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ABSTRACT. Paramylon is a £-1,3-D-glucan isolated from Euglena gracilis Z. This study was designed to evaluate the suppressive effects
of the oral administration of paramylon on the development of atopic dermatitis (AD)-like skin lesions induced by repeated application
of 2,4,6-trinitrochlorobenzene (TNCB) in sensitized NC/Nga mice. The effects of paramylon were assessed by measuring macroscopical
and histopathological findings of skin, ear swelling, serum levels of total IgE, interleukin-4 (IL-4) and interferon-y (IFN-y) and IL-18
and IL-12 contents in the skin lesions. Oral administration of paramylon inhibited the development of AD-like skin lesions as exempli-
fied by a significant decrease in dermatitis scores for the back, ear swelling and hypertrophy of the skin, infiltration of inflammatory
cells in the skin, and serum IgE levels. Oral administration of paramylon reduced serum levels of both IL-4 and IFN-y and IL-18 and
IL-12 contents in the skin lesions. Oral administration of paramylon did not cause weight loss, as was observed with prednisolone. These
results suggest that paramylon inhibits the development of AD-like skin lesions in NC/Nga mice by suppressing both the T-helper (Th)
1 and Th 2 cell responses. Our results indicate that paramylon treatment could provide an effective alternative therapy for the manage-

ment of AD.
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Atopic dermatitis (AD) is one of the most common skin
diseases in human characterized by a chronic and relapsing
inflammatory dermatitis with immunological disturbance,
and pruritic and eczematous skin lesions [20]. The inci-
dence of AD is increasing in industrialized countries, with
10-20% of children worldwide being affected by AD [20].
AD is a multifactorial disease with genetic and environmen-
tal components, and therefore its pathogenesis has not been
fully defined [20]. In human AD patients, it is well recog-
nized that the cytokines interleukin (IL)-4, IL-5 and IL-13
produced by Th2 cells are responsible for increased serum
IgE levels and the presence of blood eosinophilia [7, 20].
Recent studies have suggested a key role of the Thl-type
cytokine IFN-y in the chronicity of AD lesions of human [8,
20, 37, 45]. Werfel et al. [45] reported that the majority
(71%) of allergen-specific, skin-infiltrating T cells in
chronic AD human patients expressed IFN-y mRNA and
secreted IFN-y protein. Thepen ef al. [37] reported that, in
the late and chronic phases of human AD, IFN-y production
by Thl and ThO cells predominated over IL-4 production by
Th2 and ThO cells, while IL-4 production predominated
over IFN-y in the initiation phase. Similar findings were
also reported by Grewe et al. [8], who showed that the in
situ expression of IFN-y, but not IL-4, was linked to the clin-
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ical severity of AD in human. They also reported that suc-
cessful therapy for AD resulted in a significant down-
regulation of IFN-y mRNA expression in human [8]. In
addition, Trautmann et al. [40] reported that IFN-y
increased the sensitivity of the Fas-mediated apoptosis of
keratinocytes by skin-infiltrating T cells, which is consid-
ered to be a key pathogenic event in eczematous dermatitis
in humans. These results suggest that both Thl and Th2
subsets contribute to the pathogenesis of human AD,
although Th2-type cells seem to be important in the initiat-
ing phase [7, 37]. These results imply that down-regulating
the responses of both Th1-type and Th2-type cells may pro-
vide efficient therapeutic strategies for human AD.

NC/Nga mice, an inbred strain established from Japanese
fancy mice by Kondo [17], spontaneously develop an
eczematous AD-like skin lesion when kept under conven-
tional care, but not under specific pathogen free (SPF) con-
ditions [22, 34]. Recently it has also been reported that NC/
Nga mice develop AD-like skin lesions after repeated appli-
cation of hapten such as 2,4,6-trinitrochlorobenzene
(TNCB) and 2,4-dinitrofluorobenzene (DNFB) under SPF
condition [10, 30, 33, 39]. The elevation of plasma levels of
total IgE has been reported to correlate with the appearance
of the AD-like lesion in NC/Nga mice, with massive infiltra-
tion of CD4+ T cells producing IL-4 and IL-5, and the
degranulation of mast cells and eosinophils [22]. These
pathophysiological observations in AD-like dermatitis of
NC/Nga mice highly resemble those in human AD, and this
strain of mouse has thus been considered as a useful animal
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model of human AD [34].

Paramylon is a £-1,3-D-glucan isolated from Euglena
gracilis Z [4], which yields amounts up to approximately
60-70% of the dried cells. Native paramylon shows cytok-
ine-related immunopotentiating activity [18] and a hepato-
protective effect via antioxidative activities [32]. Sulfated
derivatives of paramylon and N, N-dimethylaminoethyl
paramylon exhibit both the anti-human immunodeficiency
virus (HIV) and antimicrobial effects [16, 27].

-1,3-D-glucans are structurally complex homopolymers
of glucose found in the cell walls of fungi and cereal plants.
Their beneficial effects on the immune system and lack of
toxic or adverse effects has focused studies on f-glucan
molecules [43]. f1,3-D-glucans are acknowledged to be
one of the immune response modifiers [3]. Recently, it has
been reported that oral administration of f-1,3-D-glucan/
lentinan alleviated both seasonal and perennial allergic
symptoms such as rhinorrhea, sneezing, nasal congestion
and itchy watery eyes and could reduce the spontaneous
increase in both allergen-specific and total IgE titers. The
clinical responses to treatment were well correlated with the
capacity of monocytes to bind to f-1,3-D-glucan [48].
However, to the best of our knowledge, there has been no
research reported on the suppressive effect of paramylon, S
1,3-D-glucan isolated from Euglena gracilis Z on the devel-
opment of atopic dermatitis. In the present study, therefore,
we examined the effect of paramylon on the development of
AD-like skin lesions induced by repeated applications of
TNCB in sensitized NC/Nga mice to confirm its usefulness
against AD.

MATERIALS AND METHODS

Preparation of paramylon: Paramylon isolated from
Euglena gracilis Z was obtained from euglena Co., Ltd.
(Tokyo, Japan). The usual method for paramylon produc-
tion is as follows. Cultured Euglena gracilis Z cells col-
lected by continuous centrifugation are washed with water.
After suspending in water, the cells are smashed with ultra-
sonic waves and paramylon is collected. To remove the
lipid and protein, this rough paramylon is treated at 95°C for
1 hr with 1% sodium dodecyl sulfate solution and then at
50°C for 30 min with 0.1% SDS. After further centrifuga-
tion, paramylon is obtained, and following repeated wash-
ing with water, acetone and ether, respectively, refined
paramylon is acquired.

Animals: A total of 60 male 5-week-old NC/Nga mice
were obtained from Japan SLC, Inc. (Shizuoka, Japan). The
animals were maintained at a controlled temperature of 22 +
2°C under a 12:12-hr light/dark cycle (light cycle, 7:00—
19:00) under conventional conditions. The use of these ani-
mals and the procedures they undergo were approved by the
Animal Research Committee of Tottori University.

Sixty mice were divided into six groups, n=10 in each
group: (1) negative control group, (2) positive control
group, (3) prednisolone-treated group, (4) 0.1% paramylon-
added diet group, (5) 0.5% paramylon-added diet group, (6)

1.0% paramylon-added diet group. The mice in the 0.1, 0.5
or 1.0% paramylon-added diet group were given the diet
mixed with paramylon at the dosage of 0.1%, 0.5% or 1.0%
(i.e., 0.11 £ 0.04, 0.43 £ 0.14 or 0.90 + 0.35 g/kg body
weight) from day 7 to day 53. Mice in the negative and pos-
itive control groups and prednisolone-treated group were
given the standard mouse diet (CE-2; CLEA Japan, Tokyo,
Japan). No differences in food intake were observed among
negative and positive control groups and paramylon-treated
groups. This experiment was done at three separate times.

Reagents and drugs: 2,4,6-Trinitrochlorobenzene
(TNCB) was purchased from Tokyo Kasei Chemical Co.,
Ltd. (Tokyo, Japan), and used after recrystallization with
ethanol. Prednisolone (Takeda Pharmaceutical Co., Ltd.,
Osaka, Japan) was used as a reference drug and was also dis-
solved in distilled water and administered orally at 3 mg/kg
daily for 7 weeks starting 1 day after sensitization with
TNCB.

AD-like skin lesions: The experimental schedule for the
preparation of AD-like skin lesions in NC/Nga mice is sum-
marized in Fig. 1. The hair of the thoracic, abdominal and
dorsal regions of the mice was shaved under halothane anes-
thesia with a hair clipper. On day 0, all the other animal
groups except for the negative control group were sensitized
by the application of 150 g (thoracic area, 50 u/; abdominal
area, 50 u/; hind paws 50 g/) with 2% TNCB dissolved in an
ethanol and acetone mixture (4:1). These mice were chal-
lenged with 190 g/ (dorsal area, 150 u/; both sides of the
right and left ears, 10 /) of 1% TNCB solution to induce
AD-like skin lesions. After the first challenge, 1% TNCB
solution was repeatedly applied to the same area of the skin
for a further 6 times at intervals of 1 week.

Dermatitis score: The severity of dermatitis was assessed
macroscopically according to the scoring system described
below. The back and ear skin lesions were scored by the fol-
lowing criteria [22]. The dermatitis score (minimum 0;
maximum 12) was defined as the sum of individual scores,
graded as 0 (no symptoms), 1 (mild), 2 (moderate) and 3
(severe), for each of the following four symptoms: (1)

Daily oral administration of paramylon

TNCB application
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Evaluation of dermatitis score
Measurement of ear thickness

Histological observation
Measurement of serum IgE and cytokines

Fig. 1. Experimental schedule for the induction of AD-like
dermatitis in NC/Nga mice. Arrowheads indicate the appli-
cation of TNCB.
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Fig. 2.

Macroscopic features of the dorsal and ear skins in NC/Nga mice. (a) Negative control, (b) Positive control, (c) Prednisolone-

administered group, (d) 0.1% paramylon-added diet group, (e) 0.5% paramylon-added diet group, (f) 1.0% paramylon-added diet
group. The photograph shows the back and ears of mice on day 53 after sensitization.
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erythema/ hemorrhage, (2) edema, (3) excoriation/erosion
and (4) scaling/dryness.

Ear thickness: Ear thickness was measured with a dial-
thickness gage (Mitsutoyo Corporation, Tokyo, Japan) on

Fig. 3.
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Effect of oral administration of paramylon on AD-like der-
matitis by TNCB application in NC/Nga mice. (a) Effect of oral
administration of paramylon on dermatitis score of the dorsal and
ears skins in NC/Nga mice. Values are expressed as the means +
SE (n=10). *: Significantly different from the positive control
group at P<0.05 (Tukey’s test). (b) Effect of oral administration of
paramylon on ear thickness in NC/Nga mice. Value are expressed
as the means + SE (n=10). *: Significantly different from the posi-
tive control group at P<0.05 (Tukey’s test). (c) Effect of oral
administration of paramylon on body weight of NC/Nga mice.
Values are expressed as the means + SE (n=10). *: Significantly
different from the negative control group at P<0.05 (Tukey’s test).
f: Significantly different from the negative control group and the
0.1% paramylon-added diet group at P<0.05 (Tukey’s test). ¥: Sig-
nificantly different from the negative/positive control groups and
the 0.1%, 0.5% and 1.0% paramylon-added diet groups at P<0.05
(Tukey’s test).
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days 0, 4, 11, 18, 25, 32, 39, 46 and 53 after TNCB sensiti-
zation. Ear thickness was measured immediately before
each applications of TNCB.

Histopathological observations: Mice were sacrificed on
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day 53 (Fig. 1). The auricular and dorsal skin was removed,
fixed in 10% buffered formaldehyde, processed for histo-
pathological examination by the conventional methods, and
stained with hematoxylin and eosin (HE). Based on the his-
tological findings, the severity of dermatitis was assessed in
a blinded fashion on the epidermis (hypertrophy, hyperkera-
tosis and infiltration by inflammatory cells) as well as on the
dermis (infiltration by inflammatory cells), and was
expressed as the sum of the individual score grades from 0
(no symptoms), 1 (mild), 2 (moderate), to 3 (severe) as
described previously [35, 44].

Measurements of serum total IgE and cytokine levels:
Blood specimens were collected from the heart 53 days after
TNCB sensitization. The serum was obtained by the centrif-
ugation of 3,000 x g for 5 min at 4°C. Concentrations of
total IgE, INF-y, and IL-4 in serum were measured by
enzyme-linked immunosorbent assay (ELISA) using the
mouse IgE ELISA kit (Shibayagi, Gunma, Japan), the
mouse IFN-y ELISA kit (Bender MedSystems, Vienna,
Austria) and the mouse IL-4 ELISA kit (Bender MedSys-
tems).

Measurements of cytokine contents in the skin lesions:
Ear samples were excised from mice and homogenized in 20
mM Tris-HCL buffer (pH 7.5), and their homogenate was
centrifuged at 10,000 x g for 10 min. IL-18 and IL-12 con-
centration in the supernatant of the homogenate was quanti-
fied by ELISA kit for IL-18 (Medical and Biological
Laboratories Co., Ltd., Nagoya, Japan) and IL-12 (Bender
MedSystems), respectively.

Statistical analysis: All data are expressed as means = SE
of all mice in each group. The results in each group were
compared by one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s multiple comparison test with statistical
software (SSRI Co., Ltd., Tokyo, Japan). P<0.05 was con-
sidered to be statistically significant. A statistical analysis
was conducted on dermatitis score, ear thickness and body
weight on all measurement days.

RESULTS

Effects of oral administration of paramylon on develop-
ment of skin lesions: The NC/Nga stain of mice has been
shown to develop AD-like skin lesions following repeated
applications of TNCB [10, 30, 33]. In accordance with this
previous finding, the clinical skin severity in the positive
control group in the present study increased gradually
depending on the number of challenges with TNCB (Fig.
3a). All mice in the positive control group exhibited AD-
like skin lesions comprised of erythema/hemorrhage,
edema, excoriation/erosion and scaling/dryness (Figs. 2b
and 3a). In the negative control group, no superficial derma-
titis was observed throughout the experimental period (Figs.
2a and 3a). In the 0.5 and 1.0% paramylon-added diet
group, suppression of the development of AD-like skin
lesions was observed as in the prednisolone-treated group
(Figs. 2c—f and 3a). A significant difference in the dermati-
tis scores was observed between the positive control group

and the 0.5 and 1.0% paramylon-added diet groups after the
4th or 5th challenge (Fig. 3a). The efficacy of 0.5 and 1.0%
paramylon-added diets was higher than that of 0.1%
paramylon as observed from the mean dermatitis scores
(Fig. 3a). As shown in Fig. 3b, repeated application of
TNCB induced an increase in ear thickness. In the 1.0%
paramylon-added diet group, suppressions of the increase in
ear thickness were significantly observed at days 32, 39, 46
and 53 after sensitization. In the 0.5% paramylon-added
group, the increase in ear thickness was inhibited only at day
53 (Fig. 3b).

Oral administration of the paramylon-added diet caused
no significant weight loss compared with the negative and
positive control group of mice throughout the experimental
period (Fig. 3c). No significant difference in the change of
average body weight was apparent among the 0.1, 0.5 and
1.0% paramylon-added diet groups. As expected, the oral
administration of prednisolone significantly inhibited skin
symptoms to a greater extent than that observed after the
administration of paramylon. However, as a side effect, a
significant weight loss was observed in the prednisolone-
treated mice (Fig. 3c¢).

Effects of oral administration of paramylon on histo-
pathological changes of ear and dorsal skins: In the nega-
tive control group, no abnormal change was observed in
histopathological findings of ear and dorsal skins. Positive
control NC/Nga mice with fully developed AD-like skin
lesions showed hypertrophy and hyperkeratosis of the epi-
dermis (Fig. 4a). A dense infiltration of inflammatory cells
such as mast cells, eosinophils and lymphocytes was also
observed in both the epidermis and dermis in the positive
control group of mice (Fig. 4a). Oral administration of the
paramylon-added diet and prednisolone resulted in the inhi-
bition of these histopathological findings, though there was
no significant difference between the histological dermatitis
scores of the 0.1 and 0.5% paramylon-added diet groups and
that of the positive control group (Figs. 4 and 5). The histo-
logical dermatitis score in the 1.0% paramylon-added diet
group was significantly lower than in the positive control
group (P<0.05) (Fig. 5).

Effects on serum total IgE and cytokine levels: Serum
total IgE levels were reduced in the paramylon-added diet
groups compared to those in the positive control group,
though there was no significant difference between the
serum total IgE levels of 0.1 and 0.5% paramylon-added
diet group and the positive control group (Fig. 6). Serum
total IgE levels in the 1.0% paramylon-added diet group
were significantly lower than those in the positive control
group (P<0.05) (Fig. 6).

Oral administration of paramylon showed a tendency to
suppress serum IL-4 and IFN-y levels dose-dependently.
The serum levels of IL-4 in the 1.0% paramylon-added diet
groups were significantly lower than those in the positive
control group (P<0.05), although no significant difference
was found between the positive control and the 0.1 and 0.5%
paramylon-added diet groups (Fig. 7a). There were also no
significant differences observed between the serum levels of



EFFECT OF PARAMYLON ON NC/NGA MICE SKIN LESIONS 759
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Fig. 5. Comparison of histological dermatitis scores of
dorsal and ear skin of NC/Nga mice on day 53 after
sensitization. * P<0.05; ** P<0.01, significantly differ-
ent from the mean value of the positive control group
(Tukey’s test). Values are expressed as the means + SE
(n=10).

IFN-y in the positive control group and paramylon-added
diet groups (Fig. 7).

Effects on cytokines contents in the skin lesions: Oral
administration of paramylon showed a tendency to suppress
content of IL-18 and IL-12 in the skin lesions dose-depen-
dently (Fig. 8). IL-18 and IL-12 contents in the skin lesions
of the 1.0% paramylon-added diet groups were significantly
lower than those in the positive control group (P<0.05) (Fig.
8).

Histological comparison of ear skin lesions induced by TNCB application in NC/Nga mice. HE stain. (a) Negative control,
(b) Positive control, (c) Prednisolone-administered group, (d) 0.1% paramylon-added diet group, (e) 0.5% paramylon-added diet
group, (f) 1.0% paramylon-added diet group. The histological images show the ear skin lesions of mice on day 53 after sensitiza-
tion. Bar =150 gm.
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Fig. 6. Effect of oral administration of paramylon on
serum levels of total IgE in NC/Nga mice. * P<0.05; **
P<0.01, significantly different from the mean value of
the positive control group (Tukey’s test). Values are
expressed as the means + SE (n=10).

DISCUSSION

In this study, we investigated the suppressive effect of
oral administration of paramylon on the development of AD
symptoms. We used TNCB-induced AD-like skin lesions in
NC/Nga mice because AD-like lesions induced by repeated
application of haptens such as TNCB and DNFB has higher
reproducibility than spontaneous AD-like lesions in NC/
Nga mice [30, 39].

The results of the present study indicated that oral admin-
istrations of paramylon to TNCB-treated NC/Nga mice sup-
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Values are expressed as the means = SE (n=10).

pressed the development of AD-like skin lesions.
Macroscopic analyses revealed severe erythema/hemor-
rhage, edema, excoriation/erosion and scaling/dryness in the
positive control group, whereas paramylon treatment allevi-
ated the severity of those skin changes. In addition, the der-
matitis scores were reduced by paramylon administration,
which histopathologically decreased the hypertrophy of epi-
dermis and dermis, as well as the hyperkeratosis and infiltra-
tion of inflammatory cells in epidermis and dermis. Dietary
restriction in NC/Nga mice is known to delay the onset and
progression of spontaneous AD-like skin lesions and to sup-
press serum IgE production and IL-4 and IL-5 secretion into
skin tissue [6]. In the present study, no differences in body
weight gain or food intake were observed among negative
and positive control groups and paramylon-treated groups.
We therefore concluded that the suppressive effects of

paramylon on AD-like skin lesions were not caused by food
restriction.

NC/Nga mice display mutations on chromosome 9, which
is linked to increased IgE production as well as increased
Th2 responses [13, 15]. Constitutive tyrosine phosphoryla-
tion of Janus kinase 3, a tyrosine kinase response for IL-4R-
mediated signaling, is thought to be involved in the
enhanced sensitivity of B cells to IL-4, leading to the eleva-
tion of total IgE levels [24]. NC/Nga mice developing AD-
like skin lesions showed further elevation of serum total IgE
levels and increased numbers of mast cells and CD4+ T cells
containing IL-4 in skin lesions [22]. Moreover, the Th2-
specific chemokines, thymus and activation-regulation
chemokines (TARC), monocyte-derived chemotactic cytok-
ines (MDC), and their receptor, CCR4, have been reported
to be highly expressed in the skin lesions of NC/Nga mice as
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in human AD lesions [42]. These findings strongly suggest
the involvement of Th2 cells in the development of AD-like
skin lesions in NC/Nga mice. However, STAT6 (signal
transducer and activators of transcription 6)-deficient NC/
Nga mice can elicit AD-like skin lesions to the same extent
as STAT6-positive NC/Nga littermates [47]. STAT6 is a
critical transcription factor that regulates IL-4-mediated
immune responses. STAT6 is phosphorylated and activated
through an IL-4 receptor-mediated signal. IL-4-induced
STATG6 activated results in transcriptional events including
IgE class switching [26, 46]. These results demonstrated
that the presence of IgE and Th2 cells is not a prerequisite
for the development of skin lesions in NC/Nga mice [47].
However, these results could not completely exclude the
involvement of an alternative IL-4 signaling pathway in the
development of AD, because T and B cells from STAT6-
deficient NC/Nga mice can respond to IL-4 stimulation with
a proliferative response and tyrosine phosphorylation of IL-
4R and Janus kinase 1 [47].

In STAT6-deficient NC/Nga mice, the lymph nodes
proximal to the regions of skin that develop lesions exhib-
ited massive enlargement due to the accumulation of acti-
vated IFN-y-secreting T cells. Moreover, IFN-y and the
inducers of IFN-y production, such as IL-12, IL-18 and
caspase 1 were significantly up-regulated at the skin lesion,
simultaneously with the elevation of eotaxin 2 and CCR3
expression [47]. The skin microenvironment that favored
IFN-y production in STAT6-deficient NC/Nga mice corre-
lates with the AD-like skin lesions and infiltration of eosino-
phils, possibly because IFN-y induces eotaxin 2 and CCR3
expression [47]. Furthermore, Matsumoto et al. suggested
that defective production of IFN-y by T cells less sensitive
to IL-12 and low responsiveness of B cells to IFN-y contrib-
ute to IgE hyperproduction in NC/Nga mice [23]. The
results of the present study indicated that hapten-induced
NC/Nga mice model created by repeated application of
TNCB showed similar changes of Th1/Th2 cytokines to
those of spontaneous NC/Nga mice model [10, 30, 33].

In the present study, oral administration of paramylon
tended to suppress the serum IFN-y levels and IL-18 and
IL12 contents in skin lesions dose-dependently. It is likely
that these findings were closely linked with inhibitory
effects of paramylon on the development of AD-like skin
lesions in NC/Nga mice. In the present study, serum total
IgE and IL-4 levels were dose-dependently reduced by oral
administration of paramylon. The true significance of sup-
pression of serum levels of total IgE and IL-4 expression on
the mechanism of inhibitory effect on development of AD-
like skin lesions in NC/Nga mice is unclear, because the sig-
nificance of IgE and Th2 cytokine expressions on pathogen-
esis of skin lesions of NC/Nga mice remains to be fully
elucidated as mentioned above [47]. However, several stud-
ies have reported inhibition of the development of AD-like
skin lesions in NC/Nga mice by suppressing the Th2
response [10, 19, 41]. These facts led us to further investi-
gate the distinct inhibitory effect of administration of
paramylon on the development of AD-like skin lesions in

NC/Nga mice.

Previous studies have reported that £1,3-D-glucan mod-
ulated the Thl and/or the Th2 cell response in experimental
animals and human patients of allergic rhinitis and digestive
cancers [14, 25, 49]. Murata et al. reported that f-1,3-D-
glucan/lentinan skewed to Th1/Th2 balance to Thl and that
the skewing to Thl by lentinan was directed through the dis-
tinctive production of IL-12 versus IL-6, IL-10 and prostag-
landin E, by macrophages, depending on the intracellular
glutathione redox status [25]. In the present study, paramy-
lon suppressed both Th1 and Th2 cell responses, which is
one of the novel effects of #1,3-D-glucan treatment on the
immune response in vivo.

S-glucan receptor activity has been reported for a variety
of other leukocytes, including macrophages, neutrophils,
eosinophils and NK cells, as well as for nonimmune cells
including endothelial cells, alveolar epithelial cells and
fibroblasts [3]. Nonopsonic recognition of f-glucans by
these cells has been ascribed to multiple receptors [2], and
indeed a number of f-glucan receptors have been identified,
including complement receptor type 3, lactosylceramide,
scavenger receptor and Dectin-1. However, in these recep-
tors, only Dectin-1 has been clearly shown to have a role in
mediating the biological response to f~glucans [3]. Dectin-
1 has also been proposed to act as a T cell co-stimulatory
molecule [1, 9]. Bacterially produced soluble Dectin-1 has
been shown to stimulate the proliferation of T lymphocytes
in the presence of sub-optimal concentration of anti-CD-3
antibody [1]. Thus, in the present study, paramylon exhib-
ited a suppressive effect against development of atopic der-
matitis via f-glucan receptors such as Dectin-1.

Systemically administered glucocorticoids are reportedly
effective against AD [31], but there are many side effects,
such as cushingoid features, cataracts, hyperglycaemia,
moon facies, body weight loss, hypokalcemia and osteope-
nia [10, 31]. In the present study, prednisolone significantly
reduced body weight gain after day 39, a likely side effect of
the glucocorticoid. Glucocorticoid treatment causes rapid
muscle atrophy in animals and humans leading to serious
clinical side effects of wasting and debilitation [28]. This
glucocorticoid-induced atrophy of skeletal muscles prima-
rily affects type 2 muscle fibers (fast twitch) [29]. Gluco-
corticoids have catabolic and antianabolic effects on the
major contractile muscle proteins including myosin heavy
chain [29]. Glucocorticoid catabolic effects in increasing
protein breakdown have been shown in part to be mediated
by activation of ubiquitin proteasome pathways, which
induces increased systhesis of proteosomal proteins and the
cellular machinery for protein degradation [11, 12]. How-
ever, this is only a part of the complex regulation of muscle
metabolism by glucocorticoids because they also inhibit the
rate of skeletal muscle protein synthesis, growth, and repair
[5]. The mechanism for this antianabolic effect of glucocor-
ticoid is not completely understood, but it is consistent with
the up-regulation by glucocorticoid of a negative myogenic
regulatory protein, myostain [21], which inhibits prolifera-
tion of muscle satellite precursor cells [36, 38]. It was likely
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that the above mentioned mechanism resulted in the body
weight loss of the prednisolone-treated mice in our study.

In conclusion, the present study demonstrated that the
oral administration of paramylon inhibited the development
of AD-like symptoms in NC/Nga mice by suppressing the
Thl and Th2 cell responses. Oral administrations of
paramylon caused no weight loss of the kind observed with
prednisolone. Our results indicate that paramylon treatment
could provide an effective alternative therapy for the man-
agement of AD.

REFERENCES

10.

11.

12.

13.

14.

15.

Ariizumi, K., Shen, G. L., Shikano, S., Xu, S., Ritter III, R.,
Kumamoto, T., Edelbaum, D., Morita, A., Bergstresser, P. R.
and Takahashi, A. 2000. Identification of a novel, dendritic
cell-associated molecule, dectin-1, by subtractive cDNA clon-
ing. J. Biol. Chem. 275: 20157-20167.

Battle, J., Ha, T., Li, C., Della Beffa, V., Rice, P., Kalbfleisch,
J., Browder, W. and Williams, D. 1998. Ligand binding to the
(1->3)-beta-D-glucan receptor stimulates NFkappaB activa-
tion, but not apoptosis in U937 cells. Biochem. Biophys. Res.
Commun. 249: 499-504.

Brown, G. D. and Gordon, S. 2003. Fungal f-glucans and
mammalian immunity. /mmunity 19: 311-315.

Clark, A. E. and Stone, B. A. 1960. The structure of paramylon
from Euglena gracilis. Biochem. Biophys. Acta 44: 161-163.
Dardevet, D., Sornet, C., Taillandier, D., Savary, 1., Attaix, D.
and Grizard, J. 1995. Sensitivity and protein turnover response
to GCs are different in skeletal muscle from adult and old rats.
Lack of regulation of the ubiquitin-proteasome proteolytic
pathway in aging. J. Clin. Invest. 96: 2113-2119.

Fan, W., Kouda, K., Nakamura, H. and Takeuchi, H. 2001.
Effects of dietary restriction on spontaneous dermatitis in NC/
Nga mice. Exp. Biol. Med. (Maywood) 226: 1045-1050.
Grewe, M., Bruijnzeel-Koomen, C., Schopf, E., Thepen, T.,
Langeveld-Wildschut, A. G., Ruzicka, T. and Krutmann, J.
1998. A role for Th1 and Th2 cells in the immunopathogenesis
of atopic dermatitis. Immunol. Today 19: 359-361.

Grewe, M., Gyufko, K., Schopf, E. and Krutmann, J. 1994.
Lesional expression of Interferon-y in atopic eczema. Lancet
343: 25-26.

Grunebach, F., Weck, M. M., Reichert, J. and Brossart, P.
2002. Molecular and functional characterization of human
Dectin-1. Exp. Hematol. 30: 1309-1315.

Harada, D., Takada, C., Nosaka, Y., Takashima, Y., Koba-
yashi, K., Takada, K. and Manabe, H. 2009. Effect of orally
administered KF66490, a phosphodiesterase 4 inhibitor, on
dermatitis in mouse models. /nt. Immunopharmacol. 9: 55-62.
Hasselgren, P. O. 1999. GCs and muscle metabolism. Curr.
Opin. Clin. Nutr. Metab. Care 2: 201-205.

Hasselgren, P. O. 1999. Pathways of muscle protein break-
down in injury and sepsis. Curr. Opin. Clin. Nutr. Metab. Care
2:155-160.

Jin, H., He, R., Oyoshi, M. and Geha, R. S. 2009. Animal mod-
els of atopic dermatitis. J. Invest. Dermatol. 129: 31-40.
Kirmaz, C., Bayrak, P., Yilmaz, O. and Yuksel, H. 2005.
Effects of glucan treatment on the Th1/Th2 balance in patients
with allergic rhinitis: a double-blind placebo-controlled study.
Eur. Cytokine Netw. 16: 128—134.

Kohara, Y., Tanabe, K., Matsuoka, K., Kanda, N., Matsuda,
H., Karasuyama, H. and Yoneyama, H. 2001. A major determi-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

nant quantitative-trait locus responsible for atopic dermatitis-
like skin lesions in NC/Nga mice is located on chromosome 9.
Immunogenetics 53: 15-21.

Koizumi, N., Sakagami, H., Utsumi, A., Fujinaga, S., Takeda,
M., Asano, K., Sugawara, ., Ichikawa, S., Kondo, H., Mori, S.,
Miyatake, K., Nakano, Y., Nakashima, H., Murakami, T., Miy-
ano, N. and Yamamoto, N. 1993. Anti-HIV (human immuno-
deficiency virus) activity of sulfated paramylon. Antiviral Res.
21: 1-14.

Kondo, K., Nagami, T. and Teramoto, S. 1969. Difference in
haematopoietic death among inbred strains of mice. p. 20. /n:
Comparative Cellular and Species Radiosensitivity (Bond, P.
V. and Sugahara, T. eds.), Igakushoin, Tokyo.

Kondo, Y., Kato, A., Hojo, H., Nozoe, S., Takeuchi, M. and
Ochi, K. 1992. Cytokine-related immunopotentiating activities
of Paramylon, a f-(1—>3)-D-glucan from Euglena gracilis. J.
Pharmacobio-Dyn. 15: 617-621.

Lee, H. S., Kim, S. K., Han, J. B., Choi, H. M., Park, J. H.,
Kim, E. C., Choi, M. S., An, H. J., Um, J. Y., Kim, H. M. and
Min, B. I. 2006. Inhibitory effects of Rumix japonicus Houtt.
on the development of atopic dermatitis-like skin lesions in
NC/Nga mice. Br. J. Dermatol. 155: 33-38.

Leung, D. Y. M. and Bieber, T. 2003. Atopic dermatitis. Lan-
cet 361: 151-160.

Ma, K., Mallidis, C., Bhasin, S., Mahabadi, V., Artaza, J.,
Gonzalez-Cadavid, N., Arias, J. and Salehian, B. 2003. GC-
induced skeletal muscle atrophy is associated with upregula-
tion of myostain gene expression. Am. J. Physiol. Endocrinol.
Metab. 285: E363-371.

Matsuda, H., Watanabe, N., Geba, G. P., Sperl, J., Tsudzuki,
M., Hiroi, J., Matsumoto, M., Ushio, H., Saito, S., Askenase, P.
W. and Ra, C. 1997. Development of atopic dermatitis-like
skin lesion with IgE hyperproduction in NC/Nga mice. Int.
Immunol. 9: 461-466.

Matsumoto, M., Itakura, A., Tanaka, A., Fujisawa, C. and Mat-
suda, H. 2001. Inability of IL-12 to down-regulate IgE synthe-
sis due to defective production of IFN-y in atopic NC/Nga
mice. J. Immunol. 167: 5955-5962.

Matsumoto, M., Ra, C., Kawamoto, K., Sato, H., Itakura, A.,
Sawada, J., Ushino, H., Suto, H., Mitsuishi, K., Hikasa, Y. and
Matsuda, H. 1999. IgE hyperproduction through enhanced
tyrosine phosphorylation of Janus kinase 3 in NC/Nga mice, a
model for human atopic dermatitis. J. Immunol. 162: 1056—
1063.

Murata, Y., Shimamura, T., Tagami, T., Takatsuki, F. and
Hamuro, J. 2002. The skewing to Thl induced by lentinan is
directed through the distinctive cytokines production by mac-
rophages with elevated intracellular glutathione content. /nt.
Immnopharmacol. 2: 673-689.

Nelms, K., Keegan, A. D., Zamorano, J., Ryann, J. J. and Paul,
W. E. 1999. The IL-4 receptor: signaling mechanisms and bio-
logic functions. Annu. Rev. Immunol. 17: 701-738.

Sakagami, H., Kikuchi, K., Takeda, M., Sato, T., Ichikawa, S.,
Fujimaki, M., Wada, C. and Komatsu, N. 1991. Macrophage
stimulation activity of antimicrobial N, N-dimethylaminoethyl
paramylon. In Vivo 5: 101-105.

Salehian, B. and Kejriwal, K. 1999. GC-induced muscle atro-
phy: mechanisms and therapeutic strategies. Endocr. Pract. 5:
277-281.

Seene, T., Kaasik, P., Pehme, A., Alev, K. and Riso, E. M.
2003. The effect of GCs on the myosin heavy chain isoforms’
turnover in skeletal muscle. J. Steroid Biochem. Mol. Biol. 86:
201-206.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

EFFECT OF PARAMYLON ON NC/NGA MICE SKIN LESIONS 763

Shiohara, T., Hayakawa, J. and Mizukawa, Y. 2004. Animal
models for atopic dermatitis: are they relevant to human dis-
ease? J. Dermatol. Sci. 36: 1-9.

Sidbury, R. and Hanifin, J. M. 2000. Systemic therapy of
atopic dermatitis. Clin. Exp. Dermatol. 25: 559-566.
Sugiyama, A., Suzuki, K., Mitra, S., Arashida, R., Yoshida, E.,
Nakano, R., Yabuta, Y. and Takeuchi, T. 2009. Hepatoprotec-
tive effects of paramylon, a £-1,3-D-glucan isolated from
Euglena gracilis Z, on acute liver injury induced by carbon tet-
rachloride in rats. J. Vet. Med. Sci. 71: 885-890.

Sunada, Y., Nakamura, S. and Kamei, C. 2008. Effect of Lac-
tobacillus acidophilus strain L-55 on the develpoment of atopic
dermatitis-like skin lesions in NC/Nga mice. Int. Immunophar-
macol. 8: 1761-1766.

Suto, H., Matsuda, H., Mitsuishi, K., Hira, K., Uchida, T.,
Unno, T., Ogawa, H. and Ra, C. 1999. NC/Nga mice: a mouse
model for atopic dermatitis. Int. Arch. Allergy Immunol. 120:
70-75.

Taniguchi, Y., Kohno, K., Inoue, S., Koya-Miyata, S., Oka-
moto, I., Arai, N., Iwaki, K., Ikeda, M. and Kurimoto, M. 2003.
Oral administration of royal jelly inhibits the development of
atopic dermatitis-like skin lesions in NC/Nga mice. Int. Immu-
nopharmacol. 3: 1313-1324.

Taylor, W. E., Bhasin, S., Artaza, J., Byhower, F., Azam, M.,
Willard, D. H. Jr., Kull, F. C. Jr. and Gonzalez-Cadavid, N.
2001. Myostatin inhibits cell proliferation and protein synthe-
sis in C2C12 muscle cells. Am. J. Physiol. Endocrinol. Metab.
280: E221-228.

Thepen, T., Langeveld-Wildschut, E. G., Bihari, I. C., van
Wichen, D. F., van Reijse, F. C., Mudde, F. C. and Bruijnzeel-
Koomen, C. A. 1996. Biphasic response against aeroallergen in
atopic dermatitis showing a switch from an initial Th2 response
to a Thl response in situ: an immunocytochemical study. J.
Allergy Clin. Immunol. 97: 828-837.

Thomas, M., Langley, B., Berry, C., Sharma, M., Kirk, S.,
Bass, J. and Kambadur, R. 2000. Myostatin, a negative regula-
tor of muscle growth, functions by inhibiting myoblast prolif-
eration. J. Biol. Chem. 275: 40235-40243.

Tomimori, Y., Tanaka, Y., Goto, M. and Fukuda, Y. 2005.
Repeated topical challenge with chemical antigen elicits sus-
tained dermatitis in NC/Nga mice in specific-pathogen-free
condition. J. Invest. Dermatol. 124: 119—-124.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Trautmann, A., Akdis, M., Kleemann, D., Altznauer, F.,
Simon, H. U., Graeve, T., Noll, M., Brocker, E. B., Blaser, K.
and Akdis, C. A. 2000. T cell-mediated Fas-indiced kerati-
nocytes apoptosis plays a key pathogenetic role in eczematous
dermatitis. J. Clin. Invest. 106: 25-35.

Ukawa, Y., Izumi, Y., Ohbayashi, T., Takahashi, T., Ikemizu,
S. and Kojima, Y. 2007. Oral administration of the extract from
Hatakeshimeji (Lyophyllum decastes Sing.) mushroom inhibits
the development of atopic dermatitis-like skin lesions in NC/
Nga mice. J. Nutr. Sci. Vitaminol. 53: 293-296.

Vestergaard, C., Yoneyama, H., Murai, M., Nakamura, K.,
Tamaki, K., Terashima, Y., Imai, T., Yoshie, O., Irimura, T.,
Mizutani, H. and Matsushima, K. 1999. Overproduction of
Th2-specific chemokines in NC/Nga mice exhibiting atopic
dermatitis-like lesions. J. Clin. Invest. 104: 1097-1105.
Vetvicka, V. and Yvin, J. C. 2004. Effect of marine f-1, 3 glu-
can on immune reactions. Int. Immunopharmacol. 4: 721-730.
Watanabe, T., Hamada, K., Tategami, A., Kishida, H., Tanaka,
H., Kitano, M. and Miyamoto, T. 2009. Oral administration of
lactic acid bacteria isolated from traditional South Asian fer-
mented milk ‘Dahi’ inhibits the development of atopic dermati-
tis in NC/Nga mice. J. Nutr. Sci. Vitaminol. 55: 271-278.
Werfel, T., Morita, A., Grewe, M., Renz, H., Wahn, U., Krut-
mann, J. and Kapp, A. 1996. Allergen specificity of skin-infil-
trating T cells is not restricted to a type-2 cytokine pattern in
chronic skin lesions of atopic dermatitis. J. Invest. Dermatol.
107: 871-876.

Waurster, A. L., Tanaka, T. and Grusby, M. J. 2000. The biol-
ogy of Stat4 and Stat6. Oncogene 19: 2577-2784.

Yagi, R., Nagai, H., ligo, Y., Akimoto, T., Arai, T. and Kubo,
M. 2002. Development of atopic dermatitis-like skin lesions in
STAT6-deficient NC/Nga mice. J. Immunol. 168: 2020-2027.
Yamada, J.,, Hamuro, J., Hatanaka, H., Hamabata, K. and
Kinoshita, S. 2007. Alleviation of seasonal allergic symptoms
with superfine f-1,3-glucan: a randomized study. J. Allergy
Clin. Immunol. 119: 1119-1126.

Yoshino, S., Tabata, T., Hazama, S., lizuka, N., Yamamoto,
K., Hirayama, M., Tangoku, A. and Oka, M. 2000. Immuno-
regulatory effects of the antitumor polysaccharide lentinan on
Th1/Th2 balance in patients with digestive cancers. Anticancer
Res. 20: 4707-4711.



