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Phytosphingosine (PHS) is a major component of the skin barrier and a multifunctional physiologically active
substance. This study aimed to investigate the types of cytokines regulated by PHS, their anti-skin inflamma-
tory effects, and their anti-inflammatory mechanisms. RAW264.7 cells stimulated with Lipopolysaccharides
(LPS) were treated with PHS to measure inflammatory factors such as nitric oxide (NO) and prostaglandin E2
(PGE2), and gene expressions of inducible NO synthase (iNOS) and cyclooxygenase-2 (COX2) were confir-
med by q-PCR. Cytokines regulated by PHS against LPS-induced inflammation were found through cytokine
array, and each factor was reconfirmed through ELISA. Western blot was performed to confirm anti-inflamma-
tory mechanism of Ixba and MAPK. To confirm anti-skin inflammatory efficacy, HaCaT cells stimulated with
TNF-o/IFN-y were treated with PHS, and TARC, IL-6, and IL-8 were detected by ELISA. PHS suppressed the
gene expression of iNOS and COX2, which were increased by LPS, and suppressed NO and PGE2 produc-
tion. Through cytokine array, it was confirmed that IL-6, IL-10, IL-27 p28/IL-30, IP-10, I-TAC, MCP-5, and
TIMP-1 increased by LPS were decreased by PHS. PHS inhibited NF-kB signaling by inhibiting LPS-induced
NF-«B nuclear migration and p-Ikba-mediated Ixba degradation, and inhibited p38, ERK, and JNK signaling
pathways. PHS reduced the production of TARC, IL-6, and IL-8 increased by TNF-o/IFN-y. These results
indicate PHS has anti-inflammatory effects via the suppression of inflammatory factors and pro-inflammatory
cytokines through the NF-kB and MAPK pathways. Moreover, these results may explain beneficial effects of

gosine

PHS in the treatment of skin inflammatory conditions induced by TNF-a/IFN-y.
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1. Introduction

Inflammation is a local reaction that occurs when pa-
thogen-caused irritants and damaged cells react, and it is
a complex physiological defense response. The excessive
inflammatory response then leads to a variety of inflam-
mation types and diseases. Macrophages are one of the
cell types that play a significant role in this inflammato-
ry response [1]. Macrophages undergo phagocytosis and
have defensive capabilities.

Lipopolysaccharides (LPS) are toxin-causing agents
because they increase the production of inflammatory me-
diators. Activation of signaling pathways by LPS stimula-
tion leads to the induction and secretion of inflammatory
factors such as nitric oxide (NO), inducible NO synthase
(INOS), prostaglandin E2 (PGE2), and cyclooxygenase-2
(COX-2) [2]. As well as cytokines (such as TNF-a, IL-1p,
and IL-6) cause acute and chronic inflammation by activa-
ting macrophages. Controlling the excessive production of
cytokines induced by inflammation is crucial for the treat-
ment and prevention of numerous inflammation-related
diseases [3].

Overactivation of Nuclear factor-kB (NF-kB) has been

demonstrated to be a common cause of inflammation-in-
duced skin diseases [4, 5]. NF-«B regulates the above-
mentioned inflammatory responses in macrophages [6].
The mitogen-activated protein kinase (MAPK) pathway
mediates LPS-induced activation of KF-kB, leading to the
production of pro-inflammatory mediators [7]. There are
three subclasses within the mammalian MAPK family:
extracellular signal-regulated kinases (ERK), c-Jun N-ter-
minal kinases (JNK), and p38 mitogen-activated protein
kinases (p38) [8-10].

Atopic dermatitis (AD), one of the most common chro-
nic inflammatory skin diseases, is characterized by dry
and itchy skin. High concentrations of TARC/CCL17 and
MDC/CCL22 are detected in the serum of patients with
atopic dermatitis, which is thought to be closely related
to this condition. In AD pathogenesis, keratinocytes have
similar roles in the immune response to AD by stimulating
TNF-a and IFN-y.

Phytosphingosine (PHS) is a component of the lipids
found in the epidermis of the skin [11]. Although it is
present in small amounts on human skin, it is a physio-
logically active ingredient with multiple functions. It is a
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major component of the skin barrier and is known to pre-
vent moisture loss in the skin, and to have sterilization and
anti-inflammatory action [12, 13]. Cosmetic formulations
of PHS are known to soothe the skin and prevent acne [14,
15]. The PHS used in this study was extracted from Pichia
ciferrii; it is like sphingosine and is referred to as PHS
because it is derived from plants.

However, there has been insufficient research on the
anti-inflammatory mechanism and efficacy of PHS in skin
inflammation. Therefore, this study aimed to investigate
the anti-inflammatory effect and action mechanism of
PHS on LPS-stimulated Raw 264.7 macrophages. Addi-
tionally, we confirmed the ameliorating effect of PHS on
skin inflammation by mimicking the conditions of atopic
dermatitis induced by TNF-o/IFN-y using HaCaT cells,
which are human skin keratinocytes typically used in skin
immune response studies.

2. Materials and methods
2.1. Experimental materials and equipment

For the Phytosphingosine(PHS) used in the experi-
ment, a CRODA KOREA (Iksan, Korea) product extrac-
ted from Pichia ciferrii with a purity of at least 95% was
used. PHS was utilized via dissolution in DMSO (Sigma,
USA). Dexamethasone (Sigma, USA) and indomethacin
(Sigma, USA) were used as controls for PHS. LPS (Sig-
ma, USA) was used to induce an inflammatory response in
Raw 264.7 cells, and Recombinant Human TNF-o Protein
(R&D Systems, USA) and Recombinant Human IFN-y
Protein (R&D Systems, USA) were used to induce atopic
stimulation in HaCaT cells. Dulbecco's Modified Eagle's
Medium (DMEM), Fetal Bovine Serum (FBS), and peni-
cillin-streptomycin were purchased from Gibco. Enzyme-
linked immunosorbent assay (ELISA) kits for the measu-
rement of PGE2, IL-6, IL-27 p28/IL-30, I-TAC, MCP-5,
and TARC including cytokine array were purchased from
R&D System. ERK1/2, phospho-ERK1/2, p38, phospho-
p38, INK, phospho-JNK, NF-«kB p65, p50, IkBa, phospho-
IkBa, B-actin, and o-tubulin were purchased from Cell
Signaling Technology, and Lamin B was purchased from
Santa Cruz.

2.2. Cell line and cell culture

Murine macrophage RAW264.7 macrophage cell line
was purchased from Korean Cell Line Bank, Korea, and
spontaneously transformed aneuploid immortal keratino-
cyte cell line HaCaT cells were purchased from Addex-
Bio (San Diego, USA) and used. Both cells were cultured
using Dulbecco's Modified Eagle's Medium (Gibco, USA)
containing 10% Fetal Bovine Serum (Gibco, USA) and
1% penicillin-streptomycin (Gibco, USA). The culture
was incubated in an incubator under conditions of 5%
C02, 37°C, and 100% humidity. To prevent overdensity
caused by cell proliferation, the cells were subcultured
periodically when they reached 80-90% confluence.

2.3. Cell viability evaluation

Using the WST method, cell viability was evaluated.
After seeding Raw 264.7 cells at 4 X 10* cells/well and
HaCaT cells at 1.5 X 10* cells/well in a 96-well plate and
stabilizing for 24 hours, PHS samples diluted at various
concentrations were treated and incubated at 5% CO,, 37°C
for 24 hours. Using a WST assay kit (DoGen, Korea), cell
viability was determined. After incubation, the superna-

tant was removed from each well and replaced with fresh
pre-warmed media. 10% of EZ-Cytox was added to the
replacement media, which was then incubated in the dark
for two hours. Before measuring the absorbance, it was
gently shaken for about 1 minute. Absorbance was mea-
sured at 450nm using a microplate reader (BioTek, USA).

2.4. Nitric oxide (NO) determination

Raw 264.7 cells were seeded at a density of 4 X 10*
cells/well in 96-well plates and stabilized for 24 hours. To
induce an inflammatory response, PHS was treated with
LPS 100ng/ml at various concentrations and incubated at
37°C and 5% CO, for 24 hours. A Griess reagent kit (Invi-
trogen, USA) was used for nitrite quantitation in cultured
cells. Equal volumes of N-(1-naphthyl) ethylenediamine
and sulfanilic acid were combined to produce Griess
reagent. For thirty minutes, the Griess reagent and the cell
culture medium interacted. Quantification of nitrite absor-
bance was accomplished by measuring absorbance at 548
nm with a spectrophotometer (BioTek, USA). The ability
to inhibit NO production was expressed as a percentage
(%) of the inhibitory activity relative to the control.

2.5. RNA extraction and cDNA synthesis from total
RNA

Raw 264. 7 cells and HaCaT cells were seeded at 1
X 10° cells/well and 6 X 10° cells/well in 6-well plates,
respectively. After stabilization for 24 hours, the cells
were starved for 24 hours. To induce inflammation, RAW
264.7 cells were treated with LPS 100ng/ml together with
samples such as PHS, Dexamethasone, and Indomethcin at
each concentration, and incubated under conditions of 5%
CO, at 37°C. To induce atopic stimulation in HaCaT cells,
samples were treated with 2ng/ml of TNF-a and IFN-y
protein and cultured for 24 hours. Following incubation,
after the media was removed, PBS was added to wash, and
then wash-out was performed. and total RNA was extrac-
ted using an RNA purification kit MACHEREY NAGEL,
Germany). RNA was measured with Nanodrop. A cDNA
synthesis kit (Bio-Rad, USA) was used to synthesize
cDNA. After combining 1pg of total RNA, 1pul of reverse
transcriptase, and reaction mix, cDNA was synthesized by
priming for 5 minutes at 25°C, reverse transcription for 20
minutes at 46°C, and reverse transcriptase inactivation for
1 minute at 95°C.

2.6. Polymerase chain reaction in real time (RT-PCR)

CFX Opus 96 was used to conduct real-time PCR
(Bio-Rad, USA). To measure the expression of the target
gene, 1ul of cDNA and SsoAdvanced Universal SYBR
Green Supermix (Bio-Rad, USA) were utilized. The rela-
tive levels of the target gene were normalized and quanti-
fied using GAPDH. The target gene amplification primer
sequences for real-time PCR are listed in Table 1. For PCR
amplification, pre-denaturation was performed at 95°C for
10 min. The reaction was carried out for 35 cycles under
the conditions of denaturation at 95°C for 30 sec. Annea-
ling and extension were performed for 20 seconds at 60°C,
and then melt-curve analysis was performed at 65-95°C
for 2-5 seconds per step.

2.7. Membrane-based cytokine assay
Raw 264.7 Cells were seeded at a density of 1 X 10°
cells/well in a six-well plate, stabilized for 24 hours, and
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Table 1. Primer Sequences used for real-time PCR.

Gene Primer Sequences (5°-3¢)

. Forward GCCACCAACAATGGCAACAT

Mouse iNOS Reverse CGTACCGGATGAGCTGTGAA
Forward AGCCCATTGAACCTGGACTG

Mouse COX-2 Reverse ACCCAATCAGCGTTTCTCGT
Forward GGTCGGTGTGAACGGATTTG

Mouse GAPDH Reverse GTGCCGTTGAATTTGCCGT

Forward CTCCAGGGATGCCATCGTTT

Human TARC Reverse GGTGAGGAGGCTTCAAGACC
Forward TCAAGGCTGAGAACGGGAAG

Human GAPDH Reverse CGCCCCACTTGATTTTGGAG

then starved for 24 hours. PHS samples were treated with
LPS and incubated for 24 hours at 5% CO, and 37°C. Fol-
lowing incubation, the media was transferred to a tube and
centrifuged to obtain a supernatant for the cytokine assay.
The membrane-based immunoassay was purchased and
utilized from R&D Systems. The medium and membrane
included in the kit were evaluated in accordance with the
manufacturer's instructions. Using Image Lab Software
(Bio-rad, USA), the density of every spot was analyzed
and measured.

2.8. ELISA assay

ELISA (R&D Systems, USA) was used to quantify in-
tracellular Mouse PGE2 and cytokines such as Mouse IL-
6, Mouse IL-27 p28/IL-30, Mouse I-TAC, Mouse MCP-5,
Human TARC, Human IL-6 and Human IL-8. Raw 264.7
Cells were seeded at a density of 1 X 10° cells/well in a six-
well plate, stabilized for 24 hours, and then starved for 24
hours. Under conditions of 5% CO, and 37°C, cells were
treated with PHS samples of various concentrations and
LPS 100ng/ml and then incubated for 24 hours. Following
incubation, the media was transferred to a tube and centri-
fuged to obtain a supernatant for the ELISA assay. ELISA
Kit (R&D systems, USA) and Reagent Kit (R&D systems,
USA) were utilized to measure the concentration of cyto-
kines in the culture medium. Following the manufacturer's
instructions, the absorbance at 450 nm was measured after
dispensing the cell culture solution into each well of the
plate and injecting the supplied standard sample.

2.9. Western blot

Raw 264.7 cells were seeded in 100 mm dishes, stabi-
lized for 24 hours, and then starved. Cells were treated with
PHS samples of various concentrations and LPS 100ng/ml
and then incubated for 24 hours. After incubation, this was
harvested by washing with cold PBS. In order to inhibit
Protease and Phosphatase during the protein extraction
process, RIPA (Radio-Immunoprecipitation Assay) buf-
fer (Sigma-Aldrich, USA) containing Halt™ Protease and
Phosphatase Inhibitor Cocktail (Thermo Scientific, USA)
was used. The cells were lysed using ice-cold RIPA buf-
fer. Protein concentration of each sample was determi-
ned using a Modified Lowry Protein Assay Kit (Thermo
Scientific, USA). Approximately 30 pg of protein superna-
tant and sample buffer were combined to create a protein
mixture for electrophoresis. Each well of TGX gel (Bio-
Rad, USA) was loaded with approximately 30 pg of pro-
tein mixture and electrophoresed. Using a transfer system

(Bio-Rad, USA), the TGX gel protein was transferred to
a Western blot nitrocellulose membrane (Bio-Rad, USA)
after electrophoresis. Blocker BSA (Thermo Scientific,
USA) was diluted with PBS and blocked at room tempe-
rature for one hour following transfer. The antibodies such
as p38 MAPK, B-actin, Lamin B, a-tubulin, p-SAPK/INK,
COX-2, p-p38 MAPK, p-ERK1/2, SAPK/JNK, ERK1/2,
p-IkBa, IkBa, iNOS, p65 and p50 were diluted in Blocker
BSA and incubated overnight at 4°C. All antibodies were
obtained from CST (Cell Signaling Technology, USA) and
utilized. The membrane was washed three times with TBS
(Bio-Rad, USA) and Tween-20 (Sigma, USA). The mem-
brane was incubated for one hour after dilution of secon-
dary antibodies conjugated with peroxidase in Clear Milk
Blocking Buffer (Thermo Scientific, USA). ECL was used
to verify protein expression (Bio-Rad, USA). An imaging
system (Bio-Rad, USA) was used to confirm the presence
of a protein band.

2.10. Distinction between nucleus and cytoplasm

To measure the amount of NF-kB moving from the cy-
toplasm to the nucleus, the nucleus and cytoplasm were se-
parated according to the manufacturer's instructions using
NE-PER Nuclear and Cytoplasmic Extraction Reagents
(Thermo Fisher Scientific, USA). After measuring the iso-
lated nuclear and cytoplasmic protein concentrations with
the Modified Lowry Protein Assay Kit, the expression of
p-1kBa, IkBa, NF-kB, a-tubulin, and Lamin B was confir-
med by Western blot.

2.11. Statistical analysis

A statistical program, GraphPad Prism 9, was utilized,
and analysis of variance for experimental design was eva-
luated using one-way ANOVA and the independent sample
t-test. Each piece of data was evaluated based on the out-
comes of three or more repeated experiments, and statis-
tical significance was determined using a P value of 0.05.

3. Results
3.1. Cytotoxicity of PHS to Raw264.7 cells and HaCaT
cells

The WST-1 assay method was performed to confirm
the range of cytotoxicity in Raw 264.7 and HaCaT of
PHS. First, cytotoxicity in Raw 264.7 cells, was confirmed
through treatment with PHS 2.5, 5, 10, 20, 40, and 80 ug/
ml concentration ranges, establishing that PHS concentra-
tions of 5 pg/ml or less are non-toxic (Figure 1A). Next,
in order to confirm the cytotoxicity in HaCaT cells, PHS
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concentrations in the range of 2.5, 5, 10, 20, 40, and 80
pug/ml were tested (Figure 1B). Results confirmed that
PHS concentrations of 2.5 pg/ml or less were non-toxic
in HaCaT cells. Therefore, subsequent experiments were
conducted in a non-toxic concentration range.

3.2. Inhibition of NO, PGE2 production and iNOS,
COX-2 expression in LPS-stimulated RAW264.7 cells

To confirm the effect of PHS on macrophage NO and
PGE2 production, Griess assay and ELISA-based PGE2
assay were performed, respectively. After 24 hours of in-
ducing Raw 264.7 cells with LPS-induced inflammatory
stimulation, the change in NO and PGE2 production in the
cell culture medium was confirmed. The LPS treatment
significantly increased NO and PE2 production compared
to the untreated control group. It was confirmed that Indo-
methacin, a nonsteroidal anti-inflammatory drug, inhibited
this process. After inducing inflammation, NO and PGE2
production were significantly decreased in a concentra-
tion-dependent manner in the experimental group treated
with PHS at non-toxic concentrations compared to the
LPS-treated group(Figure 2A, B).

Next, gene and protein expression levels were evalua-
ted by qRT-PCR and western blotting to determine whether
the NO and PGE2 secretion inhibitory effects of PHS were
related to the expression regulation of iNOS and COX,
respectively. It was confirmed that the expression levels of
iNOS and COX-2 increased compared to the control group
when treated with LPS. It was demonstrated that the ex-
pression levels of iNOS and COX-2, which were increased
by LPS, decreased in proportion to the concentration of
PHS(Figure 2C, D). As with COX-2 mRNA expression,
LPS increased COX-2 protein, which was confirmed to be
inhibited by PHS (Figure 2E, F).

3.3. Inhibition of pro-inflammatory cytokines produc-
tion in LPS-stimulated RAW264.7 cells

Confirmation of the activity of inflammatory cytokines,
one of the factors that increase in response to inflamma-
tion, was attempted. A cytokine array was performed to
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Fig. 1. Cytotoxic effects of Phytosphingosine(PHS) in Raw 264.7
and HaCaT cells. Cell viability was measured with an EZ-cytox
reagent. Cells were treated with variable concentrations of PHS (2.5,
5, 10, 20, 40, 80 pg/ml) for 24hr. A: At concentrations below 5 pg/ml,
PHS did not significantly affect the cell viability of Raw 264.7 cells
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ml, PHS affected their viability. B: At concentrations below 2.5 g/
ml, PHS did not significantly affect the cell viability of HaCaT cells
after 24 h of treatment. However, at concentrations greater than 2.5
ng/ml, PHS affected their viability. The data were expressed as the
mean (SD) of three independent experiments (n = 3). Statistical signi-
ficance was determined by one-way ANOVA. *P<(0.05, **P<0.01,
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Fig. 2. Inhibitory effect of Phytosphingosine(PHS) on Nitric
Oxide (NO) production and Inducible Nitric Oxide Synthase
(INOS) mRNA expression. Raw 264.7 macrophages were treated
with 100ng/ml of lipopolysaccharide (LPS), Indomethacin (positive
control), and 1, 2.5, 5 ng/ml PHS for 24h. A: Griess assay confirmed
the ability of PHS to control NO production. After 24 hours of incu-
bation, the supernatant from the centrifuge was utilized. A microplate
reader was used to measure the absorbance of 548nm wavelength. B:
After culturing cells for 24 hours, PGE2 of the centrifuged superna-
tant was measured. The absorbance of 450 nm wavelength was mea-
sured using a microplate reader. C: RT-PCR was performed in order to
verify that PHS controls iNOS expression. Using iNOS and GAPDH-
specific primers, RT-PCR was performed, followed by GAPDH nor-
malization. D: The total RNA was prepared and the mRNA expres-
sion of COX-2. RT-PCR analysis was conducted using COX-2 and
GAPDH-specific primers, followed by GAPDH normalization. E:
COX-2 protein expression was confirmed by western blotting, and
lysate of Raw 264.7 macrophages was used. F: Densitometric analysis
of COX-2 expression. Anti-actin was used to ensure that the protein
loading was equivalent. The data were expressed as the mean (SD)
of three independent experiments (n = 3). Statistical significance was
determined by one-way ANOVA. *P<0.05, **P<0.01, ***P<0.001,
compared with LPS-stimulated group. PHS, Phytosphingosine. Indo.,

Indomethacin.

select factors that increase in LPS inflammatory response,
among various cytokines, and cytokines whose produc-
tion is inhibited by PHS at this time (Figure 3A-C). This
was confirmed by reacting the cell culture medium of each
condition with a membrane coated with various cytokines.
The coordinates of the cytokine array on the membrane
are shown in Fig. 3A. Fig. 3B shows three membranes that
detect multiple analytes in untreated (Control) and treated
(LPS 100ng/ml and PHS Spg/ml) cell culture supernates.
The production of IL-6, IL-10, IL-27 p28/IL-30, IP-10, I-
TAC, MCP-5, and TIMP-1 increased in response to LPS-
induced inflammation and decreased in response to PHS
(Figure 3C). An ELISA assay was performed on IL-6,
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IL-27 p28/IL-30, I-TAC, and MCP-5, among other cyto-
kines (Figure 3D-G). Four factors were increased in the
inflammatory response due to LPS stimulation, and it was
confirmed that the production was suppressed in a dose-
dependent manner according to the concentration of PHS.

3.4. Inhibition of NF-kB activation in LPS-stimulated
RAW264.7 cells
To examine the effect of PHS on the activity of NF-kB,
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Fig. 3. Changes in the secretion of pro-inflammatory cytokines
in Raw 264.7 macrophages by Phytosphingosine(PHS). A: Mouse
cytokine array coordinates. B: Analysis of cytokine arrays. Mem-
branes displaying the change in inflammatory cytokines after LPS
and PHS treatment for 24 hours. The membrane was subjected to an
antigen-antibody reaction with the control group treated with DM SO,
100 ng/ml of LPS, and 5 pg/ml of PHS cultured supernatant, respec-
tively. C: The intensity of a spot was measured densitometrically.
Analysis showed significant increase of pro-inflammatory cytokines
(IL-6, I-TAC, MCP-5, IL-10, IL-27, IP-10, TIMP-1, TNF-a) when
Raw 264.7 cells were treated with 5 pg/ml PHS for 24 h. Four of
the pro-inflammatory cytokines were identified by a Sandwich ELISA
assay at PHS 1, 2.5, and 5 pg/ml. D: IL-6 production, E: IL-27 pro-
duction, F: I-TAC production, and G: MCP-5 production. The data
were expressed as the mean (SD) of three independent experiments
(n = 3). Statistical significance was determined by one-way ANOVA.
*P<0.05, **P<0.01, ***P<0.001, compared with LPS-stimulated
group. PHS, Phytosphingosine. Indo., Indomethacin. R.S., Reference

Spot. N.C., Negative Control.

a transcriptional regulator that regulates the inflammatory
response, and the degradation of p-Ikba, the nuclei and
cytoplasm of cells were isolated, and their protein expres-
sion changes were compared (Figure 4).

After 30 minutes of LPS treatment, p-Ikbo expression
increased, Ikba degradation occurred, and nuclear NF-xB
p65 and p50 protein expression increased (Figure 4A).
However, PHS treatment inhibited LPS-induced pheno-
mena such as Ixba phosphorylation (Figure 4B)., Ixba
degradation, and translocation of NF-kB p65 and p50 to
the nucleus (Figure 4C-F).

These findings confirmed that PHS could inhibit NF-
kB signaling, an inflammatory signaling pathway, by inhi-
biting LPS-induced NF-xB nuclear migration and p-Ixba-
mediated Ixba degradation.

3.5. Inhibition of MAPKSs phosphorylation in LPS-sti-
mulated RAW264.7 cells

MAPK is an activator of the transcription factor NF-
kB. It is an important regulator of inflammatory cytokine
expression with signaling pathways (ERK, JNK, p38,
etc.). To confirm that PHS regulates MAPK activity, the
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Fig. 4. Phytosphingosine(PHS) inhibits the phosphorylation of
Ixba and the translocation of NF- kB. A: For Western blot analysis
of IkBa and NF-«B p65 and p50, various concentrations of PHS and
dexamethasone were pre-treated for 2 hours, followed by 30 minutes
of LPS treatment. The cells were then harvested and fractionated into
the nuclear and cytoplasmic fractions, and the fractions were immuno-
blotted with anti-p-IxBa, anti-IkBa, anti-p65, anti-p50, anti-tubulin,
anti-Lamin B antibodies. Bars represent relative protein quantification
of B: p-IkBa/ IkBa, C: p65/tubulin, D: p65/Lamin B, E: p50/tubulin
and F: p50/Lamin B. The data were expressed as the mean (SD) of
three independent experiments (n = 3). Statistical significance was
determined by one-way ANOVA. ***P<0.001, compared with LPS-
stimulated group. PHS, Phytosphingosine. Dexa., Dexamethasone.
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phosphorylation of p38, ERK, and JNK was examined
using western blotting (Figure 5A). As a result, it was
confirmed that phosphorylation of p38, ERK, and JNK in-
creased during LPS treatment and that treatment with PHS
inhibited the activity of p38, ERK, and JNK in a concen-
tration-dependent manner (Figure 5B-D). Consequently, it
was determined that the anti-inflammatory effect of PHS
was attained by inhibiting the p38, ERK, and JNK signa-
ling pathways.

3.6. Inhibition of TARC, pro-inflammatory cytokines
production in TNF-o/IFN-y-stimulated HaCaT cells

The mRNA expression and extracellular secretion of
TARC, a type of chemokine produced during an atopic
inflammatory response, were measured using RT-PCR and
ELISA. Results confirmed that TNF-a/I[FN-y stimulation
increased the expression of TARC mRNA (Figure 6A)
and the concentration of TARC in the cell culture medium
(Figure 6B). However, it was also confirmed that TARC
mRNA expression and extracellular secretion were sup-
pressed in a concentration-dependent manner during PHS
treatment. In addition, it was determined that the concen-
trations of IL-6 and IL-8, typical inflammatory cytokines,
increased in the cell culture medium when TNF-o/IFN-y
was added, but were significantly reduced when PHS was
added (Figure 6C, D). Consequently, PHS was deemed to
effectively inhibit TARC, IL-6, and IL-8 in keratinocytes,
making it an effective anti-skin inflammatory agent, such
as atopic dermatitis.
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Fig. 5. Western blot results of the mitogen-activated protein kinase
(MAPK) pathways in the Raw 264.7 macrophages. A: Representa-
tive western blots of total and phosphorylated MAPK family proteins
ERK, JNK, and p38. For Western blot analysis of ERK, JNK, and p38
MAPK phosphorylation, pre-treatment with various concentrations of
PHS and dexamethasone was performed for 2 hours, followed by LPS
for 30 minutes. Immunoblotting with anti-p-ERK, anti-ERK, anti-p-
INK, anti-JNK, anti-p-p38, anti-p38, and anti-p-actin was performed
using cell lysate. Semi-quantitative densitometric analysis of B: p-
ERK, C: p-JNK, and D: p-p38. The data were expressed as the mean
(SD) of three independent experiments (n = 3). Statistical significance
was determined by one-way ANOVA. ***P<(.001, compared with
LPS-stimulated group. PHS, Phytosphingosine. Dexa., Dexametha-

sone.
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Fig. 6. Effects of Phytosphingosine(PHS) on TARC, IL-6, and
IL-8 in TNF-0(2ng/ml)/IFN-y(2ng/ml)-stimulated HaCaT Cells.
A: The total RNA was prepared and the mRNA expression of TARC.
Using TARC and GAPDH-specific primers, RT-PCR was performed,
followed by GAPDH normalization. Using cell culture supernatant,
Sandwich ELISA assay was performed. B: TARC production, C:
IL-6 production, D: IL-8 production. The data were expressed as the
mean (SD) of three independent experiments (n = 3). Statistical signi-
ficance was determined by one-way ANOVA. *P<0.05, **P<0.01,
***P<0.001, compared with TNF-a/IFN-y-stimulated group. PHS,

Phytosphingosine. Dexa., Dexamethason.

4. Discussion

The purpose of this study was to examine the poten-
tial of Phytosphingosine (PHS) as a cosmetic material for
enhancing anti-inflammation by validating its cytotoxicity,
anti-inflammatory effect, and pro-inflammatory cytokine
inhibiting effect and mechanism.

Inflammatory responses are induced by macrophages,
which migrate other immune cells to the site of inflam-
mation [16-18]. Macrophages are known to play a signi-
ficant role in the inflammatory response. Raw 264.7 cells
are commonly used as an experimental model for valida-
ting the efficacy of anti-inflammatory agents and assessing
their inhibitory effects on related signaling pathways [19-
23]. To confirm the effect of PHS on these macrophages,
we confirmed the cytotoxicity of PHS and used LPS to
induce an inflammatory response.

To investigate the anti-inflammatory potential of PHS,
the concentration range in which no cytotoxicity by PHS
was observed was confirmed by cytotoxicity experiments
(Figure 1). After inducing inflammation, PHS treatment
inhibited NO and PGE2 production in LPS-induced Raw
264.7 cells in a dose-dependent manner, confirming NO
and PGE2, which are known early-stage mediators of
inflammation (Figure 2). As a result of examining the
expression of iNOS and COX-2, which are representative
inflammation-related signaling pathway factors of NO
and PGE2, PHS was found to decrease iNOS expression
in a concentration-dependent manner, as well as COX-2
expression. These findings imply that PHS regulates the
PGE2/COX-2 pathway in addition to the NO and iNOS
pathways.

Cytokines are involved in all stages of inflammation,
and it was determined that LPS-induced cytokines could
be inhibited by PHS. Performing a serum cytokine array
to investigate the correlation between PHS and inflam-
matory cytokine secretion confirmed that the expression
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of the inflammatory cytokines increased by LPS stimula-
tion, IL-6, [L-27 p28/1L-30, I-TAC, and MCP-5, was sup-
pressed to exhibit an anti-inflammatory effect (Figure 3B).
A significant change in relation to the PHS concentration
was confirmed for each factor via ELISA (Figure 3D-G).
Therefore, it was confirmed that PHS can suppress the
cytokines that increase during an inflammatory reaction.

NF-xB is a protein complex that plays a role in the
production of these cytokines and is activated by various
inflammatory stimuli [24]. In its inactive state, NF-«kB is
located in the cytoplasm and binds to the inhibitory pro-
tein IkBa [25, 26]. NF-«B translocates to the nucleus in an
activated state upon phosphorylation, subsequent ubiquiti-
nation and dissociation of inhibitory proteins by stimuli
such as inflammatory stimuli [27]. The anti-inflammatory
biological activity of PHS was confirmed to be associa-
ted with inhibition of NF-xB signaling (Figure 4). Ixba
phosphorylation was increased by LPS inflammatory sti-
mulation (Figure 4B), and it was inhibited by PHS. This
correlation indicated that the translocalization of NK-«xB
in the nucleus (Figure 4D), which was increased by LPS,
was reduced by PHS.

Various upstream kinases phosphorylate the serine
residue (p65 phosphorylation site) of NF-kB/p65 protein
[28-30]. MAPK, a Family of serine/threonine kinases, are
considered upstream kinases that regulate NF-xB MAPK
has also been associated with LPS-induced cytokine pro-
duction. Here it was determined that PHS inhibited the
LPS-induced p38, ERK, and JNK activities, confirming
that PHS inhibits phosphorylation (Figure 5). These fin-
dings imply that the immune activity of PHS is associated
with its primary mechanism of action, which involves the
inhibition of MAPK and NF-«xB signaling.

Thymus and activation-regulated chemokine (TARC/
CCL17) are known to be involved in the production of
this chemokine because it contains an NF-kB binding site,
according to previous reports [31-33]. TARC is a member
of the CC chemokine family and is produced by numerous
cells, including skin keratinocytes. TARC induces migra-
tion of Th2 lymphocytes to sites of inflammation [34]. In
addition, the high concentration of TARC in human blood
serum is found in both IgE-mediated and non-IgE-media-
ted atopic dermatitis, confirming that TARC is a media-
tor of atopic dermatitis [35]. Therefore, the inhibition of
TARC in keratinocytes is anticipated to alleviate atopic
dermatitis. In this study, we induced an inflammatory reac-
tion in HaCaT cells, which are human keratinocytes, by
TNF-o/IFN-y treatment, and confirmed changes in TARC
mRNA and protein levels (Figure 6A, B). As a result, it
was confirmed that TARC protein secretion and mRNA ex-
pression were increased by TNF-o/IFN-y in keratinocytes,
which were significantly decreased by PHS concentration-
dependent treatment. In addition, the inhibitory effect of
the cytokines IL-6 and IL-8 was confirmed (Figure 6C, D).

In conclusion, our findings suppose that PHS has the
anti-inflammatory properties that may be mediated at least
in part by suppressing the NF-kxB and MAPK signaling
pathway and inhibiting pro-inflammatory cytokines in
macrophages. In addition, inhibition of TARC, a highly
useful clinical biomarker for atopic dermatitis, may pro-
vide an approach to the treatment of skin inflammation,
such as atopic dermatitis. To further develop this study
in the future, it is believed that additional research on the
effects on other primary immune cells, clinical trials, and

the detailed mechanisms that cause atopic dermatitis must
be conducted.

5. Conclusion

Phytosphingosine(PHS) is known to prevent moisture
loss in the skin, regulate epidermal cell growth, differen-
tiation and apoptosis, and has anti-inflammatory effects.
This study aimed to investigate the types of cytokines re-
gulated by PHS, their anti-inflammatory mechanisms, and
their anti-atopic effects. It was confirmed that PHS inhi-
bited iNOS/NO and PGE2/COX-2 induced by inflamma-
tory stimulation in a dose-dependent manner. In addition,
it was confirmed that PHS inhibited the secretion of cyto-
kines associated with inflammation, and that the NF-kB
and MAPK pathways are involved. Inflammation in the
skin causes atopic dermatitis, and this study confirmed that
the anti-inflammatory effect of PHS could improve this
condition. These results showed that PHS has anti-inflam-
matory effects and can be used as a functional material to
help improve atopic dermatitis.
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