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Abstract

In this study, we investigated the therapeutic potential of Cinnamomum camphora leaves on allergic skin inflam-

mation such as atopic dermatitis. We evaluated the effects of C. camphora leaves on human adult low-calcium

high-temperature keratinocytes and atopic dermatitis mice. C. camphora leaves inhibited Macrophage-derived

chemokine (an inflammatory chemokine) production in interferon-γ (10 ng/mL) stimulated Human adult low-cal-

cium high-temperature keratinocytes in a dose dependent manner. C. camphora leaves suppressed the phosphory-

lation of janus kinase signal transducer and activator of transcription 1. C. camphora leaves also suppressed the

phosphorylation of extracellular signal-regulated kinase 1/2, a central signaling molecule in the inflammation pro-

cess. These results suggest that C. camphora leaves exhibits anti-inflammatory effect via the phosphorylation of

signal transducer and activator of transcription 1 and extracellular signal-regulated kinase 1/2. To study the

advanced effects of C. camphora leaves on atopic dermatitis, we induced experimental atopic dermatitis in mice

by applying 2,4-dinitrochlorobenzene. The group treated with C. camphora leaves (100 mg/kg) showed remark-

able improvement of atopic dermatitis symptoms: reduced serum immunoglobulin E levels, smaller lymph nodes

with reduced thickness and length, decreased ear edema, and reduced levels of inflammatory cell infiltration in the

ears. Interestingly, the effects of C. camphora leaves on atopic dermatitis symptoms were stronger than those of

hydrocort cream, a positive control. Taken together, C. camphora leaves showed alleviating effects on the inflam-

matory chemokine production in vitro and atopic dermatitis symptoms in vivo. These results suggest that C. cam-

phora leaves help in the treatment of allergic inflammation such as atopic dermatitis.
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INTRODUCTION

Allergic skin inflammation such as atopic dermatitis

(AD) is characterized by skin barrier dysfunction, edema,

and infiltration of various types of inflammatory cells. AD

is a chronic skin disease associated with skin hyper-reac-

tivity, including edema and itching, which affects approxi-

mately 10-20% of children and 1-3% of adults worldwide

(1). This systemic disorder is characterized by thickening

of the papillary dermis, parakeratosis, skin barrier dys-

function, epidermal hyperplasia, severe skin dehydration,

and T-cell hyper-proliferation. The skin lesions in AD

patients are characterized by the proliferation and infiltra-

tion of various inflammatory cells, mainly eosinophils,

mast cells, basophils, and T cells (2,3). Mast cells play an

important role in the inflammatory process and anaphylac-

tic reactions. Immunoglobulin (Ig) E is a crucial therapeu-

tic target for AD, as it is the major activator of mast cells,

which release histamine, tryptase, and cytokine (4).

Chemokine is a group of factors that control the activity
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of white blood cells, and serve to control the infiltration of

inflammatory cells (5). It is closely related to various

pathological processes, such as inflammation, allergy, and

infectious diseases. Furthermore, chemokine is also known

to be involved in the generation and maturation of immune

cells, and differentiation of T cells (5,6). Macrophage-

derived chemokine (MDC/CCL22) is a typical inflamma-

tory chemokine and a ligand for CC chemokine receptor 4

(CCR4), which is predominantly expressed on Th2 lym-

phocytes, basophils and natural killer cells (7,8). Previous

studies showed that the MDC level is elevated in the serum

and skin lesions of patients with AD, suggesting that kera-

tinocyte-generated chemokines are key mediators in the

drawing of inflammatory lymphocytes to the skin (9-11).

Interferon (IFN)-γ, one of the multifunctional cytokines

that have antiviral, anti-tumor, and immunomodulatory

effects, is produced predominantly in T cells and natural

killer (NK) cells (12). Upon binding to IFN-γ, the IFN-γ

receptors (IFN-γR1 and IFN-γR2) rapidly associate with

Janus tyrosine kinases (JAK) 1 and JAK2. JAK1 and JAK2

phosphorylate with one another and then subsequently

phosphorylate the IFN-γ receptor, forming a docking moi-

ety for the cytoplasmic transcription factor named signal

transducer and activator of transcription (STAT) 1, a mem-

ber of the STAT protein family (13,14). STAT1 phosphor-

ylation plays a critical role in the IFN-mediated innate

immunity to microbial infection, especially inflammatory

responses (15,16). IFN-γ also stimulates the activation of

p38, extracellular signal regulated kinase 1/2 (ERK1/2),

and nuclear factor kappa-light-chain-enhancer of activated

B cells (NF-κB) (17,18).

C. camphora (known as camphor tree) has glossy and

waxy leaves and grows in the southern part of Jeju Island

in Korea. For a long time, people in Jeju have believed

that the unique odor of camphor tree drives away demons.

Camphor oil that is extracted from the wood of camphor

trees has been used traditionally for the relief of pain and

inflammation in joints and muscles for many years (19).

Other volatile oil variants (linalool, 1,8-cineole, nerolidol,

safrole, and borneol) distilled from camphor trees exhibit

the antifungal or molluscicidal activities (20-22). In a pre-

vious study, we reported the anti-oxidative and anti-inflam-

matory effects of C. camphora leaves in the cellular levels

(23). There are few studies on the other chemical constitu-

ents of C. camphora. Therefore, in this study, the pharma-

cological effects of C. camphora on the cellular and animal

allergic inflammatory events were investigated to deter-

mine its therapeutic potential for AD.

MATERIALS AND METHODS

Reagents. C. camphora leaves extract (80% EtOH

extract, CCex) was provided from Jeju Biodiversity Research

Institute (JBRI-10135). Human interferon-γ (hIFN-γ:

recombinant E. coli) was purchased from Gibco (Grand

Island, NY, USA), and MDC enzyme linked immunosor-

bent assay (ELISA) duoset kit was obtained from R&D

system (St. Louis, MO, USA). Anti-STAT1 antibody was

purchased from Santa Cruz Biotechnology (Santa Cruz,

CA, USA). Anti-phospho-STAT1 antibody was purchased

from Cell signaling (Beverly, MA, USA), and anti-β-actin

antibody, Epigallocatechingallate (EGCG) was obtained

from Sigma Chemical Co (St. Louis, MO, USA). Dini-

trochlorobenzene (DNCB) was purchased from Tokyo Kasei

Kogyo (Tokyo, Japan). All other chemicals and reagents

were of reagent grade.

Experimental animals. BALB/c mice (female, 7-

weeks-old) were purchased from Orient Bio (Orient Bio

Inc., Seongnam, Korea) and maintained under pathogen-

free conditions in the animal facility of Jeju National Uni-

versity. All animal experiments were approved by the Jeju

National University Animal Care and Use Committee.

DNCB application to induce AD. Mice were divided

into four groups (n = 8 per group): saline (normal), AD

(induction-only), AD + Hydrocort cream, and AD + CCex.

Mice were sensitized by applying 1% 2,4-dinitrochloroben-

zene (DNCB) or vehicle on their abdomen as the first sensiti-

zation (day-7). On day 0, mice were challenged again by

applying 0.3% DNCB to the ears on every other day for up to

30 days. Starting on day 12, the mice were treated with hydro-

cort cream (Green Cross, Yongin, Korea) containing 2 mg/g

hydrocortisone valerate and CCex (10 and 100 mg/kg) on

their ears every other day. The mice were sacrificed on day 31.

Cell culture and cell viability. Human adult low-cal-

cium high-temperature (HaCaT) keratinocyte was obtained

from the Amore Pacific Company (Gyeonggi, Korea). The

cells were cultured in RPMI 1640 medium supplemented

with 10% fetal bovine serum (FBS) and 100 U/mL peni-

cillin-streptomycin. The cells were maintained at 37oC in

an incubator with a humidified atmosphere of 5% CO2.

Cell viability was determined using an EZ-cytox-enhanced

cell viability assay kit (itsBIO, Seoul, Korea) following

the manufacturer’s protocol. Briefly, cells were seeded

into the wells of a 96-well plate and treated with IFN-γ

(10 ng/mL) in the absence or presence of CCex for 24 hr.

A solution of 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-

disulfophenyl)-2H tetrazolium (WST) was added to each

well and incubated for 1 hr in an incubator. Then, the

absorbance of each well was measured at 450 nm with a

VersaMax ELISA microplate reader (Molecular Devices

Inc., Sunnyvale, CA, USA).

Enzyme-linked immunosorbent assays (ELISA).
Secretion of the MDC protein into the supernatant of cul-

tured cells was measured by using an ELISA kit (R&D
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Systems Inc., Minneapolis, MN, USA) according to the

manufacturer’s instructions. Briefly, HaCaT cells were

stimulated with IFN-γ in the presence of CCex for 24 hr.

The cell culture medium was transferred to a 96-well culture

plate coated with MDC antibody and treated according to the

manufacturer’s (R&D Systems) instructions. Absorbance at

450 nm was recorded by using the VersaMax ELISA micro-

plate reader (Molecular Devices, Sunnyvale, CA, USA).

Western blot analysis. The cells were washed twice

with ice-phosphate buffered saline (PBS). The cells were

disrupted in the lysis buffer (iNtRON Biotechnology,

Gyeonggi, Korea) for 30 min on ice. Protein of the super-

natants was quantified via the Bradford assay (Bio-rad,

Herculers, CA, USA). Aliquots of the lysates were sepa-

rated on a NuPAGE 4-12% bis-Tris gel (Invitrogen, Carls-

bad, CA, USA). The proteins were transferred onto a

polyvinylidene difluoride (PVDF) membrane using an

iBlot gel transfer device (Invitrogen). Then membranes

were blocked with 5% non-fat skim milk solution diluted

Tween 20-tris buffered saline (TTBS), and the mem-

branes were incubated with primary antibodies diluted in

1% bovine serum albumin (BSA)-TTBS buffer at 4oC

overnight. After washing, the membrane was incubated

with secondary HRP-linked anti-rabbit or anti-mouse IgG

respectively for 90 min at room temperature. After wash-

ing again, immune active proteins were determined with

WEST-ZOL (plus) western blot detection system (iNtRON

Biotechnology) according to the manufacturer’s instructions.

Macroscopic edema and histology. In the experi-

mental AD mouse model, DNCB stimulation elicited ear

edema, and ear thickness was measured using a Digital

Thickness Gauge (Mitutoyo, Kawasaki, Japan). Ear tis-

sues were fixed in 10% formalin, and then embedded in

paraffin. Paraffin sections (3 μM each) were stained with

by hematoxylin and eosin (H&E).

Statistical analysis. Quantity One version 4.2.1 (Bio-

Rad) and Image-Pro plus version 4.5 software (Media Cyber-

netics, Silver Spring, MD, USA) were used to transform

images into numerical values. Student’s t-test and two-way

analysis of variance were used to determine the statistical sig-

nificance of differences between experimental and control

groups. Data are shown as mean ± standard deviation. P-

values less than 0.05 were considered statistically significant.

RESULTS

Effect of CCex on the MDC production in the IFN-γ-
stimulated HaCaT keratinocytes. We first examined

the cell cytotoxicity of CCex against HaCaT cells. The

cells were treated with different concentrations of CCex

(12.5, 25, 50, and 100 μg/mL) for 24 hr. Cell viability was

determined using the EZ-cytox-enhanced cell viability

assay kit (itsBIO). As shown in Fig. 1A CCex did not

exhibit cytotoxicity to HaCaT keratinocytes at the assayed

concentrations. Then, we evaluated the inhibitory effect of

CCex on inflammatory chemokine (MDC) production in

IFN-γ (10 ng/mL)-stimulated HaCaT keratinocytes. Results

showed that CCex suppressed the production of MDC by

IFN-γ in a concentration-dependent manner (Fig. 1B).

Effect of CCex on the phosphorylation of STAT1 in
IFN-γ-stimulated HaCaT keratinocytes. STAT1 pro-

tein is a crucial and specific regulator of IFN-γ-induced

signals that control the transcription of target genes,

including MDC (13,14,24,25). Therefore, we assayed the

effect of CCex on the activation of STAT1 in IFN-γ-

treated HaCaT keratinocytes, and detected a high level of

phosphorylated STAT1 15 min after cytokine treatment.

The pretreatment of cells with CCex for 120 min sup-

pressed STAT1 (tyrosine 701 and serine 727) phosphory-

lation in a dose dependent manner (Fig. 2).

Effect of CCex on the phosphorylation of ERK1/2 in
IFN-γ-stimulated HaCaT keratinocyte. The mitogen-

activated protein kinase (MAPK)s pathway is reportedly

Fig. 1. Effect of CCex on the MDC production in the IFN-γ-
stimulated HaCaT keratinocytes. (A) Cells (1.5 x 105 cells/mL) were
pre-incubated for 18 hr, and then treated with IFN-γ (10 ng/
mL) in the presence or absence of CCex for 24 hr (12.5-100 μg/
mL). Cell viability was determined by the WST assay. (B) Cells
(1.5 × 105 cells/mL) were pre-incubated for 18 hr and then treated
with CCex (12.5-100μg/mL) in the presence of IFN-γ (10 ng/
mL) for 24 hr. The amounts of MDC were measured from the
culture supernatants by ELISA. EGCG was used as a positive
control. Data are the mean ± SD of three independent experi-
ments. **p < 0.01 and ***p < 0.001 vs. CCex-untreated cells in
the presence of IFN-γ.
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involved in the production of inflammatory chemokines,

and IFN-γ activates the receptor-associated MAPKs depend-

ing on the cell type (17,18). Thus, we investigated the

involvement of these signaling kinases in IFN-γ-induced

MDC production in HaCaT cells. We first determined the

time dependent activation of three MAPKs (ERK1/2, c-

jun N-terminal kinase (JNK), and p38) after IFN-γ treat-

ment. IFN-γ induced the phosphorylation of ERK1/2 at 5

min, whereas there was no effect on the phosphorylation

of JNK and p38 (data not shown). Then we examined the

inhibitory effect of CCex on ERK1/2 activation in IFN-γ-

stimulated HaCaT cells. As shown in Fig. 3, CCex sup-

pressed the ERK1/2 phosphorylation at the concentrations

of 25, 50, and 100 μg/mL.

CCex decreases serum IgE level. To induce AD exper-

imentally, mice were subjected to initial sensitization with

1% DNCB on the abdomen. They were then resensitized

by applying 0.3% DNCB to the ears every other day for

up to 31 days. Starting on day 12, the mice were treated

with hydrocortisone cream and CCex (10 and 100 mg/kg)

on the ears every other day. All mice were sacrificed on

day 31 (Fig. 4A). IgE is a crucial therapeutic target for

AD, as it is the major activator of mast cells, which release

histamine, tryptase, and cytokine (4). Therefore, we mea-

sured serum IgE levels in mice with dermatitis by using

ELISA method. The CCex-treated group showed signifi-

cantly decreased levels of IgE (p < 0.05) compared with

the induction group (Fig. 4B).

CCex alleviates the development of experimental
AD. The skin lesions associated with AD are character-

ized by infiltration of various inflammatory cells (26,27).

Fig. 2. Effect of CCex on the phosphorylation of STAT1 in IFN-γ-stimulated HaCaT keratinocytes. (A) Cells (5.0 × 105 cells/mL) were
pretreated with CCex (12.5-100μg/mL) for 120 min and stimulated with IFN-γ (10 ng/mL) for 120 min. The levels of phosphorylated
STAT1 (Tyr701, Ser727) were assessed by Western blotting from whole cell lysates. (B, C) Data represent the density ration of STAT 1
(Tyr701) and STAT1 (Ser727) phosphorylation in IFN-γ-stimulated HaCaT keratinocytes. EGCG was used as a positive control.

Fig. 3. Effect of CCex on the phosphorylation of ERK1/2 in
IFN-γ-stimulated HaCaT keratinocyte. (A) Cells (5.0 × 105 cells/
mL) were pretreated with CCex (12.5-100μg/mL) for 120 min
and stimulated with IFN-γ (10 ng/mL) for 5 min. The levels of
phosphorylated ERK1/2 were assessed by Western blotting from
whole cell lysates. (B) Data represent the density ratio of ERK1/
2 phosphorylation in IFN-γ-stimulated HaCaT keratinocytes.
PD98059 (ERK1/2 inhibitor) was used as a positive control.
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Therefore, we determined whether CCex treatment allevi-

ates the inflammatory cell infiltration in the ears of AD

mice. We also tested skin swelling as a measure of AD

progression. We found that cutaneous edema in CCex -

treated mice was reduced on day 29 (p < 0.05) compared

with that in the induction-only mice (Fig. 5A, 5B). We

next examined the effect of CCex on the infiltration of

inflammatory cells by H&E staining of ear tissue sec-

tions. Epidermal thickness and the degree of inflamma-

tory cell infiltration were significantly lower in the CCex-

treated group than in the induction group (Fig. 5C).

Lymph node (LN)s play a crucial role in cell-mediated

immunity by regulating the activity of T and B cells (28).

Therefore, we examined the morphologic changes in the

LNs of AD mice. The LNs of mice in the induction-only

group were quite swollen, whereas those in CCex-treated

mice were smaller (Fig. 5D).

DISCUSSION

MDC/CCL22 is a key mediator in drawing inflamma-

tory lymphocytes to the skin, and resulting in skin inflam-

mation (9-11). In the present study, C. camphora leaves

(80% EtOH extract, CCex) potentially inhibited MDC

production in IFN-γ-stimulated HaCaT keratinocytes.

CCex did not show any effect on the production of inter-

Fig. 4. CCex decreases serum IgE level. (A) Mice were sensi-
tized by applying 1% DNCB or vehicle on their abdomen as
the first sensitization (day-7). On day 0, mice were challenged
again by applying 0.3% DNCB to the ears on every other day
for up to 30 days. Starting on day 12, the mice were treated
with hydrocort cream and CCex (10 and 100 mg/kg) on their ears
every other day. The mice were sacrificed on day 31. (B) After
sacrifice, the IgE in mouse serum was measured by ELISA. Val-
ues represent the mean ± SD. ***p < 0.001 compared to mice
stimulated with DNCB alone (induction group).

Fig. 5. CCex alleviates the development of experimental AD. (A) Photos of the ears. (B) Ear thickness at indicated days. (C) Paraffin-
embeded sections of ear tissue stained with hematoxylin and eosin. (D) Photos of the lymph nodes (LNs). Values represent the
mean ± SD. ***p < 0.001 compared to mice stimulated with DNCB alone (induction group).



284 N.-J. Kang et al.

leukin (IL)-6 and tumor necrosis factor (TNF)-α, major

inflammatory cytokines in LPS-induced macrophages (data

not shown). These results suggest that CCex has effective

components acting on skin keratinocytes. Hence, we

assayed the inhibitory effects of four available compo-

nents (camphor, cineole, nerolidol and linalool) of C. cam-

phora on MDC production in IFN-γ stimulated HaCaT

keratinocytes. All tested components did not show any

effect on the MDC production (data not shown).

To identify the mechanism by which CCex inhibits

MDC production, we investigated the phosphorylation of

intracellular signaling molecules related to immune responses

in skin cells. The JAK-STAT signal pathway is induced by

IFN-γ, an important mediator of immunity and inflamma-

tion. Hald et al reported that Tyr701 and Ser727 expres-

sion of STAT1 is increased in psoriatic skin lesion (29).

Furthermore, IFN-γ activates the MEK/ERK signal path-

way (30,31), and a previous study suggested that ERK1/2

is related to STAT1 activation induced by IFN-γ. In partic-

ular, Ser727 phosphorylation of STAT1 was attributed to

the inhibition of ERK (32). CCex suppressed the phosphor-

ylation of STAT1 (Tyrosine 701 and Serine 727 residues)

in a dose dependent manner. CCex (12.5-100 μg/mL) also

suppressed the phosphorylation of ERK1/2, a central sig-

naling molecule in the inflammation process. EGCG, an

active ingredient of green tea, is known to be a potent

STAT1 inhibitor (33). In the present study, EGCG (10 μM)

potentially inhibited STAT1 (Tyr701 and Ser727 residues)

phosphorylation after 2 hr treatment and then MDC pro-

duction after 24 hr treatment. These results suggest that

CCex inhibits MDC/CCL22 production via the down-reg-

ulation of STAT1 and ERK1/2 pathways in skin inflam-

mation lesions.

While a significant number of natural products are effec-

tive at the cellular level, they are often not effective when

applied to animal experiments. To study the in vivo effects

of CCex on AD, we induced experimental AD in mice by

applying of DNCB. IgE is a major therapeutic target for

AD, and IgE levels are related to the severity of AD and

associated with abnormal skin barrier (4,34). In this study,

the CCex-treated group showed significantly decreased

levels of serum IgE (p < 0.001) compared with the induc-

tion group. The cutaneous edema in CCex-treated mice

was reduced on day 29 (p < 0.001) compared with that

observed in the induction mice. Furthermore, epidermal

thickness and the degree of inflammatory cell infiltration

were significantly lower in the CCex-treated group than in

the induction group. LNs are located throughout the body

and are related to site initiated pathogenic antigens. LNs

also act as a secondary lymphoid organ, so that the rare

antigen-specific immune cells can increase their contact

with their cognate antigen (35,36). Our results showed that

the LNs in mice in the induction group were quite swol-

len, whereas those in CCex-treated mice were smaller.

Hence, CCex alleviated the pathologic symptoms in AD

mice.

In conclusion, CCex inhibited the production of MDC, a

principal chemokine in skin inflammation via down-regu-

lation of STAT1 and ERK1/2 signaling and improved sev-

eral symptoms (ear edema, serum IgE levels, histological

change, lymph node size) in mice AD. These results sug-

gest that C. camphora leaves help in the treatment of aller-

gic inflammation such as AD.
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