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Abstract: Understanding of the mechanism of cutaneous scar formation with the goal of developing potential thera-
pies to promote scar-less wound healing appears to be extremely critical. Mesenchymal stem cells (MSCs) have a 
demonstrate role in promoting scar-less wound healing. However, recent studies have shown that the function of 
MSCs may be attenuated due to insufficient activation in vivo. Here, we aimed to increase the activity and functions 
of MSCs to improve their effects during scar formation. We found that overexpression of microRNA-375 (miR-375) in 
MSCs significantly decreased the levels of tissue inhibitor of metalloproteinases 1 (TIMP-1) protein, but not mRNA. 
Mechanistically, miR-375 inhibited TIMP-1 protein translation through binding to the 3’-UTR of the TIMP-1 mRNA in 
MSCs. Transplantation of miR-375-expressing MSCs significantly reduced the fibrosis in the scar region of the mice, 
possibly through reduction of reactive oxygen species (ROS), suppression of transition of myofibroblasts from fibro-
blasts, and increases in hepatic growth factor (HGF). Together, these data suggest that overexpression of miR-375 
in MSCs may substantially improve the effects of MSCs on reduction of scar during wound healing. Our study sheds 
new light on a scar-less wound healing.

Keywords: Scar formation, mesenchymal stem cells (MSCs), tissue inhibitor of metalloproteinases 1 (TIMP-1), 
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Introduction

Scars are a consequence of cutaneous wound 
healing generated by excessive deposition of 
extracellular matrix tissue by wound healing 
fibroblasts and myofibroblasts, with capability 
to restore integrity of the body boundary [1-3]. 
Besides having an undesirable visual appear-
ance, the tissue in the vicinity of the scar does 
not function like the surrounding skin due to 
lack of necessary structures that are native to 
the dermis [1-3]. Moreover, the scar tissue is 
also limited to approximately 80% of the skin 
tensile strength, resulting in a susceptibility to 
re-injury [1-3]. Thus, understanding of the 
mechanism of cutaneous scar formation with 
the goal of developing potential therapies to 
promote scar-less wound healing appears to be 
extremely critical.

Mesenchymal stem cells (MSCs) have been ini-
tially identified in the bone marrow, and are the 
stem-like cells that expand in culture and may 
differentiate into osteoblasts, chondrocytes, 
and adipocytes [4-10]. Clinical data provide evi-
dence to demonstrate a therapeutic effect of 
transplantation of MSCs in many inflammatory 
diseases through various mechanisms [5-10]. 
The versatility of MSCs has thus made them an 
attractive candidate for clinical translation in a 
variety of therapeutic applications. For exam-
ple, MSCs may participate in normal wound 
healing through production and secretion of  
trophic mediators of tissue repair [11-15]. 
Moreover, MSCs may attenuate inflammation in 
the wound and reprogramming the resident 
immune and wound healing cells to favor tissue 
regeneration and inhibit fibrotic tissue forma-
tion [16]. In particular, MSCs may offer the 
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means of recapitulating several mechanisms 
that are sufficient for inhibition of scar forma-
tion in skin wounds [16]. As a result, MSCs have 
been considered and tested as a likely candi-
date for a cellular therapy to promote scar-less 
wound healing. However, recent studies have 
shown that the function of MSCs may be atten-
uated due to insufficient activation in vivo [17]. 

Tissue inhibitor of metalloproteinases 1 (TIMP-
1) is a glycoprotein ubiquitously expressed in 
various human cells and tissues [18-20]. TIMP-
1 controls the activity of MMPs and appears to 
an important regulator of extracellular matrix 
turnover [18-20]. Moreover, TIMP-1 also regu-
lates cellular processes including cell growth, 
apoptosis, and differentiation that are indepen-
dent of its metalloproteinase inhibitory activity 
[18-20]. Recently, TIMP-1 has been shown to be 
a negative regulator for MSC activity, and sup-
pression of TIMP-1 may increase the potential 
therapeutic effects of MSCs during scar forma-
tion [17]. 

MicroRNAs (miRNAs) are non-coding small 
RNAs that regulate of the protein translation 
through their base-pairing with the 3’-untrans-
lated region (3’-UTR) of the target mRNAs [21, 
22]. It is well-known that miRNAs regulate dif-
ferent biological processes physiologically and 
pathologically [23-25]. Among all miRNAs, miR-
375 has been relatively extensively studied, 
and has been shown to be involved in the 
pathogenesis of various diseases [26-29]. 
However, a role of miR-375 in modification of 
MSCs to facilitate its function in prevention of 
scar formation has not been acknowledged.

Here, we aimed to increase the activity and 
functions of MSCs to improve their effects  
during scar formation. We found that overex-
pression of miR-375 in MSCs significantly 
decreased the levels of TIMP-1 protein, but  
not mRNA. Mechanistically, miR-375 inhibited 
TIMP-1 protein translation through binding  
to the 3’-UTR of the TIMP-1 mRNA in MSCs. 
Transplantation of miR-375-expressing MSCs 
significantly reduced the fibrosis in the scar 
region of the mice, possibly through reduction 
of reactive oxygen species (ROS), suppression 
of transition of myofibroblasts from fibroblasts, 
and increases in hepatic growth factor (HGF). 
Together, these data suggest that overexpres-
sion of as-miR-375 in MSCs may substantially 
improve the therapeutic effects of MSCs on AD, 

possibly through augmenting TIMP-1 levels in 
MSCs. Our study should have therapeutic impli-
cations for treating AD.

Materials and methods

Animals

Female 12 week-old C57BL/6 mice were pur-
chased from Jackson Laboratories (Bar Harbor, 
ME, USA). These mice were maintained at  
22 ± 1°C, under a 12-hour light/dark cycle, with 
free access to standard food and water. All 
experimental procedures were in strict accor-
dance with the guidance for the Care and  
Use of Laboratory Animals, issued by Chinese 
PLA General Hospital, and proved by the 
research committee of Chinese PLA General 
Hospital. For induction of a scar, an injury of 2 
cm long and 2 mm think was made with a blade 
on the back of the mice. 

Preparation, differentiation and transduction 
of MSCs

Bone-marrow derived MSCs from male 8- 
week-old C57BL/6 mice (Jackson Laboratories) 
were collected from femurs and tibias by  
flushing with culture medium (DMEM, Dul- 
becco’s Modified Eagle’s Medium, Gibco, San 
Diego, CA, USA). The cells were centrifuged and 
re-suspended in DMEM low glucose containing 
inactivated 10% fetal bovine serum (FBS), 
Gibco, 3.7 g/l HEPES (N-2-hydroxyethylpiper- 
azine-N’-2-ethane-sulphonic acid, Sigma-Ald- 
rich, St. Louis, MO, USA), 1% 200 mmol/l 
L-glutamine 100x (Gibco) and 1% PSA (Gibco). 
The cell number and viability were determin- 
ed by trypan blue staining (Gibco) and reached 
a final cell density of 5 × 106 cells/ml. The  
cells were incubated in a humidified chamber 
with 5% CO2 at 37°C for 72 h, and the adhe- 
rent cells, which were considered MSCs, were 
maintained in culture until reaching ~80% 
semi-confluence. Then, the MSCs were wash- 
ed, incubated with trypsin-ethylenediamine- 
tetraacetic acid (EDTA) (StemCell Technolo- 
gies, Vancouver, Canada) and prepared to be 
frozen with a cryoprotectant solution of dimeth-
ylsulphoxide (DMSO, MP Biomedicals, Santa 
Ana, USA) and FBS.

MSCs were transduced with an adeno-associ-
ated virus (AAV) carrying miR-375 and GFP con-
struct (connected with an IRES sequence), or 
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control AAV (GFP sequence only; control). The 
sequence for as-miR-375 is 5’-gcgacgagccc-
cucgcacaaac-3’. GFP allows purification of the 
transduced cells by flow cytometry based on 
green fluorescence. Human embryonic kidney 
293 cell line (HEK293) was used for virus pro-
duction. We used a pAAV-CMV-GFP plasmid 
(Clontech, Mountain View, CA, USA), a packag-
ing plasmid carrying the serotype 8 rep and cap 
genes, and a helper plasmid carrying the ade-
novirus helper functions (Applied Viromics, LLC. 
Fremont, CA, USA) in this study. AAVs was pre-
pared by triple transfection of the newly pre-
pared plasmids, R2C8 (containing AAV2 Rep 
and AAV8 capsid genes) and plAd5 (containing 
adenovirus helper genes) into HEK293 cells by 
Lipofectamine 2000 reagent (Invitrogen, St. 
Louis, MO, USA). The viruses were purified 

density of 104 cells/well, and then maintained 
in osteogenic induction medium containing 10 
nM Vitamin D3 (Sigma-Aldrich) and 10 mM 
β-phosphoglycerol and 0.1 μM DMSO for 14 
days and were subjected to Von kossa staining. 
For adipogenic induction, cells were digested 
and seeded onto a 24-well plate at a density  
of 104 cells/well, and then maintained in  
the adipogenic induction medium containing 
0.5 mmol/l 3-isobutyl-1-methylxanthine (IBMX), 
200 μmol/l indomethacin, 10 μmol/l insulin 
and 1 μmol/l DMSO for 14 days and subjected 
to Oil red O staining. 

Cell transplantation

Three days before the C57/BL6 mice at 12 
weeks of age (n=10 per group) received injury 

Figure 1. Preparation of miR-375-expressing MSCs. A. Bioinformatics show-
ing that miR-375 binds to 3’-UTR of TIMP-1 mRNA at 124th-130th base site in 
MSCs. B. Transduced MSCs with miR-375 (miR-375-MSCs) by AAV in culture. 
The virus also carries a GFP reporter, and all the transduced cells expressed 
GFP. The control MSCs received AAV-null. C. The GFP-expressing transduced 
cells were purified by flow cytometry based on GFP, shown by representative 
flow chart. D. The levels of miR-375 in miR-375-MSCs by RT-qPCR. E. MSCs 
cells were then transfected with 1 μg plasmids of miR-375-expressing plas-
mids and plasmids carrying a luciferase reporter for 3’-UTR of TIMP-1 mRNA 
or a luciferase reporter for 3’-UTR of TIMP-1 mRNA with mutate at the miR-
375 binding site (mut). The luciferase activities were determined in these 
cells. *p < 0.05. N=5. Scale bar is 20 µm.

using CsCl density centrifu- 
gation and then titered by  
a quantitative densitometric 
dot-blot assay. Then, the 
MSCs cells were incubated 
with AAVs at a MOI of 100  
for 12 hours to transduce  
the cells. Afterwards, trans-
duced cells were purified by 
flow cytometry base on GFP 
expression.

A positive clone was selected 
after subjection to chondroge-
netic, osteogenic, and adipo-
genic differentiation assays to 
confirm phenotype. For chon-
drogenetic induction, 2.5×105 
MSCs were induced with 5  
ml chondrogenetic induction 
medium containing 10 μg 
transforming growth factor  
β1 (R&D System, Los Angeles, 
CA, USA), 50 μg insulin growth 
factor 1 (R&D System, Los 
Angeles, CA, USA), and 2 mg/
ml dexamethasone (DMSO, 
Sigma-Aldrich, St. Louis, MO, 
USA) followed by centrifuga-
tion at 500 g for 5 min. The 
cell pellets were maintained 
in the chondrogenetic induc-
tion medium for 14 days and 
subjected to Alcian blue stain-
ing. For osteogenic induction, 
cells were digested and seed-
ed onto a 24-well plate at a 
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on the back, and 106 miR-375-MSCs or con- 
trol MSCs in a 200 μl PBS were injected into  
the tail vein of the mice. After injection, the 
mice were kept warm for 20 minutes, and  
then returned to their home cages.

Histology

Masson-trichrome staining was performed 
using a Trichrome Stain (Masson) Kit (Sigma-
Aldrich, St. Louis, MO, USA).

Western blot

The protein was extracted from the tissue in 
the scar region and homogenized in RIPA lysis 
buffer (1% NP40, 0.1% SDS, 100 μg/ml phenyl-
methylsulfonyl fluoride, 0.5% sodium deoxycho-
late, in PBS) on ice. The supernatants were col-

USA). β-actin was used as a protein loading 
control. The secondary antibody was HRP-
conjugated anti-rabbit (Jackson ImmunoRe- 
search Labs, West Grove, PA, USA). Images 
shown in the figures were representative of 5 
individuals. NIH ImageJ software (Bethesda, 
MA, USA) was used for image acquisition and 
densitometric analysis of the gels.

Quantitative PCR (RT-qPCR)

Total RNA was extracted using miRNeasy mini 
kit or RNeasy kit (Qiagen, Hilden, Germany). 
Complementary DNA (cDNA) was randomly 
primed from total RNA using the Omniscript 
reverse transcription kit (Qiagen). Quantitative 
PCR (RT-qPCR) were performed in duplicates 
with QuantiTect SYBR Green PCR Kit (Qiagen). 
All primers were purchased from Qiagen. Data 

Figure 2. miR-375-MSCs express reduced levels of TIMP-1. (A, B) The TIMP-1 
levels in miR-375-MSCs, by mRNA (A), and by Western blot (B). (C-E) Differ-
entiation assays to confirm the MSC-phenotype after miR-375 overexpres-
sion. (C) Von kossa staining to evaluate osteogenic induction. (D) Oil red O 
staining to evaluate adipogenic induction. (E) Alcian blue staining to evaluate 
chondrogenetic induction. *p < 0.05. NS: non-significant. N=5. Scale bars 
are 100 µm.

lected after centrifugation  
at 12000×g at 4°C for 20 
min. Protein concentration 
was determined using a BCA 
protein assay kit (Bio-rad, 
China), and whole lysates 
were mixed with 4×SDS load-
ing buffer (125 mmol/l Tris-
HCl, 4% SDS, 20% glycerol, 
100 mmol/l DTT, and 0.2% 
bromophenol blue) at a ratio 
of 1:3. Protein samples were 
heated at 100°C for 5 min 
and were separated on SDS-
polyacrylamide gels. The sep-
arated proteins were then 
transferred to a PVDF mem-
brane. The membrane blots 
were first probed with a pri-
mary antibody. After incuba-
tion with horseradish peroxi-
dase-conjugated second anti-
body, autoradiograms were 
prepared using the enhanced 
chemiluminescent system to 
visualize the protein antigen. 
The signals were recorded 
using X-ray film. Primary anti-
bodies for Western Blot are 
rat anti-TIMP-1, anti-ROS, 
anti-alpha smooth muscle 
actin (α-SMA), anti-transform-
ing growth factor beta (TGFβ), 
anti-Collagen I, anti-Fibronec-
tin and rabbit anti-β-actin 
(Cell Signaling, San Jose, CA, 
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were collected and analyzed using 2-ΔΔCt 
method for quantification of the relative mRNA 
expression levels. Values of genes were first 
normalized against β-actin, and then compared 
to experimental controls.

MicroRNA target prediction and 3’-UTR lucifer-
ase-reporter assay 

MiRNAs targets were predicted with the algo-
rithms TargetSan (https://www.targetscan.org) 
[30]. Luciferase-reporters were successfully 
constructed using molecular cloning techno- 
logy. The TIMP-1 3’-UTR reporter plasmid (TIMP-
1 3’-UTR) and TIMP-1 3’-UTR reporter plasmid 
with a mutant at the miR-375 binding site 
(TIMP-1 3’-UTR mut) were purchased from 
Creative Biogene (Shirley, NY, USA). MSCs  
were co-transfected with TIMP-1 3’-UTR/TIMP-
1 3’-UTR mut and miR-375/null by Lipofecta- 
mine 2000 (5×104 cells per well). Cells were 
collected 24 hours after transfection for assay 
using the dual-luciferase reporter assay system 
gene assay kit (Promega, Beijing, China), 
according to the manufacturer’s instructions. 
The normalized control was null-transfected 
MSCs with 3’-UTR of TIMP-1 mRNA (wild type).

Statistical analysis

All statistical analyses were carried out using 
the SPSS 17.0 statistical software package. All 

375, which binds to 3’-UTR of TIMP-1 mRNA  
at 124th-130th base site (Figure 1A), for  
modification of TIMP-1 levels in MSCs. MSCs 
were transduced with AAV carrying miR-375 
(Figure 1B) and a GFP reporter and success-
fully purified for miR-375-expressing MSCs by 
flow cytometry based on GFP (Figure 1C). We 
found that miR-375-expressing MSCs ex- 
pressed significantly higher levels of miR-375 
(Figure 1D). In order to prove regulation of 
TIMP-1 levels by miR-375 in MSCs, MSCs cells 
were then transfected with 1 μg plasmids of 
miR-375-expressing plasmids and plasmids 
carrying a luciferase reporter for 3’-UTR of 
TIMP-1 mRNA or a luciferase reporter for 3’-UTR 
of TIMP-1 mRNA with mutate at the miR-375 
binding site (mut). The luciferase activities  
were determined in these cells, and our data 
showed that TIMP-1 3’-UTR plus miR-375 had 
the most repression for TIMP-1, and the 3’-UTR 
TIMP-1 mutant plus miR-375 had much lower 
repression (Figure 1E). These data demon-
strate that miR-375 may target 3’-UTR of TIMP-
1 mRNA to inhibit its translation in MSCs. 

MiR-375-expressing MSCs have reduced TIMP-
1

Then we analyzed TIMP-1 levels in miR-375-ex-
pressing MSCs, and found that although the 
mRNA levels of TIMP-1 in miR-375-MSCs cells 

Figure 3. Transplantation of miR-375-MSCs further decreases the fibrosis af-
ter injury in mice. The effects of transplantation of miR-375-MSCs, or control 
MSCs on the fibrosis were examined two weeks after injury among control 
(CTL, injury only), MSC transplanted (MSCs), and miR-375-MSCs transplant-
ed (miR-375-MSCs) mice. (A, B) Masson-trichrome staining for fibrosis was 
shown by representative images (A), and quantification (B). *p < 0.05. N=10.

values are depicted as mean 
± SD and are considered sig-
nificant if p < 0.05. All data 
were statistically analyzed 
using one-way ANOVA with a 
Bonferroni correction, fol-
lowed by Fisher’s Exact Test 
for comparison of two groups.

Results

Preparation of miR-375-ex-
pressing MSCs

Here, we aimed to increase 
the activity and functions of 
MSCs to improve their effects 
during scar formation. Since 
TIMP-1 has been reported as 
a negative regulator of MSC 
function, we screened TIMP-1-
targeting miRNAs, and specifi-
cally found a candidate miR-
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were unchanged (Figure 2A), the protein of 
TIMP-1 in miR-375-MSCs cells were significant-
ly reduced (by more than 60%, Figure 2B). 
These data suggest that overexpression of 

miR-375 in MSCs significantly decreases TIMP-
1 protein expression. Then miR-375-MSCs 
were subjected to differentiation assays to con-
firm the MSC-phenotype after miR-375 overex-
pression. We performed Von kossa staining  
to evaluate osteogenic induction, Oil red O 
staining to evaluate adipogenic induction and 
Alcian blue staining to evaluate chondrogenetic 
induction (Figure 2C-E). Our data confirmed  
the maintenance of the MSC phenotype of 
miR-375-MSCs.

Transplantation of miR-375-MSCs further de-
creases the fibrosis after injury in mice

Then we evaluated the effects of transplanta-
tion of miR-375-MSCs, or control MSCs on the 
fibrosis two weeks after injury in mice. We per-
formed a Masson-trichrome staining, and we 
found that transplantation of MSCs significant-
ly reduced the fibrosis at the site of injury. 
Moreover, the reduction in fibrosis was further 
reduced in mice grafted with miR-375-MSCs, 
shown by representative images (Figure 3A), 
and quantification (Figure 3B). Thus, these 
data suggest that transplantation of miR-375-
MSCs further improves the anti-scar effects of 
MSCs. 

MiR-375-MSCs increase levels of HGF

Then we examined the mechanisms underlying 
the improved anti-scar effects of miR-375-
MSCs. HGF has been shown as an anti-scar 
factor. We found that transplantation of MSCs 
significantly increased the levels of HGF mRNA 
at the site of injury. Moreover, the levels of HGF 
at the site of injury were even higher in mice 
grafted with miR-375-MSCs (Figure 4). Thus, 
these data suggest that transplantation of miR-
375-MSCs may increase HGF levels to improve 
the anti-scar effects of MSCs.

MiR-375-MSCs decrease levels of ROS

ROS has been associated with serious scar for-
mation. Then, we examined the levels of ROS at 
the site of injury. We found that transplantation 
of MSCs significantly decreased the levels of 
ROS at the site of injury. Moreover, the levels of 
ROS at the site of injury were even lower in mice 
grafted with miR-375-MSCs, shown by repre-
sentative images and quantification (Figure 5). 
Thus, these data suggest that transplantation 
of miR-375-MSCs may also decrease ROS lev-
els to improve the anti-scar effects of MSCs.

Figure 4. MiR-375-MSCs increase levels of HGF. The 
levels of HGF mRNA at the site of injury were exam-
ined among control (CTL, injury only), MSC trans-
planted (MSCs), and miR-375-MSCs transplanted 
(miR-375-MSCs). *p < 0.05. N=10.

Figure 5. MiR-375-MSCs decrease levels of ROS. 
The levels of ROS were examined at the site of injury 
among control (CTL, injury only), MSC transplanted 
(MSCs), and miR-375-MSCs transplanted (miR-375-
MSCs) mice, shown by representative images and 
quantification. *p < 0.05. N=10.
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MiR-375-MSCs suppress myofibroblast transi-
tion

Transition of myofibroblasts from fibroblasts 
has been associated with serious scar forma-

at relatively high levels and knockdown of TIMP-
1 production in MSCs up-regulates the stability, 
nuclear translocation, and promoter activity of 
β-catenin, suggesting that TIMP-1 is an inhibi-
tor of β-catenin-dependent signaling [17]. The 

Figure 6. MiR-375-MSCs suppress myofibroblast transition. (A-D) The levels 
of α-SMA (A), TGFβ (B), Collagen I (C) and Fibronectin (D) were examined at 
the site of injury among control (CTL, injury only), MSC transplanted (MSCs), 
and miR-375-MSCs transplanted (miR-375-MSCs) mice, shown by represen-
tative images and quantification. *p < 0.05. N=10.

tion. Then, we addressed to 
this question. Since α-SMA 
and TGFβ are a specific mark-
er and a secreted protein by 
myofibroblasts, respectively, 
we analyzed the levels of 
these two proteins, as well as 
two fibrotic marker Collagen I 
and Fibronectin at the site of 
injury. We found that trans-
plantation of MSCs signifi-
cantly decreased the levels of 
α-SMA (Figure 6A), TGFβ 
(Figure 6B), Collagen I (Figure 
6C) and Fibronectin (Figure 
6D) at the site of injury. 
Moreover, the levels of α-SMA 
(Figure 6A), TGFβ (Figure 6B), 
Collagen I (Figure 6C) and 
Fibronectin (Figure 6D) at the 
site of injury were even lower 
in mice grafted with miR-375-
MSCs. Thus, these data sug-
gest that transplantation of 
miR-375-MSCs may also sup-
press myofibroblast transi- 
tion from fibroblasts to im- 
prove the anti-scar effects of 
MSCs. Our findings were then 
summarized in a schematic, 
showing that transplantation 
of miR-375-expressing MSCs 
may significantly reduce the 
scar-associated fibrosis, pos-
sibly through reduction of 
ROS, suppression of transi-
tion of myofibroblasts from 
fibroblasts, and increases in 
HGF (Figure 7).

Discussion

A previous study has shown 
that TIMP-1 regulates MSC 
functions and inhibition of 
TIMP-1 in MSCs significantly 
promotes MSC growth and 
differentiation into adult cells 
of the osteogenic lineage [17]. 
TIMP-1 is secreted from MSCs 

Figure 7. Schematic of the model. Transplantation of miR-375-expressing 
MSCs may significantly reduce the scar-associated fibrosis, possibly through 
reduction of ROS, suppression of transition of myofibroblasts from fibro-
blasts, and increases in HGF.
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Wnt/β-catenin signaling pathway is closely 
associated with the growth and development of 
MSCs, which is related to osteogenic differen-
tiation of MSCs [17]. However, the effects of 
TIMP-1 attenuation on MSC effects on scar for-
mation have not been extensively studied at 
molecular level, and an easy and robust way to 
knockdown TIMP-1 levels in MSCs is not 
available.

In the current study, we screened all TIMP-1-
targeting miRNAs to select the one that could 
efficiently attenuate TIMP-1 levels in MSCs. 
Using bioinformatics analysis and a dual lucif-
erase reporter assay, we showed that miR-375 
could bind to TIMP-1 mRNA and significantly 
decrease its protein translation. However, the 
effects of miR-375 on MSCs may not only be 
conducted through TIMP-1, since its 3’-UTR of 
mRNA targets of miR-375 may include factors 
other than TIMP-1. In the future, further analy-
ses of these factors may provide a more com-
plete understanding of the role of miR-375 in 
MSCs.

Our next approach was to evaluate the effects 
of miR-375-mediated attenuation of TIMP-1 on 
the scar formation. We showed compelling data 
to demonstrate that miR-375-mediated attenu-
ation of TIMP-1 significantly enhanced the 
effects of MSCs on reduction of fibrosis at the 
site of injury. Moreover, reduction of ROS, sup-
pression of transition of myofibroblasts from 
fibroblasts and increases in HGF seem to all 
contribute to the effects of miR-375-mediated 
attenuation of TIMP-1 in MSCs.

To summarize, here we provided evidence to 
demonstrate a possibility of modification of 
MSC activity and function in attenuating scar 
formation after injury. Our study sheds new 
light on a scar-less wound healing.
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