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Abstract

The risk of atopic dermatitis (AD)-like skin lesions has increased due to the elevated levels of allergens worldwide. Natural-
origin agents, which are effective and safe, show promise for the prevention and treatment of inflammatory conditions. Oros-
tachys japonicus (OJ) A. Berger is an ingredient of traditional herbal medicines for fever, gingivitis, and cancer in Korea,
China, and Japan. However, the effect of OJ on AD-like skin lesions is unknown. Therefore, we investigated the effect of OJ
ethanol extract (OJEE) on AD-like skin symptoms in mice and cells. OJEE reduced the 2,4-dinitrochlorobenzene-induced
AD severity, serum levels of IgE and TARC, and mRNA levels of TARC, TNF-a, and IL-4 in NC/Nga mice. Histopatho-
logical analysis showed that OJEE reduced the thickness of the epidermis/dermis and dermal infiltration of inflammatory
cells in ear tissue. Furthermore, OJEE suppressed the TNF-a/IFN-y-increased TARC mRNA level by inhibiting NF-xB and
STAT1 activation in HaCaT cells. Taken together, our findings show that OJEE reduced the risk of AD-like skin symptoms
by decreasing TARC expression via inhibiting NF-kB and STAT1 activation in skin keratinocytes and thus shows promise
as an alternative therapy for AD-like skin lesions.
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Introduction

Atopic dermatitis (AD)-like skin disease is a chronically
recurrent inflammatory skin condition with symptoms of
erythematous skin, usually with skin hypersensitivity and
severe itching [1]. AD-like skin lesions are induced by dis-
ruption of the skin barrier function by allergens and are
affected by genetic, environmental, pharmacological, psy-
chological, and immunological factors [2]. Various factors,
including immunological and non-immunological abnor-
malities, contribute to the pathogenesis and development of
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AD-like skin disease. AD-like skin lesions occur most often
in childhood and progress from acute lesions on the face
and dorsal skin to lesions on the face, neck, and entire body.
About 80% of children with AD will still have the condition
as adults, in whom it typically presents as lichenification of
the head and neck flexures [3].

The mechanism underlying the development of AD-like
skin lesions is unclear, but it likely involves the immune
and inflammatory systems acting in a complex series of
cellular interactions [4]. The primary etiology of AD is a
T-helper cell (Th)1/Th2 imbalance leading to allergic sensi-
tization, acquisition of allergies to certain allergens, elevated
immunoglobulin E (IgE), and hyperplasia of mast cells. The
symptoms of acute AD are related to Th2 cells, and those of
chronic AD to Thl cells [5].

AD affects around 230 million people worldwide, and its
prevalence has increased over the last 30 years [6, 7]. Itch-
ing is an important problem in patients with AD because
scratching worsens the AD symptoms. Prevention of scratch-
ing improves the quality of life of patients with AD. The
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standard treatments for AD are topical or systemic steroids
and immunosuppressants. However, these can cause serious
side effects and are ineffective in certain AD patients. There-
fore, effective and safe treatments for AD are needed. There
is growing interest in the development of anti-inflammatory
agents from natural sources, as natural products have tradi-
tionally been used to maintain health and prevent disease
[8, 9].

Orostachys japonicus (OJ) A. Berger, also known as
rock pine (English) or Wasong (Korea), lives in niche envi-
ronments such as on mountain rocks or roof tiles in South
Korea, China, and Japan [10]. OJ reportedly has anti-can-
cer [10-18], anti-adipogenic [19], anti-diabetic [20, 21],
anti-fibrotic [22, 23], anti-inflammatory [24-26], anti-
melanogenic [27], antioxidant [28, 29], anti-ulcerogenic
[30], bone-protective [31], hepatoprotective [32, 33], and
immune-stimulatory [34, 35] activity. Nonetheless, the effect
of OJ on AD is unknown. Therefore, we evaluated the effect
of an OJ ethanol extract (OJEE) on the development of AD
in NC/Nga mice and HaCaT cells.

Materials and methods
Reagents

2,4-Dinitrochlorobenzene (DNCB), 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT), tumor necro-
sis factor (TNF)-a, and interferon (IFN)-y were obtained
from Sigma Chemical Co (St. Louis, MO, USA). Lactate
dehydrogenase (LDH) was purchased from Roche (Man-
nheim, Germany). Lipofectamine® 2000 transfection reagent
was purchased from Invitrogen (Carlsbad, CA, USA). The
nuclear factor kappa-B (NF-«xB) luciferase reporter vector
was obtained from Stratagene (Grand Island, NY, USA).
The OptEIA™ Mouse IgE ELISA Kit was obtained from BD
Biosciences (San Diego, CA, USA), and the DuoSet Mouse
CCL17/TARC ELISA Kit from R&D Systems (Minneapolis,
MN, USA). Polymerase chain reaction (PCR) primers were
custom synthesized by Bioneer Co (Daejeon, Korea). All
chemicals and reagents were of the highest commercially
available grade.

Preparation of OJ

OJ was harvested in June 2011 at Chonnam Techno Univer-
sity (Gokseong, Korea). The collected OJ was rinsed care-
fully with fresh water and air-dried at 50 °C for 72 h using
a hot-air dryer (Puri Ven, Novapro Co., Ltd., Korea). The
dried OJ was pulverized into fine powder using a grinder
(Hanil Co., Korea), and the moisture content was determined
using a moisture meter (HB43-s, Mettler Toledo, Switzer-
land). Samples with a moisture content < 5% were used for
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extraction. The powder was added to 30% ethanol in 100-g
samples, and the solvent was extracted at 40 °C for 48 h in
a shaking incubator (KMC-84810MX4, Vision Scientific
Co., Ltd., Korea). Next, the samples were centrifuged at
3000 rpm for 10 min using a Union 32R (Hanil Co.) and
the supernatant was collected. The supernatant was filtered
through Whatman paper, subjected to reduced pressure for 1
to 2 days at 50 °C in a rotary evaporator (N-1000, EYELA,
Japan), and lyophilized. The dry weights were then meas-
ured (extraction yield 25.5%), and the samples were stored
at -20 °C until use. OJ was obtained from Professor Cho.

Animals and treatment

Specific pathogen-free male 6-week-old NC/Nga mice were
purchased from SLC, Inc (Shizuoka, Japan). The mice were
acclimatized to the temperature (22 +2°C) and humid-
ity (55+5%) in a controlled room with a 12/12-h light/
dark cycle for at least 2 weeks prior to use. The mice were
allowed ad libitum access to Purina rodent chow (Gyeo-
nggi-do, Korea) and tap water. All experimental protocols
for animal care were performed according to the rules and
regulations of the Animal Ethics Committee of Chungnam
National University. The mice were divided into five groups
(n=38 per group). To induce AD-like skin lesions, DNCB
was applied to the dorsal skin and ears of the mice. After
complete removal of dorsal hairs over an area of approxi-
mately 8 cm?, 200 pL of 0.2% DNCB solution (dissolved in
a 3:1 mixture of acetone and olive oil) were applied three
times per week for 9 weeks. Next, lotion containing OJEE
was applied topically to the dorsal skin and ears of the mice
six times per week for 4 weeks. In the OJEE-treated mice,
lotion containing OJEE (100 pL) was applied topically 1 h
before each DNCB application. Control and DNCB-treated
mice underwent topical application of 100 pL of lotion
without OJEE on the dorsal skin and ears at the same time.
Composition of topical lotion for AD-like skin lesions used
in the animal model is shown in Table 1. The mice were sac-
rificed 64 days after the first application of DNCB (Fig. 1a).
Blood was collected from the vena cava, and the right ear
was removed and subjected to histopathological analysis.

Histopathological analysis of ear tissue

Histopathological analysis was performed as described pre-
viously [36].

Measurement of ear thickness

Ear thickness was measured using a micrometer (Mitutoyo,
Kawasaki, Japan) on the last day before sacrifice. The thick-
ness of the cartilaginous ridge near the tip of the ear was
measured.
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Evaluation of AD severity

The evaluation of AD symptoms and summing of the indi-
vidual scores were performed as described previously [36].

Cell culture

The spontaneously immortalized human keratinocyte line
HaCaT (gift from Fusenig, German Cancer Research, Ger-
many) was cultured in high-glucose Dulbecco’s modified
Eagle’s medium supplemented with 10% FBS and 1% peni-
cillin—streptomycin solution at 37°C in a humidified atmos-
phere containing 5% CO, [37]. The cells were plated on
60-mm plates and cultured until 80% confluent. The cells
were treated with OJEE for 1 h and stimulated with TNF-a
and IFN-y (each 10 ng/mL) for 24 h in serum-free culture
medium. Control cells were treated with DW alone.

Measurement of cell viability and cytotoxicity

Cell viability was examined by MTT reduction assay, and

cytotoxicity by LDH release assay, as described previously
[38].

Table 1 Composition of topical

. . . . Component Proportion (%)
lotion for AD-like skin lesions
oJ 5-20
PEG400 40
Ethanol 30
Water 10-25
Total 100

Semi-quantitative reverse transcription PCR

RNA extraction was performed as previously described
[36]. PCR was performed using primers for mouse TARC,
TNF-a, IL-4, and p-actin or human TARC and GAPDH.
The sequences of the primers are indicated in Table 2.
Western blot

Western blot was performed as previously described [40].

Transient transfection and luciferase assay

Transient transfection and a luciferase assay were per-
formed as described previously [36].
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Table 2 Primer sequences for

realtime-PCR Gene Forward Primer Reverse Primer
Mouse TARC AGTGGAGTGTTCCAGGGATG GTCACAGGCCGCTTTATGTT
Mouse TNF-a ATGAGCACAGAAAGCATGATC TACAGGCTTGTCACTGGAATT
Mouse IL-4 TCGGCATTTTGAACGAGGTC GAAAAGCCCGAAAGAGTCTC
Mouse B-actin CCCAACTTGATGTATGAAGG TTGTGTAAGGTAAGGTGTGC
Human TARC GTCTTGAAGCCTCCTCACCC GGATCTCCCTCACTGTGGCT
Human GAPDH CTGCTCCTCCTGTTCGACAGT CCGTTGACTCCGACCTTCAC

Fig.2 Effect of OJEE on
DNCB-induced AD-like skin
symptoms in mice. a Photo-
graph of AD-like skin lesions.
b Ear lesions were removed and
stained with H&E for histo-
pathological analysis

DNCB

- + +

OJEE - - 50

Enzyme-linked immunosorbent assay Statistical analysis

Serum levels of IgE and TARC were measured by sandwich
enzyme-linked immunosorbent assay (ELISA) using the

100 200

100 200

The results are presented as mean + standard deviation.
Statistical significance was determined by analysis of vari-

BD OptEIA Mouse IgE Kit and the R&D Systems DuoSet  ance (ANOVA) followed by the Tukey—Kramer test. In vivo
Mouse CCL17/TARC Kit according to the manufacturer’s  results are presented as mean +SD (n=38). Statistical sig-

instructions.
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nificance was defined as *p <0.05, versus the control group.
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Statistical significance was defined as *p <0.05, versus
the DNCB-treated group. In vitro results are presented as
mean + SD (n=3). Statistical significance was defined as
#p <0.01, versus the control group. Statistical significance
was defined as *p <0.01, versus the TNF-a/IFN-y-treated

group.

Results

Effect of OJEE on DNCB-induced AD-like signs
in mice

To assess the effect of OJEE on AD-like skin lesions, NC/
Nga mice were topically treated with OJEE after induction
of AD-like skin lesions by DNCB (Fig. 1a). Repeated topi-
cal application of DNCB significantly induced AD severity
and increased the ear thickness. Also, in the DNCB-treated
group, the dermis and epidermis were thicker, and there
was greater infiltration of inflammatory cells compared
with the control group. OJEE significantly attenuated the
DNCB-induced AD severity, ear thickness, and infiltration
of inflammatory cells (Figs. 1, 2).

Fig. 3 Effect of OJEE on the A 3000-
DNCB-increased levels of IgE #
and TARC and the expression I

=

of TNF-a, IL-4, and TARC in
mice. Serum was collected on

the last day before sacrifice. a 2000+
IgE and b TARC levels were %
determined by ELISA. ¢ Total £
RNA extracted from ear tissue w
was analyzed by RT-PCR to 2 1000+

determine the TNF-«, IL-4, and
TARC mRNA Ievels. Results
are presented as mean + SD

Effects of OJEE on the DNCB-increased levels of IgE
and TARC in mice

Elevated serum levels of IgE and TARC are associated
with AD severity [39]. The levels of IgE and TARC were
increased by DNCB in mice [36, 40]. We evaluated the
effect of OJEE on the DNCB-increased levels of IgE and
TARC. OJEE attenuated the increased serum levels of IgE
and TARC caused by DNCB (Fig. 3a, b).

Effect of OJEE on DNCB-induced cytokine expression
in mice

The pathogenesis of AD involves inflammatory and
immune cells and chemokines and a T-helper cell (Th)1/
Th2 imbalance. Th2 cytokines predominate in the acute
phase of AD, and Thl cytokines in the chronic phase [5,
41, 42]. TARC is also correlated with AD severity [40].
We examined the effect of OJEE on the IL-4, TNF-«,
and TARC mRNA levels induced by DNCB in ear tissue.
OIJEE significantly inhibited the DNCB-increased mRNA
levels of IL-4, TNF-a, and TARC (Fig. 3¢). Thus, OJEE
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attenuated the DNCB-induced AD signs by inhibiting the
skin inflammation caused by infiltration of inflammatory
cells.

Effect of OJEE on TNF-a/IFN-y-induced TARC
expression in cells

We evaluated the effect of OJEE on cell viability and cyto-
toxicity by MTT reduction assay and LDH release assay.
OJEE at the concentrations used did not significantly
impact cell viability (Fig. 4a, b). Chemokines play an
important role in inflammatory and immune responses by
recruiting leukocytes [43]. TARC express TNF-a and IFN-
y-activated chemokine in keratinocytes. We assessed the
inhibitory effect of OJEE on the TNF-a/IFN-y-increased
TARC mRNA level in HaCaT cells. OJEE treatment inhib-
ited the TNF-a/IFN-y-increased TARC mRNA level in a
concentration-dependent manner (Fig. 4c).

Effect of OJEE on TNF-a/IFN-y-induced activation
of NF-kB and STAT1 in cells

NF-xB and STAT1 are important transcription factor and are
activated by TNF-o/IFN-y. The NF-xB and STAT1 signaling
pathway are involved in the regulation of TARC expression
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in HaCaT cells [40]. First, to evaluate the effect of OJEE on
NF-xB promoter activity, cells were transiently transfected
with a reporter plasmid containing NF-xB-responsive ele-
ments and treated with OJEE in the presence of TNF-o/
IFN-vy for 24 h. OJEE inhibited the TNF-o/IFN-y-increased
NF-«B luciferase activity (Fig. 5a). We examined the effect
of OJEE on TNF-o/IFN-y-induced NF-kB activation in
cells. OJEE inhibited TNF-a/IFN-y-induced NF-xB p65
phosphorylation, IkBa phosphorylation, and degradation
(Fig. 5b). Continuously, we confirmed the combined treat-
ment with the NF-xB inhibitor JSH-23 and OJEE syner-
gistically inhibited the TNF-a/IFN-y-increased TARC
mRNA level (Fig. 5¢). Finally, we examined the effect of
OJEE on TNF-a/IFN-y-induced STAT1 activation in cells.
OJEE inhibited TNF-o/IFN-y-induced STAT1 phosphoryla-
tion (Fig. 6a). Also, we confirmed the inhibitory effect on
TARC expression using AG490 (Fig. 6b). Therefore, OJEE
suppressed TNF-o/IFN-y-increased TARC expression by
inhibiting NF-xB and STAT1 activation in cells.

Discussion

Modern biomedical science is focused on plant-derived
compounds due to their low toxicity and high efficacy. Natu-
ral extract or naturally derived agents have been reported to
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Fig.5 Effects of OJEE on TNF-o/IFN-y-induced NF-xB activation in
human keratinocyte. a Cells were transiently transfected with reporter
plasmids containing tandem elements of NF-xB binding sites. After
5 h, the transfected cells were treated with OJEE (50, 100, or 200
pg/mL) in the presence of TNF-a/IFN-y (each 10 ng/mL) for 24 h,
and luciferase activity was determined. Luciferase activities were
expressed as fold increases over the control. b Cells were pretreated
with OJEE (50, 100, or 200 pg/mL) for 1 h and then treated with

ameliorate the symptoms of AD [44]. The leaves and stems
of OJ contain several active ingredients, including fatty acid
esters, friedelin, and flavonoids [19, 22, 29]. These constitu-
ents strengthen the immune system and prevent some dis-
eases. OJ is marketed in South Korea as a functional food
that suppresses AD, but its inhibitory effect is unclear. Pre-
vious studies used mice and cells to evaluate the inhibitory
effect of natural agents on AD-like skin lesions [36, 40].
Here, we investigated the inhibitory effect of OJEE on AD
in NC/Nga mice and human HaCaT keratinocytes.

The mechanisms underlying AD-like skin lesions are
unclear, but certain inflammatory and immune system
activities mediated by IgE occur through a complex series
of cellular interactions [4]. The primary etiologies of AD are
allergic sensitization, acquisition of certain allergens, IgE
and mast cell hypersecretion, infiltration of inflammatory

TNF-o/IFN-y (each 10 ng/mL) for 30 min. Total protein was analyzed
by western blotting using antibodies against phospho-NF-kB p65,
phospho-IkBa, IkBa, and p-actin. ¢ Cells were treated with OJEE in
the presence of TNF-o/IFN-y (each 10 ng/mL) and/or NF-xB inhibi-
tor for 24 h. Total RNA extracted from cells was analyzed by the real
time-PCR to determine TARC mRNA expression. Results are pre-
sented as mean+SD (n=3). ANOVA; #*»<0.01, versus the control
group. *p <0.01, versus the TNF-o/IFN-y-treated group

cells, and Th1/Th2 imbalance. The clinical symptoms of
AD include dryness, itching, erythema, and edema. NC/Nga
mice have been used to evaluate the pathogenesis of AD and
the efficacy of candidate anti-AD agents. Thus, we assessed
the inhibitory effect of OJEE on DNCB-induced AD-like
skin symptoms using NC/Nga mice. Repeated topical treat-
ment of DNCB increased the signs of AD, such as inflam-
matory cell infiltration, in mice; OJEE ameliorated these
AD-like skin symptoms.

The serum IgE level is reportedly increased in the
presence of acute and chronic atopic skin symptoms, and
repeated application of DNCB increases the serum IgE
level in NC/Nga mice [45, 46]. In addition, IgE overpro-
duction activates IgE-mediated expression of Thl and
Th2 cytokines. IL-4 promotes the differentiation of T lym-
phocytes into Th2 cells and increases IgE secretion by B
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Fig.6 Effects of OJEE on TNF-o/IFN-y-stimulated STAT1 activa-
tion in human keratinocyte. a Cells were pretreated with OJEE (50,
100, or 200 pg/mL) for 1 h and then treated with TNF-a/IFN-y (each
10 ng/mL) for 15 min. Total protein was analyzed by western blot-
ting using antibodies against phospho-STAT1, STATI, and fB-actin. b
Cells were treated with OJEE in the presence of TNF-o/IFN-y (each

lymphocytes. TNF-a plays an important role in the initiation
of skin inflammation. Inflammatory cytokines enhance the
immunological and inflammatory responses in AD via vari-
ous mediators, including leukocytes. The increased secretion
of IgE and expression of IL-4 and TNF-a caused by DNCB
were suppressed by OJEE. Thus, OJEE attenuated DNCB-
induced AD-like skin signs by inhibiting the IgE-mediated
release of Th1/Th2 inflammatory cytokines.

Interestingly, TARC is an important indicator of the
severity of AD, as is IgE [47]. The DNCB-induced serum
TARC and IgE levels in mice decreased in a dose-depend-
ent manner with OJEE treatment. In addition, we evaluated
the effect of OJEE on the expression of TARC activated
by TNF-o/IFN-y in human keratinocytes. Pretreatment with
OIJEE significantly inhibited the TNF-a/IFN-y-increased
TARC expression in a concentration-dependent manner.
NF-kB is an important transcriptional regulator of the
inflammatory response and mediates the activity of TARC
in AD-related skin inflammation. OJ reportedly inhibits the
LPS-induced phosphorylation of IkBa and NF-kB p65 in
macrophages [19, 24]. Our results showed that TNF-o/IFN-
v-induced NF-xB activity was attenuated by OJEE. Also,
treatment with JSH-23 and OJEE synergistically inhibited
the TNF-o/IFN-y-increased TARC mRNA level. These
results indicate that OJEE suppressed TARC expression by
attenuating TNF-o/IFN-y-induced NF-«B activity.

STAT1 activation is known to be regulated by the acti-
vation of JAK. IFN-y phosphorylates STAT1 protein by
JAK1/2. Phosphorylated STAT1 protein increases TARC
expression [48]. To examine the effect of OJEE on TNF-o/
IFN-y-induced TARC expression through STAT1 acti-
vation inhibition in cells, it was confirmed that TNF-a/
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10 ng/mL) and/or STAT1 inhibitor for 24 h. Total RNA extracted
from cells was analyzed by the real time-PCR to determine TARC
mRNA expression. Results are presented as mean+SD (n=3).
ANOVA; #p<0401, versus the control group. *p<0.01, versus the
TNF-a/IFN-y-treated group

IFN-y-induced STAT1 activation was inhibited by OJEE
treatment.

Previous studies reported that pharmacological
components of OJ, such as 1-O-a-linolenoyl-3-0-f-
galactopyranosyl-sn-glycerol, 3,4-dihydroxybenzoic acid,
15-methylheptadecanoic acid, N-2-hydroxyethyl-N-me-
thyl-trans-p-hydroxyzimtsaeureamide, arachidic acid, cas-
saidin, gingerglycolipid A, idrocilamide, isoquercitrin,
isoquercetin, kaempferol, kampferol-3-O-glucopyrano-
syl-7-O-rhamnopyranoside, myricetin, myricetin-3-0-
B-p-glucopyranoside, norerythrostachamine, noreryth-
rophlamide, norerythrostachamin-3-p-acetate, quercetin,
quercetin-3-L-rhamnoside, stearic acid, (2R,3S)-(+)-cate-
chin, (—)-epicatechin, (—)-epicatechin gallate, (—)-epicat-
echin 5-gallate, in O. japonicus extract from different parts
of the plant [27, 29, 32, 33, 49, 50]. These components have
been reported that inhibitory effects of NF-kB and STAT1
via induction of anti-oxidant activity. Although we did not
check the anti-oxidant efficacy of OJEE in HaCaT cells, sev-
eral studies have been reported that OJ increased the activ-
ity of anti-oxidant enzymes and decreased the activity of
inflammation and related transcriptional regulators. There-
fore, we suggest that OJEE attenuated the development of
AD-like skin symptoms by regulating cytokine mediators
and may be an effective alternative therapy for AD-like skin
Ssymptoms.

In conclusion, we evaluated the anti-inflammatory effect
of OJEE on AD-like skin lesions. OJEE attenuated the
DNCB-induced AD-like skin symptoms, including infiltra-
tion of inflammatory cells as well as serum IgE and TARC
levels, TARC mRNA level, Th1 and Th2 cell counts, and AD
severity in mice. OJEE suppressed TNF-o/IFN-y-induced
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TARC expression by inhibiting NF-xB and STATI in
cells. We suggest that OJEE suppressed the development
of AD-like skin signs by attenuating the levels of Th1/Th2
cytokines and inflammatory cells, and it may be a candidate
alternative or complementary therapeutic for AD.
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