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MicroRNA-18a-5p represses scar fibroblast
proliferation and extracellular matrix deposition
through regulating Smad2 expression
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Abstract. The aim of the present study was to investigate the
expression and role of microRNA-18a-5p (miR-18a-5p) during
the formation of hypertrophic scar (HS), and to further explore
the molecular mechanisms involved. Downregulation of
miR-18a-5p in HS tissues and human HS fibroblasts (hHSFs)
was detected by reverse transcription-quantitative polymerase
chain reaction. The binding sites between miR-18a-5p and the
3'-untranslated region of SMAD family member 2 (Smad2)
were predicted by TargetScan and confirmed by dual-lucif-
erase reporter assay. To investigate the role of miR-18a-5p in
HS formation, the effects of miR-18a-5p downregulation or
upregulation on hHSFs were subsequently determined. Cell
proliferation was detected by an MTT assay, while cell apop-
tosis was measured by flow cytometry. In addition, the protein
expression levels of Smad2, Collagen I (Col I) and Col III were
examined by western blot assay. The findings indicated that
miR-18a-5p downregulation in hHSFs significantly promoted
the cell proliferation, decreased cell apoptosis and enhanced
the expression levels of Smad2, Col I and Col III protein and
mRNA, whereas miR-18a-5p upregulation in hHSFs exerted
opposite effects. Notably, the effects of miR-18a-5p upregu-
lation on hHSFs were eliminated by Smad2 upregulation. In
conclusion, the data indicated that miR-18a-5p was downregu-
lated during HS formation, and its upregulation repressed scar
fibroblast proliferation and extracellular matrix deposition by
targeting Smad2. Therefore, miR-18a-5p may serve as a novel
therapeutic target for the treatment of HS.
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Introduction

Hypertrophic scarring is a common complication of severe
trauma, burns and surgical operation, resulting in dysfunction
and deformity of the affected parts, which affects the quality
of life of patients (1-3). In the formation and development of a
hypertrophic scar (HS), the main features include the abnormal
proliferation of fibroblasts and inhibition of apoptosis, as well
as the imbalance of extracellular matrix collagen synthesis and
degradation (4-7). Fibroblasts in HS tissue aggregate, and their
number greatly increases. The proportion of Collagen I (Col I)
and Col III proteins (also known as type 1 and type 3 collagen,
respectively) is abnormal and their content is increased during
HS formation, which affects the scar appearance and even
causes severe deformity and dysfunction. Currently, the main
treatment for hypertrophic scar is surgical resection plus
superficial X-ray radiation and dot-matrix laser. However,
surgical treatment may cause secondary damage, and radia-
tion therapy may cause radiation dermatitis, delayed healing
of the incision and risk of skin cancer at the irradiated site (8).
Therefore, it is of great significance to further understand the
mechanism underlying the occurrence of HSs, and to identify
new targets associated with the molecular mechanism for the
prevention and treatment of these scars.

MicroRNAs (miRNAs) are endogenous, non-coding
single-stranded small RNAs of approximately 22 nucleotides
in length (9,10). miRNAs can regulate gene expression through
binding to the 3'-untranslated region (3'-UTR) of target
mRNAs, and have emerged as key players in a wide array of
biological processes, including cell proliferation and apop-
tosis (11-13). An increasing number of studies have reported
that miRNAs are involved in the occurrence and development
of HS (14-17). miR-18a-5p has been studied in several types
of cancer, including osteosarcoma (18,19), glioma (20), breast
cancer (21), prostate cancer (22), malignant melanoma (23),
esophageal carcinoma (24), and renal cell carcinoma (25),
among others. Furthermore, previous studies have revealed
the inhibitory effect of miR-185-5p on cardiac fibrosis (26)
and sub-pleural pulmonary fibrosis (27). However, to the
best of our knowledge, the expression and functional role of
miR-18a-5p in HS formation remain unclear.
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Therefore, the aim of the present study was to investigate
the expression and role of miR-18a-5p in HS formation. Since
fibroblast hyperplasia and extracellular matrix deposition
are the main features of HS formation (28,29), the effect of
miR-18a-5p on scar fibroblast proliferation and extracellular
matrix deposition was further investigated in the current
study in order to explore the underlying mechanism by which
miR-18a-5p is involved in HS formation.

Materials and methods

Clinical samples. A total of 40 HS tissues from 40 patients
who were subjected to scar excision (age range, 27-51 years old;
gender ratio, 1:1) and 40 normal skin tissues from 40 patients
subjected to auto-skin grafting (age range, 28-53 years old;
gender ratio, 1:1) were collected at Peking University Shenzhen
Hospital (Shenzhen, China) between February 2015 and
February 2017. The tissues were immediately stored in liquid
nitrogen until further use. For reverse transcription-quantita-
tive PCR (RT-qPCR) analysis, the tissues were homogenized
using an ultrasonic pulverizer (MSE Soniprep 150 Plus; MSE
centrifuges). Written informed consent was obtained from
each patient enrolled in the present study, and the study was
approved by Human Ethical Committee of Peking University
Shenzhen Hospital.

Cell culture. The human embryonic skin fibroblasts CCC-ESF-1
were obtained from Shanghai Zibo Biological Technology
Co., Ltd. (cat. no. YB-ATCC-3084; Shanghai, China). Human
HS fibroblasts (hHSFs) were provided by Shanghai Guandao
Biological Engineering Co., Ltd. (cat. no. C0618; Shanghai,
China). All cells were grown in Dulbecco's modified Eagle
medium (DMEM; Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) containing 10% fetal bovine serum
(Invitrogen; Thermo Fisher Scientific, Inc.) and incubated at
37°C with 5% CO,.

Cell transfection. hHSFs were transfected with 100 nM
miR-18a-5p inhibitor (5'-CUAUCUGCACUAGAUGCACCU
UA-3'; Guangzhou RiboBio Co., Ltd.), 100 nM inhibitor
control (5'-UUCUCCGAACGUGUCACGUTT-3"; Guangzhou
RiboBio Co., Ltd.), 100 nM miR-18a-5p mimic (sense, 5'-UAA
GGUGCAUCUAGUGCAGAUAG-3' and anti-sense, 5'-AUC
UGCACUAGAUGCACCUUAUU-3"; Guangzhou RiboBio
Co., Ltd.), 100 nM mimic control (sense, 5'-UUCUCCGAA
CGUGUCACGUTT-3' and anti-sense, 5'-ACGUGACAC
GUUCGGAGAATT-3"; Guangzhou RiboBio Co., Ltd.),
1 ug Smad2-plasmid (cat. no. sc-421525-ACT; Santa Cruz
Biotechnology, Inc.), 1 ug control-plasmid (cat. no. sc-108083;
Santa Cruz Biotechnology, Inc.) or 100 nM miR-18a-5p mimic
+ 1 ug Smad2-plasmid using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) in line with the manufacturer's
protocol. At 48 h after transfection, reverse transcription-
quantitative polymerase chain reaction (RT-qPCR) was
performed to determine transfection efficiency.

RT-qPCR assay. In order to collect the total RNA from tissues
or cells, TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) was used in line with the manufacturer's protocol.
RNA concentration was determined using a NanoDrop™

2000c Spectrophotometer (Thermo Fisher Scientific, Inc.).
For miRNA detection, reverse transcription and qPCR were
performed using miScript II Reverse Transcription kit (Qiagen
GmbH) and miSCRIPT SYBR Green PCR Kit (Qiagen
GmbH), respectively, as per the manufacturer's protocols. For
mRNA detection, PrimeScript™ RT reagent kit (Takara Bio,
Inc.) was used for reverse transcription, followed by the SYBR
Premix Ex Tag™ II (Tli RNaseH Plus) kit (Takara Bio, Inc.)
was applied for qPCR analysis, following the manufacturer's
protocol. The thermal cycling conditions were as follows:
35 cycles at 95°C for 15 sec, annealing at 60°C for 1 min,
then chain extension at 72°C for 1 min and a final extension
step at 72°C for 10 min. U6 and GAPDH were used as the
internal controls for miRNA and mRNA, respectively. Primer
sequences for PCR were listed as follows: GAPDH forward,
5"“TTTGGTATCGTGGAAGGACTC-3' and reverse, 5-GTA
GAGGCAGGGATGATGTTCT-3"; U6 forward, 5-GCTTCG
GCAGCACATATACTAAAAT-3' and reverse, 5'-CGCTTC
ACGAATTTGCGTGTCAT-3"; miR-18a-5p forward, 5'-ACG
TAAGGTGCATCTAGTGCAGATA-3' and reverse, 5'-GTG
CAGGGTCCGAGGT-3'; type I collagen forward, 5'-CCC
TGAGTGGAAGAGTGGAG-3' and reverse, 5'-GAGGCG
TGAGGTCTTCTGTG-3'; Type III collagen forward, 5'-GGA
GCTGGCTACTTCTCGC-3' and reverse, 5'-GGGAACATC
CTCCTTCAACAG-3' and Smad2 forward, 5-CGTCCATCT
TGCCATTCACG-3' and reverse, 5-CTCAAGCTCATCTA
ATCGTCCTG-3'. The relative gene expression was quantified
using the 2244 method (30).

Western blot assay. Radioimmunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology) was used to
collect the proteins from cells, and bicinchoninic acid protein
assay was then conducted to quantify the protein concentra-
tion. Equal amount of protein (40 pg/lane) was separated
by 12% SDS-PAGE and then transferred to polyvinylidene
difluoride membranes. Next, the membranes were blocked
with 5% non-fat milk at room temperature for 1.5 h, incubated
with primary antibodies: Smad2 (1:1,000; cat. no. 5339; Cell
Signaling Technology, Inc.), Col I (1:1,000; cat. no. ab34710;
Abcam), Col III (1:1,000; cat. no. Ab7778; Abcam) and [3-actin
(1:1,000; cat. no. 4970; Cell Signaling Technology, Inc.) at
4°C overnight. Subsequently, membranes were incubated
with anti-rabbit horseradish peroxidase-conjugated immuno-
globulin G secondary antibody (cat. no. 7074; 1:2,000; Cell
Signaling Technology, Inc.) at room temperature for 2 h. At the
end of the experiment, an enhanced chemiluminescence detec-
tion system (Applygen Technologies, Inc., Beijing, China) was
used to observe the protein bands. For densitometry detection,
analysis with ImageJ 1.38X software (National Institutes of
Health, Bethesda, MD, USA) was performed.

Dual-luciferase reporter assay. Bioinformatics analysis using
the TargetScanHuman 7.2 tool (www.targetscan.org/vert_72)
was performed to predict the target genes of miR-18a-5p. The
results revealed the binding sites between miR-18a-5p and the
3'-UTR of Smad2. Next, in order to confirm these binding
sites, dual-luciferase reporter assay was conducted (31). Briefly,
the Smad2-WT vector with the wild-type 3'-UTR of Smad?2
mRNA and the Smad2-MUT vector with the mutated 3'-UTR
of Smad2 mRNA were constructed with the dual-luciferase
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Figure 1. miR-18a-5p expression was downregulated in HS tissues and cells. The relative miR-18a-5p expression was determined in (A) HS and paired normal
tissues, and (B) normal CCC-ESF-1 cells and hHSFs. Data are presented as the mean + standard deviation. “P<0.01 vs. normal tissues; “P<0.01 vs. CCC-ESF-1

cells. miR, microRNA; HS, hypertrophic scar; hHSFs, human HS fibroblasts.

reporter vector pmiR-RB-REPORT™ (Guangzhou RiboBio
Co., Ltd.). Subsequently, hHSFs were co-transfected with
miR-18a-5p mimic or mimic control, and with Smad2-WT
or Smad2-MUT using Lipofectamine® 3000 (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufacturer's
protocol. At 48 h after cell transfection, the relative luciferase
activity was measured using a dual-luciferase reporter assay
system (Promega Corporation) following the manufacturer's
protocols. Luciferase activity was normalized to the Renilla
luciferase activity.

MTT assay. To determine cell proliferation, an MTT assay
was performed. Briefly, h(HSFs were seeded into 96-well plates
(1x10* cells per well), and then transfected with miR-18a-5p
inhibitor, inhibitor control, miR-18a-5p mimic, mimic
control or miR-18a-5p mimic + Smad2-plasmid for 48 h.
Next, 20 ul MTT (5§ mg/ml; Sigma-Aldrich; Merck KGaA)
was added to each well and cultured at 37°C with 5% CO,
for a further 4 h. The optical density value at 490 nm was
detected using a microplate reader. Experiments were repeated
three times.

Flow cytometry assay. hHSFs were collected in the loga-
rithmic growth phase and inoculated into 6-well plates at
1x10° cells/well. hHSFs were then transfected with miR-18a-5p
inhibitor, inhibitor control, miR-18a-5p mimic, mimic control
or miR-18a-5p mimic + Smad2-plasmid for 48 h. Then, cell
apoptosis was assessed using the Annexin V-FITC Apoptosis
Detection kit (cat.no.70-AP101-100; MultiSciences, Hangzhou,
China) and a flow cytometer (BD Biosciences, Franklin Lakes,
NJ, USA), according to the manufacturer's protocol. The data
were then analyzed using WinMDI software (version 2.5;
www.cyto.purdue.edu/flowcyt/software/Catalog.htm).

Statistical analysis. Data are expressed as the mean + standard
deviation of experiments conducted at least in triplicate. The
SPSS software, version 18.0 (IBM Corp., Armonk, NY, USA)
was used to perform statistical analysis. Comparisons between
groups were assessed by Student's t-test, or by one-way analysis
of variance and subsequent Tukey's post-hoc test. P<0.05 was
considered to denote a statistically significant difference.

A Position 137-143 of SMAD2 3" UTR 5 ... GUCUCAUCAAUUAAAGCACCULG ...

hsa-miR-18a-5p 3 GAUAGACGUGAUCUACGUGGAAU
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Figure 2. Smad? is a target gene of miR-18a-5p. (A) TargetScan was used
to predict the interaction between miR-18a-5p and the 3'-UTR of Smad?2.
(B) Luciferase activity was measured by conducting a dual-luciferase
reporter assay. Data are presented as the mean + standard deviation. “P<0.01
vs. mimic control. miR, microRNA; WT, wild-type; MUT, mutant; UTR,
untranslated region.

Results

miR-18a-5p is downregulated in HS tissues and hHSFs. In
order to detect the level of miR-18a-5p in HS tissues and
normal skin tissues, as well as in the human embryonic skin
fibroblasts CCC-ESF-1 and hHSFs, RT-qPCR analysis was
performed. The results demonstrated that, compared with
the normal skin tissues, the level of miR-18a-5p was signifi-
cantly downregulated in HS tissues (Fig. 1A). Furthermore,
compared with the normal fibroblasts CCC-ESF-1, the
level of miR-18a-5p in hHSFs was significantly decreased
(Fig. 1B).

Smad? is a target of miR-18a-5p. TargetScanHuman 7.2 was
used to conduct bioinformatics analysis, and the binding sites
between miR-18a-5p and the 3'-UTR of Smad2 were identified
(Fig. 2A). Next, the findings of the dual-luciferase reporter
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Figure 3. Effect of miR-18a-5p inhibitor on hHSFs. The hHSFs were transfected with inhibitor control or miR-18a-5p inhibitor for 48 h. (A) Reverse transcrip-
tion-quantitative polymerase chain reaction was used to detect miR-18a-5p level in hHSFs. (B) MTT assay was performed to detect cell viability. (C) Flow
cytometry was used to detect cell apoptosis, and (D) the cell apoptosis rate was determined. Data are presented as the mean + standard deviation. "P<0.05 and
“P<0.01 vs. control group. miR, microRNA; hHSFs, human hypertrophic scar fibroblasts.

assay indicated that, compared with the mimic control group,
miR-18a-5p mimic transfection significantly decreased the
luciferase activity of hHSFs co-transfected with Smad2-WT.
By contrast, no significant difference was observed in cells
co-transfected with Smad2-MUT and miR-18a-5p mimic
or mimic control (Fig. 2B). These results indicated that
miR-18a-5p directly targets Smad?2.

miR-18a-5p inhibition promotes proliferation, inhibits
apoptosis and enhances extracellular matrix deposition
in hHSFs. Subsequently, in order to investigate the effect
of miR-18a-5p downregulation on hHSFs, the hHSFs were
transfected with inhibitor control or miR-18a-5p inhibitor for
48 h. The RT-qPCR results indicated that transfection with
miR-18a-5p inhibitor significantly decreased the expression
of miR-18a-5p in hHSFs, compared with the untransfected
control and inhibitor control groups (Fig. 3A). Next, it was
observed that, compared with the control groups, miR-18a-5p
inhibitor significantly promoted cell proliferation (Fig. 3B),
decreased cell apoptosis (Fig. 3C and D), and enhanced the

protein (Fig. 4A-D) and mRNA (Fig. 4E-G) expression levels
of Smad2 (Fig. 4A, B and E), Col I (Fig. 4A, C and F), and
Col III (Fig. 4A, D and G) in hHSFs. These findings suggest
that miR-18a-5p inhibitor could enhance extracellular matrix
deposition by hHSFs.

miR-18a-5p upregulation inhibits proliferation, induces
apoptosis and represses extracellular matrix deposition
in hHSFs. Finally, the effect of miR-18a-5p upregulation on
hHSFs was investigated, and hHSFs were transfected with
miR-18a-5p mimic, mimic control or miR-18a-5p mimic
+ Smad2-plasmid for 48 h. In addition, in order to confirm
the transfection efficiency of Smad2-plasmid, hHSFs were
also transfected with control-plasmid or Smad2-plasmid
for 48 h. The results confirmed that miR-18a-5p mimic
transfection significantly increased the level of miR-18a-5p
in hHSFs (Fig. 5A), while Smad2-plasmid transfection
significantly enhanced the mRNA level of Smad2 in hHSFs
(Fig. 5B). Further analysis indicated that compared with the
control groups, miR-18a-5p mimic transfection significantly
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Figure 4. Effect of miR-18a-5p inhibitor on Smad2, Col I and Col III expression levels in hHSFs. The hHSFs were transfected with inhibitor control or
miR-18a-5p inhibitor for 48 h. (A) Western blot assay was used to measure the protein levels of Smad2, Col I and Col IIT in hHSFs. (B) Smad2, (C) Col I and
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mRNA expression levels in hHSFs were measured by reverse transcription-quantitative polymerase chain reaction. Data are presented as the mean + standard
deviation. “"P<0.01 vs. control group. miR, microRNA; hHSFs, human hypertrophic scar fibroblasts; Col, Collagen.

inhibited the proliferation (Fig. 5C) and increased the apop-
tosis (Fig. 5D and E) of hHSFs, while it markedly reduced the
protein (Fig. 6A-D) and mRNA (Fig. 6E-G) expression levels
of Smad?2 (Fig. 6A, B and E), Col I (Fig. 6A, C and F), and Col
III (Fig. 6A, D and G) in hHSFs. Notably, upon co-transfection
of cells with miR-18a-5p mimic and Smad2-plasmid, all the
effects of miR-18a-5p mimic on hHSFs were significantly
reversed by the Smad2 overexpression (Figs. 5C-E and 6).
These findings suggest that miR-18a-5p mimic can reduce
extracellular matrix deposition by hHSFs.

Discussion

In the present study, miR-18a-5p was demonstrated to be
significantly downregulated in HS tissues and hHSFs. In addi-
tion, the results revealed that Smad?2 is a target of miR-18a-5p,
and that it was upregulated in HS tissues and hHSFs. Further
analysis indicated that miR-18a-5p downregulation signifi-
cantly promoted cell proliferation and decreased cell apoptosis,
as well as enhanced the expression levels of Smad2, Col I
and Col III in hHSFs. By contrast, miR-18a-5p upregulation
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Figure 5. Effect of miR-18a-5p mimic on hHSFs. (A) hHSFs were transfected with mimic control or miR-18a-5p mimic for 48 h, and then RT-qPCR was used
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significantly inhibited hHSF proliferation, increased cell =~ miR-18a-5p/Smad2 axis may be a potential therapeutic target
apoptosis, and reduced the expression levels of Smad2, for HS treatment.

Col I and Col III in hHSFs. All the effects of miR-18a-5p HS formation does not only cause cosmetic disfigurement
upregulation on hHSFs were significantly reversed by Smad2  of the human body, but also leads to discomfort, such as pain
overexpression. Taken together, the data suggested that the  and itching, and even serious deformity and loss of function,
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Figure 6. Effect of miR-18a-5p mimic on Smad2, Col I and Col III in hHSFs. The hHSFs were transfected with mimic control, miR-18a-5p mimic, or
miR-18a-5p mimic + Smad2-plasmid for 48 h. (A) Western blot assay was performed to measure the protein levels of Smad2, Col I and Col III in hHSFs.
(B) Smad2, (C) Col I and (D) Col I1I relative protein levels in hHSFs were calculated and are presented as the fold of the control levels. (E) Smad2, (F) Col I and
(G) Col III mRNA levels in hHSFs were measured by reverse transcription-quantitative polymerase chain reaction. Data are presented as the mean + standard
deviation. “P<0.01 vs. control group; P<0.01 vs. mimic group. miR, microRNA; hHSFs, human hypertrophic scar fibroblasts; Col, Collagen.

affecting the patient's quality of life (29,30,32-34). Therefore,
the formation mechanism and treatment methods of HSs have
received increasing attention, and methods for effectively
eliminating scars have great clinical significance. Current
research has confirmed the important role of miRNAs in the
development of skin wound repair and skin diseases (35,36),
while numerous studies have also reported the important
involvement of miRNAs in HS formation (14-17). miR-18a-5p,

which has been well studied in cancer, serves a critical role in
the regulation of cell growth (18-25). As fibroblast hyperplasia
and extracellular matrix deposition are the main features
of HS formation (28,29), it was hypothesized in the present
study that miR-18a-5p may also serve an important role in the
formation of HS.

Initially, the expression of miR-18a-5p in HS and normal
skin tissues was measured, and the results indicated that
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miR-18a-5p was significantly downregulated in HS tissues.
However, it is worth noting that the age of patients who partici-
pated in the current study ranged between 27 and 51 years.
Since age affects the characteristics of scar tissue and the
quality of life of patients (37,38), the wide age range of patients
enrolled in the present study was a limitation of the study. The
level of miR-18a-5p in the human embryonic skin fibroblasts
CCC-ESF-1 and hHSFs was also detected in the current study
using RT-qPCR, and the results indicated that miR-18a-5p was
significantly downregulated in hHSFs. Subsequently, Smad2
was identified to be a target of miR-18a-5p. Consistent with the
findings of a previous study (39), it was observed herein that
Smad2 was significantly upregulated in HS tissues. An earlier
study reported that silencing of Smad2 gene expression was
able to inhibit the TGF-f signaling pathway and thus reduce
HS formation (40). The Smad2/3-TGF-f1 signaling pathway
serves a key role in the regulation of target gene transcription,
matrix protein production (including fibronectin and collagen)
and extracellular matrix synthesis and degradation (41,42).

A previous study demonstrated that miR-486-5p inhibited
the proliferation, induced apoptosis and G1/S phase arrest
in hHSFs by targeting Smad2 (43). In the present study, the
effect of miR-18a-5p on the proliferation of hHSFs was inves-
tigated. Downregulation of miR-18a-5p in hHSFs significantly
promoted the proliferation and inhibited the apoptosis of
hHSFs, whereas miR-18a-5p upregulation inhibited the prolif-
eration and increased the apoptosis of hHSFs. All the effects of
miR-18a-5p upregulation on the proliferation and apoptosis of
hHSFs were significantly reversed by Smad2 overexpression.
Conversely, previous studies have indicated that miR-18a-5p
promoted the cell proliferation in certain epithelial cells (18,25),
while another study has reported that Smad?2 suppressed the
proliferation of epithelial cells. These contradictory results
may be due to the different functions of miRNAs/genes in
different microenvironments, and may also be caused by the
varying sensitivity of different genes to different signaling
pathways under specific conditions. For instance, miR-18a-5p
may inhibit the endothelial-mesenchymal transition and
cardiac fibrosis through repressing Notch2 pathway (26). In
addition, miR-18a-5p induced intrinsic keratinocyte apoptosis
in patients with toxic epidermal necrolysis through downregu-
lating BCL2L10 expression (44). miR-18a-5p was also able to
promote MG-63 osteosarcoma cell invasion and migration
by directly regulating the expression of interferon regulatory
factor 2 (18). However, the specific mechanisms of the different
roles of miR-18a-5p/Smad2 in epithelial cells and fibroblasts
require further in-depth research.

Collagen deposition caused by collagen metabolism
disorder is one of the main pathological bases of HS. Collagen
is the main component of extracellular matrix and is mainly
secreted by skin fibroblasts. Increased expression of Col I and
Col IIT has been detected in the skin scar tissues following
trauma (45). In the present study, the effect of miR-18a-5p on
extracellular matrix production was also explored in hHSFs.
As expected, the data demonstrated that miR-18a-5p down-
regulation significantly enhanced the expression levels of Col I
and Col IIT in hHSFs, while miR-18a-5p upregulation resulted
in the opposite effect. It is worth mentioning that the effects
of miR-18a-5p upregulation on Col I and Col III expression in
hHSFs were significantly reversed by Smad2 overexpression.

However, extracellular matrix deposition was only investi-
gated by western blot assay in the present study, whereas it
would be more appropriate to characterize ECM deposition
using immunochemistry or immunofluorescence, which is
thus a limitation of the present study.

In conclusion, to be best of our knowledge, the present
study is the first to reveal that miR-18a-5p is downregulated
in HS, and that its upregulation inhibited hHSF proliferation,
promoted apoptosis, and reduced Col I and Col III expression
levels in hHSFs by targeting Smad2. Therefore, miR-18a-5p
may serve as a novel target for the diagnosis and treatment of
HS. However, the present study is only a preliminary inves-
tigation of the role of miR-18a-5p in HSs. In order to verify
the study conclusions, more in-depth research is necessary. For
example, the sample size examined was small, and thus the
expression of miR-18a-5p in larger HS tissue samples should
be analyzed. Furthermore, the correlation between the expres-
sion of miR-18a-5p and the clinical features of HS patients,
as well as the expression and role of Smad2 in HS, should be
further investigated. Besides, the specific mechanism of the
positive regulation of Col I and Col III expression levels by
Smad?2 observed in the present study needs further exploration.
Finally, in vivo studies should be performed to confirm these
findings. These issues will be addressed in future studies.
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