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miR-491-5p Inhibits Emilin 1 to Promote Fibroblasts Proliferation
and Fibrosis in Gluteal Muscle Contracture via TGF-f1/Smad2
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Summary
Gluteal muscle contracture (GMC) is a chronic fibrotic disease of
gluteal muscles due to multiple etiologies. Emilin 1 plays
a determinant role in fibers formation, but its role in the
progression of GMC remains unclear. The present study was
aimed to search for the predictive role and regulatory mechanism
of Emilin 1 on GMC. Here, Protein and mRNA expression of Emilin
1 were decreased in GMC tissues compared to normal muscle
tissues. Using the analysis of target prediction, Emilin 1 was
observed to be a potential downstream sponge of miR-491-5p. In
comparison to Emilin 1, miR-491-5p showed an aberrant
elevation in GMC tissues, which was further proven to have
a negative correlation with Emilin 1. The direct binding of
miR-491-5p to Emilin 1 mRNA was confirmed by luciferase
reporter gene assay, and miR-491-5p mimics inhibited, while
miR-491-5p inhibitor promoted the protein expression and
secretion of Emilin 1 in contraction bands (CB) fibroblasts.
Additionally, miR-491-5p mimics promoted the expression of
cyclin-dependent kinase 2 and cyclin D1 and the proliferation of
CB fibroblasts,
overexpression.

which could be reversed by Emilin 1

Mechanistically, miR-491-5p mimics possibly
activated transforming growth factor B1 (TGF-B1)/Smad3 signal
cascade via binding to 3’-untranslated region of Emilin 1 mRNA,
thereby promoting the progression of fibrosis of CB fibroblasts.
Collectively, miR-491-5p inhibited Emilin 1 expression, and

subsequently promoted CB fibroblasts proliferation and fibrosis

via activating TGF-B1/Smad3 signal axis. MiR-491-5p might be
a potentially effective biomarker for predicting GMC, providing
a novel therapeutic strategy for GMC.
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Introduction

Gluteal muscle contracture (GMC) is akind of
fibrotic disease, featured by degeneration and contracture
of gluteal muscle fibers and fascia [1]. GMC is first
reported in 1970, and there appear numerous cases in
recent decades worldwide. Various causes and
pathogenesis have been hypothesized, the most common
reason is supposed to be repeated intramuscular injections
into the buttocks [2]. GMC is diagnosed mainly through
clinical features such as

and radiology computed
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tomography (CT), magnetic resonance imaging (MRI) and
ultrasound (USG) [3]. For the treatment of GMC, there are
four commonly used options including non-operative
treatment, different operative treatments, programmed
rehabilitation and physiotherapy, and the preferred strategy
for advanced GMC patients is surgical operation even
though its effect is poor [3-4]. Therefore, it is urgent to
screen novel predicting biomarkers to contribute to the
diagnosis, treatment and drug development of GMC.
Elastin microfibril interfacer 1 (Emilin 1) is
characterized by the N-terminal microfibril interface
domain, the coiled a-helix domain, the collagen domain
and the
responsible  for

C-terminal spherical Clq domain and is

encoding the extracellular matrix
glycoprotein [5]. Emilin 1 is related to elastic fibers
formation at the interface between elastin and microfibers,
and may play a role in the formation of elastic tissues,
including large blood vessels, dermis, heart, and lung
organs [6]. Emilin 1 deletion leads to formation of elastic
fibers which is related to contracture progression [7-8]. It is
reported that, compared with the textured tissues, the
smoother tissues are proven to produce more contractures
which

myofibroblasts found in the smooth tissues [8]. In aortic

is attributed to more fibrils of elastin and

valve disease, Emilin 1 deficiency leads to early valve
interstitial cell activation and proliferation, and leads to late
myofibroblast-like cell activation and fibrosis [9]. Thus,
Emilin 1 reduction might contribute to muscle fibrosis and
contracture formation, both of them are the major
characteristics of GMC. However, whether Emilin 1
involves an ability to regulate the formation of GMC needs
to be further clarified.

Transforming growth factor-beta (TGF-B) has
been reported to independently serve as an effective tissue
fibrosis factor by stimulating several signal cascades
[10-11]. The most typical signal axis mediated by TGF-f is
based on Smad-2/3, which activation is proven to function
in pro-fibrotic progression [12]. In dupuytren contracture,
TGF-f acts as a stimulator for extracellular matrix
deposition and fibroblast proliferation [13]. Of note,
TGF-B1, TGF-B3 and collagens are elevated in the
development of GMC [14], and TGF-f1/Smad2 signal axis
is confirmed to have a stimulating effect on GMC disease
[15]. Furthermore, Emilin 1 has been reported to inhibit
TGF-B signaling via specifically binding to the proTGF-f
[16].
Emilin 1-depleted null mice appear activated vascular

precursor Some studies demonstrate that

TGF-B signaling and suffer from hypertension [17].
Possibly, Emilin 1 also participates in the formation of

GMC via TGF-p/Smad2/3 signaling cascades.

miRNAs are key players in fibrotic disease
[18-19]. Integrated miRNA expression analysis provides
several potential dysregulated miRNAs in liver fibrosis
[20]. In muscle-related diseases, miR-133b depletion
inhibits fiber
proliferation and differentiation in pathogenesis of
duchenne muscular dystrophy [21]. MiR-378 deletion
[22].
Noticeably, several miRNAs have been proposed as the
effective diagnostic biomarkers for GMC. MiR-29a exerts
protective effect against fibrogenesis in GMC [23].

muscle regeneration, satellite cell

attenuates muscular dystrophy in MDX mice

Therefore, muscle miRNAs are a potentially useful and
reliable biomarkers for early diagnosis of muscle fibrosis-
related diseases. The screening of some potent candidate
miRNAs can facilitate the diagnosis and treatment of
GMC.

Herein, the expression pattern of Emilin 1 and
miR-491-5p and their association in GMC tissues were
observed. Emilin 1 was possibly the downstream sponge of
miR-491-5p, thereby taking part in the proliferation and
fibrosis progresses in contraction bands (CB) fibroblasts.
Our results contributed to the discovery of potential
biomarkers and therapeutic target for GMC.

Materials and methods

Clinical specimens

This study was approved by the ethics committee
of the First Affiliated Hospital of Xiamen University. All
patients had signed informed consent. Human fresh
contraction bands (CB) tissues were collected from GMC
patients (n=15) who received CB releasing surgery
according to previous study [23]. The clinical features of
the cohort were presented in Table 1. Gluteal muscle
contracture tissues and matched adjacent normal muscle
tissues were gifted from Guangdong General Hospital and
Peking University Shenzhen Hospital. Briefly, part of CB
tissue samples were embedded by paraffin for
immuohistochemistry. The rest of CB tissues were used to

perform protein and total mRNA extraction.

Immunohistochemistry (IHC)

Tissue sections were deparaffinized and
immersed in xylene for 20 minutes, followed by the
dehydration with a gradient of absolute ethanol. After three
times washing with phosphate buffered solution-Tween 20
(PBST), 3 % H202 was used to incubate with the sections

for 5-10 minutes to remove endogenous peroxidase. Then,
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the slices were rinsed with PBS for 2-5 min and
subsequently blocked with 5% BSA for 1 h. Then, the
slices were incubated with primary antibody against Emilin
1 (1:200, ab243324, Abcam) at 4 °C overnight. The slices
were washed three times with PBS, followed by incubation
with horseradish peroxidase (HRP)-conjugated secondary
antibody (1:5,000, BOSTER Biological Technology,
BA1054). DAB
20 second and then the slices were counterstained with

chromogenic agent was added for
hematoxylin. In the end, the slices were dehydrated,

transparentized, and sealed, and the photos were captured
by the microscope (OLYMPUS, BX53).

Table 1. Clinical features of GMC patients

Gluteal muscle contracture

(GMO)
Gender
Male 6
Female 9
Age 31.05+0.974
Weight (kg) 58.24 +3.023
Disease type
Bilateral GMC 15
Unilateral GMC 0
Treatment Arthroscopic release

Cell isolation and culture

Fresh CB tissues were used for human CB
fibroblasts isolation. Cells were isolated as previously
described and cultured in Dulbecco’s modified Eagle's
medium (DMEM) complemented with 10 % Fetal Bovin
Serum, 10 pg/ml gentamicin (15750078, Invitrogen, USA),
and 10 mg/ml amphotericin B (R01510, Invitrogen, USA).

Table 2. Primer sequences of gRT-PCR

When the
confluence of cells was up to 80 %-90 %, cells were

Medium was changed every two days.

transfected with miR-491-5p mimics/inhibitors or plasmids
and the transfected cells were collected for further
experiments.

ELISA

Emilin 1 levels in CB tissues, and TGF-BI,
TGF-f3 and CTGF levels in CB fibroblasts were
determined by ELISA
instruction. In brief, the supernatants of lytic CB tissues or

according to manufacture
fibroblasts were used to monitor the concentration of
fibrogenic cytokines using Emilin 1 (HZ-2997, Shanghai,
CN), TGF-B1 kits (88-8350-22, Invitrogen, US), TGF-B3
kits (KA4402, Abnova, US) and CTGF Kkits
(ABIN6730903, Abnova, US). Finally, the optical density
(OD value) was measured with amicroplate reader
(Thermo, MULTISKAN MK3) at the wavelength of
450 nm.

RNA extraction and quantitative real-time PCR

Total RNA was extracted from CB tissues or
fibroblasts with Trizol reagent (15596-026, Ambion) and
the miRNeasy Mini Kit (Qiagen, Germany), respectively.
For cDNA synthesis, 1,000 ng RNA in 20 pl reaction
volume were used to perform reverse transcription using
aHiScript Reverse Transcriptase kit (R101-01/02,
VAZYME). QRT PCR was performed utilizing SYBR
Green Master Mix (Q111-02, VAZYME) by a Real-Time
PCR Detection System (ABI, Quant Studio 6). Stem-loop-
specific primer method was applied to measure expression
levels of miR-491-5p. Primer sequences were showed as
Table 2. Gapdh and U6 were used as internal reference
gene. Relative gene levels were calculated using the
2-"*Ct method.

Gene name Forward (5°-3°) Reverse (5°-3°)

Collagen I GTCGAGGGCCAAGACGAAG CAGATCACGTCATCGCACAAC
Collagen 111 TGGTCCCCAAGGTGTCAAAG GGGGGTCCTGGGTTACCATTA
aSMA GTGTTATGTAGCTCTGGACTTTGAAAA GGCAGCGGAAACGTTCATT
Emilin 1 ACGCTGGAGGGATTACAAGA TCAGCCGTAGTGTGAACTCTG
Elastin GGCCATTCCTGGTGGAGTTCC AACTGGCTTAAGAGGTTTGCCTCCA
[f-actin CTCCATCCTGGCCTCGCTGT GCTGTCACCTTCACCGTTCC

Uo6 CTTCGGCAGCACATATAC GAACGCTTCACGAATTTGC
miR-491-5p GGAGTGGGGAACCCTTCC GTGCAGGGTCCGAGGT
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Western blot

Total protein was extracted using RIPA lysis
buffer. For CB tissues, tissue homogenates were collected
and lysed with RIPA lysis buffer. For cultured fibroblasts,
total protein was obtained using whole cell lysis after
sonicating for 15 s. Bicinchoninic acid assay (BCA) assay
was applied to determine the protein concentration. 20 pg
protein were separated in a 10 % sodium dodecyl sulfate-
polyacrylamide gel -electrophoresis (SDS-PAGE) and
transferred onto polyvinylidene fluoride membranes
(IPVH00010, Millipore, Billerica, MA, US). After
blocking with 5 % no-fat milk that diluted in 0.1 % TBST
for 1.5 h at room temperature, bands were incubated with
primary antibodies against Emilin 1 (1:1000, ab243324,
Abcam), CDK2 (1:1000, 18048S, Cell Signalling
Technology), Cyclin D1 (1:1000, 55506S, Cell Signalling
Technology), p-Smad2 (1:1000, 18338S, Cell Signalling
Technology), Smad2 (1:1000, 5339S, Cell Signalling
Technology), and TGF-B1 (1:1000, 3709S, Cell Signalling
Technology) at 4 °C overnight. Subsequently, bands were
washed three times with TBST and incubated with HRP-
conjugated secondary antibodies (1:5,000 in TBST) for 1 h
at room temperature. Finally, immunoblots were then
incubated with ECL chemiluminescence reagent kit and
XRS+System  (Bio-Rad,
Hercules, CA, USA). Image j software was applied to

visualized with ChemiDoc

determine the intensity of each band.

Plasmids construction and transfection

Coding sequence (CDS) frangents of Emilin 1
gene was amplified using cDNA extracted from HEK-
293T cells and then sub-cloned into virus pBOBi vector.
For lenti-virus packaging, HEK293T cells were firstly
seeded in culture plates and co-transfected with lenti-viral
vectors and packaging vectors including pMDL, VSVG,
and REV at aratio of 10:5:3:2 using polyethylenimine
linear (PEI, 40816ES03, Yeasen, Shanghai, CN). After 48
h of transfection, medium were collected, concentrated and
then added to CB fibroblasts in the presence of 10 pg/ml
polybrene (Sigma, H9268) with fresh complete DMEM
medium at a ratio of 1:1. Medium was replaced after 24 h.
MiR-491-5p mimics and inhibitors were synthesized by
RiboBIO Co., LTD (Guangzhou, CN) and subsequently
transfected into fibroblasts with LipofectamineTM 2000
(Invitrogen, 11668-019) for 48 h when the confluence
reached more than 80 %.

Dual-luciferase assay
Untranslated regions sequence (3’-UTR) of Emilin
containing miR-491-5p binding domain and its mutant

sequence were synthesized by RiboBIO Co., LTD and
inserted into the pYr-MirTarget basic vector. Plasmids were
co-transfection into CB fibroblasts with the Lipofectamine
2000 transfection reagent (Invitrogen, 11668-019). After
treated with 48 h, cells were lysed in a reporter lysis buffer
(Promega, E1910, US). The firefly luciferase activities were
measured with the Dual-Glo Luciferase Assay System
(Promega) in a single channel luminometer. The relative
luciferase activity was calculated as the ratio of firefly
luciferase activity to renilla luciferase activity.

CCKS assay

Cell Counting Kit-8 (CCK8, MCE, HY-K0301,
US) was employed to determine cell viability. In brief,
primary human CB fibroblasts were inoculated into 96-
well plates (1 x 103 cells per well) for indicated time points
(24h, 48h and 96h). Subsequently, 10 uL. CCK-8 solution
was added to each well followed by 2 h incubation.
Finally, the absorbance of each sample was measured at
a wavelength of 450nm wusing a microplate reader
(Thermo, MULTISKAN MK23).

Statistical analysis

All experiments were performed thrice at least.
All data were presented as means = SD. Differences
between groups were tested using Student’s t-test or one-
way ANOVA followed by Tukey’s post hoc tests by
Graph Pad Prism software (version 9.0). Correlation
analysis was performed by Pearson's coefficient using
SPSS software (version 25.0). P value < 0.05 was
considered as significant differences.

Results

Emilin 1 is apparently reduced in GMC patients

Firstly, we evaluated the expression of Emilin 1 in
GMC tissues and the paired normal muscles. As shown in
Fig. 1A, Emilin 1 was observed to be downregulated in
GMC tissues (n=15) compared to that in the corresponding
normal muscle tissues by using ELISA assay (Fig. 1A).
Consistently, the mRNA level of Emilin 1 in GMC tissues
was also lower than that in normal adhesive muscle tissues
(Fig. 1B). Besides, IHC results further confirmed that
Emilin 1 expression reduced significantly in GMC tissues
compared to that of normal muscle tissues (Fig. 1C).
Simultaneously, the protein expression of Emilin 1 in
GMC tissues (n=8) was declined robustly compared with
control muscle samples (n=7) (P < 0.05, Fig. 1D). All these
findings indicated that Emilin 1 was at a low level in GMC
tissues and might be a prognostic maker for GMC.
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Emilin 1 are negatively correlated with miR-491-5p

Based on the online-prediction tools, such as
ENCORI, TargetScan and miRWalk, miR-491-5p was
identified as a potential candidate binding partner of
Emilin 1 gene (Fig. 2A). Additionally, miR-491-5p was
apparently elevated in GMC tissues compared with normal
muscle tissues, which showed a totally reversed tendency
with Emilin 1 (Fig. 2B). Furthermore, correlation analysis
showed that Emilin 1 and miR-491-5p were negatively
correlated in GMC tissues (Fig. 2C). Possibly, the
decreased Emilin 1 in GMC samples was related to the
elevation of miR-491-5p.

miR-491-5p sponges Emilin 1 in fibroblasts

Although miR-491-5p was predicted to bind to
Emilin 1 mRNA (Fig. 3A, the upper sequence), whether
miR-491-5p could regulate the transcriptional activity of

Emilin 1 remained vague. In reporter gene assay, miR-491-
the
transcriptional activity of Emilin 1 in cells transfected with

Sp mimics transfection significantly reduced
Emilin 1-WT reporter plasmid, but had no impact on its
luciferase activity in cells transfected with Emilin 1-Mut
reporter plasmid (Fig. 3A). Besides, miR-491-5p could
negatively regulated Emilin 1 protein expression in
primary fibroblasts isolated from contracture tissues,
showing adecrease in miR-491-5p mimics-transfected
cells and an increase in miR-491-5p inhibitor-transfected
cells (Fig. 3B). Equally, Emilin 1 secreted from fibroblasts
was also negatively regulated by miR-491-5p (Fig. 3C).
The effects of miR-491-5p mimics and miR-491-5p
inhibitor were confirmed using qRT-PCR assay (Fig. 6).
Thus, miR-491-5p negatively regulated the transcription of
Emilin 1 via directly binding to 3’-untranslated region

(3°-UTR) of Emilin 1 gene.
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Fig. 1. Expression pattern of Emilin 1 in GMC tissues. (A) ELISA assay was used to detect secretion of Emilin 1 in GMC tissues and the
paired normal tissues (n=15). (B) qRT-qPCR assay was used to measure the expression of Emilin 1 in GMC tissues and normal tissues
(n=15). (C) IHC staining was applied to detect the expression of Emilin 1 in GMC tissues and the paired normal tissues.
(D) Immunoblotting with Emilin 1 antibody was conducted to determine the content of Emilin 1 in GMC group and control group
(n=15). Bands density were analyzed and presented in right panel *p<0.05 and **p<0.01.



224 Chenetal.

Vol. 71

[=2]
]

TargetScan

B
1

Hsa-miR-491-5p

Relative miRNA expression
T

\_ 154/

““ y

miRWalk (d

miR-491-5p

| =

i

C

R =-0.561
P =0.030*
" n=15

0
0.50

1.00 150 2.00 250 3.00

3.50

Relative expression of Emilinl

Fig. 2. Association analysis between Emilin 1 and miR-491-5p. (A) Online tools were used to predict the underlying target miRNAs of
Emilin 1. 153 miRNAs in TargetScan, 5 in ENCORI and 1632 in miRWALK were screened. (B) miR-491-5p mRNA expression in each
clinical sample was determined with gRT-PCR. (C) The correlation between miR-491-5p and Emilin 1 was analyzed (n=15). R, pearson
coefficient. Data were shown as the mean + SD, n = 3. *p<0.05 and **p<0.01 compared with the corresponding.

A

Emilin1 WT: 5’-gccCAGAGCGGCCUCUCCCCACg-3’

(Lol P
miRNA: 3-ggaGUACCUUCCCA--AGGGGUGa-5’

Emilin1 MUT: 5'-gccGUGACCGCCCAC AGGGGUGg-3'

ity
=
o
i

T

-
o
1

0.5+ 1

Relative luciferase activ

e —
AN e T o o=

& O & < %
< é\g‘\ 6‘\6\ .\,O‘% ‘;\'é\\o
D
<R )'Q Q\{\ Wy
’9\ & ,\59 ,b-g
& « »‘b *08'
& &

Cc

Emilin1 (ng/ml)

/]
° » Emilin1 |
3 2.5
c
-§ 2.0-
o
& 1.5
"6 *
3 1.0- T T
o)
&
£ 0.5
B
2 0.0- g 8
(]
(}" -\oé 6-\\(& o‘é _{6{@
& O
&R @
s’Q ’9'\ & \bq
GRS
PO ey ¢
& P
& é‘q-

Fig. 3. Regulation of miR-491-
5p on Emilin 1. (A) Cells were
co-transfec-ted with wild type
Emilin 1 or mutated Emilin 1
reporter plasmids, and miR-
491-5p mimics or mimics
control. Dual luciferase reporter
gene assay was carried out to
detect the binding of miR-491-
5p on Emilin 1 mRNA. (B) Cells
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5p mimics, inhibitors or their
corresponding control mimics/
inhibitor. Immunoblot assay
was conducted to detect the
expression of Emilin 1 in human
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quantified in right panel.
(C) Cells were transfected with
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miRNA/Emilin 1 signal axis regulates proliferation of
fibroblasts

Next, the role of miRNA/Emilin 1 pathway on
cell proliferation was explored in fibroblasts. Once cells
were administrated with miR-491-5p mimics, cell viability
notably accelerated on day 3 and day 4, whereas miR-491-
5p inhibitors transfection could remarkably slow down the
growth capability compared to control cells transfected
with negative inhibitor (Fig. 4A). Thus, miR-491-5p
affected cell growth of fibroblasts.
Subsequently, the biological function of Emilin 1 in miR-

positively
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491-5p-transfected fibroblasts was also evaluated. As
shown in Fig. 4B, overexpression of Emilin 1 reversed the
proliferation promotion effects induced by miR-491-5p
mimics (Fig. 4B). As expected, miR-491-5p mimics
apparently elevated the protein expression of cell cycle-
related molecules including CDK2 and Cyclin D1, which
were restored by the transfection of exogenous Emilin 1
(Fig. 4C,D). These results indicated that miR-491-5p
promoted the proliferation of fibroblasts possibly through
sponging Emilin 1.

Fig. 4. Effects of miR-491-5p/Emilin 1 on
proliferation of CB fibroblasts. (A) Cells were
transfected with miR-491-5p mimics or
mimics control and inhibitors or inhibitors
control. CCK8 assay was carried out to
evaluate cell viability in each group.
(B) Cells were transfected with miR-491-5p
mimics or mimics control, and Emilin 1
overexpression plasmid or vector control.
CCK8 assay was carried out to evaluate cell
viability in each group. (C) Immunoblot
assay was applied to measure protein
expression of Cyclin D1 and CDK2.
(D) CDK4 and Cyclin D1 expression levels
were determined with grayscale. All data
analysis above used One-Way ANOVA
analysis of variance. Data were shown as
the mean £ SD, n = 3. *p<0.05 and
**p<0.01.
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miRNA/Emilin 1 regulates fibrotic process possibly via
TGF-p/Smad? signaling

The activation of TGF-/Smad2 signaling was
determined to further explore Emilin 1-launched signaling
cascades in process of fibrotic formation. As shown in
Fig. 5A, miR-491-5p upregulation significantly reduced
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TGF-f1 and phosphorylation of Smad2, which were
notably rescued by the transfection of exogenous Emilin 1
(Fig. 5A,B). Next, the mRNA expression of downstream
fibrogenic cytokines were measured by qRT-PCR. Along
with the activation of TGF-B1/Smad2 signal pathway,
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Fig. 5. Role of miR-491-5p/Emilin 1 on TGF-B/Smad2 signaling axis and fibrosis. (A) Cells were transfected with miR-491-5p mimics or
mimics control, and Emilin 1 overexpression plasmid or vector control. Western blot assay was used to evaluate the effect of miR-491-
5p on TGF-B and Smad2, and B-Actin was loaded as control. (B) Grayscale analysis of bands in Figure A was conducted. (C) Cells were
transfected with miR-491-5p mimics or mimics control and Emilin 1 overexpression plasmid or vector control. mRNA levels of
downstream fibrotic cytokines Collagen I, Collagen III, a-SMA and Elastin were evaluated using gRT-PCR in each group. (D-F) Cells
were transfected with miR-491-5p mimics or mimics control and Emilin 1 overexpression plasmids or vector control. Levels of TGF-f1
(D), TGF-B3 (E) and CTGF (F) were evaluated with ELISA assay in each group. All data analysis above used One-Way ANOVA analysis
of variance. Data were shown as the mean + SD, n = 3. *p<0.05 and **p<0.01.
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the contents of Collagen I, Collagen III, a-SMA and
Elastin also elevated in miR-491-5p mimics-exposed cells
(Fig. 5C).
miR-491-5p mimics-exposed cells, the upregulation of

Once Emilin 1 was overexpressed in
these fibrosis factors was notably abolished (Fig. 5C). In
addition to that, miR-491-5p mimics drastically promoted
the secretion of TGF-B1, TGF-B3 and connective tissue
growth factor (CTGF), which were reversed by the
administration of exogenous Emilin 1 (Fig. 5D-F).
Therefore, Emilin 1 negatively regulated the expression
of fibrotic cytokines through TGF-B1/Smad3 axis,
resulting in the remission of fibrosis in fibroblasts.

miR-491-5p
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Fig. 6. Verification of the transfection efficiency of miR-491-5p in
CB fibroblasts. miR-491-5p mimics, mimics control, inhibitors or
inhibitor control were transfected into fibroblasts. miR-491-5p
expression were determined with RT-qPCR assay. ** P < 0.01.

Discussion

GMC is a common fibrotic disease with no
preonunced diagnostic biomarker and effective treatment
strategies [3]. Fibroblasts and myofibroblasts significantly
proliferates in GMC tissue, which is thought to be the main
cause for GMC formation [24]. Herein, our research
revealed that Emilin 1 cooperated with miR-491-5p to
participate in the progress of GMC via regulating
TGF-B1/Smad2 pathway, implying that miR-491-5p and
Emilin 1 might be the promising therapy target for GMC
diagnose.

The Emilin protein family are involved in
maintaining the stable state of the body's tissues and organs
[25]. Emilin 1 has been considered to participate in the
development of elastic tissues. Loss of the cytoskeletal
protein Emilin 1 induces the formation of elastic fragments
[7, 26]. In our study, there is an obvious reduction of

Emilin 1 expression in GMC tissues compared with control
normal muscle tissues. The declined Emilin 1 can induce
the aggregation of elastic fibers, and amounts of elastic
fibers can serve as prognosis of idiopathic pulmonary
fibrosis [27]. The accumulation of elastic fibers can
enhance the stiffness of fibrotic tissues and subsequently
broken the connective tissue, leading to contracture
formation [28]. Taken together, Emilin 1 might serve as
an anti-fibrosis factor in muscle-related diseases via
affecting elastic fibers accumulation.

MiRNAs are supposed to mediate the occurrence
of muscle fibrosis disease [29]. Numerous miRNAs
including miR-150, miR-194 and miR-221 are promising
biomarkers in liver fibrosis [30-31]. Moreover, miRNAs-
based therapeutic strategy has been applied to treat cystic
fibrosis combined with nanotechnology, which further
prove the potential therapeutic capability of miRNAs in
fibrosis disease [32]. Of note, MiR-491 upregulation
inhibits adult
regeneration, indicating that miR-491 may have a negative

myocyte differentiation and muscle

regulatory effect on myogenic differentiation [33].
Enhanced myogenic differentiation is accompanied with
a reduced degree of myogenic contracture in a rabbit
model of extending knee joint contracture [34]. Thus,
miR-491 potentially participates in the progression of
contracture of GMC disease. However, modification
effects on fibrotic events mediated by miRNAs heavily
depended on miRNA-induced silencing complex that binds
to downstream target messenger RNA (mRNA). Emilin 1
ihas been considered as a suitable sponge gene for
miRNAs [35]. In this study, Emilin 1 was identified as
a potential binding target of miR-491-5p. MiR-491-5p
directly bound to Emilin 1 mRNA, negatively regulating
the expression of Emilin 1 in primary CB fibroblasts. It is
proved that miR-491-5p participates in the progression of
renal fibrosis [36]. All these results indicated that miR-
491-5p may implicate in the progression of GMC through
cooperating with Emilin 1.

Fibroblasts are main components of connective
tissue in human body. Fibroblasts are reported to serve
pivotal roles on pathological stage of tissue fibrosis [37]. In
progressive renal disease, the interstitium is filled with
fibroblasts which is much more than normal tissues [38]. It
of fibroblasts
proliferation and migration promote joint fibrosis [39].

is confirmed that the enhancement

Fibroblasts proliferation is elevated in fibrotic disease and
GMC [15]. In our results, miR-491-5p was elevated in
GMC tissues compared to control tissues. And miR-491-5p
could

significantly promoted the proliferation of
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fibroblasts. Possibly, fibroblasts proliferation mediated by
miR-491-5p elevation contributed to fibrosis formation in
GMC tissues. Emilin 1 deficiency can lead to fibrosis
activation accompanied with fibroblasts proliferation in
aortic valve disease [9]. Emilin 1 depletion accelerates
elastic fibers formation thus promoting contracture
progression [7]. Our result further proved that Emilin 1
overexpression abolished miR-491-5p mimics-mediated
fibroblasts proliferation. Collectively, the reduced Emilin 1
mediated by endogenous miR-491-5p possibly promoted
fibroblasts proliferation, followed by the formation of
elastic tissue pieces, which might be one of the causes for
GMC development.

Numerous fibrotic regulators such as collagens
and transforming growth factor (TGF) members are
reported to involve in formation of GMC [14]. MiR-29b
regulates endometrial fibrosis through the blockade of the
specificity protein 1 (Spl)-TGF-f1/Smad-CTGF pathway
[40]. Up-regulation of miR-491-5p contributes to TGF-f3-
(Par-3)
expression in rat proximal tubular epithelial cells [41].

regulated  partitioning-defective  protein 3
Besides, miR-491 is identified as a negative regulator of
skeletal
myomaker, which suggests that TGF-f participates in
[33]. Actually, miR-491 is
dysregulated in lung fibrosis, resulting in inactivation of
pro-fibrotic TGF-B/Smad3/NF-kB pathways [42]. In our
miR-491-5p mimic activated TGF-$1/Smad2
signal axis, accompanied by the increase of Collagen I,
Collagen III, a-SMA and Elastin. Inhibition of fibrosis-
related genes, such as alpha-1 type I collagen (COL1ALl)
and alpha-1 type VI collagen (COL6A1) lead to the
suppression of fibrosis progression [43]. It is reported that

muscle differentiation  through  targeting

muscle-related disease

results,

miR-29b-3p mimic attenuates liver fibrosis through
downregulating a-SMA, COL1Al, and COL3A1 [44].
Therefore, our data further proved that miR-491-5p-
mediated fibroblasts proliferation possibly involved in the
fibrogenic process via activating TGF-B1/Smad2 signal

inhibiting TGF-f signaling [7]. Fibroblasts proliferation is
demonstrated to be elevated due to the absent of emilinl-
integrin interactions in emilinl-deficient mice [45]. Herein,
Emilin 1 overexpression reversed the pro-fibrostic effect of
miR-491-5p in fibroblasts, indicating that miR-491-5p-
mediated activation of TGF-B/Smad2 pathway and
fibrostic process depended on Emilin 1 in fibroblasts.
These miR-491-5p
participated in the progression of GMC through regulating

findings firstly revealed that
Emilin 1 and the downstream TGF-B/Smad2 signal axis.
However, sample size is limited in this research.
Additionally, miR-491-5p/Emilin

fibrosis depends on fibroblasts proliferation remains to be

whether 1-induced

explored in the next study.
Conclusion

In conclusion, miR-491-5p directly bind to
Emilin 1 mRNA and negatively regulated the expression of
Emilin 1, and subsequently promote the proliferation and
fibrotic progression in fibroblasts via activating
TGF-B/Smad2 signal axis. MiR-491-5p and Emilin 1
might be served as the early diagnosis biomarkers for
GMC. These results may provide potential predictive and
treatment targets for GMC therapy.
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