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Pleurotus eryngii is a nutritional and medicinal food rich in polysaccharides that enhance the host
immune system as a response to various diseases. The present study investigated the effects of P. eryngii
extracts (PEE) on the progress of atopic dermatitis (AD)-like skin lesions in NC/Nga mice induced by 2,4-
dinitrochlorobenzene (DNCB). We evaluated skin dermatitis severity, ear thickness, histopathological
examination, and cytokines level in DNCB-applied mice treated with PEE. Continuous treatment of PEE
inhibited the development of the AD-like skin lesions. PEE suppressed DNCB-induced dermatitis severity,
serum level of IgE and thymus and activation-regulated chemokine (TARC), and mRNA expression of TNF-a,
INF-v, IL-4, IL-5, and IL-13 in mice. In addition, PEE reduced thickness of the dermis and dermal infiltra-
tion of inflammatory cells and mast cells in histopathological examination. These results indicate that
PEE inhibits allergic contact dermatitis through the modulating of T helper (Th)1 and Th2 responses

and diminishing the inflammatory cells and mast cells infiltration in the skin lesions in NC/Nga mice.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Atopic dermatitis (AD) is a chronic, relapsing and inflammatory
skin disease in humans and animals, caused by a complex interre-
lationship among genetic, environmental, pharmacologic, psycho-
logical, immunologic and skin barrier dysfunction factors
(Udompataikul and Limpa-o-vart, 2012). Various factors including
the immunological abnormalities contribute to the pathogenesis
and development of AD. The early onset of AD in infancy stands
out as the most prevalent chronic skin disorder in childhood and
can affect individuals throughout their lifetimes through its persis-
tence or the onset of serious problems in adulthood (Choi et al.,
2012). The itching is an important problem in AD patients because
scratching worsens the dermatitis (Hashimoto et al., 2011). Reduc-
tion of itching-associated scratching is the most effective therapeu-
tic strategy for improving the quality of life for AD patients. For a
long time, therapeutic strategies of AD have been dominated by
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the application of local or systemic corticosteroids (Blume-Peytavi
and Wahn, 2011). These steroids are still the first treatment for
AD because they are effective at reducing the inflammation by
AD. However, these steroids are often observed the adverse effects
in patients with AD (Hengge et al., 2006). Therefore, there is a great
need for the development of new and effective therapies for AD.
The pathogenesis of AD is complex, involving genetic, environ-
mental, and immunological factors, while interleukin (IL)-4, IL-5
and IL-13 produced by T-helper (Th) 2 cells may have especially
key roles in its onset and development of AD (Jung et al., 2010).
Although the etiology and pathology of AD are not fully understood,
recent study reports that typical symptoms of AD involve increased
levels of Th2-mediated cytokines and a deficiency in Th1-mediated
cytokines (Sawada et al., 2012). Th2 cells are dominant during the
acute phase of AD, Th1 cells are expressed and contribute to path-
ogenesis during the chronic phase (Vestergaard et al, 1999).
Elevated immunoglobulin E (IgE) level is a hallmark of AD and the
expression of IL-4 contributes to this elevation. IL-4 stimulates
IgE production in B cells. IgE release from B cells bind to mast cells.
Mast cells degranulate and release various biological mediators in
IgE-mediated AD (Amin, 2012; Kishimoto and Hirano, 1988;
Poulsen and Hummelshoj, 2007). AD is dependent on the secretion
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of the cytokines IL-4, IL-5, and IL-13 by Th2 cells that are generated
from precursors. Most patients with AD have increased eosinophils
and immunoglobulin E (IgE) due to elevated IL-4, IL-5, and IL-13
produced by Th2 cells (Yamanaka and Mizutani, 2011).

Nc/Nga mice, an inbred strain of Japanese origin, were the first
mouse model of AD-like skin disease reported (Matsuda et al.,
1997). AD-like skin disease is spontaneously developing eczema-
tous skin lesions when maintained in conventional conditions
but not in specific pathogen free conditions (Hiramoto et al.,
2010). Along with the AD-like skin changes, Nc/Nga mice exhibit
Th cells differentiation toward Th2 cells, accumulation of inflam-
matory cells and mast cells in the skin lesion, and increases of ser-
um IgE level (Kohara et al., 2001; Vestergaard et al., 1999). The
scratching behavior is the first sign of the skin changes, occurs at
6-8 weeks, and is followed by rapidly developing erythema, hem-
orrhage, scarring, dryness, hyperkeratosis, and hyperplasia in the
skin lesions. Furthermore, Nc/Nga mice are linked to the increased
IgE production as well as increased Th2 responses.

To reduce experimental variation and induce stable clinical
AD-like skin diseases, many researchers have adopt chemical
hapten, DNCB, 2,4-dinitrofluorobenzene (DNFB), 2,4,6-trinitro-1-
chrolobenzene (TNCB). Chemical hapten, DNCB, DNFB, TNCB appli-
cation produce AD-like skin disease in NC/Nga mice (Park et al.,
2012; Kim et al,, 2011). DNCB was used as a rational alternative
in view of its structural similarity and the basis of evidence of
reproducibility and repeatability in creating AD-like skin lesions
in NC/Nga mice (Jung et al., 2010; Yang et al., 2011; Fujii et al,,
2009). The pathogenesis of DNCB-induced contact hypersensitivity
is predominantly the result of T cell-mediated immune responses
(Zhang et al., 2009).

For thousands of years, mushrooms have been known to be a
source of medicine and food. Pleurotus eryngii (P. eryngii), also
known as the king oyster mushroom, is one of the most popular
and edible mushrooms in Asia, Europe, and North America
(Rodriguez Estrada and Royse, 2007). P. eryngii has been used for
centuries in Korea as both a food and a traditional medicine. It con-
tains little fat and digestible carbohydrates, but has higher protein
content than most vegetables, and has been reported to have
anti-microbial, anti-oxidant, and anti-atherosclerotic properties
(Kalyoncu et al., 2010; Mori et al., 2008). Our previous studies dem-
onstrated that P. eryngii extracts (PEE) suppresses the level of IL-4
and allergy-related signaling proteins by inhibiting of nuclear factor
of activated T-cells (NF-AT)-, nuclear factor kB (NF-kB)-, and high aff-
inity IgE receptor (FceRIl)-mediated signaling in antigen-stimulated
mast cells (Han et al., 2011). Although PEE has been reported in
various bioactivity assays, the effect of PEE as an anti-atopic agent
for AD remains unclear. In this study, we examined the inhibitory
effect of PEE on the development of AD in NC/Nga mice.

Hair shaving on
the dorsal region

2. Materials and methods
2.1. Chemicals

DNCB (2,4-dinitrochlorobenzene) was obtained from Sigma-Aldrich (Milwau-
kee, WI, USA). Enzyme-linked immunosorbent assay (ELISA) kits for IgE and TARC
were obtained from BD Biosciences (San Diego, CA, USA) and R&D Systems (Minne-
apolis, MN, USA). Polymerase chain reaction (PCR) oligonucleotide primers were
custom synthesized by Bioneer Co. (Daejeon, Korea). All chemicals and solvents
were of the highest grade commercially available.

2.2. Preparation of P. eryngii extracts (PEE)

Air-dried P. eryngii (2.5 kg) was extracted with ethanol; the yield of P. eryngii ex-
tracts (PEE) corresponded to 0.23%. The analysis of P. eryngii ethanol extracts were
contained 86.1% water, 1.72% crude protein, 0.31% crude lipid, 0.63% ashes, 6.14%
crude sugar, and 5.3% crude fiber. The minerals analysis was performed by the
use of a PerkinElmer® ICP model Optima™ 4300 DV. The amount of minerals in
P. eryngii ethanol extracts is 98.9 mg/kg K, 4.5 mg/kg Ca, 15.8 mg/kg Mg, 23.9 mg/
kg Na, 1.8 mg/kg Mn, 2.9 mg/kg Fe, 0.6 mg/kg Zn, 0.5 mg/kg Cu, 0.4 mg/kg Al, and
75.5 mg/kg P. The fungal sterol and ergosterol peroxide were also determined by
high-pressure liquid chromatography (HPLC) system and analyzed to contain 5.5%
and 15.4%, respectively. PEE was mixed with distilled water and emollient cream
at 100 or 200 mg/kg concentration.

2.3. Animals and treatment

Specific pathogen free male 6-week-old NC/Nga mice were obtained from SLC,
Inc., (Shizuoka, Japan). Animals were acclimatized to the temperature (22 + 2 °C)
and humidity (55 * 5%) of controlled rooms with a 12 h light/dark cycle for at least
two weeks prior to experiments. Animals were allowed free access to Purina rodent
chow (Seoul, Korea) and tap water. All experimental protocols for animal care were
performed according to the rules and regulations of the Animal Ethics Committee,
Chungnam National University. The mice were divided into four groups (n=5 per
group). To induce AD-like immunologic and skin lesions, DNCB was applied onto
the dorsal skin and ears. After complete removal of dorsal hairs within an area
approximately 8 cm?, 200 pL of 1% DNCB solution (dissolved in a 3:1 mixture of
acetone and olive oil) was applied for three consecutive days for sensitization. Four
days after sensitization, the dorsal skin and ears were challenged with 200 pL of
0.2% DNCB solution three times per week for eight weeks. After inducing AD, emul-
sion containing PEE was topically applied to the dorsal skin and ears of the mice six
times per week for four weeks. PEE-treated mice were topically applied 1 h before
DNCB applying each time. Control and DNCB-treated mice were topically applied to
the emulsion without PEE on dorsal skin and ears. Animals were sacrificed 64 days
after the first application of DNCB (Fig. 1). Blood was collected from the vena cava,
and the right ear was removed and used for histopathological examination.

2.4. Measurement of ear thickness

Ear thickness was measured with a micrometer (Mitutoyo, Kawasaki, Japan) on
the day of sacrifice. The micrometer was applied near the tip of the ear just distal to
the cartilaginous ridges, and the thickness was recorded in micrometers. To mini-
mize technique variations, a single investigator performed the measurements
throughout each experiment.

Sacrifice

1% 0.2% DNCB \

DNC

VWiB Y YV VYV VYVYVYVYVYVYVYVYVYVYVYVYVVYVYVYVYVYY
|

2o 1 2 3 4

-1 day

5 6 7 8 9 Pweeks
[ PEE }
+1 day

Fig. 1. Schematic diagram of the experimental protocol in mice. Mice were divided into four groups (n = 5 per group). To induce AD-like immunologic and skin lesions, DNCB
was applied to the dorsal skin and ears. After complete removal of dorsal hairs within an area approximately 8 cm?, 200 puL of 1% DNCB was applied on the dorsal skin and ears
for three consecutive days for sensitization. Four days after sensitization, the dorsal skin and ears were challenged with 200 pL of 0.2% DNCB solution three times per week for
eight weeks. After inducing AD, emulsion containing PEE (100 or 200 mg/kg) was applied to the dorsal skin and ears of the mice six times per week for four weeks. Control and
DNCB-treated mice were applied to the emulsion without PEE on dorsal skin and ears. Animals were sacrificed 64 days after the first application of DNCB.
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Table 1
Primer sequences and the reaction conditions for semi-quantitative RT-PCR.

Gene Primer sequences (5 —3’) Annealing temperature (°C) Gene bank no.
TNF-o (F) CCT GTA GCC CAC GTC GTA GC 56 NM_013693.2
(R) TTG ACC TCA GCG CTG AGT TG
INF-y (F) CTC AAG TGG CAT AGA TGT 60 NM_008337.3
(R) GAG ATA ATC TGG CTC TGC AGG ATT
IL-4 (F) GAA TGT ACC AGG AGC CAT ATC 58 NM_021283.2
(R) CTC AGT ACT ACG AGT AAT CCA
IL-5 (F) TCA CCG AGC TCT GTT GAC AA 62 NM_010558.1
(R) CCA CAC TTC TCT TTT TGG CG
IL-13 (F) GAC CCA GAG GAT ATT GCA TG 62 NM_008355.3
(R) CCA GCA AAG TCT GAT GTG AG
GAPDH (F) CAT CTT CCA GGA GCG AGA CC 56 NM_008084.2
(R) TCC ACC ACC CTG TTG CTG TA
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Fig. 2. Effects of PEE on DNCB-induced AD skin severity in NC/Nga mice. (A) The dermatitis score was defined as the sum of scores for seven clinical criteria: erythema,
hemorrhage, edema, excoriation, erosion, scarring, and dryness. (B) Example of the clinical severity of AD-like skin lesions. The photographs were taken on day 64 after the
sacrifice of the mice. Results shown are representatives of five observations. Results are presented as mean = S.E.M. (n = 5). *p < 0.05, significantly different from the control

group; * p < 0.05, significantly different from the DNCB-treated group.

2.5. Histopathological studies

The right ear lesions were sliced and tissue slices were fixed in 10% buffered-
neutral formalin for 24 h. The fixed ear tissue slices were embedded in paraffin, sec-
tioned, deparaffinized, and rehydrated using standard techniques. Sections 5 pm in
thickness were subjected to hematoxylin and eosin (H&E) or toluidine blue for
detecting various inflammatory cells and mast cells, respectively. Histopathological
changes were examined by light microscopy. An arbitrary scope was given to each
microscopic field viewed at a magnification of 100x.

2.6. Evaluation of skin dermatitis severity

The severity of dermatitis in the dorsal skin and ear lesions was evaluated twice
a week. The development of (1) erythema/hemorrhage, (2) scarring/dryness, (3)

edema, and (4) excoriation/erosion was scored as 0 (none), 1 (mild), 2 (moderate),
or 3 (severe). The sum of the individual scores was defined as the dermatitis score
(Matsuda et al., 1997).

2.7. Semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR)
analysis

Total RNA was extracted from left ear lesion using the RNAiso reagent
(Takara, Kyoto, Japan), according to the manufacturer’s protocol, and stored at
—80°C until use. Then, 0.5 g RNA was used for reverse transcription and
amplified by PCR using the access RT-PCR system Takara thermal cycler (Takara,
Seoul, Korea). PCR was performed using primers for mouse TNF-o, INF-y, IL-4,
IL-5, IL-13, and GAPDH. The sequences of primers are indicated in Table 1.
The PCR products were separated on a 2% agarose gel containing ethidium
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Fig. 3. Histopathological features of AD-like skin lesions treated with PEE in NC/Nga mice. (A) Ear thickness was measured with a micrometer. (B) Ear lesions were removed
and fixed with 10% formaldehyde solution. Thin sections were cut and stained with hematoxylin and eosin. (C) Thin sections were cut and stained with toluidine blue. (D) The
number of mast cells in five sites chosen at random was counted. Magnification, 100x. Results shown are representatives of five observations. Results are presented as
mean + S.EM. (n=5). *p <0.05, significantly different from the control group; *p < 0.05, significantly different from the DNCB-treated group. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

bromide, visualized, and photographed using a gel documentation system (UVP, 2.8. ELISA assay

Cambridge, UK). Band intensity was quantified by densitometry using Image ]

software (Image Processing and Analysis in Java, NIH, USA). The relative Cytokines in serum level were measured by sandwich ELISA using the OptEIA
expression levels of target genes were normalized using GAPDH as an internal Set mouse IgE kit from BD Biosciences and the DuoSet mouse CCL17/TARC kit
control.

from R&D Systems, according to the manufacturer’s instructions. Cytokine
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concentrations were calculated using a linear regression equation obtained from
standard absorbance values.

2.9. Statistical analysis

All experiments were repeated at least three times. Results are reported as
means + standard error of the mean (S.E.M.). Statistical significance was determined
using a one-way analysis of variance (ANOVA) followed by the Tukey-Kramer test,
using p < 0.05 as the level of significance.

3. Results

3.1. Effects of PEE on DNCB-induced AD-like skin severity in Nc/Nga
mice

To evaluate the effectiveness of PEE against AD-like skin lesions,
mice treated 100 or 200 mg/kg PEE per day after induction of AD-
like skin lesions by DNCB application. The skin conditions were
investigated twice a week for 64 days using the dermatitis severity.
Repeated application of DNCB significantly increased dermatitis
severity scores and symptoms of hemorrhage, edema, scarring,
dryness, and erosion in NC/Nga mice. The DNCB-increased AD
symptoms were suppressed by PEE treatment (Fig. 2).

3.2. Effect of PEE on DNCB-induced AD-like histopathological changes
in N¢/Nga mice

On day 64 after the first application of DNCB, repeated applica-
tion of DNCB significantly increased ear thickness in mice com-
pared with control group (Fig. 3A). Furthermore, ear lesions
showed hyperkeratosis and thickening of the dermis, as well as
infiltration of inflammatory cells and mast cells in DNCB-treated
group compared with the control group (Fig. 3B-D). These observa-
tions were all suppressed by PEE treatment. These results suggest
that PEE decreases AD symptoms in NC/Nga mice.

3.3. Effect of PEE on DNCB-induced serum IgE and TARC levels in Nc/
Nga mice

An important characteristic for AD is the secretion of IgE and
TARC. Mast cells are known as key effector cells in IgE-mediated
allergic disorders. Upon activation, mast cells undergo degranula-
tion and release a variety of biologically active substances, which
play an important role in the development of AD (Amin, 2012;
Stone et al., 2010). Thymus and activation-regulated chemokine
(TARC) is a functional ligand for CCR4, a chemokine receptor
expressed by most skin-homing Th cells in the circulation by
skin-infiltrating lymphocytes (Campbell et al., 1999). TARC is over-
produced in the skin of patients with AD (Morita et al., 2010; Saeki
and Tamaki, 2006). We examined the effect of PEE on the secretion
of IgE and TARC by DNCB. Repeated application of DNCB signifi-
cantly induced serum IgE and TARC levels in mice. PEE suppressed
the serum levels of IgE and TARC by DNCB (Fig. 4).

3.4. Effect of PEE on DNCB-induced mRNA expression of TNF-o, INF-7,
IL-4, IL-5, and IL-13 in NC/Nga mice

Although Th2 cytokines are dominant in the acute phase, Thl
cytokines are highly expressed and contribute to the AD pathogen-
esis in the chronic phase (Leung and Bieber, 2003). We also inves-
tigated the inhibitory effect of PEE on the mRNA expression of Th1
and Th2 cytokines in the ear lesions. Repeated application of DNCB
significantly increased mRNA expression of TNF-a, INF-vy, IL-4, IL-5,
and IL-13. PEE treatment significantly inhibited these cytokines
gene expression (Fig. 5). These results suggest that PEE suppresses
DNCB-induced inflammatory cytokine expression, leading to the

inhibition of skin inflammation caused by the infiltration of inflam-
matory cells and mast cells.

4. Discussion

A number of biologically active compounds, including polysac-
charides, vitamins, amino acids, and trace elements, has been iden-
tified in different mushroom species (Zaidman et al., 2005).
Polysaccharides, mainly o~ or B-glucans, protein-bound polysac-
charides, or glycoproteins, demonstrated immunomodulatory
activities through increased production of cytokines by dendritic
cells and activation of natural killer cells (Borchers et al., 2008).
Oyster mushrooms (PEE species) belong to the world consumed
mushrooms, in addition to their nutritional value, demonstrate
health-promoting (anti-oxidant, anti-atherosclerotic, and anti-
tumor) effects, hypolipidemic effect, estrogen-like activity, and
bone-protecting effect (Jayakumar et al., 2008; Mori et al., 2008;
Jedinak and Sliva, 2008; Mizutani et al., 2010; Shimizu et al.,
2006; Kim et al., 2006). Furthermore, acidic glycosphingolipids of
mushroom (Hypsizigus marmoreus and P. eryngii) might contribute
to the retention of immunohomeostasis through the natural killer
T cell activation (Nozaki et al., 2008, 2010. Nevertheless, the effect
of PEE on AD-like skin lesions remains unclear. Therefore, this
study investigated the inhibitory effect of PEE on AD-like skin le-
sions induced by DNCB in NC/Nga mice.

AD is a chronic relapsing inflammatory skin disease in
prevalence around the world. Many researches are needed to
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Fig. 4. Effects of PEE on DNCB-induced IgE and TARC level in NC/Nga mice. Serum
was collected 24 h after the last PEE and/or DNCB treatment. Serum levels of (A) IgE
and (B) TARC were analyzed by ELISA. Results are presented as mean  S.E.M.
(n=5). ¥p <0.05, significantly different from the control group; *p < 0.05, signifi-
cantly different from the DNCB-treated group.
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Fig. 5. Effects of PEE on DNCB-induced mRNA expression of Th1 and Th2 cytokines in NC/Nga mice. (A) Total RNA was extracted from ear tissue and mRNA levels of TNF-a,
INF-vy, IL-4, IL-5, IL-13, and GAPDH were determined by semi-quantitative RT-PCR. Results shown are representatives of five observations. (B) The intensity of PCR bands was
measured using the NIH Image ] program. Results are presented as mean + S.E.M. (n=5). *p < 0.05, significantly different from the control group; *p < 0.05, significantly

different from the DNCB-treated group.

development new treatment for patients suffering from AD. The T
cell according to cytokine and chemokine receptor expression has
revealed a new Th cell classification, Th1, Th2, Th17, and regulatory
T cell subsets that play an important role in allergic disorders
(Werfel, 2009). AD skin contains an increased number of Langer-

hans cells and dendritic cells expressing the high-affinity receptor
for IgE (Novak et al., 2001). These antigen-presenting cells (APCs)
seem to have an important role in allergen to Th2 and Th1 cells
(von Bubnoff et al., 2001). AD has been associated with Th2 re-
sponses is driven by the production of IL-4, IL-5, and IL-13. Acute
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AD skin lesions exhibit Th2-dominant response characterized by
dermal infiltration of CD4" or CD8" T cells, eosinophils, and in-
creased skin expression of Th2 cytokines. Conversely, Th1l re-
sponses are characterized by the producing the effector cytokine
TNF-a and IFN-vy. Chronic phase demonstrates a local Th1 response
and tissue remodeling with increased deposition of collagen and
dermal thickening (Niebuhr and Werfel, 2010; Yuan et al., 2010,
2011).

Experimental animal models of AD are used DNCB treatment to
simulate the clinical features of human AD-like skin symptoms,
such as erythema, hemorrhage, and edema (Pokharel et al.,
2008). NC/Nga mouse is a valuable model for research on the path-
ogenesis of AD. Therefore, in this study, AD-like skin lesions were
induced in NC/Nga mice by the topical application of DNCB. Topical
application of PEE significantly inhibited the DNCB-induced AD-
like skin symptoms in NC/Ng mice.

At present, the pathogenesis of DNCB-induced contact hyper-
sensitivity is predominantly the result of T cell-mediated immune
responses. After subsequent exposures to DNCB, macrophages
accumulate at the site of DNCB exposure, contributing to the devel-
opment of AD (Tuckermann et al., 2007). Many studies reported
that the severity of contact hypersensitivity was significantly less-
ened in mice lacking either CD4* or CD8" T cells, and these reports
suggested that the involvement of T cells in the development of
contact hypersensitivity (Wang et al., 2000; Ulker et al., 2011;
von Bonin et al., 2011). DNCB has also reported that animals ex-
posed to chemical allergens, such as 2,4-dinitrofluorobenzene, pic-
ryl chloride, and oxazolone, had an increased T cell population in
their draining lymph nodes (Larsen et al., 2007). Similarly, expo-
sure of animals to contact allergens also led to an increased per-
centage of antigen-presenting cells (APCs) in the draining lymph
nodes (Watanabe et al., 2007; Askenase, 2001; Campos et al.,
2006).

AD is one of the most common and severe skin diseases, which
is characterized by eczematous skin lesion and IgE hypersecretion
(Lee and Yu, 2011). Furthermore, AD results from dermal inflam-
mation, a hallmark feature of which is a breakdown in the immu-
nologic balance between Th1 and Th2 cells (Oyoshi et al., 2009).
Consistent with these studies, we found that serum IgE level was
significantly increased by repeated DNCB application in NC/Nga
mice, as well as TNF-o, INF-v, IL-4, IL-5 and IL-13 mRNA expression
by activated Th1 and Th2 cells. These cytokines were associated
with severe skin lesions. Topical application of PEE significantly
attenuated DNCB-induced AD-like skin severity, IgE level, and
TNF-a, INF-vy, IL-4, IL-5, and IL-13 mRNA expression in a dose
dependent manner.

Most patients with AD are pathologically characterized by infil-
tration of inflammatory cells and mast cells (Fujii et al., 2009; Plag-
er et al., 2009). The infiltration of mast cells into the dermis is a
necessary factor to define an appropriate animal model for AD
(Matsuoka et al., 2003). In this study, we showed that repeated
topical application of DNCB resulted in inflammatory cells and
mast cells infiltration into the dermis in the ears of NC/Nga mice.
Also, ear lesions illustrated that ears area of DNCB-applied group
was thickened because of dermal hyperplasia and consequent infil-
tration of inflammatory cells and mast cells. Topical application of
PEE significantly inhibited the DNCB-induced infiltration of inflam-
matory cells and mast cells and thickness of dermis in a dose
dependent manner.

TARC is a member of the CC chemokine group that is constitu-
tively expressed in the thymus and is produced by dendritic cells,
langerhans cells, and keratinocytes (Imai et al., 1996; Sallusto et al.,
1998; Vestergaard et al., 1999; Saeki and Tamaki, 2006). TARC is a
selective chemoattractant that assist in the recruitment and migra-
tion of Th2 cells. TARC plays important roles in the development of
skin diseases. In this study, we found that serum TARC level was

significantly increased by repeated DNCB application in NC/Nga
mice. Topical application of PEE significantly attenuated DNCB-
induced TARC level in a dose dependent manner.

In conclusion, this study suggested that topical application of
PEE attenuated the development of AD-like skin lesions in NC/
Nga mice. Attenuation of the Th1 and Th2 responses and inflam-
matory cells and mast cells infiltration may be the major mecha-
nisms for the therapeutic effect. These results suggest that PEE
treatment could provide an effective alternative therapy for the
management of AD. Further studies are needed to elucidate the
molecular mechanism of therapeutic potentials of PEE in the pre-
vention of AD.
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