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Atopic dermatitis (AD) is a chronic, recurrent inflammatory skin disease that is associated with Th2 cell-
mediated allergy. The process that leads to infiltration of inflammatory cells into an AD lesion is remarkably
dependent on various chemokines, especially TARC (thymus and activation-regulated chemokine/CCL17)
and MDC (macrophage-derived chemokine/CCL22). Serum levels of these chemokines are over-expressed
in AD patients. Citrus unshiu, which is known as Satsuma mandarin, has anti-oxidative, anti-inflammation,
and anti-microviral activity. Therefore, we investigated the effect of EtOH extract of premature C. unshiu on
AD. We did this using a DNCB-induced AD mouse model. We also tried to confirm an inhibitory effect for
premature C. unshiu on the expression of inflammatory chemokines in IFN-γ and TNF-α stimulated HaCaT
human keratinocytes. We found that extract of premature C. unshiu reduced DNCB-induced symptoms such
as hyperkeratosis, increased skin thickness, and infiltrated mast cells, in our AD-like animal model. The
extract decreased levels of IFN-γ and IL-4 in ConA-stimulated splenocytes isolated from DNCB-treated
mice. Also, extract of premature C. unshiu inhibited mRNA expression and protein production of TARC and
MDC through the inhibition of STAT1 phosphorylation. These results suggest that C. unshiu has anti-atopic
activity by regulating inflammatory chemokines such as TARC and MDC.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory skin dis-
ease that develops on an allergic and genetic background. It is
characterized by pruritic and eczematous lesions, increased
serum IgE levels, and the infiltration into lesioned skin of
inflammatory cells such as Th2-type cells, eosinophils, mast
cells, and macrophages (Abramovits, 2005; Bonness and
Bieber, 2007). AD is assumed to be an aspect of the Th2
condition due to increases in Th2 cytokines such as IL-4
and IL-5 in acute phase skin lesions, and to be a mixed con-
dition of Th1/Th2 in the chronic phase skin lesions (e.g.,
IFN-γ, IL-12, and GM-CSF). Moreover, it has been shown
that changes in expression of various inflammatory chemok-
ines produced by several cell types, including CCL1, CCL2,
CCL5, CCL11, CCL13, CCL18, CCL20, CCL26, and
CCL27, are similar to the AD phenotype (Imai et al., 1999).

Chemokines are a group of a small cytokines produced

by various cell types and are divided into C, CC, CXC, and
CX3C subfamilies based on NH2-terminal cysteine-motifs.
The main role of chemokines is regulation of dendritic cell
(DC) trafficking and recruitment of inflammatory cells such
as T cells, eosinophils, macrophages to sites of infection
and inflammation (Pease and Williams, 2006). In particu-
lar, thymus-regulated and activation-regulated chemokines
(TARC and CCL17) and macrophage-derived chemokines
(MDC and CCL22) are produced by keratinocytes, dendritic
cells, endothelial cells, and bronchial epithelial cells, and play
important roles in the recruitment of Th2-type cells express-
ing CC chemokine receptor 4 (CCR4) on their surfaces.
Previous studies showed that serum levels of these Th2-
type chemokines are increased in patients with AD (Hijnen
et al., 2004; Imai et al., 1999; Kakinuma et al., 2002; Leung
et al., 2003).

Recently, many types of mouse models similar to our AD
model have been developed. In one, the ears or the dorsal
skin of a BALB/c mouse is repeatedly exposed to dinitro-
chlorobenzene (DNCB) or trinitrochloridebenzene (TNCB)
(Kitagaki et al., 1995; Lee et al., 2010). Another is NC/Nga
mice that is developed AD-like symptoms under conven-
tional condition, but not specific pathogen-free (SPF) con-
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ditions (Jin et al., 2009; Vestergaard et al., 1999). However,
each mouse model has disadvantages. For example, in the
first model, the ear surface area may be too small; or one
has to shave or clip their fur prior to various assays which
interferes with time-course studies due to hair re-growth. In
contrast, the model of AD in which a hairless mouse is
given repeated topical applications of TNCB is more simi-
lar to the features of human skin and is useful for doing
non-invasive biophysical and histological studies (Matsu-
moto et al., 2004, 2005; Qi et al., 2009).

Citrus unshiu is a kind of citrus fruit in the Rutaceae fam-
ily. C. unshiu is composed of rind and sarcocarp and
includes various bioactive substances such as essential oils,
carotenoids, cellulose, pectin, limonoid, etc. In recent stud-
ies, it has been reported that flavonoids are also contained
in C. unshiu extracts which have anti-oxidant, anti-cancer,
and anti-inflammatory activity. Also, the flavonoid content
changes during maturation of C. unshiu and is high in pre-
mature C. unshiu (Kang et al., 2005; Kim et al., 2009).

Here, we aimed to find the effect of premature C. unshiu
on AD-like markers. We investigated the effects of prema-
ture C. unshiu extract on TARC and MDC, important mark-
ers of AD. Furthermore, we examined the effect of premature
C. unshiu extract in a DNCB-challenged animal model.

MATERIALS AND METHODS

Cell culture and reagents. An immortalized human
keratinocyte cell line, HaCaT, was cultured in DMEM sup-
plemented with 10% FBS and 100 U/ml penicillin-strepto-
mycin in a humidified CO2 incubator. HaCaT keratinocytes
were provided by Prof. Moon Je Cho (Department of Bio-
chemistry, Jeju National University, Korea).

Recombinant human interferon-γ (hIFN-γ) and human tumor
necrosis factor-α (hTNF-α) were obtained from GIBCO
(Grand Island, NY). Fetal bovine serum (FBS), Dulbecco’s
modified Eagle’s medium (DMEM), and RPMI1640 were
obtained from GIBCO. Dinitrochlorobenzene (DNCB) was
purchased from the Tokyo chemical industry (Japan). Con-
canavalin A (ConA) was purchased from Sigma (St. Louis,
MO). Enzyme-linked immunosorbent assay (ELISA) kits
for human TARC and MDC or mouse IL-4 and IFN-γ were
obtained from R&D Systems (St. Louis, MO). TARC/CCL17
and MDC/CCL22 primers were obtained from Bioneer
(Korea). β-actin primers were purchased from Bionex (Korea).
Antibodies against phospho-STAT1, STAT1, and β-actin
were purchased from Cell Signaling (Beverly, MA), Bec-
ton Dickinson (San Diego, CA), and Sigma respectively.
All other reagents were of reagent grade.

Preparation of C. unshiu extract. The dried powder
(37.95 kg) of C. unshiu was extracted with 80% ethanol
(475 l) for 4 hr at 60oC and the extract was incrassated by
rotary evaporator for 3 hr. To remove the ethanol, water

(20 l) and extract were mixed and incrassated again. Subse-
quently, extracted liquid was filtered through filter paper
and frozen on a freezing tray for 48 hr. Freeze drying for
60 hr afforded a perfectly dried extract (7.95 kg) of C.
unshiu which was dissolved in EtOH for experiments.

Experimental animals and DNCB application. Female,
7-week-old SKH1-hairless mice (25 ± 2 g) were purchased
from Orient Bio (Korea) and were maintained for 1 week
before the start of any experiments. These mice were
housed in a conventional animal room under controlled
temperature (23 ± 1oC), humidity (60 ± 10%) and light (light
on from 08:00 to 20:00 hr). They were fed a standard labo-
ratory diet. Water was given ad libitum. Mice were divided
into four groups (normal, induction, positive control, and
CU groups; n = 5/group). The whole dorsal skins of
15 mice were sensitized to DNCB by application of 100 µl
of 1% DNCB in acetone (day −7). Seven days later, 100 µl
of 0.5% DNCB was applied to the dorsal skin (day 0). The
application was repeated every 2 days for up to 36 days.
EtOH extract of premature C. unshiu (CU) was applied at
2-day intervals from day 16. For a positive control group,
HYDCORT cream (Green Cross, Korea) containing 2 mg/g
hydrocortisone valerate was used. This animal study was
approved by the Animal Care and Use Committee at Jeju
National University.

Measurement of Skin-fold thickness and histological
analysis. Skin-fold thickness was measured with a Digi-
tal Thickness Gauge (Mitutoyo, Japan) by pulling up the
skin from shoulder to hip. Mice were sacrificed at the end
of the experiment. The skin biopsies were fixed with 10%
buffered formalin and then embedded in paraffin. Paraffin
sections (3 µm each) were stained with hematoxylin and
eosin solution for detecting skin histological feature and
various inflammatory cells and toluidine blue solution for
detecting mast cells.

Spleen cell culture. Mice from each group were sacri-
ficed by cervical dislocation and their spleens were removed
aseptically. To produce single-cell suspensions, spleens were
forced through wire gauzes (70 µm pore size) using the
plunger from a 5 ml syringe. Red blood cells (RBC) were
removed using RBC lysis buffer. After washing, the spleno-
cytes were seeded (5.0 × 106 cells/ml) using trypan blue
assays and incubated in the presence of concanavalin A
(2 µg/ml) without any drugs for 6 days. Following incuba-
tion, the supernatants were collected to determine levels of
IL-4 and IFN-γ.

Cell viability assay. Cell viability was determained using
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bro-
mide (MTT) assays. Briefly, HaCaT cells were stimulated
with IFN-γ and TNF-α in the absence or presence of extract
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of premature C. unshiu. After incubating for 24 hr, cells
were treated with 20 µl MTT for 4 hr. The formazan precip-
itate was dissolved in 200 µl of dimethyl sulphoxide (DMSO)
for 30 min, and the absorbance of the contents of each well
was measured at 540 nm using a microplate reader.

ELISA. Production of IL-4, IFN-γ, TARC and MDC
proteins in the supernatant were measured with ELISA kits
according to the manufacturer’s instructions.

Extraction of total RNA and RT-PCR. Total RNA was
isolated using easy-BlueTM Total RNA Extraction kit
(iNtRON Biotechnology, Korea) according to the manufac-
turer’s instructions. Reverse transcription was performed
using a First-Strand 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 42oC for 60 min.
Reactions were terminated by raising the temperature to
70oC for 15 min. The PCR reaction was  conducted using i-
TaqTM DNA polymerase (iNtRON Biotechnology) with the
appropriate sense and antisense primers for TARC, MDC,
and β-actin. The primers used in this experiment are shown
in Table 1. PCR was performed using a C1000 (Bio-Rad,
Hercules, CA) and thermal cycling conditions were set to
94oC for 30 sec, annealing at 55~60oC for 30 sec, and
extending at 72oC for 2 min, repeated 30~35 times, and fol-
lowed by incubation at 72oC for 10 min. The reaction prod-
ucts were visualized by electrophoresis on a 1.2% agarose
gel (Promega) and UV light illumination after staining with
ethidium bromide. The relative intensity was analyzed
using Quantity One software version 4.2.1.

SDS-PAGE and western blot analysis. HaCaT cells
were washed twice with ice-cold PBS and then 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 phenylmethylsulfonyl fluo-
ride, 25 µg/ml leupeptin] on ice for 30 min. The cell lysates
were centrifuged at 15,000 rpm for 15 min at 4oC and
supernatants were used for western blotting. Total protein
concentration of each sample was quantified by the Bio-
Rad assay method (Bio-Rad, Hercules, CA). Extracts con-

taining 30 µg of protein were separated on an 8% sodium
dodecylsulfate (SDS) polyacrylamide gel and transferred onto
a polyvinylidene fluoride (PVDF) membrane. The membrane
was blocked with blocking buffer (5% skim milk in TTBS)
for 2 hr at room temperature, followed by incubation with
rabbit anti-p-STAT1 (1 : 1000), mouse anti-STAT1 (1 : 1000),
and mouse anti-β-actin (1 : 2500) antibodies overnight at 4oC.
All antibodies were diluted in 1% BSA in TTBS buffer. After
washing, the membrane was incubated with horseradish perox-
idase (HRP)-conjugated 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 Biotechnol-
ogy, Korea) according to the manufacturer’s instructions.

Statistical analysis. Quantity One version 4.2.1 and
Image-Pro plus version 4.5 software 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 differences between values for the experimental
and control groups. Data represent the mean ± standard error.

RESULTS

Extract of premature C. unshiu reduced symptoms in
DNCB-challenged hairless mice. We identified the effect
of premature C. unshiu using DNCB-challenged AD-like
mice. To the naked eye, 3% C. unshiu application resulted,
on day 36, in a reduction of symptoms such as wrinkles and
redness in the dorsal skin of DNCB-treated mice (Fig. 1A~
D). Histopathological analysis was done using H&E stain-
ing and toluidine blue staining on day 36. In the Normal
group, no histopathological change was observed. In the
DNCB-treated group, there was marked hyperkeratosis and
epidermal hyperplasia. DNCB-induced histological abnor-
malities were reduced in DNCB-treated mice given 3% C.
unshiu (Fig. 1E~H, I~L). Also, the skin-fold thickness of
the CU group was significantly reduced compared to the
Induction group (Fig. 2).

Extract of premature C. unshiu reduced the produc-
tion of Th1 and Th2 cytokines by splenocytes from
DNCB-challenged mice. Next, we analyzed the effect of
premature C. unshiu on the production of cytokines induced

Table 1. The sequence of primers and fragment sizes of the investigated genes in RT-PCR analysis

Gene Primer sequences Fragment siz (bp)

TARC
Sense 5'-ATGGCCCCACTGAAGATGCT-3'

351
Antisense 5'-TGAACACCAACGGTGGAGGT-3'

MDC
Sense 5'-GCATGGCTCGCCTACAGACT-3'

497
Antisense 5'-GCAGGGAGGGAGGCAGAGGA-3'

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

588
Antisense 5'-CAGCTCGTAGCTC-TTCTCCA-3'
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by modulation of the Th1 and Th2 cytokine milieu in sple-
nocytes isolated from DNCB-challenged mice. In the pres-
ence of ConA, levels of IL-4 (22.4 ± 1.4 pg/ml) and IFN-γ

(227.6 ± 15.8 pg/ml) was increased in splenocytes from the
Induction group. However, EtOH extract of premature C.
unshiu reduced the production of IL-4 (2.64 ± 0.9 pg/ml)
and IFN-γ (no detection). HYDCORT cream, which was
used as a positive control, also reduced levels of both cytok-
ines, although the decrease in IL-4 by HYDCORT cream
was not statistically significant (Fig. 3).

Extract of premature C. unshiu inhibited expression of
mRNA and protein for TARC and MDC in IFN-γ and TNF-
α-stimulated HaCaT cells. To identify the effect of pre-
mature C. unshiu on cell viability in IFN-γ and TNF-α stim-
ulated HaCaT human keratinocytes, cell viability was
examined using MTT assay. As shown in Fig. 4, premature
C. unshiu extract had no effect on the viability of HaCaT
cells. EtOH extract of premature C. unshiu did inhibit mRNA
levels of TARC and MDC (Fig. 5 & 6). Treatment with

Fig. 1. Direct visual observations of skin surface features (A~D), histological features of skin tissue stained with hematoxylin and eosin
(×200) (E~H) or toluidine blue (×200) (I~L) in DNCB-challenged hairless mice (Day 36) treated with Citrus unshiu (CU). A, E, I: Normal; B,
F, J: Induction; C, G, K: Positive cont.; D, H, L: 3% CU.

Fig. 2. Effect of premature Citrus unshiu on skin-fold thickness
in DNCB-challenged hairless mice. Each bar graph represents
mean ± SD for five mice. *, P < 0.05.
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EtOH extract of premature C. unshiu dose-dependently
inhibited the induction of TARC and MDC protein (Fig. 7)
in supernatants from cultured HaCaT cells that had been
stimulated with IFN-γ and TNF-α for 24 hr.

Extract of premature C. unshiu reduced TARC and
MDC expression through inhibition of STAT1 phosphoryla-
tion in IFN-γ and TNF-α-stimulated HaCaT cells. Various
cytokines act through signaling pathway of their receptors.

IFN-γ stimulates the activation of its receptor and the phos-
phorylation of Jaks that are combined with receptor. Subse-
quently, STAT1 phosphorylated by Jaks is translocated from
cytosol to nucleus and acts as a transcription factor. TARC
and MDC production in IFN-γ and/or TNF-α-stimulated
HaCaT cells was increased by activation of Jak-STAT sig-
naling (Ju et al., 2009; Qi et al., 2009, 2011). Therefore, we
examined whether EtOH extract of premature C. unshiu
inhibited phosphorylation of STAT1 in HaCaT cells. We
found that IFN-γ and TNF-α-stimulation induced the phos-
phorylation of STAT1 in HaCaT cells after 30 min; EtOH

Fig. 3. Effect of premature Citrus unshiu on mouse IL-4 or IFN-γ
production by ConA-stimulated splenocytes from each experi-
mental group. Mouse splenocytes were isolated from spleens of
each group. Cells (5.0 × 105 cells/ml) were then pre-incubated for
24 hr and stimulated with ConA (2 µg/ml) for 6 days. Mouse IL-4
and IFN-γ production from splenocytes were determined using
ELISA. **, P < 0.005.

Fig. 5. Effect of premature Citrus unshiu on mRNA expression
of TARC in HaCaT human keratinocytes. HaCaT cells (5.0 × 105

cells/ml) were pre-incubated for 18 hr. mRNA expression of the
TARC was determined from the 18 hr culture of cells stimulated
by IFN-γ (10 ng/ml) and TNF-α (10 ng/ml) in the presence of
premature CU in a dose-dependent manner (25, 50, 100, or
200 µg/ml).

Fig. 6. Effect of premature Citrus unshiu on mRNA expression
of MDC in HaCaT human keratinocytes. HaCaT cells (5.0 × 105

cells/ml) were pre-incubated for 18 hr. mRNA expression of the
MDC was determined from the 18 hr culture of cells stimulated
by IFN-γ (10 ng/ml) and TNF-α (10 ng/ml) in the presence of
premature CU in a dose-dependent manner (25, 50, 100, or
200 µg/ml).

Fig. 4. Effect of premature Citrus unshiu on cell viability in IFN-γ
and TNF-α stimulated HaCaT human keratinocytes. HaCaT cells
(3.0 × 105 cells/ml) were pre-incubated for 18 hr. Cells were then
stimulated with IFN-γ (10 ng/ml) and TNF-α (10 ng/ml) in the
presence of premature CU (25, 50, 100, or 200µg/ml) for 24 hr.
Cell viability was analyzed by MTT assay. The error bars indicate
standard deviation. Each measurement was performed in tripli-
cate.
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extract of premature C. unshiu dose-dependently inhibited
STAT1 phosphorylation (Fig. 8).

DISCUSSION

Extract of premature C. unshiu not only inhibited the pro-
duction of TARC and MDC in IFN-γ and TNF-α-stimu-
lated HaCaT keratinocytes, but also, it reduced symptoms
in our animal model of AD. C. unshiu is one of the most

popular fruits in the world. The dried peel has been used in
medicinal preparations in oriental medicine. There are
many studies that show that components of C. unshiu are
changed according to harvest date and that the premature
fruit contains a higher percentage of flavonoids than the
mature fruit (Kang et al., 2005; Kim et al., 2009). Prema-
ture C. unshiu contains flavonoids such as naringin, hesperi-
din, neohesperidin, narirutin, nobiletin, etc., that are known to
have anti-inflammation, anti-oxidant, anti-diabetes, and anti-
allergy effects in vitro and in vivo (Choi et al., 2007;
Harasstani et al., 2010; Itoh et al., 2009; Lee et al., 2010;
Murakami et al., 2000; Sakata et al., 2003).

Of various animal models, TNCB and DNCB-stimulated
mice show diverse symptoms that are similar to those of
AD, such as skin infiltration of inflammatory cells, and
increases in mast cell numbers and in serum IgE levels
(Kitagaki et al., 1995; Matsumoto et al., 2004; Qi et al.,
2009). Therefore, we used the DNCB-challenged hairless
mice model to identify the effects of C. unshiu in vivo. To
the naked eye, symptoms like hyperkeratosis, redness, and
increases in skin thickness were reduced in DNCB-treated
mice by treatment with premature C. unshiu. Furthermore,
histological observation indicated that C. unshiu decreased
the hyperkeratosis and the infiltration of inflammatory cells
into the dermis of lesional skin. In general, depending on
the disease phase of AD, the cytokine milieu is known to
change during the acute phase, including increases in Th2
cell cytokines such as IL-4, IL-5 and IL-13; and during the
chronic phase to Th1/0 cell cytokines such as IFN-γ, IL-12
and GM-CSF (Bonness and Bieber, 2007). Hence, we iden-
tified the effect of premature C. unshiu extract on produc-
tion of IL-4 and IFN-γ in splenocytes stimulated with
ConA, a T cell specific antigen. As Fig. 3 shows, produc-
tions of both cytokines were inhibited by extract of prema-
ture C. unshiu. This shows that premature C. unshiu may
reduce AD symptoms by direct control of T cell activation.

AD is an inflammatory skin disease and is distinguished
by infiltration of numerous inflammatory cells in to the site
of inflammation (Abramovits, 2005; Bonness and Bieber,
2007). Several chemokines have been reported to partici-
pate in leukocyte recruitment to the lesional skin. Two of
them, TARC and MDC, which are chemokines specific for
Th2 cells, were increased in the serum of AD patients
(Hijnen et al., 2004; Kakinuma et al., 2002; Leung et al.,
2003; Nakazato et al., 2008). Therefore, we investigated the
inhibitory effects of C. unshiu extract on levels of TARC
and MDC in the IFN-γ and TNF-α-stimulated HaCaT kera-
tinocytes. Premature C. unshiu suppressed mRNA expres-
sion and protein production of TARC and MDC (Fig. 5~7).
Premature C. unshiu may therefore regulate the recruitment
of Th2-type cells into lesions of AD by suppressing produc-
tion of inflammatory chemokines related to AD.

IFN-γ acts through IFNGR1 and R2 and then activates
JAK/STAT, ERK, p38 MAPK, and NF-κB pathways (Gough

Fig. 7. Effect of premature Citrus unshiu on IFN-γ and TNF-α
induced TARC and MDC protein productions in HaCaT human
keratinocytes. HaCaT cells (3.0 × 105 cells/ml) were pre-incu-
bated for 18 hr and TARC and MDC expression were deter-
mined from the culture supernatant of cells stimulated by IFN-γ
(10 ng/ml) and TNF-α (10 ng/ml) with the indicated concentra-
tions of premature CU (25, 50, 100, or 200µg/ml) for 24 hr. Pro-
tein levels of TARC and MDC were measured by ELISA. The error
bars indicate standard deviation. #, P < 0.05; ##, P < 0.01; *,
P < 0.005.

Fig. 8. Effect of premature Citrus unshiu on the phosphoryla-
tion of STAT1 by IFN-γ and TNF-α in HaCaT human kerati-
nocytes. HaCaT cells (5 × 105 cells/ml) were pre-incubated for 18
hr. The cells were pre-treated with premature CU over a range
of doses (25, 50, 100µg/ml) for 2 hr and stimulated by IFN-γ
(10 ng/ml) and TNF-α (10 ng/ml) for 30 min. Levels of phospho-
rylated or total proteins (pSTAT1 & STAT1) were determined
using Western blotting.
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et al., 2008). Ju et al. found that TARC production from
IFN-γ and TNF-α stimulated HaCaT keratinocytes was
decreased by treatment with Jak/STAT and NF-κB inhibi-
tors. Qi et al. found that TARC and MDC production in
IFN-γ stimulated HaCaT keratinocytes were inhibited by
Jak inhibitor I, SB203580, and Bay11-7082, inhibitors of
Jak1/2, p38 or NF-κB, respectively. The Janus family of
tyrosine kinases (Jaks) is an integral factor in IFN-γ acti-
vated signaling cascades and regulates tyrosine phosphory-
lation of STAT proteins. STAT protein translocation to the
nucleus and binding to IFN-γ activated sequences (GAS) is
a crucial component of IFN-γ signaling (Gough et al., 2008;
Saha et al., 2010). Therefore, we examined the effects of
premature C. unshiu on the phosphorylation of STAT1 by
stimulation of IFN-γ and TNF-α. Extract of premature C.
unshiu inhibited STAT1 phosphorylation after IFN-γ and
TNF-α treatment at 30 min in a dose-dependent manner.
However, further investigation is needed to determine whether
the inhibitory effect of premature C. unshiu on STAT1 phos-
phorylation occurs through inhibition of Jak1/2 or through
effects on other pathway components such as ERK, p38,
and NF-κB. Also, we need to explore the effect of prema-
ture C. unshiu on suppressor of cytokine signaling proteins
1 (SOCS1) that is known to be a negative regulator and is
an important component of the IFN-γ signaling pathway
(Yoshimura et al., 2007).

In summary, premature C. unshiu moderates symptoms in
DNCB-treated mice and suppresses the expression of TARC
and MDC in HaCaT keratinocytes by suppressing STAT1
activation. The biological effects of premature C. unshiu
confirmed in this study indicate that an extract of prema-
ture C. unshiu or a preparation of its components might be
useful as an anti-atopic agent.

REFERENCES

Abramovits, W. (2005). Atopic dermatitis. J. Am. Acad. Derma-
tol., 53, S86-93.

Bonness, S. and Bieber, T. (2007). Molecular basis of atopic der-
matitis. Curr. Opin. Allergy Clin. Immunol., 7, 382-386.

Choi, I.Y., Kim, S.J., Jeong, H.J., Park, S.H., Song, Y.S., Lee, J.H.,
Kang, T.H., Park, J.H., Hwang, G.S., Lee, E.J., Hong, S.H.,
Kim, H.M. and Um, J.Y. (2007). Hesperidin inhibits expression
of hypoxia inducible factor-1 alpha and inflammatory cytokine
production from mast cells. Mol. Cell Biochem., 305, 153-161.

Gough, D.J., Levy, D.E., Johnstone, R.W. and Clarke, C.J. (2008).
IFNgamma signaling-does it mean JAK-STAT? Cytokine.
Growth Factor Rev., 19, 383-394.

Harasstani, O.A., Moin, S., Tham, C.L., Liew, C.Y., Ismail, N.,
Rajajendram, R., Harith, H.H., Zakaria, Z.A., Mohamad, A.S.,
Sulaiman, M.R. and Israf, D.A. (2010). Flavonoid combina-
tions cause synergistic inhibition of proinflammatory mediator
secretion from lipopolysaccharide-induced RAW 264.7 cells.
Inflamm. Res., 59, 711-721.

Hijnen, D., De Bruin-Weller, M., Oosting, B., Lebre, C., De Jong,
E., Bruijnzeel-Koomen, C. and Knol, E. (2004). Serum thymus

and activation-regulated chemokine (TARC) and cutaneous T
cell- attracting chemokine (CTACK) levels in allergic diseases:
TARC and CTACK are disease-specific markers for atopic der-
matitis. J. Allergy Clin. Immunol., 113, 334-340.

Imai, T., Nagira, M., Takagi, S., Kakizaki, M., Nishimura, M.,
Wang, J., Gray, P.W., Matsushima, K. and Yoshie, O. (1999).
Selective recruitment of CCR4-bearing Th2 cells toward anti-
gen-presenting cells by the CC chemokines thymus and activa-
tion-regulated chemokine and macrophage-derived chemokine.
Int. Immunol., 11, 81-88.

Itoh, K., Masuda, M., Naruto, S., Murata, K. and Matsuda, H.
(2009). Antiallergic activity of unripe Citrus hassaku fruits
extract and its flavanone glycosides on chemical substance-
induced dermatitis in mice. J. Nat. Med., 63, 443-450.

Jin, H., He, R., Oyoshi, M. and Geha, R.S. (2009). Animal mod-
els of atopic dermatitis. J. Invest. Dermatol., 129, 31-40.

Ju, S.M., Song, H.Y., Lee, S.J., Seo, W.Y., Sin, D.H., Goh, A.R.,
Kang, Y.H., Kang, I.J., Won, M.H., Yi, J.S., Kwon, D.J., Bae,
Y.S., Choi, S.Y. and Park, J. (2009). Suppression of thymus-
and activation-regulated chemokine (TARC/CCL17) produc-
tion by 1,2,3,4,6-penta-O-galloyl-beta-D-glucose via blockade
of NF-kappaB and STAT1 activation in the HaCaT cells. Bio-
chem. Biophys. Res. Commun., 387, 115-120.

Kakinuma, T., Nakamura, K., Wakugawa, M., Mitsui, H., Tada, Y.,
Saeki, H., Torii, H., Komine, M., Asahina, A. and Tamaki, K.
(2002). Serum macrophage-derived chemokine (MDC) levels
are closely related with the disease activity of atopic dermatitis.
Clin. Exp. Immunol., 127, 270-273.

Kang, Y.J., Yang, M.H., Ko, W.J., Park, S.R. and Lee, B.G. (2005).
Studies on the major components and antioxidative properties
of whole fruit powder and juice prepared from premature man-
darin orange. Korean J. Food Sci. Technol., 37, 783-788.

Kim, Y.D., Mahinda, S., Koh, K.S., Jeon, Y.J. and Kim, S.H.
(2009). Reactive Oxygen Species Scavenging Activity of Jeju
Native Citrus Peel during Maturation. J. Korean Soc. Food Sci.
Nutr., 38, 462-469.

Kitagaki, H., Fujisawa, S., Watanabe, K., Hayakawa, K. and Shio-
hara, T. (1995). Immediate-type hypersensitivity response fol-
lowed by a late reaction is induced by repeated epicutaneous
application of contact sensitizing agents in mice. J. Invest. Der-
matol., 105, 749-755.

Lee, E.J., Ji, G.E. and Sung, M.K. (2010). Quercetin and
kaempferol suppress immunoglobulin E-mediated allergic
inflammation in RBL-2H3 and Caco-2 cells. Inflamm. Res., 59,
847-854.

Lee, S.H., Heo, Y. and Kim, Y.C. (2010). Effect of German cham-
omile oil application on alleviating atopic dermatitis-like immune
alterations in mice. J. Vet. Sci., 11, 35-41.

Leung, T.F., Ma, K.C., Hon, K.L., Lam, C.W., Wan, H., Li, C.Y.
and Chan, I.H. (2003). Serum concentration of macrophage-
derived chemokine may be a useful inflammatory marker for
assessing severity of atopic dermatitis in infants and young chil-
dren. Pediatr. Allergy Immunol., 14, 296-301.

Matsumoto, K., Mizukoshi, K., Oyobikawa, M., Ohshima, H.,
Sakai, Y. and Tagami, H. (2005). Objective evaluation of the
efficacy of daily topical applications of cosmetics bases using
the hairless mouse model of atopic dermatitis. Skin Res. Tech-
nol., 11, 209-217.

Matsumoto, K., Mizukoshi, K., Oyobikawa, M., Ohshima, H. and



180 G.-J. Kang et al.

Tagami, H. (2004). Establishment of an atopic dermatitis-like
skin model in a hairless mouse by repeated elicitation of con-
tact hypersensitivity that enables to conduct functional analyses
of the stratum corneum with various non-invasive biophysical
instruments. Skin Res. Technol., 10, 122-129.

Murakami, A., Nakamura, Y., Torikai, K., Tanaka, T., Koshiba, T.,
Koshimizu, K., Kuwahara, S., Takahashi, Y., Ogawa, K., Yano,
M., Tokuda, H., Nishino, H., Mimaki, Y., Sashida, Y., Kitanaka,
S. and Ohigashi, H. (2000). Inhibitory effect of citrus nobiletin
on phorbol ester-induced skin inflammation, oxidative stress,
and tumor promotion in mice. Cancer Res., 60, 5059-5066.

Nakazato, J., Kishida, M., Kuroiwa, R., Fujiwara, J., Shimoda, M.
and Shinomiya, N. (2008). Serum levels of Th2 chemokines,
CCL17, CCL22, and CCL27, were the important markers of
severity in infantile atopic dermatitis. Pediatr. Allergy Immu-
nol., 19, 605-613.

Pease, J.E. and Williams, T.J. (2006). Chemokines and their recep-
tors in allergic disease. J. Allergy Clin. Immunol., 118, 305-318.

Qi, X.F., Kim, D.H., Yoon, Y.S., Li, J.H., Jin, D., Deung, Y.K. and
Lee, K.J. (2009). Effects of Bambusae caulis in Liquamen on
the development of atopic dermatitis-like skin lesions in hair-

less mice. J. Ethnopharmacol., 123, 195-200.
Qi, X.F., Teng, Y.C., Yoon, Y.S., Kim, D.H., Cai, D.Q. and Lee,

K.J. (2011). Reactive oxygen species are involved in the IFN-
gamma-stimulated production of Th2 chemokines in HaCaT
keratinocytes. J. Cell Physiol., 226, 58-65.

Saha, B., Jyothi Prasanna, S., Chandrasekar, B. and Nandi, D.
(2010). Gene modulation and immunoregulatory roles of inter-
feron gamma. Cytokine., 50, 1-14.

Sakata, K., Hirose, Y., Qiao, Z., Tanaka, T. and Mori, H. (2003).
Inhibition of inducible isoforms of cyclooxygenase and nitric
oxide synthase by flavonoid hesperidin in mouse macrophage
cell line. Cancer Lett., 199, 139-145.

Vestergaard, C., Yoneyama, H., Murai, M., Nakamura, K., Tamaki,
K., Terashima, Y., Imai, T., Yoshie, O., Irimura, T., Mizutani, H.
and Matsushima, K. (1999). Overproduction of Th2-specific
chemokines in NC/Nga mice exhibiting atopic dermatitis-like
lesions. J. Clin. Invest., 104, 1097-1105.

Yoshimura, A., Naka, T. and Kubo, M. (2007). SOCS proteins,
cytokine signalling and immune regulation. Nat. Rev. Immu-
nol., 7, 454-465.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


