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ABSTRACT

Burn injuries, affecting local skin disruption as well as inducing systemic inflammatory responses, are
presented as a global public health problem. To enhance the effects of burn wound healing,
treatment must simultaneously regulate both re-epithelialization and hyperinflammation. Extracts
of Sargassum horneri (S. horneri) have shown a potential to enhance skin wound healing through
antioxidative properties, immune enhancement, and modulation of inflammatory responses.
However, despite its promising application for burn wound healing, specific investigation into
S. horneri-derived compounds for enhancing wound healing has not yet been conducted. In this
research, we investigated the burn wound-healing effect of the low-temperature pulverization-
specific S. horneri extract (LPSHE), which could not be detected using the room-temperature
grinding method. In a mouse burn model with third-degree burn injuries, LPSHE accelerated re-
epithelialization by promoting the increase in F-actin formation and reduced burn-induced ROS
levels. Additionally, LPSHE significantly regulated hyperinflammation by reducing pro-
inflammatory cytokines. Further investigation into molecular mechanisms using HaCaT
keratinocytes also demonstrated beneficial effects on burn wound healing. Taken together, our
findings suggested that LPSHE is a promising therapeutic candidate for enhancing burn wound
healing. Furthermore, this research underscored the importance of low-temperature pulverization
in discovering novel natural compounds from marine organisms.
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Introduction
care effects (Cragg 1998; Matulja et al. 2020; Pefnalver

Burn injuries are considered a significant global public
health challenge and contribute to an estimated
180,000 deaths annually (Evers et al. 2010; James et al.
2020; Jeschke et al. 2020). The pathophysiology of
burns involves the destruction of skin tissues, leading
to the generation of oxidative stresses and the release
of pro-inflammatory cytokines at the injury site (Parihar
et al. 2008; Burgess et al. 2022). To address this multifa-
ceted challenge and enhance burn wound healing, inter-
ventions must target re-epithelialization, antioxidation,
and systemic inflammation simultaneously.

Marine organisms harbor a wealth of bioactive mol-
ecules with potential health benefits, ranging from
anti-inflammatory properties to antioxidative and skin-

et al. 2020; Lomartire and Gongalves 2023). Sargassum
horneri (S. horneri), a brown seaweed indigenous to
East Asia, is known to contain diverse beneficial
natural compounds. While various extracts from
S. horneri have demonstrated promising biological func-
tions such as antioxidation, immune enhancement, and
modulation of inflammatory responses, their potential in
wound healing, particularly in the context of burn inju-
ries, remains underexplored (Lee et al. 2020; Sanjeewa
et al. 2020; Han et al. 2021; Herath et al. 2021; Jung
et al. 2022; Kim et al. 2024).

Efficient extraction of natural compounds requires
an optimal particle size, achieved through drying at
high temperatures and subsequent pulverization
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(Nandasiri et al. 2019; Prasedya et al. 2021; Yuan et al.
2023). However, conventional grinding methods may
result in the loss of significant fractions of natural com-
ponents (Balasubramanian et al. 2016; Sharma et al.
2016; Liu et al. 2018). Previous studies employing cryo-
grinding techniques have shown a substantial improve-
ment in extraction efficacy compared to conventional
methods (Sharma et al. 2016; Liu et al. 2018; Jung and
Rhee 2020). Nonetheless, cryogrinding poses challenges
for industrial-scale applications, necessitating the devel-
opment of alternative strategies for identifying bioactive
compounds from seaweeds (Freitas et al. 2022).

In this study, we aim to identify the novel compounds
in S. horneri responsible for its potential in burn wound
healing. Utilizing the superior extraction efficacy of
low-temperature pulverization, we have discovered a
novel compound, low-temperature pulverization-
specific S. horneri extract (LPSHE). We also evaluated
the re-epithelialization and attenuating hyperinflamma-
tion properties of LPSHE in both mouse models and
HaCaT cells. By elucidating the therapeutic properties
of LPSHE, we aimed to contribute to the development
of novel strategies for burn wound management and
underscored the importance of exploring natural
resources, such as S. horneri, in addressing global
health challenges.

Results

Low-temperature pulverization system extracts
the novel S. horneri compound

To extract novel natural compound from S. horneri, we
utilized LNG-powered low-temperature pulverization
system. This system was previously proposed to
perform marine debris recycling with a liquefied
natural gas (LNG)-fueled propulsion system (Lee et al.
2021). Using our LNG-pulverizing system, S. horneri was
pulverized at 24,000 rpm in the chamber that was set
to —60°C. Crushed S. horneri particles were extracted
and concentrated in 50% MeOH, at 60°C (Figure 1(A)).
As a result of cryogenic grinding, the size of the
crushed particles (approximately 1 mm) was smaller
than normal-temperature grinding (approximately
30 mm) (Figure 1(B)). HPLC-UV Chromatogram analysis
revealed that the cryogenic grinding-derived S. horneri
extract contained specific compounds that were not
present in the normal-temperature grinding extract
(Figure 1(Q)). Therefore, we purified the low-temperature
pulverization-specific S. horneri extract (LPSHE). LPSHE is
>95% pure by HPLC analysis.

To characterize structural and molecular information,
we analyzed the LPSHE molecular weight, formula, and
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structure using Q-TOF LC/MS and proton nuclear mag-
netic resonance spectroscopy (NMR). From the TOF-MS
analysis, we predicted that the calculated molecular
weight of the LPSHE was 414.5, and the formula was
Cy4H3006 (Figure STA). In the aromatic region (7-
9 ppm) from full spectrum of proton NMR data, we
characterized that 7 aromatic protons existed, with
proton coupling between 8.15 and 7.36 ppm, and
between 7.55 and 7.44 ppm (Figure S1B). From these
results, we determined that the backbone structure of
the LPSHE had two aromatic rings and three side
chains (Figure 1(D)).

LPSHE accelerates re-epithelialization on burn-
wounded skin

Skin wound healing is classically divided into three
phases: inflammation, proliferation, and remodeling
(Tiwari 2012; Burgess et al. 2022). In the second and
third phases of wound healing, wounded skin under-
goes re-epithelialization (Haase et al. 2003; Gurtner
et al. 2008; Lim et al. 2023). To determine the re-
epithelialization effect of the LPSHE, we established a
burn mouse model and measured the burn wound
area closure rates (Figure 2(A)). After 14 days, we
observed that wounds treated with the LPSHE or Com-
mercial ointment had significantly recovered in the
wounded site compared with the non-treated group
(Burn vs Burn 4+ Commercial ointment: p <0.001, Burn
vs Burn+LPSHE: p <0.001, Burn+LPSHE vs Burn+
Commercial ointment: p=0.0150) (Figure 2(B)). To
promote the re-epithelialization, a collagen layer
must form and recover the skin wound site (Werner
et al. 2007; Gurtner et al. 2008). The Commercial oint-
ment or LPSHE had no effect on wound healing in
burn-induced skin destruction until 3 days. However,
after 14 days, we observed that the collagen formation
in the dermis was further increased by treatment with
the LPSHE or Commercial ointment (Figure 2(C)). To
promote the wound re-epithelialization from the sur-
rounding wound margins toward the center, keratino-
cytes increase the F-actin formation and increase
keratinocyte migration (Krishnaswamy and Korrapati
2014; Rodrigues et al. 2019; Pefla and Martin 2024).
Phalloidin staining showed that the LPSHE or Commer-
cial ointment treatment significantly enhanced F-actin
distribution in the injured skin tissue after 3 days
(Figure 2(D)). We further determined the expression
of heme oxygenase 1 (HMOX1) and fatty acid-
binding protein 4 (FABP4) in the wounded skin.
HMOX1 has antioxidant and tissue-protective actions.
FABP4 helps skin regeneration through fibroblast
migration and extracellular matrix production (Lima
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Figure 1. Investigation of low-temperature pulverization-specific component extracted from S. horneri: (A) Scheme of upcy-
cling S. horneri with low-temperature pulverization. (B) Comparison of crushed particle size of S. horneri utilized with normal-temp-
erature pulverization method and low-temperature pulverization method. (C) Comparison of HPLC analysis with normal-temperature
pulverization method-derived extract and low-temperature pulverization method-derived extract. Low-temperature pulverization-
specific S. horneri extract (LPSHE) was marked. (D) Backbone structure of the LPSHE examined with their molecular formula and

exact masses.

et al. 2011; Furuhashi et al. 2014; Rivera-Gonzalez et al.
2014; Song et al. 2017). HMOX1 and FABP4 expression
levels were increased by burn injury, and the LPSHE or
Commercial ointment treatment further increased the
FABP4 and HMOX1 levels (Figure 2(E)). Previous
studies demonstrated that reducing ROS could be an
attractive strategy for enhancing the wound-healing
capacity (Parihar et al. 2008; Mittal et al. 2014). We
confirmed that the increased ROS levels (nitrotyrosine
and 4-hydroxynoneal expression) after burn injury
were reduced by LPSHE or Commercial ointment treat-
ment (Figure 2(F)). In addition, blood ROS levels also
reduced by LPSHE or Commercial ointment treated
groups (Figure 2(G)). Taken together, these burn
wound-healing phenotypes demonstrated that LPSHE

has burn wound-healing efficacy similar to Commercial
ointment.

LPSHE attenuates hyperinflammation after burn
injury

In the first phase of wound healing, acute and local
immune responses activate the innate immune response
(Engelhardt et al. 1998). However, hyperinflammation of
multiple organs causes detrimental effects, disrupting
the immune equilibrium and disturbing re-epithelializa-
tion (Evers et al. 2010; Burgess et al. 2022; Zwieretto et al.
2023). Therefore, hyperinflammation must be regulated
to improve burn wound healing. The burn mouse
model was treated with the LPSHE or Commercial
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Figure 2. LPSHE accelerates skin wound healing after burn injury: (A) Experimental schedule for burn, LPSHE, and Commercial
ointment treatment to burn mouse model. (B) Illustration of wound appearances after 0-13 days after burn injury with LPSHE or
Commercial ointment treatment. The curves represent the wound area of each group (Burn vs Burn + Commercial ointment: p <
0.001, Burn vs Burn + LPSHE: p < 0.001, Burn + LPSHE vs Burn + Commercial ointment: p = 0.0150). (C) Wound-healing capacity of
LPSHE was confirmed via Masson'’s trichrome staining (blue: collagen, red: cytoplasm, brown to black: cell nuclei). (D) Effect of
LPSHE treatment on the alteration of actin distribution was measured by phalloidin staining. (E) HMOX1 (antioxidant protein) and
FABP4 (an adipogenesis marker) expressions in the skin of burn-treated mice were verified by real-time qRT-PCR. (F) IHC results of
the two ROS markers, nitrotyrosine and 4-hydroxynoneal, showed decreased ROS levels by LPSHE in the skin of burn mouse
model. (G) Relative ROS levels determined by DCF2DA intensity in mice blood samples. Statistical analysis was performed with
one-way ANOVA plus a Dunnett’s multiple comparisons test for (D), (E), and Student’s t-test for (B). ns; non-significant, *p < 0.05,
**p < 0.01, ***p < 0.0005, ****p < 0.0001.

ointment for three days after the burn injury (Figure 3
(A)). To assess inflammatory responses, we examined
the expression level of pro-inflammatory cytokines (IL-
1B, IL-6, and TNF-q) in the liver, lungs, spleen, kidneys,
and skin. Increasing pro-inflammatory cytokines after
burn injury was alleviated by LPSHE or Commercial oint-
ment treatment (Figure 3(B-D)). The hematoxylin and
eosin (H&E) staining results showed that inflammatory
infiltrates in the multi-organs were reduced by the

LPSHE or Commercial ointment treatment (Figure 3(E)
and Figure S3A). In addition, IHC analysis demonstrated
a reduction in CD3™ T cell infiltration following the
LPSHE or Commercial ointment treatment (Figure 3(F)
and Figure S4A). The inflammation score, which was
assessed from 0 to 5 by analyzing the degree of infiltra-
tion in the H&E staining and IHC results, confirmed that
the LPSHE or Commercial ointment regulated hyperi-
nflammation (Figure 3(G) and Figure S4B). These
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Figure 3. LPSHE alleviates hyperinflammation after burn injury: (A) Experimental schedule for burn, LPSHE, and Commercial oint-
ment treatment to burn mouse model. (B-D) Expression of pro-inflammatory cytokines (IL-1f, IL-6, and TNF-a) in the liver, lung,
spleen, kidney, and skin of burn mouse model was assessed by real-time gqRT-PCR. (E) H&E staining results showed that LPSHE or
Commercial ointment treatment alleviated burn-induced inflammation. Arrows indicate inflammatory infiltrates (magnification:
X200). (F) IHC analysis showed infiltration of CD3™ T cell in the organs (magnification: X200). (G) Inflammation scores were evaluated
based on the inflammatory infiltration observed in histological analysis of Figure 3(E and F) (from 0 score to 5 score). Statistical analysis
was performed with one-way ANOVA plus a Dunnett’s multiple comparisons test. ns; non-significant, *p < 0.05, **p < 0.01, ***p <
0.0005, ****p < 0.0001.
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Figure 4. LPSHE enhances wound-healing ability in keratinocytes: (A) Alteration of cell viability treated with LPSHE (50 pug/mL,
24 h) in HaCaT cells. (B) Alteration of cell proliferation assessed by Ki-67 staining with LPSHE treatment (50 pg/mL, 24 h) in HaCaT cells.
(C) Protein expression of FAK activation assessed by western blot analysis. (D) Distribution of filamentous actin with LPSHE treatment
(50 pg/mL, 24 h) in HaCaT cells assessed by phalloidin staining (green: F-actin, blue: cell nuclei). (E) Motility and migration effects of
LPSHE (50 pg/mL, 24 h) in HaCaT cells were analyzed using wound-healing scratch assays. Photomicrographs were taken at 100x
magnification. (F) Alteration of antioxidation effect by LPSHE treatment (50 pg/mL, 24 h) in HaCaT cells. H,0, was treated with
200 pg/mL, 24 h. (G) mRNA expression of HMOX1 and FABP4 with LPSHE treatment (50 ug/mL, 24 h) in HaCaT cells assessed by
real-time gRT-PCR. H,0, was treated with 200 ug/mL, 24 h. (H) mRNA expression of IL-1B, IL-6, and TNF-a with LPSHE treatment
(50 pg/mL, 24 h) in HaCaT cells assessed by real-time qRT-PCR. H,0, was treated with 200 pg/mL, 24 h. Statistical analysis was per-
formed with one-way ANOVA plus a Dunnett’s multiple comparisons test. ns; non-significant, ****p < 0.0001.

results suggested that the LPSHE alleviates burn injury-
induced hyperinflammation phenotypes.

LPSHE improves wound-healing capacity in
human keratinocytes

To further verify the wound-healing capacity of the
LPSHE-mediated wound-healing process in mouse
models, we conducted in vitro experiments using
human keratinocyte HaCaT cells. The LPSHE treatment
increased the viability and proliferation of HaCaT cells
(Figure 4(A and B)). The phosphorylation of FAK (Y397),
which was involved in F-actin-mediated cytoskeletal
remodeling, was increased by the LPSHE treatment
(Figure 4(C)). We also observed that the filopodia for-
mation contributed to cell migration (Figure 4(D)).

Through this LPSHE-induced wound-healing capacity,
the LPSHE treatment accelerated the recovery of the
wound area compared with the non-treated group, as
assessed by the in vitro wound-healing scratch assay
(Figure 4(E)). LPSHE also effectively reduced H,O,-
induced cellular ROS toxicity (Figure 4(F)). Similar to
the in vivo mouse model, the LPSHE enhanced HMOX1
and FABP4 expression levels (Figure 4(G)). Pro-inflamma-
tory cytokines (IL-1B, IL-6, TNF-a) expression also
decreased by the LPSHE treatment (Figure 4(H)). These
results demonstrated that the LPSHE not only effectively
regulated pro-inflammatory cytokines (first phase) but
also increased the proliferative (second phase) and
remodeling (third phase) phases through activation of
the FAK signaling pathway to enhance the wound-
healing capacity.
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Discussion

The development of effective burn ointments is impera-
tive for global healthcare. This study proposes new
ingredients for burn ointments through the validation
of the burn-healing efficacy of natural products
extracted from S. horneri. Analysis of the wounded skin
sections in a burn mouse model revealed that LPSHE
restored the epidermis as well as the dermis (Figure 2
(Q)). This result indicates that LPSHE could significantly
heal third-degree burn wounds. In addition, this
research demonstrated that LPSHE had an antioxidant
effect on burn-injured skin or keratinocytes (Figure 2(F,
G) and Figure 4(E)). Burn ointments with a ROS-regulat-
ory effect can be used as a more effective treatment.
Additionally, utilizing its ROS-regulatory effect, LPSHE
could be also used as a possible therapeutic strategy
for ROS-induced skin diseases, including photoaging
(Petruk et al. 2018).

Previous studies have suggested the advantages of
cryogrinding in natural product extraction (Nandasiri
et al. 2019; Prasedya et al. 2021). In traditional Chinese
herbal medicine, cryogrinding preserves the natural
compounds with the highest purity (Singh and
Goswami 2000; Munier et al. 2015; Saxena et al. 2018;
Saluri et al. 2019). However, the amount of energy and
cost of cryogrinding remains an unsuitable process for
industrial-scale adjustment. To address the issue, we uti-
lized LNG-based low-temperature pulverization, which
was previously described in our study (Lee et al. 2021).
Our LNG-powered system harnesses latent cold-state
energy that requires heating before utilization. By utiliz-
ing our LNG-powered low-temperature pulverizing
system, we investigated the novel S. horneri extract
and demonstrated biological effects. From these
results, we suggest that our LNG-powered low-tempera-
ture pulverizing system can increase the possibility of
discovering novel bioactive compounds.

Upcycling is the transformation of waste into high-
value products. Current upcycling technologies utilize
chemical or engineering approaches to process plastic
waste or polymers into high-value products (Choi et al.
2022; Jehanno et al. 2022; Lee et al. 2023). Harmful
marine organisms have hazardous effects on the
economy, aquaculture, and marine environment.
S. horneri is also classified as a harmful marine organism.
Over 10,000 tons of drifting S. horneri biomass, inflow
from the Chinese coast to the Korean peninsula causes
economic and environmental problems (Figure S2(A
and B)) (Sanjeewa et al. 2019; Nagahawatta et al.
2021). Therefore, investigation of LPSHE biological
effects could be a biological upcycling. From these
results, we suggest that biological upcycling of harmful

marine organisms has the potential to discover novel
bioactive compounds.

The results of the present study including LPSHE-
induced inflammation attenuation and enhanced
wound healing after burn injury suggested the role in
burn wound repair and the molecular mechanism. In
addition, we provided new insights that LPSHE can be
utilized during burn treatment. We also suggested the
importance of low-temperature pulverization systems
in investigating novel bioactive compounds from
marine organisms.

Material and methods

S. horneri low-temperature pulverization and
characterization

The S. horneri was collected from Haenam county of
Korea in June 2023 and stored at —60°C to prevent
decay. Low-temperature pulverization machine is fabri-
cated with stainless 304 steel and LNG injection with a
relay controller. To control grinding temperature with
the relay controller, a T-type thermocouple is attached
in the upper part of the grinding chamber. The grinding
blade type has two flat blades crossing each other. And
grinding speed is 24,000 rpm. The cryogrinding process
proceeds in the order of precooling to a target tempera-
ture of —60°C with liquefied natural gas (LNG) and oper-
ating the grinding motor after reaching the target
temperature. During low-temperature pulverization, fric-
tional heat raises the global temperature of the cryo-
grinding chamber, so the relay controller regulates
liquid nitrogen flow to control temperature with a T-
type thermocouple. HPLC analysis was performed by
the Exion LC system and the PREF-LC system. All com-
pounds are >95% pure by HPLC analysis. To characterize
structural and molecular information based on LPSHE
identification, Q-TOF LC/MS was performed by the
SCIEX X500B Q-TOF system. In addition, proton nuclear
magnetic resonance spectroscopy (NMR) was performed
by Avance Il 700.

Animal care protocol and establishment of a
burn mouse model

Six-week-old male BALB/c nude mice (Orient Bio, Repub-
lic of Korea) were used for the in vivo experiments. The
animal experiment protocols were approved by the
Institutional Animal Care and Use Committee of Pusan
National University (Approval Number PNU-2022-0060).
In vivo experiments were performed under the guide-
lines of the National Institutes of Health’s Guide for the
Care and Use of Laboratory Animals. The mice were



kept at the animal care facilities placed on temperature-
maintained room (23 + 1°C) under a 12 h light/dark cycle
and were fed commercial mouse chow and water. For
burn injury, mice (n=5) were anesthetized and the
dorsal hairs were clipped. The full-thickness burn
wound was generated by 10 sec of contact with a 10-
mm-diameter brass rod heated to 95°C. Mice were
then administrated intraperitoneally with 1 mL of 37°C
pre-warmed sterile isotonic saline to prevent shock
symptom. After 1 day of burn wound generation,
500 mg of LPSHE and Commercial ointment was daily
treated on mice burn-wounded area until the burn
wound was fully recovered.

Treatment of LPSHE and commercial ointment

Purified LPSHE was prepared as a laboratory-grade oint-
ment. 100 mg of LPSHE, glycerin, ethanol, and water per
1 g of ointment was appropriately mixed at room temp-
erature. Burn-commercial ointment currently on the
market, Madecassol Care Commercial ointment, was
used as a positive control. Madecassol Care Commercial
ointment mainly contains titrated extraction of Centella
Asiatica 10 mg/g, neomycin sulfate 3.5 mg/g. And
500 mg of LPSHE and Commercial ointment was
treated on mice burn-wounded area. Burn mouse
group was treated with laboratory-grade ointment,
which was excepted LPSHE as negative control.

Histological analysis

The tissue preparation protocol was validated as pre-
viously described (Son et al. 2019; Kim et al. 2023). At
the end of the treatment period, animals were eutha-
nized, and liver, lung, spleen, kidney, or skin samples
were harvested. The samples were then fixed with for-
malin, dehydrated, and embedded in paraffin. Next, sec-
tions were cut into 4 mm and utilized for H&E, Masson’s
trichrome staining, or immunohistochemistry (IHC) fol-
lowing standard procedures. Stained sections were
observed under an Olympus IX71 microscope
(Olympus Optical, Japan). Inflammation scores were
obtained as previously described (Seno et al. 2015).
The inflammation conditions were evaluated using at
least three H&E stained tissue sections, and IHC sections
of the liver, lung, spleen, and kidney per mouse followed
by the instructions described below. Inflammation
scores were determined as follows: 0, no inflammation;
1, cellular infiltration only in the perivascular areas; 2,
mild cellular infiltration (less than one-third part of the
sections is infiltrated with inflammatory cells); 3, moder-
ate cellular infiltration (more than one-third part of the
sections is infiltrated with inflammatory cells); and 4,
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infiltration of inflammatory cells is observed in the
whole part of the sections.

Immunofluorescence and phalloidin staining

For HaCaT keratinocytes, the cells were fixed and per-
meabilized in cold acetone and then washed with cold
PBS. For paraffinized tissue samples, deparaffinization
was performed. After blocking with 1% BSA in PBS, the
cells were incubated overnight with primary antibody
at 4°C. Next, the cells were washed three times with
cold PBS and incubated with DyLight 488-conjugated
secondary antibodies (Thermo Fisher Scientific). After
washing and counterstaining with DAPI (Sigma
Aldrich), the glass slides were mounted with VECTA-
SHIELD Hard-Set Mounting Medium (Vector Labora-
tories, Burlingame, CA) and visualized with an Olympus
IX71 fluorescence microscope (Olympus Optical Co.
Ltd., Tokyo, Japan). Phalloidin (Sigma Aldrich) staining
was assessed according to the manufacturer’s protocol.

ROS quantification

The DCFDA Cellular ROS Assay Kit was used (#ab113851,
abcam) for detecting ROS levels. Around 100 pl of
mouse blood sample or 1x 10* of HaCaT cells were
placed per well in 96-well plates. After appropriate treat-
ments, incubated with the diluted DCFDA solution and
Hoechst 33342 (#H3570, Invitrogen) for 1 h at 37°C pro-
tected from light. After incubation, the solutions were
removed and 100 pl of buffer was added. Fluorescence
was measured using a GloMax® Discover Microplate
Reader at Ex/Em of 485/535 nm.

Cell culture

The culture methods of HaCaT cells were described in a
previous study (Son et al. 2019). In detail, HaCaT cells
were purchased from Korean Cell Line Bank (Seoul,
Republic of Korea) and cultured in DMEM media consist-
ing of 10% FBS and 1% penicillin (10,000 U/mL) - strep-
tomycin (10,000 pg/mL) in a CO, incubator (37°C, 5%
CO,). Cells were free of mycoplasma contamination
and were authenticated by short tandem repeat
profiling within the past 12 months.

Wound-healing assay

Wound-healing assays were performed to measure
changes in cell motility as previously described (Kim
et al. 2016). In brief, HaCaT cells were cultured to 70%
confluence and treated with LPSHE. The cell monolayers
were then scratched with 200 mL pipette tips. Cells were
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then further incubated for 24 or 48 h. Photomicrographs
were then taken at 100x magnification using the
Olympus IX71 fluorescence microscope (Olympus
Optical Co. Ltd., Tokyo, Japan).

Total RNA isolation and qRT-PCR

Total RNA was extracted from HaCaT cells or mouse
tissue with AccuPrep® Universal RNA Extraction Kit (#K-
3140, bioneer, Korea). Synthesize cDNA was analyzed
by Real-time gRT-PCR using an Applied Biosystems
StepOne Real-Time PCR System (Applied Biosystems,
USA). The gPCR primers sequences of the primers used
are Mouse /18 F: 5-GCA ACT GTT CCT GAA CTC AAC
T-3', R: 5-ATC TTT TGG GGT CCG TCA ACT-3'. Mouse /6
F: 5-GCT TAA TTA CAC ATG TTC TCT GGG AAA-3/, R:
5-CAA GTG CAT CAT CGT TGT TCA TAC-3'. Mouse Tnf
F: 5-TCG TAG CAA ACC ACC AAG TG-3/, R: 5'-AGA TAG
CAA ATC GGC TGA CG-3'. Mouse Hmox1 F: 5'-AGG AGC
TGC ACC GAA GGG (CTG-3, R: 5-CGT GGA GAC GCT
TTA CAT AG-3'. Mouse Fabp4 F: 5'-TCA CCA TCC GGT
CAG AGA GTA-3'. R: 5-GCC ATC TAG GGT TAT GAT
GCT C-3. Mouse Gapdh F: 5-CGA CTT CAA CAG CAA
CTC CCA CTC TTC C-3, R: 5-TGG GTG GTC CAG GGT
TTC TTA CTC CTT-3. Human IL1B3 F. 5-TTC TTC GAC
ACA TGG GAT AAC G-3, R: 5-TCC CGG AGC GTG CAG
TTC A-3’. Human IL6 F: 5-TGA ACT CCT TCT CCA CAA
GCG-3/, R: 5-TCT TGG AGC TTA TTA AAG GCA TTC-3'.
Human TNF F: 5-CCG AGT GAC AAG CCT GTA GCC-3,
R: 5-CCT TGA AGA GGA CCT GGG AGT AG-3'. Human
HMOX1 F: 5-CCA GGC AGA GAA TGC TGA GTT C-3, R:
5-AAG ACT GGG CTC TCC TTG TTG C-3'. Human FABP4
F: 5-TTG ACG AAG TCA CTG CAG ATG A-3, R: 5-CAG
GAC ACC CCC ATC TAA. Human GAPDH F: 5'-ATG ACA
TCA AGA AGG TGG TG-3', R: 5'-CAT ACC AGG AAA TGA
GCT TG-3'. Each sample was assessed by triplication.

Western blot analysis

For acquiring the whole cell lysates, CETi Lysis Buffer
with Inhibitors (TransLab, Korea) was used. The protein
concentrations were determined by using a BioRad
protein assay kit (BioRad Laboratories, USA). The
protein samples were performed with SDS-PAGE, trans-
ferred to the NC (nitrocellulose) membrane, and
blocked with 5% BSA in TBST for 2 h at room tempera-
ture. After incubation, membranes were treated with
specific primary antibodies for overnight at 4°C.
Washed with TBST and treated with peroxidase-conju-
gated secondary antibody (Thermo Fisher Scientific,
USA). The membranes were visualized using an ECL
detection system (Roche Applied Science, USA) with

iBright chemi-doc fl000 (Thermo Fisher Scientific, USA).
Each analysis was assessed by triplication.

Cell viability assay

For cell viability assay, HaCaT cells were seeded at 10,000
cells per well in 96-well plates 1 d before treatment of
LPSHE for 24 h. Cell viability was determined using Cell-
Titer-Glo® Luminescent Viability Assay kit (#G7570,
Promega).

Quantification and statistical analysis

All numerical data are presented as the means * stan-
dard error of the mean from at least three independent
experiments. For quantifications, a two-tail unpaired
Student’s t-test was used for comparing two experimen-
tal groups, and one-way ANOVA was applied when
needed to compare three or more experimental
groups. The log rank (Mantel-Cox) test was used for stat-
istical analysis of survival. The Prism 9 software (Graph-
Pad Software, San Diego, CA, USA) was used for all
statistical analyses. A p-value <0.05 was considered to
be statistically significant.
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