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B1 repetitive sequence methylation enhances wound
healing of second-degree burns in rats
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Abstract. The accumulation of DNA damage in burn
wounds delays wound healing. DNA methylation by short
interspersed nuclear element (SINE) small interfering (si)
RNA prevents DNA damage and promotes cell proliferation.
Therefore, SINE siRNA may be able to promote burn
wound healing. Here, a SINE B1 siRNA was used to treat
burn wounds in rats. Second-degree burn wounds were
introduced on the backs of rats. The rats were then divided
into three groups: a Bl siRNA-treated, saline-treated control,
and saline + calcium phosphate-nanoparticle-treated control
group (n=15/group). The wounds were imaged on days 0, 7,
14, 21 and 28 post-injury. The tissue sections were processed
for methylation, histological and immunohistochemical
examination, and scored based on the overall expression of
histone H2AX phosphorylated on serine 139 (YH2AX) and

Correspondence to: Dr Jiraroch Meevassana, Center of
Excellence in Burn and Wound Care, Faculty of Medicine,
Chulalongkorn University, 254 Phayathai Road, Pathum Wan,
Bangkok 10330, Thailand

E-mail: jiraroch.m@chula.ac.th

Abbreviations: 8-OHdG, 8-Hydroxy-2'-deoxyguanosine; YH2AX,
histone H2AX phosphorylated on serine 139; ANOVA, analysis of
variance; Ca-P, calcium phosphate; COBRA B1, combine bisulfite
restriction analysis for Bl element; Dnmt, DNA methyltransferase;
H&E, hematoxylin and eosin; IRS, interspersed repetitive sequence;
mC, methylated loci; NSS, normal saline solution; PMNL,
polymorphonuclear leukocyte; SINE, Short interspersed nuclear
element; siRNA, small interfering RNA; uC, unmethylated loci

Key words: second-degree burn, Bl siRNA, wound healing, Bl
interspersed repetitive element, B1 methylation, RNA-directed DNA
methylation

8-hydroxy-2'-deoxyguanosine (8-OHdG). Burn wound closure
improved in the Bl siRNA-treated group compared with that
in the control group, especially from days 14-28 post-injury
(P<0.001). The overall pathological score and degree of
B1 methylation in the Bl siRNA-treated group improved
significantly at days 14-28 post-injury, with the maximum
improvement observed on day 14 (P<0.01) compared with the
NSS and Ca-P nanoparticle groups. Immunohistochemical
staining revealed lower expression of YH2AX and 8-OHdG
in the B1 siRNA-treated group than in the control groups
at days 14-28 post-injury; the maximum improvement
was observed on days 14 and 21. These data imply that
administering SINE siRNA is a promising therapeutic option
for managing second-degree burns.

Introduction

Burn wounds can cause severe clinical injuries, and delayed
wound healing leads to infection, prolonged hospital stays,
increased morbidity and >250,000 deaths annually in the
United States of America alone (1). Researchers and clinicians
are actively studying the application of new substances to
improve burn-treatment outcomes.

Interspersed repetitive sequences (IRSs) are the primary
contributor to the genome (~45%), and their methylation
levels are crucial for preserving the stability of the
genome (2). Mutation rates are increased in cells with IRS
hypomethylation (3.,4). A short interspersed nuclear element
(SINE) retrotransposon is a repetitive element of 85-500 bp
in length. Two SINE families exist, namely the Bl (in mice,
rats and hamsters) and Alu (in humans) families (5,6). Similar
to the Alu element, the B1 element in rodents stems from
7SL RNA, which is cytoplasmic RNA; it facilitates protein
excretion as a part of the signal recognition particle (7). The Bl
element assists in transcriptional regulation and DNA stability
by binding to the Aryl hydrocarbon (dioxin) receptor, which
is a ligand-activated transcription factor (8,9); however, to the
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best of our knowledge, no study has reported a correlation
between Bl element methylation and wound healing and
epithelialization.

Epigenetic changes associated with chromatin
re-organization can facilitate the transcription machinery
and promote wound repair (10). Genomic hypomethylation is
characterized by reduced methylation of the methyl groups at
the 5' position of cytosine and plays crucial roles in important
events such as aging, cancer and various skin diseases (11-14).
Furthermore, current research shows that global
hypomethylation is associated with delayed proliferation; in
contrast, following increased Alu methylation, cells can tolerate
toxic substances and decreased DNA damage responses, and
show an enhanced proliferation rate (15). Regarding corneal
ulcers, a previous study has shown that the expression levels
of DNA methyltransferase 1 (Dnmtl) and Dnmt3a, which
participate in the methylation process, are significantly
upregulated during corneal epithelial healing (16). Therefore,
decreased Dnmtl expression and genomic hypomethylation
defer corneal epithelial wound healing and block human
corneal epithelial cell proliferation and migration. The
roles of DNA methylation in rodents include considerably
reducing the wound area and increasing the wound healing
rate by increasing DNA Dnmt3a expression (16). Moreover,
decreased DNMT1 expression is associated with a low rate of
squamous skin cell proliferation, whereas increased DNMT1
expression is associated with rapid limb bud generation (17,18).
A previous study revealed an association between age and
Alu hypomethylation (11). Positive associations have also
been observed between Alu hypomethylation in blood cells
and several aging phenotypes (19,20). In addition, treating
cells with Alu small-interfering RNA (siRNA) increased Alu
methylation and enabled cells to better tolerate toxic substances
and proliferate faster (15).

RNA-directed DNA methylation is a natural process
through which RNA molecules, which are not translated
into any proteins, direct the addition of methyl groups at the
5' position of cytosine specific to the RNA in CpG islands.
These islands are genomic regions where CpG sites, DNA
regions in which a cytosine nucleotide is followed by a
guanine nucleotide, occur at a high frequency. The CpG
islands are predominantly found in SINE repetitive sequences,
such as Alu and B1 (6,21). This process is facilitated by a
cascade of enzymes, Dicer, RNA-induced silencing complex
and Argonaute proteins (21,22). This alternative pathway is
initiated in chromatin within the nucleus, and leads to epigen-
etic modifications, including DNA cytosine methylation and
histone methylation (23,24).

Burns and heat stress can cause DNA damage in various
cells and animals (11,25-30) and result in DNA damage
responses (31). For example, in heated germline cells, an
increase in 8-hydroxy-2'-deoxyguanosine (8-OHdG) level was
observed in response to DNA damage (32). Keratinocytes
experience DNA damage and exhibit delayed proliferation and
apoptosis after exposure to temperatures >42°C for 24 h (33).
Furthermore, an increase in histone H2AX phosphorylation
on serine 139 (YH2AX) occurs in response to reactive oxygen
species-induced DNA double strand breaks, which have
multiple causes, including irradiation, burns and laser expo-
sure (34-36). There is a positive correlation between increasing

the temperature from 41.5°C to 45.5°C with yH2AX levels in
HI1299 (human non-small-cell lung carcinoma p53-deficient)
cells (27). Moreover, high temperature-induced formation of
v-H2AX foci may result in carcinogenesis (37).

The relationship between heat, burns and methylation has
been studied previously (38-40). There is evidence that heat
stress and high temperatures lower DNA methylation levels
in pig muscles and fish tissues, specifically in the promoter
regions of heat shock protein genes (41-43). An increase
in the ambient temperature can affect Alu methylation in
humans (44,45). However, to best of our knowledge, no study
has investigated the relationship between burn wound healing
and Alu methylation with markers of genomic instability, as
has been shown for 8-OHdG and YH2AX.

Therefore, it was hypothesized that DNA methylation in
IRSs can prevent DNA damage and accelerate burn wound
healing in rats. In the present study, the role of Bl methyla-
tion in genomic instability in relation to wound healing was
studied. The following questions were addressed: How can Bl
methylation be restored to reduce genomic stability caused by
heat, and how can the rate and quality of wound healing and
epithelialization be accelerated and the quality improved.

Materials and methods

Animal experiments. Animal experiments were approved
by the Animal Care and Use Committee of Chulalongkorn
University (approval no. 012; March 03/2019).

A total of 45 8-week-old male Wistar rats (150-180 g) were
obtained from Namura Animal Laboratory Center (Bangkok,
Thailand). The rats were acclimated for 7 days under a
controlled 12-h light/dark cycle, fed standard mice chow, and
provided ad libitum access to water. To create second-degree
burns, the rats were anesthetized with 2% isoflurane
(Sigma-Aldrich; Merck KGaA) (45), and the dorsal skin was
shaved. Two burn wounds were created on the back of each
rat using a 10-mm-diameter aluminum rod, which was heated
to 100°C and placed on the skin for 10 sec (46). The rats were
divided into three groups with 15 rats/group. Normal saline
solution (NSS; 100 pl), calcium phosphate (Ca-P) nanopar-
ticles, or 150 nM B1 siRNA in 100 pl of a solution containing
Ca-P nanoparticles was applied daily to each wound on the
rats in the control and treatment groups.

The wounds of three animals in each group (a total of
six) were imaged on days 0, 7, 14, 21 and 28 after injury, and
the wound areas were measured using ImageJ version 1.52t
(National Institutes of Health) with a freehand selection
tool. Wound areas are reported as a percentage of the initial
wounded area. The rats were euthanized by exposing them to
5% isoflurane for 5-10 min until respiration ceased and they
were confirmed dead on day 28 (45). For 12 animals in each
group (a total of 24 wounds), three rats (a total of six wounds)
were euthanized with 5% isoflurane on days 3, 7, 14 and 21.
On each of the specified euthanasia days, wound tissues were
excised,and three of these samples (from the initial six wounds)
were immediately subjected to DNA extraction and analyzed
to determine the methylation levels. The remaining three
wound tissues were fixed in 10% neutral-buffered formalin at
room temperature (28-30°C) for at least 48 h and embedded in
paraffin for pathological examination (Fig. 1).
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Figure 1. Integrated experimental design. siRNA, small interfering RNA.

Cells and cell culture. Rat epidermal keratinocytes (REK) (Cell
Applications) were cultured in DMEM supplemented with
10% FBS, 100 U/ml penicillin and 100 mg/ml streptomycin
(Thermo Fisher Scientific, Inc.). Cells were incubated at 37°C in a
humidified incubator supplied with 95% air and 5% CO,. The cells
were cultured in T-75 Corning™ U-shaped cell culture flasks and
harvested at a confluency of ~80% using 0.05% Trypsin-EDTA
with phenol red (Thermo Fisher Scientific, Inc.).

SIRNA delivery using a nanoparticle-coating system. The
B1 siRNA sequences were 5-CGCACGCCUUUAAUCCCA
GCACUCGUU-3' (sense) and 5-CGAGUGCUGGGAUUA
AAGGCGUGCGUU-3' (antisense). The scrambled siRNA
sequences were 5'-GGCCAUUUCCCCGACUGCACACCU
AUU-3' (sense) and 5-UAGGUGUGCAGUCGGGGAAAU
GGCCUU-3' (antisense). The B1 siRNAs and scrambled
siRNA were purchased from Bioneer, Inc. The siRNA
sequences were designed using siRNA wizard software
version 3.1 (InvivoGen). The day before transfection, 5x10*
REK cells/well were seeded in a 24-well plate in 0.5 ml DMEM
supplemented with 10% fetal bovine serum. After 24 h, the
medium in each well in the control groups was replaced with
normal saline solution (NSS; 100 pl) and experiment groups
was replaced with 100 gl Ca-P nanoparticles, 150 nM Bl
siRNA in 100 pl Ca-P nanoparticles and 150 nM scramble
siRNA in 100 ul Ca-P nanoparticles. The cells were incubated
at 37°C in a CO, incubator for 48 h, following which, the cells
were collected through trypsinization.

To deliver siRNAs to target cells, the siRNAs were coated
with a nanoparticle solution before topical administration on
the burn wounds. The most effective siRNA:nanoparticle solu-
tion ratio was 150 nM B1 siRNA in 100 pl CA-P nanoparticle
solution, based on the results of previous studies (15,47,48).

First, Bl siRNA was mixed with an appropriate propor-
tion and concentration of calcium solution (MilliporeSigma),
a Bl siRNA-binding reagent. Next, the Bl siRNA-calcium
complex was added to a mixture of sodium carbonate (Na,COs;
MilliporeSigma) and sodium dihydrogen phosphate monohydrate
(NaH,PO,H,0; MilliporeSigma). After the Bl siRNA-coating

process, the nanoparticle-coated Bl siRNAs were stored at room
temperature (28-30°C) and prepared on the day of use. The
nanoparticle solution was composed 50 u1 of a mixture containing
0.5 M calcium chloride (CaCl,) solution (MilliporeSigma) and
150 nM BI1 siRNA + 50 ul of a mixture of 0.01 M Na,CO,
solution (MilliporeSigma) and 0.01 M NaH,PO,-H,O solution
(MilliporeSigma). A 31:1 molar ratio of CO;*:PO,* was used.
The B1 siRNA was mixed with 16 x1 0.5 M CaCl, solution and
adjusted to a final volume of 50 ul using sterile dH,O. Thereafter,
the Bl siRNA-calcium complex was added to 50 pl of a mixture
of Na,CO; solution and NaH,PO,-H,O solution (16 ul) and 34 ul
sterile dH,O (47). All steps in the preparation of the nanoparticle
solution were performed using sterile techniques. Each nanopar-
ticle solution preparation was used to validate the transfection
efficiency with rat dermal keratinocytes (Cell Applications)
before each experiment (48-52).

Histopathology and immunohistochemistry. Formalin-fixed
wound tissues were dehydrated and embedded in paraffin, after
which, 3-um-thick sections were prepared using a microtome.
Hematoxylin and eosin (H&E) staining was performed for
scoring, using hematoxylin solution for 6 h and eosin Y ethanol
solution for48 h atatemperature of 60°C.Immunohistochemical
staining of the tissue sections was performed using monoclonal
antibodies against YH2AX (1:100; cat. no. Ab2893; Abcam) and
8-OHdG (1:100; cat. no. Ab48508; Abcam) (53). The sections
and antibodies were incubated at 37°C for 32 min using the
Ventana® Benchmark XT (Ventana Medical Systems, Inc;
Roche Diagnostics) automated slide strainer in combination
with the Ventana ultraView DAB v3 IHC Detection Kit before
mounting, according to the manufacturer's protocol. Thereafter,
the slides were counterstained at 25°C with Hematoxylin II for
8 min and Bluing Reagent for 4 min (53).

The histological sections of the wounds were graded
using a histopathological scoring system, following a previ-
ously published method with some modifications (54-58)
Three dermatopathologists who were blinded to the treatment
regimen independently performed H&E scoring, based on
five criteria: Epithelialization, polymorphonuclear leukocyte
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Figure 2. Effect of Bl siRNA treatment on the contracture rate of second-degree burn wounds. (A) Images of second-degree burn wounds in rats whose
wounds were treated daily with a saline control, Ca-P nanoparticles or Bl siRNA. The wounds treated with B1 siRNA exhibited increased contraction and less
inflammation compared with both controls. (B) Wound healing plotted as a percentage of the original wound area. Wound healing was significantly enhanced
in the Bl siRNA-treated group compared with that in the control groups, especially on days 14 and 28 post-injury (Kruskal-Wallis test). (C) The methylation
patterns of Bl detected by COBRA-BI, and the restriction enzyme digest sites. (D) The B1 methylation level of second-degree burn wounds. Bl methylation
was significantly enhanced in the treated group compared with that in the control group, especially on days 7, 14 and 21 post-injury (one-way ANOVA).
“P<0.05, “P<0.01, "“P<0.001. n=6 wounds/group. siRNA, small interfering RNA; COBRA B1, combine bisulfite restriction analysis for Bl element; ns, not

significant; Ca-P, calcium phosphate.

(PMNL) infiltration, collagen formation, number of fibroblasts
and presence of new blood vessels. A score of 0 was assigned
when there was no evident epithelialization and no increase
in the number of fibroblasts, PMNLSs or newly formed blood
vessels. A score of 1 indicated an increased thickness of the
edges of the cut epithelial tissue sections, or the presence of
a few fibroblasts, PMNLs and newly formed blood vessels.
A score of 2 indicated migration of epithelial cells, or the
presence of a moderate number of fibroblasts, PMNLs and
newly formed blood vessels. A score of 3 indicated epithelial
bridging of the incision, or the presence of several fibroblasts,
PMNLs and newly formed blood vessels. A score of 4 was
assigned for sections where there was complete regeneration
of the epithelium, or presence of excessive fibroblasts, PMNLs
and newly formed blood vessels. The mean scores of the three
scorers were determined and combined to obtain an overall
pathology score. Sections positive for anti-cytokeratin immu-
nohistochemical staining were scored in a similar manner;
three dermatopathologists scoring the sections on a scale
of 0-4, starting from no staining to strong staining.

DNA preparation. DNA extraction from rat skin was
performed using the phenol-chloroform method, which is
the most commonly used method to purify and concentrate
DNA (59), followed by the addition of phenol-chloroform to
a solution of lysed cells, and mixing and separation of the

two phases by centrifugation for 5 min at 16,000 x g. The
resulting solution was separated into two phases: A lower
organic phase and an upper aqueous phase. The top aqueous
phase containing DNA was then carefully removed. A total
of 1 ul1 20 mg/ml Glycogen solution, 0.1X 3 M sodium acetate
and 2.5X volume of absolute ethanol (100%) were added to
the precipitated DNA, and the mixture was centrifuged for
1 min at 8,000 x g at 25°C. Finally, the DNA was washed with
70% ethanol, air-dried and dissolved in dH,O (59).

Quantitative combined bisulfite restriction analysis for Bl
element (COBRA Bl1). A total of 1 ul bisulfited DNA taken from
an EZ DNA methylation-Gold™ kit (Zymo Research Corp.)
was subjected to 45 cycles of PCR, using the PCR master-
mix™ (Thermo Scientific, Inc.). The following thermocycling
conditions were used: 95°C for 15 min; followed by 40 cycles
at 95°C for 45 sec, 53°C for 45 sec and 72°C for 45 sec; with a
final extension step of 72°C for 10 min using the Bl COBRA
forward primer, 5-YGYAYGYYTTTAATYYYAGYAAT-3'
and reverse primer, 5-CCCTRRCTRTCCTRRAACTCAC-3,
which were designed using Primer 3 version 4.1.0 (2,60), and
had an annealing temperature of 70°C. Primer sequences with
‘Y’ represent pyrimidine bases (C or T) that have the ability to
bind to G or A bases, and ‘R’ represents purine bases (A or G)
that have the ability to bind to T or C bases in DNA sequences
following bisulfite conversion (Fig. 2C). The amplified PCR
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products were digested with two units of Tag/ and Tas!
endonuclease in NE buffer IT (MBI Fermentas; Thermo Fisher
Scientific, Inc.) at 37°C overnight. The digested PCR products
were identified using 8% non-denaturing polyacrylamide gel
electrophoresis and stained with SYBR Green JumpStart Taq
ReadyMix (Sigma-Aldrich; Merck KGaA). All samples were
assessed in duplicate. After enzyme digestion, six products
of different lengths were detected after COBRA B1 (98, 78,
54,44, 34 and 20 bp). The band intensities of the COBRA Bl
products were determined using Image Quant version 8.2
(Molecular Dynamics; GE Healthcare).

Sequences of B repetitive elements in rats and locations of the
Taql and Tasl restriction enzyme sites. According to the Bl
analysis and calculations, two types of COBRA BI1 products
could be classified based on the methylation status of the CpG
dinucleotides, namely methylated loci (mC) and unmethylated
loci (uC). The percentage of Bl methylation was calculated
as follows. The letters demonstrated the normalized scores of
each band, and the percentage of intensity of each band was
divided by the amplicon length in terms of bp: %98/98=A,
%78/74=B, %54/54=C, %44/42=D, %34/34=E, and %20/20=F.
Subsequently, the percentage of methylation was calculated
by bring the normalized scores of the digested methylation
fragment divided by the sum of the normalized scores of the
undigested and digested products as following formula: %
total methylation (%mC)=100 x (A + C + D)/2A + 2B + 2D.
As an internal control, 25% methylated rat genomic DNA
(EpigenDX) was used for the experiments and inter-assay
adjustment.

Statistical analysis. Distribution of data were determined
using a Shapiro-Wilk test. For normally distributed data, a
one-way ANOVA followed by Bonferroni post-hoc corrections
were used to compare the groups. For non-normally distributed
data, a Kruskal-Wallis analysis followed by a Dunn's post-hoc
test was used to test the differences between groups. Data
are reported as the mean + standard deviation. GraphPad
Prism version 9.0.0 (GraphPad Software, Inc.) was used for
all statistical analyses. P<0.05 was considered to indicate a
statistically significant difference.

Results

Treatment with Bl siRNA increases the rate of healing of
second-degree burn wounds as well as the methylation levels
in the wounds. Second-degree burn wounds were treated
each day with 150 nM BI siRNA and the wound areas
were measured using photographs taken on days 0, 7, 14, 21
and 28 post-injury (Fig. 2A). The improvements in wound
healing were greater in the Bl siRNA group. The respective
percentage wound healing + standard deviation in the groups
treated with saline or Ca-P nanoparticles, relative to that in
the Bl siRNA-treated group, on different days was as follows:
i) Day 7, 15.81£3.59 and 15.66+2.36 vs. 20.01+1.97%, both
P<0.01; ii) day 14, 56.58+1.24 and 56.73+1.56 vs. 60.38+1.39%,
both P<0.001; iii) day 21, 73.14+2.27 and 73.39+2.62
vs. 77.15£1.32%, both P<0.01; and iv) day 28, 90.63+1.39 and
90.81+0.86 vs. 97.21+0.84%, both P<0.001. There were no
differences in wound areas between the NSS-treated control

and Ca-P nanoparticle groups. Furthermore, significant
differences were observed amongst the control and Ca-P
nanoparticle compared with the Bl siRNA treatment group,
particularly on days 14 and 28 post-injury (Fig. 2B).

B1 siRNA promotes methylation through siRNA directed
DNA methylation (21,23); it improves DNA stability and
enhances cell proliferation (15). The methylation levels of
the B1 siRNA-treated group were significantly higher than
those of the saline-treated control and Ca-P nanoparticle
groups, especially on days 7 and 14. The respective percentage
methylation + standard deviation in the NSS control, Ca-P
nanoparticle and Bl siRNA-treated wounds on different days
were: i) Day 3, 30.33+1.52 and 29.0+1.0 vs. 33.00+1.0%, both
P<0.05; ii) day 7, 30.0+2.0 and 31.0+2.0 vs. 35.0+1.0%, both
P<0.001; iii) day 14, 33.67+1.52 and 33.0+1.73 vs. 45.0+1.0%,
both P<0.001; iv) day 21, 33.67+2.08 and 34.67+0.58
vs. 41.0£1.0%, both P<0.001; and v) day 28, 34.33+0.58
and 34.33+0.58 vs. 38.00+1.00%, both P<0.05 (Fig. 2D).
Significant differences were observed in the Bl siRNA treated
group compared with the control groups 3 days post-injury.

Pathological and immunohistochemical skin changes in the
rat model of burn wounding. Individual histopathological
scores were added together to provide an overall score for each
wound. Blinded scoring of the wounds by the three derma-
topathologists confirmed that the rats treated with Bl siRNA
displayed considerably higher pathological scores than those
treated with NSS or Ca-P nanoparticles, with the greatest
improvement observed on days 14, 21 and 28 post injury.
The pathological scores + standard deviation in the NSS and
Ca-P nanoparticle-treated groups (respectively), relative to
that in the B1 siRNA-treated group, on different days were
as follows: i) Day 3, 1.33+0.58 and 1.67+0.58 vs. 2.67+0.58%,
both P>0.05; ii) day 7, 7.67+1.16 and 7.67+0.58 vs. 7.0+1.0%,
both P>0.05; iii) day 14, 12.33+0.58 and 11.33+1.16
vs. 15.67+0.58%, both P<0.01; iv) day 21, 13.33+0.58 and
12.33£1.52 vs. 16.0+0.0%, P<0.05; and v) day 28, 15.0+1.0 and
14.33+0.58 vs. 16.67+1.53%, P<0.05 (Fig. 3A and B).

8-OHdG and YH2AX scores were determined to measure
DNA damage response after introducing burn injuries. A
low immunohistochemistry score for 8-OHdG and YH2AX
reflected a low DNA damage response. The Bl siRNA-treated
group exhibited lower levels of 8-OHdG than the NSS and
Ca-P nanoparticle groups on days 14 and 21. In addition, the
wounds in the Bl siRNA-treated group showed significantly
lower YH2AX levels from days 7 to 21 than the NSS- and Ca-P
nanoparticle-treated groups, with the highest level observed
14 days post-injury. The respective 8-OHdG immunohisto-
chemistry score + standard deviation in the NSS and Ca-P
nanoparticle-treated groups (respectively), relative to that in
the Bl siRNA-treated group was as follows: i) Day 3; 4.0+0.0
and 4.0+0.0 vs. 4.0+0.0%, both P>0.05; ii) day 7; 4.0+0.0 and
3.67+0.58 vs. 3.33+0.58%, both P>0.05; iii) day 14, 3.0+0.0 and
3.33+0.58 vs. 2.67+0.58%; both P<0.01; iv) day 21, 3.0+0.0 and
2.67+0.58 vs.2.0%+0.0%,both P<0.05; and v) day 28,2.0+0.0 and
2.0+0.0 vs. 1.67+0.58%, P<0.05 (Fig. 3C and D). Furthermore,
the YH2AX immunohistochemistry scores + standard deviation
in the NSS and Ca-P nanoparticle groups, relative to that in the
Bl siRNA-treated group, was as follows: i) day 3, 4.0+0.0 and
4.0+0.0 vs. 4.0+£0.0%, both P>0.05, ii) day 7, 3.67+0.58 and
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burn wounds/timepoint. (C) Sections of wounded tissues immunostained for 8-OHdG after 7 and 14 days. (D) Quantification of 8-OHdG staining. (E) Sections
of wound tissue immunostained for YH2AX after 7 and 14 days. (F) Quantification of YH2AX (one-way ANOVA). “P<0.05, “P<0.01. H&E, hematoxylin
and eosin; 8-OHdG, 8-Hydroxy-2'-deoxyguanosine; YH2AX, histone H2AX phosphorylated on serine 139; siRNA, small interfering RNA; Ca-P, calcium
phosphate.

4.0+0.0 vs. 3.33+0.58%, both P>0.05, iii) day 14, 3.0+0.0 and  Discussion

3.33+0.58 vs. 2.67+0.58%, both P<0.05, iv) day 21, 2.67+0.58

and 2.67+0.58 vs.2.0+0.0%, both P<0.05; and v) day 28,2.0+0.0  The healing of burn wounds requires the synchronous activity
and 2.0+0.0 vs. 1.67+0.58%; both P>0.05 (Fig. 3E and F). of numerous intricate molecular processes, such as cell
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creeping and epithelialization, neoangiogenesis and fibroblast
remodeling (61). Global DNA hypomethylation causes delayed
wound healing; therefore, we induced hypermethylation of
IRSs to promote the wound healing process (62).

A limitation of this study is that we performed only in vitro
experiments with the scrambled siRNA; an in vivo scrambled
siRNA control group was not included. B1 siRNA significantly
increased B1 methylation, whereas the scrambled siRNA margin-
ally increased B1 methylation. There were no off-target effects in
the scrambled siRNA group in the in vitro experiment Fig. S1).

In the animal model experiments, 7-28 days post-injury, the
B1 siRNA-treated group showed faster wound-contracture and
re-epithelialization rates than the control group. An examina-
tion of wound tissue sections also revealed that treatment with
B1 siRNA induced favorable pathological alterations in the
repaired tissues. The ability of B1 siRNA to increase the Bl
methylation levels and heal thermally-induced injury corre-
sponded with a significant decrease in DNA damage responses,
based on 8-OHdG and YH2AX scores in the wound tissues.

A previous in vitro study showed that increased Alu meth-
ylation increases a cells tolerance to toxic substances and also
increases the proliferation of these cells (15). A molecular
substance that can manage DNA methylation at a precise target,
reduce DNA damage responses, stabilize the genome and improve
second-degree burn wound healing in a rat model was developed
by in the present study. Bl siRNA specifically increased the
methylation of Bl repetitive sequences by RNA-directed DNA
methylation (23,63). DNA damage responses can lead to mutations
and delay cell cycle progression or cause cell cycle arrest (64,65).
Therefore, the reduction in DNA damage responses, as assessed
using 8-OHdG and YH2AX scores, induced by increased Bl
methylation using Bl siRNA, led to increased wound contraction
rates and improved overall pathological scores in the wounded
sections. Reduced inflammation, greater epithelialization, new
collagen deposition, fibroblast migration and new blood vessel
growth were also observed (data not shown).

Following radiation exposure, DNA methylation is reduced
in mice heart muscles owing to DNA damage responses and
release of free radicals; how Bl methylation decreases DNA
damage responses remains to be determined (66). It is not clear
how B1 siRNA can accelerate burn wound healing and reduce
DNA damage responses; based the results of the present study,
it is hypothesized that IRS methylation is associated with other
epigenetic phenomena, such as the formation of heterochro-
matin (67,68). Therefore, heterochromatin may protect DNA
from damage and damage responses, and downregulate DNA
replication and transcription processes (69). Another possibility
is that a change in the chromatin form could ameliorate DNA
repair activity (70,71). This process might reduce DNA damage
response in the heterochromatin region altered by B1 hypermeth-
ylation. Enhanced Bl methylation might lower oxidative stress
and, consequently, DNA damage. Alu hypermethylation is corre-
lated with weight gain in infants during the first year of birth (72).
Conversely, the association between Alu hypomethylation with
DNA damage and lesions demonstrates that Alu hypomethylation
increases the risk of non-communicable diseases, such as diabetes
mellitus, hypertension and osteoporosis (73-75).

In summary, Bl siRNA can promote healing of
second-degree burn wounds in rats by increasing the epitheli-
alization rate, improving pathological scores and accelerating

the wound healing rate. These results indicate that Bl siRNA
promotes wound healing by reducing the DNA damage response
and enhancing global DNA methylation. Bl siRNA assisted
in genomic recovery and improved the healing process of
second-degree burn wounds in rats; this suggests that Bl siRNA
may serve as a novel treatment method for burn wounds in
clinical practice, perhaps as a topical agent against repetitive
sequences. Further studies to evaluate the efficacy of Bl siRNA
against different types of burns with different severities will be
highly beneficial for determining the clinical potential of this
treatment.
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