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by targeting miR-29b-3p/COL1A1 in human skin
fibroblasts after thermal injury
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Abstract

Background: Long noncoding RNAs (IncRNAs) have been reported to be associated with dermis process during

burn wound healing. This study aimed to investigate the role of INcCRNA X-inactive specific transcript (XIST) in human
skin fibroblasts (HSF) and extracellular matrix (ECM) as well as the regulatory network of XIST/microRNA-29b-3p (miR-
29b-3p)/collagen 1 alpha 1 (COLTA1).

Methods: The wound samples were collected from 25 patients with deep partial thickness burn at day 5 after burn.
The thermal injured model was established using HSF cells. The expressions of XIST, miR-29b-3p and COLTA1 were
measured by quantitative real-time polymerase chain reaction and western blot. ECM synthesis, cell proliferation
and migration were detected by western blot, cell counting kit-8 and trans-well assays, respectively. The interaction
between miR-29b-3p and XIST or COLTA1 was explored by bioinformatics analysis and luciferase reporter assay.

Results: The expressions of XIST and COLTA1 were enhanced but miR-29b-3p expression was decreased after
thermal injury. XIST overexpression promoted ECM synthesis, cell proliferation and migration in thermal injured HSF
cells. However, XIST knockdown played an opposite effect. miR-29b-3p overexpression inhibited ECM synthesis, cell
proliferation and migration, which was reversed by XIST. COL1A1 silence suppressed ECM synthesis, cell proliferation
and migration by miR-29b-3p targeting. Moreover, COLTAT up-regulation weakened the effect of XIST silence on ECM
synthesis and HSF cell function.

Conclusion: XIST promoted ECM synthesis, cell proliferation and migration by sponging miR-29b-3p and targeting

COLTAT in HSF cells after thermal injury, indicating the promoting role of XIST in wound healing.
Keywords: Wound healing, Thermal injury, XIST, miR-29b-3p, COL1AT1

Introduction

The therapy of deep burn wound is challenged because of
the scar formation and poor function after wound heal-
ing. The dermis plays an essential role in wound repair
through maintaining human skin fibroblast function and
extracellular matrix (ECM) synthesis to improve scar
quality [1]. On injury, fibroblasts would be activated to
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restore tissue integrity. ECM metabolism is the key event
during wound healing, which indicates the repair quality
and outcomes [2]. However, the molecular mechanism in
wound healing has not been fully reported.

Long noncoding RNAs (IncRNAs) exert their func-
tions by acting as sponges of microRNAs (miRNAs) or
competing endogenous RNAs (ceRNAs) for miRNAs to
derepress mRNAs [3]. Moreover, IncRNAs have been
suggested to play vital roles in wound healing after ther-
mal injury. For example, IncRNA low expression in tumor
(LET) could promote cell proliferation and inhibit apop-
tosis of fibroblasts, leading to burn wound healing [4].
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Moreover, IncRNA AC067945.2 inhibits collagen expres-
sion and ECM synthesis in skin fibroblasts [5]. LncRNA
X-inactive specific transcript (XIST) has been reported
to be involved in development and therapeutics of many
cancers [6]. More importantly, XIST is suggested to pro-
mote denatured dermis repair after thermal injury [7].
However, little is known about how XIST could affect the
healing of burn wound.

miRNAs are a class of noncoding RNAs with 18-25
nucleotides, which could lead to mRNAs degradation
via directly interacting with their 3’ untranslated region
[8]. Furthermore, previous work suggested that miRNAs
in skin are associated with skin development and wound
healing [9]. The family of miR-29, including miR-29a,
miR-29b and miR-29¢, has been reported to play impor-
tant roles in ECM synthesis [7, 10, 11]. In addition, miR-
29b-3p, a mature miRNA of miR-29b, is associated with
collagen synthesis in fibroblasts [12]. Collagen 1 alpha 1
(COL1A1l) is suggested to participate in the progression
of fibrotic diseases and wound healing [13, 14]. Based
on the putative binding sites of miR-29b-3p and XIST
or COL1Al, predicted by bioinformatics analysis, we
hypothesized that miR-29b-3p and COL1A1 might be
involved in XIST-mediated wound healing. In the present
study, we investigated the effect of XIST on ECM synthe-
sis, proliferation and migration in thermal injured-HSF
cells. Moreover, we explored the potential ceRNA net-
work of XIST/miR-29b-3p/COL1AL.

Materials and methods

Patients and clinical samples

A total 25 patients with deep partial thickness burn
(n=25) were recruited from Tongji Hospital Affiliated to
Tongji Medical College, Huazhong University of Science
and Technology in this research. The samples were har-
vested from patients during tangential excision of eschar
at the 5th day after thermal injure. The normal skin tis-
sues (n=25) were remnant donor skin from trunk.
Approvals of this study were obtained by the Ethics Com-
mittee of Tongji Hospital Affiliated to Tongji Medical
College, Huazhong University of Science and Technol-
ogy. All participants have signed the informed consent.
All samples were stored at — 80 °C for following analyses.

Cell culture and treatment
Human skin fibroblast (HSF) cells were purchased from
Gefanbio (Shanghai, China). The cells were cultured with
RPMI-1640 medium (Gibco, Carlsbad, CA, USA) with
10% fetal bovine serum (Gibco) in an incubator with 5%
CO, atmosphere at 37 °C.

To establish the cellular model of thermal injury, HSF
cells were challenged in 52 °C water for 30 s, while cells
in control group were incubated in 37 °C water for same
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time [7]. Subsequently, cells were cultured in the incuba-
tor at normal.

For cell transfection, small interfering RNA (siRNA)
against XIST (si-XIST), COL1A1 (si-COL1A1), nega-
tive control (si-NC), pcDNA targeting XIST overex-
pression vector (XIST), COL1A1l overexpression vector
(COL1A1l), pcDNA empty vector, miR-29b-3p mimic
(miR-29b-3p), miRNA negative control (miR-NC), miR-
29b-3p inhibitor (in-miR-29b-3p) and inhibitor negative
control (in-miR-NC) were synthesized by Genepharma
(Shanghai, China). Cell transfection was performed
in HSF cells using LipoFiter Liposomal Transfection
Reagent (Hanbio, Shanghai, China) when cells reached
60-70% confluence in 6-well plates. After 24 h of the
transfection, cells were harvested for thermal injury or
following analyses.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNA was extracted using Trizol-based methods
and the concentration and purity were analyzed through
a NanoDrop ND-2000 spectrophotometer (Thermo
Fisher, Wilmington, DE, USA). The RNA was reversely
transcribed to cDNA using Tagman' miRNA or mRNA
Reverse Transcription Kit (Thermo Fisher). The qRT-
PCR was performed with SYBR and special primers as
follows: XIST (Forward, 5'-AATGACTGACCACTGCTG
GG-3/; Reverse, 5'-GTGTAGGTGGTTCCCCAAGG-3');
COL1A1 (Forward, 5-CCGTGCCCTGCCAGATC-3/;
Reverse, 5-CAGTTCTTGATTTCGTCGCAGATC-3');
B-actin (Forward, 5-ATGGGTCAGAAGGATTCCTAT
GTG-3’; Reverse, 5'-CTTCATGAGGTAGTCAGTCAG
GTC-3’); miR-29b-3p (Forward, 5-TGCGGTAGCACC
ATTTGAAAT-3; Reverse, 5'-CCAGTGCAGGGTCCG
AGGT-3'); U6 (Forward, 5-TCCGATCGTGAAGCG
TTC-3’; Reverse, 5'-GTGCAGGGTCCGAGGT-3'). The
samples were prepared in duplicate. B-actin or U6 was
regarded as internal reference for XIST, COL1A1 or miR-
29b-3p, respectively. Their relative expression levels were
analyzed according to the 2722 method [15].

Western blot

After washed with PBS, HSF cells were harvested for
total protein extraction using RIPA lysis buffer (Yeasen,
Shanghai, China). Following the high-speed centrifu-
gation at 4 °C, the protein in supernatant was quanti-
fied according to the bicinchoninic acid (BCA) method
with a BCA protein quantification kit (Yeasen). Equal
amounts (20 pg) of proteins were prepared for SDS-
PAGE electrophoresis and then transferred to nitrocel-
lulose membranes (Millipore, Billerica, MA, USA) by
transmembrane with western transfer buffer (Beyotime,
Shanghai, China). Each sample was prepared in triplicate.
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The membranes were blocked using QuickBlock™ Block-
ing Buffer (Beyotime), interacted with primary antibod-
ies against Collagen I (ab34710, Abcam, Cambridge, MA,
USA), alpha smooth muscle actin (a-SMA) (ab32575,
Abcam), COL1A1 (sc-293182, Santa Cruz Biotechnology,
Santa Cruz, CA, USA) or p-actin (ab8227, Abcam) over-
night at 4 °C, and incubated with special horseradish per-
oxidase-labeled secondary antibody (ab6721 or ab6728,
Abcam) for 2 h. Protein blot was visualized in the dark
using BeyoECL Plus (Beyotime) and films (Carestream
Health, Rochester, NY, USA). The relative expression of
protein was analyzed using Quantity One software (Bio-
Rad, Hercules, CA, USA) with B-actin as an endogenous
control.

Cell proliferation

Cell proliferation was measured using Cell Counting
Kit-8 (CCK-8) (Beyotime). Transfected HSF cells were
seeded into 96-well plates at a density of 3000 cells per
well overnight and every sample was prepared in quadru-
plicate. At 0, 24, 48 or 72 h after thermal injury, cells were
incubated with 10 ul CCK-8 solution for another 3 h.
Subsequently, the absorbance at 450 nm was determined
using a microplate reader (Bio-Rad).

Trans-well assay

The 24-well trans-well chambers (Corning, Corning,
NY, USA) were used for investigation of migrated abil-
ity. Thermal injured cells in serum-free medium were
seeded into upper chambers (1 x 10 cells) and the lower
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chambers were added with 500 pl medium containing
fetal bovine serum. After a culture of 12 h at 37 °C, cells
migrated to the lower surface were stained with 0.1%
crystal violet (Sigma, St. Louis, MO, USA) and counted
under an inverted microscope (Olympus, Tokyo, Japan)
with three random fields.

Bioinformatics analysis and luciferase reporter assay

Bioinformatics analysis was used for explore the poten-
tial targets of XIST or miR-29b-3p by using DIANA tools
and TargetScan. The putative binding sites of miR-29b-3p
and XIST or COL1A1l were predicted. For luciferase
reporter assay, wild type (WT) or mutant (MUT) lucif-
erase reporter vectors targeting XIST or COL1A1 were
established in firefly luciferase-expressing pmirGLO vec-
tor (Promega, Madison, WI, USA), named as XIST-WT,
XIST-MUT, COL1A1-WT or COL1A1-MUT respec-
tively. HSF cells were co-transfected with miR-29b-3p,
miR-NC, in-miR-29b-3p or in-miR-NC and WT or MUT
luciferase reporter constructs, along with renilla vector
using LipoFiter " Liposomal Transfection Reagent. At
48 h after post-transfection, luciferase activity was meas-
ured using a luciferase reporter assay kit (Promega).

Statistical analysis

All experiments were repeated three times. Statistical
analysis was performed using GraphPad Prism 7 software
(GraphPad Inc., La Jolla, CA, USA) with the data expressed
as meanzstandard deviation (S.D.). The comparisons
between groups were conducted by student’s ¢ test or
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Fig. 1 XIST, miR-29b-3p and COL1A1 are aberrantly expressed during wound healing. a—c The expressions of XIST, miR-29b-3p and COL1A1 were
measured in burn wounds and normal samples by gRT-PCR. d—f The levels of XIST, miR-29b-3p and COL1A1 were detected in HSF cells at 6, 12, 24
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ANOVA followed by Dunnett’s test. The spearman’s cor-
relation analysis was performed to analyze the potential
linear relationship of expression level of miR-29b-3p and
XIST or COL1A1l. The difference was significant when
P<0.05.

Results

The expressions of XIST, miR-29b-3p and COL1A1 are
altered during wound healing

To explore the potential role of XIST, miR-29b-3p and
COL1A1 in wound healing, their expression levels were
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measured in burn wounds. Compared with those in nor-
mal tissues, as shown in Fig. la—c, the expressions of
XIST and COL1A1 were significantly elevated in burn
wounds at day 5 after thermal injure, while miR-29b-3p
level was notably reduced. Furthermore, in thermal
injured-HSF cells, the levels of XIST and COL1A1 were
decreased shortly but gradually enhanced in a time-
dependent manner after thermal injury, while miR-
29b-3p abundance was gradually reduced at 6, 12, 24 and
48 h after the short increase, when compared to the con-
trol group (Fig. 1d-f).
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XIST promotes ECM synthesis, cell proliferation

and migration in thermal injured-HSF cells

To investigate the biological role of XIST during wound
healing, HSF cells were transfected with si-NC, si-XIST,
pcDNA or XIST, followed by treatment of thermal injury.
The transfection efficacy was validated by reduced level
of XIST in HSF cells with transfection of si-XIST and
increased abundance in XIST-transfected group (Fig. 2a,
b). The ECM synthesis was analyzed with ECM mark-
ers detecting by western blot. As displayed in Fig. 2c, d,
the expressions of ECM markers, Collagen I and a-SMA
protein, were obviously decreased by silence of XIST in
thermal injured-HSF cells, while were increased via XIST
overexpression. Moreover, XIST overexpression induced
cell proliferation in the cells, whereas its knockdown played
an opposite role (Fig. 2e). In addition, analysis of trans-well
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revealed that the ability of cell migration was significantly
inhibited by interference of XIST, but promoted via overex-
pressing XIST (Fig. 2f).

XIST regulates ECM synthesis, cell proliferation

and migration by sponging miR-29b-3p in thermal
injured-HSF cells

To explore the underlying mechanism of XIST dur-
ing wound healing, the potential miRNAs bound with
XIST were searched. Bioinformatics analysis described
the putative seeding sites of XIST and miR-29b-3p
(Fig. 3a). Moreover, luciferase reporter assay was per-
formed to validate this association with the results
which luciferase activity was conspicuously decreased
by miR-29b-3p overexpression in HSF cells with trans-
fection of XIST-WT, but increased via down-regulating
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miR-29b-3p, while it failed the efficacy in response to  impeded cell proliferation and migration in thermal
XIST-MUT group (Fig. 3b, c). Additionally, the effect of  injured-HSF cells, which were obviously attenuated by
XIST on miR-29b-3p expression was evaluated in HSF  introduction of XIST (Fig. 4b—d).

cells. The results of qRT-PCR assay demonstrated that

the abundance of miR-29b-3p was notably decreased  miR-29b-3p mediates ECM synthesis, cell proliferation

by XIST overexpression, but enhanced by XIST silence  and migration by targeting COL1A1 in thermal injured-HSF
(Fig. 3d). Meanwhile, the expression of miR-29b-3p in  cells

burn wounds was negatively correlated with XIST level =~ To further explore the mechanism, the targets of miR-
(r=-—0.8862, P<0.0001) (Fig. 3e). To explore whether = 29b-3p were explored by bioinformatics analysis, which
miR-29b-3p-addressed wound healing was mediated showed the binding sites of miR-29b-3p and COL1Al
by XIST, HSF cells were transfected with miR-NC, (Fig. 5a). Furthermore, luciferase reporter assay exhibited
miR-29b-3p, miR-29b-3p and pcDNA or XIST before that overexpression of miR-29b-3p led to strong loss of
thermal injury. Results showed that expression of miR-  luciferase activity in COL1A1-WT group, while its effi-
29b-3p was effectively elevated in cells after trans- cacy was lost in COL1A1-MUT group (Fig. 5b). However,
fection of miR-29b-3p mimic (Fig. 4a). Furthermore, = miR-29b-3p knockdown caused an opposite effect (Fig. 5¢).
overexpression of miR-29b-3p significantly reduced  Subsequently, the impact of miR-29b-3p on COL1Al
the expression of Collagen I and a-SMA protein and  protein level was analyzed in HSF cells by miR-29b-3p
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Fig. 4 XIST regulates proliferation, migration and ECM synthesis in thermal injured-HSF cells by sponging miR-29b-3p. HSF cells were transfected
with miR-NC, miR-29b-3p, miR-29b-3p and pcDNA or XIST for 24 h and then suffered from thermal injury. miR-29b-3p expression level (a), ECM
synthesis (b), cell proliferation (c) and migration (d) were detected in thermal injured-HSF cells by gRT-PCR, western blot, CCK-8 or trans-well assays.
*P<0.05
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overexpression or knockdown. The data of western blot
displayed that the protein level of COL1A1 was evidently
decreased by miR-29b-3p addition and increased by miR-
29b-3p deficiency (Fig. 5d). Meanwhile, the mRNA level of
COL1A1 in burn wounds was negatively associated with
miR-29b-3p abundance (r=—0.9135, P<0.0001) (Fig. 5e).
To explore whether COL1A1 is required for miR-29b-3p-
mediated process during wound healing, HSF cells were
transfected with si-NC, si-COL1A1, si-COL1A1l and in-
miR-NC or in-miR-29b-3p and then treated with ther-
mal injury. After the transfection, the expression level
of COL1A1 protein was notably decreased in cells with
transfected with si-COL1A1 compared with that in si-NC
group, while it was weakened by knockdown of miR-
29b-3p (Fig. 6a). In addition, loss-of-function experiment

by silencing COL1A1 showed that knockdown of COL1A1
greatly repressed the expressions of Collagen I and a-SMA
protein, cell proliferation and migration in thermal injured-
HSF cells (Fig. 6b—d). However, these effects were allevi-
ated by down-regulation of miR-29b-3p.

COL1A1 restoration abolishes the role of XIST knockdown
in thermal injured-HSF cells

We then investigated whether COL1A1 is involved in
the regulatory process of XIST during wound healing,
HSF cells transfected with si-NC, si-XIST, si-XIST and
pcDNA or COL1A1 were suffered from thermal injury.
As a result, the expression of COL1Al protein was
obviously suppressed by silence of XIST, while it was
rescued by introduction of COL1Al overexpression
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Fig. 6 miR-29b-3p abrogation attenuates silence of COL1A1-mediated inhibition of proliferation, migration and ECM synthesis in thermal
injured-HSF cells. HSF cells were transfected with si-NC, si-COL1A1, si-COLTAT and in-miR-NC or in-miR-29b-3p for 24 h and then suffered from
thermal injury. COL1AT1 protein level (a), ECM synthesis (b), cell proliferation (c) and migration (d) were detected in thermal injured-HSF cells by

vector (Fig. 7a). Besides, the rescue experiments dem-
onstrated that restoration of COL1A1l significantly
abrogated the suppressive effect of XIST interference
on ECM synthesis, cell proliferation and migration in
thermal injured-HSF cells (Fig. 7b—d).

Discussion
ECM synthesis and HSF cell function play important
roles in wound healing after thermal injury. In the cur-
rent study, we found that XIST and COL1A1l expres-
sions were enhanced but miR-29b-3p expression was
reduced in burn tissues. By establishing a thermal
injured model using HSF cells, we found that XIST pro-
moted ECM synthesis and HSF cell proliferation and
migration. Besides, this study first explored the interac-
tion among XIST, miR-29b-3p and COL1A1.

Collagen biosynthesis after injury is one of the main
markers predicting the healing outcomes. During wound

healing, fibroblasts express and secrete a-SMA protein,
which exhibits beneficial for constriction. Collagen I
and a-SMA are two main markers in ECM synthesis [7].
Furthermore, the activation of HSF cells contributes to
restoring tissue integrity. Previous studies demonstrated
that XIST knockdown suppressed ECM synthesis and
HSF processes [7, 16]. Consistently with these reports,
our study also displayed that XIST might accelerate the
wound healing after thermal injury by promoting ECM
synthesis, HSF proliferation and migration. However,
the underlying mechanism remain largely unknown.
Cell proliferation is known to be mediated by cell cycle
process, apoptosis and autophagy and epithelial-mes-
enchymal transition production might contribute to cell
migration. Whether XIST could influence these cell pro-
cesses to regulate HSF function is needed to be explored
in future. Here we focused on the ceRNA network of
XIST in this study.
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Fig. 7 COALT reverses knockdown of XIST-mediated inhibition of proliferation, migration and ECM synthesis in thermal injured-HSF cells. HSF cells
were transfected with si-NC, si-XIST, si-XIST and pcDNA or COL1A1 for 24 h and then suffered from thermal injury. COL1AT1 protein level (a), ECM
synthesis (b), cell proliferation (c) and migration (d) were detected in thermal injured-HSF cells by gRT-PCR, western blot, CCK-8 or trans-well assays.

LncRNAs could block miRNAs expression by serv-
ing as sponges or ceRNA in may cancers or diseases [3].
Previous studies have indicated that XIST could function
as decoy of many miRNAs, such as miR-140-5p, miR-
106b-5p and miR-486-5p [17-19]. This paper first dem-
onstrated the interaction between XIST and miR-29b-3p
in HSF cells. Here we found that miR-29b-3p expression
was decreased aster thermal injury and its overexpres-
sion suppressed ECM synthesis, which is also consistent
with former works [20, 21]. However, the expression of
miR-29b was not affected in a rat burn model [22]. We
hypothesized that miR-29b might not be an important
miRNA in rat during wound healing because of the spe-
cies differences. Moreover, addition of miR-29b-3p sup-
pressed HSF cell proliferation and invasion, which was
abrogated by XIST overexpression, suggesting that XIST
could mediate wound healing by sponging miR-29b-3p.

The underlying mechanism was further explored,
focusing on the target of miR-29b-3p involved in skin

remodeling, like collagen synthesis. COL1A1 is associ-
ated with synthesis of type I collagen, which plays an
important role in skin development during wound heal-
ing [23]. Here we confirmed COL1Al as a target of
miR-29b-3p in HSF cells by bioinformatics analysis and
luciferase reporter assay, which is also reported by for-
mer work [24]. In this study, we found that COL1A1l
expression was progressively increased after thermal
injury, which is also in agreement with previous study
[14]. Loss-of-function experiments displayed that silenc-
ing COL1A1 decreased ECM synthesis, HSF proliferation
and migration, suggesting that COL1A1 might contrib-
ute to wound healing. However, the effect of COL1A1
was regulated by miR-29b-3p and XIST in vitro, indi-
cating that XIST might act as a ceRNA for miR-29b-3p
to regulate COL1Al. To further elucidate the role and
mechanism of XIST in burn wound healing, an animal
model might be helpful in further study. In addition, for-
mer work demonstrated that Wnt/B-catenin signaling
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pathway was implicated in the regulatory role of IncRNA
in dermal fibroblasts and skin fibrosis [25]. Hence,
whether XIST could address Wnt/B-catenin signaling
should be investigated in future.

Conclusion

Our findings uncovered the potential value of XIST on
burn wound healing, revealed by promotion of ECM
synthesis, HSF proliferation and migration, possibly
by up-regulating miR-29b-3p and down-regulating
COL1AL. This study first provided the ceRNA network
of XIST/iR-29b-3p/COL1A1, providing a promising
avenue for accelerating wound repair after thermal
injury.

Abbreviations

XIST: X-inactive specific transcript; HSF: human skin fibroblasts; ECM: extracel-
lular matrix; COL1AT1: collagen 1 alpha 1; ceRNAs: competing endogenous
RNASs; LET: low expression in tumor; siRNA: small interfering RNA; qRT-PCR:
quantitative real-time polymerase chain reaction; WT: wild type; MUT: mutant;
S.D. standard deviation.

Acknowledgements
Not applicable.

Authors’ contributions

This work was conceived and designed by WC and YF. The experiments were
carried out by WC. The manuscript was prepared by WC and YF. Both authors
read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

Approvals of this study were obtained by the Ethics Committee of Tongji
Hospital Affiliated to Tongji Medical College, Huazhong University of Science
and Technology. All participants have signed the informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 16 July 2019 Accepted: 15 September 2019
Published online: 20 September 2019

References

1. Takeo M, Lee W, Ito M. Wound healing and skin regeneration. Cold Spring
Harb Perspect Med. 2015;5(1):a023267. https://doi.org/10.1101/cshpe
rspect.a023267.

2. Xue M, Jackson CJ. Extracellular matrix reorganization during wound
healing and its impact on abnormal scarring. Adv Wound Care (New
Rochelle). 2015;4(3):119-36.

20.

22.

23.

Page 10 of 11

Paraskevopoulou MD, Hatzigeorgiou AG. Analyzing MiRNA-LncRNA
Interactions. Methods Mol Biol. 2016;1402:271-86. https://doi.
0rg/10.1007/978-1-4939-3378-5_21.

Zheng W, Yu A. EZH2-mediated suppression of INCRNA-LET promotes cell
apoptosis and inhibits the proliferation of post-burn skin fibroblasts. Int J
Mol Med. 2018;41(4):1949-57.

Chen L, Li J, LiQ Li X, Gao Y, Hua X, et al. Overexpression of LncRNA
AC067945.2 down-regulates collagen expression in skin fibroblasts and
possibly correlates with the VEGF and Wnt signalling pathways. Cell
Physiol Biochem. 2018;45(2):761-71.

Yang Z, Jiang X, Jiang X, Zhao H. X-inactive-specific transcript: a long non-
coding RNA with complex roles in human cancers. Gene. 2018;679:28-35.
https://doi.org/10.1016/j.gene.2018.08.071 (Epub 2018 Aug 29).

Guo L, Huang X, Liang P, Zhang P, Zhang M, Ren L, et al. Role of XIST/miR-
29a/LIN28A pathway in denatured dermis and human skin fibroblasts
(HSFs) after thermal injury. J Cell Biochem. 2018;119(2):1463-74.

John B, Enright AJ, Aravin A, Tuschl T, Sander C, Marks DS. Human
MicroRNA targets. PLoS Biol. 2004;2(11):e363. https://doi.org/10.17863/
CAM.17925.

Banerjee J, Sen CK. MicroRNAs in skin and wound healing. Methods Mol
Biol. 2013;936:343-56.

. Han Z,ZhangT, He Y, Li G, Li G, Jin X. Inhibition of prostaglandin

E2 protects abdominal aortic aneurysm from expansion through
regulating miR-29b-mediated fibrotic ECM expression. Exp Ther Med.
2018;16(1):155-60.

. PengY, Song X, Zheng Y, Cheng H, Lai W. circCOL3A1-859267 regulates

type | collagen expression by sponging miR-29¢ in human dermal fibro-
blasts. Eur J Dermatol. 2018:28(5):613-20.

. Drummond CA, Hill MC, Shi H, Fan X, Xie JX, Haller ST, et al. Na/K-ATPase

signaling regulates collagen synthesis through microRNA-29b-3p in
cardiac fibroblasts. Physiol Genomics. 2016;48(3):220-9.

. Jimenez SA, Saitta B. Alterations in the regulation of expression of the

alpha 1(I) collagen gene (COLTA1) in systemic sclerosis (scleroderma).
Springer Semin Immunopathol. 1999;21(4):397-414.

. LiuJ, Luo C,Yin Z, Li PWang S, Chen J, et al. Downregulation of let-7b

promotes COL1A1T and COL1A2 expression in dermis and skin fibroblasts
during heat wound repair. Mol Med Rep. 2016;13(3):2683-8.

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods.
2001;25(4):402-8.

Wang Y, Liang Y, Luo J, Nie J, Yin H, Chen Q, et al. XIST/miR-139 axis regu-
lates bleomycin (BLM)-induced extracellular matrix (ECM) and pulmonary
fibrosis through beta-catenin. Oncotarget. 2017,8(39):65359-69.

Chen X, Xiong D, Ye L, Wang K, Huang L, Mei S, et al. Up-regulated IncRNA
XIST contributes to progression of cervical cancer via regulating miR-
140-5p and ORC1. Cancer Cell Int. 2019;19:45. https://doi.org/10.1186/
$12935-019-0744-y (eCollection 2019).

SunK, JiaZ DuanR,Yan Z, Jin Z,Yan L, et al. Long non-coding RNA XIST
regulates miR-106b-5p/P21 axis to suppress tumor progression in renal
cell carcinoma. Biochem Biophys Res Commun. 2019;510(3):416-20.

Liu A, Liu L, Lu H. LncRNA XIST facilitates proliferation and epithelial-
mesenchymal transition of colorectal cancer cells through targeting
miR-486-5p and promoting neuropilin-2. J Cell Physiol. 2019. https://doi.
0rg/10.1002/jcp.28054 (Epub ahead of print).

ZhuY, Li Z, WangY, Li L, Wang D, Zhang W, et al. Overexpression of miR-
29b reduces collagen biosynthesis by inhibiting heat shock protein 47
during skin wound healing. Transl Res. 2016;178:38.e6-53.€6. https.//doi.
0rg/10.1016/j.trs1.2016.07.001 (Epub 2016 Jul 15).

. Guo J, Lin Q, Shao Y, Rong L, Zhang D. miR-29b promotes skin wound

healing and reduces excessive scar formation by inhibition of the
TGF-beta1/Smad/CTGF signaling pathway. Can J Physiol Pharmacol.
2017,95(4):437-42.

Zhou J, Zhang X, Liang P, Ren L, Zeng J, Zhang M, et al. Protective role of
microRNA-29a in denatured dermis and skin fibroblast cells after thermal
injury. Biol Open. 2016;5(3):211-9.

Rosensteel SM, Wilson RP, White SL, Ehrlich HP. COLTA1 oligodeoxynucle-
otides decoy: biochemical and morphologic effects in an acute wound
repair model. Exp Mol Pathol. 2010;89(3):307-13.


https://doi.org/10.1101/cshperspect.a023267
https://doi.org/10.1101/cshperspect.a023267
https://doi.org/10.1007/978-1-4939-3378-5_21
https://doi.org/10.1007/978-1-4939-3378-5_21
https://doi.org/10.1016/j.gene.2018.08.071
https://doi.org/10.17863/CAM.17925
https://doi.org/10.17863/CAM.17925
https://doi.org/10.1186/s12935-019-0744-y
https://doi.org/10.1186/s12935-019-0744-y
https://doi.org/10.1002/jcp.28054
https://doi.org/10.1002/jcp.28054
https://doi.org/10.1016/j.trsl.2016.07.001
https://doi.org/10.1016/j.trsl.2016.07.001

Cao and Feng Biol Res (2019) 52:52 Page 11 of 11

24. TaoR, Fan XX, Yu HJ, Ai G, Zhang HY, Kong HY, et al. MicroRNA-29b-3p Publisher’s Note
prevents Schistosoma japonicum-induced liver fibrosis by targeting
COL1AT and COL3AT. J Cell Biochem. 2018;119(4):3199-209.

25. Mullin NK, Mallipeddi NV, Hamburg-Shields E, Ibarra B, Khalil AM, Atit
RP. Wnt/beta-catenin signaling pathway regulates specific INcRNAs that
impact dermal fibroblasts and skin fibrosis. Front Genet. 2017;8:183. https
://doi.org/10.3389/fgene.2017.00183 (eCollection 2017).

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.3389/fgene.2017.00183
https://doi.org/10.3389/fgene.2017.00183

	LncRNA XIST promotes extracellular matrix synthesis, proliferation and migration by targeting miR-29b-3pCOL1A1 in human skin fibroblasts after thermal injury
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Patients and clinical samples
	Cell culture and treatment
	Quantitative real-time polymerase chain reaction (qRT-PCR)
	Western blot
	Cell proliferation
	Trans-well assay
	Bioinformatics analysis and luciferase reporter assay
	Statistical analysis

	Results
	The expressions of XIST, miR-29b-3p and COL1A1 are altered during wound healing
	XIST promotes ECM synthesis, cell proliferation and migration in thermal injured-HSF cells
	XIST regulates ECM synthesis, cell proliferation and migration by sponging miR-29b-3p in thermal injured-HSF cells
	miR-29b-3p mediates ECM synthesis, cell proliferation and migration by targeting COL1A1 in thermal injured-HSF cells
	COL1A1 restoration abolishes the role of XIST knockdown in thermal injured-HSF cells

	Discussion
	Conclusion
	Acknowledgements
	References




