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Abstract − Atopic dermatitis (AD) is an inflammatory skin disease commonly characterized by infiltration of
inflammatory cells into skin lesions. Keratinocytes produce many chemokines that are involved in the pathogen-
esis of skin disorders. In particular, macrophage-derived chemokine (MDC/CCL22) and thymus and activation-
regulated chemokine (TARC/CCL17) are Th2-type cytokines. Serum MDC and TARC levels are increased in
AD patients. In this study, we investigated the anti-inflammatory effect and mechanism of action of the active
fraction from Prunus yedoensis bark. We evaluated their inhibitory effects on the AD-like inflammatory markers
(MDC and TARC) and JAK-STAT pathway (STAT1) in HaCaT keratinocytes. The EtOAc fraction of the crude
extract (80% EtOH) and the E5 sub-fraction potently inhibited the induction of MDC and TARC mRNA and pro-
tein at 50 µg/mL in HaCaT cells. In addition, the E5 sub-fraction inhibited the phosphorylation of STAT1 protein
associated with IFN-γ signaling transduction in a dose-dependent manner. Thus, P. yedoensis may have anti-
atopic activity by suppressing the inflammatory chemokines (MDC and TARC).

Keywords: Prunus yedoensis, Atopic dermatitis (AD), MDC (CCL22), TARC (CCL17), JAK-STAT pathway,
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INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing inflamma-
tory skin disease caused by complex interactions
between genetic and environmental factors. AD is char-
acterized by the infiltration of Th2-type cells, eosinophils,
mast cells, and macrophages into lesioned skin. Infiltra-
tion of inflammatory cells into tissues is regulated by vari-
ous chemokines. Lesioned skin also contains high levels
chemokines, including MDC and TARC (Bonncchi et al.,
1998; Luster, 2001; Hijnen et al., 2004; Baumer et al.,
2004).

Chemokines attract leukocytes to sites of infection and
inflammation. In particular, macrophage-derived chemok-
ine (MDC/CCL22) and thymus- and activation-regulated
chemokine (TARC/CCL17), called Th2 chemokines, play

important roles in the recruitment of Th2-type cells into
AD lesions (Saeki et al., 2006; Nakazato et al., 2008).
MDC is a CC chemokine that serves as a potent
chemoattractant for monocytes, monocyte-derived den-
dritic cells (DCs), and natural killer (NK) cells (Godiska et
al., 1997; Bonncchi et al., 1998). TARC is a CC chemok-
ine produced by monocyte-derived dendritic cells, endot-
helial cells, and keratinocytes. The ligands for CCR4 are
MDC and TARC, whose levels in the blood of AD patients
correlate with disease activity (Fujisawa et al., 2002;
Kakinuma et al., 2002; Shinada et al., 2004; Rozyk et al.,
2005). TARC is highly expressed in keratinocytes and the
basal epidermis of NC/Nga mice exhibiting AD-like
lesions (Vestergaard et al., 1999; Horikawa et al., 2002;
Xiao et al., 2003; Jakubzick et al., 2004).

Several cell types respond rapidly following stimulation
with inflammatory cytokines via various signaling path-
ways, such as the Janus kinase-signal transducer and
activator of transcription (JAK-STAT) signaling pathway
(Esche et al., 2004). IFN-γ activates the JAK-STAT path-
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way, STAT, ERK, and p38 MAP kinases (Komine et al.,
2005). IFN-γ and TNF-α activate Jak1/Jak2 and Jak1/
Tyk2, respectively. Also, STAT proteins are activated by
various ligands, such as IFN-γ, IL-6, and IL-4 (Strobl et
al., 2001; Han et al., 2002; Ivashkiv and Hu, 2004). In
brief, after ligand binding to the receptor subunits, the
Jaks trans-phosphorylate each other and then phospho-
rylate critical tyrosine residues within the intracellular
domains of the receptor subunits. Then, STAT proteins
binds phosphorylated residues on the intracellular domain
of activated receptor and are subsequently phosphory-
lated by the Jaks. Phosphorylated STAT proteins com-
pose homo- and hetero-dimers with other STAT proteins
and translocate to the nucleus, where they bind specific
DNA sequences within the promoter regions of IFN-stim-
ulated genes (ISGs) (Best et al., 2005).

Prunus yedoensis barks are used for pertussis, irrita-
ble and persistent coughs from bronchitis, coughs due to
increased irritability of the respiratory mucosa, and ner-
vous dyspepsia. Particularly, the barks are used for
cough, nervous dyspepsia, detoxification, and relaxation
in traditional Korea medicine. Also, the barks have immu-
nosuppressant activity and anti-allergic effects (Han,
1978; Park et al., 1998). However, their mechanism of
action has not been reported.

Consequently, we aimed to find the active fraction
using activity-guided fractionation and to clarify the mech-
anism of action of P. yedoensis barks. In this study, we
first investigated the anti-inflammatory effects of solvent
fractions from P. yedoensis barks through inhibition of
AD-mediating inflammatory markers (MDC and TARC).
Furthermore, we explored the mechanism of action via
the JAK-STAT pathway (STAT1 and pSTAT1) of the E5
sub-fraction from P. yedoensis barks in IFN-γ-stimulated
HaCaT human keratinocytes.

MATERIALS AND METHODS

Reagents
HaCaT human keratinocytes were provided by Prof.

Moon Je Cho (Department of Biochemistry, Cheju
National University, Korea). Human interferon-γ (hIFN-γ,
recombinant E. coli) was obtained from Roche (Korea).
Fetal bovine serum (FBS) and Dulbecco’s modified
Eagle’s medium (DMEM) were obtained from GIBCO
(Grand Island, NY). MDC/CCL22 and TARC/CCL17 prim-
ers were obtained from Bioneer (Korea). β-actin primers
were purchased from Bionex (Korea). Mouse anti-STAT1
and rabbit anti-pSTAT1 antibodies were obtained from
BD Biosciences (San Jose, CA) and Cell Signaling Tech-

nology (Beverly, MA), respectively. Mouse anti-β-actin
antibody was obtained from Sigma (St. Louis, MO).
Horseradish peroxidase (HRP)-conjugated anti-mouse
and ant-rabbit secondary antibodies were purchased
from Vector (Southfield, MI) and Cell Signaling Technol-
ogy (Beverly, MA), respectively. Bovine serum albumin
(BSA) was purchased from Amresco (Solon, OH).
Human MDC and TARC enzyme-linked immunosorbent
assay (ELISA) kits were obtained from R&D Systems (St.
Louis, MO). All other reagents were reagent grade.

Solvent extract and isolation of active ingredients
The powder (60 g) of P. yedoensis bark was extracted

with 6 L ethanol twice for 3 hr and filtered through filter
paper. The filtrate was evaporated to dryness in a
Rotavapor (PR-T, 8.6 g). The ethanol extract (3 g) was
successively extracted using ethyl acetate, n-butanol, and
water. The yield of extraction by ethyl acetate (PR-E), n-
butanol (PR-B), and water (PR-W) was 0.92 g, 1.18 g,
and 0.9 g, respectively. Also, PR-E (5 g), which had inhib-
itory effects, was separated on a Si gel column and sub-
fractions (PR-E1, -E2, -E3, -E4, -E5) were obtained. The
standard material of P. yedoensis was deposited in the
laboratory of pharmacology, school of medicine, cheju
national university under the standard number CNU-
PHARM-50608PR.

Cell culture
HaCaT human keratinocytes were cultured in DMEM

supplemented with 10% FBS and 100 U/mL penicillin-
streptomycin in a humidified CO2 incubator.

LDH assay
The levels of lactate dehydrogenase (LDH) in the

extracellular space were determined using a Cytotox 96®
Non-Radioactive Cytotoxicity Assay kit (Promega, Madi-
son, WI). A sample of 50 µL was taken from the culture
medium and mixed with an equal volume of the sub-
strate solution [0.054 M L-(+)-lactic acid, 1.3 mM β-
NAD+, 0.66 mM INT and 0.28 mM phenazine methosul-
fate dissolved in 0.2 M Tris (pH 8.2)]. After 30 min shak-
ing at room temperature, the enzymatic reaction was
stopped by adding 50 µL of 1 M acetic acid. The absor-
bances of the samples were measured at 490 nm to
detect the presence of reduced INT, and 9% Triton X-100
was used to determine the maximal LDH content of the
cells by allowing complete lysis.

Extraction of total RNA and RT-PCR
Total RNA from hIFN-γ-treated HaCaT cells was iso-
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lated using the easy-BlueTM Total RNA Extraction kit
(iNtRON Biotechnology, Korea) according to the manu-
facturer’s instructions. Total RNA was stored at -70oC
until use. 

Reverse transcription was performed using a First-
Standard cDNA Synthesis kit (Promega). Briefly, total
RNA (1 µg) was incubated with oligo(dT)18 primer at
70oC for 5 min and cooled on ice for 5 min. After addition
of the RT premix, reactions were incubated at 37oC for
60 min. The reactions were terminated at 70oC for 15
min. The PCR reaction was conducted using i-TaqTM

DNA polymerase (iNtRON Biotechnology) with the appro-
priate sense and antisense primers for MDC, TARC, and
β-actin. Primers used in this experiment are shown in
Table 1.

PCR was performed in a Peltier Thermal Cycler (PTC-
100, MJ research, Reno, NV) for 32 cycles (30 cycles for
β-actin). Each cycle included denaturing at 94oC for 30
sec, annealing at 55-60oC for 30 sec, and extending at
72oC for 2 min. A final extension at 72oC for 10 min was
performed at the end of the cycles. The reaction prod-
ucts were visualized by electrophoresis on a 1.2% agar-
ose gel (Promega) and UV light illumination after staining
with ethidium bromide. The relative intensity was ana-
lyzed using Quantity One software version 4.2.1.

ELISA
Concentrations of MDC and TARC in the supernatant

were measured with an ELISA kit according to the manu-
facturer’s instructions using an ELISA reader, EL800
(Bio-Tek Instruments, INC., Winooski, VT). Briefly, sam-
ples were added to each well and incubated for 2 hr at
room temperature (RT). After washing, anti-MDC and
anti-TARC antibodies conjugated to HRP were added to
each well. The plates were incubated for 1 hr at room
temperature. After washing, a substrate solution (includ-
ing tetramethylbenzidine) was added and incubated for
30 min. The optical density of each well was determined
using an ELISA reader. The minimum detectable doses

of MDC and TARC were typically less than 62.5 and 7
pg/mL, respectively.

Western blot analysis
HaCaT cells were pre-incubated for 18 hr and then

stimulated with IFN-γ (10 ng/mL) in the presence to test-
ing materials for 24 hr. After incubation, the cells were
collected and washed twice with cold PBS. The cells
were disrupted in lysis buffer [50 mM Tris-HCl (pH 7.5),
150 mM NaCl, 1% Nonident P-40, 2 mM EDTA, 1 mM
EGTA, 1 mM NaVO3, 10 mM NaF, 1 mM DTT, 1 mM phe-
nylmethylsulfonyl fluoride, 25 µg/mL leupeptin] and kept
on ice for 30 min. The cell lysates were centrifuged at
15,000 rpm for 15 min at 4oC, and the supernatants were
used for Western blotting. Total protein concentration of
each samples were quantified by the Bio-Rad assay
method (Bio-Rad, Hercules, CA). Extracts containing 30
µg of protein were separated on an 8% sodium dodecyl-
sulfate (SDS) polyacrylamide gel and transferred onto a
polyvinylidene fluoride (PVDF) membrane. The mem-
brane was blocked with blocking buffer (5% skim milk in
TTBS) for 2 hr at room temperature, followed by incuba-
tion with mouse anti-STAT1 (1:1000), mouse anti-p-
STAT1 (1:1000) and mouse anti-β-actin (1:2500) antibod-
ies overnight at 4oC. All antibodies were diluted in 1%
BSA in TTBS buffer. After washing, the membrane was
incubated with horseradish peroxidase (HRP)-conju-
gated anti-mouse IgG and anti-rabbit IgG diluted 1:5000
for 1 hr at RT. The result was visualized with a Western
blot detection system (iNtRON Biotechnology) according
to the manufacture’s instructions.

Statistical analysis
Quantity One version 4.2.1 and Image-Pro plus ver-

sion 4.5 were used to transform images into numerical
values. Student’s t-test and two-way analysis of variance
were used to determine the statistical significance of dif-
ferences between values for the experimental and con-
trol groups. Data represent the mean±standard error.

Table I. The sequence of primers and fragment sizes of the investigated genes in RT-PCR analysis

Gene Primer sequences Fragment size (bp) 

MDC
Sense 5’-GCATGGCTCGCCTACAGACT-3’

497
Antisense 5’-GCAGGGAGGGAGGCAGAGGA-3’

TARC
Sense 5’-ATGGCCCCACTGAAGATGCT-3’

351
Antisense 5’-TGAACACCAACGGTGGAGGT-3’

β-actin
Sense 5’-ATGGGTCAGAAGGATT-CCTATG-3’

588
Antisense 5’-CAGCTCGTAGCTC-TTCTCCA-3’
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RESULTS

EtOAc fraction of P. yedoensis bark inhibits expres-
sion of MDC and TARC mRNAs

We measured the ability of fractions of P. yedoensis

barks to inhibit MDC and TARC mRNA induction using
RT-PCR. Fraction cytotoxicity was then measured using
LDH assays. The EtOAc fraction from P. yedoensis bark
showed the highest inhibition on the expression of MDC
and TARC mRNA in HaCaT cells stimulated with IFN-γ
(Fig. 1A, B). Solvent fractions did not show cytotoxicity
against HaCaT cells (Fig. 1C). However, the BuOH frac-
tion was slightly cytotoxic (39.8%) at 50 µg/mL. The
EtOAc fraction dose-dependently inhibited MDC and
TARC mRNA induction (Fig. 2).

EtOAc sub-fraction E5 from P. yedoensis bark inhib-
its the mRNA expression and protein production of
MDC and TARC

We next determined whether the EtOAc sub-fractions
could affect MDC and TARC mRNA and protein levels

Fig. 1. Effect of solvent fractions of P. yedoensis on MDC
and TARC mRNA expression (A, B) and LDH release (C) in
HaCaT human keratinocytes. A, B) Cells (5.0×105 cells/mL)
were pre-incubated for 18 hr, and the mRNA expression lev-
els of MDC and TARC were determined from the 24 hr culture
of cells stimulated by hIFN-γ (10 ng/mL) in the presence of P.
yedoensis (50 µg/mL). C) Cells (2.0×105 cells/well) were pre-
incubated for 18 hr, and LDH release was measured after 24
hr stimulation with hIFN-γ (10 ng/mL) in the presence of P.
yedoensis (50 µg/mL). P. yedoensis fractions were co-treated
with IFN-γ. T: EtOH fraction, E: EtOAc fraction, B: BuOH frac-
tion, W: H2O fraction. 

Fig. 2. Effects of the EtOAc fraction of P. yedoensis bark
on MDC and TARC mRNA expression in HaCaT human
keratinocytes stimulated with IFN-γ. Cells (5.0×105 cells/mL)
were pre-incubated for 18 hr, and the mRNA expression lev-
els of MDC and TARC were determined from the 24 hr culture
of cells stimulated with hIFN-γ (10 ng/mL) in the presence of P.
yedoensis (100, 50, 25, 12.5 µg/mL). P. yedoensis EtOAc frac-
tion was co-treated with IFN-γ.
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using RT-PCR and ELISA, respectively. Of the EtOAc
fractions of P. yedoensis, the E5 sub-fraction clearly
exhibited inhibitory effects on mRNA levels of MDC and
TARC (Figure 3A, B). Moreover, in supernatants from cul-
tured HaCaT cells stimulated with hIFN-γ, treatment with
the E5 sub-fraction inhibited the induction of MDC and
TARC protein, as did the E1 fraction (Fig. 3C, D). The E5
sub-fraction dose-dependently inhibited MDC and TARC
mRNA expression in HaCaT cells stimulated with IFN-γ
(Figure 4).

The EtOAc sub-fraction (E5) of P. yedoensis bark
inhibits IFN-γ-induced phosphorylation and expres-
sions of STAT1 protein

We next examined the effects of the E5 sub-fraction on
the levels of STAT1 protein in the JAK-STAT signaling

Fig. 3. Effects of the EtOAc sub-fractions of P. yedoensis
bark on the mRNA and protein levels of MDC and TARC in
HaCaT human keratinocytes stimulated with IFN-γ. Cells
were pre-incubated for 18 hr, A, B) the mRNA expression lev-
els of MDC and TARC were determined from the 24 hr culture
of cells stimulated with hIFN-γ (10 ng/mL) in the presence of P.
yedoensis (50 µg/mL), C, D) the production of proteins (MDC
and TARC) was measured by ELISA of the culture superna-
tants of HaCaT cells stimulated with hIFN-γ (10 ng/mL) in the
presence of P. yedoensis (50 µg/mL). P. yedoensis EtOAc sub-
fractions were co-treated with IFN-γ. ∗p < 0.05; ∗∗p < 0.01.

Fig. 4. Effects of the EtOAc sub-fraction (E5) of P. yedoen-
sis bark on MDC and TARC mRNA expression levels in
HaCaT human keratinocytes stimulated with IFN-γ. Cells
(5.0×105 cells/mL) were pre-incubated for 18 hr, and the
mRNA expression levels of MDC and TARC were determined
from the 24 hr culture of cells stimulated with hIFN-γ (10 ng/
mL) in the presence of P. yedoensis (100, 50, 25, 12.5 µg/mL).
P. yedoensis E5 sub-fraction was co-treated with IFN-γ.
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pathway, which is associated with IFN-γ signal transduc-
tion, in HaCaT cells stimulated with IFN-γ using Western

blotting. STAT1 protein was expressed in HaCaT cells
stimulated by IFN-γ (10 ng/mL), and the E5 sub-fraction
inhibited IFN-γ-mediated activation of STAT1 (data not
shown).

Next, we examined whether the E5 sub-fraction inhibited
phosphorylation of STAT1 in IFN-γ stimulated HaCaT cells.
IFN-γ-stimulation induced phosphorylation of STAT1 in
HaCaT cells in a time-dependent manner, and treatment with
the E5 sub-fraction inhibited this STAT1 phosphorylation (Fig-
ure 5A). IFN-γ induced STAT1 phosphorylation after 2 hr and
STAT1 protein induction after 24 hr, the E5 sub-fraction dose-
dependently inhibited the IFN-γ-induced increase in STAT1
phosphorylation and STAT1 protein levels (Fig. 5B, C).

DISCUSSION

Prunus yedoensis, a native plant of the Jeju Island in
Korea, grows in temperate regions of the northern hemi-
sphere and has been used as a folk remedy for beriberi,
dropsy, and mastitis. In particular, the trunk and bark are

Fig. 5. Effects of the EtOAc sub-fraction (E5) of P. yedoensis on STAT1 protein levels and STAT1 phosphorylation in IFN-γ-
stimulated HaCaT human keratinocyte. (A) time course, (B) phosphorylation of STAT1 protein, (C) levels of STAT1 protein.
HaCaT cells (5.0×105 cells/mL) were pre-incubated for 18 hr and (A) pre-treated with the E5 sub-fraction (50 µg/mL) for 30 min
before addition of IFN-γ. Subsequently, the cells were stimulated with hIFN-γ (10 ng/mL) for the indicated times, (B) the cells were
stimulated with hIFN-γ (10 ng/mL) in the presence of P. yedoensis (100, 50, 25, 12.5 µg/mL) for 2 hr, or (C) the cells were stimu-
lated with hIFN-γ (10 ng/mL) in the presence of E5 (100, 50, 25, 12.5 µg/mL) for 24 hr. P. yedoensis E5 sub-fraction was co-treated
with IFN-γ. 

Fig. 6. Possible mechanisms by which PR-E5 inhibits the
inflammatory chemokines, MDC and TARC, associated
with AD in IFN-γ-stimulated HaCaT human keratinocyte.
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used to treat cough, urticaria, and indigestion in tradi-
tional Korea medicine (Jung et al., 2004). Also, the bark
has anti-allergic and anti-oxidant activities and improves
the immune system (Han et al., 1978; Park et al., 1998).
However, the anti-atopic activity and the mechanism of
action of fractions isolated from Prunus yedoensis have
not been reported. Therefore, we investigated the anti-
atopic activity of P. yedoensis bark and confirmed that the
EtOAc fraction and the E5 sub-fraction from P. yedoensis
inhibited inflammatory chemokines, MDC and TARC,
related with atopic dermatitis (Fig.1-4).

Atopic dermatitis (AD) is a chronic inflammatory skin
disease with a relapsing course. The pathogenesis of AD
is mediated by CD4+ T lymphocytes that produce a Th2
cytokine profile. MDC and TARC are Th2 chemokines
that specifically act on the chemokine receptor, CCR4, to
attract Th2 cells into sites of allergic inflammation. Serum
levels of MDC and TARC are significantly increased with
AD patient and AD-like murine models (Vestergaard et
al., 1999; Horikawa et al., 2002; Xiao et al., 2003;
Jakubzick et al., 2004). Various inflammatory factors, as
well as MDC and TARC, have been correlated with AD
immunopathology, including interferon (IFN)-γ and tumour
necrosis factor (TNF)-α (Bordignon et al., 2005). Also, in
vitro, it has been demonstrated that human skin kerati-
nocytes and fibroblasts are potent producers of inflamma-
tory chemokines by proinflammatory cytokines such as
IFN-γ, TNF-α, IL-4, etc. (Yu et al., 2002). Although AD is
widely known Th2 type, various clinical studies sug-
gested that Th1 cytokines play a role in the development
of AD lesion and that expansion signals for IFN-γ are
enhanced in the majority of atopic skin lesion (Grewe et
al., 1994; Shimada et al., 2004). 

Therefore, we investigated the inhibitory activity of P.
yedoensis bark on the inflammatory chemokines, MDC
and TARC. HaCaT human keratinocytes were stimulated
with hIFN-γ (10 ng/mL) to induce inflammatory chemok-
ines (MDC and TARC). The EtOAc fraction of P. yedoen-
sis bark inhibited the mRNA and protein expression of
MDC and TARC in HaCaT cells. In particular, the E5 sub-
fraction dose-dependently inhibited the mRNA expres-
sion of MDC and TARC, but the E1 fraction did not,
potentially due to cytotoxicity of the E1 fraction on HaCaT
cells (Fig. 3). P. yedoensis bark may therefore regulate
the recruitment of Th2-type cells into lesions of AD by
suppressing mRNA expression and protein production of
inflammatory chemokines related to AD.

IFN-γ activates STAT, ERK, and p38 MAP kinases in
several cell types (Wormald et al., 2006; Kanda et al.,
2007). In particular, signaling via IFN-γ activates the JAK-

STAT signaling pathway by coupling to its receptor. The
Janus family of tyrosine kinases (Jaks) is an integral fac-
tor in IFN-γ activated signaling cascades and regulates
tyrosine phosphorylation of the STAT proteins. STAT pro-
tein translocation to the nucleus and binding to IFN-γ acti-
vated sequences (GAS) is a crucial component of IFN-γ
signaling (Komine et al., 2005; Best et al., 2005). Also,
the JAK-STAT signaling pathway is the important path-
way for IFN-γ signal transduction in HaCaT human kerati-
nocytes. STAT1 protein levels are increased by IFN-γ
stimulation (Bito et al., 2002).

Consequently, we examined the effect of the E5 sub-
fraction on IFN-γ signaling in HaCaT cells. We confirmed
that IFN-γ induced phosphorylation and induction of
STAT1 protein (Fig. 5-A). When HaCaT cells were pre-
treated with the E5 sub-fraction for 30 min addition of
IFN-γ, pSTAT1 expressions increased on 0 and 30 min,
respectively. We considered this difference as an effect of
E5 sub-fraction that needs to be compared with only E5
sub-fraction treatment group, excepting IFN-γ. The E5
sub-fraction of P. yedoensis bark inhibited this STAT1
phosphorylation at 2 hr after IFN-γ treatment (Fig. 5-B),
and decreased STAT1 protein levels after 24 hr (Fig. 5-
C). The difference between chemokine mRNA expres-
sion levels and STAT1 phosphorylation levels in a dose
dependent manner may be due to exposure time of IFN-γ
(Fig. 4 and 5-B). However, further investigation is needed
to determine whether the inhibition of STAT1 phosphory-
lation by the E5 fraction is a direct effect or occurs
upstream of JAK kinase. Also, during normal JAK-STAT
signaling, negative and positive feedback mechanisms
exist to regulate signaling. Especially, negative feedback
through the expression of suppressor of cytokine signal-
ing proteins (SOCS) is an important role of IFN-γ signal-
ing (Wormald et al., 2006). Therefore, we need to explore
the effect of the E5 sub fraction on SOCS protein levels. 

Recently, some caffeic acid derivatives were isolated
from the related Prunus species and ethyl caffeate has
been isolated from P. yedoensis (Noshita et al., 2006).
This compound has been reported that suppressed
inflammatory mediators, iNOS, COX-2, and PGE2,
through inhibition of NF-κB activation in murine macroph-
age or in mouse skin (Chiang et al., 2005). Also, Fla-
vonoids, such as genistein, kaempferol, quercetin, and
daidzein, have been demonstrated that they have an
anti-inflammatory effect on inhibition of STAT-1 and NF-
κB activations in activated macrophages (Hämäläinen et
al., 2007). And we need to study more for clear effect of
P. yedoensis because this study is limited to HaCaT kera-
tinocytes, not human primary keratinocytes from AD
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patient or AD-like animal model.
In this study, we have demonstrated that Prunus

yedoensis bark inhibits the induction of AD-like inflamma-
tory chemokines (MDC and TARC) via the JAK-STAT
pathway associated with IFN-γ signal transduction (Fig-
ure 6). In conclusion, the E5 sub-fraction from P. yedoen-
sis bark inhibits the mRNA expression and protein
production of MDC and TARC in HaCaT cells. Also, the
E5 sub-fraction suppresses IFN-γ-induced STAT1 protein
through loss of STAT1 phosphorylation
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