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Abstract: Studies have indicated that miR-203a was down-regulated in Hypertrophic scar (HS) tissues, however, the 
exact role of miR-203a in HS remains unclear. The aim of this study was to investigate the role of miR-203a in HS, 
and explore its underlying mechanisms. We fist confirmed the down-regulation of miR-203a in human hypertrophic 
scar fibroblasts (hHSFs) by using qRT-PCR, and the results were consistent with the previous study. TargetScan was 
applied to predict the target genes of miR-203a, and the prediction was verified by Dual-luciferase reporter assay. 
To investigate the role of miR-203a in HS, a stable miR-203a-over-expression cell line was established using miR-
203a mimics. CCK-8, cell cycle assay and cell apoptosis assay were preformed to investigate the proliferation, cell 
cycle and apoptosis of hHSFs. Additionally, mRNA and protein levels of related genes were measured by qRT-PCR 
and western blot analysis respectively. Our results suggested that HOXD3 is a target gene of miR-203a, and it can 
be repressed by miR-203a. miR-203a could inhibit the proliferation, block transition of the G2/M phase, increase 
the apoptosis of hHSFs, decrease the expression of cell cycle and apoptosis-related proteins, EGFR, p-AKT, CCNB1, 
CDK1, Bax and Bcl-2. In conclusion, miR-203a inhibited the proliferation and induced apoptosis of hHSFs by target-
ing HOXD3. miR-203a may be a useful target for HS management. 
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Introduction

Excessive scars, which may be caused by 
burns, lacerations, surgery, and vaccinations, 
physically and psychologically affect a patient’s 
quality of life, by causing pain, pruritus and con-
tractures. Hypertrophic scars (HS) is a dermal 
fibroproliferative disorder caused by anoma-
lous wound healing after skin injury. HS is char-
acterized by excessive extracellular matrix 
accumulation and fibroblasts overgrowth [1]. 
Millions of people suffer this disease every year 
[2]. Many studies on HS formation have been 
performed for decades, and great improve-
ments have been made on the therapeutic 
strategies of HS treatment in recent years [3]. 
However, the complex mechanisms of HS for-
mation are still poorly understood, and most 
therapeutic means remain clinically unsatisfac-
tory. Therefore, it is crucial and urgent to find 
new and effective strategy to prevent HS.

MicroRNAs (miRNAs), a class of short (~22 nt), 
non-coding, single stranded and highly con-

served RNAs, negatively regulate gene expres-
sion in many cellular events, including prolifera-
tion, apoptosis, and differentiation by targeting 
the 3’UTR of target genes [4-7]. Dysregulation 
of miRNAs is known to be involved in various 
pathophysiologic processes, including the nor-
mal wound healing process. Emerging evidenc-
es suggested that miRNAs are involved in 
pathologic wound healing and closely related to 
HS formation. For example, miR-21 has been 
found to control HS fibroblast cell growth 
though regulating hTERT expression via the 
PTEN/PI3K/AKT pathway [8]. miR-200b can 
inhibit cell proliferation and promote apoptosis 
of human hypertrophic scar fibroblasts, and 
may be a useful target for hypertrophic scarring 
management [9]. miR-138 plays important 
roles in regulating human hypertrophic scar 
fibroblasts proliferation and movement [10]. 
miR-10a and miR-181c were reported to have 
critical roles in HS pathogenesis via the regula-
tion of collagen type I [11]. Gras et al. suggest-
ed that miR-145 is a promising therapeutic tar-
get to prevent or reduce HS of the skin [12].
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Previous study suggested that compared with 
the matched normal skin tissues, miR-203a 
was down-regulated in hypertrophic scar tis-
sues [9]. To the best of our knowledge, the 
exact functional role of miR-203a remains 
unclear. Thus, the present study aimed to inves-
tigate the role of miR-203a in HS formation and 
explore its underlying mechanisms.

Materials and methods

Cell culture

The human embryonic skin fibroblasts, CCC-
ESF-1 (ESF), and human hypertrophic scar 
fibroblasts (hHSFs) were obtained from Bioleaf 
Corporation (Shanghai, China). Cells were 
grown in DMEM supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin and strep-
tomycin solution in 5% CO2 humidified atmo-
sphere at 37°C. 

QRT-PCR 

Total RNA was extracted from cells by using 
TRIzol (Invitrogen) in line with the manufacturer 
protocols. cDNAs were generated by using 
RevertAid First Strand cDNA synthesis Kit 
(Fermentas, Pittsburgh, PA, USA). Real-time 
PCR was performed using SYBR Green qRCR 
Mix (TOYOBO, Osaka, Japan) in a Thermal Cycler 
Dice Real-time system. U6 (for miRNA) or 
GAPDH (for mRNA) was used as an internal  
control. The primer sequences were listed in 
Table 1. All tests were performed in triple. 

Western blot analysis

Total cell protein was extracted from cells by 
using RIPA lysis buffer (Auragene, Changsha, 
China). The BCA protein assay kit (Beyotime, 
China) was performed protein quantification. 
Protein samples were resolved by SDS-PAGE 

and then transferred onto nitrocellulose mem-
brane (Millipore, Bedford, MA, USA). Membranes 
were incubated with primary antibodies at 4°C 
overnight. After wishing with TBST solution for 
at least 3 times, the membranes were then 
incubated with second antibodies (CST, USA; 
dilution ratio, 1:5000) at room temperature for 
4 h. An ECL kit (Applygen, Beijing, China) was 
carried out to detect the protein bands. The pri-
mary antibodies, HOXD3, EGFR, p-AKT, CCNB1, 
CDK1, Bax, Bcl-2 and β-actin (Cell Signaling 
Technology, Beverly, MA) were diluted 1:1000 
respectively.

Cell transfection 

hHSFs were seeded into 6-well plates the day 
before transfection, then miR-203a mimics 
(mimic group) or its negative control (NC  
group) was transfected into hHSFs using 
Lipofectamine 2000 transfection reagent 
(Invitrogen, USA) according to the manufactur-
er’s protocols. Cells without any treatments 
were considered as the control group (Control 
group). Fresh culture medium was replaced 
after incubating for 4 hours. 48 h after trans-
fection, following experiments analysis was  
carried out.

Dual-luciferase reporter assay

To investigate whether miR-203a targets the 
3’-UTRs of HOXD3, the vectors named HOXD3-
3’UTR-WT and HOXD3-3’UTR-MUT with wild-
type and mutated 3’UTR of HOXD3 mRNA  
were established. 293T cells were seeded in 
24-well plates and then co-transfected with 
HOXD3-3’UTR-WT or HOXD3-3’UTR-MUT and 
miR-203a or its negative control (hsamiR-NC) 
vector using Lipofectamine 2000 in line with 
the manufacturer’s instructions. Luciferase 
activity was assessed with the Dual-Luciferase 
Reporter Assay Kit (Promega, USA) according  
to the manufacturer’s protocols. All tests were 
performed at least 3 times. 

Cell counting kit-8 assay

CCK-8 (Solarbio, Beijing, China) was used to 
determine the effects of miR-203a on cell pro-
liferation. In short, 48 hours after transfection, 
hHSFs were seeded at 5×103 cells per well in a 
96-well plate. 10 μl CCK-8 solution was added 
into each well. After incubating for 4 h at 37°C, 
absorbance was detected at 450 nm. Tests 
were repeated three times.

Table 1. Primer sequence for PCR
Sequence (5’-3’)
miR-203a-Forward: 5’-ATCCAGTGCGTGTCGTG-3’
miR-203a-Reverse: 5’-TGCTGTGAAATGTTTAGGA-3’ 
HOXD3-Forward: 5’-TCAAGAAAACACACACATACATAATTG-3’
HOXD3-Reverse: 5’-TGCTGAATCCTGAGAGAGCTG-3’ 
U6-Forward: 5’-TGCGGGTGCTCGCTTCGGCAGC-3’
U6-Reverse: 5’CCAGTGCAGGGTCCGAGGT3’ 
GAPDH-Forward: 5’CTTTGGTATCGTGGAAGGACTC3’
GAPDH-Reverse: 5’GTAGAGGCAGGGATGATGTTCT3’
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Cell cycle analysis

At 48 h post transfection, hHSFs were collect-
ed, fixed with 70% ethanol, centrifuged (1500 
rpm for 5 min), and then incubated with 0.1 
mg/mL RNase A and 0.05 mg/mL propidium 
iodide (PI) for 30 min at 4°C. Flow cytometry 
was applied to analyze the cell cycle. Tests 
were repeated three times.

Apoptosis assay

48 h after transfection, the apoptosis of hHSFs 
was determined, and the apoptosis detection 
kit (BD Biosciences, NJ, USA) was performed. 
Briefly, hHSFs were transfected with miR-203a 
mimics or its negative control respectively, and 
48 hours after transfection, the cells were incu-
bated with Annexin V and propidium iodide for 
20 min at room temperature. The cells were 
analyzed by flow cytometry. Tests were repeat-
ed three times.

Statistical analysis

Unpaired Student’s t test was performed for 
data analysis. Data were displayed as the 
means ± SD. A value of P < 0.05 was consid-
ered significant. 

Results

miR-203a is down-regulated in hHSFs

We first confirmed the expression level of miR-
203a in human embryonic skin fibroblasts 
(ESF) and human hypertrophic scar fibroblasts 
(hHSFs) by using QRT-PCR. And we found that 

compared with the ESF, miR-203 level was sig-
nificantly decreased in hHSFs (Figure 1A). This 
data is consistent with previous study.

To explore the role of miR-203a in hypertrophic 
scaring, miR-203a was over-expressed by using 
miR-203a mimics. 48 h after transfection, the 
higher expression of miR-203a in hHSFs was 
revealed by qRT-PCR (Figure 1B). 

miR-203a targets HOXD3

To investigate the mechanism of miR-203a 
functions in hypertrophic scaring, we first stud-
ied the target genes of miR-203a. We first pre-
dicted the target genes of miR-203a by using 
TargetScan (Figure 2A), and then luciferase 
reporter gene assay was carried out to verify 
our prediction (Figure 2B). The results suggest-
ed that miR-203a binded to the HOXD3 gene  
at the 3’-UTR nucleotide site, indicating that 
miR-203a directly targets HOXD3. 

To explore the regulation of miR-203a to HOXD3 
in hHSFs, 48 h after transfection, QRT-PCR 
(Figure 2D) and western blotting (Figure 2C) 
were applied respectively. Compared to the 
control and negative control, HOXD3 level nota-
bly decreased in the miR-203a mimic group. 
Taken together, the data indicated that HOXD3 
is a target gene of miR-203a and can be nega-
tively regulated by miR-203a.

miR-203a represses the proliferation of hHSFs

To investigate the effect of miR-203a on  
hHSFs proliferation, CCK-8 assay was per-

Figure 1. miR-203a expression level. miR-203a expression was detected by qRT-PCR. A: Relative expression level of 
miR-203 in human embryonic skin fibroblasts (ESF) and human hypertrophic scar fibroblasts (hHSFs); B: Relative 
expression level of miR-203 in hHSFs. Con: control group; NC: negative control group; mimic: hHSFs transfected with 
miR-203a mimics group. *, P < 0.05 vs. Con; #, P < 0.05 vs. NC.
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formed. As shown in Figure 3, compared with 
the control and negatively control group, the 
cell proliferation ability was significantly 
decreased in hHSFs transfected with miR-203 
mimics. The data indicated that miR-203a 
could inhibit hHSFs proliferation.

miR-203a represses the proliferation of hHSFs 
though G2/M arrest

To further investigate the mechanisms by  
which miR-203a inhibit hHSFs proliferation, cell 
cycle assay was applied. The results showed 
that a marked accumulation of hHSFs in G2/M 
phase was observed in miR-203a mimic group, 
suggesting that miR-203a induced G2/M 
phase arrest in hHSFs (Figure 4A). 

In addition, the expression levels of the cell 
cycle regulators were determined. We found 
that EGFR, p-AKT, CCNB1, and CDK1 were 
down-regulated in hHSFs in miR-203a mimic 
group (Figure 4B). Thus, miR-203a could 
repress the proliferation of hHSFs though G2/M 
arrest by regulating the expression of  
the cell cycle regulators. 

miR-203a induces hHSFs apoptosis

We also examined the effect of miR-203a on 
cell apoptosis of hHSFs. As shown in Figure 5A 
and 5B, up-regulation of miR-203a promoted 
the cell apoptosis, which is consistent with the 

Figure 2. miR-203a targets HOXD3. A: Interaction between miR-203a and 3’UTR of HOXD3 was predicted using 
TargetScan; B: Luciferase activity of a reporter containing a wild-type HOXD3 3’UTR or a mutant HOXD3 3’UTR are 
shown in the bar graph (**P < 0.01 vs. control). Here, “HOXD3 3’UTR-MUT” indicates the HOXD3 3’UTR with a mu-
tation in the miR-203a binding site. UTR, untranslated region. C: Protein level of HOXD3 in hHSFs; D: mRNA level of 
HOXD3 in hHSFs. Con: control group; NC: negative control group; mimic: hHSFs transfected with miR-203a mimics 
group. *, P < 0.05 vs. Con; #, P < 0.05 vs. NC.

Figure 3. miR-203a inhibits hHSFs cell prolifera-
tion. 48 h after hHSFs cells were transfected with 
miR-203a mimics or its negative control, CCK-8 as-
say was used to detect cell proliferation. Con: con-
trol group; NC: negative control group; mimic: hHSFs 
transfected with miR-203a mimics group. *, P < 0.05 
vs. Con; #, P < 0.05 vs. NC.
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results of CCK-8. In addition, cell apoptosis 
related proteins were determined, and we 
found that up-regulation of miR-203a resulted 
in increased Bax expression and decreased 
Bcl-2 expression (Figure 5C). All these results 
demonstrate that miR-203a induces the  
apoptosis of hHSFs through altering Bax/Bcl2 
protein ratio.

Discussion

MiRNAs have been found to play important 
roles in regulating the proliferation and  
apoptosis of a variety of cells, but studies on 
their roles in HS are still in its infancy [13].  
miR-203a acts as a tumor suppressor/promot-
er in various cancers including gastric cardiac 
adenocarcinoma (GCA), hepatocellular carcino-
ma and renal cell carcinoma, by its regulation 
of the proliferation, apoptosis, invasion, and 
migration of cancer cells [14-16]. miR-203a 
was found to be down-regulated in gastric car-
diac adenocarcinoma tissues, and reactivation 
of miR-203a may have therapeutic potential  
for GCA patients [14]. MiR-203a has been  
recognized as a potential tumor suppressor 
because it represses HOXD3 expression in 
hepatocellular carcinoma cells [15]. Moreover, 
in renal cell carcinoma, it was found that in- 
hibition of miR-203a could inhibit renal cell  
carcinoma cell proliferation and migration, 
arrest them in G1 phase, and promote apopto-
sis [16], indicating its tumor promoter role in 
renal cell carcinoma progress. MiR-203a has 
been found to be down-regulated in hypertro-
phic scar tissues [9]; however, the exact role  

of miR-203a in hypertrophic scar formation 
remains unknown. 

In our present study, we found that miR-203a 
was significantly decreased in human hypertro-
phic scar fibroblasts compared to that of the 
human embryonic skin fibroblasts. And we 
found that HOXD3 is a target gene of miR-203a, 
and it can be negatively regulated by miR-203a 
in hHSFs. HOXD3 is a third paralogous member 
of the HOXD gene family, which play important 
roles in cancer pathogenesis via affecting 
tumorigenesis and cancer cell biology through 
differentiation, apoptosis, receptor signaling, 
and other unknown mechanisms [17-19]. 
HOXD3 has been found to play critical roles in 
the regulation of immigration or invasion-relat-
ed gene expression [20, 21]. A recent study 
indicated that HOXD3 inhibits cell proliferation 
and promotes apoptosis through the EGFR-
MAPK/AKT pathway in hepatocellular carcino-
ma [15].  

We further investigated the role of miR-203a in 
HS formation, and CCK-8, cell cycle assay and 
cell apoptosis assay were preformed. By trans-
fecting miR-203a mimics into hHSFs, we found 
that miR-203a could repress the proliferation 
of hHSFs though G2/M arrest and induce apop-
tosis in hHSFs. To further investigate the under-
lying mechanisms of the regulation of cell cycle 
and cell apoptosis by miR-203a, the expression 
level of cell cycle and apoptosis-related pro-
teins, EGFR, p-AKT, CCNB1, CDK1, Bax and 
Bcl-2 were determined in our present study. 
The findings suggested that EGFR, p-AKT, 

Figure 4. miR-203a induces hHSFs cell arrested in G2/M phase. 48 h after hHSFs cells were transfected with  
miR-203a mimics or its negative control, cell cycle assay was carried out to analyze cell cycle. A: Data analysis of  
cell cycle; B: Protein level of cell cycle related proteins was detected by western blotting. Con: control group; NC:  
negative control group; mimic: hHSFs transfected with miR-203a mimics group. *, P < 0.05 vs. Con; #, P < 0.05 vs. 
NC.



Role of miR-203a in hypertrophic scars

5371 Int J Clin Exp Pathol 2017;10(5):5366-5372

CCNB1, and CDK1 were down-regulated in 
hHSFs transfected with miR-203a mimics, and 
the ratio of Bax/Bcl-2 significantly increased. 

Taken together, our study demonstrates that 
miR-203a was down-regulated significantly in 
hypertrophic scars. miR-203a inhibited hHSFs 
cell proliferation and induced apoptosis by 
directly targeting HOXD3 though EGFR/AKT 
pathway. Over-expression of miR-203a may be 
a potential clinical strategy for hypertrophic 
scars treatment.   
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