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Abstract

Background: Hypertrophic scarring (HS) is a severe disease, and results from unusual wound healing. Col1A1 could
promote the hypertrophic scar formation, and the expression of ColTAT in HS tissue was markedly higher than that in
the normal. In present study, we aimed to identify miRNAs as post-transcriptional regulators of ColTA1 in HS.

Methods: MicroRNA-98 was selected as the key miRNA comprised in HS. The mRNA levels of miR-98 in HS tissues
and the matched normal skin tissues were determined by gRT-PCR. MTT and flow cytometry were used to determine
the influence of miR-98 on cell proliferation and apoptosis of HSFBs, respectively. Col1A1 was found to be the target
gene of miR-98 using luciferase reporter assay. Luciferase assay was performed to determine the relative luciferase
activity in mimic NC, miR-98 mimic, inhibitor NC and miR-98 inhibitor with Col1A13/-UTR wt or Col1A13’-UTR mt
reporter plasmids. The protein expression of Col1A1 in HSFBs after transfection with mimic NC, miR-98 mimic, inhibi-
tor NC and miR-98 inhibitor were determined by western blotting.

Results: The mRNA level of miR-98 in HS tissues was much lower than that in the control. Transfection of HSFBs with
a miR-98 mimic reduced the cell viability of HSFBs and increased the apoptosis portion of HSFBs, while inhibition

of miR-98 increased cell viability and decreased apoptosis portion of HSFBs. miR-98 inhibitor increased the relative
luciferase activity significantly when cotransfected with the Col1A1-UTR reporter plasmid, while the mutant reporter
plasmid abolished the miR-98 inhibitor-mediated increase in luciferase activity. Western blotting revealed that overex-

pression of miR-98 decreased the expression of ColTA1.

Conclusions: Overexpression of miR-98 repressed the proliferation of HSFBs by targeting ColTAT.
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Background

Hypertrophic scarring (HS) is a serious disease, and
results from unusual wound healing. It has excessive
deposition of extracellular matrix [1]. Hypertrophic scar
fibroblasts (HSFBs) often show vicious characteristics,
such as excessive deposition and proliferation [2]. Basic
fibroblast growth factor (bFGF) is reported to promote
mitosis and to have an effect on endothelial cells [3].
FGF-2 could regulate myocardial infarct repair and could
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influence cell proliferation, scar contraction, and ven-
tricular function [4]. When damage occurs, scar tissue
forms [5]. Study showed bFGF could alleviate the scar
of the rabbit ear model in wound healing [6]. Collagen
type I (Coll) is the main structural element of the extra-
cellular matrix (ECM). It served as a critical role in the
development and progression of HS and the expression
of Col-1 level was increased in HS tissues [7, 8]. Guofang
et al. reported the production of Coll was inhibited by
miR-181c¢ knockdown or miR-10a overexpression in HFs
[9]. Xie et al. reported antisense oligodeoxynucleotide
(ASODN) was effective in downregulating type I collagen
gene expression and could prove to be useful in the treat-
ment of scars [10]. Fibroblast collagen (Col) synthesis
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appears to be downregulated by keratinocyte-derived
cytokines. Fibroblast growth factors and proinflamma-
tory cytokines appear to be able partially to overcome
this downregulation and to increase collagen synthesis
[11].

MiRNAs have putative roles in the regulation of myofi-
broblasts and thus playing a part in hypertrophic scar-
ring of the skin. Previous study showed miRNAs could
putatively regulate proteins with a known role in myofi-
broblast regulation and function, for example, collagen
type I (Col1A1) [12]. MicroRNAs (miRNAs) are single-
stranded RNA molecules and can influence cell prolifera-
tion and differentiation [13]. They can bind to the 3'-UTR
of cognate mRNAs, which can lead to the degradation of
mRNA [14]. Many studies showed they had roles in a lot
of diseases, such as skin inflammatory disorders [15, 16].
Recently, some miRNAs have been reported to partici-
pate in HS. MicroRNA 98 is reported to be related with
many cancers. It can suppress tumor angiogenesis by
influencing the level of matrix metalloproteinase-11 [17].
Its expression has the potential predictive value in for-
malin-fixed paraffin-embedded tissue from patients with
breast cancer, and can be used as a diagnostic mark [18].
In mice models, there is a negative correlation between
miR-98 and IGF-1 [19]. MiR-98 has been demonstrated
to mediate the antihypertrophic effect of thioredoxin
(Trx1) [20].

In present study, we aimed to explore the effect of
miR-98 on proliferation and apoptosis of HSFBs and the
molecular mechanism.

Methods

Tissue samples

Twenty HS tissue samples and matched normal skin tis-
sues were obtained from twenty different patients in
Hospital of Shanghai Jiaotong from May 2011 to June
2015. The written informed consents had been signed by
all patients in advance. The experiments were approved
by ethics committee of Central South University (the eth-
ics certificate number is CSUEC 2011-094). We separated
samples into three groups: sample 1 was stored in 4%
paraformaldehyde solution; sample 2 was stored in liquid
nitrogen and sample 3 was stored to isolate and cultivate
fibroblasts.

Cell culture

We obtained HSFBs and normal skin fibroblasts (NSFBs)
(paired) from Ruijin Hospital, Affiliated to Shanghai Jiao-
tong University (Shanghai, China). We first cultivated
fibroblasts in culture medium containing 0.5% fetal calf
serum (FCS) after removing phenol red to train their
adaptation in low serum concentration. Fibroblasts were
cultivated in RPMI-1640 containing 10% inactivated
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FBS, penicillin (the concentration was 100 U/ml) and
streptomycin (the concentration was 100 pg/ml) at 2D,
3D and Tis stage in a humidified cell incubator. The
incubator contained 5% CO, and the temperature in it
was 37 °C.

Identification of differentially expressed miRNA

Total RNAs were extracted from hypertrophic scar tissue
and normal skin tissues using miRcute miRNA Isolation
Kit (TIANGEN, China) according to the manufactur-
er’s instruction. The total 500 ng RNAs was subjected
to an Agilent miRNA microarray analysis service (Bio
Matrix Research, Nagareyama, Japan). Data analysis was
done with the GenePix Pro software (LC Sciences). The
miRNA array contained 2019 human probes. Probes with
“present call” flag in at least one sample in both groups
were used for further data analyses. Differences between
groups were examined for statistical significance with
unpaired Student ¢ test. A P value <0.05 was considered
statistically significant.

Transfection of miR-98 mimic and inhibitor

The 2/-O-me-miR-98 mimic and 2’-O-me-miR-98 inhibi-
tor were obtained from GenePharma (Shanghai, China).
All the oligonucleotides were 2'-OMe modified. The
transfection experiment was performed as previously
described [21]. Briefly, cells were transfected with Lipo-
fectamine 2000 (Invitrogen, CA, USA) and were analyzed
24 and 48 h after transfection.

Quantitative real-time PCR analysis

RNA was obtained from HS tissue samples and matched
normal skin tissues by mirVana miRNA isolation kit
ThermoFisher Scientific (Austin, TX). Trizol was put
into the kit and shaked well. The solution was transferred
into 1.5 ml tubes using chloroform and centrifuged at
12,000xg for 15 min. Supernate was put into EP tubes
again with isopropanol and centrifuged, and the pre-
cipitate was kept. Precipitate was treated with ethanol
and DEPC was used to dissolve the precipitate. Nan-
oDrop 1000 spectrophotometer (NanoDrop Technolo-
gies, Wilmington, Delaware, USA) was used to determine
RNA concentration. The expression level was normalized
using U6 small nuclear RNA by the 272" method. The
ACt values were normalized to U6 level.

Western blotting

Fifty micrograms of total protein extracts from HS cells
transfected with miR-98 mimics or miR-98 inhibitor was
loaded on SDS-PAGE gels for Western blotting. West-
ern blotting was performed by a standard protocol. The
mouse monoclonal anti-human Col1A1l antibody (R&D
Systems Europe Ltd.) was diluted 1:500. Quantification of
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Western blot was performed by densitometry using the
Storm 820 PhosphorImager.

Luciferase assay

According to target prediction software microRNA.org
to predict the binding site of miR-98. The fragment was
inserted into the 3’-end of the firefly luciferase gene of
the dual-luciferase miRNA target expression vector lucif-
erase reporter vector (pGL3). The direct binding sites
between miR-98 and CollAl 3’ UTR were deleted by
overlap extending PCR to construct pGL4.13-Col1A1-3/
UTR-mut.

Cell counting kit-8 assay

Cell proliferation assay was performed according to the
instruction of CCK-8 kit (Solarbio, Beijing, China). Cells
at logarithmic phase were made into single-cell suspen-
sion and seeded to 96 well plate with 5 x 10% cells. At
1, 2, 3, 4 and 5 days after seeding, 10 ul of CCK-8 solu-
tion mixed with 90 pl of DMEM was added into each
well. After 2 h incubation, absorbance was measured at
450 nm.

Flow cytometry

After transfection, cells were collected and made into
single-cell suspension. The suspension was washed with
PBS twice and fixed with 70% ethanol overnight. Pro-
pidium iodide (PI) single-stained reagent was added and
placed avoiding light for 30 min. Flow cytometry (FCM)
was used to determine the cell cycle in each group. The
same method was used to collect cells, but fix was not
performed with ethanol. AV/PI double-stained reagent
was added and placed avoiding light for 10 min. FCM
was used to determine apoptosis rate in each group. Each
experiment was repeated for 3 times.

Statistical analysis

Statistical evaluation for data analysis was determined
by unpaired Student’s ¢ test. Data were presented as
the mean + SD and P values <0.05 were considered
significant.

Results

Hsa-miR-98 was down-regulated in hypertrophic scar

To explore the key miRNAs consisted in HS, miRNAs
data coming from human hypertrophic scars and mouse
skin scar after wounding were downloaded from data-
base and uploaded to GEO (http://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE26213; http://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE30913) to screen
differential expressed genes. Results showed 18 miRNAs
were up-regulated by more than 1.5-fold, and 32 miRNAs
were down-regulated by more than 1.5-fold (Fig. 1a). To
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further validate the miRNA microarray results, 5 out of
the most obvious up-regulated miRNAs (miR-6723-5p,
miR-1285-3p, miR-619-5p, miR-1290 and miR-1273a) and
5 out of the most obvious down-regulated miRNAs (miR-
98, miR-7846-3p, miR-668-5p, miR-4738-3p and miR-
4654) were selected to determine their relative expression
levels on hypertrophic scar tissues to verify the effect of
chips. Results showed that relative expression values of
miR-6723-5p, miR-1285-3p, miR-619-5p, miR-1290 and
miR-1273a were above 0 and that relative levels of miR-
98, miR-7846-3p, miR-668-5p, miR-4738-3p and miR-
4654 were below 0 (Fig. 1b). This indicated the results of
miRNA microarray chips from human hypertrophic scars
were precise. Moreover, from the results, we obtained the
most differentially expressed up-regulated miRNA was
miR-6723-5p and the most differentially expressed down-
regulated miRNA was miR-98. Previous study showed the
expression of miR-98 in keloid fibroblasts was low. There-
fore, miR-98 was selected for further study. Twenty hyper-
trophic scar tissues and the matched normal skin tissues
were prepared and the relative expression of miR-98 in
them was determined by qRT-PCR. Results showed the
relative expression of miR-98 in hypertrophic scar tissues
was significantly lower than that in the matched normal
skin tissues (Fig. 1c).

MiR-98 modulates hypertrophic scar fibroblast cell growth
We used qRT-PCR assay to determine the levels of miR-
98 in NSFBs and HSFBs. The results were reported in
Fig. 1c. As shown, hsa-miR-98 level of miR-98 in HSFBs
was significantly lower than that in NSFBs (P < 0.001).

To explore the influence of miR-98 on HS, we trans-
fected HSFBs with miR-98 mimic or inhibitor. After
transfection for 24 h, we used qRT-PCR to determine
the level of miR-98 in HSFBs. As shown in Fig. 2a, the
level of miR-98 in miR-98 mimics group was significantly
increased, while in miR-98 inhibitor group, the value
decreased markedly (Fig. 2d). Then, we used MTT assay
to determine cell viability. Results showed the cell via-
bility of HSFBs reduced dramatically in miR-98 mimics
(Fig. 2b), while cell viability in miR-98 inhibitor increased
(Fig. 2e). FCM was used to determine the influence of
miR-98 on cell apoptosis. Results showed apoptosis rate
of HSBFs in miR-98 mimics group increased markedly
compared with the control (Fig. 2c), while the apopto-
sis rate in miR-98 inhibitor decreased (Fig. 2f). All those
indicated that miR-98 can influence the cell proliferation
and apoptosis of HSFBs.

The Col1A1 gene is a direct target of miR-98 in HSBFs

Col1A1 was predicted to be the target gene of miR-98.
In our study, results showed the wt of Col1Al contain-
ing the potential miR-98 binding site (Fig. 3a). Luciferase
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Fig. 1 a Heatmap of a total of 50 miRNAs that were significantly down-regulated or up-regulated. For each miRNA the red color means an up-
regulated expression of, and the green color means a down-regulated expression. b gRT-PCR was used to validate the results of microarray chips.
c The relative expression of miR-98 in normal control and hypertrophic scarring tissues
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assay was performed to determine the relative luciferase
activity in mimic NC, miR-98 mimic, inhibitor NC and
miR-98 inhibitor with CollA13/-UTR wt or Coll1A13'-
UTR mt reporter plasmids. Results showed the relative
luciferase activity in miR-98 mimic group with Col1A13’-
UTR wt reporter plasmid was markedly lower than the
mimic NC group with CollA13’-UTR wt, while the
relative luciferase activity in miR-98 mimic group with
Col1A13’-UTR mt reporter plasmid had no significant
difference with the mimic NC group with Col1A13’-UTR
mt. Moreover, the relative luciferase activity in miR-98
inhibitor group with Col1A13/-UTR wt reporter plasmid
was markedly higher than the inhibitor NC group with
Col1A13/-UTR wt, while the relative luciferase activity in
miR-98 inhibitor group with Col1A13’-UTR wt reporter
plasmid had no significant difference with the inhibitor
NC group with Col1A13’-UTR wt. Then, the protein
expression of CollAl in HSFBs after transfection with
mimic NC, miR-98 mimic, inhibitor NC and miR-98
inhibitor were determined by western blotting. Results
showed there was a significant reduction in CollAl

expression after transfection with miR-98 mimic and a
markedly increase after transfection with miR-98 inhibi-
tor (Fig. 3c), which kept pace with the results of luciferase
reporter assay.

MiR-98 was negative correlated with Col1A1

To further explore the regulatory roles of miR-98 in
Col1A1 synthesis in vivo, we then determined the expres-
sion levels of miR-98 and Col1Al. An inversely relation-
ship between miR-98 and Col1A1l was observed in skin
scar (R? = 0.6190, P < 0.001) (Fig. 4).

Discussion

Hypertrophic scaring (HS) is a serious disease and can
lead to grievous functional and esthetic defects [22]. The
features of HSs include the proliferation of dermal tissue,
of which there exists undue deposition of extracellular
matrix proteins [23]. As reported, HS can result in sub-
stantial morbidity [24]. It plays a key role in preventing
HS. Some research showed miRNAs play a key role in HS
mechanism [25]. MiR-98 was reported to be an oncomir
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Fig. 2 aThe relative expression of miR-98 in HSFBs after transfection with mimics NC and miR-98 mimics. b Cell viability of HSFBs was determined
after transfection with mimics NC miR-98 mimics for 1, 2, 3,4 and 5 days. € The apoptosis portion of HSFBs after transfection with mimics NC miR-98
mimics. *P < 0.05 and **P < 0.01, compared with mimic NC group, the relative expression, cell viability or apoptosis portion of HSFBs in miR-98 mim-
ics had significant difference. d The relative expression of miR-98 in HSFBs after transfection with inhibitor NC and miR-98 inhibitor. e Cell viability
of HSFBs was determined after transfection with inhibitor NC and miR-98 inhibitor for 1, 2, 3,4 and 5 days. f The apoptosis portion of HSFBs after
transfection with inhibitor NC and miR-98 inhibitor. *P < 0.05 and **P < 0.01, compared with inhibitor NC group, the relative expression, cell viability
or apoptosis portion of HSFBs in miR-98 inhibitor had significant difference

in recurrent nasopharyngeal carcinoma, ovarian cancer
and prostate cancer [26]. However, studies on reporting
the expression and functions of miR-98 in HS were few.
In this study, results indicated that miR-98 regulated the
apoptosis, cell viability of HS cells by targeting Col1Al.
These findings help us to explore the mechanism under-
lying HS formation and therapeutic strategies for this
disorder.

Collagen is extracellular matrix (ECM) component and
its disorganized accumulation can result in scar forma-
tion [27]. The change of collagen was reported to have a
key role in HS. The deposition of I and III collagen can
result in HS [28]. The expression of CollAl in HS tis-
sue was markedly higher than that in the control [29].
Col1A1 could promote the hypertrophic scar formation
[30]. Some studies showed when ECM proteins (such
as pro-CollAl) increased, the excessive scar fibrosis
occurred [31]. Scars are characterized by excessive colla-
gen deposition, particularly types I and III collagen [32].

In our study, results showed miR-98 can regulate
CollA1l expression by targeting the 3’-UTR of CollAl.

After HSFBs transfected with miR-98 mimic, the expres-
sion of Col1A1l reduced, while the expression increased
after transfection with miR-98 inhibitor. Moreover, after
transfection with miR-98 mimic, the cell viability of
HSFBs decreased and the apoptosis portion of HSFBs
increased, while inhibition of miR-98 increased cell via-
bility and decreased apoptosis portion of HSFBs. Fibro-
blast apoptosis had a key role in normal and pathological
scar formation and the putative apoptosis-inducing fac-
tor curcumin affected fibroblast apoptosis and may func-
tion as a novel therapeutic [33]. It was known that
10-hydroxycamptothecin (HCPT) can prevent fibroblast
proliferation, which further affect epidural scar adhesion
after laminectomy in rats [34]. The presence or absence
of scar was matched with the type of fibroblast generat-
ing the fetal wound matrix in a postnatal environment
[35]. This suggested that HSFB proliferation was adjusted
by decreased CollAl expression, which was resulted
from the overexpression of miR-98. Those indicated that
Col1A1 was a key downstream mediator of miR-98 in
HSFBs.
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Fig. 3 a Predicted miR-98 binding sites within the 3’-UTR of ColTATMRNA. b The wt or mt reporter plasmid was cotransfected into HSBFs with
miR-98 inhibitor, inhibitor NC, miR-98 mimic or mimic NC. Luciferase activity of pGL3-Col1A1 was increased significantly by miR-98 inhibitor and
decreased markedly by miR-98 mimic. ¢ Protein expression of Col1A1 after HSFB transfecting with miR-98 inhibitor, inhibitor NC, miR-98 mimic or
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Fig. 4 Inverse correlation of miR-98 and Col1AT expression of in HS
tissues

In conclusion, our findings revealed that overexpression
of miR-98 repressed the proliferation of HSFBs by target-
ing CollAl. Enforced overexpression of miR-98 led to
marked reduction of Coll1A1 production, which indicated
miR-98 was a new method to prevent scar. All those results
indicate that miRNAs have a key role in skin fibroblasts.
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