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a b s t r a c t

Background: The process of wound healing is complex. Increasing evidences have shown that lncRNA
MALAT1 is abundant in fibroblasts and may be engaged in wound healing process. Therefore, we
explored the mechanism of MALAT1 affecting wound healing.
Methods: The expression levels of MALAT1, miR-141-3p as well as ZNF217 in human fibroblast cells (HFF-
1) were quantified by qRT-PCR. HFF-1 proliferation was measured by MTT, while migration was detected
by wound healing assay. SMAD2 activation and matrix proteins expression were detected by western
blotting. The interaction between miR-141-3p and MALAT1 or ZNF217 was further confirmed using the
luciferase reporter gene assay. In vivo wound healing was assessed by full-thickness wound healing
model on C57BL/6 mice.
Result: Knockdown of MALAT1 as well as overexpression miR-141-3p remarkably inhibited the prolif-
eration, migration and matrix protein expression in HFF-1 cells. MALAT1 directly targeted and inhibited
the expression of miR-141-3p. MiR-141-3p suppressed the activation of TGF-b2/SMAD2 signaling
pathway by targeting ZNF217. Knockdown of MALAT1 inhibited wound healing process in mice.
Conclusions: MALAT1 up-regulates ZNF217 expression by targeting miR-141-3p, thus enhances the ac-
tivity of TGF-b2/SMAD2 signaling pathway and promotes wound healing process. This investigation shed
new light on the understanding of the role of MALAT1 in wound healing, and may provide potential
target for the diagnosis or therapy of chronic wounds.
© 2020, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Wound healing involves the collaboration of many different
cells and cytokines, and is considered to be one of the most
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complex physiological process [1]. Abnormal wound healing may
affect millions of people around the world and lead to serious
complications such as chronic wounds and fibrosis [2]. Many steps
are involved in wound healing process, including inflammation,
tissue proliferation and remodeling, which are spatially and
temporally intertwined during tissue repair [3]. Fibroblasts play
critical roles in wound healing including fibrin clot degradation,
extra cellular matrix (ECM) generation, myofibroblasts formation
and wound contraction [4]. Thus, further investigation of the fac-
tors that affect the function of fibroblast may provide important
clues for the diagnosis/treatment of abnormal wound healing.

Long non-coding RNAs (lncRNAs) are gene transcripts that
contain more than 200 nucleotides and not translated into any
proteins. Many studies highlighted the role of lncRNAs in wound
healing process, such as H19 and Gas5 could accelerate the process
of chronic wound healing caused by diabetes [5e7]. The
metastasis-associated lung adenocarcinoma transcript 1 (MALAT1)
is a highly conserved lncRNA, which was proved to be important in
sting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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cancer metastasis [8,9]. MALAT1 facilitates the proliferation and
metastasis of pancreatic cancer cell via activating autophagy [10].
However, MALAT1 suppresses breast cancer metastasis via in-
activates the prometastatic transcription factor TEAD [11]. The
opposite results may be caused by different tumor types. Increasing
evidences have shown that MALAT1 is abundant in fibroblasts [12],
and promotes human dermal fibroblast migration and wound
healing [13,14]. In addition, knockdown MALAT1 prevented
angiotensin II-induced fibroblast proliferation, collagen production,
and a-SMA expression in cardiac fibroblasts [15]. However, it is not
fully understood how MALAT1 affect wound healing.

MicroRNAs (miRNAs) are short non-coding RNAs (20e24 nt)
that are involved in regulating of gene expression by affecting the
stability or translation of mRNAs [16]. MicroRNA-141 (miR-141),
which is widely expressed in many cells/tissues, has been reported
to be related to various human malignancies [17]. Recent studies
have demonstrated that miR-141-3p inhibits cancer cell [18,19] and
epithelial cell migration [20]. Moreover, miR-141-3p was also
detected in many fibroblasts [21,22] and was found to induce
apoptosis and inhibit proliferation and migration of fibroblasts in
keloids via negatively regulating GAB1 expression [23]. Since fi-
broblasts are the key cells in wound healing [4], the working
mechanism of miR-141-3p on wound healing needs further
investigation.

The zinc-finger protein 217 (ZNF217) is an oncogenic protein
which directly binds to the promoter of transforming growth fac-
tor-b (TGF-b) and promotes TGF-b expression and
epithelialemesenchymal transition (EMT) [24]. TGF-b family is
considered to be one of the key regulator of cell proliferation, dif-
ferentiation as well as metabolism in wound healing and tissue
repair process [25,26]. Transduction of TGF-b signal after TGF-b
receptor activation triggers the phosphorylation of SMAD family
proteins, thus subsequently accelerates wound healing [27,28].
Previous study demonstrates that ZNF217 positively regulates
wound healing process by regulating TGF-b/SMAD signaling and
enhances collagen (collagen I, collagen III), Fibronectin and other
matrix proteins expression, thus promoting the reconstruction of
extracellular matrix and accelerating the healing of skin wounds
[25,29]. However, the regulator of ZNF217 in fibroblasts needs
further elucidation.

This study investigated the mechanism by which MALAT1 pro-
motes wound healing process, and provides novel insights into the
understanding of MALAT1 in wound healing process.

2. Material and methods

2.1. Cell culture

Human foreskin fibroblast cell line (HFF-1) was got from
American Type Culture Collection (ATCC, VA, USA) and maintained
in Dulbecco's modified Eagle's medium (DMEM) (Gibco, California,
USA) supplemented with 15% fetal calf serum (FCS, Gibco) and 1%
penicillin/streptomycin (Gibco) in a humidified atmosphere at
37 �C with 5% CO2.

2.2. Cell transfection

ZNF217 cDNA was synthesized and cloned into pcDNA3.1
plasmid for overexpression and pcDNA3.1 plasmid contains a
scrambled sequencewas used as negative control (NC). Sh-MALAT1,
sh-NC, pcDNA3.1, pcDNA-ZNF217, miR-141-3p mimics (sense 50-
UAACACUGUCUGGUAAAGAUGG-30 and antisense 50-AUCUUUAC-
CAGACAGUGUUAUU-30), mimics NC (50- UUCUCCGAACGUGU-
CACGUTT-30), miR-141-3p inhibitor (50-
CCAUCUUUACCAGACAGUGUUA-30) and inhibitor NC (50-
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CAGUACUUUUGUGUAGUACAA-30) were all constructed or synthe-
sized by GenePharma (Shanghai, China). The pGMLV-SC5 RNAi
lentivirus plasmid (GeneChem) was used to knock down MALAT1
expression inmicemodel. In brief, HFF1 cells were plated overnight
to reach 50% confluence before transfection. Sh-MALAT1, miR-141-
3p mimics, miR-141-3p inhibitor, pcDNA-ZNF217 and their controls
were transfected into HFF-1 cells with lipofectamine 2000 reagent
(Invitrogen, Carlsbad, USA) according to the manufacturer's
instructions.

2.3. RNA isolation and quantitative real-time PCR (qRT-PCR)

Trizol reagent (Invitrogen) was used to extract total RNA from
mice skin granulation tissues and HFF-1 cells according to the
manufacturer's protocol. 50 mg of mice skin granulation tissues
were collected and cut on ice. Tissue fragments were incubated
with 1 mL TRIzol in a 1.5 mL homogenizer at room temperature for
5 min. HFF-1 cells were collected and lysed by TRIzol too. Subse-
quently, chloroform was added to the lysates at a ratio of 1:5,
vigorously shaked for 15 s and maintained at room temperature for
2e3min. Afterward, the lysates were centrifuged at 12,000 g at 4 �C
and 15 min The supernatant (total lysate) was transferred to a new
tube, and an equal volume of isopropanol was added. Then the
mixture was centrifuged at 12,000 g at 4 �C and for another 15 min.
The precipitate was washed with 1 mL 75% ethanol overnight 4 �C,
centrifuged and air dried. Extracted RNA was diluted in diethyl
pyrocarbonate water (DEPC; Beyotime Biotechnology, Shanghai,
China) and stored at �80 �C until use. The RNA was reverse tran-
scribed into cDNA using reverse transcriptase for qPCR (AE341-02,
TransGen Biotech, Beijing, China) following the instructions pro-
vided by the manufacturer. The mRNA expression was determined
by StepOnePlus RT-PCR System (Thermofisher, MA, USA) with a
cycling condition of denaturation at 95 �C for 15 s and annealing
and extending at 60 �C for 30 s in a total of 40 cycles. Primer se-
quences used in this study were described below: miR-141-3p
forward 50-GCCGTAACACTGTCTGGTAA-30, reverse primer 50-
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA-
TACGACCCATCT-3’; MALAT1 forward 50-AAAGCAAGGTCTCCCCA-
CAAG-30 and reverse 50-GGTCTGTGCTAGATCAAAAGGCA-3’; ZNF217
forward 50-GGAAGAAGCCTGTCAGATGC-30 and reverse 50-
CCTGCACAACTGCCCTTATT-30. The results were analyzed by the 2-
DDCT methods with internal reference of U6 (forward primer 50-
GCTTCGGCAGCACATATACTAAAAT-30 and reverse primer 50-
CGCTTCACGAATTTGCGTGTCAT-30) and GAPDH (forward primer 50-
CCAGGTGGTCTCCTCTGA-30 and reverse primer 50-GCTGTAGC-
CAAATCGTTGT-30). All the qRT-PCR reactions were operated in
triplicate.

2.4. Western blotting

Total protein was extracted from mice skin granulation tissues
and HFF-1 cells with RIPA lysis buffer (SigmaeAldrich, MS, USA)
supplemented with protease and phosphatase inhibitor cocktail
(MCE, NJ, USA). 30 mg of mice skin granulation tissues were
collected and cut on ice. Tissue fragments were incubated with
300 mL RIPA lysis buffer in a 1.5 mL homogenizer on ice for 15 min.
HFF-1 cells were collected and lysed by RIPA lysis buffer too. Sub-
sequently, the lysates were centrifuged at 12,000 g at 4 �C for
15 min. Then, the total protein concentration in the supernatant
was measured by BCA protein assay kit (Kaiji Biotechnology,
Nanjing, China). Equivalent amounts of proteins were transferred to
a new tube incubate on ice and then 5 � protein loading buffer (Co.
Win Biosciences, Beijing, China) was added, heat the eluted sam-
ples at 95 �C for 5 min. The supernatant was obtained by centri-
fuged at 12,000 g. The supernatant was subjected to 10% SDS



Fig. 1. MALAT1 knockdown decreases proliferation, migration and matrix protein expression of fibroblasts (A) MALAT1 level was measured by qRT-PCR in HFF-1 cells
transfected with MALAT1 knockdown vector (sh-MALAT1) or the vector contains a non-targeting shRNA sequence (sh-NC) (B) Matrix protein expressions were determined by
western blotting in HFF-1 cells (C) The viability of HFF-1 cells was detected by MTT assay after sh-MALAT1 or sh-NC treatment (D) The effect of MALAT1 on cell migration in HFF-
1 cells. The data were presented as mean ± SD in triplicate. One-way ANOVA test was performed for statistical analysis. *P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001.
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polyacrylamide gel electrophoresis (SDS-PAGE), transferred to a
polyvinylidene fluoride (Millipore, MA, USA) membrane and then
blocked with 5% bovine serum albumin (BSA, SigmaeAldrich). The
blotting membrane was incubated with antibodies against Fibro-
nectin (1:1000; Abcam, Cambridge, UK), Collagen I (1:1000;
Abcam), Collagen III (1:1000; Abcam), MMP9 (1:1000; Abcam),
ZNF217 (1:1000; Abcam), phospho-SMAD2 (1:1000; CST, MA, USA),
SMAD2 (1:1000; CST) and GAPDH (1:5000; TransGen Biotech) at
4 �C overnight. The bands of target proteins were showed by
horseradish peroxidase -conjugated secondary antibodies and
chemiluminescence (ECL, Biosharp, Hefei, China) and the intensity
was analyzed by ImageJ v1.35.
2.5. MTT assay

Transfected HFF-1 cells were cultured in 96-well plate at a
density of 1 � 104 per well for 2 days, then 20 mL MTT solution
(5 mg/mL, M2128, SigmaeAldrich) were added into each well and
incubated for 4 h. Then the formazanwas dissolved by the addition
of 150 mL DMSO (SigmaeAldrich) and measured by a microplate
reader at 490 nm (Biotek, Winooski, VT).
2.6. Wound healing assay

Wound healing assay was operated as previously reported [25].
Briefly, HFF-1 cells (2 � 106 per well) with or without transfection
were cultured in 6-well plate until the cells were grown to
confluence. After a pre-incubation with 10 mg/mL mitomycin C
(SigmaeAldrich) for 2 h, the monolayer of the cells was mechani-
cally disrupted with a sterile 10 mL pipette tip. Then, DMEM me-
dium without FCS was added into the plate and photographs were
taken at 0 and 24 h post-scratching. The healing area was analyzed
by Image Pro Plus 6.0 software and repeated three times.
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2.7. Luciferase reporter assay

HFF-1 cells were cultured in 12 well plates at the density of
5� 105 per well. The luciferase activity assays were carried out 24 h
after transfection with a pmirGLO plasmid (Promega, USA) ac-
cording to the manufacturer's method. The relative luciferase was
normalized with renilla luciferase activity.
2.8. Enzyme linked immunosorbent assay (ELISA)

The expression of TGF-b2 of different groups were measured by
TGF-b2 ELISA kit (Solarbio, Beijing, China). Cell culture supernatant
of HFF-1 cells was collected 48 h after the treatment and the con-
centration of TGF-b2 was determined by the ELISA kit according to
the manufacturer's protocols. Concentrations were recorded as pg/
mL. All calibrations and analyses were repeated in triplicate.
2.9. Construction of mouse skin wound model

C57BL/6 mice (18e22 g, male) were got from the Center of
Laboratory Animal of the Second Military Medical University
(Shanghai, China) and were divided into three groups randomly (5
mice per group): control group, sh-NC group, and sh-MALAT1
group. Full-thickness wounds were created as previously reported
[27], and they were housed separately. Lentivirus carrying sh-
MALAT1 or sh-NC was mixed with diluted matrigel and adminis-
trated at 4 sites around the wound area of each mouse, while
matrigel with control virus were added into the wound area of
another group of mice. And transparent application was used to
cover the surface of wounds. Images of the wounds were captured
0, 3, 7, and 11 days after the surgery. Image Pro Plus software was
used to calculate the change in wound area at different time pe-
riods. All animal experimental protocols were approved by the
ethics committee of Guangzhou Red Cross Hospital (Guangzhou,
China).



Fig. 2. MiR-141-3p binds to MALAT1 and inhibits proliferation, migration, and matrix proteins expression of fibroblast (A) QRT-PCR analyzed endogenous miR-141-3p levels in
HFF-1 cells treated with sh-MALAT1 or sh-NC (B) Effect of miR-141-3p mimics on the expression of miR-141-3p (C) Interaction of MALAT1 and miR-141-3p was determined by
StarBase virtual screening and dual-luciferase reporter gene assay (D) Western blotting was performed to determine the expression of matrix proteins in HFF-1 cells after miR-141-
3p mimics treatment (E) Effect of miR-141-3p on HFF-1 cell proliferation (F) Effect of miR-141-3p on HFF-1 cell migration. The data were presented as mean ± SD in triplicate. One-
way ANOVA test and student t-test analysis were performed for statistical analysis. *P ＜ 0.05, **P ＜ 0.01, ***P＜0.001.
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2.10. Statistical analysis

Three independent biological experiments in triplicate were
carried out in all experiments. Results were expressed as
mean ± standard deviation (SD). All data were analyzed using
Graphpad 6.0 software. Statistical analyses were performed using
one-way ANOVA with Dunnett's post-hoc test and student t-test
analysis. P < 0.05 indicates that the difference was significant.
3. Results

3.1. Knockdown of MALAT1 suppresses cell proliferation and
migration and reduces matrix protein expression in HFF-1 cells

Recent study showed thatMALAT1 is a rich noncoding transcript
in the nucleus of human primary fibroblasts [12] and the over-
express of MALAT1 increases both wound healing and cellular
migration in murine fibroblasts [13]. To investigate whether
MALAT1 has similar function in human fibroblast cells (HFF-1), we
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constructed MALAT1 knockdown plasmid (sh-MALAT1). MALAT1
expression was decreased in HFF-1 cells after transfection with sh-
MALAT1 (Fig. 1A), suggesting the plasmid was successfully trans-
fected into the cells. Western blot analysis showed the expression
of MMP9, Collagen I/III and Fibronectin were significantly reduced
after transfected with sh-MALAT1 (Fig. 1B). MTT assay demon-
strated that knockdown of MALAT1 markedly decreased the pro-
liferation of HFF-1 cells compared with control (Fig. 1C).
Furthermore, downregulation of MALAT1 significantly suppressed
the migration of HFF-1 cells as shown in wound healing assay
(Fig. 1D). The above results show that MALAT1 significantly pro-
motes the proliferation, migration and increases the expression of
matrix proteins of fibroblasts.
3.2. MiR-141-3p inhibits proliferation, migration, and matrix
proteins expression of fibroblast and as a direct target of MALAT1

We found that knockdown of MALAT1 increased miR-141-3p
level in HFF-1 cells (Fig. 2A). Therefore, bioinformatics prediction



Fig. 3. MiR-141-3p regulates TGF-b2/SMAD2 signaling pathway by targeting ZNF217 (A) Interaction of ZNF217 and miR-141-3p was determined by StarBase virtual screening and
dual-luciferase reporter gene assay (B) Effect of miR-141-3p mimics on the expression of ZNF217 (C) Effect of miR-141-3p mimics on the expression of ZNF217, SMAD2 and p-SMAD2
(D) Effect of miR-141-3p mimics on the expression of TGF-b2 in HFF-1 cells. The data were presented as mean ± SD in triplicate. One-way ANOVA test and student t-test analysis
were performed for statistical analysis. *P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001.
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was carried out to investigate whether MALAT1 directly regulated
miR-141-3p expression. StarBase virtual online screening sug-
gested miR-141-3p might be a potential target of MALAT1 (Fig. 2C).
To further investigate whether MALAT1 directly targets miR-141-
3p, we constructed luciferase reporters containing MALAT1,
which includes wild-type (WT) or mutant (MUT). QRT-PCR analysis
indicated that miR-141-3p mimics transfection significantly
increased miR-141-3p expression in HFF-1 cells (Fig. 2B). However,
overexpression of miR-141-3p significantly reduced the luciferase
activity in the MALAT1-WT group without affecting the MALAT1-
MUT group in luciferase reporter assay (Fig. 2C), indicating
MALAT1 directly targets miR-141-3p. Moreover, the expression of
MMP9, Collagen I/III and Fibronectin were significantly decreased
after miR-141-3p mimics transfection (Fig. 2D). MTT assay
demonstrated that the proliferation of HFF-1 cells was also mark-
edly decreased by the overexpression of miR-141-3p (Fig. 2E).
Furthermore, as shown in wound healing assay, miR-141-3p
mimics suppressed HFF-1 cell migration significantly (Fig. 2F). As
demonstrated above, MALAT1 directly targets miR-141-3p and in-
hibits its expression level, miR-141-3p overexpression significantly
inhibits fibroblast proliferation, migration, and the expression of
matrix proteins.

3.3. MiR-141-3p inhibits the activity of the TGF-b2/SMAD2
signaling pathway by targeting ZNF217

StarBase virtual screening suggested that miR-141-3p might
bind to the 30-UTR of ZNF217 mRNA, and this interaction was
further confirmed by luciferase reporter assay (Fig. 3A). Moreover,
ZNF217 mRNA expression was significantly inhibited by miR-141-
3p mimics (Fig. 3B). In consistent with qRT-PCR experiment,
ZNF217 protein level was also significantly decreased by miR-141-
3p mimics (Fig. 3C). Previous finding have shown that ZNF217
directly binds to TGF-b gene promoter and promotes TGF-b/SMAD
signaling pathway [20,24]. Therefore, we compared the level of
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SMAD2 phosphorylation and TGF-b2 between control and miR-
141-3p overexpressed HFF-1 cells, in order to investigate the role
of miR-141-3p on TGF-b/SMAD signaling. SMAD2 phosphorylation
(Fig. 3C) and TGF-b2 expression (Fig. 3D) were significantly reduced
by miR-141-3p mimics. Taken together, the above data suggests
miR-141-3p targets and inhibits ZNF217 expression, thereby sup-
pressing TGF-b2/SMAD2 signaling pathway in fibroblasts.

3.4. MALAT1 promotes the activation of ZNF217/TGF-b2/SMAD2
signaling pathway by targeting miR-141-3p

Experiments were carried out to further investigate the mech-
anism of MALAT1 regulated fibroblast proliferation and migration.
Plasmid pcDNA-ZNF217 was used to overexpress ZNF217 (Fig. 4A
and B), while miR-141-3p inhibitor were used to down-regulate
miR-141-3p, respectively (Fig. 4C). Activation of SMAD2 as well as
the expression of matrix proteins were decreased by knockdown of
MALAT1 but reversed by both miR-141-3p inhibitor and ZNF217
overexpression (Fig. 4D). ELISA results also showed that the
secretion of TGF-b2 was decreased by knockdown of MALAT1 but
reversed by both miR-141-3p inhibitor and pcDNA-ZNF217
(Fig. 4E). Knockdown of MALAT1 significantly inhibited fibroblast
proliferation and migration, while miR-141-3p inhibitor as well as
ZNF217 overexpression reversed these phenomenon, respectively
(Fig. 4F and G), which suggested that MALAT1 promotes the acti-
vation of TGF-b2/SMAD2 signaling pathway via targeting miR-141-
3p, thus facilitates fibroblast proliferation, migration and matrix
protein expression.

3.5. Knockdown of MALAT1 inhibits the wound healing of mice
through ZNF217/TGF-b2/SMAD2 pathway via miR-141-3p

The findings so far have shown that MALAT1 promotes fibro-
blast proliferation andmigration via miR-141-3p mediated ZNF217/
TGF-b/SMAD2 signaling pathway. To further evaluate whether



Fig. 4. MALAT1 promotes fibroblast proliferation, migration, and matrix protein expression by activating ZNF217/TGF-b2/SMAD2 signal pathway (A) ZNF217 expression after
transfection of pcDNA-ZNF217 and the empty plasmids in HFF-1 cells (B) ZNF217 protein levels were tested by western blotting (C) Effect of miR-141-3p inhibitor on the expression
of miR-141-3p in HFF-1 (D) Fibroblast ZNF217, matrix protein and SMAD2 phosphorylation levels were detected by western blotting after indicated treatments (E) Expression levels
of TGF-b2 were determined by ELISA in HFF-1 cells after indicated treatments (F) Proliferation of HFF-1 cells was subjected to MTT assays after indicated treatments (G) Cell
migration of HFF-1 cells after indicated treatments. The data were presented as mean ± SD in triplicate. One-way ANOVA test was performed for statistical analysis. *P ＜ 0.05,
**P ＜ 0.01, ***P ＜ 0.001.
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MALAT1 affects wound healing via ZNF217/TGF-b/SMAD2 signaling
pathway, we conducted full-thickness wound model in C57BL/6
mice. Compared with sh-NC group, knockdown of MALAT1 signif-
icantly suppressed the wound healing process in vivo (Fig. 5A and
B). Furthermore, the MALAT1 expression level was significantly
reduced and miR-141-3p expression level was elevated in granu-
lation tissue transfected with sh-MALAT1 (Fig. 5C). The mRNA
(Fig. 5C) and protein levels (Fig. 5D) of ZNF217 were markedly
decreased by sh-MALAT1. SMAD2 activation (Fig. 5D) and TGF-b2
level (Fig. 5E) in granulation tissue were significantly inhibited by
sh-MALAT1. Last, the expression of matrix proteins were also
decreased by knockdown of MALAT1 (Fig. 5D). These data suggest
that knockdown of MALAT1 reduces the rate of wound healing by
inhibiting ZNF217/TGF-b2/Smad 2 signal axis.
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4. Discussion

Chronic wound affects millions of people around the world and
is one of themajor challenge to public health [3]. Fibroblasts play an
important role in wound healing process [4]. MALAT1 over-
expression in fibroblasts [12] accelerates wound healing by pro-
moting fibroblasts migration [13,14]. However, the mechanism of
howMALAT1 affect wound healing is not fully understood. Here we
show that MALAT1 promotes wound healing process by targeting
miR-141-3p/ZNF217 axis.

Previous studies have found that MALAT1 contributes cancer
cell migration such as bladder cancer [30], lung cancer [31], colo-
rectal cancer cells [32]. In recent years, MALAT1 was found to be
engaged in wound healing process. MALAT1 containing exosome



Fig. 5. Knockdown of MALAT1 inhibits the wound healing of mice by inhibiting ZNF217/TGF-b2/SMAD2 signal pathway (A) Images of the mouse skin wounds in sh-NC and sh-
MALAT1 treated groups 3, 7, and 11 days after surgery (B) The comparison of the percentage of wound area remaining in wounds transfection with sh-NC and sh-MALAT1 (C)
MALAT1, ZNF217 and miR-141-3p levels in granulation tissues after indicated treatments (D) The protein levels of ZNF217, matrix proteins and SMAD2 phosphorylation were
determined by western blotting after indicated treatments (E) Expression levels of TGF-b2 in granulation tissues were determined by ELISA in HFF-1 cells after indicated treatments.
The data were presented as mean ± SD in triplicate. One-way ANOVA test was performed for statistical analysis. *P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001.
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promotes human fibroblast migration [14]. Here we show that
MALAT1 promotes human fibroblast cell (HFF-1) proliferation and
migration. Fibroblasts express matrix metalloproteinases (MMPs)
which degrade the fibrin clot and generate large amount of extra-
cellular matrix (ECM) components, such as Fibronectin and
collagen, to fill the wound site [33]. In present study, knockdown of
MALAT1 reduced MMP9, Fibronectin and collagen I/III expression
in HFF-1 cells, and inhibited the speed of wound healing in mouse
skin wound model, suggesting MALAT1 facilitates wound healing
process.

Despite that MALAT1 is engaged in wound healing, the mech-
anism of how MALAT1 affect wound healing needs further inves-
tigation. MiR-141-3p inhibites proliferation andmigration of cancer
cells [18,19,34] and fibroblasts [23]. Recent studies found that miR-
141-3p targeted to the 30-UTR of Zinc-finger E-box binding ho-
meobox 1 (ZEB1) and inhibited epithelial cell migration [20,35]. We
first demonstrated that MALAT1 directly inhibited miR-141-3p
expression. Moreover, miR-141-3p regulated fibroblasts prolifera-
tion, migration as well as ECM protein expression, and might have
an inhibitory effect on wound healing process.

Prevailing theory posits that ZNF217, acts as a transcription
activator, promotes TGF-b expression via directly binding to the
promoter of TGF-b [24]. TGF-b signaling accelerates the wound
healing process by activating phosphorylation of SMAD family
proteins [27,28]. Except that ZNF217 increases migration and pro-
liferation of many cancer cells, such as colon, breast and ovarian
cancer cells [36e38], recent study also finds that ZNF217 positively
regulates wound healing process [26]. Since TGF-b/SMAD signaling
enhances the synthesis of matrix proteins and accelerates wound
208
healing process both in vitro and in vivo [24,25,29], it's not sur-
prising that overexpression of ZNF217 promoted TGF-b2 andmatrix
protein expression, as well as proliferation and migration of fibro-
blast cells with knockdown MALAT1. However, no previous evi-
dence demonstrates the connections of MALAT1, miR-141-3p and
ZNF217. Here we showed that miR-141-3p inhibitor and ZNF217
overexpression increased fibroblast proliferation and migration
which were inhibited by MALAT1 knockdown. Our findings sug-
gested that miR-141-3p directly targeted ZNF217 mRNA and
inhibited ZNF217 expression. Thus, MALAT1 may promote ZNF217/
TGF-b/SMAD axis via regulating miR-141-3p expression.

In this study, we show that MALAT1 up-regulates ZNF217 by
targeting miR-141-3p, enhances TGF-b2/SMAD2 signaling pathway
and increases the expression of matrix protein in fibroblasts, thus
promotes wound healing process. This study provides novel in-
sights into the understanding of the role of MALAT1 in wound
healing, and may provide potential target for the treatment of
abnormal wound healing.
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