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MicroRNA-143-3p inhibits hyperplastic scar formation
by targeting connective tissue growth factor CTGF/CCN2

via the Akt/mTOR pathway
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Abstract Post-traumatic hypertrophic scar (HS) is a
fibrotic disease with excessive extracellular matrix (ECM)
production, which is a response to tissue injury by fibrob-
lasts. Although emerging evidence has indicated that
miRNA contributes to hypertrophic scarring, the role of
miRNA in HS formation remains unclear. In this study, we
found that miR-143-3p was markedly downregulated in HS
tissues and fibroblasts (HSFs) using qRT-PCR. The
expression of connective tissue growth factor (CTGF/
CCN2) was upregulated both in HS tissues and HSFs,
which is proposed to play a key role in ECM deposition in
HS. The protein expression of collagen I (Col I), collagen
IIT (Col III), and o-smooth muscle actin (-SMA) was
obviously inhibited after treatment with miR-143-3p in
HSFs. The CCK-8 assay showed that miR-143-3p trans-
fection reduced the proliferation ability of HSFs, and flow
cytometry showed that either early or late apoptosis of
HSFs was upregulated by miR-143-3p. In addition, the
activity of caspase 3 and caspase 9 was increased after
miR-143-3p transfection. On the contrary, the miR-143-3p
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inhibitor was demonstrated to increase cell proliferation
and inhibit apoptosis of HSFs. Moreover, miR-143-3p
targeted the 3’-UTR of CTGF and caused a significant
decrease of CTGF. Western blot demonstrated that Akt/
mTOR phosphorylation and the expression of CTGF, Col I,
Col III, and a-SMA were inhibited by miR-143-3p, but
increased by CTGF overexpression. In conclusion, we
found that miR-143-3p inhibits hypertrophic scarring by
regulating the proliferation and apoptosis of human HSFs,
inhibiting ECM production-associated protein expression
by targeting CTGF, and restraining the Akt/mTOR
pathway.
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Introduction

Hypertrophic scar (HS) is a dermal fibroproliferative dis-
order which usually develops during the healing process
after skin trauma or severe burn injury [1]. It is charac-
terized by excessive extracellular matrix (ECM) deposi-
tion, including collagen, elastin, a-smooth muscle actin (o-
SMA), fibronectin, and matrix-directed proteases and pro-
tease inhibitors [2—4]. This causes a deformed appearance
and contracted neogenic tissue, leading to a serious danger
to the physical and psychological health of patients. Pre-
sently, several methods have been used to prevent and cure
hypertrophic scars, such as surgical excision, radiation
therapy, and steroid injections, but none have proven to be
optimal, and the clinical behavior of hypertrophic scarring
remains unclear. Some research has shown that many dif-
ferent non-coding RNA and growth factors are involved in
the formation of hypertrophic scars [5, 6].
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MicroRNAs (miRNAs) are short (19-24 nt) non-coding
RNAs that play critical roles in many important biological
processes, such as cancerogenesis [7] and fibroblasts acti-
vation [8]. They control target mRNA translation and sta-
bility by binding to regulatory sites that are mostly located
in the 3’-untranslated region (UTR) of transcripts [9].
Furthermore, aberrant expression of miRNAs has been
associated with several pathological processes, including
fibrosis and ECM metabolism in organs including the heart,
kidneys, liver, and lungs [10]. Recently, some miRNAs
have been reported to contribute to hypertrophic scarring or
keloid formation, and differentially expressed miRNAs
have been identified through genomic profiling between
denatured dermis and normal skin (NS), implicating mul-
tiple signaling pathways in wound healing [11]. In partic-
ular, the miR-29 family members (miR-29a, miR-29b, and
miR-29c) have been reported to directly regulate the
translation of various ECM mRNAs, such as the collagen
superfamily [12]. Thus, more studies are needed to further
validate the functional roles of miRNAs and relevant sig-
naling pathway in the pathogenesis of hypertrophic
scarring.

Connective tissue growth factor (CTGF/CCN2) is a
matricellular protein which plays an important role in
promoting fibrosis and scarring in numerous tissues [13,
14]. Overexpression of CTGF has been shown to promote
fibrosis and scar formation in the skin, kidney, liver, brain,
and lung [13]. Baseline CTGF expression is increased in
unstimulated HS fibroblasts, as compared to that in normal
fibroblasts. Furthermore, CTGF has been reported to
mediate the ability of TGF-B1 to stimulate ECM synthesis,
indicating that CTGF plays a critical role in the regulation
of cartilage development and ECM production [15]. On the
other side, it has been reported that both miR-133 and miR-
30 directly downregulate CTGF in models of heart failure
[16], thereby establishing an important role for miRNAs in
the control of structural changes in the ECM. To our
knowledge, the regulation of CTGF by microRNAs
(miRNAs) has not yet been described in hypertrophic
scarring. CTGF is capable of activating the ERK, JNK, and
p38 pathways [17]. In lung fibrosis, CTGF activates the
promoter of collagen type I o2 by a mechanism that is
dependent on the ERK-1/2 and JNK MAPK pathways [18].
One study has demonstrated that the mTOR, Spl, Smad3,
and PI3K signaling pathways activate the expression of
CTGEF in keloid fibroblasts [19]. However, the potential
mechanism by which CTGF stimulates ECM production in
HSs is still not fully defined.

Based on the previous findings in the literature, we first
analyzed aberrant miRNAs expression in HS tissues, and
then we focused on the effect of miR-143-3p on cell pro-
liferation and apoptosis in hypertrophic scar fibroblasts
(HSFs). Furthermore, the signaling pathway of miR-143-
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3p-mediated ECM production was also determined in the
process of hypertrophic scar formation.

Materials and methods
Tissue samples

Thirteen hypertrophic scar (HS) tissues and paired NS
tissues were obtained from 13 different patients, who were
admitted to the Third Affiliated Hospital of Xi’an Jiaotong
University Medical College. All the protocols were
approved by the Ethics Committee of Xi’an Jiaotong
University Medical College. Each patient provided written
informed consent. The collected skin samples were divided
into two portions: one was preserved in liquid nitrogen for
the preparation of total RNA and total protein lysates, and
the other was used for the isolation and culture of
fibroblasts.

Cell culture

Cultures of HSFs and normal skin fibroblasts (NSFs) were
established as previously described [20]. Explants were
maintained in DMEM supplemented with 10 % heat-in-
activated fetal bovine serum and 1 % (w/v) penicillin/
streptomycin in a 5 % CO, humidified atmosphere at
37 °C. Fibroblasts obtained at the third to the fifth passages
were used in this study, unless indicated otherwise.

miRNA microarray

Total RNA was extracted from the hypertrophic scars and
NS of 13 patients. miRNAs were separated from the total
RNA using mirVana miRNA purification columns (Am-
bion, Austin, TX, USA) for miRCURYTM microarray
(Exigon, Vedbaek, Denmark) analysis according to the
manufacturer’s instructions. The miRCURY Hy3™/
Hy5™ Power labeling kit (Exiqon, Vedbaek, Denmark)
was used to detect the signal of miRNA expression. After
hybridization, microarray expression data were acquired
and then analyzed using GENEPIX PRO (Molecular Ware,
Cambridge, MA, USA). Differences between groups were
examined for statistical significance with unpaired Stu-
dent’s 7 tests. A p value <0.05 was considered statistically
significant.

Quantitative real-time PCR

Total RNA was extracted from both NS tissue and
fibroblasts and hypertrophic scars and fibroblasts with
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). For
mRNA quantification, 500 ng of RNA was used for the
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synthesis of cDNA with reverse transcriptase using the
M-MLV First Strand Kit (Taraka, Dalian, China) according
to the manufacturer’s instructions. 1 pL. of cDNA was used
for real-time PCR with GoTaq qPCR Master Mix (Pro-
mega, Madison, WI, USA). For each sample, the relative
mRNA level was normalized to B-actin expression. The
primers for qPCR are listed in Table 1.

For miRNA quantification, the GoScript Reverse Tran-
scription System Kit (Promega, Madison, WI, USA) was
used with the stem loop primer. For each sample, the rel-
ative mRNA level was normalized by U6. The specific
forward primer of miR-143-3p was as follows: 5'-UGA
GAUGAAGCACUGUAGCUC-3'. The forward and
reverse primers for U6 were 5-CTCGCTTCGGCAGCA
CATATACTA-3' and 5-ACGAATTTGCGTGTCATCC
TTGCG-3'. Relative expression levels of miRNA or
mRNA were analyzed using the Bio-Rad C1000 Thermal
Cycler (Bio-Rad, Hercules, CA, USA).

Western blot

Total membranes and nuclear extracts were prepared as
described previously, and protein concentrations were
determined using the BCA assay (Sangon, Shanghai,
China). The dilution of primary antibodies was as follows:
Col I 1:200, Col 1II 1:200, a-SMA 1:350, CTGF, 1:1500,
Akt 1:1000, p-Akt 1:1000, mTOR 1:1000, and p-mTOR
1:1000 (Sigma, St. Louis, MO, USA). Each membrane was
rinsed three times for 15 min and incubated with the sec-
ondary horseradish peroxidase-linked antibodies. B-Actin
was used as loading reference for data analysis.

Construction of the expression vector

For the expression plasmid construct, the wild-type CTGF
cDNA sequence without the 3'-UTR was selected and
cloned into the pcDNA™3.2-DEST vector (Invitrogen,
Carlsbad, CA, USA).

Transfection of miR-143-3p mimic and inhibitor
HSFs were seeded 24 h prior to transfection into 24-well or

6-well plates or 6 cm dishes. An miRNA mimic control,
miR-143-3p mimic, miRNA inhibitor control, or miR-143-

3p inhibitor (Applied Biosystems, Foster City, CA, USA)
was transfected with Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) at a final concentration of 80 nM. The
cells were harvested at 24 h (for RNA extraction), 48 h (for
protein extraction), or 72 h (for apoptosis assays).

Cell Counting Kit-8 (CCK-8) assay

Cell proliferation was measured using the CCK-8 kit (So-
larbio, Beijing, China). In brief, 48 h after transfection with
the miR-143-3p mimic or miR-143-3p inhibitor, HSFs
were seeded at 5 x 10? cells per well in 96-well plates in
triplicate. At 0, 24, 48, and 72 h, 10 pL. of CCK-8 solution
mixed with 90 pLL of DMEM was added to each well. After
2 h of incubation, absorbance was measured at 450 nm.

Apoptosis assay

HSFs were transfected with 80 nM miR-143-3p mimic or
80 nM miR-143-3p inhibitor, and 48 h after transfection,
the cells then were subjected to an apoptosis assay.
Apoptosis was detected by Annexin V/PI staining with an
apoptosis detection kit (BD Biosciences, Franklin Lakes,
NIJ, USA). Briefly, 10° treated cells were incubated with
Annexin V/PI for 20 min at room temperature. Apoptosis
were then analyzed by flow cytometry. The activity of
caspases in HSFs culture supernatants was measured using
caspase 3 and caspase 9 activity kits (R&D Systems,
Minneapolis, MN, USA). The assays were performed
according to the manufacturer’s recommendations.

Luciferase reporter assay

The human CTGF 3/-UTR was amplified and cloned into
the Xbal site of the pGL3-control vector (Promega,
Madison, WI, USA), downstream of the luciferase gene, to
generate the plasmid pGL3-CTGF-3’-UTR. As a control,
the pGL3-CTGF-3'-UTR-mut plasmids were also con-
structed using cDNA fragments containing corresponding
mutated nucleotides for miR-143-3p. For the luciferase
reporter assay, HSFs were co-transfected with the lucifer-
ase reporter vectors and control mimic, miR-143-3p mimic,
control inhibitor, or miR-143-3p inhibitor, using Lipofec-
tamine 2000 (Invitrogen, Carlsbad, CA, USA). A B-actin

Table 1 Sense and antisense

primers used for quantitative Gene Sense primer (5" — 3') Antisense primer (5 — 3')

real-time PCR Col I TCTAGACATGTTCAGCTTTGTGGAC TCTGTACGCAGGTGATTGGTG
Col III CCACGGAAACACTGGTGGAC GCCAGCTGCACATCAAGGAC
a-SMA GACAATGGCTCTGGGCTCTGTAA TGTGCTTCGTCACCCACGTA
CTGF CTTGCGAAGCTGACCTGGAA AGCTCAAACTTGATAGGCTTGGAGA
B-actin AGGGGCCGGACTCGTCATACT GGCGGCACCACCATGTACCCT
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promoter Renilla luciferase reporter was used for normal-
ization. After 48 h, luciferase activity was analyzed by the
Dual-Luciferase Assay System (Promega, Madison, WI,
USA), according to the manufacturer’s protocols.

Statistical analysis

All data are expressed as the mean + SD of results derived
from three independent experiments performed in tripli-
cate. Statistical analysis was performed by Student’s ¢ test
and ANOVA. A difference was accepted as significant if
p < 0.05.

Results

miR-143-3p expression is downregulated and CTGF
expression is upregulated in HS tissues and HSFs

To reveal the potential regulating function of miRNAs in
the formation and development of HS, the miRNA
expression data obtained using miRNA arrays were ana-
lyzed (Table 2). The total RNA extracted from HS tissues
and the matched NS tissues were hybridized with miRNA
microarray chips. 21 miRNAs were significantly differen-
tially expressed: 16 miRNAs were upregulated in HS

Table 2 Fold change of miRNA expression

MicroRNA Fold change
hsa-miR-424-5p_st 167.318
hsa-miR-31_st 163.912
hsa-miR-21_st 12.213
hsa-miR-379_st 11.012
hsa-miR-337-3p_st 10.234
hsa-miR-22-5p_st 10.126
hsa-miR-299-5p_st 10.141
hsa-miR-199a-3p_st 8.214
hsa-miR-542-5p_st 8.001
hsa-miR-134_st 7.256
hsa-miR-493-5p_st 6.874
hsa-miR-214-5p_st 6.255
hsa-miR-155_st 5.231
hsa-miR-34a_st 4317
hsa-miR-203a_st 3.562
hsa-miR-205-5p_st 2.147
hsa-miR-20a_st 0.236
hsa-miR-183_st 0.157
hsa-miR-200b-3p_st 0.102
hsa-miR-143-3p_st 0.048
hsa-miR-200a_st 0.012

miRNA expression in hypertrophic scar versus normal skin tissue
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tissues by more than 2.0-fold, and five miRNAs were found
to be downregulated in HS tissues by more than 2.0-fold.
TargetScan database was used to screen miRNA candidates
targeted CTGF. As a candidate target miRNA of CTGEF,
miR-143-3p showed significantly decreased expression in
HS tissues compared with NS tissues, while both protein
and mRNA expression of CTGF were upregulated in HS
tissues (Fig. 1a). The gqRT-PCR assay showed lower levels
of miR-143-3p expression in HSFs compared to NSFs.
Both protein and mRNA expression of CTGF were
upregulated in HSFs (Fig. 1b). These data suggest that both
the downregulation of miR-143-3p and upregulation of
CTGF are involved in hypertrophic scar formation.

miR-143-3p inhibits the expression of ECM
production-associated protein in HSFs

The mRNA and protein expression of Col I, Col III, and o-
SMA were detected in HSFs after miR-143-3p or miR-143-
3p inhibitor transfection. The expression of miR-143-3p
was significantly increased by transfection with miR-143-
3p, and significantly reduced by transfection with the miR-
143-3p inhibitor (Fig. 2a), suggesting that transfection
efficiency was satisfactory for further analysis. The results
indicated that the treatment with miR-143-3p reduced the
expression of Col I, Col III, and a-SMA mRNA in HSFs.
On the contrary, the miR-143-3p inhibitor upregulated the
expression of Col I, Col III, and a-SMA mRNA (Fig. 2b).
The protein extracted from transfected HSFs assessed by
Western blot indicated that Col I, Col III, and a-SMA were
downregulated, similarly to the expression of mRNA in
transfected HSFs (Fig. 2¢). Thus, these findings imply that
the miR-143-3p inhibit the expression of ECM production-
associated protein in HSFs.

miR-143-3p inhibits the cell proliferation
and promoted apoptosis of HSFs

To further determine the role of miR-143-3p in hyper-
trophic scarring, the CCK-8 assay was used to measure cell
proliferation. It was observed that, 24 h after transfection,
the proliferative ability of miR-143-3p-transfected cells
was decreased, while that of miR-143-3p inhibitor-trans-
fected cells was increased compared to the control cells
(Fig. 3a). The effect of miR-143-3p on cell proliferation
was corroborated and mimicked by its effect on the growth
rate (Fig. 3b), which is consistent with the results of the
CCK-8 assay. Furthermore, flow cytometry analysis
showed that both early apoptosis and late apoptosis were
upregulated in miR-143-3p-transfected HSFs compared to
control cells. Inversely, apoptosis was decreased in miR-
143-3p inhibitor-transfected HSFs compared to control
cells (Fig. 3c). Moreover, the activity of caspase 3 and
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Fig. 1 Expression of miR-143-3p and CTGF in hypertrophic scar
tissues and matched normal skin tissues. a The expression of miR-
143-3p and CTGF were validated in HS tissues and the matched NS

caspase 9 was significantly increased in miR-143-3p-
transfected HSFs but dramatically reduced in miR-143-3p
inhibitor-transfected cells compared to the control cells
(Fig. 3d). These data indicated that miR-143-3p inhibits
cell proliferation and promotes cell apoptosis in HSFs
in vitro.

miR-143-3p directly targets CTGF expression

The potential targets of miR-143-3p were predicted using
computer-aided algorithms in Targetscan. CTGF was
identified as a potential miR-143-3p target gene. The
putative binding site in the 3’-UTR of CTGF is evolu-
tionally conserved among quite a number of species
(Fig. 4a). To verify the binding site, the 3-UTR of CTGF
containing the wild-type or mutated seed-sequence of miR-
143-3p was cloned for use in a firefly luciferase reporter
assay (Fig. 4b). Compared with the control and miR-143-
3p inhibitor, miR-143-3p significantly inhibited the relative
luciferase activity when co-transfected with the CTGF-
UTR reporter plasmid, but miRNA-mediated inhibitory
effects were not observed in the mutant reporter transfected
cells (Fig. 4c). Western blot showed that the protein
expression of CTGF was decreased in miR-143-3p-
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tissues by gPCR and Western blot analysis. b The expression of miR-
143-3p and CTGF validated in NSFs and HSFs by qPCR and Western
blot analysis. **p < 0.01, versus control group

transfected HSFs compared with control HSFs (Fig. 4d).
These results suggest that miR-143-3p suppresses CTGF
expression by directly binding to the 3’-UTR of CTGF.

CTGF overexpression rescues the miR-143-3p-
mediated suppressive effect on ECM production-
associated proteins by promoting Akt/mTOR
phosphorylation

To evaluate the role of Akt/mTOR signaling in miR-143-
3p-mediated CTGF in HSFs, we examined the phospho-
rylation levels of Akt and mTOR in HSFs that had been
transfected with miR-143-3p and exogenous CTGF. miR-
143-3p overexpression downregulated CTGF mRNA and
protein expression and Akt/mTOR phosphorylation,
whereas these effects were restored by eukaryotic expres-
sion vector-mediated delivery of CTGF (Fig. 5a, b). Thus,
the Akt/mTOR signaling pathway, inhibited by miR-143-
3p, was activated by CTGF overexpression. Furthermore,
the mRNA and protein expression of Col I, Col III, and a-
SMA were downregulated in miR-143-3p-transfected
HSFs, but the overexpression of CTGF significantly
counteracted this inhibitory effect (Fig. 5c, d). Taken
together, these data indicate that overexpression of CTGF
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Relative miR-143-3p/U6 expression

Fig. 2 Effects of miR-143-3p on the expression of ECM production-
associated proteins in HSFs. a Expression of miR-143-3p was
detected by qPCR after miR-143-3p or miR-143-3p inhibitor
transfection. b The protein expression of Col I, Col III, and o-SMA

abrogates the reduction in miR-143-3p-induced Akt/mTOR
phosphorylation, suggesting that CTGF is a functional
mediator of the effects of miR-143-3p in HSFs.

Discussion

Hypertrophic scarring is characterized by the overgrowth
of dense fibrous tissue, which results from deep thermal or
traumatic injury to the skin. Aberrant expression of miR-
NAs has the potential to significantly contribute to the
management of cutaneous fibrotic diseases [21]. Twenty-
one miRNAs were significantly differentially expressed in
hypertrophic scars, as indicated by miRNA arrays: 16
miRNAs were upregulated and 5 miRNAs were downreg-
ulated in hypertrophic scar tissues. The altered expression
of miR-21, miR-199a-5p, and miR-200b has been reported
to be involved in the fibrotic process. In addition,
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downregulation of miR-4328, miR-143-3p and miR-145-5p
has been observed in keloid fibroblasts [22]. Our prelimi-
nary data show that miR-143-3p, a candidate target miRNA
of CTGF, showed significantly decreased expression in HS
tissues compared with NS tissues. As we chose to focus on
the miRNAs that are in close association with CTGF, miR-
143-3p was selected and analyzed further. Recent studies
have indicated that increased miR-143 expression sup-
presses cell proliferation and promotes apoptosis of human
prostate cancer cell line PC-3 [23]. Considering the
downregulation of miR-143-3p in HS, miR-143-3p may
have a hypertrophic scar-suppressive role in HS develop-
ment. Thus, we have investigated whether miR-143-3p
could induce ECM production-associated protein expres-
sion, cell proliferation, and apoptosis of HSFs by targeting
CTGF in this study.

Massive collagen synthesis and changes are regarded as
the main characteristics of hypertrophic scar formation. In
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Fig. 3 Effects of miR-143-3p on cell proliferation and apoptosis in
HSFs. a Cell proliferation was measured by the CCK-8 assay. b The
growth rate of HSFs following miR-143-3p or miR-143-3p inhibitor

a previous study, the expression of collagen type I and
collagen type III in HS tissues and HSFs was found to be
significantly higher than in NS tissues and NSFs [24].
Excess deposition of ECM protein by fibroblasts, particu-
larly type I and III collagen is responsible for keloid and
HS formation. o-SMA is a marker of myofibroblasts, which
is responsible for the deposition of collagen and the
pathological formation of HS. In our study, the protein
expression of Col I, Col III, and a-SMA protein was
reduced in miR-143-3p-transfected HSFs by targeting
CTGF, suggesting that miR-143-3p works as an anti-fi-
brotic factor in HSFs.
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transfection. ¢ Apoptosis was assessed by flow cytometry. d The
activity of caspases 3 and 9 was detected by caspase 3 and caspase 9
activity kits. **p < 0.01 versus control group

miRNAs are involved in proliferation and apoptosis in
many cells types [6], although their roles in hypertrophic
scarring are only beginning to be investigated. Thus, we
investigated the effects of miR-143-3p on HSF prolifera-
tion and apoptosis, and the results showed that miR-143-3p
inhibited proliferation and promoted apoptosis of HSFs.
Moreover, increased expression of CTGF was observed in
HS tissues and HSFs in this study. Recombinant CTGF
potentially enhances the synthesis of ECM proteins, such
as collagen or fibronectin [25]. In addition to a direct
fibrogenic effect, CTGF can exacerbate TGF-B-induced
fibrosis by activating TGF-f§ and SMAD signaling through
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Fig. 4 Identification of CTGF as a target of miR-143-3p. a Putative
binding site of miR-143-3p within the 3’-UTR of CTGF. The binding
site sequences are highly conserved across different species. b Ac-
cording to the sequence of the miR-143-3p binding site within the 3'-
UTR of human CTGF, a luciferase reporter with either the wild-type

promoting the association of TGF-f with its receptor [26].
miRNAs control target mRNA translation and stability by
binding to regulatory sites. Research has found that miR-
181c and miR-10a are differentially expressed and target
uPA and PAI-1 in HSFs, respectively. Thus, the miR-183
inhibitor and miR-10a could induce the degradation of
ECM to reverse the HS [27]. Considering the miR-143-3p
downregulation and CTGF upregulation observed in HS,
we propose that CTGF is a target gene of miR-143-3p in
HSFs. Our findings suggest that miR-143-3p regulates the
expression of CTGF at both mRNA and protein levels by
directly binding to the 3'-UTR of CTGF. Thus, our results
indicate that miR-143-3p mediates the proliferation and
apoptosis of HSFs, and downregulates the CTGF expres-
sion by targeting CTGF directly in HSFs.

The Akt pathway has essential roles in cell proliferation
and apoptosis. A previous study has demonstrated that the
Akt/mTOR signaling plays an importance role in the
development of fibrosis associated with diabetic
nephropathy [28], and the mTOR and PI3K signaling
pathways have been demonstrated to activate the expres-
sion of CTGF in keloid fibroblasts [19]. Our results indi-
cate that the Akt/mTOR signaling pathway was inhibited
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or mutant sequences of CTGF 3’-UTR was constructed, using the
pGL3 vector. ¢ Relative luciferase activity in HSFs was measured
after 48 h transfection. d Western blot analysis was used to evaluate
the expression of CTGF in HSFs. **p < 0.01 versus control group

by miR-143-3p; however, the overexpression of CTGF
significantly counteracted the inhibitory effects of miR-
143-3p. Furthermore, the downregulated expression of Col
I, Col III, and a-SMA was also rescued by CTGF over-
expression. Taken together, these results suggest that miR-
143-3p mediates the formation of HS, partly attributable to
Akt/mTOR inhibition by targeting CTGF.

Hypertrophic scars is a universal response to traumatic
insult, but it is insufficiently studied in tissue regeneration.
In human, hypertrophic scars is fibroproliferative disorder
of excessive wound healing, which is a programmed pro-
cess that includes inflammation, proliferation, maturation,
and reshaping [13]. Binding of CTGF to fibronectin facil-
itates adhesion and migration of fibroblasts on fibronectin,
which plays an important role in wound healing and tissue
repair [29, 30]. Our study indicates miRNA-143-3p over-
expression could inhibit hypertrophic scarring by decreas-
ing ECM production-associated protein expression trough
targeting CTGF. It is demonstrated that miR-143 inhibits
IL-13-induced inflammatory cytokine in nasal epithelial
cells [31]. Thus, we suspect that inflammatory process is
involved in miR-143-3p-mediated effects on formation of
hypertrophic scarring. Inflammatory cytokines, such as IL-
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Fig. 5 Inhibition of CTGF overexpression attenuates the effect of
miR-143-3p on ECM production-associated protein. a Western blot
analysis was used to evaluate the phosphorylation of Akt and mTOR
on HSFs. b Densitometric analysis of Akt and mTOR phosphorylation
in each group. ¢ Western blot analysis was used to evaluate the

1B, IL-6, and TNF-a, can promote fibroblast proliferation
and the synthesis of ECM [32]. In the progression of renal
fibrosis, TNFa-combined with TGF-f increases CTGF
levels and reduces mesangial cells proliferation [33]. The
increased level of CTGF mRNA also contributes to the
liver regeneration in liver injury rats [34]. Besides, a pre-
vious study indicated that miRNA-132 is a critical regu-
lator of skin wound healing, which facilitates the transition
from the inflammatory phase to the proliferative phase in
epidermal keratinocytes [35]. Moreover, the regulatory role
of miRNA-143 in cardiac remodeling has been identified in
a previous study [36]. According to these findings, we
conclude that miR-143-3p and CTGF play important roles
in tissue repair, which may be associated with the inflam-
matory process. Further experimental verification is needed
to demonstrate that.

In conclusion, this study shows that miR-143-3p affects
hypertrophic scarring by decreasing ECM production-as-
sociated protein expression by targeting CTGF via the Akt/

Protein expression (% of control)
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expression of CTGF, Col I, Col III, and o-SMA on HSFs.
d Densitometric analysis of CTGF, Col I, Col III, and a-SMA
protein expression in each group. *p < 0.05 versus control group.
#p < 0.05 versus miR-143-3p group

mTOR pathway, as well as by inhibiting proliferation and
promoting apoptosis of HSFs. Thus, our study provides
evidence to determine that miR-143-3p may be a useful
target for the management of hypertrophic scarring.
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