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Combination therapy is often used in the treatment of atopic dermatitis (AD) to improve clinical efficacy or to
spare the dose of each drug. Cyclosporine A (CsA) is a calcineurin inhibitor that was developed for the treat-
ment of AD. Glucosamine (Glu) is a potent immunosuppressant that inhibits Th2-mediated immunity. We
previously reported that Glu has an ameliorative effect on the development of the pathology in NC/Nga
mice. The aims of our study were to investigate the therapeutic efficacy of combination of Glu and low-
dose CsA in dermatophagoides farina (Df)-induced AD-like skin lesions in NC/Nga mice and to determine
the underlying therapeutic mechanisms. The Df-induced NC/Nga mice with a clinical score of 7 were used
for treatment with Glu (500 mg/kg) alone, low-dose CsA (2, 5, and 10 mg/kg) or in combination. The clinical
scores were reduced significantly by the combination treatment with Glu and low-dose CsA. The suppression
of dermatitis by combined therapy was accompanied by decrease in the plasma level of IgE and in the splenic
level of IL-4, IL-5, IL-13, TARC and eotaxin. Histological analysis of the skin also revealed that combination
treatment significantly reduced the inflammatory cellular infiltrate, including mast cells and eosinophils. Par-
ticularly, immunological evaluation reveals an increase of CD4+CD25+ Treg cells in the combined treatment.
The induction of TSLP, which leads to systemic Th2 response, was reduced in the skin on combination treat-
ment. The protein expression of filaggrin and involucrin was recovered by combination treatment in the skin
lesions, whereas the protein expression of keratin-10 and keratin-14 decreased in the combination treat-
ment. Collectively, our findings suggest that combination treatment of Glu and low-dose CsA leads to the
therapeutic effects in Df-induced AD-like skin lesion in NC/Nga mice through inhibition of IgE, inflammatory
cellular infiltrate, and recovery of skin barrier function via a mechanism that may inhibition of Th2-mediated
immune responses, in part, increment of CD4+CD25+ Treg cells. These results suggest that this combined
immunosuppressive treatment may provide important implications for the design of therapeutic strategies
aimed at AD treatment.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Atopic dermatitis (AD) is a chronically relapsing, non-contagious, and
pruritic skin disorder with allergic inflammation [1,2]. Although the
pathogenesis of AD is unclear, it thought that dysregulated T-helper 1
(Th1) and T-helper 2 (Th2) immune responses, allergen-specific IgE
predominance, and disrupted epidermal barrier function is an important
pathogenic mechanism of AD [3–5]. In addition, the presence of inflam-
matory cells such as CD4+ T cells, eosinophils, and mast cells in the
majority of patients with AD supports Th2 dominance in AD [6,7].
Some studies havedemonstrated that regulatory T (Treg) cells suppresses
ogy, Dongguk University Ilsan
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the production IgE by B cells, the production of Th2 cytokine from Th2
cells, and regulate various allergic diseases [8,9]. Therefore, it is important
to consider the balance of Th1/Th2 cytokine and Treg in patients with
immune diseases in allergic diseases such as AD.

Glucosamine (Glu) suppresses proliferation and differentiation of
unprimed CD4+ T cells and is inhibitorier toward the development
of Th2-mediated immune responses than Th1-mediated immune
responses [10]. Thus, Glu has immunosuppressive properties. We
recently reported that prophylactic treatment with Glu improved
clinical symptoms in Dermatophagoides farinae (Df)-induced NC/Nga
mice, with no apparent side effects [11]. These results suggest that
inhibitory dermatitis effect of Glu on Df-induced NC/Nga mice might
be mediated by selectively suppressing Th2-mediated immune re-
sponses and decreasing the level of IgE.

Cyclosporine A (CsA) has been shown to be effective in the treat-
ment of AD and is approved for the treatment of moderate to severe
AD [12]. However, the possibility of side effects from CsA frequently
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limits their long-term clinical treatment or do relapse after CsA treat-
ment has stopped [13]. The main side effects are renal dysfunction
and hypertension. To improve clinical efficacy, to spare the dose of
each drug, or reduce the risk of adverse effects, low-dose CsA has
been administered with other immunosuppressant therapy [14,15].
These immunosuppressive drug combination therapies may prove
superior to monotherapy with either of the agents in improving over-
all dermatological scores.

The present study investigated the therapeutic potential of Glu
and low-dose CsA in combination on AD by an in vivo experiment
performed using Df-induced dermatitis in NC/Nga mice, which is
histologically and clinically similar to AD in humans [16], and deter-
mined its underlying mechanisms of this combination therapy.

2. Materials and methods

2.1. Animals

Eight-week-old male NC/Nga mice were purchased from Shizuoka
Laboratory Animal Center (Hamamatsu, Japan) for this study. The
mice were maintained in uncontrolled conventional Laboratory Animal
Facilities at the Dongguk University School of Medicine. The animal
care and use committee of the research institute at Dongguk University
Hospital approved all described studies.

2.2. Drugs and reagents

Glu and CsA were purchased from Sigma-Aldrich Co. (St. Louis,
MO,USA) and ChongKunDang Pharmaceutical Co. (Seoul, Korea),
respectively. Df body ointment was prepared by Biostir Inc. (Kobe,
Japan). 1 g of Df body ointment contained 136.4 mg protein, 234 μg
Der f 1, and 7 μg Der f 2.

2.3. Induction of AD in the NC/Nga mice

Induction of AD using Df body ointment was performed as de-
scribed previously [11]. The hair on the backs of the NC/Nga mice
was shaved using an electric shaver, followed by treatment with a
skin-hair-remover (Niclean, Ildong, Korea). Barrier disruption was
achieved by 4% sodium dodecyl sulfate treatment on the shaved dor-
sal skin and both surfaces of each ear 3 h before Df body ointment
(100 mg/mouse) application. These procedures were repeated twice
a week for four weeks.

2.4. The administration of drugs on Df-induced NC/Nga mice

Themicewith a clinical score of 7were used for treatmentwith drug
alone or in combination. We investigated a dose response (250, 500,
and 1000 mg/kg) for Glu in the therapeutic experiment. However,
there was not any therapeutic effect in these dose–responses [data
not shown]. We recently reported that Glu (500 mg/kg) combined
with tacrolimus (FK-506) significantly showed therapeutic effects of
atopic dermatitis in NC/Nga mice [17]. Therefore, we administered
500 mg/kg of Glu in further study. The mice were divided into three
groups according to the dose of CsA: 2 mg, 5 mg, and 10 mg/kg. For
the control group, PBS was administered instead of each drug. Glu
was administered to the mice orally once a day for 4 weeks by gavage
(oral zoned needle) in water, either alone or in combination with CsA.
Each group consisted of five mice.

2.5. Scoring of skin lesions

The extent of: (1) erythema/hemorrhage, (2) scarring/dryness,
(3) edema, (4) excoriation/erosion was scored as 0 (none), 1 (mild),
2 (moderate), and 3 (severe). The total skin score was defined as the
sum of the individual scores [18].
2.6. Assay of serum IgE concentration

Mice serum was collected at one week after the final administra-
tion. The concentration of total IgE in mouse serum was measured
using ELISA kit (Yamasa, Tokyo, Japan). The ELISA was performed in
accordance with the manufacturer's instructions.

2.7. Assay of cytokines, chemokines production

One week after the final administration, single-cell suspension
were prepared from the spleen and incubated with 20 ng/mL of
Phorbol 12-Myristate 13-Acetate (PMA, sigma) and 1 μM of ionomycin
(Calbiochem, La Jolla, CA, USA) at 37 °C in 5% CO2 for 24 h. After the
incubation period, the culture supernatant was collected. The concen-
trations of IL-4, IL-5, IL-13, IFN-γ, CCL17/TARC, and eotaxin were deter-
mined using the ELISA kit (R&D System, Minneapolis, Minnesota, USA).
For measuring thymic stromal lymphopoietin (TSLP) level, the dorsal
skin of mice were removed and stored at −80 °C. Later, the skins
were homogenized using the Bullet Blender™ Blue (Next Advance,
Averill Park, NY) at 4 °C. The homogenates were then centrifuged by
10,000 rpm for 10 min, and then supernatants were stored at−80 °C.

The concentrations of TSLP were determined using the ELISA kit
(R&D System, Minneapolis, Minnesota, USA).

2.8. Flow cytometry of regulatory T cells

Single-cell suspension prepared from the spleen were stained
with FITC-anti-CD4 (GK1.5) and PE-anti-CD25 (280406) (R&D System,
Minneapolis, Minnesota, USA). Then they were incubated in the dark
for 30 min at 4 °C in PBS, 2% FBS. These samples washed twice and
analyzed using CellQuest software (Becton Dickinson).

2.9. Histological analyses

Paraformaldehyde-fixed and paraffin-embedded back skin samples
from the mice were sliced and then stained with toluidine blue and
Congo red to count the mast cells and eosinophils, respectively. The
cell density was expressed as the number of cells per five high-power
fields (×400) for each section.

2.10. Western blot analysis

Skin was harvested from the back of mice and stored at −80 °C.
The samples were homogenized by mortar and pestle and lysed in
Lysis buffer (10 mM Tris–HCl containing 50 mM NaCl, 50 mM NaF,
10 mM EDTA, 1 mM DTT, 1% Triton X-100, 0.1% SDS, 1% sodium
deoxycholate, 1 mM phenylmethylsulfonyl fluoride (PMSF), 5 mM
leupeptin, and 10 μg/ml aprotinin, pH 7.5). Equal amounts of proteins
(20 μg) were separated by 10% SDS-polyacrylamide gel electrophore-
sis (SDS-PAGE) and blotted onto a NC membrane. After blocking, the
membrane was incubated with 1:1000 diluted antibodies against
Filaggrin, Involucrin, β-actin, and keratin-14 (Santa Cruz, CA, USA)
or keratin-10 (Sigma-Aldrich Co. (St. Louis, MO,USA). After incuba-
tion with appropriate HRP-conjugated secondary antibodies (diluted
1:3000), the blots were visualized with ECL Plus™ Western Blotting
Detection Reagents (Amersham, Piscataway, NJ, USA) and the signals
were captured on an Image Reader (LAS-3000; Fuji Photo Film, Tokyo,
Japan).

2.11. Statistical analysis

The statistical analysis of the experimental data was performed
using the Student's t-test. The results are expressed as the mean±
S.D. A p-value less than 0.05 were considered significant.
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3. Results

3.1. Effect of CsA on Df-induced AD-like skin lesions in NC/Nga mice

To investigate the effect of CsA on AD, Df-induced NC/Ngamicewith
a clinical score of 7 were used for treatment with a single oral dose
(from 2 to 100 mg/kg) of CsA once a day for 4 weeks. The clinical skin
score was calculated by the sum of the individual scores based on the
symptoms of erythema/hemorrhage, scarring/dryness, edema, and
excoriation/erosion. The symptoms severity scores in the high-dose
(45 and 10 mg/kg) of CsA were significantly lower than those in the
control group (Df alone) (Fig. 1). However, there was no significant
difference between the low-dose (2, 5, and 10 mg/kg) of CsA and the
control group (Df alone) (Fig. 1). Therefore, we used CsA at a low-
dose (2, 5, and 10 mg/kg) in the following experiments.

3.2. Improvement of Df-induced AD-like skin lesions in NC/Nga mice by
combined treatment with Glu and low-dose CsA

To evaluated the therapeutic efficacy of combination treatment on
Df-induced AD-like skin lesions in the NC/Nga mice, the mice with a
clinical score of 7 were used for treatment with Glu (500 mg/kg)
and/or CsA (2, 5, and 10 mg/kg) once a day for 4 weeks. The clinical
skin score was calculated by the sum of the individual scores
based on the symptoms of erythema/hemorrhage, scarring/dryness,
edema, and excoriation/erosion. These symptoms severity scores in
the combination groups of Glu and low-dose CsA were significantly
ameliorated or resolved than those in the group of Glu alone or
low-dose CsA alone (Fig. 2A). There was no significant difference
between the Glu alone or low-dose CsA alone and the control group
(Df alone) (Fig. 2A). Representative clinical features of NC/Nga mice
are shown in Fig. 2B.

3.3. Inhibition of Df-induced serum IgE level in NC/Nga mice by combined
treatment with Glu and low-dose CsA

Serum levels of IgE were examined in the Df-induced NC/Nga mice
after treatment with drug alone or in combination. As shown in Fig. 3,
the total serum IgE levelswere significantly decreased in the combination
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Fig. 1. Effect of CsA on the Df-induced AD-like skin lesions in NC/Nga mice: CsA was
administrated to Df-induced NC/Nga mice orally once a day for 4 weeks at various
doses (from 2 to 100 mg/kg). The clinical skin score is the sum of individual scores judged
by the symptoms of erythema/hemorrhage, scarring/dryness, edema, excoriation/erosion.
Each data represents themean±S.D. of 5 mice. * Statistically significant at Pb0.05 using a
Student's t-test comparedwith all other groups. The data shown are representative of two
independent experiments.
groups of Glu and low-dose CsA compared to the Glu alone or CsA alone.
There was no significant difference between the Glu alone or low-dose
CsA alone and the control group (Df alone) (Fig. 3).

3.4. Changes of immune responses by combined treatment with Glu and
low-dose CsA

We examine the effects of combined treatment by Glu and
low-dose CsA on Th2 cytokine and chemokines production in
Df-induced NC/Nga mice because inhibition of IgE production by
combination treatment at the time (Fig. 3). As shown in Table 1, the
production of IL-4, IL-5, IL-13, TARC, and eotaxin (Th2 cytokines)
showed marked inhibition in the combination groups of Glu and
low-dose CsA, compared to the Glu alone or low-dose CsA alone
group and the control group (Df alone). Furthermore, it was also ob-
served that the production of TSLP in the skin tissue of Df-induced
NC/Nga mice were significantly inhibited by combined treatment.
No difference, however, was observed in IFN-γ production among
all groups (data not shown).

3.5. Effect of combined treatment with Glu and low-dose CsA on regulatory
T (Treg) cells

We investigatedwhether this combination treatment influenced the
number of CD4+CD25+ Treg cells. We found that the production of
CD4+CD25+ Treg cells in the spleen cells of Df-induced NC/Nga mice
were significantly increased by combined treatment (Fig. 4). On the
other hand, there was no significant difference in CD4+CD25+ Treg
cells population between the Glu alone or low-dose CsA alone and the
control group (Df alone).

3.6. Improvement of mast cells and eosinophils infiltration by combined
treatment with Glu and low-dose CsA

In order to investigate whether combination treatment de-
creased infiltration of these inflammatory cells into the skin, in the
Df-induced NC/Nga mice, tissue sections were stained with toluidine
blue or Congo red. As shown in Fig. 5A and B, the number of infiltrated
cells, both mast cells and eosinophils, was significantly reduced in
the combination groups of Glu and low-dose CsA, compared to the
Glu alone (P=0.00035 and P=0.0002, respectively) or CsA alone
group (P=0.0006 and P=0.009, respectively) and the control group
(Df alone) (P=0.00024 and P=0.0016, respectively).

3.7. Recovery of skin barrier function by combined treatment with Glu
and low-dose CsA

The recurrence of skin barrier defect is an important target of AD
treatment. We investigated whether combination treatment change
the expression of protein associated with skin barrier defect in the
Df-induced NC/Nga mice. As shown in Fig. 6A, filaggrin and involucrin,
kerationocytes differentiation marker, demonstrated a significant in-
crease in the combination groups of Glu and low-dose CsA compared
with the control group (Df alone) (Pb0.05). It was more increased
in the combination groups compared with the Glu alone or CsA alone
group, although the differences had no statistical significance. In con-
trast, the expressions of keratin-10 and keratin-14 were significantly
decreased in the combination groups of Glu and low-dose CsA, com-
pared to the Glu alone or CsA alone group and the control group
(Df alone) (Pb0.05; Fig. 6B).

4. Discussion

AD is associated with genetic, environmental and psychological
factors, immune system dysregulation, and epidermal barrier defects
[19]. Although topical steroids (corticosteroids) or calcineurin inhibitor
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Fig. 2. Therapeutic effect of combination therapy on the Df-induced AD-like skin lesions in NC/Nga mice: (A) after the removal of hair, Df body ointment (100 mg/mouse) was swabbed
onto the dorsal skin and both surfaces of each ear twice a week for 4 weeks. The clinical skin score is the sum of individual scores judged by the symptoms of erythema/hemorrhage,
scarring/dryness, edema, excoriation/erosion. Df-induced AD-like skin lesions in NC/Nga mice were untreated (Df alone), or treated with Glu (500 mg/kg), CsA (2, 5, and 10 mg/kg),
or Glu plus CsA orally once a day for 4 weeks. Each data represents the mean±S.D. of 5 mice. * Statistically significant at Pb0.05 using a Student's t-test compared with all other groups.
(B) representative clinical features of Df-inducedNC/Ngamice in the untreated (Df alone), or treatedwith Glu (500 mg/kg), CsA (2, 5, and 10 mg/kg), or Glu plus CsA. The data shown are
representative of two independent experiments.
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(tacrolimus and pimecrolimus) are the current standard treatment
for severe AD, use may be limited by potentially serious adverse
effects [20]. Therefore, identified combinations of immunosuppres-
sive agents are often necessary to improve clinical efficacy, to facili-
tate drug dosage reduction, or to reduce the risk of adverse effects
for AD treatment. It has been reported that use of combinations of
immunosuppressive agents may be more effective than single-
modality treatment with either agent [21,22]. Recently, we previous-
ly showed that combination therapy of Glu plus FK-506 was more
synergistic efficacy than single modality treatment with either alone
to improve the development of established dermatitis in NC/Nga
mice model [17].
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Fig. 3. Serum level of IgE by combination therapy on the Df-induced AD-like skin lesions
inNC/Ngamice: the concentration of IgE in the serumwasmeasured at oneweek after the
final administration. Each data represents the mean±S.D. of 5 mice. * Statistically signif-
icant at Pb0.05 using a Student's t-test compared with all other groups. The data shown
are representative of two independent experiments.
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In this study, single administration of high-dose CsA (45 and
100 mg/kg) to NC/Nga suppressed the development of AD-like skin
lesions, but little effects in NC/Nga mice administrated with low-
dose CsA (2, 5, and 10 mg/kg). To look for potential effects of
low-dose of CsA, CsA was administrated with Glu. We found that
combination therapy with Glu and low-dose CsA of immunosuppres-
sive agent has a potential effect on Df-induced AD-like skin lesions in
NC/Nga mice. For instance, combination treatment with Glu and
low-dose CsA improved the severity of the dermatitis with reduction
of IgE and Th2 cytokine (IL-4, IL-5, and IL-13). A majority of the
symptoms associated with AD manifest due to strong polarization of
Th2 immune responses, resulting in the hyperproduction of IgE.
Since IL-4 is important in the development of Th2 cells and in changes
to the IgE isotype [23], the reduction of IgE levels might result from
suppression of the Th2 response. In fact, the correlation between
the elevation of serum levels of total IgE and the production of Th2
cytokines has been previously reported [24]. These results suggest
that the improvement of clinical symptoms by combination treat-
ment of Glu and low-dose CsA against therapeutic effects of Df-
induced NC/Nga mice might be mediated, at least in part, by its
inhibitory effect on Th2-mediated cytokines and IgE. Moreover, the
present study of immune responses clearly also shows that Th2
chemokines (TARC and eotaxin) and TSLP in combination treatment
with Glu and low-dose CsA were significantly lower than in the single
Table 1
Effects of combination therapy on the level of Th2 cytokines and Th2 chemokines in Df-ind

Groups IL-4
(pg/ml)

IL-5
(pg/ml)

Df alone 122.1±25 76.4±12.9
CsA (2 mg/kg) 98.5±4.1 74.6±5.1
CsA (5 mg/kg) 103.3±8.8 79.5±3.9
CsA (10 mg/kg) 105.8±9.6 83.6±7.8
Glu (500 mg/kg) 115.5±7.3 78.5±3.1
CsA (2 mg/kg)+Glu (500 mg/kg) 64.2±2.3⁎⁎ 42.2±8.2⁎⁎
CsA (5 mg/kg)+Glu (500 mg/kg) 57.9±2.6⁎⁎ 47.1±2.9⁎⁎
CsA (10 mg/kg)+Glu (500 mg/kg) 54.6±2.8⁎⁎ 40.3±1.4⁎⁎

IL-4, IL-5, IL-13, eotaxin, TARC, and TSLP were measured on day 7 after the final administra
⁎ pb0.01 as compared with untreated control (Df alone) mice (Student's t test).

⁎⁎ pb0.05 as compared with untreated control (Df alone) mice (Student's t test).
modality treatment with either alone and the control mice (Df alone).
Eotaxin, together with IL-5, is known to be a potent chemoattractant
for eosinophils, whereas TARC produced by Th2 cells, and induced
the pathological responses typically associated with AD [25,26]. Addi-
tionally, thymic stromal lymphopoietin (TSLP) plays a critical role
in initiating systemic Th2 immunity favorable for the development
of AD [27]. TSLP is associated with the induction of Th2 immune
response, TARC chemokine, and IgE [28]. Therefore, these results imply
that combination treatment of Glu and low-dose CsA inhibited the
production of TARC, eotaxin, and TSLP, resulting in the inhibition of
Th2-mediated cytokines.

Although the role of Treg cells in AD remains controversial,
CD4+CD25+ Treg cells have the capacity to suppress Th2 responses
to allergen and the therapeutic potential for Th2-mediated diseases
such as AD and asthma [29,30]. It has been reported that the popula-
tion of Treg cells in AD patients treated with low-dose CsA, but not
high-dose CsA, was increased [31]. Thus, we investigated whether
combination treatment of glucosamine and low-dose CsA influenced
the number of CD4+CD25+ Treg cells. We showed that combination
treatment led to a higher increase in the CD4+CD25+ Treg cell num-
bers compared to the control groups. These results indicated that
combination treatment inhibited Th2-mediated cytokine, which may
contribute to induce CD4+CD25+ Treg.

AD skin is characterized by the restoration of infiltration of inflam-
matory cell and skin barrier defect [32,33]. Moreover, mast cells are
recognized as key effector cells in IgE-associated Th2 type immune
responses, because they are activated by cross-linking of FcεRI. Th2
cytokines can down-regulate filaggrin and involucrin [34,35]. These
filaggrin and involucrin demonstrated a significant decrease in lesional
AD skin compared to non-lesional skin. In addition, keratin-10 and
keratin-14 as a marker for differentiation and proliferation, respec-
tively, increased in AD compared with normal epidermis [36–38].

Therefore, recruitment of the inflammatory cell and the epidermal
barrier is an important objective for the management of AD. Several
previous studies demonstrated that calcineurin inhibitors can in part
recovery the skin barrier function in AD [39,40]. We found that com-
bination treatment of Glu and low-dose CsA reduced infiltration of
inflammatory cells and recovered barrier function in the skin. These
results suggest that combination treatment might suppress the devel-
opment of dermatitis by inhibition of mast cells and eosinophils and
by up-regulation of filaggrin and involucrin or down-regulation of
keratin-10 and keratin-14, presumably resulting in the inhibition of
Th2-mediated immune responses.

In conclusion, the results of this study demonstrated that this
combination treatment improved Df-induced AD-like skin lesions in
an NC/Nga mouse model by dominantly reducing IgE, suppressing
Th2-mediated cytokine levels and Th2 chemokines expression, in-
creasing Treg cells, inhibiting inflammatory cells, as well as improving
skin barrier function, and these findings correlated with the observed
uced NC/Nga mice.

IL-13
(pg/ml)

TSLP
(pg/ml)

Eotaxin
(pg/ml)

TARC
(pg/ml)

344.5±61.8 23.1±1.8 276.7±11.5 132.6±10.6
353.8±50.9 20.2±1.5 291.2±12.7 113.2±10.9
392.1±17.5 21.3±1.1 285±6.9 125.8±6.9
345.9±17.5 19.9±0.6 261.1±9.4 115.9±15.1
385.9±23.3 19.2±3.4 266.6±17.4 110.7±17.1
277.2±11.7⁎⁎ 13.5±2.6 214.7±17.4⁎ 84.2±8.8⁎
203.6±12.6⁎⁎ 14.7±1.6⁎ 219.2±16.7⁎ 83.1±5.5⁎⁎
198.2±11.9 13.2±1.1⁎ 288.1±15.1⁎ 90.6±6.4⁎

tion. Data are mean±S.D. of five mice.
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Fig. 4. Effect of combination therapy on CD4+CD25+ Treg cells: oneweek after thefinal administration, single-cell suspensions prepared from the spleenwere stainedwith FITC-anti-CD4
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splenocytes. (B) bar graph shows the mean results. Each data represents the mean±S.D. of 5 mice. * Statistically significant at Pb0.05 using a Student's t-test compared with all other
groups. The data shown are representative of two independent experiments.
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Fig. 5. Histological analysis of the skin lesions: skin samples from the back of the mice were studied at one week after the final administration. The sections were then stained with
toluidine blue and Congo red for mast cells and eosinophils, respectively; (A) representative histological features in the Df-induced NC/Ngamice from the untreated (Df alone), or treated
with Glu (500 mg/kg), CsA (10 mg/kg), or Glu plus CsA; (B) the cell densitywas expressed as the number ofmast cells and eosinophils in five high-power fields (×400 for count) for each
section. The data represents themean±S.D. of 5mice. * Statistically significant at Pb0.05 using a Student's t-test comparedwith all other groups. The data shown are representative of two
independent experiments.
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Fig. 6. Recovery of skin barrier functions by combination therapy on the Df-induced
AD-like skin lesions in NC/Nga mice: the protein was prepared from the back skin of
mice treated with untreated (Df alone), or Glu (500 mg/kg), CsA (10 mg/kg), or Glu
plus CsA and western blotting was performed. The protein expression of filaggrin
and involucrin (A), keratin-10 and keratin-14 (B) were determined. The relative ratio
of each protein was determined by calculating the ratio of each protein relative to
the optical density of a normal control (C). *pb0.005 when compared with control mice
(Df alone) (Student's t test). The data shown are representative of two independent
experiments.
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clinical symptoms. These findings have important implications for the
design of therapeutic strategies aimed at AD treatment.
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