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Abstract: Objective: The study aims to elucidate the impact of LncRNA HULC in human skin fibroblasts (HSF) after
burns in children. HULC might act as endogenous sponges for miR-663b to regulate the gene expression of TLR4.
Methods: This study included 46 children with deep second-degree burns. On the 5th day after the injury, eligible
samples from all patients were collected. HSF cells were selected to establish a thermal-injured model. gRT-PCR
was applied to detect the expression of HULC, miR-663b, and TLR4 mRNA in burn wound and normal skin tissue.
The dual-luciferase reporter and RIP assay were performed to explore a targeted binding relationship between HULC
and miR-663b, or miR-663b and TLR4. Cell proliferation and invasion were evaluated through the assay of CCK-8
and transwell assay. The expression levels of a-SMA, Collagen I, MMP-1, and TIMP-1, which are associated with
extracellular matrix (ECM) production, were examinated by western blot. Results: HULC and TLR4 mRNA expression
were reduced on the 5th day after thermal injury in burn wounds, while miR-663b expression increased significantly
(P<0.05), when compared to expression in the normal tissue. HULC and TLR4 mRNA concentration in HSF cells
showed a transient increase after thermal injury, and a gradual decline with time was observed subsequently when
compared to the control group. An inverse expression of miR-663b with the expression of HULC and TLR4 mRNA was
observed simultaneously (P<0.05). A deficiency of HULC promotes the proliferation, invasion, and ECM synthesis
of HSF cells with thermal injury; HULC functions as a ceRNA of miR-663b. Inhibitors of miR-663b partially rescued
the effects on thermal-injured HSF cells induced by HULC deficiency (P<0.05). TLR4 is a target gene of miR-663b.
The up-regulation of TLR4 also partially reversed the effect on the thermal-injury of HSF cells resulting from HULC
deficiency (P<0.05). Conclusion: LncRNA HULC may function as a molecular sponge to regulate the expression of
the miR-663b/TLR4, and thereby inhibit the proliferation, invasion, and ECM synthesis of thermal-injured HSF cells.
HULC knockdown might significantly promote wound healing in children after burns.
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Introduction formation [4, 5]. Once the thermal damage
happens, HSF cells are activated to recover the
integrity of the tissue. ECM metabolism plays a
key role in the process of wound healing by
determining the quality and prognosis of wound

repair [6, 7]. However, the molecular mecha-

Local skin burns are divided into I-IV degrees
according to the burn wound depth. A deep sec-
ond-degree burn refers to the thermal injury
extending to the deep dermis, which makes

treatment more complicated and sensitive to
infection. The wound scar formation and dys-
function after a deep wound healing also bring
huge challenges for treatment [1-3].

The dermis performs wound repair by regu-
lating the function of human skin fibroblasts
(HSF) and the synthesis of extracellular matrix
(ECM), thereby determining the quality of scar

nism of healing is not understood completely.

Long non-coding RNAs (LncRNAs) play an
important regulatory role in the progression of
many diseases [8]. Also, LncRNAs regulate the
expression of mMRNAs by acting as sponges of
microRNAs (miRNAs) or competitive endoge-
nous RNAs (ceRNAs) [8, 9]. Moreover, an in-
creasing number of LncRNAs have been recog-
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nized to play a crucial role in wound healing
after thermal injury. For example, LncRNA XIST
promotes cell proliferation and inhibits fibro-
blast apoptosis, resulting in burn wound heal-
ing [10]. Additionally, LncRNA ACO67945.2 was
identified to inhibit collagen expression and
ECM synthesis in skin fibroblasts [11]. Accord-
ing to current reports, LncRNA HULC aggra-
vates the damage of skin fibroblasts induced
by ultraviolet rays, involving an up-regulation of
the expression of BNIP3 and activation of the
JAK/STAT3 signaling pathway [12]. However,
the underlying mechanism of LncRNA HULC in
skin burns (thermal injury) has not yet been
elucidated, and further research is required.

miRNAs are a non-coding RNA with 18-25 nu-
cleotides and result in mRNA degradation by
interacting with the 3’ untranslated regions of
MRNA [13, 14]. Previous studies have discov-
ered that skin miRNAs are related to skin de-
velopment and wound healing [15, 16]. Lido-
caine has been reported to promote the prolif-
eration of fibroblasts and skin healing after
scalds by up-regulating the expression of miR-
663 [17]. Moreover, according to the analysis
by bioinformatic websites, a targeted binding
relationship exists between miR-663b and
HULC. We assumed that miR-663b and HULC
might be involved in wound healing after ther-
mal injury.

The protein encoded by the TLR4 gene is a
member of the Toll-like receptor (TLR) family
and plays an important role in pathogen recog-
nition and the activation of innate immunity
[18]. TLR4 functions as one of the important
components to avoid excessive inflammation
and to trigger tissue repair after infection or
injury [19]. For example, Chmerin activates the
NF-kB signaling pathway through TLR4 which
further induces the release of inflammatory
mediators ECM degradation, and cell senes-
cence [20]. Moreover, TLR4 has been verified
to promote a microvascular inflammatory re-
sponse and barrier dysfunction after burns,
which could be rescued significantly by siRNA
intervention [21]. Therefore, we posited that
TLR4 plays an indispensable role in the regula-
tion of healing after burns.

The present study further investigated the ef-
fect of LncRNA HULC in burns. Moreover, this
study suggested that, by acting as a sponge for
miR-633b, LncRNA HULC up-regulated TLR4,
inhibited proliferation of skin HSCs, and exacer-
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bated skin injury. Reducing HULC expression
might be used for recovery after burns.

Materials and methods
Samples

46 children with deep second-degree burns in
our hospital were included in this study. The
inclusion criteria were: (1) flame burns or hydro-
thermal ablation; (2) hospitalization in 3 hours
after injury; (3) burns of multiple sites; (4) the
total body surface area involved is less than
20%, and no obvious third-degree burn wounds
are observed. Exclusion criteria excluded pedi-
atric burn patients with (1) drug treatment after
injury; (2) with age =5 years old; (3) with injury
exceeding 3 hours. According to the previous
literature, scabs from all patients were taken
on the 5th day after burns [4]. The normal skin
tissues around the burn area were selected as
a control. The skin tissues were embedded as
blocks and subjected to a cryostat, then stored
at -80°C for further use. This study was appro-
ved by the Medical Committee of our hospital
and all patients signed an informed consent
form.

Cell culture

Human skin fibroblasts (HSF) were purchased
from ATCC in the United States. Cells were cul-
tured with RPMI-1640 medium (31800, Beijing
Solarbio Technology Co., Ltd., China) and 10%
fetal bovine serum (S9030, Solarbio, China) in
an incubator with 5% CO, atmosphere at 37°C.

According to the established method published
in a previous study to trigger cellular thermal
injury [22], the HSF cells were challenged with
52°C water for 30 s, while cells as controls
were incubated with 37°C water simultaneous-
ly. Subsequently, two groups of cells were cul-
tured in a normal incubator.

Cell transfection and group division

After an intervention against HULC, miR-663b,
and TLR4 expression respectively, group divi-
sion was arranged as follows: Blank group
(transfected with blank plasmid), si-NC group
(transfected with si-NC), miR-NC group (trans-
fected with miR-NC), si-HULC group (transfect-
ed with si-HULC), miR-663b mimic group (trans-
fected with miR-663b mimic), si-HULC + miR-
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Table 1. Sequence of primers used for gRT-PCR

Gene Primer sequence (5’-3’)

HULC Forward ATCTGCAAGCCAGGAAGAGTC
Reverse CTTGCTTGATGCTTTGGTCTGT-
miR-663b Forward CUAAUAGUAUCUACCACAAUAAA

Reverse UAUUGUGGUAGAUACUAUUA GUU

TLR4 Forward TATCATCAGTGTATCGGTG
Reverse CAGTCCTCATTCTGGCTCG

GAPDH Forward ACCACAGTC CATGCCATCAC
Reverse TCCACCACCCT GTT GCTGTA

ue Forward GCUUCGGCAGCACAUAUACUAAA

Reverse CGCUUCACGAAUUUGCGUGUCAU

NC group (transfected with si-HULC and miR-
NC), si-HULC + miR-inhibitor group (transfected
with si-HULC and miR-663b inhibitor), si-HULC
+ TLR4 group (transfected with si-HULC and
TLR4 overexpression vector), and si-HULC +
vector group (transfected with si-HULC and
blank vector). According to the manufac-
turer’s manual, the LipofectamineTM 3000 kit
(L3000015, Thermo Fisher, USA) was used for
transfection.

qRT-PCR

Trizol reagent (ROO16, Beyotime Biotechnology
Co., Ltd., Shanghai, China) was used to extract
total RNA from collected tissues and cells, and
an ultraviolet spectrophotometer (Alphal500,
Shanghai Bioon Instrument Co., Ltd., China)
was used to measure the purity and concentra-
tion of RNA. As described by the manufactur-
er's instructions, a reverse transcription kit
(T2240, Beijing Solarbio Technology Co., Ltd.,
China) was employed to transcribe RNA rever-
sely into cDNA. More details of the PCR reac-
tion system and conditions are described in
the kit instructions (BJ001243, Thermo Fisher,
USA). The 222¢t method was used for calculat-
ing the relative expression of the gene. U6 was
selected as the internal control of miR-663b,
and GAPDH as the internal control of HULC
and TLR4. The primer sequences are shown in
Table 1.

CCK-8

The cells were seeded into 96-well plates at a
density of 1x103%/well, and 10 yL CCK-8 solu-
tion (CO038, Shanghai Beyotime Biotechnolo-
gy Co., Ltd., China) was added to each well at
24 h, 48 h, and 72 h. Afterward, the cells were
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incubated at 37°C for 2 hours, and the optical
density was measured at 490 nm.

Western blot

Total protein was extracted from cultured cells.
After SDS/PAGE electrophoresis, the protein
was transferred to a polyvinylidene fluoride
(PVDF) membrane. a-SMA (1:1,000, ab1085-
31, ABCAM, UK), Collagen 1 (1:1,000, ab347-
10, ABCAM, UK), MMP-1 (1:1,000, ab134184,
ABCAM, UK), TIMP-1 (1:1,000, ab211926, AB-
CAM, UK) antibodies were applied for incuba-
tion as the primary antibody, followed by incu-
bation with the secondary antibody goat rabbit
anti-IgG (1:1,000, ab133470, ABCAM, UK). To
observe protein expression, ECL (electrochemi-
cal luminescence) kit (35055, Thermo Fisher
Scientific, Inc. USA) was used, and Image J soft-
ware was used for analyzing the band density.

Transwell assay

Pre-coated Matrigel (base glue; 354234, Bei-
jing Solarbio Technology Co., Ltd., China) was in
the upper chamber of the Transwell chamber.
In a serum-free medium, 1x10* thermal-injured
cells were transplanted into the upper cham-
ber, and the lower chamber was added with
500 pL of RPMI1640 medium (31800, Beijing
Solarbio Technology Co., Ltd., China) containing
10% fetal bovine serum. After incubation for 24
h at 37°C and 5% CO,, the cells without suc-
cessful invasion in the upper chamber were
removed. Then, after fixation with 4% parafor-
maldehyde (PO099, Beyotime Biotechnology
Co., Ltd., Shanghai, China) and staining, the
cells were counted under an optical microsco-
pe (DSX100, OLYMPUS, Japan).

RIP

EZ-Magna RIP kit (17-700, Shanghai Haoran
Biotechnology Co., Ltd., China) was utilized for
RIP experiments according to the manufactur-
er’s instruction. After transfection for 24 hours,
the cells were collected with the Ago2 antibody
for the RIP assay, and IgG was used as a nega-
tive control. Then quantitative RT-PCR was em-
ployed to detect co-precipitated RNA.

Luciferase report analysis

The full-length sequences of HULC and TLR4
3’-UTR with or without mutant miR-663b bind-
ing sites were cloned into the pmir-Reporter
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Figure 1. Relative expression of HULC in tissues with burns. A: Relative ex-
pression of HULC on the 5th day (n=46) after the thermal injury of the burn
wound; B: HULC expression level in HSF cells with thermal injury. HSF: hu-
man skin fibroblasts. Compared with the normal group, “P<0.05. Compared

with the blank group, *P<0.05.

plasmid, and the wild-type and mutant reporter
plasmids were transformed into HSF cells with
miR-663b mimic and control vectors. After
transfection for 48 hours, the luciferase activi-
ty in heat-damaged HSF cells was analyzed by
using a dual-luciferase reporter gene detection
kit (DO010, Beijing Solarbio Technology Co.,
Ltd., China).

Statistical analysis

SPSS 20.0 was used to analyze the data, and
each experiment was repeated at least three
times. The results are shown as mean * stan-
dard deviation (X * sd). The t-test was used for
data analysis between two groups, one-way
analysis of variance (ANOVA) for data analysis
among multiple groups, and LSD test for pair-
wise comparison. P<0.05 was considered sig-
nificant.

Results

The expression of HULC declined significantly
in burn wound tissue and HSF cells after ther-
mal injury

Compared to normal tissues (n=46), the expre-
ssion of HULC of burn wounds after thermal
injury for 5 days was significantly reduced (P<
0.0001; Figure 1A). Besides, compared with
the control group, after a short-term increase
of the HULC level in thermal-injured HSF cells,
a progressive decrease of HULC was observed
at 24 and 36 hours (Figure 1B), suggesting th-
at HULC dysregulation might participate in the
wound healing process due to burns.
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thermal-injured HSF cells. The
transfection efficiency of si-
HULC was first to be validated
(Figure 2A). Subsequently, the
CCK-8 method showed that
the knockdown of HULC signifi-
cantly enhanced cell prolifera-
tion (Figure 2B), when com-
pared to the si-NC group. As shown in Figure
2C, 2D, the ability of cell invasion in the si-
HULC group was also significantly increased.
Moreover, HULC downregulation induced a sig-
nificant increase of ECM markers in thermal-
injured HSF cells, e.g. a-SMA, Collagen |, and
TIMP-1, while a decrease of MMP-1 was obser-
ved (Figure 2E, 2F). These results indicate th-
at the inhibition of HULC can promote the pro-
liferation and invasion of HSF cells with ther-
mal-injury and ECM synthesis.

HULC attracts miR-663b

An elevation of miR-663b expression was ob-
served on the 5th day after thermal injury in
burn wound tissue, while in thermal-injured
HSF cells, its expression declined temporarily,
and, subsequently, a gradual increase over
time was observed (Figure 3A, 3B). The altera-
tion of miR-663b was negatively correlated
with the expression of HULC (Figure 3C). The
bioinformatics analysis website also reported
existing binding sites of HULC and miR-663b
(Figure 3D). The data from the dual-luciferase
reporter experiment further showed that miR-
663b transfection significantly reduced the
luciferase activity of 293 T cells transfected
with HULC-wt, whereas it had no influence on
the luciferase activity of 293 T cells transfect-
ed with HULC-mut (Figure 3E). The RIP experi-
ment showed that both HULC and miR-663b
showed a significant enrichment in the anti-
Ago2 group (Figure 3F). The above results sug-
gest HULC functions as a ceRNA of miR-663b.

Am J Transl Res 2021;13(4):2499-2510
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Figure 2. Effect of HULC deficiency on thermal-injury of HSF cells. A: The efficiency of HULC deficiency; B: Cell pro-
liferation results measured by CCK-8 test; C, D: Cell invasion analyzed by Transwell assay (200x); E, F: ECM-related

protein expression. Compared with the si-NC group, "P<0.05.

HULC knockdown partially reversed the effect
on thermal injury of HSF cells by downregula-
tion of miR-663b

Compared to the si-NC group, improved prolif-
eration and invasion of thermal-injured HSF
cells were observed in the si-HULC group, while
an inhibited proliferation and invasion of ther-
mal-injured HSF cells in the si-HULC + miR-
inhibitor group when compared with the si-
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HULC + miR-NC group (both P<0.05, Figure
4A-C). Western blot also showed that the ex-
pression of a-SMA, Collagen |, and TIMP-1 pro-
tein in the si-HULC group were increased cor-
responding to the si-NC group, while the ex-
pression of MMP1 protein was inhibited. In
converse with the si-HULC + miR-NC group, the
expression of a-SMA, Collagen |, and TIMP-1 in
the si-HULC + miR-inhibitor group decreased,
while the expression of MMP-1 increased (Fig-

Am J Transl Res 2021;13(4):2499-2510
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Figure 3. miR-663b acts as a target gene of HULC. A: Relative expression of miR-663b in normal skin tissues and
burn wound tissues on the 5th day (n=46) after thermal injury; B: Concentration of miR-663b in thermal-injured
HSF cells during wound healing; C: Negative correlation between miR-663b and HULC; D: The targeted binding site
of HULC on miR-663b; E: Dual-luciferase reporter experiment results; F: RIP experiment results. Compared with the
normal group, “P<0.05. Compared with the Blank group, #P<0.05. Compared with co-transfected miR-NC & HULC-wt
group, "P<0.05. Ccompared with Anti-IgG group, 4P<0.05.

ure 4D, 4E). The above results indicated that
the promoting effects of HULC inhibition on
thermal-injured HSF cells were partially rever-
sed through the downregulation of miR-663b.

HULC activated TLR4 by regulating miR-633b

The present study found that TLR4 was ex-
pressed at a low level in burn wound tissues
(Figure 5A). Compared to the control group,
the TLR4 concentration in thermal-injured HSF
cells elevated in a short time, but gradually
decreased with time (Figure 5B). In thermal-
ly-injured HSF cells, silencing HULC induced
suppression of TLR4 expression, with a similar
effect resulting from miR-663b overexpression
(Figure 5C, 5D). Correlation analysis revealed
that the expression of TLR4 in thermally-inju-
red HSF cells was positively correlated with
HULC (Figure 5E), but negatively associated
with miR-663b (Figure 5F). Several binding
sites of miR-663b and TLR4 (Figure 5G) were
identified through bioinformatic analysis. The
dual-luciferase reporter further found that
miR-663b significantly reduced the luciferase
activity of wild-type 3'UTR vector with TLR, but
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had no significant effect on the mutant 3'UTR
vector, suggesting a targeted binding exists
between TLR and miR-663b (Figure 5H). The
RIP also showed that both TLR4 and miR-663b
were significantly enriched in the anti-Ago2
group (Figure 5l1). The above results indicated
that TLR4 might be a downstream target of
miR-663b, and HULC promoted the expression
of TLR4 through upregulation of miR-663b.

The advancing effect of silencing HULC on
thermally-injured HSF cells was partially inhib-
ited by TLR4 activation

The present study found that the promoted cell
proliferation in the si-HULC group was inhibited
by simultaneously up-regulating TLR4 (Figure
6A). The invasion of cells in the TLR4 + si-HULC
group was significantly lower than that in the
si-HULC + vector group (Figure 6B, 6C). Wes-
tern blot disclosed that the expression of
a-SMA, Collagen |, and TIMP-1 in the TLR4 + si-
HULC group decreased significantly when com-
pared with the si-HULC + vector group, while an
increased expression of MMP-1 was observed
(Figure 6D). The above results indicated that

Am J Transl Res 2021;13(4):2499-2510
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Figure 4. The effects of HULC knockdown on HSF cell thermal injury was partially reversed by a miR-663b inhibitor.
A: Cell proliferation measured by CCK-8; B and C: Cell invasion measured by the Transwell assay (200x%); D: Western
blotting results of ECM-related proteins; E: Quantification of proteins related to ECM production. ECM: extracellular
matrix. Compared with the si-NC group, "P<0.05. Compared with the si-HULC + miR-NC group, *P<0.05.

the up-regulation of TLR4 partially suppressed
the effects on thermal-injury of HSF cells in-
duced by HULC deficiency.

Discussion

Extracellular matrix (ECM) synthesis and hu-
man skin fibroblast (HSF) cell function both
play an important role in wound healing after
thermal injury [23, 24]. Burns are a common
accident in children, with a higher difficulty of
management than adults’ burns. The inciden-
ce of burn wound contamination and complica-
tions after burns also plays a crucial role in the
progression of burns. Therefore, an exploration
of the underlying molecular mechanisms is re-
quired to expand the current clinical data for
the treatment of pediatric burns. In the current
study, we found that the expression of HULC
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and TLR4 were decreased in burn tissues, whi-
le the expression of miR-633b was increased.
After establishment of a cellular model of ther-
mal injury by using HSF, we found that HULC
inhibited the ECM synthesis and suppressed
the proliferation and invasion of HSF. Also, this
study explored the interaction among HULC,
miR-633b, and TLR4 for the first time.

ECM production after an injury is one of the pri-
mary biomarkers to predict the outcome of
healing [25, 26]. During the process of wound
healing, HSF cells express and secrete a-SMA
protein with a contraction effect. The produc-
tion of Collagen | and o-SMA are two primary
markers of ECM synthesis [27, 28]. The degra-
dation of ECM mainly depends on the MMPs
secreted by tissue cells. As the crucial enzy-
mes to regulate collagen | degradation, the

Am J Transl Res 2021;13(4):2499-2510
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skin tissue and burn wound tissue on the 5th day (n=46) after thermal injury; B: Expression of TLR4 in thermally-
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activity of MMPs depends on TIMP-1, which
inhibits the degradation of ECM. Also, HSF is
one of the cell types for repair during wound
healing, and its activation has a benefit for
recovering tissue integrity [29-31]. Previous
studies have shown that the up-regulation of
HULC exacerbates HSF cell damage [12]. Our
research also revealed that the HULC gene de-
ficiency improves wound healing after thermal
injury by promoting ECM synthesis, HSF prolif-
eration, and invasion. However, the underlying
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mechanism is still unclear. As reported, Lnc-
RNAs can act as ceRNAs to inhibit the expres-
sion of miRNAs in a variety of cancers or dis-
eases [32]. To further explore the mechanism
of HULC involving in wound healing after burns,
this study aimed to investigate molecular regu-
latory networks interacted with HULC through
the ceRNA network.

We identified and verified that HULC is the ce-
RNA of miR-663b supported by the evidence

Am J Transl Res 2021;13(4):2499-2510
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Figure 6. TLR4 partially reversed the effect of silencing HULC on HSF cell thermal injury. A: Cell proliferation mea-
sured by CCK-8; B, C: Transwell invasion assay (200x); D: Western blotting results of ECM-related proteins; E: Quan-
tification of ECM-related protein expression using western blot. ECM: extracellular matrix. Compared with the si-NC
group, “P<0.05. Compared with the si-HULC + vector group, *P<0.05.

from the bioinformatic website, dual-lucifer-
ase reporter, and RIP assay. The expression of
HULC and miR-663b are negatively correlated
in HSF cells treated by heat. Expression of
miR-663b increased in burn wound tissues, in
which was observed a progressive elevation of
miR-663b after a short-term reduction in HSF
cells with heat treatment. This is consistent
with previous studies [17]. Additionally, we
found that silencing HULC and down-regulation
of miR-663b partly suppressed the prolifera-
tion and invasion of HSF, as well as the ECM
synthesis, suggesting that HULC can attenuate
the progression of burns healing by suppres-
sion of miR-663b as sponges.

To further explore the mechanism of HULC and
miR-633b associated with burn healing, TLR4
was further identified as a downstream target
gene of miR-663b through bioinformatic analy-
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sis. Previous studies also verified the target
relationship between miRNA-633b and TLR4
through the experiments with the dual-lucifer-
ase report experiment and RIP [21]. Our study
observed that the expression of TLR4 negative-
ly correlated with the change in miR-633b,
while it was positively correlated to the altera-
tion of HULC in burn wound tissues after ther-
mal injury. Functional analysis showed that
HULC regulates the expression level of TLR4
mediated by miR-663b. Up-regulation of TLR4
can partially reverse the effect of HULC knock-
down in HSF cells with thermal injury, including
ECM synthesis, proliferation, and invasion of
HSF cells, which is similar to the performance
of downregulated miR-663b. The above results
indicate that HULC promotes TLR4 gene ex-
pression as a sponge for miR-663b to inhibit
HSF cell proliferation, invasion, and ECM syn-
thesis induced by thermal injury. Suppression
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Figure 7. Mechanistic scheme of LncRNA HULC influencing the proliferation of HSFs and ECM deposition in the
development of pediatric burns, involved in attracting miR-663b to regulate TLR4 expression by acting as a ceRNA.

of HULC or elevated expression of miR-663b
can effectively improve cell proliferation, inva-
sion, and ECM synthesis in the thermally inju-
red HSF cells, with benefit for burn healing
progress.

Notably, the limited number of samples includ-
ed in this study might affect the credibility of
the data. Increased samples are required to
validate the results of the present study. The
establishment of animal models may also pro-
mote future investigation to elucidate further
the implications of HULC and miR-663b in the
progression of burn healing.

In summary, this study was first to explore the
role of HULC in pediatric burn healing. The
mechanistic research revealed that HULC acts
as ceRNA to attract miR-663b like sponges,
resulting in TLR4 upregulation, which inhibited
the growth of skin fibroblasts and burn heal-
ing. This study elucidated a mechanism of the
HULC/miR-663b/TLR4 molecular axis involved
in burn healing and provided a novel molecular
target for pediatric burn treatment. A mecha-
nistic diagram of this study is shown in Figure 7.
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