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Atopic dermatitis is a chronic inflammatory skin
disease. Skin is the largest organ and plays a pivotal
role in protecting the body. Not only does the skin act
as a physical barrier against the external environment,
but it also has its own immune system. Atopic derma-
titis is caused by prolonged excessive inflammatory
responses that worsen under imbalanced cutaneous
immune system skin conditions. Although the preva-
lence and burden of atopic dermatitis is increasing,
the standard therapeutic agents remain unclear due to
the complicated pathophysiology of the condition. The
objective of this study is to examine the use of Mag-
noliae flos, the dried flower bud of Magnolia biondii or
related plants. The effects and underlying mechanism of
action of aqueous extract of the buds of Magnoliae flos
(MF) were evaluated. Immortalized human keratinocy-
tes (HaCaT) stimulated with tumour necrosis factor-a
and interferon-y mixture and NC/Nga mice stimulated
with 2,4-dinitrochlorobenzene were used as atopic
dermatitis models, in vitro and in vivo, respectively.
The effects of MF were determined by measuring the
suppression of pro-inflammatory signalling pathways,
such as extracellular signal-regulated kinase or signal
transducers and activators of transcription 1/3 and
restoring skin barrier molecules. In conclusion, MF is
a potential therapeutic alternative for the treatment
of atopic dermatitis through repressing inflammatory
pathways.
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topic dermatitis (AD) is a chronic relapsing inflam-

matory skin disorder characterized by recurrent
eczematous lesions and severe pruritus (1). AD is asso-
ciated with complex interactions of innate and adaptive
responses, resulting in immunological abnormalities fol-
lowing immunoglobulin (Ig)E sensitization or epithelial
barrier dysfunction (2, 3). The incidence and prevalence

SIGNIFICANCE

The chronic inflammatory skin disease atopic dermatitis
reduces patients’ quality of life due to severe effects of
itch and frequent relapse. There is a need for therapeu-
tic agents that will relieve the symptoms of atopic der-
matitis in the long-term without side-effects. Magnoliae
flos has been used for a long time to treat inflammatory
diseases with safety and low toxicity for; therefore this
study examined its potential in treating atopic dermatitis.
MF showed repressive effects on cutaneous inflammatory
responses and recovery on skin barrier molecules which
were done regulating through ERK or STAT1/3 signalling
pathways.

of AD has increased over recent decades (4). The Global
Burden of Disease study reported that skin and related
diseases are the world’s fourth major cause of non-fatal
disease burden (5). In addition to the intense itch and
skin lesions, the socioeconomic burden of AD reduces
an individual’s quality of life (6). There is currently no
cure for AD; however, there are treatments and resolu-
tion strategies that aim to alleviate symptoms, avoid
trigger factors, or repair barriers in combination with
anti-inflammation (7).

One of the first-line therapeutic treatments for AD is cor-
ticosteroids, such as dexamethasone (Dexa.) (8). Despite
effectiveness in treating flare-ups of AD, the prolonged
use of corticosteroids may cause side-effects, such as acne,
delayed wound healing, or skin atrophy (9). Other
therapeutic agents for AD target the Janus kinase and
signal transducer and activator of transcription protein
(JAK-STAT) pathways, which are implicated in inflam-
matory or neoplastic skin diseases (10). Upadacitinib,
baricitinib, and abrocitinib are small molecules that
inhibit the JAK-STAT pathway by specifically blocking
JAK1 or JAK2 (11). Phase III clinical trials are ongoing
for these therapies.

Magnoliae flos aqueous extract (MF) is proposed in the
current study as a potential alternative for the treatment
of AD owing to its targeting of the JAK-STAT signalling
pathways. MF is extracted from the dried flower buds of
Magnolia biondii or related plants and has been used to
treat allergic rhinitis, sinusitis, and headaches (12). MF
contains magnolin, which inhibits allergy (13) or has
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anti-inflammatory activity (14). However, the effect of
MF on AD has not been elucidated.

Since AD is known to be a chronic inflammatory
disease, therapeutic treatments have focused on regu-
lating immunological responses (7). A skewed balance
between T helper type 2 (Th2) and T helper type 1
(Th1) cells occurs in the presence of a specific immu-
noglobulin E (IgE) response in inflammatory diseases,
and many pro-inflammatory cytokines and chemokines
are produced in AD (15). The secretion of interleukin
(IL)-4, 5, and 13 by B-cells, eosinophils and mast cells
indicates acute AD (16). In addition, a predominance
of Th1 cells or interferon (IFN)-y leads to chronic AD
skin lesions that undergo tissue remodelling related to
chronic inflammation (17).

The management of AD requires the control of inflam-
mation and maintenance of the homeostasis of the skin
barrier. The skin is the largest organ of the body and
forms a protective outermost layer, acting as physical
barrier and possessing a healthy balance of various im-
mune cells (18). Molecular defects occur in the dermal
layers, including dysregulation of cornified envelope
proteins, stratum corneum lipids, or tight junctions. In
the epidermis, excessive activation of serine proteases,
including kallikreins (KLKs), disrupts the skin barrier
by conserving homeostasis through desquamation, anti-
microbial defence, or innate immune responses (19). The
current study used a model based on HaCaT immorta-
lized cells as an in vitro representation of human skin
with fewer variabilities.

AD is a multifactorial disease with a complicated
aetiology; hence a range of different approaches to
disease management may be needed. The objective of this
study was to determine the effects on AD of treatment
with MF, including the effects on regulation of inflamma-
tion and restoration of the skin barrier. The effects of MF
were studied in vitro in HaCaT keratinocytes stimulated
with a mixture of tumour necrosis factor (TNF)-a and
IFN-y (TNF-0+IFN-y), and in vivo in 2,4-dinitrochloro-
benzen (DNCB)-induced NC/Nga mice.

MATERIALS AND METHODS

Preparation of Magnoliae flos aqueous extract

The dried flower buds of M. biondii (Nanumherb, Cheongju-si,
Chungcheongbuk-do, Republic of Korea) (HA1801980101, coun-
try of origin: China) were processed and extracted with water at
100°C for 4 h using a reflux condenser. The extract was filtered
with Whatman filter paper (Cytiva Whatman, USA and lyophilized.
The percentage yield was 13.73% w/w. The freeze-dried MF was
dissolved with saline prior to treating the cells (125, 250, 500 pg/
mL) or mice (100, 200 mg/kg).

Cell culture and MF treatment

HaCaT keratinocytes were pre-treated with MF for 1 h. Thereafter,
the mRNA and total protein expression levels were determined
using qRT-PCR and western blot, respectively.
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2,4-dinitrochlorobenzen-induced atopic dermatitis animal model
and treatment

Female 6-week-old NC/Nga mice, weight 18-23 g (Daehan
Biolink Co., Dagjeon, Korea) were kept under standard conditions
according to the guidelines adopted and promulgated by Sangji
University, Wonju-si, Gangwon-do, Korea. Prior to the study, all the
experimental protocols were approved by the Institutional Animal
Care and Use Committee (IACUC) of Sangji University (approval
protocol number: 2020-14; 17 September 2020). The mice were
housed and maintained at a temperature of 20-25°C, humidity of
40-60 %, and a 12-h light/dark cycle. The mice were randomly
assigned to 5 groups (6-7 mice per group): (i) control; (i) 2,4-
dinitrochlorobenzene (DNCB)-induced AD model; (ii7) DNCB-
induced AD model with dexamethasone (5 mg/kg) as positive
control (DNCB+ Dexa.); (iv) DNCB-induced AD model with MF
(100 mg/kg) (DNCB+MF100); and (v) DNCB-induced AD model
with MF (200 mg/kg) (DNCB+MF200). To induce AD-like skin
inflammation, the dorsal skin was topically sensitized with 100
puL 1% DNCB, twice in the first week (on days 1 and 4). For the
process of challenging, 100 pL 0.4% DNCB was applied topically
3 times a week for an additional 3 weeks. Normal saline was ad-
ministered to the control group during the experimental period.
The mice in the 5 groups were euthanized by cervical dislocation
4 weeks after first sensitization with DNCB. On the day of sacri-
ficing the animal after 4 weeks, blood and dorsal skin tissues were
collected for further assays.

Statistical analysis

Data were expressed as the mean + standard error of the mean
(SEM) or standard deviation (SD). Comparisons among groups
were carried out using 1-way analysis of variance (ANOVA)
followed by Dunnett’s post-hoc test served in GraphPad Prism5
(GraphPad Software, San Diego, CA, USA). p-values < 0.05 were
considered statically significant.

The materials and methods have been published previously (20).

RESULTS

Effects of Magnoliae flos on pro-inflammatory
cytokines and related proteins in human keratinocytes

As a representative chronic inflammatory disease, AD
is associated with the production of pro-inflammatory
cytokines and proteins. The effects of MF on pro-
inflammatory cytokines in human keratinocytes were
thus determined. The mRNA levels of Th1-related cyto-
kines, such as TNF-a and IL-6, increased on stimulation
with TNF-o+IFN-y and decreased with pretreatment with
250 pg/mL and 500 pg/mL MF (Fig. 1A). Based on the
results of pro-inflammatory cytokines at the transcrip-
tional level, the pro-inflammatory cytokines and their
related proteins were determined at the translational level
(Fig. 1B). Using enzyme-linked immunoassay (ELISA)
kits, increased production of TNF-o and IL-6 was found
in the supernatant from TNF-o+IFN-y-stimulated HaCaT
keratinocytes. However, production of TNF-o and IL-6
was significantly downregulated by treatment with MF
at 250 pg/mL and 500 pg/mL concentrations (Fig. 1B).
The relative mRNA expression levels of IL-4 and IL-13,
which are Th-2 specific cytokines (Fig. 1C), as well as IL-
17 and IL-22, which are Th-17-associated cytokines (Fig.
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1D), were increased by TNF-o+IFN-y. Furthermore,
250 pg/mL or 500 pg/mL of MF inhibited the relative
mRNA expression of the induced cytokine production.
The effects of MF on mRNA expression of AD-specific
chemokines, such as regulation upon activation, normal
T cell expression and secretion (RANTES/CCLS) or
macrophage-derived chemokine (MDC/CCL22) were
determined. The relative levels of the mRNAs were
upregulated by TNF-a+IFN-y and downregulated by MF
treatment in HaCaT keratinocytes in a dose-dependent
manner (Fig. 1E). In addition to Th1-specific cytokines,
the effects of MF on Th2 skewing inflammatory respon-
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group.

ses and related proteins were determined. One of them is
thymic stromal lymphopoietin (TSLP), a critical initial
molecule in allergic skin inflammation in keratinocytes
(21). Increased TSLP production and mRNA expression
were observed in TNF-a+IFN-y-stimulated HaCaT kera-
tinocytes. However, these changes were suppressed by
treatment with MF (Fig. 1F and 1G). As markers involved
in keratinocyte differentiation and inflammation, upre-
gulated periostin and Akt phosphorylation levels were
induced by TNF-a+ IFN-y stimulation. Furthermore, MF
repressed the activation of Akt and periostin in human
immortalized keratinocytes (Fig. 1H).


http://medicaljournalssweden.se/actadv

ActaDV

ActaDV

4/9

Effects of Magnoliae flos on skin barrier molecules
and serine proteases in human keratinocytes

As AD is caused by a disrupted skin barrier and is elu-
cidated as a cornified cell envelope composed of filag-
grin (FLG), loricrin (LOR), involucrin (/NV), and other
proteins, these proteins were studied. Stimulation by the
TNF-a+IFN-y mixture downregulated the expression of
skin barrier molecules; however, mRNA (Fig. 2A—C)
and protein (Fig. 2D) expression levels were restored
by treatment with MF. In addition, mRNA expression
levels of KLK5 and KLK7 were determined during
TNF-o+IFN-y-induced inflammation. KLKs play a
role in regulating skin desquamation and inflammation
during cutaneous repair. Their increased expression by
pro-inflammatory stimulation was downregulated by
treatment with MF (Fig. 2E and F).

T-Y. Gil et al. "Effect of Magnoliae flos on skin inflammation”

Effects of Magnoliae flos on phosphorylation of NF-xB,
MEKI1/2-ERK1/2 MAPK, and JAK2-STAT1/3 signalling
pathways in human keratinocytes

Focusing on the inflammatory disease (22), the effects
MF was evaluated the suppressing the phosphorylated
NF-kB, MAPK, and STAT1/3 in protein expressions in
HaCaT cells (22).

NF-kB p65 translocation from the nucleus to the
cytosol was found at the protein level in TNF-a+IFN-
y-stimulated HaCaT keratinocytes. In the mammalian
system, which has another pro-inflammatory signal-
ling pathway, MAPKs have 3 well-known subfamilies:
extracellular signal-regulated kinases (ERKs), c-Jun
N-terminal kinases (JNKs), and p38 MAPKSs. The 3
subunits were thus assessed according to their influence
on MF. Only ERK1/2 phosphorylation was found to be
downregulated by MF during TNF-a+IFN-y-induced
inflammation, and was observed when MF concentra-
tions of 125 pg/mL and 500 pg/mL were administered.
As MAPKs are activated by MAPK kinases (MAPKKs)
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through serial phosphorylation, the current study evalua-
ted the effect of MF on the phosphorylation of MEK1/2,
a MAPKK. MF was found to inhibit the activation of
MEK1/2 at the highest concentration of MF alone (Fig.
3B). As an immune-mediated signalling pathway, the
JAK-STAT signalling pathway is involved in AD (23). In
the current study, the phosphorylation of JAK2, STAT1,
and STAT3 was assessed at the protein level. JAK2 acti-
vation by TNF-o+ IFN-y stimulation was suppressed in a
dose-dependent manner by pre-treatment with MF (Fig.
3C). Phosphorylated STAT1 and STAT3 on both tyrosine
and serine by TNF-o+IFN-y had increased protein levels;
however, MF downregulated their expression (Fig. 3C).

Effects of MF on atopic dermatitis like skin inflammation
in AD mouse model

DNCB (0.4% or 1.0%) was applied topically on the
dorsal side of NC/Nga mice, a suitable animal model for
spontaneously occurring AD (24) (Fig. 4A). The changes
in dorsal skin lesions were observed at the end of each
week with photographs (Fig. 4B) and scoring (Fig. 4C).
On the final day of application of DNCB, Dexa. and MF,
AD-like skin lesions appeared severe with excoriation
or erosion compared with those in the control group.
The application of a high concentration of MF (MF 200

A
NF-KB p65 (N) “ —

L] —

MEK1/2 |”|

NF-KB p65 (C) | - -

S—— |

Ericrz |

=

MF (ug/mL) 125 250 500
ey actin | —————
(10 ng/mL)
15 MF (ug/mL) 125 250 500
= £ p65 (N)
H B 65 (C) TNF-a + IFN-y
£ 10 (10 ng/mL)
g e .. O3 p-MEK1/2
2 s H P B p-ERK1/2
i £ 10 T
S cl
© 2
0.0 [
2 05
MF (ug/mL) 125 250 500 5
3
- - K}
TNF-o + IFN-y b
(10 ng/mL)
MF (pug/mL) 125 250 500
TNF-a + IFN-y
(10 ng/mL)

mg/kg) alone had no effects on DNCB-induced AD-like
skin lesions. One of the typical characteristics of AD is
disrupted skin barrier, which leads to dry skin and aug-
mented TEWL. Increased TEWL by DNCB application
was inhibited by the application of the positive control,
Dexa.(5mg/kg), or MF (100mg/kg, 200mg/kg) (Fig. 4D).
Other features of AD-like skin lesions include epidermal
hyperplasia, oedema, and accumulation of inflammatory
cells (15). Histopathological changes were examined by
haematoxylin and eosin (H&E) staining (Fig. 4E). MF
suppressed epidermal hyperplasia and edema, whereas
DNCB induced thickening of epidermis.

Effects of MF on pruritus symptoms in AD mouse model

Pruritus is one of the major features of AD, and itching is
the primary target of managing AD (25). DNCB applica-
tion increased scratching behaviour compared with the
control. However, the application of Dexa.(5mg/kg) or
MF (200 mg/kg) reduced the frequency of this behaviour
(Fig. SA). As mast cells interact with sensory nerves
and cutaneous cells, provoking itch and inflammation,
the infiltration of mast cells was evaluated via toluidine
blue staining. Mast cells are indicated by red arrows in
Fig. 5B. Typical itch studies have revealed the interplay
between histamine release and IgE-mediated mast cell
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Fig. 3. Effects of Magnoliae flos (MF) on activation of NF-kB, MEK-ERK, and Janus kinase-signal transducers and activators of transcription
(STAT) signalling pathways in tumour necrosis factor (TNF)-a+ interferon (IFN)-y-stimulated immortalized human keratinocytes (HaCaT).
Cells were pre-treated with 125, 250, or 500 pg/mL MF for 1 h prior to the addition of TNF-a+IFN-y, and incubated for the indicated time. Activation of (A)
NF-kB, (B) mitogen-activated and extracellular signal-regulated kinase (MEK)1/2-extracellular signal-regulated kinase (ERK) 1/2, and (C) JAK2-STAT1/3
were analysed by western blot assay. (A) Proteins were separated from nucleus and cytosol to evaluate the activation of NF-kB. (B) Total proteins were
extracted and western blotted for p-MEK1/2, MEK1/2, p-ERK1/2, and ERK1/2. PARP, MEK1/2, ERK1/2, and B-actin were used as internal controls. (C)
Total protein was extracted for western blotting assay for analysing phosphorylation of JAK2, STAT1, and STAT3. JAK2, STAT1, STAT3, and B-actin were
used as internal controls. Densitometric analysis was performed using Image] software (1.49, Java software, NIH Image). The data shown represent

mean * standard error of the mean (SEM) of triplicate independent experiments (n = 3). ###p < 0.001 vs the control group; "p < 0.05,

“*p < 0.001 vs the TNF-a+IFN-y-stimulated group.
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dermatitis (AD)-like skin lesions in NC/Nga mice.
(A) Experimental scheme for the induction of AD and
treatment with MFin NC/Nga mice. (B) Weekly comparison
of DNCB-induced dermatitis in NC/Nga mice after topical
application of MF. Representative photographs of dorsal
regions of the mice from each group after induction of AD.
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symptoms; erythema/haemorrhage, scarring/dryness,
oedema, and excoriation/erosion. (D) Transepidermal
water loss (TEWL) was measured with a gpskin barrier
light (gpower, Repulic of Korea) on day 28 afterinduction
of AD (n = 6 or 7). (E) Dorsal skin was excised, fixed in
10% formaldehyde, embedded in paraffin, and sectioned.
The tissue sections were assayed by haematoxylin
and eosin (H&E) staining. The stained sections were
visualized with a microscope at 100x magnification.
Data shown represent mean * standard deviation
(SD) (n = 6 or 7). ###p < 0.001 vs the control group;
“*p < 0.001 vs the DNCB-induced AD group.
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activation. In terms of'itch, serum IgE level was determi-
ned in the DNCB-induced AD mouse model. The group
treated with MF had downregulated serum IgE levels
compared with the DNCB-stimulated group (Fig. 5C).

Effects of MF on the skin barrier molecules in AD
mouse model

Skin barrier molecules were evaluated in mRNA and pro-
tein expression levels. In particular, FLG, LOR, and INV
in the dorsal skin were assessed herein. DNCB applica-
tion suppressed the skin barrier molecules compared with
control treatment. However, the positive control, Dexa.,
caused significant recovery of the molecules (""»<0.001).
Furthermore, a high concentration of MF (200 mg/kg)
restored the expression of skin barrier molecules at the

mRNA (Fig. 6A—C) and protein levels (Fig. 6D).

Effects of MF on the ERK and STAT1/3 signalling
pathways in AD mouse model

Based on the results obtained for MF from the in vitro
experiments (Fig. 3), the effects of MF on the DNCB-
induced in vivo model are shown in Fig. 6. The suppres-
sive effects of MF on the translocation of p65, which
were found in human keratinocytes, were not observed
in DNCB-induced NC/Nga mice (data not shown).
Phosphorylation of ERK/MAPK was inhibited by the
application of MF (Fig. 6E). The effects of MF on the
phosphorylation of STATs were also determined. Fig. 6F
shows that the increased phosphorylation of STAT1/3
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on tyrosine stimulated by DNCB was repressed by the
application of Dexa. or MF.

DISCUSSION

MF is an aqueous extract of M. biondii or dried flower
buds of plants that contain bioactive compounds, such
as magnolin (26). Using hot water is one of generally
used methods of decoction, we applied it for making MF
from the buds (27). The flower bud of M. biondii, called
shin-1, has been used as treatment for nasal congestion
and headache, and has been found to inhibit prostate
cancer cell growth and lung cancer cell migration (28).
The effects of the compounds from flower bud have
been identified to be antioxidative and anti-inflammatory
(29). As AD is an chronic inflammatory disease and is
included in atopic march, the anti-rhinitis effects of MF
may have potential in treatment of AD. Atopic march
is a pathological condition that progresses from AD to
allergic rhinitis and asthma (30). This condition is based
on the underlying concept of atopy, which is considered
to be crucial in linking AD, allergic rhinitis and asthma
(31). In the current study, MF suppressed the effects of
pro-inflammatory cytokines and related signalling path-
ways, such as ERK/MAPK and JAK-STAT pathways,
in TNF-a+IFN-y-stimulated human keratinocytes.
The involvements of inhibitors against ERK or STAT
and the effects of MF on them were shown in Fig. S1.
Furthermore, MF alleviated AD-like skin lesions and itch
behaviour in DNCB-induced NC/Nga mice.
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2,4-dinitrochlorobenzen (DNCB)-induced atopic dermatitis (AD).
(A) Frequency of scratching behaviour in mice with DNCB-induced AD.
(B) The dorsal skin was excised, fixed in 10% formaldehyde, embedded
in paraffin, and sliced into sections. The tissue sections were stained
with toluidine blue. The mean number of infiltrated mast cells was
determined from 5 randomly selected areas per mouse. The stained
sections were visualized with microscope at 40x (upper line) and 100x
(lower line) magnifications. (C) Serum levels of immunoglobulin (Ig)
E were measured by enzyme-linked immunoassay (ELISA). Data are
expressed as mean + SD (n = 6 or 7). **#p < 0.001 vs the control

group; "p < 0.001 vs the DNCB-induced AD group.
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AD is also known as atopic eczema owing to its
unusual and complicated aetiology. Therefore, various
management strategies for AD are necessary. First, the
control of pro-inflammatory cytokines and chemokines is
required. Because different immune cells are involved in
AD, Th1/2/17/22-related cytokines and chemokines are
increased under the pro-inflammatory environment, mi-
micking AD-like skin lesions (20). The typical cytokines
were found to be Th1/2/17 (Fig. 1A—D) and chemokines
(Fig. 1E-G). MF inhibits pro-inflammatory cytokines,
which are produced by activated inflammatory signalling
pathways, such as NF-xB, MAPKs, or JAK-STATs (32).
Although the suppressive effect of MF on NF-kB p65
translocation was found only in human keratinocytes, and
not in the AD mouse model (Fig. 3), another inflammatory
transcription factor family, the STAT family, was revealed
to have a downregulation effect on MF (Fig. 3C and Fig.
6F). However, species difference might be responsible
for the differing results, and further research is necessary.

Acta Derm Venereol 2023

In this study, the allergic chemical, DNCB, was
repeatedly applied to the dorsal skin of an AD-like
mouse model. DNCB causes hyperkeratosis, thickened
epidermis, and infiltrated lymphocytes and mast cells;
similar phenotypes to human AD symptoms (33). Besides
erythema/haemorrhage, scarring/dryness, and excoria-
tion/erosion, which were observed in DNCB-induced
mice (Fig. 4), one of the major characteristics of AD is
pruritus. Itching is mediated by mast cells on nerve fib-
res in peripheral tissues and the central nervous system
(34). DNCB caused increased infiltration of mast cells.
Furthermore, the increased serum IgE levels were down-
regulated by treatment with MF, which was accompanied
by scratching behaviour (Fig. 5). TSLP stimulates the
sensory neurones, provoking itch, scratching behaviour,
and inflammation, and was demonstrated as a functional
pruritogen (35) that correlates with mast cells (36). The
effects of MF on periostin protein expression (Fig. 1H)
were determined in the current study. As periostin is an
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intrinsic inducer of TSLP from keratinocytes, it induces
the activation of the Akt pathways, resulting in kerati-
nocyte survival and differentiation (37).

In addition to the pathogenesis of AD, skin barrier mo-
lecules, including filaggrin, loricrin, involucrin, and serine
proteases, were identified in the current study. Figs 2 and 6
depict the restorative effects of MF on disrupted molecules
owing to cornification in the epidermis (38). According
to recent studies, FLG is related to proteases and protease
inhibitors in AD, inducing a loss in skin homeostasis (39).
As aserine protease, KLKS regulates the KLK cascade in
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DNCB Fig. 6. Effects of Magnoliae flos (MF) on skin barrier
molecules and extracellular signal-regulated
kinase (ERK)1/2 or STAT signalling pathways
in 2,4-dinitrochlorobenzene (DNCB)-induced
atopic dermatitis (AD). Total RNA prepared from the
1 p-STAT (Y) dorsal tissue and the mRNA expression of (A) filaggrin
& p-STAT3(Y)

(FLG), (B) loricrin (LOR) and (C) involucrin (INV) were
determined by quantitative reverse transcription-PCR.
Dorsal skin tissue lysates were immunoblotted with (D)
FLG, LOR and INV to investigate effects of MF on the
skin barrier molecules in DNCB-induced AD-like NC/
Nga mouse model. The protein levels of (E) ERK1/2

5 - = MAPK and (F) STAT1/3 family were determined via
western blot with specific antibodies in dorsal skin

- 100 200 tissue lysates. ERK1/2, STAT1, STAT3, and B-actin were
DNCB used as internal controls. Data are expressed as mean

+SD (n =6 or 7). ###p < 0.001 vs the control group;
*p <0.05,”p <0.01, ™ p <0.001 vs the DNCB-induced
AD group.

the stratum corneum, leading to skin permeability and in-
flammation. KLK7 is an important chymotryptic enzyme
in AD-like skin lesions that destroys the homeostasis of
the epidermal barrier (40). In the current study, MF was
found to restore the disrupted skin barrier molecules and
downregulate serine proteases (Figs 2 and 6).

In conclusion, the objective of this study was to
determine the effects of MF on AD-like inflammatory
conditions, using an in vitro model of TNF-a-+IFN-y-
stimulated human keratinocytes, and an in vivo model of
DNCB-induced AD-like skin lesions in NC/Nga mice.
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MF was found to suppress pro-inflammatory cytokines
and chemokines, and the signalling pathways involved
in inflammation. MF also showed regulatory effects on
cornified envelope-composing molecules and epidermal
serine proteases. Taken together, these results suggest that
MF or its compounds can alleviate AD-like responses,
and thus are potential treatments for AD.
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