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Blockillg intelleU㏏ n■ 17 attelluates eⅲhanced in且
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staphylococc¸ l enterotoΔ n B in Inuⅱne aUergic Ihinitis Inode1
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rnicronora of the upper respiratory tract [2]. It has
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produces various toxins ㄳTith superantigen acti'γ ity’

such as staphylococcal enterotoxins (SEs) and toxic

shock syndro∏ le toxin 1 〔5〕 . AII10ng dlese, in partic—
ular tlle SEs are known to be power㎙ l superantigens.

Superantigens have aII abili㏉  to cross-link the
antigen—presenting ce11s (APCs) and T— ceII receptors.

Therefbre, they can acti、 ’ate up to 30% of tlle T—
cell

population in tlle body nonspccincally and cause an

excess in1∏lune response [6]  ̧Also, SEs act like a

proinΠal llnlatory cyto㏏ne and activate Inacrophages.

Activated nlacrophages can induce IL- 1 β and IL-6,
ㄳ7hich are the Inost potent inducers of II,- 17 〔7,8] .
IL 17 is the key cyto㏏ ne of Th17 cells, and seruII1

IL- 17 levels are increased in patients 、vitll AR and are

related to clinical sylnptoIIIs’  peripheral eosinophi1

count, and IIledication usage 〔9] . In addition,

eⅵdence for the invol'’ elnent of IIr17 in dle pad10—

genesis of AR is ㎙rUIer provided by tlle flnding tllat

cxpression of IL- 17 [eceptor beta is up— regulated in

patients witll seasonal AR [10]. IL- 17 is involved

in dle pathogenesis of allergic disease and is kno'vn

to orchestrate tlle ne˙ utrophilic influx into tlle air'vays

and also enhance Th2 ce11-glediated eosinophilic

air'vay inflaIIIIIlation [1 :1] .

AltIIough SEs and IL- 17 are believed to play roles

in tlIe developΠ lent of illnaIIllIIation, the association

bet'veen SEs and IL- 17 in AR has not been clearly

elucidated until no、 자/˚ τ1Ieref()re, UIe aill1 of this study

'Nas to investigate tlle role of SEs and IL-17 in a
II10use Inodel of ovalbulnin (OVA) -induced AR.

I˘laterial and Illethods
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 'veek— old fdIIlale BAIjB/c nlice and IL 17—

dencient IIlice 'vere used in all expeⅱ IIlents. IL 17—

deflcient Iylice 'Tere purchased f'orll Profdssor Yoichiro

I'valclra at the Center fbr Expeⅱ ∏lental λ4edicine Inst1—

tute of the λIedical Science LTniversi㏉  of To㎏ o. II」—

1 7 -dencient IIlice '7ere on aBAItB/c genetic background

and 'ν ere bred in specinc pathogen— ftee condiⅱ ons. Each

Inouse 'ㅈγeiglled 2α -30 g. The studies herein fbllo'ved

dle pⅱnciples for laboratory anilnal research as out—

lilled in ⅲe Anilnal Welf¸ re Act and Departlnent of

Healⅲ , Education, and 瑀/el㎩re (National Institutes
0f Healⅲ ) guidelines fbr the experilnental use of ani—
nlals, and ⅲese expeⅱ∏lental protocols 'vere approved

by our i11stitudon’
 s anilnal subjects colnnlittee.
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Forty— eight ∶nice 、vere divided into the follo'7ing

six groups: (1) the negative contro1 group (group
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A) 、vas challenged 'νith phospha혼 e buffdred saline
(PBS), (2) the AR group (group :B) 、vas challenged
with ovalbulnin (OVA; Grade V, Siglna— Aldrich,

St Louis, MO, IJSA), (3) the staphylococcal entero—

toxin :B (SEB; SigIIla— Aldrich) group (group C) 、vas
treated ㄳ7ith SEB before intranasa1 oVA chal—

lenge, (4) ⅲe negative contro1 group (group D) of
IL- 17-dencient IIlice, (5) the AR group (g(oup E)

of IIㅢ - 17-de且cient IIlice, and (6) the SEB group
(group F) of IL- 17-deficient nlice.

The procedure for allergen sensi伍 zadon and cha1—

lenge was perfbrlned and is sunlnlaⅱ zed in Figure 1 .

BⅱeΠy, on days 0, 7, and 14, nlice ㄲ’ere sensiUzed by

intrapeⅱ toneal adnlinistra伍 on of 25 μg of OVA ∏1ⅸed

witlI 1 ∏1g of alunlinu∶ Il hydroxide (Siglna) in 300 lll of
PBS or PBS only (groups A and D). One week a丘 er tlle

last sensitization (day 2 1), IIlice were intranasally cha1—

lenged daily ㄲTidI 100 μg of OVA fronl day 21 to day
27 (AR group and SEB groΨ p). In the negative control

groups (groups A and D), Inice were intranasally

challenged witll PBS by the salne schedule. To inves—

tigate the eEbct ofexposure to SEB on nasal challenge,

ⅲe SEB groμ ps (groups C and F) 、vere given intrana˜

sally 500 ng of SEB dissolved in 20 1ll ofsaline. At 24 h

a丘er tlle nnal OVA challenge, each II10use '、 Tas ㏏lled

and speciIIlens 、τTere obtained fbr analysis.
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ω,,, sε o比s. At each sacⅱ 且ce, a丘er intranasa1

alle!gen pEovocaUon with 200 ilg of OVA, the fre—

quency of sneezing and nose scratching Ⅵ
’
’as coLlnted

fbr 15 IIIin to evaluate early aller¸ c responses.
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●E˚ The
seruln levels of total IgE and OVA— specinc IgE '''ere

llleasured by solid— phase enzylne-linked iIIlnlunosor—

bent assay (EIISA). τhe seru∏1 salnples 'vere collected

24 h a丘er the last nasa1 oVA challenge, and 10 μg/Inl of

OVA 'vas used to coat a IIlicrotiter plate. Bound ilillnlu—

noglobulin iso㏉ pes 'vere detected 'vidl speci± ic second—

ary antibody (biotⅲ -conjugated rat anti— Inouse IgE

ㅍ10noclonal antibody (IIIAb) ㄳTas purchased fronl BD

Pharlningen, San ∫ose, CA, USA). Total seru∏ 1 IgE 'vas
Irleasured by standard ELISA using anti— II10use IgE

capture ∏1Ab (BD Pharlningen) and signal f'oIII a
fluorescently lab eled detection antibo dy 'λ Tas ll leasure d

as descrit)ed fbr the OVA— specinc IgE EIJSA.
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 ̊The
spleen 、vas renα oved aseptically 24 h aner tlle last

intranasal challenge. Single cells ζ

’
''''(:::re plated on

96-'vell plates at a nnal concentration of 5 × 106

cells/、νell in RPMI- 1 640 containing 1 0% fdtal bo'7ine

seruII1 (FBS) 'NidI penicillin— streptolnycin  ̊The cells

琴:≡≡
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Figure1. ExperiⅡ lental protoco1.λIiceㄳ

'ere sensitized by intlaperitoneal injection ofovalbuⅡlin(OVA)Ⅱ lixed witll aluIylinuIIl hydt˙ oxide on
days0¸ 7j and14 Intrailasal challenge was per')nned by daily OVA inhalation丘 onl day21 to day28. Contro1Π lice were sensitized but
challcnged'vith phosphate— butfered saline(PBS)instead ofOVA.The nlice'vere killed24h afLer the nna1oVA challenge.SEB,staphylococca1
enterotoxin B.

were stilnulated with OVA fbr 72 h. τhe supernatants

'vere collected and stored at -70OC until needed.
The levels of IL- 1 β, IL¨ 4, IL-6, and interfdron
(IFN)-^y ⅵ

’
ere lneasured in splenocyte supernatant

after stinlulation 'vi tln OVA using coII1∏ lercially avai1—

able EI」 SA ㏏ts (R&D Systellls, Inc., Minneapolis,
λ㎻ , USA). ARer IIIeasuring the optical denⅲty at
450 nm, tlle concentration of IL-1 β, IL-4, IL-6,
and IFN-γ  was deterlnined by inteII)olation ftoln a
standard curve and expressed as ng/n11.
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The experinlental Ⅱlice were sacrinced 24 h a丘 er ⅲe
nna1 oVA challenge and nasal tissues ⅵγere obtained
for analysis˚ TIIe nose sections were stained ⅵ tlI
heIIlatoxylin and eosin to assess innaIIIIIlatory cell

inflItration˚  Eosinophils ⅵ7ere denned Ino1:phologically

田  Wⅱ d— type m¡ ce

E=∃ 'L-1 7-defic¡ ent m¡ ce

1 4

by the presence of eosinophilic granules in tlle cyto—

plasnl and two— lobed nucleus. Eosinophils 'vere
counted under a ∏licroscope (×  400) in dle whole
nasal septal Inucosa.
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The results are expressed as IIlean ± SD. Statistica1
analysis was perfbrnled using PAS™ γ 18.0 softwale

(SPSS Inc., Chicago, IL, IJSA) and the Kruska1—

™/allis test and Tukey post hoc test ⅵ7ere used for

nlean analysis.

Results
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Eosinophil counts in the nasal lllucosa are sho'ㅈ /n
in Figure 2a. 'rhe average nuIIlber of eosinophils
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A: PBS
B: OVA (100 μg)
C: OVA (100 μg) + SEB (500ng)

l L⊥즈ㅛ으fici으 nt 꼬二ce
D: PBS
E: OVA (100 μg)

트으Y스 (l OO μg) + SEB (500 ng)



per high power neld (×  400) in tlle OVA and SEB
groμps (groups B and C, and groups E and F, respec—

tively) 、νere significantly higher tllan tlIose in UIe
negative control groups (groups A and D)

Φ < 0.00l and ρ < 0.001, respectively). A Tukey
post hoc test revealed tllat there ''7as no signincal1[

di珏뇬rence regarding inflltrated eosinophils between

OVA and SEB groups (groups B and C) in wild—
type IIlice. Ho"7ever, tlle eosinophil count in tlle SEB

group (group F) was loㄲ 'er tllan dlat of the OVA

group (group E) in IL,- 17-deflcient IIIice Φ 〓 0. 001).

N"sα I 

’

ν

"ρ

ιo羽s αηυ τoταI αηH 

’

ρℓεψε IξE Ieυ tlj

The ftequencies of nasal rubbing and sneezing 、

’

tTere

evaluated fㄴ )r 15 ∏lin aηer intranasal allergen chal—

lenge, and are displayed in Figure 2b. The f'equencies

of nasal rubbing and sneezing of groups B (OVA
group) and C (SEB group) in wild— type ∏lice ㄳ

’
ere

8. 1 ± 3.6 and 7.2 ± 4. 1, iespectively, which ''γ ere
increased signincantly coIIlpared 'vith those of group

A (negative contro1 group) (3. 1 ± 1.4) Φ = 0˚ 002).
However, no signincant di珏 drence Ⅵ7as observed
be[ween groups B and C. SiIIlilarly, the sylnpton1

scores fbr groups E (OVA group) and F (SEB group)

in IL-17-dencient IIlice 'Tere 7.7 ± 4. l and 5.0 士 2.8,

respectively, signincantly diffdrent f'oIIl that of group

D (negative contro1 group) Φ 〓 0.007). In contrast to

the result in wild— type lrnice, tlle score for group E

'Tas signincantly lligher than 
ⅲat of group F in

IL- 1 7-dencient Inice.

In addition, all of the OVA— treated groups (groups
B and C) in 、λTild— type Inice sho、 νed signincantly
higher totai IgE levels tllan group A (negati'Ye control

group) Φ < 0.001) (Figure 3a). Ho'vever, ⅲere 'vas n0
signincant di珏orence in terIIIs of total IgE levels

bet'veen groups B and C. In IL- 17-dencient ∏lice,
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 vvⅱ d—type mice

ㄸㅁ 'L- 17-de'cient mice

siIIlilar results 'vere observed in tllat group E and F

showed signincandy higher total IgE levels than group

D ω < 0.001). A Tukey post hoc test re、 γealed ⅲat the
group F shoㄳ7ed signincantly higher total IgE levels

co∏1pared with group E (ρ < 0˚ 001). FurtherII1ore,
even Uhough υhe di珏 drence in total IgE levels in groups

B and E 'λTas not proIIlinent, the total IgE level in

group F 'vas signincantly lo'ver dlan rllat in group C

Φ < 0.001).

Sinlilally, a11 tl● e OVA— t1:eated groups (groups B
and C, and groups E and F) sho'7ed signincantly

higher OVA— specinc IgE levels tllan the negati、 ∶e
control groups (group A and D) in both 'vild—

㏉pe and IL-17-dencient ∏lice Φ < 0.00 l and
ρ < 0.001, respective1,γ ) (Figure 3b). The OVA—
specinc IgE level in group F Ⅵ7as signincantly lo、

'TertlIan dlat of group E by a Tukey post hoc test

Φ < 0.001). In addition, the OVA— specinc IgE leve1
in group F 'vas signiflcantly lo'〃 er tllan dlat of group C

Φ < 0.001).
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The levels of IL- 1 β, II」-6, and II˜ -4 were signincantly
elevated in OVA—treated groups (groups B and C, and

groups E and F) as coI● pared '/ith the negative
control groups (groups A and D) in tlle splenocyte

cultures in both ㄲγild—type and IL- 17-dencient IIlice

Φ < 0.00l and ρ < 0.001, respective1ν ) (Figure 4a, b,
c). λloreover, addition of SEB (group C) increased
OVA— induced production of IL 1 β, II」-6, and IL-4 in
splenocㅍ es coIIlpared wiUl the OVA—treated group
(group B) in 'vild— type IIlice Φ < 0.001). In contrast,
in IL- 17-dencient IIlice, tlle levels of IL느  1 β, IL-6, and
IL-4 in tlle SEB group (group F) 'Tere not higher 仕lan
those in the OVA group (group E). Furtherlnore,
IL- 1 β, IL-6, and II」-4 1evels in groups E and F
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Figure3. Seruln(a)total IgE and(b)ovalbumin(OVA)-speci묘 c IgE levels.In"'ild-˚pe“lice,the SEB(staphylococcal enterotoxin B)group
sho'ved slightly increased seruln total IgE and OVA— specinc IgE levels as colnpared witll tlle OVA group,even쉽 hough statistical signincance
was not observed.However,in IL-17-deflcient∏ lice,seruIyl tota]IgE and OVA— specinc IgE levelsin ⅲe SEB gtoup were1ㅇ

'ver than뀝
hosein ⅲe

OVA gtoup.
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Figure4.(a)IL-1β ,(b)IL-6j(c)IL-4,and(d)IFN-γ 'le、 'els in splenocⅥ e culture.η ㄱhe SEB(staphylococcal enterotoxin B)group showed
incleased IL— 1β ,IL-6,IL-4,and IFN-γ 'levels as coIIIpared witl,the OVA(ovalbunlin)group in'vild-㏉ pe Inice。 <0.001).Howe、 ėr,these
increases in c}to㏏ ne Ie'’els in the SEB group coㅍ1pared witll the OVA group ⅵ'ere not observed in IL17-dencient IIlice.

ⅵTere signiflcant1,γ  lo'νer than those in group B and C
(ρ < 0.00l and ρ < 0.001, respective】 y).
The level of IFN— hy in the OVA groups (groups B

and E) and the SEB groups (groups C and F) were

signij● icantly higher than those in the negati˛ 7e
contl˙o1 groups (groups A and C) (ρ < 0.00l and
ρ < 0.001, respectively) (Figure 4d). In both 'ν ild—
㏉pe and IL¨  17-dencient IIlice, a Tukey post hoc test

I˙evealed that the SEB groups (groups C and F)
shoㄵ7ed signincantly higher IFN-^y level than the

OV.A groups (groups B and E) Φ < 0.00l and
ρ < 0.001, respectivel” . Additionally’  group E
showed a signincantly increased IFN-^y Ievel co∏

1¨

pared 'vith group B (ρ  < 0.001). Hoⅵ'ever, there

'Tas no statistically signi1●
icant diⅲorence regarding

IFN-^y level in groups C and F.

DiscUξ sion

In tlle present study, we analyzed dle iHlnlunologic

effocts of nasal exposure to SEB with regard to llle

develop∶ nent ofAR in a Iyluⅱ ne ∏1odel, and tlle role of

IL-17 in this process. Mice sensitized witll OVA

together 、Λ/ith SEB produced signincantly greater
aⅡ10unts of cㅍ o㏏nes such as IL-1 β, II」 -6, IL-4,
and IFN-γ. In addition, even if statistically signiflcant

diffdrences 'vere not observed, nasal adIIIinistration of

國  VVⅱ d—type mice

田  'L  ̈1 7∼ def¡ c¡ent mice

SEB together with OVA increased eosinophil innltra—

tion and OVA— specinc and total IgE production as
coI11pared with adIylinisㄸ ation of OVA only. τhese
results suggest tllat nasal exposure to SEB enhances

tIIe developlnent ofAR and tlle innaⅡ 1lllatory process.

τhis is in accordance with the results of a preⅵ ous
study where intranasally sellsitized BAI,B/c IIlice '/ith

SEB e×posure developed AR Inore extensively tllan

Inice without SEB exposure [12].

AIthough SEB e즈posure enhances alle˛얽c innaln—
IIlation, dle exact InechanisIIl regarding connection

between SEB and AR has not been elucidated
colIIpletely. SEB is s';˛ pposed to act botll as a conven¨

tional allergen and an ilnlnunolnodulator and is

considered to be an inducer of inna∏ 1∏latory response.

an믐묘1.is쵸呂I표표≡ξ t麗ξ息毛 aξ옵{S :a甚
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ability to bind directly to the class II Inajor histocon1—

patibility coIIIplex (MHC) APCs and 
β-do∏lain of dle

variable region of the T— cell receptor. τhis action

표 :∶ξ 1쵸놓息斐  tfξ  c표⅛ 盂盟 :lu⅞뜅 뚱긍#낳 꿈⅝
T—cel1 population in dle body nonspecincally and

cause an excessive i∏ 1IIlune response 〔6, 13〕 . Activa—
tion of T cells results in dle production of various

proinnaIIIInatory cytokines and cheIIlokines, sollle of

which prefdrentially induce τhl responses [14].
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λ/ioreover, it has been reported 균lat there is a shi丘

in the i∏1nlune response of nlice to OVA froln
Th2-associated antibody production of OVA—
specinc IgE and IgGl to Th1 -associated antibody
production of IgG2a, IgG2b, and IgG3, folloⅵ 7ing

adIIlinistration of SEB 〔15]. In dle present study,

IIlice sensitized witII OVA togetller with SEB pro—

duced signincantly greater aII10unts of proinna∏1ㅍla—

tory cㅍ o㏏nes, such as II」 - 1 β, IL-6, and bo뀜 h τ1I l and

Th2 cytolcines, such as IFN-γ and ILr4. τhese addi—

tionally enhanced Th l and Th2 responses fblloㄲ ’ing

ad∏linistration of SEB Inay be responsible fbr tlle

enhanced ailergic innanlIIIatory process. Furtller—

II10re, this enhanced τh l response was in accordance

ⅵTith the previous results shoㄳ7ing that SEB does not

ind11ce a strict τh2-ske'Ted response in a IIlurine

IIlodel of AR 〔12〕  .
IL- 17 can nlediate tissue inΠ aln∏lation by the

induction of cheIIlo㏏ nes and proinnaIIIIIlatory cㅍ o—

kines in the struc1∵
'그

ral ce11s, and can potentiate aIIelgic

innaII1∏lation by regulating innate i∏ 1∏luni㏉ 〔16] .
IL 17 has been kno'vn to induce allergen— specinc

τ112 cell activation, eosinophil accu∏ lulation, and

serunl IgE production [17, 18]. However, dle IL- 17/

Th1 7 cell plays a II10re ilnportant role in dle induction

of 'Th1 -type neutrophilic allergic innaII1∏lation than

in τh2-type eosinophilic inflalnIIlation [19] . Furtlle[—

∏10re, a recent study has reported tllat IL- 17 secretion

was enhanced by tIIe SEB itself [20] . τ1Ierefbre, it can

be assunled that IL- 17 plays an iIIlportant role in t± Ie

enhanceIIlent of allelgic response in AR caused by

adIIlinistration of SEB by enhancing Th l response as

well as τh2 response.

™γe aiII1:ed to elucidate the role ofIL 17 on SEB in AR

using II, 1 7-dencient Inice˚ Ofinteresξ  increased aller—

gic sㅍnptonls, eosinophil innltration, increased tota1

IgE, and OVA— specinc IgE '￦ere observed after SEB

adⅡ1ⅲistration in 'vild— type Iylice. Ho'’ eve(¸  ∏lice den—

cient in IL 1 7 displayed a signincant reducUon in tllese

allerμc responses caused by SEB adIIlinistradon. Fur—

tllerII10re, increased producⅱ on of proinflaIIIIIlatory

cㅍo㏏nes, such as II,1β  and IL 6, and τ
、
h2 cyto㏏ne

IL 4 ㄳTere observed f“ )1loⅥ7ing SEB adlllinistration in

'vild—
tyT)e IIlice, but in IL 1 7-dencient IIlice, increased

production of d10se cytokines was not found even after

adIIlinistration ofSEB. τherefk)re, fron' these results it is

ⅲfdrred tIIat IL 17 has a cri伍caI role in allergic inna●tI1—

Ililatory response enhanced by SEB in AR.

Ho'〃ever, the partially decreased response inlplies

tllat lllechanisnα s other than IL- 17 could be involved

in SEB— induced enhancenlent of allergic innaIIIIIla—

tion. One possible IIlechanisln is that SEB nlight

enhance the ilillnlune response of conventiolla1

allergens, such as OVA. A representative superan—

tigen, SEB, can stilIIulate T ce11s by direct bindillg to

Ro'ℓ υ̨Γ Iι -I 7 ,˙η SEB— Iηυ
'ι

εℓJ ¿:η/γα)/,'ηατ

’
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I'νIHC class II APCs loaded witll OVA— derived
peptides, and tllis rllight enhance tlle antigenici㏉  of
tlIe aⅡergen, OVA.

In condusion, exposure to SEB IIlay enhance the

allergic inna∏1IIlatory responses in wild— type Ⅱlice.

Ho'〃 e'’er, these enhanced responses 'λ Tere not

observed in IL- 17-dencient ∏lice. τ1Ie results of

tllis study de∏10nstrate that IL- 17 could play a signi—

ncant role in aggravation of AR a丘 er SEB e즈posure.
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