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Objectives. The extract of Hizikia fusiformis is known to exhibit anticancer, antiatopic and antioxidant activities. We aimed
to investigate the extract of H. fusiformis on allergic rhinitis inflammation in a mouse model.

Methods. The 4-week-old BALB/c mice were randomly assigned into four groups: group A, control group (n=9); group B,
allergic rhinitis group (n=10); group C (n=10) received 300 mg/kg of H. fusiformis during nasal challenging period,;
group D (n=10) received 600 mg/kg of H. fusiformis during general sensitization period and 300 mg/kg of H. fusi-
formis during nasal challenging period. Allergic inflammation was made with ovalbumin (OVA) and alum then chal-
lenged intranasally with OVA. H. fusiformis was intraperitoneally administered 3 hours before the OVA administra-
tion. Allergic symptom score and the levels of immunoglobulin G: (IgGz), IgGa., OVA-specific IgE antibodies, levels of
cytokines in the nasal mucosa and in spleen cell culture supernatant, such as tumor necrosis factor alpha (TNF-a), in-
terleukin 4 (IL-4), IL-5, IL-13, and IL-10 were assessed. The percentage of regulatory T cell was analyzed by flow cy-
tometry. Eosinophilic infiltration and goblet cell hyperplasia were also evaluated.

Results. H. fusiformis administered groups C and D showed significant inhibitory effects on nasal symptoms, IL-13 mRNA
expression and eosinophil infiltration/goblet cell hyperplasia in the nasal tissue; OVA-specific IgE production in se-
rum (P<0.05). In group D, H. fusiformis treatment downregulated IL-4, IL-5, IL-13, TNF-a, and IL-10 cytokine ex-
pression in splenocyte culture as well as significantly decreased IgGa., IgG1 levels in serum compared with group B
(P<0.05). However, the expressions of IL-5, interferon-y and forkhead box P3 mRNA did not change in groups C
and D.

Conclusion. H. fusiformis could induce antiallergic inflammation by suppressing the T-helper type 2 cytokine production
(IL-13) locally and systemically, OVA-specific IgE formation, goblet cell hyperplasia, and eosinophilic infiltration in a
mouse model of allergic rhinitis. Thus, H. fusiformis could be considered as a potential therapeutic agent in treating
allergic rhinitis.
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Hizikia fusiformis is a sea vegetable growing on rocky coast-
lines around temperate seaside areas of Korea, Japan, and China.
H. fusiformis is a rich source of dietary fibers and essential min-
erals such as calcium, iron, and magnesium. Thus, H. fusiformis
forms an important part of diet in Japan. Several studies have
reported that the extract of H. fusiformis exerts immunomodu-
latory functions, anticancer effects, anti-inflammatory and anti-
oxidant activities [1-8]. A recent study demonstrated the anti-
atopic effect of this extract using an 2,4-dinitrochlorobenzene-
treated BALB/c mice model of atopic dermatitis. H. fusiformis
had been shown to have antiatopic effect by effectively inhibit-
ing T cell activation by inhibiting dephosphorylation of nuclear
factor of activated T cells and thus eliminating Th1 and Th2-type
cytokines IL-2, IL-4, and interferon y (IFN-y) [9]. These proper-
ties of H. fusiformis may be useful for its application for the
treatment of allergic diseases.

Very few studies have evaluated the antiallergic effects of H.
fusiformis associated with Th1,Th2 and regulatory T cells (Tregs).
In the present study, we evaluated the antiallergic effect of H.
fusiformis in a mouse model of allergic rhinitis using ovalbumin
(OVA; Sigma, St. Louis, MO, USA) and elucidated the underly-
ing mechanism.

MATERIALS AND METHODS

Experimental animals

Four-week-old female BALB/c mice were obtained from Orient
Bio (Seongnam, Korea) and used in this study. This experiment
was performed according to the guidelines of the Ethics of the
Institutional Animal Care and Use Committee (No. CIA-
CUC2018-S0003).

Preparation of H. fusiformis extract

H. fusiformis was subjected to extraction and purification in the
Department of Biochemical and Polymer Engineering, Chosun
University. Freeze-dried H. fusiformis was ground in a mixer and
2 g of the powder was digested and extracted at 50°C with 100
uL of viscozyme (in 100 mL of 0.1 M sodium acetate buffer so-
lution pH 4.5) for 6 hours in a shaking incubator (200 rpm). Af-
ter digestion, viscozyme was deactivated at 100°C for 15 min-
utes and the supernatant was harvested with centrifugation
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= Hizikia fusiformis reduced allergic symptom scores, infiltra-
tion of eosinophil, and hyperplasia of goblet cell.

= H. fusiformis reduced ovalbumin-specific immunoglobulin E
formation.

= H. fusiformis reduced interleukin 13 production locally and
systemically in allergic rhinitis mouse model.
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(10,000 %X g for 10 minutes). The supernatant was concentrated
in a rotary evaporator, and the extract powder was prepared us-
ing a lyophilizer. The viscozyme fraction of H. fusiformis was
used in all experiments.

Experimental protocols

Mice were randomized into four groups and each group com-
prised nine or ten mice. Group A (n=9) was the negative control
group, while group B (n=10) was the positive control group.
Group C (n=10) received H. fusiformis extract during the nasal
challenge period, while group D (n=10) received H. fusiformis
during sensitization and nasal challenge period. Protocol for
OVA sensitization and challenge for the development of allergic
rhinitis mouse model is summarized in Fig. 1. Briefly, all mice,
except from the negative control group, were immunized with
an intraperitoneal injection of 25-ug OVA absorbed on 2 mg of
aluminum hydroxide on days 0, 7, and 14. Mice from group D
were intraperitoneally treated with 600 mg/kg of H. fusiformis
extract dissolved in 200 pL of sterile water about 3 hours before
OVA sensitization. After sensitization, these mice were intrana-
sally challenged with 100-ug OVA in 20 pL of phosphate-buff-
ered saline (PBS) for 7 consecutive days. Mice from group C
and group D were intraperitoneally treated with 300 mg/kg of
H. fusiformis about 3 hours before nasal challenge with OVA (on
days 21-25). The group A were treated with PBS via the same
route on the same schedule. The dose of H. fusiformis was de-
termined arbitrarily within safe range based on the previous
study [10].

Nasal symptom scores

After the final OVA challenge on day 27, the number of sneez-
ing and nasal rubbing during 10 minutes was recorded and com-
pared between the experimental groups by two observers blind-
ed to the experimental conditions.

Histologic assessment

Mice were sacrificed 24 hours after the last OVA challenge. The
heads were fixed in 10% neural buffered formaldehyde solution
for 1 day, washed in running water for 4 hours, decalcified for 1
day using Calci-Clear Rapid (National Diagnostics, Atlanta, GA,
USA) at room temperature, dehydrated, and embedded in par
affin blocks. These blocks were cut into 4-um-thick coronal sec-
tions and stained with Sirius red to evaluate the number of eo-
sinophils in the subepithelial connective tissue of the nasal mu-
cosa. The other slide was stained with Periodic acid-Schiff (PAS)
stain to evaluate the goblet cell hyperplasia in the epithelial lay-
er. The average number of eosinophil/goblet cell was counted in
four high-power field areas around the nasal septum (X400 mag-
nification). The individuals who counted the cells were blinded
to the experimental conditions.
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Fig. 1. Schematic representation of the experimental protocol. (General sensitization) BALB/c mice were sensitized with 25 pg of ovalbumin
(OVA) and 2 mg of aluminum hydroxide gel on days 0O, 7, and 14. (Local sensitization) all mice except for group A received intranasal chal-
lenge with OVA from day 21 to 27. In group C, mice received Hizikia fusiformis (H. fusiformis, 300 mg/kg) 3 hours before intranasal OVA chal-
lenge from day 21 to 25. In group D, mice received H. fusiformis (600 mg/kg) 3 hours before intraperitoneal OVA administration on days 0, 7,
and 14 and H. fusiformis (300 mg/kg) 3 hours before intranasal OVA challenge. PBS, phosphate-buffered saline; IP, intraperitoneal injection.

Measurement of serum levels of OVA-specific IgE, IgG1, and
|gG2a

Blood samples were collected and the serum was separated by
centrifuge. The levels of OVA-specific IgE antibodies (Abs) in
the serum were evaluated using an enzyme-linked immunosor
bent assay (ELISA), as previously described [11]. Briefly, serum
samples were loaded in the wells of a 96-well plate coated with
10 pg/mL of OVA, and immunoglobulins were detected with bi-
otin-conjugated anti-mouse IgE Ab, IgGi, and IgGz. (BD Biosci-
ences, San Jose, CA, USA), respectively. The response was devel-
oped with a 3,3",5,5-tetramethylbenzidine solution, followed
by treatment with 2 N sulfuric acid to terminate the reaction.
The absorbance was checked at 450 nm with a microplate reader
(Epoch; BioTek, Winooski, VT, USA).

Real-time polymerase chain reaction for IL-5, IL-10, IFN-y,
and FOXP3 in the nasal mucosa

The nasal mucosa samples from the same group were mixed to-
gether since the amount of tissue was too small in each mouse.
Total RNA was extracted from the nasal mucosa using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). Complementary DNA
was made with amfiRivert cDNA synthesis platinum master mix
(GenDEPOT, Barker, TX, USA). The ¢cDNAs corresponding to
IL-5, IL-13, IEN-y, forkhead box P3 (FOXP3), and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) were amplified us-
ing ABI 7500 fast real-time PCR system (Applied Biosystems,
Foster City, CA, USA).The primers used are presented in Table 1.
The results were normalized to GAPDH expression level and
expressed as fold change compared to the negative control group.

Table 1. Primers used in the experiments

Primer Sequence

IL-5 Forward ~ 5-GACGAGGCAGTTCCTGGAT-3
Reverse  5-GCATATGGTATCCCTTGCATT-3

IL-13 Forward ~ 5-CCTCTGACCCTTAAGGAGCTTAT-3
Reverse 5-CGTTGCACAGGGGAGTCT-3

IFN-=y Forward  5-AGAGCCAGATTATCTCTTTCTACCTCAG-3°
Reverse 5-CCTTTTTCGCCTTGCTGTTG-3"

FOXP3 Forward 5-GAAAGCGGATACCAAATGA-3”
Reverse 5-CTGTGAGGACTACCGAGCC-3

GAPDH Forward 5-GCACAGTCAAGGCCGAGAAT-3
Reverse 5-GCCTTCTCCATGGTGGTGAA-3

Measurement of cytokines (IL-4, IL-5, IL-13, TNF-o, and

IL-10) levels in splenocyte culture

A total of 5x10° single spleen cells were cultured in triplicates
and incubated in Roswell Park Memorial Institute-1640 medium
supplemented with 10% fetal bovine serum and 100 units/mL
penicillin and 100 pg/mL streptomycin (Gibco, Grand Island, NY,
USA). After stimulation with OVA for 72 hours, the supernatant
was collected and used for analysis. The levels of IL-4, IL-5, I1L-10,
IL-13, and tumor necrosis factor a (TNF-0) were analyzed with
ELISA kits (R&D Systems, Minneapolis, MN, USA).

Flow cytometry analysis

Aliquots of 10° splenic mononuclear cells were prepared and
incubated with anti-mouse CD16/CD32 Ab for blocking non-
specific Fc-mediated interaction for 20 minutes on ice, followed
by incubation with fluorescein isothiocyanate-conjugated anti-
mouse CD4 Ab and anti-allophycocyanin-CD25 Ab (eBiosci-



ence, San Diego, CA, USA) for 30 minutes on ice. After surface
staining, the cells were incubated with fixation/permeabilization
working solution overnight at 4°C and subsequently stained
with phycoerythrin-Cy5-conjugated anti-mouse FOXP3* (eBio-
science) for 1 hour. CD4*CD25*FOXP3* T cells were analyzed
with BD FACSCalibur flow cytometer (BD Biosciences, San
Jose, CA, USA).

Statistical analysis

All measured parameters are expressed as mean+tstandard de-
viation. Differences among the groups were analyzed with the
Mann-Whitney U-test. All statistical analyses were conducted
using IBM SPSS ver. 20.0 (IBM SPSS Corp., Chicago, IL, USA).
A value of P<0.05 is used as the cutoff for significance.

RESULTS

Reduced allergic symptoms and serum OVA-specific IgE,
IgG1, and IgGz2a Abs after H. fusiformis treatment

To evaluate the effect of H. fusiformis extract on allergic nasal
symptoms, the number of sneezes and rubbing movements were
counted 5 minutes after the last nasal challenge for 10 minutes.
The allergic symptom score significantly increased in the mice
from group B as compared with those from the negative control
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group A.The score was significantly decreased for the mice from
groups C and D, compared with positive control group B (P<0.05)
(Fig. 2A). Moreover, mice from group B showed significantly
higher levels of OVA-specific IgE Ab than those from groups C
and D.The levels of OVA-specific IgE Ab were significantly low-
er in mice from group D than from group C (Fig. 2B). This result
suggests that H. fusiformis extract protected the mice from OVA
sensitization. Analysis of IgG: and IgGz. Ab levels revealed that
the expression of these Abs decreased in the mice from groups
C and D (Fig. 2C, D). To evaluate the relative significant impact
of H. fusiformis treatment on Th2 or Th1 inflammation, IgG1/Gz.
ratio was calculated. The value of the ratio was lower in samples
from group D than from group C (data not shown).

Systemic effects of H. fusiformis evident from cytokine
production and flow cytometric analysis of
CD4'CD25'FOXP3" T cells from splenocytes

In terms of systemic effect of H. fusiformis, the levels of IL-4,
IL-5, IL-13, IL-10, and TNF-o were significantly elevated in the
culture supernatant of spleen cells from group B, while these
levels significantly decreased following administration of H. fusi-
formis extract in group D (Fig. 3A). Evaluation of the systemic
effects of H. fusiformis showed that the basal concentration of
IL-10 was higher unlike the levels of other cytokines. The basal
concentration of IL-10 in splenocyte culture supernatants with-
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Fig. 2. Effect of Hizikia fusiformis on levels of (A) allergic symptom score and (B-D) serum ovalbumin (OVA)-specific immunoglobulins in each
group. Administration of H. fusiformis suppressed allergic symptoms including rubbing and sneezing, and serum immunoglobulin E (IgE) (B),
IgGi (C), and IgGe. (D) levels. A, control group; B, allergic rhinitis group; C, H. fusiformis treatment group during nasal challenging period; D,
H. fusiformis treatment group during general sensitization and nasal challenging period; NS, not significant. *£<0.05.
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Fig. 3. Effect of Hizikia fusiformis on the (A) production of Th1/Th2 cytokines and (B) induction of regulatory T cell subgroups in spleen cell cul-
ture. (A) In spleen cell culture supernatant, interleukin 4 (IL-4), IL-5, IL-13, IL-10 and tumor necrosis factor alpha (TNF-a) concentrations were
decreased significantly in group D compared with the group B. (B) The frequency of CD4*CD25"FOXP3* was decreased significantly in group
D when the splenocyte cultured to OVA compared to the positive control group B. However, others did not show significant change after treat-
ment. Experiments were performed three times. A, control group; B, allergic rhinitis group; C, H. fusiformis treatment group during nasal chal-
lenging period; D, H. fusiformis treatment group during general sensitization and nasal challenging period; NS, not significant; SSC-H, side
scatter height; FSC-H, forward scatter height; FITC, fluorescein isothiocyanate; APC, allophycocyanine; PE, phycoerythrin. *P<0.05.

out OVA stimulation was higher in group C and group D sam-
ples (up to 100 pg/mL). After OVA stimulation, the level of IL-10
increased in groups B and C but remained constant in group D
(data not shown). Similar results were observed with flow cyto-

metric analysis. The proportion of CD4* cells and CD4*CD25*
FOXP3* T cells was measured in each group, as previously de-
scribed [11]. After OVA stimulation for 72 hours, the percentage
of CD4*CD25'FOXP3* T cells was 12.03%, 14.68%, 17.28%,
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Fig. 4. Effect of Hizikia fusiformis on the nasal tissue cytokine expression. Local cytokine mRNA expression levels in the nasal mucosa were
evaluated using real-time polymerase chain reaction after H. fusiformis administration. Transcriptional activity of interleukin 13 (IL-13) de-
creased significantly (B); however, those of IL-5 (A), interferon y (IFN-y; C), and FOXP3 (D) did not significantly change in the groups C and D
compared with the positive control group B. A, control group; B, allergic rhinitis group; C, H. fusiformis treatment group during nasal challeng-
ing period; D, H. fusiformis treatment group during general sensitization and nasal challenging period; NS, not significant. *<0.05

and 10.17% for cells from group A, B, C, and D, respectively
(Fig. 3B). For splenocytes without OVA stimulation, the percent-
age of CD4*CD25'FOXP3* T cells was 7.89%, 11.27%, 13.84%,
and 9.75% in group A, B, C, and D, respectively. As a result, the
percentage of these cells was slightly higher in group C under both
conditions. However, the elevation in the CD4*CD25*FOXP3*T
cell proportion was not observed in group D and there was sig-
nificant difference between groups C and D (P< 0.05) (Fig. 3B).

Local effects of H. fusiformis evident from cytokine mRNA
expression

To evaluate the local antiallergic effect of H. fusiformis, the ex-
pression of mRNAs of various cytokines in the mouse nasal tis-
sue was measured. An increase in the expression levels of IL-5,
IL-13, IEN-y, and FOXP3 mRNAs was observed in the nasal mu-
cosa of group B mice, however, only the IL-13 levels significantly
decreased for the samples from groups C and D (P<0.05) (Fig. 4).

Reduced eosinophil/goblet cell counts in the nasal mucosa
after H. fusiformis treatment

Histopathologic evaluation results revealed the significant in-
crease in eosinophil infiltration observed in samples from group
B (29.58+5.92/high power field [HPF], P<0.01) as compared
with samples from group A (1.25+0.35/HPF). Eosinophil infil-

tration showed significant decrease in samples from groups C
and D (12.08£2.90/HPF and 3.92+1.24/HPF, respectively;
both P<0.01) (Fig. 5A, B). PAS staining results revealed the de-
crease in the number of goblet cells in samples from groups C
and D with statistical significance (P<0.05) (Fig. 5C, D).

DISCUSSION

H. fusiformis, widely consumed in Korea, China, and Japan, is a
rich source of various soluble polysaccharides in the form of al-
ginates, laminarins, fucoidans [5]. H. fusiformis exerts immuno-
modulatory effects [1,3,7]. Macrophages treated with H. fusifor-
mis showed antioxidant and anti-inflammatory effects. H. fusi-
formis showed therapeutic effects against atopic dermatitis
through the inactivation of nuclear factor of activated T cells [9].
Based on these previous study results, we suggest that H. fusi-
formis may serve as an attractive option for the treatment of al-
lergic diseases. In the present study, we evaluated the effects of
H. fusiformis extract on nasal allergic inflammation and investi-
gated the underlying mechanism. We found that the intraperito-
neal administration of H. fusiformis extract resulted in a signifi-
cant reduction in allergic nasal symptoms (rubbing and sneez-
ing), Th2 cytokine production, and the number of eosinophils
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Fig. 5. Histopathological findings. (A, B) Eosinophil infiltration in the nasal mucosa. (C, D) Goblet cell hyperplasia in the nasal epithelium. (A)
Subepithelial inflammatory cell infiltration including eosinophil was evident in group B and decreased in Hizikia fusiformis treatment groups C
and D (Sirius red stain, X400; yellow arrows, eosinophils). (B) Eosinophil count was significantly reduced in treatment groups C and D com-
pared with the positive group B. (C) Increased number of goblet cell in epithelial layer was identified in group B (black arrows, goblet cells). (D)
Systemic administration of H. fusiformis suppress goblet cell hyperplasia in groups C and D compared with the positive control group B (Peri-
odic acid-Schiff stain, X400). A, control group; B, allergic rhinitis group; C, H. fusiformis treatment group during nasal challenging period; D, H.
fusiformis treatment group during general sensitization and nasal challenging period; HPF, high power field. *P<0.05.

infiltration, suggesting that H. fusiformis may potentially control
allergic rhinitis symptoms in mice.

The imbalance between Th2 and Th1 polarization results in
allergic phenotype features such as asthma, allergic rhinitis, and
atopic dermatitis [12-14]. In our experiment, we used a Th2-driven
allergen and adjuvant (OVA and aluminum hydroxide gel) as
positive control. Mice treated with H. fusiformis extract (groups
C and D) demonstrated decreased response not only in terms of
OVA-specific IgE Abs but in the form of 1gGa./IgG1 Abs. 1gG2.
and IgG: Ab isotypes are markers for Th1 and Th2 lymphocytes,

respectively. Administration of H. fusiformis extract reduced the
production of IgGz. and IgG: Abs in groups C and D as compared
with group B. In particular, compare to the IgGz. Ab being less
than twice gap between groups B and D, the level of IgG1 Ab of
the group D was as lower as one-fourth that of group B.
Moreover, Th2 cytokine such as IL-4, IL-5 and IL-13 are im-
portant mediator in the pathogenesis of allergic rhinitis. In our
study, the mRNA expression of IL-13 was significantly de-
creased in H. fusiformis-treated groups C and D. IL-13 is respon-
sible for maintaining late-phase allergic inflammation and asso-



ciated with mucous production by promoting the hyperplasia of
goblet cells in the epithelium secreting the mucopolysaccharide
(mucin) into the airway [15,16]. Treatment of H. fusiformis sig-
nificantly suppressed the IL-13 production resulting in signifi-
cant decrease of the number of mucous-producing goblet cells
(Fig. 5C, D). As for IL-4, another important Th2 cytokine for IgE
production, reduced systemic IL-4 production from splenocyte
culture consistent with the decreased production of OVA-specif-
ic serum IgE. Therefore, we summarized that one of the thera-
peutic effects of H. fusiformis is thought to be associated with
the mechanism involving prevention of Th2-type immune re-
sponse.

IgE-mediated allergic inflammation is initiated after the recog-
nition of a foreign peptide by a naive T cell that is activated in
the presence of IL-4. As a consequence, the activated T cell un-
dergoes Th2-type differentiation. Previous studies evaluating the
role of macrophages in allergic rhinitis mice intranasally sensi-
tized with cedar pollen have shown that macrophages are essen-
tial not only for IL-4 or immunoglobulin production but also for
class switching of immunoglobulin in lymphocytes [17]. This re-
sult clarifies the role of macrophages that serve as a connecter
between the innate and adaptive immunity in murine allergic
rhinitis by acting as antigen-presenting effectors. We have previ-
ously shown that the treatment of a macrophage cell line (RAW
264.7) with a viscozyme fraction of H. fusiformis resulted in ef-
ficient antioxidant and anti-inflammatory effects. Among several
mediators released from macrophages, TNF-a production in-
creased by lipopolysaccharides treatment ameliorated by the H.
fusiformis treatment (unpublished data). TNF-u is released from
activated phagocytes [18]. Therefore, this fraction was thought
to exhibit any potential in allergic disease, and hence, used in
the present study. Several lines of study relating TNF-o support-
ed its antiallergic effect in murine asthma or murine allergic rhi-
nitis model. One study demonstrated that anti-TNF-a antibody
could suppress the level of eotaxin in asthma model [19]. In an-
other study using TNF-a knock out mice, it was proven that
TNF-a was necessary for OVA-specific IgE production and for
Th2 cytokines/chemokines [20]. Other study with TNF-a inhibi-
tor showed the decreased expression of adhesion molecule, thus
inhibiting of migration of effector cell in murine model of aller
gic rhinitis [21]. However, there are also some contrary results
that knock out the TNF-a would increase the airway-hypersensi-
tiveness, suggesting the pro-inflammatory effect of TNF-q, thus
more evidences are needed for clarification [22].

In our study, to clarify the mechanism involved in antiallergic
effect of H. fusiformis, we administered the extract in two treat-
ment methods, multiple injection before only local sensitization
period (group C) and multiple injections before both general and
local sensitization period (group D) and compared the efficacy
using several parameters. All of the aforementioned effects were
evident in the mice from group D that were treated with H. fusi-
formis extract during sensitization as well as nasal challenge pe-
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riod than in the mice from group C that were treated only during
the nasal challenge period. Mice from group D showed a signifi-
cant decrease in the production of OVA-specific IgE, IgGz., and
IgG1 Abs, consistent with the least eosinophil infiltration and al-
lergic symptom scores reported for this group. Mice from group
C showed a similar improving tendency in many parameters
like mice from group D, however, they failed to show statistical
significance except symptom scores, OVA-specific IgE, IL-13
mRNA expression and histologic findings. Considering the abol-
ishment of TNF-a in group D (Fig. 3A), we assumed that TNF-a
could be one of the answer why mice from group C had a limit-
ed antiallergic effect, compared to mice from group D. It might
be not enough for alleviating all allergic inflammation by admin-
istration the H. fusiformis only in nasal challenging period.

The other difference noticed between the groups C and D is
the Tregs. FOXP3 is considered as a regulator of Tregs. In gener-
al, the expression of Tregs is upregulated in response to immune
responses for the alleviation of inflammation. Failure to main-
tain immune tolerance against environmental factors results in
allergic reactions such as allergic rhinitis, allergic asthma, and
atopic dermatitis. Thus, Tregs are essential for the maintenance
of immune tolerance through the prevention of Th2 induction
and Th2 cytokine release [23]. Several studies have supported
the relationship between Tregs and allergic diseases. In patients
with allergic rhinitis and uncontrolled asthma, the in vitro func-
tion of FOXP3* Tregs was decreased, and Tregs from patients
with asthma showed impaired regulation of chemokine signal-
ing pathway [24-32]. In our study, evaluation of the Treg popula-
tion revealed that the basal concentration of IL-10 cytokine
without OVA stimulation was around 100 pg/mL in the mice
from group C, which was significantly increased compared with
positive control group B (P<0.05), and this concentration in-
crease by three times following OVA stimulation. However, the
level of IL-10 was unchanged in the mice from group D follow-
ing OVA stimulation and remained the lowest concentration
with statistical significance (P<0.05) (Fig. 3A). The different
methods of administration of H. fusiformis might elicit a differ-
ent anti-inflammatory response. In group C, therefore, to sup-
press allergic inflammation in response to OVA sensitization, H.
fusiformis extract induces Treg expression (according to flow cy-
tometric analysis) and elevates the levels of IL-10 cytokine (ac-
cording to ELISA results). In the contrary, the number of
CD4*CD25*'FOXP3*Tregs was significantly lower in group D
than in group C (Fig. 3B). These contrary results between groups
C and D in activation of the Tregs system may be explained like
that the administration of H. fusiformis during sensitization pe-
riod may lighten the allergenicity of OVA with alum adjuvant,
which may not sufficiently activate the Treg immune system at
the initial stage. Taken all together, we suggest that H. fusiformis
could exert antiallergic effects by decreasing the production of
IgE Abs and Th2 type inflammatory response, and/or induction
the Tregs system.
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Our study has some limitations. First, H. fusiformis extract
was given intraperitoneally in our study. The route of adminis-
tration may have an effect on the local or systemic results. Thus,
it is more appropriate to give the extract intranasally to see the
local antiallergic effect. Second, the dose of H. fusiformis extract
administered during general sensitization period was arbitrary
determined within safety range based on the previous study.
Thus, the accurate effectiveness of H. fusiformis could be dem-
onstrated with several different doses of it. Third, the character
of Treg cells discussed here is likely to correlate with the induc-
ible Treg cell [33], the accurate subpopulation study is needed
for draw a conclusion.

To the best of our knowledge, this is the first study indicating
the effect of H. fusiformis in a murine model of allergic rhinitis.
H. fusiformis extract significantly improved nasal symptom
score, OVA-specific IgE production, Th2 cytokine release and
histopathologic inflammation in OVA induced murine allergic
rhinitis model. Thus, the therapeutic effects of H. fusiformis sug-
gestive of the feasibility of this extract for therapeutic applica-
tions in allergic rhinitis.
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