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Abstract
Elucidating the molecular mechanism of the microRNAs in skin fibrosis is critical for identifying a novel therapeutic strat-
egy for hypertrophic scar (HS). In this study, it was shown that miR-210-5p is induced by TGFβ, and that overexpression 
of miR-210-5p promoted the differentiation of human dermal fibroblasts (HDFs) into myofibroblasts. STAT5A is required 
for TGFβ-induced STAT3 activity. Here, we show that miR-210-5p attenuated TGFβ-induced STAT3 signaling pathway by 
suppressing the expression of STAT5A. Taken together, the present study suggests that TGFβ-induced miR-210-5p reduced 
STAT5A expression, leading to aberrant activation of STAT3, and facilitate skin fibrosis in HDFs.
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Introduction

After the injury, if the deep dermal wounds are disturbed 
in the initial stage of repair, it may lead to the formation of 
newly generated tissue, which may evolve into hypertrophic 
scar (HS) tissue (Niessen et al. 1999). The hypertrophic scar 
is characterized by the deposition of extracellular matrix 
(ECM), the angiogenesis of fibroblasts, and their trans-
differentiation into myofibroblasts (Park et al. 2019). The 
adverse physiological and psychological effects of hyper-
trophic scar formation after wound healing are still the 
patients’ main medical problems (Martin 1997). Although 
various treatments can be used to prevent scar formation in 
the process of skin wound healing, the effect is still unsat-
isfactory (Berman et al. 2007). Therefore, it is essential to 
understand the mechanism of scar formation for the develop-
ment of novel therapies.

Myofibroblasts are known to play critical roles in diverse 
biological processes, such as fibrosis, wound healing, and 
immunological reaction (Adegboyega et al. 2002; Owens 

and Simmons 2013). One of the major mediators in the 
fibrogenic processes, transforming growth factor beta 
(TGFβ), has been reported to play a critical role in the dif-
ferentiation of fibroblasts into myofibroblasts (Varga and 
Jimenez 1986). In response to TGFβ, several different types 
of cells, including the dermal fibroblasts, could transdiffer-
entiate into myofibroblasts, which causes excessive contrac-
tion and extracellular matrix (ECM) deposition. (Fan et al. 
2015; Piersma et al. 2018). Accumulating evidence revealed 
that TGFβ stimulation induced the expression of αSMA in 
fibroblasts, leading to the acquisition of myofibroblasts-like 
properties. Therefore, it can be inferred that myofibroblasts 
can be defined as TGFβ activated fibroblasts (Desmouliere 
et al. 1993).

Dysregulation of the Janus Kinase/Signal Transducer and 
Activator of Transcription (JAK/STAT) pathway has been 
associated with several human diseases, including, autoim-
mune disease, allergy, and cancer (Hou et al. 2002; O’Shea 
and Plenge 2012). Recent studies have emphasized the role 
of STAT3 in skin fibrosis and TGFβ signaling (Pedroza et al. 
2018). JAK/STAT1 signaling is involved in the regulating 
of ultraviolet-induced MMP-1 expression in human der-
mal fibroblasts. The protein inhibitor of activated STAT 4 
(PIAS4) contributes to cirrhosis through regulating SIRI1-
dependent Smad3 deacetylation (Kim et al. 2008; Sun et al. 
2016), suggesting that JAK/STAT signaling have a wide-
spread effect on the regulation of fibrosis. STAT5A has been 
shown to play a vital role in immune cells and absence of 
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lymphoid STAT5A lead to loss of CD8+ and regulatory T 
cells (Treg) (Hoelbl et al. 2006). STAT5 was also identified 
as a cytosolic signaling molecule involved in proliferation, 
differentiation, and apoptosis in various cell types (Cumar-
aswamy and Gunning 2012). However, little is known about 
the function of STAT5A in dermal fibroblasts differentiation.

MicroRNAs (miRNAs), a class of 17–23 nucleotide 
non-coding RNAs, have been shown to be involved in 
diverse biological and pathological processes by binding to 
3′-UTR (3′-untranslated region) of the target mRNAs, thus 
inducing the translational inhibition and/or degradation of 
mRNAs. Currently, the regulatory effect of microRNAs on 
skin wound healing is gradually prominent (Li et al. 2016; 
Zhou et al. 2015). MiR-210-5p is a potent factor of angio-
genesis in the hypoxic tumor microenvironment (Fasanaro 
et al. 2008, 2009). It has been reported that miR-210 was 
highly expressed in skin lesions, and the upregulation of 
miR-210 can promote tissue healing in vivo (Feng et al. 
2020; Hu et al. 2010; Shoji et al. 2012). Furthermore, miR-
210 is involved in liver cirrhosis and fibroblast proliferation 
(Bodempudi et al. 2014; Watany et al. 2018). However, the 
role of miR-210-5p in HS remains unclear. In this study, we 
investigated the function of STAT5A in fibroblast. We also 
examined the molecular mechanism underlying the relation-
ship between miR-210 and HDFs differentiation. The results 
showed that down-regulation of STAT5A facilitated the 
phosphorylation of STAT3 and that miR-210-5p regulated 
TGFβ-induced HDFs differentiation by targeting STAT5A.

Materials and methods

Cell culture and transfection

Human dermal fibroblasts (HDFs) were obtained from 
American-type culture collection (ATCC) and cultured at 
37 °C in DMEM media containing 10% FBS (Thermo Fisher 
Scientific, Inc, Waltham, MA, USA). All transfection experi-
ments were carried out with Effectene Transfection Rea-
gent (QIAGEN, DUs, GER) according to the manufacturer’s 
instructions. The miR-210-5p mimic (mimic), miR-210-5p 
inhibitor (inhibitor) and scramble control (control) Oligo-
nucleotides were purchased from Sangon Biotech Shanghai 
(Shanghai, China).

RNA analysis

Total RNA was extracted from HDFs using RNAisoPlus 
(Takara, Japan) according to the manufacturer’s instruc-
tions. 800 ng of total RNA was reversely transcribed into 
cDNA using PrimeScripTMRT Master Mix cDNA synthesis 
system (Takara, Japan). TB GreenTM Premix EX TaqTM II 
(Takara, Japan) was used for quantification. The expression 

of the gene of interest was normalized to GAPDH RNA 
level. The following primers were used for qPCR: GAPDH 
(forward 5′-GGA​GCG​AGA​TCC​CTC​CAA​AAT-3′; reverse 
5′-GGC​TGT​TGT​CAT​ACT​TCT​CATGG-3′), αSMA (for-
ward 5′-TTC​AAT​GTC​CCA​GCC​ATG​TA-3′; reverse 5′-GAA​
GGA​ATA​GCC​ACG​CTC​AG-3′), Col-1 (forward 5′-CGG​
ACG​ACC​TGG​TGA​GAG​A-3′; reverse 5′-CAT​TGT​GTC​
CCC​TAA​TGC​CTT-3′), Col-3 (forward 5′-CCC​TGA​GGA​
ACG​GGA​GAG​TA-3′; reverse 5′-CTT​TCC​AAC​GAT​CCT​
CGC​CT-3′), STAT5A (forward 5′-GCA​GAG​TCC​GTG​
ACA​GAG​G-3′; reverse 5′-CCA​CAG​GTA​GGG​ACA​GAG​
TCT-3′).

Western blot analysis

Total proteins were extracted from cells using the RIPA 
buffer (Solarbio, Beijing, China) in the presence of Pro-
tease Inhibitor Cocktail and Protein Phosphatase Inhibitor 
(Solarbio, Beijing, China). Western blots were performed 
according to standard procedures.

Reagents and antibodies

The concentration for recombinant human TGFβ (R&D, 
USA) stimulation was 20 ng/ml. For STAT3 inhibition, cells 
were treated with 10 μM STAT3 inhibitor C188-9 (Selleck 
Technology, Inc., Shanghai, China) for 12 h. Primary anti-
bodies: Actin antibody (1:3000, Cell Signaling Technology, 
Inc., USA); Col-1 antibody (1:2000, Abcam, USA); Col-3 
antibody (1:2000, Abcam, USA); αSMA antibody (1:1500, 
Cell Signaling Technology, Inc., USA); STAT3 antibody 
(1:2000, Cell Signaling Technology, Inc., USA); p-STAT3 
antibody (1:1000, Cell Signaling Technology, Inc., USA); 
STAT5A antibody (1:2500, Cell Signaling Technology, Inc., 
USA); p-STAT5A antibody (1:1500, Abcam, USA); JAK2 
antibody (1:2000, Cell Signaling Technology, Inc., USA); 
p-JAK2 antibody (1:1000, Cell Signaling Technology, Inc., 
USA); Smad2 antibody (1:3000, Cell Signaling Technol-
ogy, Inc., USA); p-Smad2 antibody (1:1500, Cell Signaling 
Technology, Inc., USA); Smad3 antibody (1:3000, Abcam, 
USA); p-Smad3 antibody (1:2000, Abcam, USA).

Luciferase reporter assay and construction

The cDNA of human STAT3 was amplified by PCR and 
cloned into the pcDNA6.0 empty vector. For a generation 
of pmirGLO-STAT5A-wt and pmirGLO-STAT5A-mu, the 
wide-type (WT, 5′-GTA​GGA​CTC​GCA​GTC​AGG​GGCA-3′), 
and mutant (MU, 5′-GTA​GGA​CTC​GCA​GTC​TCC​CCGA-
3′) 3′-UTR of STAT5A were cloned into the pmirGLO 
vector (Promega, WI, USA). HDFs were transfected with 
luciferase constructs and miR-210-5p mimic. After 48 h, a 
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dual-luciferase reporter assay system (Promega, WI, USA) 
was used to measure the luciferase activity.

Cell immunostaining

Following transfection, HDFs were transferred to 24 well 
plates containing coverslips, and then cells were washed in 
0.5 ml PBS and fixed with 4% formaldehyde for 15 min. 
Cells were washed twice in 0.5 ml PBT (PBS containing 
0.1% Tween-20) and then blocked with 5% BSA for 1 h. 
Cells were then incubated with indicated primary antibody 
overnight at 4 ℃ before 2 × 5 min TBST washes. Secondary 
antibody was incubated for 4 h at room temperature. Immu-
nostaining samples were photographed with an inverted 
fluorescence microscope (Olympus).

Cell motility analysis

For wound healing assay, 2 × 105 transfected cells were 
plated into 12-well plates and incubated at 37 °C. After 
reaching 100% of confluence, cells were wounded by 
scraping with a 200 µl tip, followed by the washing for 3 
times in serum-free medium to remove the detached cells. 
Subsequently, cells were photographed with an inverted 
microscope (Olympus). Cell migration was assessed using 
transwell chambers with a Matrigel (BD Bioscience, USA). 
Briefly, 2 × 104 transfected cells in serum-free medium were 
placed into the upper compartment of the chamber. The bot-
tom chambers were filled with a completed medium (added 
10% FBS). After incubation for 48 h in a humidified atmos-
phere of 5% CO2 at 37 °C, the cells on the upper surface of 
filters were removed from the top well with a cotton swab, 
while the cells migrated into the lower surface of filters were 
fixed with 70% methanol for 30 min and stained with 0.2% 
crystal violet.

Statistical analysis

Data are presented the mean ± SEM of at least three inde-
pendent experiments. The differences between the two 
means were analyzed with the Student’s t test using IBM 
SPSS Statistics 22.0. Comparisons among multiple groups 
were analyzed using one-way ANOVA followed by LSD 
post hoc test. P-values below 0.05 were considered signifi-
cantly different.

Results

Downregulation of miR‑210‑5p inhibits 
TGFβ‑induced αSMA

To identify the role of miR-210-5p in the differentiation 
of skin fibroblasts, we first tested whether miR-210-5p is 
induced by TGFβ treatment. As shown in Fig. 1a, the expres-
sion of miR-210-5p was elevated upon TGFβ stimulation 
in a time-dependent manner. We performed gain- and loss-
function experiments through transfection with inhibitor or 
mimic of miR-210-5p (Fig. 1b). It was observed that miR-
210-5p knockdown decreased the expressions of collagen 
I (Col-1), collagen III (Col-3), and αSMA in both RNA 
and protein levels (Fig. 1c and d), whereas miR-210-5p 
overexpression did the opposite. As expected, TGFβ treat-
ment elevated the expression of αSMA in HDFs (Fig. 1e). 
Remarkably, the downregulation of miR-210-5p reduced 
TGFβ-induced αSMA expression (Fig. 1f). This result was 
further confirmed by immunofluorescence staining, inhibi-
tion of miR-210-5p decreased αSMA and F-actin expression 
upon TGFβ stimulation (Fig. 1g). Together, these results 
indicated that miR-210-5p is essential for TGFβ-induced 
differentiation of HDFs into myofibroblasts.

MiR‑210‑5p facilitates human dermal fibroblast 
migration

Next, we examined the role of miR-210-5p in fibroblast 
migration. The results of the wound healing assay indicated 
that miR-210-5p overexpression significantly enhanced 
the migratory capacity of HDFs (Fig. 2a). Further, it was 
observed that miR-210-5p overexpression promoted, 
whereas miR-210-5p downregulation inhibited migration 
of HDFs towards fetal bovine serum (Fig. 2b). Collectively, 
these results indicated that miR-210-5p promoted the motil-
ity of HDFs.

MiR‑210‑5p is involved in the regulation of STAT3 
signaling in HDFs

It has been reported that JAK/STAT3 signaling regulated 
dermal fibroblast function. Therefore, it was hypothesized 
that STAT3 plays a role in the phenotypical switch from 
fibroblasts to myofibroblasts. The results indicated that 
TGFβ stimulation increased the phosphorylation of STAT3 
in HDFs (Fig. 3a). Inhibition of STAT3 by C188-9 resulted 
in a reduction in TGFβ-induced expression of Col-1, Col-3 
and αSMA, as well as the amount of αSMA-positive fibro-
blasts (Fig. 3b and c), suggesting that STAT3 modulates 
fibrosis signaling in HDFs. Downregulation of miR-210-5p 
decreased phosphorylated STAT3, whereas miR-210-5p 
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Fig. 1   MiR-210-5p is required 
for TGF-induced αSMA. a The 
expression of miR-210-5p in 
HDFs was measured by qPCR 
upon TGFβ treatment. b The 
expression of miR-210-5p in 
HDFs was measured by qPCR 
after transfection with miR-
210-5p mimic or inhibitor. c 
Protein levels of Col-1, Col-3, 
and αSMA in HDFs were was 
measured by western blot after 
transfection with miR-210-5p 
mimic or inhibitor. d RNA lev-
els of Col-1, Col-3, and αSMA 
in HDFs were was measured by 
qPCR after transfection with 
miR-210-5p mimic or inhibitor. 
e The expression of αSMA in 
HDFs was measured by western 
blot upon TGFβ treatment. f 
HDFs were treated with or with-
out TGFβ, and the combina-
tion of TGFβ and miR-210-5p 
inhibitor, western blot measured 
the expression of αSMA. UT, 
untreated. g F-actin and αSMA 
staining of HDFs treated with or 
without TGFβ, and the combi-
nation of TGFβ and miR-210-5p 
inhibitor. Data are represented 
as the mean ± SEM. Student’s 
t test was performed to analyze 
the differences (*P < 0.05; 
***P < 0.001 in comparison 
with the indicated group)
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overexpression did the opposite, indicating that miR-210-5p 
is involved in STAT3-related signaling (Fig. 3d). Overex-
pression of STAT3 in HDFs results in an increase in αSMA 
expression, which is reduced by miR-210-5p inhibitor trans-
fection (Fig. 3e). Smad signaling had been reported to play 
a critical role in fibroblast activation. However, alteration 
of miR-210-5p had no effect on the activation of Smad2 
and Smad3 (Fig. 3f). Together, these results suggested that 
miR-210-5p regulated STAT3 signaling in response to TGFβ 
stimulation.

Inhibition of STAT5A elevated STAT3 activity in HDFs

To verify the function of STAT5A in skin fibrosis, HDFs 
were treated with TGFβ, and STAT5A expression was 

examined by western blot. It was found that the protein level 
of STAT5A and phosphorylated STAT5A (p-STAT5A) were 
decreased upon TGFβ treatment in HDFs (Fig. 4a). How-
ever, RNAi-mediated downregulation of STAT5A does not 
change the basal expression of αSMA in HDFs (Fig. 4b). 
Earlier studies have shown that in the absence of STAT5, 
STAT3 can be recruited into the receptor associated with 
STAT5, resulting in its aberrant activation (Cui et al. 2007; 
Hosui and Hennighausen 2008). As shown in Fig. 4c, knock-
down of STAT5A elevated the phosphorylation of STAT3 
in HDFs upon TGFβ treatment (Fig. 4c). Additionally, over-
expression of STAT3 increased αSMA expression, which 
was markedly enhanced by STAT5A silencing (Fig. 4d). 
These data suggested that the downregulation of STAT5A 
enhanced the activation of STAT3 in HDFs.

Fig. 2   Overexpression of miR-210-5p promotes the motility of HDFs. 
a The migration of HDFs was detected by wound healing assay in 
the presence of miR-210-5p mimic or inhibitor. b After TGFβ treat-
ment, transwell assay of HDFs invasion in the presence of miR-

210-5p mimic or inhibitor. Data are represented as the mean ± SEM. 
Student’s t test was performed to analyze the differences (*P < 0.05; 
**P < 0.01 in comparison with the indicated group)
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MiR‑210‑5p regulates JAK/STAT3 signaling 
by targeting STAT5A

As described thus far, it was shown that miR-210-5p is 
involved in the differentiation of fibroblasts and the regu-
lation of STAT3 signaling. To further assess the relation-
ship between miR-210-5p and JAK/STAT3 pathway, we 
examined whether knockdown of miR-210-5p affects JAK2 
phosphorylation. Western blot analysis showed that knock-
down of miR-210-5p did not affect JAK2 phosphorylation 
(Fig. 5a). Next, we performed Bioinformatics analysis by 
databases of TargetScan and MiRanda. The results predicted 
that miR-210-5p might target STAT5A (Fig. 5b). Therefore, 
we assessed the direct reaction between miR-210-5p and 
STAT5A using dual-luciferase reporter assay. Compared 
with the control groups, the function of luciferase was inhib-
ited by transfecting with miR-210-5p mimic fused to 3′-UTR 
of STAT5A (Fig. 5c). Consistently, miR-210-5p overex-
pression decreased, whereas miR-210-5p downregulation 
increased the expression of STAT5A on both mRNA and 
protein levels (Fig. 5d and e). Taken together, these results 
indicated that miR-210-5p directly binds to the 3′-UTR of 
STAT5A.

Discussion

The long-term inflammation and infection caused by skin 
injury lead to the failure of normal clearance of myofibro-
blasts and continuous increment and activation of myofibro-
blasts. Excessive synthesis and secretion of Col-1 and Col-3, 
resulting in scar thickening and hardening. HS affects the 
appearance and limb function; at the same time, it brings 
great suffering to the patient’s body and mind (Bloemen 
et al. 2009). However, the cause of HS is still not clearly 
understood.

Skin fibrosis is a remarkable feature of hypertrophic 
scars, and it mainly occurs in the dermis, the connective 

tissue layer under the basement membrane and epidermis. 
Skin fibrosis involves multiple cellular signaling, such as 
Notch, TGFβ-Smad, and JAK/STAT pathway (Desmouli-
ere et al. 1993; Hu and Phan 2016; Pedroza et al. 2018). 
Our data showed that STAT3 participates in dermal fibrosis, 
and it is required for the expressions of αSMA, Col-1 and 
Col-3 (Fig. 3b). These results were consistent with a pre-
vious report showing that inhibition of STAT3 suppressed 
dermal fibrosis in the bleomycin (BLM) mouse model 
(Pedroza et al. 2018). In the immune system, STAT5 pro-
teins, including STAT5A and STAT5B, have been shown 
to play a critical role in the regulation of IL-2-signaling 
(Imada et al. 1998; Nakajima et al. 1997). However, the role 
of STAT5 in dermal fibrosis and the underlying molecu-
lar mechanism remains largely unexplored. In the present 
study, it was found that stimulation of HDFs with TGFβ 
decreased the expression of STAT5A (Fig. 4a). Knockdown 
of STAT5A facilitated the activation of STAT3 upon TGFβ 
stimulation, as well as αSMA expression (Fig. 4b and c), 
indicating that TGFβ-induced STAT3 activation is depend-
ent on STAT5A in HDFs. The association between TGFβ 
and STAT5 signaling has been previously suggested in dif-
ferent cell lines. For example, TGFβ stimulation reduces the 
expression of STAT5 in human mast cell (Fernando et al. 
2013). In regulatory T cells (Treg), the expression of Foxp3 
gene is elevated by TGFβ stimulation by enhancing STAT5 
activation following downregulation of SOCS3 expression 
(Ogawa et al. 2014). The N terminus of STAT5 interacts 
with TGFβ, and abrogation of STAT5 led to an increase in 
TGFβ expression as a result of elevated stability (Hosui et al. 
2009). Additionally, STAT5 expression is negatively corre-
lated with TGFβ in hepatic fibrosis (Abu El Makarem et al. 
2018). It was suggested that inactivated mutations in STAT5 
led to dwarfism and immunological disorders (Bernasconi 
et al. 2006; Kofoed et al. 2003). Unscheduled activation 
of STAT3 was observed in the primary cells isolated from 
these patients, and some of the immune disorders observed 
in these patients may be related to the over-activation of 
STAT3 rather than the loss of STAT5. For dermal fibrosis, it 
is likely that under our experimental conditions, stimulation 
of HDFs with TGFβ suppresses the expression of STAT5A 
resulted in aberrant activation of STAT3 (Fig. 4).

Mounting evidence has suggested that microRNAs play 
a critical role in pathological wound healing and the devel-
opment of skin fibrosis (Li et al. 2017a, 2017b). MiR-210 
considered as oncogenes (so-called oncomiRs) due to its 
high levels of expression in many solid tumors, including 
breast, cervical, and pancreatic (Grosso et al. 2013; Qin et al. 
2014). In this study, it was observed the upregulation of 
miR-210-5p in HDFs upon TGFβ stimulation. Inhibition of 
miR-210-5p decreased the expressions of Col-1, Col-3, and 
αSMA (Fig. 1), suggesting that miR-210-5p is involved in 
the regulation of skin fibrosis. These results were similar 

Fig. 3   MiR-210-5p is required for TGF-induced STAT3 activity. a 
After TGFβ treatment, the phosphorylated STAT3 was detected by 
western blot. b HDFs were treated with or without TGFβ, and the 
combination of TGFβ and STAT3 inhibitor C188-9 (20  µM), west-
ern blot measured the expression of Col-1, Col-3, and αSMA. c The 
αSMA staining of HDFs treated with or without TGFβ, and the com-
bination of TGFβ and STAT3 inhibitor C188-9 (20 µM). d Total and 
phosphorylated forms of STAT3 were detected by western blot after 
transfection with miR-210-5p mimic or inhibitor. e The protein level 
of αSMA in HDFs was detected by western blot after transfection 
with STAT3 or co-transfection with STAT3 and miR-210-5p inhibi-
tor. f Total and phosphorylated forms of Smad2 and Smad3 were 
detected by western blot in HDFs treated with or without TGFβ, and 
the combination of TGFβ and miR-210-5p inhibitor. UT, untreated. 
Data are represented as the mean ± SEM. Student’s t test was per-
formed to analyze the differences (*P < 0.05; **P < 0.01 in compari-
son with the indicated group)

◂
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Fig. 4   Downregulation of STAT5A impedes TGF-induced STAT3 
activity. a Total and phosphorylated forms of STAT5A were 
detected by western blot in HDFs treated with or without TGFβ. UT, 
untreated. b HDFs were transfected with ctrl-siRNA or STAT5A-
siRNA. The protein level of αSMA was detected by western blot. c 
HDFs were treated with or without TGFβ, and the combination of 
TGFβ and STAT5A-siRNA, western blot measured the expression of 

STAT5A and the phosphorylated of STAT3. d HDFs were transfected 
with STAT3 or the combination of STAT3 and STAT5A-siRNA, 
western blot measured the expression of STAT5A, STAT3, and 
αSMA. Data are represented as the mean ± SEM. Student’s t test was 
performed to analyze the differences (*P < 0.05; **P < 0.01 in com-
parison with the indicated group)
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Fig. 5   a Total and phosphorylated forms of JAK2 in HDFs were was 
measured by western blot after transfection with miR-210-5p mimic 
or inhibitor. b Graphical representation of the miR-210-5p binding 
motif at the 3′-UTR of STAT5A. c The luciferase activity displayed 
by the luciferase reporter constructs which contained either the wild 
type (WT) or mutation (MU) of STAT5A 3′-UTR after miR-210-5p 

mimic transfection. d, e) The expression of STAT5A in HDFs was 
measured by western blot or qPCR after transfection with miR-
210-5p mimic or inhibitor. Data are represented as the mean ± SEM. 
Student’s t test was performed to analyze the differences (*P < 0.05; 
**P < 0.01 in comparison with the indicated group)
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to findings from other studies, for instance, overexpression 
of miR-210 promotes fibroblast proliferation via suppress-
ing the MNT, a c-myc inhibitor (Bodempudi et al. 2014). 
Upregulation of miR-210 facilitates epithelial-mesenchymal 
transition (EMT) via activating JAK/STAT3 signaling in 
lung cancer cells (Zhang et al. 2019). It was also found that 
the downregulation of miR-210-5p impeded the migratory 
capacity of HDFs, suggesting a unique role of miR-210-5p 
in the EMT process (Fig. 2). Further, miR-210-5p knock-
down reduced the activation of STAT3 signaling, indicat-
ing that miR-210-5p participates in the regulation of STAT3 
(Fig. 3d and e). Stimulation of HDFs with TGFβ increased 
miR-210-5p and decreased STAT5A expression. This pro-
motes us to explore the relationship between miR-210-5p 
and STAT5A. Bioinformatics analysis demonstrated that 
STAT5A is a direct target of miR-210-5p, and this prediction 
is further confirmed by luciferase reporter assay (Fig. 5). 
Consistently, miR-210-5p mimic transfection decreased the 
expression of STAT5A. In addition to the JAK/STAT signal-
ing, miR-210 has been shown to regulate paraquat-induced 
EMT by suppressing RUNX3 and maintaining HIF-1α 
signaling (Zhu et al. 2017). Alteration of miR-210-5p does 
not affect the activity of Smad, indicating that miR-210-5p 
regulates skin fibrosis via JAK/STAT signaling specifically.

Conclusion

In summary, the results provided evidence that TGF-β treat-
ment increased miR-210-5p in HDFs. MiR-210-5p reduced 
the expression of STAT5A expression, and activated STAT3 
signaling, leading to the differentiation of HDFs into myofi-
broblasts. Our data revealed an essential role of miR-210-5p 
in skin fibrosis and suggest a therapeutic potential of miR-
210-5p in the hypertrophic scar.
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