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Abstract 

Chaenomeles sinensis Koehne (CS) has been used in a traditional oriental medicine for treating throat 
diseases, anaphylaxis, viral infection, and inflammation. This study investigated the underlying 
mechanism of anti-allergic effect of CS. Leaves of CS plants were dried, powdered, and then 
underwent extraction with DMSO. Both ELISA and western blotting were performed to evaluate 
cytokine concentration and the expression and activation of filaggrin and JNK. Five-week‐old female 
NC/Nga mice were used as an AD-like mouse model by treating them with 
2,4-dinitrochlorobenzene (DNCB). The secretion of TARC, MCP-1, and IL‐8 is increased by TNF-α 
and IFN-γ in HaCaT cells, and CS extract inhibited the increased production of TARC, MCP-1, and 
IL‐8. TNF-α and IFN-γ suppressed filaggrin expression by activating JNK. CS extract recovered the 
expression of filaggrin decreased by TNF-α and IFN-γ by blocking the activation of JNK. In vivo 
experiment, CS administration reduced thickening of the epidermis and infiltration of inflammatory 
cells into the dermis as compared to DNCB treatment. Moreover, the decrease of filaggrin 
expression due to DNCB treatment was recovered by CS administration. The serum IgE level was 
decreased by CS treatment. The levels of IL-4, IL-5, IL-13 and eotaxin in mouse splenocytes 
increased after treatment with concanavalin A, and the secretions of IL-4, IL-5, IL-13 and eotaxin 
were lower in the CS-treated group than in the DNCB group. These results may contribute to the 
development of a CS-based drug for the treatment of atopic dermatitis. 
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Introduction 
Atopic dermatitis (AD) is a chronic pruritic and 

inflammatory skin disease. The prevalence of AD has 
increased markedly in the world and is associated 
with hypersensitivity to environmental factors, 
allergens, immunological dysregulation, and genetic 
abnormality [1, 2]. Approximately, 70% of patients 
suffering from AD show with extrinsic type of AD. 

They have increased serum IgE level, which contains 
antibody to a variety of food and allergens [3]. AD is 
caused by an increase in T helper 2 lymphocytes and 
eosinophils, and by defect of skin barrier proteins 
including filaggrin, loricrin and involucrin [4-6]. 
Filaggrin is an essential skin barrier protein in the 
epidermis with external and internal stimulation on 
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the homeostasis of the skin [7, 8]. Destruction of 
filaggrin is related to development and aggravation of 
AD, and such destruction results in inflammatory 
responses accompanied by erythema, itchiness, and 
scratching of the skin [9]. 

Chaenomeles sinensis Koehne (CS), a member of 
the Rosaceae family, is used as an herb in Korea and 
China for the treatment of throat diseases, 
anaphylaxis, viral infection, and neurodegenerative 
diseases [10-13]. It has also been reported in anti- 
pruritic and anti-inflammatory activities and in the 
inhibition of oxidative damage due to free radical [14, 
15]. In this study, we investigated the inhibitory effect 
of CS on the expression of skin barrier proteins and 
cytokine secretion in vitro and in vivo. 

Materials and methods 
Preparation of CS extract 

Whole CS plants (30g) were dried and incubated 
with DMSO for 24 h at room temperature. The 
complete CS extracts (voucher specimens No. 029-038) 
were used in the present study.  

Cell culture 
Human keratinocytic HaCaT cells were cultured 

in Iscove's medium and Dulbecco's modified Eagle's 
medium supplemented with 10% fetal bovine serum 
and antibiotics. The cultured cells were maintained at 
sub-confluency in a 95% air, 5% CO2 humidified 
atmosphere at 37°C. 

MTT assay 
Cell viability was assayed based on the 

conversion of 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) by using a cell 
proliferation kit (Roche Korea, Seoul, Korea). HaCaT 
cells in 100 μL culture medium were seeded into a 
96-well plate, and CS extract was added to the wells at 
concentrations ranging between 10 and 50 μg/mL. 
Following incubation for 48 h at 37°C, 10 μL MTT 
solution was added, followed by incubation for 4 h. 
Solubilization solution (100 μL) was added to the 
wells and following 24 h incubation, absorbance was 
measured at 550 nm by using an ELx808 
enzyme-linked immunosorbent assay (ELISA) reader 
(Bio-Tek Instruments, Winooski, VT, USA). 

ELISA 
After pre-stimulation with CS extract, HaCaT 

cells were treated with TNF-α and IFN-γ. Splenocytes 
were pre-treated with or without CS and then 
stimulated with 1 μg/mL concanavalin A (Merck, 
Kenilworth, NJ, USA) for 24 h and 48 h. Cell 
supernatants were collected and the concentrations of 
TARC, IL-6, IL-8, MCP-1, IL-4, IL-5, IL-13, and eotaxin 

were measured in the supernatant by sandwich 
ELISA (BD Biosciences, San Jose, CA, USA and R&D 
Systems).  

Western blotting 
The cells were lysed in CETi lysis buffer 

(TransLab) for 30 min, after which the lysate was 
centrifuged and the supernatant was collected. The 
total protein concentration of the lysate was evaluated 
using a BCA protein assay kit (Thermo Scientific) 
standardized to BSA, as per the manufacturer’s 
instruction. Estimated cell lysates were then resolved 
by SDS-PAGE and transferred to nitrocellulose 
membranes. The blots were incubated with antibodies 
against filaggrin, phospho-JNK (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), involucrin, or 
loricrin (Proteintech, Rosemont, IL, USA), and 
subsequently incubated with HRP-conjugated 
secondary antibodies, including goat anti-rabbit or 
rabbit anti-mouse antibodies. Finally, the blots were 
developed using an enhanced chemiluminescence 
detection system (Thermo Scientific) and visualized 
by Chemidoc (Bio-Rad).  

Atopic dermatitis induction and CS 
administration in NC/Nga mice  

Female 5-week‐old NC/Nga mice (25 ± 2 g) (SLC 
Japan, Shizuoka, Japan) were used in this experiment. 
They were housed in an air‐conditioned animal 
experiment room with a room temperature and a 50 ± 
10% humidity. Before AD induction, the dorsal hair of 
NC/Nga mice was shaved off. There was not any sign 
of skin damage. AD was induced by stimulation with 
2,4‐dinitrochlorobenzene (DNCB, Merck). A 1% 
DNCB solution (0.15 mL) dissolved in an acetone–
olive oil mixture (acetone:olive oil = 3:1) was applied 
to the shaved dorsal skin area. After this initial 
sensitization treatment, the mice were dorsally treated 
with 0.3% DNCB at 1 week intervals for 5 weeks. The 
NC/Nga mice were classified into four groups; 
untreated, control, CS, and dexamethasone (DEX) 
groups. The control, CS, and DEX groups were 
dorsally treated with 1% DNCB and thereafter were 
dorsally administered with 0.3% DNCB for 12 weeks. 
The control, CS, and DEX groups had 
phosphate-buffered saline (PBS), CS extract (100, 200, 
500 μg /kg), and DEX (5 mg/kg), respectively, 
applied to the same area of dorsal skin for 7 weeks 
after sensitization with 0.3% DNCB. The untreated 
group was treated with PBS. The severity of 
dermatitis was assessed macroscopically in a blinded 
fashion according to our previous paper (Lee et al., 
2012). Experimental procedures were approved by the 
Institutional animal care and use committee, Eulji 
University. 
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Histological analysis 
After sacrificing the mice, the dorsal skin was 

separated and fixed in Carnoy's solution, embedded 
in paraffin (Merck) and sectioned. The tissue sections 
were then stained with hematoxylin-eosin solution or 
alcian blue (Merck). Finally, the sections were 
examined by using light microscopy (Leica 
Microsystems, Wetzlar, Germany) for histological 
evaluation. For immunohistochemical staining, we 
performed on 4 μm-thick paraffin sections with an 
automated tissue staining system of Ventana Medical 
Systems Inc. (TuPTon, AZ, USA). The sections were 
placed on SuperfrostPlus microscope slides (Fisher 
Scientific, Madison, WI, USA). An OptiView DAIHC 
Detection Kit (Ventana Medical Systems) was used as 
a 3,3′-diaminobenzidine (DAB) for detecting anti-
bodies. Sections were deparaffinized with EZ Prep 
solution. CC1 standard (Tris/Borate/EDTA, pH 8.4) 
was used for antigen retrieval. Slides were incubated 
with anti-filaggrin, anti-involucrin or anti-loricrin 
antibody (Santa Cruz Biotechnology) after which they 
were incubated with OptiView HRP Multimer, HQ 
Universal Linker, and H2O2. After incubating with 
OptiView DAB and copper, they were counterstained 
and post-counterstained with hematoxylin-eosin and 
bluing reagent, respectively.  

Measurement of serum IgE level 
Blood was collected from the retro‐orbital plexus 

of the mice before euthanasia. Serum was obtained by 
centrifugation and stored at −70°C until required. 
Total IgE levels in the serum were measured by using 
a sandwich ELISA kit (R&D Systems, Minneapolis, 
MN, USA) and following the manufacturer’s 
instructions. 

Splenocyte preparation 
Mice were euthanized, and subsequently, their 

spleens were removed under aseptic conditions. 
Splenocytes were then isolated from the spleens after 
which the red blood cells were hemolyzed by using a 
red blood cell lysis solution (Merck). Splenocytes were 
seeded in a 24-well plate at a concentration of 5 × 106 
cells/mL in RPMI-1640 medium with 1% 
penicillin-streptomycin and 10% fetal bovine serum 
(Gibco-BRL, Grand Island, NY, USA). 

Measurement of alanine aminotransferase and 
aspartate aminotransferase 

The concentrations of alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) in the 

serum of NC/Nga mice were measured by using the 
Reitman-Frankel method and ALT and AST assay kits 
(Asan Pharm, Seoul, Korea) according to the 
manufacturer's instructions. 

Statistical analysis 
Values are expressed as the means ± standard 

deviation (SD). Intergroup differences were analyzed 
by applying the Student's t-test, using the SPSS 
software, version 18.0 (SPSS). A p < 0.05 is considered 
to indicate statistical significance. 

Results 
CS extract suppresses the decrease of filaggrin 
by blocking JNK activation due to TNF-α and 
IFN-γ 

We first investigated the optimal treatment 
concentration of CS extract in HaCaT cells. CS extract 
had no cytotoxic effect on HaCaT cells because cell 
viability was not altered after treatment with CS 
extract at concentrations ranging from 10 ug/mL to 50 
ug/mL for 48 h (Fig. 1A). Since alteration of skin 
barrier proteins is essential in the pathogenesis of AD, 
we investigated whether CS extract alters filaggrin 
expression. TNF-α and IFN-γ suppressed the 
expression of filaggrin. The decreased expression was 
recovered by CS extract (Fig. 1B). Expression of 
loricrin and involucrin was not altered by TNF-α and 
IFN-γ, and CS extract. As shown in Fig. 1C and 1D, 
JNK was phosphorylated by TNF-α and IFN-γ in a 
time-dependent manner, and the decreased 
expression of filaggrin due to TNF-α and IFN-γ was 
recovered by SP600125. Since alternation of filaggrin 
production by TNF-α and IFN-γ is involved in JNK 
activation, we examined the effect of CS on JNK 
phosphorylation. CS suppressed JNK activation 
induced by TNF-α and IFN-γ stimulation (Fig. 1E). 
These results indicate that CS extract may upregulate 
the expression of filaggrin under conditions like 
atopic dermatitis. 

CS inhibits the cytokine secretion of HaCaT 
cells 

Since cytokine secretion plays an important role 
in inflammatory responses, we investigated the 
alteration of cytokine release after exposure to CS. 
Treatment with TNF-α and IFN-γ increased the 
secretion of TARC, MCP-1, and IL-8 (Fig. 2). CS 
decreased the release of TARC, MCP-1, and IL-8 that 
had been increased by IFN-γ and TNF-α stimulation. 
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Figure 1. CS recovers the decrease of filaggrin induced by TNF-α and IFN-γ treatment by inhibiting the activation of JNK. (A) HaCaT cells were incubated in 
the absence (medium alone) or presence of CS extract at the indicated concentrations for 48 h. Survival rate was measured by performing MTT-based viability assay. Data are 
presented as a mean ± SD of three independent experiments and expressed as a relative ratio to the absorbance of untreated cells, which was set at 100%d. (B) HaCaT cells were 
preincubated in the absence and presence of CS at the indicated concentrations for 1 h. The cells were then incubated with 10 ng/mL TNF-α and IFN-γ for 48 h. The harvested 
cells were lysed, and filaggrin, loricrin and involucrin were analyzed by western blotting. (C) HaCaT cells were treated with TNF-α and IFN-γ in a time-dependent manner. The 
harvested cells were lysed and phospho-JNK was analyzed by western blotting. (D) HaCaT cells were pretreated for 1 h with or without 20 µM SP600125 (SP), after which the 
cells were treated with 10 ng/mL TNF-α and IFN-γ for 48 h. The harvested cells were lysed and filaggrin was analyzed by western blotting. (E) HaCaT cells were pretreated for 
1 h with or without CS extract, after which the cells were treated with 10 ng/mL TNF-α and IFN-γ for 1 h. The harvested cells were lysed and phospho-JNK was analyzed by 
western blotting. The membrane was stripped and reprobed with anti-ERK2 or anti-JNK antibody as an internal control. Densitometric data are expressed as a mean ± SD and 
are presented relative to the negative control, which was set at 1 (right panels of B, C, D and E). *P < 0.05 and **P < 0.01 indicate a significant difference between the untreated 
and TNF-α and IFN-γ-treated group or between the TNF-α and IFN-γ-treated group and the CS or inhibitor-treated group. 
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Figure 2. CS suppresses the cytokine production of HaCaT cells. HaCaT cells were pretreated in the absence or presence of CS extract at the indicated concentrations. 
Cells were treated with 10 ng/mL TNF-α and IFN-γ for 24 h. The supernatant was collected and analyzed by using ELISA. Data are presented as the mean ± SD of three 
independent experiments. *P < 0.05 and **P < 0.01 indicate a significant difference between untreated and TNF-α and IFN-γ-treated groups or between the TNF-α and 
IFN-γ-treated group and the CS-treated group. 

CS extract inhibits the aggravation of atopic- 
like skin lesion and decreases histopathological 
features in DNCB-induced AD mice 

For evaluating the suppressive effect of CS 
eactract in the pathogenesis of AD, we performed the 
pre-clinical, histological, and serological analyses. 
NC/Nga mice were administered with DNCB for 5 
weeks and thereafter PT extract was treated to the 
mice for 7 weeks. CS administration recovered the 
increase of a skin symptom severity score due to 
DNCB as compared to the control group, and the 
score of the CS-treated group was comparable to that 
of the DEX-treated group (Fig. 3A). The body weight 
of the CS-treated group was similar to that of the 
control group (Fig. 3B). Histological evaluation 
displayed hypertrophy, hyperkeratosis of the 
epidermis and infiltration of inflammatory cells in the 
control group (Fig. 3C). However, administration of 
CS extract relieved the histopathological alteration in 
a fashion comparable to the dexamethasone group. 
The level of serum IgE was higher in the control 
group than in the untreated group, while CS 
treatment blocked the increased IgE concentration in 
serum (Fig. 3D). The serum AST and ALT were not 
altered in the CS-treated group as compared to those 
in the untreated group (Fig. 3E). 

CS extract increases the expression of filaggrin 
in skin of NC/Nga mice 

We conducted both immunohistochemical 
staining and western blotting in order to investigate 
the effect of CS extract on filaggrin expression in the 
mice. As shown in Fig. 4A and B, CS administration 
recovered the decrease of filaggrin expression in 
epidermis. The filaggrin expression due to CS 
treatment was associated with inhibiting JNK 
phosphorylation, despite the suppression of JNK was 
not clearly shown in the CS (200 μg/kg)-treated group 
(Fig. 4C). In addition, CS extract weakly reduced the 
expression of loricrin and had no effect on involucrin 
(Fig. 4A and 4B).  

CS extract suppresses inflammatory cytokines 
produced from splenocytes 

Since CS extract regulates cytokine production in 
HaCaT cells as shown in Fig. 1B, we evaluated 
whether the anti-inflammatory effects of CS in 
DNCB-induced mice is related to cytokine release of 
splenocytes. The synthesis of cytokines such as IL-4, 
IL-5, IL-13, and eotaxin increased in splenocytes of the 
control group, but the increased cytokines was 
diminished in splenocytes of the CS-treated group 
(Fig. 5). These results indicate that CS treatment 
regulates the expression of cytokines and chemokines 
in the clinical state of AD. 
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Figure 3. CS extract reduces the severity of atopic-like lesions and decreases the histopathological features in DNCB-induced AD mice. The mice were divided into four groups: 
Untreated, control (Con), CS, and DEX. The control, CS, and DEX groups were dorsally administered with 1% DNCB and then dorsally treated with 0.3% DNCB. CS was 
administered orally at concentrations of 100, 200, and 500 µg/kg. DEX was administered orally at 5 mg/kg. (A) The severity of dermatitis was evaluted macroscopically in a 
blinded experiment. (B) Mouse mean body weight was measured by using an electric scale. Data are presented as a mean ± SD. (C) For histological analysis, the dorsal skin was 
fixed, embedded in paraffin, sectioned, stained with hematoxylin-eosin and alcian blue, and examined by using light microscopy (magnification, ×100). (D) Total serum IgE levels 
were measured by using sandwich ELISA kits. (E) The levels of AST and ALT were measured in the serum of NC/Nga mice by using the Reitman-Frankel method and ALT and 
AST assay kits. Data are presented as a mean ± SD. *P < 0.05 and **P < 0.01 indicate a significant difference between the untreated and control groups or between the control 
and CS-treated groups. 
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Figure 4. CS extract enhances the expression of filaggrin in skin of NC/Nga mice. (A) For filaggrin analysis, skin sections were fixed, embedded in paraffin, and stained 
with immunohistochemical stains. The samples were examined by using light microscopy (magnification, ×100). (B) Filaggrin, loricrin, and involucrin as well as phospho-JNK, in 
the dorsal skin were analyzed by western blotting. Densitometric data are expressed as means ± SD and are presented relative to the negative control, which was set at 1 (lower 
panels of B and C). *P < 0.05 and **P < 0.01 indicate a significant difference between the untreated and control groups or between the control and CS-treated groups. 

 

Discussion  
CS is used as a medicinal herb for the treatment 

of cough, pain, inflammation and itching in Korea, 
Japan, and China. AD, also known as eczema, is a 
common inflammatory skin disease and it is 
characterized by a variety of inflammatory responses 

such as cytokine production and cell infiltration into 
the skin [16, 17]. On that basis, we investigated the 
anti-inflammatory effect of CS on the pathogenesis of 
AD and the possibility of using CS extract in a 
therapeutic drug for the treatment of AD.  
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Figure 5. CS extract reduces inflammatory cytokine release from splenocytes. Splenocytes were isolated from NC/Nga mice of the untreated, control (Con), and CS 
groups. Subsequently, the cells were treated with 1 µg/mL concanavalin A for 24 h and 48 h. Supernatants were collected and analyzed by ELISA. Data are presented as means 
± SD. *P < 0.05 and **P < 0.01 indicate a significant difference between the untreated and control groups or between the control and CS-treated groups. *P < 0.05 and **P < 
0.01 indicate a significant difference between the untreated and control groups or between the control and CS-treated groups. 

 
Alteration of cytokine secretion, particularly the 

Th1/Th2 cytokines and chemokines, is one of the 
critical causes of AD [18, 19]. In human keratinocytic 
HaCaT cells, CS extract decreased the expression of 
cytokines such as TARC, MCP-1, and IL-8 induced by 
TNF-α and IFN-γ (Fig. 2). In AD-like NC/Nga mice, 
the CS-treated group, after treatment with 
concanavalin A for 24 h and 48 h, displayed lower 
production of Th2 cytokines such as IL-4, IL-5, and 
IL-13, and a chemokine, eotaxin, than the production 
levels in the control group (Fig. 5). Because IL-4, IL-5, 
and IL-13 are involved in up-regulation of IgE 
production, CS may lower serum IgE level by 
blocking Th2 cytokine production (Fig. 3D) [20]. The 
main chemical compositions of CS contain organic 
acid, triterrpenes, flavonoids and polyphenols. 
Oleanolic acid and ursolic acid, two major triterpene 
acids in CS, are effective on hepatoprotection, 
anti-inflammation, anti-tumor-promotion, antioxi-
dant, and anti-hyperlipidemia [21-24]. The alteration 
of cytokine expression in our results may be caused 
by these anti-inflammatory chemicals included in CS 

extract. 
Deficiency of skin barrier proteins are essential 

for the development of AD. Filaggrin expression 
decreased by TNF-α and IFN-γ is related to activation 
of JNK, and CS stimulation increased filaggrin 
expression by blocking activation of JNK in contrast to 
other reports (Figs. 1 and 4) [25, 26]. These results 
indicate that JNK is a key molecule that controls 
filaggrin expression. JNK is also associated with 
Egr-1-dependent TSLP expression induced by IL-33 
and volatile organic compounds [27, 28]. Because JNK 
is an important signal protein in the pathogenesis of 
AD [29], further study is required to investigate more 
concise mechanism related to JNK activation due to 
CS. Although loricrin and involucrin are two 
important proteins in skin barrier function, CS altered 
the expression of filaggrin, but was not clearly 
effective on loricrin and involucrin expression (Figs. 1 
and 4) [30].  

Nc/Nga mice were not maintained in SPF cond-
itions for triggering AD lesion, and the mice were 
treated with DNCB, consistent with previous papers 
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[31. 32]. The DNCB-treated control group showed 
increased clinical skin symptom severity, serum IgE 
level, and infiltration of inflammatory cells into skin 
lesions (Figs. 4 and 5). The CS-treated group dis-
played a low skin symptom severity score, a low 
serum IgE level, and alleviation of histopathological 
features such as movement of inflammatory cells and 
epidermis hypertrophy, compared to those in the 
control group. Body weight of CS is similar to the 
weight of the control group, although Dex treatment 
diminished the body weight of the mice. These results 
are comparable to the effects of other herbs and 
substances described in other papers [5, 33. 34]. Taken 
together, these results indicate that CS extract has the 
potential for use as a therapeutic drug for the 
treatment of AD. 
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