GTA​CTG​AGC​TGC​CC3'; reverse, 
5'CTC​AAC​TGG​TGT​CGT​GGA​GTC​GGC​AAT​TCA​GTT​
GAG​CCC​CGA​G3'; Smad2 forward, 5'CGT​CCA​TCT​TGC​
CAT​TCA​CG3'; reverse, 5'CTC​AAG​CTC​ATC​TAA​TCG​TC 
C​TG3'. Relative gene expression was analyzed using the 2‑ΔΔCq 
method (28).

MTT assay. hHSFs (5x103 cells/well) were seeded into 96‑well 
plates and cultured at 37˚C with 5% CO2. MTT solution (20 µl) 
was added into each well 48 h after transfection, and the plates 
were incubated at 37˚C for another 4 h. DMSO was used to 
dissolve the purple formazan. Next, optical density at 570 nm 
of each sample was detected using a microplate reader.

Cell apoptosis assay. Following transfection for 48 h, hHSFs 
were subjected to a cell apoptosis assay. hHSFs (106) were 
dyed with Annexin V/propidium iodide (PI) using an apoptosis 
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detection kit (cat. no.  556547; BD Biosciences, Franklin 
Lakes, NJ, USA) for 15 min at room temperature in the dark, 
according to the manufacturer's protocol. At last, cell apoptosis 
was analyzed by flow cytometry (BD Biosciences, Franklin 
Lakes, NJ, USA), and data were analyzed using WinMDI soft-
ware (version 2.5; Purdue University Cytometry Laboratories; 
www.cyto.purdue. edu/flowcyt/software/Catalog.htm).

Cell cycle assay. Transfected hHSFs were seeded in six‑well 
plates (2x105 cells/well) and cultured for 24 h at 37˚C. Following 
treatment with 0.3 µM nocodazole (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) at 4˚C for 24 h, the cells were 
collected, washed with PBS solution, and fixed with cold 70% 
ethanol overnight at ‑20˚C. Subsequently, cells were incubated 
with 10 mg/ml RNase A, 400 mg/ml PI, and 0.1% Triton X at 
37˚C for 15 min. Finally, cell cycle distribution of hHSFs were 
analyzed by flow cytometry, and the percentage of cells within 
each phase of the cell cycle was determined using ModFit LT 
version 4.1 (Verity Software House, Inc., Topsham, ME, USA).

Dual‑luciferase reporter assay. TargetScanHuman 7.1 (www.
targetscan.org/vert_71) was used to predict the target genes 
of miR‑486‑5p, which indicated that Smad2 was potential 
target of miR‑486‑5p. The dual‑luciferase reporter vector 
pmiR‑RB‑REPORT™ (Guangzhou RiboBio Co., Ltd., 
Guangzhou, China) was used in current study. To confirm 
that miR‑486‑5p directly bound to the 3'‑UTR of Smad2, the 
vectors named Smad2‑3'‑UTR‑WT and Smad2‑3'‑UTR‑MUT 
with the wild‑type and mutated 3'‑UTR of Smad2 mRNA 
were constructed. Then, hHSFs were co‑transfected with 
Smad2‑3'UTR‑WT or Smad2‑3'UTR‑MUT, and mimic or 
mimic‑c, using Lipofectamine® 3000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C for 48 h. Luciferase activity was 
subsequently determined using a dual luciferase reporter assay 
system (Promega Corporation, Madison, WI, USA) according 
to the manufacturer's protocols, and was normalized to Renilla 
luciferase activity.

Statistical analysis. Data were presented as the mean ± standard 
deviation of at least three experimental repeats. SPSS software 
version 18.0 (IBM Corp., Armonk, NY, USA) was used to 
perform the statistical analysis. For statistical comparisons, 

one‑way analysis of variance followed by Tukey's post‑hoc 
test, or Student's t‑test were used. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑486‑5p expression is decreased in HS tissues and hHSFs. 
As presented in Fig. 1, it was shown that compared with the NCS 
tissues, the RNA expression of miR‑486‑5p was significantly 
decreased in HS tissues (Fig. 1A). miR‑486‑5p expression was 
also detected in CCC‑ESF‑1 cells and hHSFs, which showed 
that the RNA expression of miR‑486‑5p was significantly lower 
in hHSFs, compared with CCC‑ESF‑1 cells (Fig. 1B).

miR‑486‑5p directly targets Smad2. TargetScan software 
suggested that miR‑486‑5p may bind to the 3'‑UTR of Smad2 

Figure 1. miR‑486‑5p expression is downregulated in HS tissues and cells. Relative miR‑486‑5p expression was determined in (A) HS and paired NCS tissues, 
as well as (B) CCC‑ESF‑1 cells and hHSFs. Data are presented as the mean ± standard deviation. **P<0.01 vs. NCS; ##P<0.01 vs. CCC‑ESF‑1. miR, microRNA; 
HS, hypertrophic scar; NCS, normal control skin; hHSFs, human HS fibroblasts.

Figure 2. Smad2 is a target gene of miR‑486‑5p. (A) TargetScan was used 
to predict the interaction between miR‑486‑5p and the 3'‑UTR of Smad2. 
(B) Luciferase activity was measured with a dual‑luciferase reporter assay. 
Data are presented as the mean ± standard deviation. **P<0.01 vs. miR‑control. 
Smad2, mothers against decapentaplegic homolog 2; miR, microRNA; MUT, 
mutant; UTR, untranslated region; WT, wild‑type; mimic‑c, cells transfected 
with mimic‑control; mimic, cells transfected with miR‑486‑5p mimics; 
LUC, luciferase.
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(Fig. 2A). To confirm the binding site, a dual luciferase reporter 
assay was performed, which indicated that compared with the 
control group, mimic transfection significantly reduced the 
luciferase activity in hHSFs transfected with Smad2‑WT, while 
no significant difference was observed in cells co‑transfected 
with Smad2‑MUT and mimic or mimic‑c, demonstrating that 
miR‑486‑5p directly targets Smad2 (Fig. 2B).

Smad2 expression is increased in HS tissues and hHSFs. As 
presented in Fig. 3, it was found that compared with the NCS 
tissues, the mRNA (Fig. 3A) and protein (Fig. 3B) expres-
sion of Smad2 was significantly increased in HS tissues. The 
mRNA (Fig. 3C) and protein (Fig. 3D) expression l of Smad2 
was also significantly enhanced in hHSFs, compared with the 
CCC‑ESF‑1 cells.

miR‑486‑5p transfection inhibits cell proliferation. To inves-
tigate the role of miR‑486‑5p in hHSFs, miR‑486‑5p mimic, 
mimic‑c, control‑p, Smad2‑plasmid or mimic+plasmid were 
transfected into hHSFs. The transfection efficiency was 
examined by RT‑qPCR 48 h after transfection. miR‑486‑5p 
expression was significantly increased in hHSFs trans-
fected with miR‑486‑5p mimic compared with the mimic‑c 
(Fig. 4A), and Smad2‑plasmid markedly enhanced Smad2 
mRNA expression in hHSFs, compared with the control‑p 
group (Fig. 4B). In addition, the protein (Fig. 4C) and mRNA 
(Fig. 4D) expression of Smad2 in each group was detected. 
Cell proliferation was measured using a MTT assay, and the 
results revealed that mimic transfection significantly inhibited 
the proliferation of hHSFs, compared with the mimic‑c group, 

and this inhibition was prevented by plasmid transfection 
(Fig. 4E).

miR‑486‑5p transfection induces cell apoptosis and G1/S 
phase arrest in hHSFs. Flow cytometry analysis revealed that 
the number of apoptotic cells increased in hHSFs transfected 
with miR‑486‑5p mimic, compared with the control group, 
and this increase was reduced by plasmid co‑transfection 
(Fig. 5A and B). Furthermore, the expression of pro‑apoptotic 
protein Bax and anti‑apoptotic protein Bcl‑2 was measured 
by western blotting. As expected, miR‑486‑5p mimic signifi-
cantly increased Bax and decreased Bcl‑2 protein expression. 
These alterations were eliminated by plasmid overexpression 
(Fig. 5C).

Next, it was determined whether miR‑486‑5p affected the 
cell cycle distribution of hHSFs. As presented in Fig. 6A, a 
marked accumulation of hHSFs in G1/S phase was observed in 
mimic transfected group, suggesting that miR‑486‑5p induced 
G1/S phase arrest in hHSFs. In addition, cell cycle‑associated 
genes expression was determined. It was demonstrated that 
CDK2 and CDK4 were significantly downregulated in hHSFs 
transfected with miR‑486‑5p mimics, compared with the 
control group; plasmid co‑transfection reduced this decrease 
(Fig. 6B).

Discussion

In the present study, it was determined that miR‑486‑5p inhib-
ited hHSF proliferation, induced apoptosis and increased G1/S 
phase arrest by repressing Smad2 expression. It was revealed 

Figure 3. Smad2 expression is upregulated in HS tissues and cells. (A) Smad2 mRNA and (B) protein expression in HS and paired NCS tissues. (C) Smad2 
mRNA and (D) protein expression in CCC‑ESF‑1 cells and hHSFs. Data are presented as the mean ± standard deviation. **P<0.01 vs. NCS; ##P<0.01 
vs. CCC‑ESF‑1. miR, microRNA; HS, hypertrophic scar; NCS, normal control skin; hHSFs, human HS fibroblasts; Smad2, mothers against decapentaplegic 
homolog 2.
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that the miR‑486‑5p/Smad2 axis may act as a potential thera-
peutic target for the treatment of HS.

Normal and pathological wound healing processes are 
complex  (29,30). Histologically, HS is characterized by 
excessive fibroblast and mast cell proliferation, accompa-
nied by excessive extracellular matrix accumulation  (20). 
Unfortunately, the precise pathogenesis of HS remains unclear 
and current treatments for HS are limited (31). It has been 

suggested that abnormal miRNA expression has critical func-
tion in the progression of skin fibrosis (32). Several studies have 
demonstrated the anti‑cancer or tumor promoting effects of 
miR‑486‑5p in various tumors: For example, miR‑486‑5p may 
be involved in prostate cancer progression by negatively regu-
lating several tumor suppressor pathways (33). miR‑486‑5p may 
also promote the development of hepatocellular carcinoma via 
negative regulation of serine/threonine‑protein kinase NEK2 

Figure 4. miR‑486‑5p decreases hHSF proliferation. Transfection efficiency of (A) miR‑486‑5p mimics and (B) Smad2 plasmid was examined by RT‑qPCR. 
(C) Smad protein and (D) mRNA expression was determined in each group by western blotting and RT‑qPCR, respectively. (E) Cell proliferation was 
detected with MTT assays. Data are presented as the mean ± standard deviation; **P<0.01 vs. control; ##P<0.01 vs. mimic. OD, optical density. Smad2, mothers 
against decapentaplegic homolog 2; hHSFs, human hypertrophic scar fibroblasts; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; 
miR, microRNA; control, untreated cells; mimic‑c, cells transfected with mimic‑control; mimic, cells transfected with miR‑486‑5p mimics; control‑p: cells 
transfected with control‑plasmid; plasmid, cells transfected with Smad2‑plasmid.
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Figure 5. miR‑486‑5p increases hHSF apoptosis. (A) At 48 h post‑transfection, flow cytometry was performed and (B) the results were quantified to assess 
the effect of miR‑486‑5p on hHSF apoptosis. (C) The effects of miR‑486‑5p on Bcl‑2 and Bax protein expression were analyzed by western blotting. Data 
are presented as the mean ± standard deviation. **P<0.01 vs. control; ##P<0.01 vs. mimic. miR, microRNA; hHSFs, human hypertrophic scar fibroblasts; 
PI, propidium iodide; FITC, fluorescein isothiocyanate; Bcl‑2, apoptosis regulator Bcl‑2; Bax, apoptosis regulator BAX; control, untreated cells; mimic‑c, 
cells transfected with mimic‑control; mimic, cells transfected with miR‑486‑5p mimics; control‑p: Cells transfected with control‑plasmid; plasmid, cells 
transfected with Smad2‑plasmid.

Figure 6. Effects of miR‑486‑5p on hHSF cell cycle distribution. (A) At 48 h post‑transfection, flow cytometry was used to assess the effect of miR‑486‑5p 
on hHSF cell cycle distribution. (B) Effects of miR‑486‑5p on CDK2 and CDK4 protein expression was analyzed by western blotting. Data are presented as 
the mean ± standard deviation. *P<0.01 vs. control; #P<0.01 vs. mimic. miR, microRNA; hHSFs, human hypertrophic scar fibroblasts; CDK, cyclin‑dependent 
kinase; control, untreated cells; mimic‑c, cells transfected with mimic‑control; mimic, cells transfected with miR‑486‑5p mimics; control‑p: Cells transfected 
with control‑plasmid; plasmid, cells transfected with Smad2‑plasmid.
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expression (34). Youness et al (35) reported that miR‑486‑5p 
acts as a tumor suppressor in hepatocellular carcinoma through 
the repression of essential proteins involved in insulin‑like 
growth factor (IGF) signaling, including IGF‑1 receptor and 
its downstream mediators mammalian target of rapamycin, 
signal transducer and activator of transcription (STAT) 3 and 
proto‑oncogene c‑Myc. Furthermore, transfer of miR‑486‑5p 
from human endothelial colony forming cell‑derived exosomes 
may attenuate ischemic kidney injury (36). miR‑486‑5p may 
suppress TGF‑β2‑induced proliferation of lens epithelial 
cells (26), as well as lung fibrosis (37,38). These reports indi-
cate that miR‑486‑5p may have a potential therapeutic effect 
on HS. Therefore, the present study was conducted.

First, the RNA expression of miR‑486‑5p was detected in 
HS and NCS tissues, as well as in hHSFs and human embry-
onic skin fibroblasts (CCC‑ESF‑1). The results confirmed that 
miR‑486‑5p expression was significantly decreased in HS 
tissues and cells. Then, it was determined that Smad2 was 
direct target of miR‑486‑5p and was negatively regulated by 
miR‑486‑5p in hHSFs. It was also demonstrated that Smad2 
was significantly upregulated in HS tissues and cells. Smad 
proteins are signal transducers and transcriptional modulators 
that mediate multiple signaling pathways. Smad2 mediates 
TGF‑β signaling, thus regulating multiple cellular processes, 
such as cell proliferation, apoptosis and differentiation (37,38). 
The effects of miR‑486‑5p on hHSF proliferation was subse-
quently examined, by transfecting hHSFs with miR‑486‑5p 
mimic. The findings suggested that miR‑486‑5p overexpres-
sion inhibited hHSF proliferation, induced apoptosis and 
increased G1/S phase arrest. Furthermore, it was revealed that 
CDK2, CDK4 and Bcl‑2 expression was repressed, and Bax 
expression was enhanced by miR‑486‑5p mimic in hHSFs. In 
addition, the effects of miR‑486‑5p on hHSFs were eliminated 
by Smad2 overexpression.

To the best of the authors' knowledge, this was the first 
study to reveal that miR‑486‑5p inhibited hHSF proliferation, 
promoted apoptosis and induced G1/S phase arrest through 
the regulation of cell apoptosis and cell cycle‑associated genes 
via Smad2. Thus, miR‑486‑5p may be a useful target for the 
treatment of HS.
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