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ARTICLE INFO ABSTRACT

Keywords: Atopic dermatitis (AD) is a chronic inflammatory skin disorder that affects 10-20% of the world’s population.
Atopic dermatitis Therefore, the discovery of drugs for the treatment of AD is important for human health. Hispidulin (HPD; also
Hispidulin . known as scutellarein 6-methyl ether or dinatin) is a natural flavone that exerts anti-inflammatory effects. In the
Ez;st‘iinili;izne present study, the effectiveness of HPD on AD-like skin inflammation was investigated. We used a mouse AD

model through repeated exposure of mice to 2,4-dinitrochlorobenzene and house dust mite extract (Dermato-
phagoides farinae extract, DFE) to the ears. In addition, tumor necrosis factor-o and interferon-y-activated ker-
atinocytes (HaCaT cells) were used to investigate the underlying mechanism of HPD action. Oral administration
of HPD alleviated AD-like skin inflammations: it reduced ear thickness; serum immunoglobulin (Ig)E, DFE-
specific IgE, and IgG2a levels; and inflammatory cell infiltration. HPD reduced the expression of pro-
inflammatory cytokines and chemokines through inhibition of signal transducer and activator of transcription
1 nuclear factor-kB in HaCaT cells. Taken together, these results suggest that HPD could be a potential drug
candidate for the treatment of AD.

show exaggerated expression of cytokines, such as interleukin (IL)— 18,
IL-6, and interferon (IFN)-y, and chemokines, such as CCL17, CCL20,
and CCL22, which maintains inflammation [7,8]. Thereby, an effective

1. Introduction

Atopic dermatitis (AD) has a complex etiology that includes envi-

ronmental and genetic factors. Chronic AD skin disorder shows a variety
of symptoms including erythema, dryness, edema, and cracked and itchy
skin [1-4]. The predominant histopathological features of AD are
distinct thickening, swelling, parakeratosis, and infiltration of immune
cells into the dermis [3]. In general, the underlying pathological
mechanism of AD is T cell-driven skin inflammation. The skin lesions of
AD patients are predominately characterized by T helper (Th) 2 signals
in the acute condition, with a switch from Th2 to Thl signals in the
chronic condition [5].

To defend against inflammation, resident cells such as keratinocytes
and macrophages as well as recruited cells such as neutrophils, eosino-
phils, and lymphocytes, produce a diverse cytokines and chemokines
[6]. Activated keratinocytes are one of the pathogenic characteristics of
acute and chronic AD. Specifically, keratinocytes of AD patients tend to
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therapeutic approach for AD involves inhibiting the abnormal activation
of keratinocytes in AD skin lesions [9].

Hispidulin (Scutellarein 6-methyl ether or dinatin, HPD) is found in
many natural sources such as Grindelia argentina, Arrabidaea chica,
Saussurea involucrate, Crossostephium chinense, Artemisia and Salvia
species. HPD is a flavone that acts as a potent benzodiazepine receptor
ligand and thereby inhibits [*H]flumazenil from binding to these re-
ceptors [10]. Previous studies on the pharmacological benefits of HPD
have shown it to have anti-oxidant, -cancer, -epileptic, -inflammatory
effects as well as hepatoprotective properties [10,11]. Previous studies
have reported that HPD suppresses inflammation in mouse models of
ultraviolet A radiation-induced skin damage and passive cutaneous
anaphylaxis [12,13]. Although HPD has been widely studied, its
immunosuppressive effects against AD are currently unknown.
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Therefore, in this study, we investigated the therapeutic effects of HPD
for the symptomatic relief of AD-like skin inflammation and elucidated
the underlying mechanisms of its action.

2. Materials and methods
2.1. Procurement and preparation of reagents and cell culture

All the reagents were purchased from Sigma-Aldrich (St. Louis, MO)
unless otherwise stated. HPD (Santa Cruz Biotechnology, Dallas, TX)
was dissolved in 0.5% sodium carboxymethyl cellulose with phosphate
buffered saline (PBS) for animal experiments and in dimethyl sulfoxide
(DMSO) for cellular experiments. Dermatophagoides farinae extract (DFE)
solution was purchased from Prolagen (Seoul, Republic of Korea) and
added to 0.5% Tween 20. Before experimental use, 2,4-dinitrochloro-
benzene (DNCB) was dissolved in a 3:1 vol solution of acetone and
olive oil.

Keratinocytes (HaCaT) were maintained in Dulbecco’s modified
Eagle medium (Gibco, Grand Island, NY) supplemented with 10% fetal
bovine serum (Gibco) and antibiotics (100 U/mL penicillin G, 100 pg/
mL streptomycin) at 37 °C in 5% COj. Passages 3-6 were used
throughout the study. Recombinant human tumor necrosis factor-a
(TNF-a) and IFN-y were purchased from R&D Systems (Minneapolis,
MN) for stimulation of HaCaT cells.

2.2. Animals and ethics statement

Five-week-old female BALB/c mice (n = 24) were purchased from
Dae-Han Experimental Animal Center (Daejeon, Republic of Korea). The
animals were housed with four mice per cage in a laminar airflow room
maintained at 22 °C + 2 °C with a relative humidity of 55% + 5% and a

A
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12:12 h light:dark cycle throughout the study. The care and treatment of
the mice were in accordance with the guidelines established by the
Public Health Service Policy on the Humane Care and Use of Laboratory
Animals; the study was approved by the Institutional Animal Care and
Use Committee of Kyungpook National University (IRB# 2019-0011).

2.3. Induction of experimental AD on the ears of mice

For the induction of experimental AD painted DNCB and DFE in ear
of BALB/c mice. After sensitization with 20 pL of 2% DNCB per mouse
ear twice in one week, we applied 20 pL of 1% DNCB per ear once only
and 20 pL of DFE (1 mg/mL) per ear twice a week to both ears of
experimental mice for a total duration of four weeks. After two weeks
into the five weeks, HPD or dexamethasone (Dexa, 1 mg/kg) were orally
administered for five consecutive days per week for three weeks
(Fig. 1A). According to their treatment, the mice were divided into six
groups: vehicle, DNCB/DFE plus vehicle, DNCB/DFE plus HPD (0.1, 1,
or 10 mg/kg), and DNCB/DFE plus Dexa (1 mg/kg). Ear thicknesses
were measured 24 h after DNCB or DFE application with a 7301 dial
thickness gauge (Mitutoyo Co., Tokyo, Japan).

On day 28, the mice were euthanized with carbon dioxide. Whole
blood samples were collected through the celiac artery and centrifuged
(Gyrozen Co., Ltd., Incheon, Republic of Korea) at 400 g for and 4 °C for
15 min. The mouse ears were also used for RNA extraction and histo-
pathological analysis.

2.4. Histological observation

For histological assessment, the mouse ears were fixed in 10%
formaldehyde and embedded. Subsequently, the paraffin block was cut
into 6-um sections. The tissue sections were stained with hematoxylin
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Fig. 1. Experimental schematic design, and effects of HPD on AD-like skin inflammation. (A) Experimental schematic diagram of the study protocol. Mice were
divided into six groups (n = 4 per group). To induce AD-like skin inflammation lesions, DNCB and DFE were applied to the ears as described in the Materials and
methods. (B) Representative photographs (left panel) of the ear site and ear thickness, which was measured 24 h after DNCB or DFE exposure with a dial thickness
gauge. Data are presented as the means + SEM (n = 4). * p < 0.05 compared with the DNCB/DFE-stimulated group. Dexa: dexamethasone.
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and eosin (H&E) and toluidine blue (TB) prior to observation. Epidermal
and dermal thickening, tissue eosinophils, and mast cells were then
observed using a microscope (Leica Microsystems, Wetzlar, Germany).
At 200 x magnification, the epidermal and dermal thicknesses on the
H&E-stained tissue slides were measured using a Zeiss micrometer
10:100 (Carl Zeiss, Oberkochen, Germany). At 400 x magnification,
infiltration of tissue eosinophils and mast cells on the H&E- and TB-
stained tissues were counted at the same site in a high-power field;
images were acquired using LAS X software (Leica Microsystems).

2.5. Quantitative polymerase chain reaction

Total RNA was isolated from the HaCaT and mouse ear tissues using
the RNAiso Plus kit (Takara Bio, Shiga, Japan) and the preparations
were quantified using a NanoDrop 2000 spectrophotometer (Thermo
Fisher, Wilmington, MA). HaCaT cells (2 x 10° cells/24-well plate)
were treated with HPD (0.1, 1 or 10 pM) or Dexa (10 pM) for 1 h and
then stimulated with TNF-a (10 ng/mL) and IFN-y (10 ng/mL) for 6 h.
From these samples, complementary DNA (cDNA) was synthesized using
a RevertAid RT Kit (Thermo Fisher) at 65 °C for 5 min, 42 °C for 60 min,
and 70 °C for 5 min. Finally, quantitative polymerase chain reaction
(qPCR) was conducted using a Thermal Cycler Dice TP850 (Takara Bio)
according to the manufacturer’s protocol. Each PCR reaction tube con-
tained 25 pL of mixture sample comprising 1 pL of cDNA (200 ng), 1 pL
of forward and reverse primer solution (0.4 pM), 12.5 pL of TB Green
Premix Ex Taq (Takara Bio), and 9.5 pL of dH30. The conditions for
qPCR are shown in Table S1. The mRNA expression was normalized with
p-actin for tissues and GAPDH for cells. Quantification analysis was
performed using the Thermal Cycler Dice TP850 manufacturer’s
software.

2.6. Engyme-linked immunosorbent assay

The serum levels of IgG2a, IgE, DFE-specific IgE, IL-4, and IL-6 were
measured using an ELISA kit (BD Biosciences, Oxford, UK) according to
the manufacturer’s instructions. For the detection of DFE-specific IgE,
each well was coated with 30 pg/mL of DFE in PBS. To measure the
protein levels of IL-4, IL-6, and TSLP, ear tissue were homogenized in
extraction buffer (100 mM Tris, 150 mM NaCl, 1 mM EGTA, 1 mM
EDTA, 1% Triton X-100, 0.5% sodium deoxycholate, pH 7.4) containing
phosphatase/protease inhibitor cocktail (Roche, Mannheim, Germany),
and phenyl methyl sulfonyl fluoride. Debris was removed by centrifu-
gation at 20,000 g for 15 min, and supernatants were collected. Protein
concentration was measured using a colorimetric assay dye (Bio-Rad,
Hercules, CA) [14]. The absorbance was determined at 450 nm using a
spectrophotometer (VersaMax™ Microplate Reader, Biocompare, Bill-
erica, MA). The data were calculated and analyzed using SoftMax® Pro
software version 6.

2.7. Western blot

HaCaT cells (1 x 10° cells/6-well plate) were treated with HPD (0.1,
1 or 10 pM) or Dexa (10 pM) for 1 h, and then stimulated with TNF-
a/IFN-y (10 ng/mL) before being incubated for 15 min. The cells were
washed with 1 mL of ice-cold PBS and then scraped with a lysis buffer
(0.5M Tris, 5M NaCl, 0.5M EDTA, 10% glycerol, 1% Triton X-100,
0.1 M DTT, 1 mM NazVOy, and pH 7.5) containing a protease/phos-
phatase inhibitor cocktail (Roche). The total cell lysate was obtained as a
supernatant by sonication of the collected cells for 30 s, and then by
centrifugation at 16,000 g and 4 °C for 20 min. To obtain cytosolic
proteins, cells were centrifuged at 2500 g and 4 °C for 5 min, and then
the supernatant was used as the cytosolic protein extraction. The pellet
was washed with 1 mL of PBS, resuspended in 30 pL of ice-cold RIPA
buffer (Biosesang, Seongnam, Republic of Korea) containing a protease/
phosphatase inhibitor cocktail (Roche), and then vortexed before being
left on ice for 20 min. Subsequently, this mixture was centrifuged at
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16,000 g and 4 °C for 20 min, and the resultant supernatant was used for
nuclear protein extraction. Ear tissues were homogenized in ice-cold
RIPA buffer (Biosesang) containing a protease/phosphatase inhibitor
cocktail (Roche). Proteins were quantified using a colorimetric assay dye
(Bio-Rad). Samples were electrophoresed into 8% or 10% sodium
dodecyl sulfate-polyacrylamide gel and then transferred onto Bio-
Trace™ NT nitrocellulose membranes (Pall Corporation, Ann Arbor,
MI). These membranes were blocked with 3% bovine serum albumin in
Tris-buffered saline plus Tween 20, and then incubated with appropriate
antibodies (Table S1). The membranes were visualized by using G:BOX
Chemi XRQ (Syngene, Cambridge, UK) through a SuperSignal West Pico
PLUS chemiluminescent substrate (Thermo Fisher).

2.8. Statistical analysis

One-way analysis of variance (nonparametric) and Dunnett’s mul-
tiple comparison test was used to compare the mean of each group with
the means of AD or stimulated groups. Differences were considered to be
statistically significant differences where p < 0.05.

3. Results
3.1. Effects of HPD on AD-like skin inflammation

The experimental scheme, in which a DNCB/DFE-stimulated AD-like
mouse model was used to assess the effectiveness of HPD on AD-like skin
inflammation, is described in Fig. 1A. During the induction period, the
ear swelling of mice was measured after 24 h of DNCB or DFE induction.
In each group, the ear swelling of mice was similar until after 2 weeks.
After 24 days of AD induction, oral administration of HPD significantly
reduced ear thickness. DNCB/DFE treatment during the induction
period (5 weeks) caused severe AD-like skin lesions (Fig. 1B); mouse ears
became red and swollen after DNCB/DFE stimulation. However,
compared to the AD mice, these symptoms were relieved in mice treated
orally with HPD. Furthermore, oral administration of HPD for five
consecutive days a week for three weeks did not change the body weight
of mice (Fig. S1A), indicating that HPD did not produce toxic effects.

3.2. Effects of HPD on infiltration of mast cells and eosinophils

Histological observations of HPD-treated mouse samples revealed
significantly suppressed swollen and infiltration of inflammatory cells
relative to samples from AD mice. HPD considerably reduced DNCB/
DFE-stimulated epidermal and dermal thickness (Fig. 2A, B). Inflam-
matory mediators and histamine derived from mast cells are known to
contribute to itching and inflammation in AD [15]. Thus, infiltration of
mast cells into the AD lesions was assessed through TB-staining. We
found that HPD attenuated mast cell infiltration (Fig. 2A, C). Because the
Th2-mediated immune response involves activation of eosinophils [5],
we used H&E staining to assess eosinophil infiltration into the AD site.
We found that HPD also attenuated eosinophil infiltration (Fig. 2D).
Finally, the DNCB/DFE-stimulated group showed increased expression
levels of CCL11, a representative molecule responsible for eosinophil
recruitment [16-18], and CCR3, a specific receptor for CCL11; however,
treatment with HPD decreased CCL11 and CCR3 expression in a
dose-dependent manner (Fig. 2E).

3.3. Effects of HPD on inflammatory reaction and immunoglobulin levels

The common symptoms of AD are naturally regulated through the
release cytokines and chemokines, such as IL-3, — 4, — 5, — 12a, — 31,
epithelial cell-derived cytokine (TSLP), and CCL17, which initiate
inflammation [6]. DNCB/DFE-induced Th2- and Th1-mediated inflam-
matory responses were measured by qPCR and ELISA to assess the effects
of HPD. Moreover, gene expression of Th2 cell-mediated cytokines (IL-4,
IL-5, and IL-31), Thl cell-mediated cytokines (IL-12a, and INF-y), a
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Fig. 2. Effects of HPD on infiltration of immune cells and chemokine expression. Paraffin-embedded sections of ear tissues from mice affected by DNCB/DFE-induced
AD-like skin inflammation were stained with (A) hematoxylin and eosin (H&E, upper panel) for thickness and count of tissue eosinophils or toluidine blue (TB, lower
panel) for count of mast cells (thickness: at 200x magnification, scale bar = 25 um; count: at 400x magnification, scale bar = 50 um). (B) Epidermal and dermal
thickness. (C and D) The number of cells is expressed as the mean number of cells at five random sites for each mouse. (E) Gene expression was analyzed by qPCR.
Data are presented as the means + SEM (n = 4). * p < 0.05 compared with the DNCB/DFE-stimulated group. Dexa: dexamethasone.

pro-inflammatory cytokine (IL-6), Th2 cell-attracting chemokine
(CCL17), epithelial cell-derived cytokine (TSLP), activated T
cell-derived cytokine (IL-3), and neutrophil-attracting chemokine
(CXCL1) were analyzed in lesional tissues. The expression of these genes
was remarkably increased in DNCB/DFE-stimulated mice. However,
oral administration of HPD reduced the expression of all genes in a
dose-dependent manner (Fig. 3A). To distinguish the role of HPD on the
Th1 and Th2 immune response, we examined the serum levels of [gG2a
and IgE (total and DFE-specific). Compared with serum levels from AD
mice, the levels of IgG2a, IgE, and DFE-specific IgE were significantly
reduced in the serum of mice treated with HPD (Fig. 3B).

To confirm the role of HPD on the various secreted proteins, the
productions of cytokines were measured in ear tissue and serum. Oral
administration of HPD reduced DNCB/DFE-stimulated production of IL-
4, IL-6, and TSLP in ear tissue (Fig. 4A), and IL-4 and IL-6 in serum

(Fig. 4B). To determine the mechanism responsible for the inhibitory
effect of HPD, we assessed activation of signal transducer and activator
of transcription 1 (STAT1), and nuclear factor (NF)-xB in ear tissue. Oral
administration of HPD inhibited phosphorylation of STAT1, and NF-xB
P65 in ear tissue of DNCB/DFE-stimulated AD mice (Fig. 4C).

3.4. Effects of HPD on keratinocyte activation

After identifying the pharmacological inhibitory effect of HPD on AD
mice, keratinocytes which are commonly used to imitate the AD envi-
ronment in vitro [19] were used to determine the molecular mechanism
and biological function of HPD as they exhibit a similar immune
response during the development of skin inflammation, especially in AD
[20]. At first, HaCaT cells were treated with various concentrations of
HPD for 24 h to rule out cytotoxicity. In an MTT assay, hispidulin up to
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Fig. 3. Effects of HPD on gene expressions in ear tissue and serum immunoglobulin levels. The ear tissue and serum were obtained from experimental mice as
described in the Materials and methods. (A) The mRNA expression levels were measured by qPCR and normalized with B-actin. (B) Serum IgG2a, IgE, and DFE-
specific IgE were measured by ELISA. Data are presented as the means & SEM (n =4). *p < 0.05 compared with the DNCB/DFE-stimulated group. Dexa:
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Fig. 4. Effects of HPD on the release cytokines in ear tissue and serum, and production of protein in ear tissue. The cytokines levels were measured by ELISA using IL-
4, 1L-6, and TSLP in ear tissue (A), and IL-4, and IL-6 in serum (B). Data are presented as the means + SEM (n = 4). (C) The phosphorylation of STAT1 and NF-kB p65
was measured by Western blot. * p < 0.05 compared with the DNCB/DFE-stimulated group. Dexa: dexamethasone. The band of p-actin was used as a loading control.
The band is the representative of three independent experiments. The band intensity was quantified using Image J software.
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100 pM did not show cytotoxicity in keratinocytes (Fig. S1B). To
investigate the effect of HPD on pro-inflammatory cytokines and che-
mokines, HaCaT cells were pretreated with HPD for 1 h and then stim-
ulated with TNF-o/IFN-y for 6 h. The results of qPCR showed that HPD
decreased TNF-a/IFN-y-induced gene expression of IL-1f, IL-6, IL-8,
CCL17, and CCL22 in the HaCaT cells (Fig. 5A). To determine the
mechanism responsible for the inhibitory effect of HPD, we assessed its
effects on TNF-o/IFN-y-induced activation of STAT1 and NF-xB. Previ-
ous studies have reported that the STAT and NF-«B signaling pathways
contribute to the expression of pro-inflammatory cytokines (IL-1p, IL-6,
and IL-8) and chemokines (CCL17 and CCL22) in TNF-o/IFN-y-induced
HaCaT cells [21,22]. As shown in Fig. 5B, activation of STAT1 and NF-xB
was inhibited by HPD.

4. Discussion

Due to the increased diversity of associated environmental elements,
there has been a 2-3-fold increase in AD incidence over the past several
decades [23-25]. Therefore, it remains necessary to develop an effective
drug, with fewer side effects, for AD treatment. Indeed, the current
treatments for AD, predominantly corticosteroids or steroids, cause
various side effects, such as thinning of skin, abnormal skin color, and
diverse metabolic symptoms, if used long-term [26,27].

HPD has been shown to produce diverse pharmacological effects
such as anti-oxidant, anti-cancer and anti-inflammation effects [11,28,
29]. HPD has been reported to have good penetrating activity following
topical application due to its structural and physicochemical properties
[30,31]. Additionally, oral administration of HPD (10 mg/kg) five
consecutive days per week for three weeks did not alter the organ and
body weight of mice, which indicating no toxicity of HPD (Fig. S2).
Based on the known pharmacological activity of HPD, we investigated
the effects of HPD on AD-like skin inflammation using a
DNCB/DFE-stimulated mouse model and TNF-a/IFN-y-stimulated kera-
tinocytes. An AD mouse model was used because it provides reproduc-
ibility and AD-like characteristics involving Thl and Th2 responses,
similar to those of human AD patients exposed to DFE [19,32], an aer-
oallergen with a role in the Th2 to Th1 shift [33]. Thus, our experimental
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method involved pre-sensitization of mice with DNCB and alternation of
DNCB and DFE application to induce AD-like skin inflammation.

In the present study, we confirmed that sensitization with DNCB/
DFE caused skin inflammation, such as redness, hyperplasia, thicker
skin, and infiltration of immune cells, in the ears of mice. However, we
found that oral administration of HPD ameliorated the typical pheno-
type and histopathological symptom changes such as intense ear thick-
ness, color change, and infiltration of immune cells. Typically, the
infiltration of T cells, mast cells, and eosinophils, as well as the upre-
gulation of Th2 cytokines, are features of AD lesions [34]. Our results
showed that HPD suppressed the infiltration of mast cells and eosino-
phils (Fig. 2), and CD3" T cells (Fig. S3). In addition, HPD reduced
chemokine (CCL11 and CCR3) levels in a similar manner to that
observed for eosinophils. This may have been due to the decline in in-
flammatory cells. Th2 cytokines have unique functions that involve
increased epidermal thickening, sensitization, inflammation, and pru-
ritus. Th2 cytokines, which can be released by basophils, eosinophils,
and mast cells [5], include IL-4, IL-5, IL-13, and IL-31, whereas IL-12 is
considered to be a Th1 cytokine. IL-12 is also a potent inducer of IFN-y
production [35]. In the skin, IL-5 is responsible for the recruitment of
eosinophils to allergen-exposure sites and is correlated with IgE [36,37].
In addition, activated keratinocytes secrete TSLP, IL-25, and IL-33, and
then cytokines act on immune cells. TSLP, as well as IL-31, also stimu-
lates sensory skin neurons involved in the pathomechanism of pruritus
[38]. The results of the present study indicated that HPD suppressed the
expression of cytokines (TSLP, IL-3, —4, —5, —6, —12a, —31, and IFN-y)
and chemokines (CCL17 and CXCL1) in AD tissue even in serum. In
general, these cytokines and chemokines were regulated by responses of
biphasic T cells and various immune cells in the AD lesions. Therefore,
based on our results, we assume that HPD attenuated both Th1 and Th2
responses in various cell types.

Mast cells and eosinophils are key effector cells in IgE receptor
(FceRI)-bearing in atopic subjects [39]. In general, levels of IgG2a in-
crease in the latter stages, while IgE levels increase in the early stages
[40]. Here, we showed that oral administration of HPD reduced serum
levels of IgG2a, IgE, and DFE-specific IgE. These results suggest that HPD
alleviates both chronic and acute states of AD.
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Fig. 5. Effects of HPD on keratinocyte activation. (A) Expression of cytokines and chemokines in TNF-a/IFN-y-stimulated HaCaT cells. Cells were pretreated with
HPD (0.1, 1, and 10 uM) or Dexa (10 uM) for 1 h and then stimulated with TNF-a (10 ng/mL) and IFN-y (10 ng/mL) for 6 h. The expression levels of cytokines and
chemokines were determined by qPCR. Data are presented as the means &+ SEM (n = 3). * p < 0.05 compared with the TNF-o/IFN-y-stimulated group. (B) Effects of
HPD on STAT1 and NF-kB. Cells were pretreated with HPD (10 uM) or Dexa (10 uM) for 1 h and then stimulated with TNF-a (10 ng/mL) and IFN-y (10 ng/mL) for
15 min for the activation of STAT1 and NF-kB. The phosphorylation of STAT1, degradation of IkBa, and nuclear translocation of NF-kB were analyzed by Western
blot. The bands of p-actin, lamin B1, and total form were used as loading controls. The band is the representative of three independent experiments. The band

intensity was quantified using Image J software.
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The activation of keratinocytes in the skin of AD patients plays a
critical role in the pathogenesis of this inflammatory skin disease via the
regulation of the innate immune response [41]. Through mechanical
stimulation, keratinocytes in AD skin lesions produce a unique profile of
cytokines and chemokines [20]. Our results indicate that gene expres-
sion of IL-1p, IL-6, IL-8, CCL17, and CCL22 was suppressed by HPD. Of
these genes, CCL17 and CCL22 promoters contain STAT1 and NF-xB
binding sequences, and TNF-o/IFN-y-stimulated expression of CCL17
and CCL22 can be reduced by specific STAT1 and NF-kB inhibitors [21].
Thus, our results indicate that HPD exerts suppressive effects on CCL17
and CCL22 through the inhibition of STAT1 and NF-kB. Therefore, we
postulate that HPD mitigates gene expression of cytokines and chemo-
kines through the reduction of STAT1 and NF-kB in keratinocytes.

5. Conclusions

We observed that HPD decreased the development of AD-like skin
inflammation in the DNCB/DFE-induced mouse model and TNF-o/IFN-
y-induced HaCaT cells. Consequently, this study demonstrated that HPD
relieves the symptoms of AD and suppresses Thl and Th2 immune
response. Specifically, HPD reduced the production of cytokines and
chemokines involved in AD by blocking the STAT1 and NF-kB signal
pathways in keratinocytes. Therefore, HPD could be a potential phar-
macological agent for AD treatment.
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