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Mucosal Immune System
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AehA 4| A (mucosal immune system) S 5314
2] (physical), 484 (immunological) & Ux}
QA oA ARA L] deE dsict E3F <5 (host)
9} endogenous microorganism (commensal bacteria)
Afole]l FA A (symbiotic relationship) & vi7ish=
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immunity) 2} 58 (acquired immunity) & S8} ¥
2 epithelial surface area®] immunological homeo-
stasisE A8k Utk
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The Uniqueness of Mucosal Immunity

Common mucosal immune system(CMIS)

dntr o= of P} YT (pathogen) < 435 (in-
gestion) 1 &4] (1nhalat10r1) I 22 A A 7
s FalA 8 o7 oA "k uebs £
9] & oleek A o
tjst &4 Sol4 JE-S-(antigen—specific immune
response) = k7|9 £2 91X organized lym-
phoid tissue® A =9t} thEAQ organized
lymphoid tissueZ% 42| Peyer's patch$} 17
I 24 (nasal—associated lymphoid tissue, NALT)
o] glom o5& Aukd] YEAQ WolZREQ IgA
S FEER= inductive site® &EA ok o]&
T3} dendritic cell¥} macrophage®} -2 antigen—pres-
enting cell(APC) 2] A% 2H8-2- FallA effector and
memory B cell, T cell& 3=t Q3 Beel, T
helper (Th) cell, cytotoxic T lymphocyte (CTL) &} 2
£ FE immunocompetent cell& X331 it o]y
st &9 Eold B cell# T cell> HZHS 534 in-
ductive sited WA =1, FE el &8sl 9
2] "ozl mucosal effector site® o]Fs "t} o]
Sl effector site= $178#(gastrointestinal tract), T-&

=
2} 319] (mucosal antigen) 2}
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7] (respiratory tract), B]%=8217](genitourinary tract) Al ®tk o]FA] AAAE S—IgA A= Huk THoM 9
59 A9t 195 (lamina propria, LP) ol dldetch(Fig. FZFE HAdshs &3 Hddeo] dist a4
1). ©] mucosal effector sitecllr] &9 S0l [gA— o] &S JalA Ach? wabA IgA—committed B
committed B cell, Thl cell, Th2 cell regulatory  cell& AJ8= inductive site Peyer’s patcht} NALT
cytokines Eall ME A5 2E-S 5197, secretory IgA €} 22 organized lymphoid tissues) & S—IgAE A
(S—IgA) FAE Ads] st A=) AES F8st  Abh= effector site (lamina propria) 2 T %+= com-
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Fig. 1. The common mucosal immune system. Luminal antigens are transported to the nasopharynx-associated lym-
phoid tissue (NALT) and Peyer's patches through microfold (M) cells that are present in the epithelium overlying NALT
and Peyer's-patch follicles. Dendritic cells process and present antigens to T cells in these lymphoid fissues. CD4* T
cells that are stimulated by dendritic cells then preferentially induce IgA-committed B-cell development in the
germinal center of the lymphoid follicle. After IgA class switching and affinity maturation, B cells rapidly migrate from
NALT and Peyer's patches to the regional cervical lymph nodes and mesenteric lymph nodes respectively, through
the efferent lymphatics. Finally, antigen-specific CD4" T cells and IgA™ B cells migrate to effector sites (such as the
nasal passage and intestinal lamina propria) through the thoracic duct and blood circulation. IgA* B cells and
plasmablasts then differentiate into IgA-producing plasma cells in the presence of cytokines (such as interleukin-5 (IL-
5) and IL-6) that are produced by T helper 2 (Th2) cells, and they subsequently produce dimeric (or polymeric) forms
of IgA. These dimeric forms of IgA then become secretory IgA by binding to polymeric Ig receptors (which become
the secretory component in the process of secrefory IgA formation) that are displayed on the monolayer of
epithelial cells lining the mucosa. Secretory IgA is then released into the nasal passage and intestinal tract. TCR : T-
cell receptor (Adapted from Nat Rev Immunol 20044 699-710) .
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mon mucosal immune system (CMIS)-2 mucosal vac-
cine®} mucosal adjuvant®] 7ol A5FE7FAE Q4
Q1 Aojt}.

Inductive sites for mucosal immunity

Peyer’s patch, $5*(appendix), ©54 HXZA (soli-
tary lymphoid nodule) 52 3|4 Asp7|AdA-E
ZZ (gut—associated lymphoid tissue, GALT) ¢]2}11
2+, 9749 mucosal inductive siteZA] 223}
0, Whe)| HE (tonsil) & o} =0 = (adenocid) & A3
o H17AAY = %4 (nasal—associated lymphoid tis-
sue, NALT) ol 3lgsl= A0 2 A5 557]9} v,
779) inductive site®A Z-ggtt? o] Ao
+ isolated lymphoid follicle ILF)©] Peyer’s patch
o} frAReE AEE EAE 7 A o® B, GA-
LT g0z wolseix| 1 grt?

Mucosal inductive tissue?] & |24 ] 437
EAR= Peyer’s patch®] 54Eol wigt 57} 74
k) A8)E 1 9ek>® Peyer’'s patch?] EH-S fol-
licle—associated epithelium (FAE) ¢]g}x ¢&i7 55
3t A0 7 gof gt} o] follicle—associated epithe-
liumefl= £<=3}¥ antigen—sampling cell®] microfold
M) cello] E5-3HA EASFEH], M cell ciliag 2+
9] enterocyte®= @2 irregular and shortened
microvilliE 714 E40] Quk” s M cellS basal
membrane Zol] M3}l pocket structureS s,
71 pocket %9l= T cell, B cell, macrophage ¥+ den-
dritic cell 5] A8t 1 2]o M cell> 2= cyto-
plasmic vesicle®} 259 lysosomeXx 2= Z1o07 <
A4 o, ol FHes] S AT Yol &
A= 8-S uptakedA] transportsh=d] golEtE=
1ekel Zojeka AZHATEY M cellell 218 uptake®
antigen< -3l (degradation) L} W/d=|X] 9ka1, oo
ZA81= antigen—presenting cellel] &3+ (intact) AF
Bl AgsE 2oz delA Qoh? M celld 93 U
9] uptake % transportol] gk B oz}, B
(pathogen) 2] F% Z= (port of entry) 24 % 223+
t}. Invasive Salmonella®} reovirusi= Peyer’s patch

of ARz M cell& Sl Hdslo] AEE LT

A3 2| - HHHIAA

A Ak mE M cellS mucosal immune sys-
tem % 3= 1 (gateway) 9 & S = A
O AziE]o] Zitk

Peyer’'s patchi= 31538 ° 2 dome FEHE =,
follicle—associated epithelium B}Z ool 3 &
o)A wWojurg-o] ftof] Q3 [gA—committed B cell,
Thl cell, Th2 cell, macrophage, dendritic cell &©°]
FRaA EARs 9ol Atk M cellS E3) &lo]
uptake® 1L delivery® ¥, &9 antigen—present-
ing cellg] dendritic cello] 2l ZA] Hg)go] Ac}'?
Peyer’s patchelli= #243 A|I7F4] 55+2] dendritic cell
(DC) subpopulation®] = Aoz 2dex Ut} : my-
eloid DC(CD11b"), lymphoid DC(CD8 ¢ ™), double—
negative pC.l? Myeloid DC+= subepithelial dome
(SED) ¥9of] A5k, DEC—205%} 22 maturation
markerE &3] ¢7] vl w]/d<stimmature)
7102 A7V} Lymphoid DC2 double negative DC
+ cell-mediated immunity (CMD) & #%*]7]:= Thl
cell®] ¥3}(differentiation) & =38 4 glom, vk
o]l myeloid DC+ mucosal effector site®lA] IgA im-
mune responses 43R= Th2 cell A3t} wke}
2] lymphoid DC%} double negative DC+= DC1 sub-
type 2.2 FF5 3, myeloid DC= DC2 subtype o=
Bear Y wsl pyeloid DCE Faligt 24 8+ (food
antigen) o] =% % IL—10% transforming growth
factor— B (TGF—p)& 433k, 7745 3l F9%
el o3l systemic unresponsiveness (77 A%
4, oral tolerance) & f'@dk= Th3 E& regulatory
T(Treg) cell®] ¥312 w7jsh= oz Azhwck!?
Subepithelial dome %%}ell £AI8H= myeloid DC= che-
mokine receptor CCR6% &s}lal, 71 ligand$! CCL20
= follicle—associated epitheliumellA] W& H ) A3k
myeloid DC¥ chemokine receptor CCR7-S & s}
11, subepithelial dome %%l interfollicular region
(IFR) 0% 0|53l T cell?} 5242 s Ak

B cell?] 4 (division) o] &#3] Lojul= 3191 ger-
minal center2 3Z31= follicle (B cell 3¢))-& Peyer's
patch®] dome 9¢ "ol $X]8tt}, Peyer’'s patch]

germinal center®l= ¢ — to @ —gene conversion®] 2
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A9l activation—induced cytidine deaminase (AID)
2 wdales B 579 [gM'B220" B cello] EA)3t
o9 o] AFelA, Peyer's patchZ €] 2]l
[sM'IgA™ B cell& TGF- 3¢} 37 wjokalals o),
IgM IgA" B celle] ARt 17k Aok 19 u}
2b4, Peyer’s patch® germinal centeri= IgMoi|A]
[gAZ 2] W3 B cell isotype switch®} 3 affinity
maturation®] Lojui= 3oz A7k m Y surface IgA
positive (sIgA™) B celld] thiito] ZA)sh}
switch IgA—committed B cell chemokine receptor
o} 71 ligand®] 45 28-(a4 B7—integrin—MADCAMI,
CCR9-CCL25)ll
testinal lamina propria) & ©]%3aHt}, 202

BE 23 T cell subset B cell el 213 3lA
WFAETHT cell-dependent zone). ©] T cell5& A
%8 AoRA, A BF7F ¢ STCRT T cell(a BT
cell ot} ¢k 65%2] @ AT celle CD4"CD8™ T cell®
A, T helper cell®] 545 WAtk flolA Agt \t
9} o], EE3 dendritic cell subsetel] &J3 &-<lo]
Zof, o] T helper cell> 212+
antigen—specific cell-mediated immunity =+ IgA
response? induction¥} regulation®]] #old= Thl
W= Th2 type cell® 32 4= Qi) oF 30%2] a BT
cell& CD4™CD8" T cell2A], cytotoxic T lymphocyte
°] A7 A% (precursor) & 831 wlabA, organ-
ized inductive tissuet™ ¢l 5ol HubHANtS-S
Usl=d] Q3% & immunocompetent cellS ZEl

(e} I~
Qo= A & 5 Sk

o]# post—

]84 mucosal effector tissue (in-

A+ (presentation) ¥

Effector sites for mucosal immunity

Mucosal inductive siteoA el S =23 F,
sIgA" B cell, CD4" Th1/Th2 cell, CD8" T cell} 2+
Hz] 9o)7 mucosal ef-

fector tissue® ©]%317] Y&l common mucosal im-

£ mucosal lymphocyteS-<

mune system®] peripheral lymph node, thoracic duct,
bloodstream< 3l inductive siteZ WA o} (Fig.
1). IgA isotype 2] 3R] S—IgA+ mucosal surface
oA o] s dishe T AYFREUSRA,

Peyer’s patcht} NALTS} 72 organized lymphoid

inductive tissue°ﬂ/\1 71918= immunocompetent cell
of ofsf 17, A 5571, WA, Fol, uterine and
reproductive mucosa, glandular tissue (salivary, lac-
tating mammary, prostate) sllA #4402 4/d%
o} o]d HWA] F site, &, Y uptake’} HEZ o]
FoJA]:= inductive site®}, S—IgA7} A== effector
siteX common mucosal immune system?] 7ldolA]
7V F8d Rk
Peyer’s patch®} vibZHA =, o1gae] Hvt 1§35
2 7 W& A7) 8% mucosal effector tissue
o]t} Effector siteclA] sIgA™ B cell& S—IgAS A4
sl7] el HEA O IgA plasma cell2 E3}sh=t,
o] 342 &4l 5014 Thl cell, Th2 cell, slgA” B cell,
18] 3 epithelial cellel 9JalA #4J¥ mucosal intranet
o 9J&] &X¥r) o]23 mucosal effector siteol=
EAA 0% Thl¥ Th2 cytokine array’} £A15h=4],
o= W2 52419 IgA antibody—producing cellS 3
okt Fas 5442l B—cell differentiation path-
ways Feh=tl Aget S-S Atk =, Thl-
derived IL—2¢} Th2—derived IL—5, IL—6, IL—10-,
sIgA* B cell?] preferential activation@} clonal ex-
pansion, 12]1L IgA plasma cell£2] FEZQ] H3l=
)5 %938} IgA—enhancing cytokine©|tk?? o] plasma
cell&2 dimeric ¥+ polymeric JEHS] [gAE A4
3}, o]+= epithelial cello] 2J8iA A== secretory
component (SC) & Aste] S-IgAE A5 Hrt
Secretory component®] 24432, Thl (IFN—y) 3} Th2
(IL-4) cytokine®l &J3] =5 upregulation ¥Tth= %
o] ated A glrh(Fig. 1).2Y o]
ing molecule?] secretory component intestinal lam-
plasma cellell 2J3] A€ dimeric
AP A=t
transportdh= polymeric Ig receptor (pIgR) 2] &
o7 oA gk

%83k mucosal IgA bind-

ina propria?] IgA

Tl

T polymeric e [gAE 3] active

SR

Role of mucosal Th1 cells, Th2 cells and Tr cells
in the induction and regulation of IgA response
Auk W (mucosal immunization) & AREFE 9, ad-

juvant, antigen delivery vehicle®] Ad2le] we} ¢



E£o]% Thl—- ¥ Th2—-type responses 23t}
A= 5, Salmonella} 2 intracellular pathogen
FJshd, IFN-7, IL-2, TNF-4% #H|sk= Thl
cell& 843 B2 In vivool A, 219 Thl—type
immune responses= cell-mediated immunity £} IgG2a
AdE& EH o= 3= B—cell response?t AFETh
IFN— y = FollA 1gG2a antibody 8-S @l F
23 cytokine©]th?” $HA, soluble protein antigen}
8 mucosal adjuvant®A AFEEE cholera toxin
CT)2IL—4, IL-5, IL-6, IL-10& Beh= &4 &
o] Th2 cell& f=ath? o]2)gk Th2—type cytokine
Zo| = IL—47} ¢ heavy chaing 7 subclass (IgGl)
9} ¢ subclass(IgE) 2 W (switch) A1tk LA
ek 3t Th2 celle FolA IL-59} IL-62] A4
< %34 IgA responseE A Y= =23 major help-
er phenotype2® “3Ztet}, Altk7l, Th13 Th2 cell
2 B AlEo] BH]ER= cytokinedl 23 AwA
© 2 (reciprocally) &% 1 3t} Z, Thl cell> [FN—
yoll 9aiA, Th2 cellS IL—49} IL-10¢] 2Jaix =

CT, Helminth
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Fig. 2. Type of immuno-responses induced by mucosal
administration (Adapted from Rev Med Virol 2003,13:
293-310).

A3 2| - HHHIAA

A0 o]213k cytokine S-S mucosa—associated
compartment®|*] 2783t immunological homeostasis
£ Ak Fost dgs gidsta glokFig. 2).

29| Aol A, naive precursorZ%-E Thl T&
Th2 type cell29] 3l 53t dendritic cell(DC)
subtype, &, DC12} DC20f| 2JallM de i ¥4
ok olefst el AT Y H2E toll-like re-
ceptor (TLR : TLR2$} TLR4) & AF=3tod dendritic
cell& &3} A7, 2 IL-129F 22 Thl—type
inducing cytokine®] AW4S =ach® wepbx, TLR—
stimulated dendritic cell> Thl cell type 2 22] T cell
differentiation =3k &l JthFig. 2). 124,
71ZoIt 54 Altel] = -, oW toll-like re-
ceptor?] A= &34 dendritic celle] Th2 cell dif-
ferentiation & FAZ 5 YA b4 Bataiet”
H]= [L—47} Th2 pathway s fri=sh=tl 23 g
< 99sta lvka &efA glon, o] 7] IL-49) cel-
lular source= 28] wrai Ao & Hio|rk? s o
22 NKT cello] IL—4 230l g344Q Alxow &
74 ek

o), Th3 cell¥} Treg cell¥} 22 immune—sup-
pressive cytokine IL—10, TGF— ) —producing T cell
o] Rt} o]d suppressor—type cell- protein
antigen®] 7745 3] =% (oral exposure) ¥ ¥ F=
2 5 k™% Th3 cello] 4433 TGF— 8= IgA iso-
type switchE £21A17]1, Th1¥} Th2 cell 5ol th
3 JAAQ) 54 2=tk Treg cell IL—4 tiAl
o IL-10< A48k, Th cell responsed JAITH=
E4S 243 9tk? Treg cell?} Th3 cellel] ©J3iA] A3
=]+ regulatory (1= suppressive) cytokine-> 35}
BN EAA Hakd WY AF (polarized quies-
cent condition) & F#3l=t] 7|oshs Ao® AZH
o} (Fig. 2).

Immunological Features of NALT
o] NALT+ nasopharyngeal duct®] %o, car-

tilaginous soft palate?] dorsal sideol|A WA=, 1
7] Waldeyer' s ringoll sl@s= Aoz 7159089
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T3k H29 Ao, NALTS fAISHA follicle s &
A8H= lymphocyte aggregate”’} 217+9] nasal mucosa,
E35)] 24 o]a} Zote] middle conchaolA] Ak
o= F¢ NALTOl 8lldsh= Ao] QI7lellM % e 4
= AS HolF= Aolth. NALTE Peyer's patch
9} A follicle—associated epithelium, high endo-
thelial venule (HEV), T—cell¥} B—cell—enriched area
2 FAEo] 919H, antigen—sampling cell] M cell
©] NALT®] epithelium®l =AY Antigen—pres-
enting cell¢! dendritic cell¥} macrophage®™ %A
NALToM #29k? wehq NALTE vl 3
ol®l o) th3k mucosal immune responses 2
3l ZHsh=t T3 FE lymphoid cell5S 2zt
ek oE 59 reovirusE W UIE F915Hd, NALT
o4 germinal center’} AE 11, 58719} A317]olA]
antigen—induced IgA" B cell?] clonal expansion®] &
1hg)o] reovirus—specific IgA7} AAECEY w8k NALT
oJlA] reovirus—specific cytotoxic T lymphocyte”’} =
2 HIEE L o]H e 427352 NALTZ} mucosal
immune systeme®lX $&7]9] 7333} inductive siteg}
T A& HolF= Zlojrh

Positive immune responseS F4sh= 7 &]of|= H]

Fo=z 0% 92 systemic unresponsiveness—
mucosally induced tolerance?] 3t e]—2] fabol =
oA gaHolek= Aol wE ALY wlehd, NALTE
Z}7} antigen—specific immunity 9} tolerance® F-%
3171 13l positive— £} negative—regulatory signal<
Ashed dofsitta A Qlok Zevl NALTe]
A Zutel] wZE ol it tolerance”} FEEE 7]
& o G4A gt
ThO environment

F¢) NALTel #2l€l CD4™ T cellel Thl1¥} Th2
cytokineS A= mRNAES 24151908 o), ThO cell
9] cytokine profile] $-MEE Ktk o] o] ThO
cello] H17E Fall Fo =EFH A% Thl Fi= Th2
cell ¥3k8 5 98-& Sk 21k Naive wild—
type mice2] NALTZHE] #2]¥ CD4" T cell> ThO
cello]m], ¥ wlepq 5L wgow F9u9 P 44

off whz} Thl = Th2 cell® #3838 4= 3lth Cholera
toxin¥ 22 mucosal adjuvant®} A B17FC 2 £
2 whal k9 (bacterial cell-wall component &
virus—associated antigen &)< HIZHERE oy} vl
B2, 2F7), &397] ¥ 22 d2] "olzl mucosal
effector siteA 3¢ Eo]4 IgA—producing B cell
9] A& Z7A)7)= Th2—type responseS 3471
o} P89 o) =4 398 WSk recombinant
Mycobacterium bovis bacillus Calmette—Guérin ((BCG)
2 17 A& A|E3PH, Thl—cell-mediated immunity
7} frdg

IgA class switching

IgA—specific class—switch recombination®] diffuse
mucosal effector tissueo|A % A 4= Qlok= KL
= 23171914 organized mucosal tissue”} IgA—com-
mitted B cell®] Ao HHEA] Q8 718 o=
2L ouFeE™? e, ol AR AL 013
1=319] 032)7F Wk Intestinal [gAs ¥ 79 Al
3, 5 B13 B2 cellell g 3484 & Aok 4
A Q7] o] 1 Zn2e- 7L Bl cell?] IgA-
specific class—switch recombination< organized lym-
phoid structures B F 4| o1, ¥hA] B2 cell?]
IgA—isotype switchingolx&= dgAolel= Aot}
olg3t 7Pd-E AR|sh= 02, gut—associated lym-
phoid tissue®] &A= FE2] B cell B2 cello]
17, "hdof Bl cell> A& © 2 intestinal lamina pro-
pria regione]l EAIHE= Zlo] RaE|k?? wlebA, B2
cell?] IgA—isotype switchings k= =2 a4
A= Peyer’ s patch®] dome epithelium (& fol-
licle—associated epithelium) o] £A413H= M cellS £3t
antigen sampling®l] &J3A4] A% 17, ¥kl Bl cellll
2]%} IgA—specific class—switch recombination (CSR)
processt= FHtol| A2 WAEG 0w, B8t lymphoid—
like structure® Z¥A] ¢31, lamina propria region®l ¢!
A3k villous M cells E3l uptake® 3ol 2JsiA
Tyt Agzhgcts

NALT= IgA™ B—cell responseS f2ah=] glo]
A Peyer’s patch®} "R HAE2 Q3122 nasal pas-



sagedA &= TgA—isotype switching®] dold 4= 9l=
] ofFrof st A7) H3YE Stk Isotype switching
o] Fost [gMB220" B cell& organized inductive
site NALT) oA &A= 01, respiratory mucosal
immune system?] diffuse effector tissue (nasal pas-
sage) = HAHA) S m AR, 1gM B220"
B cell:& 9%4#2] organized Peyer’s patchollx& it
79l o}, intestinal lamina proprialxs WAE A
okoktt wpaba, o] AATtellA, IgA class switching2 &
a7 sl Aol F91% IgMB220" B cell, NALT
9} Peyer’s patch 7= organized mucosa—associated
inductive tissueo7h A& o7 Eafgo] wa k™
o] AFdE AID, Ia —C ¢ circular transcript, [#—C a
transcriptel] 0]t IgA CSR—associated mRNA2]
A oA B g dFH AT AIDS} Te—Cpe cir-
cular transcript®] W& 12— to @ —gene conversion
FQto]| M8 © 2 up—regulation=|ATh |+ H543] down—
regulation®]”7] wizel, o128t molecular event= IgA
class switchingg F838l1 = B cell?] EA|(hall-
mark) 4 21257 9tk 14 —Ce transcript?] g2
@ IgA-specific CSRY] F4& tehith™ o] 74
ol AID, Ia—C g circular transcript, [#—C e tran-
script ¢4 mRNAS] @& NALTSE} Peyer’ s
patch 22 organized mucosal inductive tissue®l| =
33137, nasal passage®} intestinal lamina propria
22 diffuse effector tissueol A= WHAEA] okgkr}®
T3 o]21 3t organized mucosal lymphoid tissuet= B2
cells} Agho] Qi g4 ek whebr o A&
Ao ZHE] HA3 B2 cellol]l 23 IgA class switch-
ing< aero—digestive tracte]X NALTS} Peyer’ s
patch Z-& organized lymphoid structureE ZQ %
Soh= AS & 4 Mok &3k NALT= high—affinity IgA
£ 1131 memory B cell?] Aol o3 9
#zof ghe] Aok kg FHdlol B w, NALTE
¢l E0]4 Thl %= Th2—cell-mediated response
¢} B—cell immune response?] %9} F4do| Q3
TE immunocompetent cell& 2kl = A& & &

ek

A3 2| - HHHIAA

Differences between NALT- and Peyer’s-patch-initi-
ated immune responses

NALTS} Peyer’ s patchs 22 &E]9] immunocom-
petent cell&& 23 9l& Rk oh2}, fARgE W3t
A B} YESH 7|58 b A o® A7 wEt
A 74 W9 (oral immunization) ¥} v A2, #]7 H
9 (nasal immunization) = He] HoJ% mucosal ef-
fector tissue®lA 3¢ So]2] Thl— H= Th2—cell—
mediated response$} IgA responseE 3 5 <)
Tk 2ejA gk MAHT959 —on . ol o @ NALT—
targeted immunization< 57|12} A217]ollA &34
o7 gg Sold HANRE-S f¥sta, Wb Peyer's
patch—targeted immunizationS 4ol BHE &
o (protective immunity) 2] A4S AN =
3k 117 M9 [gA—committed B cellollA] CCR10%}
a4 Bf1—integring ¥ FEOE WAL, o]59
ligand?] CCL28%} VCAMI1S st 8719 v
2712 IgA—committed B celld) o]%5-S a8 og
AR AR 8 3bE (compartmentalized) com-
mon mucosal immune system?] 73S SHsH= 7
ok olghi= wirjE 7 Wele] <8 fkEl IgA-
committed B cell> 4873 @4p1—integrin ¥t o}
Yzt CCR9¥ CCR10S &8k, web MADCAMI
T+ VCAM13 CCL25 = CCL28S Walsh= &%
(small intestine) ? Z-& H-9]2 o0]Esc}?

NALTS$} Peyer’s patchi= % Tt mucosal inductive
tissueoll &ah=tlE E78ka WAt 543 A=
ARl 7)5ellA Afol7k vz A&, aFsHor aEa
sPgA oz S5 150 EA $IAel Z|Qlsitta o
Ao}, wgbAd common mucosal immune system<
7AFste] NALTS} Peyer’s patch—initiated mucosal
immune responses ©]-€3F° M mucosal compart-
ment®] AA T 54 F-9)olAiEet ozt Mol A
g Eold Wou-§—Thl—cell % Th2—cell re-
sponse, cytotoxic T lymphocyte response, 18] IgA
9} IgG response—< fFHsh= 240 Ae()7 =
T8 WA (mucosal vaccine) & 7HEsh=s 1 o] 24

ol A7) itk & 4= lvk(Fig. 1).

B <



J Clinical Otolaryngol 2010;21:3-12

Recent Update of Pathogenesis
of Allergic Rhinitis

AT MES AFMEQ| ¥3RE-CD 34" hematopoietic
progenitor cell
I3 FAE ATtellx] AuAErt dHET] Ak
AL A, 2l FA9ES vk AL F 4HA
Qlth. A M| ¥ eicosanoid, endopeptidase?] £H],
IL-6, IL-8, GM—CSF, TNF— @, RANTES, TARC,
eotaxin, SCF¢} #& Alo]E7l 9 A m7lel Hu),

ICAM~-1, VCAM~-1 59 #2549 W3S 53l o
B vk Wl 24 248 7P, 2el=] g

73l 7107 gk 4= Qlt}. Epithelial cell—derived cytokine
thymic stromal lymphopoietin(TSLP)& d#H2] A3
W& A8t FAVMER sfolw Th2E 8493} Al
A IgE & del=r] vheS dotivta U4 gl
o, o]el = AT AL 71919 IL-259} IL-33¢] &
g 27] Wkl 7]ofdto] U= A} vk H uE =

Tol|A CD34" hemopoietic progenitor cello] @?Z]-
(progenitor) 42] g o]9]o| TSLP$}F IL—33¢] tf
St TEAIE HAsh, Afo]ETRIC] RESS1o] proinflam-
matory Th2 Al|EFIQIF ATIFRIE FHSH= Z1O

Hekaey

o

OH
X

=]
=

o
[m=]

ool 7)<t nle} o] HubH A A (mucosal im-
mune system) & ©
tion) &] 7P & AHL, X
9l FAFE ¥l (injection vaccine) 2] 7

HES-(systemic immune response) 5t

v o (mucosal immuniza-
=7 dEbd o= ARG A
7S AAm

o
PHE

o] gk, A7 = ) Bl (mucosal vaccine)
2 A3 (mucosal surface) oA &4 So]3
tory [gAE AAkshs Huldonks
response) ¥4t ofuE} &gl 5
she AAAAREETEA] FAlel e ¢ Stk Aol
t} oko® Qbdeta, FARE ARSHA| oA FEol

glom, Bl mg WAl spde] dadtd, ofd

01_‘:_

secre-
(mucosal immune

E0]% serum [gGE YAk

10

Qs FE]AA T e Aol vz Ay walo]w, A
238 (mucosal immunology) Fofol|A ] FF2¢
Eaxgtal & ¢ Qlth &, FARE B giAl 2o Y
sV Hs okow i AL e Sle
o] e} 7|ohEt

A =27] el SloA, o]HFE AR e WY
FALe o] AZbst Ha20 2 Qg 1 AR HlwErt A

i]' Eoiﬁ?i}‘i %];_Et
nasal immunotherapy 9} 72> mucosa—targeting im-
munotherapy ® A} thA|E]e] v Aow gzhw],

sublingual immunotherapy

old HolA Atz A tigt olsis} A7t olu]
Q5w ALl v Fost JguE 2 dctar &t
At
T HO : dupofst - wiAddd e - e 4
d=7] v,

REFERENCES

1) Mestecky J, Blumberg R, Kiyono H, McGhee JR. Ch. 31.
In: Paul WE, editor. Fundamental Immunology. 5™ ed. San
Diego: Academic Press; 2003. p.965-1020.

2) McGhee JR, Mestecky J, Elson CO, Kiyono H. Regulation
of IgA synthesis and immune response by T cells and inter-
leukins. J Clin Immunol 1989;9 (3):175-99.

3) lijima H, Takahashi I, Kiyono H. Mucosal immune network

in the gut for the control of infectious diseases. Rev Med Virol

2001;11 (2):117-33.

Hamada H, Hiroi T, Nishiyama Y, Takahashi H, Masunaga

Y, Hachimura S, et al. Identification of multiple isolated

lymphoid follicles on the antimesenteric wall of the mouse

small intestine. J Immunol 2002, 168 (1):57-64.

Czerkinsky C, Anjuere F, McGhee JR, Geroge-Chandy A,

Holmgren J, Kieny MP, et al. Mucosal immunity and toler-

ance’ relevance to vaccine development. Immunol Rev 1999;

170:197-222.

Boyaka PN, Marinaro M, Vancott JL, Takahashi I, Fujihashi

K, Yamamoto M, et al. Strategies for mucosal vaccine de-

velopment. Am J Trop Med Hyg 1999; 60 (4 Suppl):35-45.

Owen RL, Jones AL. Epithelial cell specialization within

human Peyers patches; and ultrastructural study of in-

ternal lymphoid follicles. Gastroenterology 1974;66 (2):189-

203.

Owen RL, Cray WC Jr, Ermak TH, Pierce NF. Bacterial

characteristics and follicle surface structure: their roles in

Peyers patch uptake and transport of Vibrio cholerae. Adv

Exp Med Biol 1988:237:705-15.

Owen RL, Bhalla DK. Cytochemical analysis of alkaline

phosphatase and esterase activities and of lectin-binding

and anionic sites in rat and mouse Peyers patch M cells. Am

J Anat 1983:168 (2):199-212.

4)

5

=

6

=

7

~

8

=

9



f

~

=

=

=

~

=

=

=

~

~

=

=

10) Wolf JL, Rubin DH, Finberg R, Kauffman RS, Sharpe AH,

Trier JS, et al. Intestinal M cells: a pathway for entry of
reovirus into the host. Science 1981,212 (4493):471-2.
Weinstein DL, O’Neill BL, Hone DM, Metcalf ES. Differen-
tial early interactions between Salmonella enterica serovar
Typhi and two other pathogenic Salmonella serovars with
intestinal epithelial cells. Infect Immun 1998,66 (5):2310-8.
Kelsall BL, Strober W. Distinct populations of dendritic cells
are present in the subepithelial dome and T cell regions of
the murine Peyers patch. J Exp Med 1996,183 (1):237-47.
Iwasaki A, Kelsall BL. Localization of distinct Peyers patch
dendritic cell subsets and their recruitment by chemokines
macrophage inflammatory protein (MIP)-3 @, MIP-3 £, and
secondary lymphoid organ chemokine. J Exp Med 2000,
191 (8):1381-93.
Banchereau J, Briere F, Caux C, Davoust J, Lebecque S, Liu
Y], et al. Immunobiology of dendritic cells. Annu Rev Im-
munol 2000;18:767-811.
Iwasaki A, Kelsall BL. Unique function of CD11b", CDS @,
and double-negative Peyers patch dendritic cells. J Im-
munol 2001166 (8):4884-90.
Muramatsu M, Kinoshita K, Fagarasan S, Yamada S, Shinkai
Y, Honjo T. Class switch recombination and hypermutation
require activation-induced cytidine deaminase (AID), a po-
tential RNA editing enzyme. Cell 2000,102 (5):553-63.
Coffman RL, Lebman DA, Shrader B. Transforming growth
factor & specifically enhances IgA production by lipopo-
lysaccharide-stimulated murine B lymphocytes. J Exp Med
1989:170 (3):1039-44.
Sonoda E, Matsumoto R, Hitoshi Y, Ishii T, Sugimoto M,
Araki S, et al. Transforming growth factor beta induces IgA
production and acts additively with interleukin 5 for IgA
production. J Exp Med 1989;170 (4):1415-20.
Ehrhardt RO, Strober W, Harriman GR. Effect of transform-
ing growth factor (TGF)- 21 on IgA isotype expression.
TGF- 51 induces a small increase in sIgA"* B cells regard-
less of the method of B cell activation. J Immunol 1992; 148
(12):3830-6.
Bowman EP, Kuklin NA, Youngman KR, Lazarus NH,
Kunkel EJ, Pan J, et al. The intestinal chemokine thymus-
expressed chemokine (CCL25) attracts IgA antibody-secret-
ing cells. J Exp Med 2002, 195 (2):269-75.
Youngman KR, Franco MA, Kuklin NA, Rott LS, Butcher
EC, Greenberg HB. Correlation of tissue distribution, devel-
opmental phenotype, and intestinal homing receptor expres-
sion of antigen-specific B cells during the murine anti-rota-
virus immune response. J Immunol 2002, 168 (5):2173-81.
London SD, Rubin DH, Cebra JJ. Gut mucosal immuni-
zation with reovirus serotype 1/L stimulates virus-specific
cytotoxic T cell precursors as well as IgA memory cells in
Peyer s patches. J Exp Med 1987;165 (3):830-47.
McIntyre TM, Strober W. Gut-associated lymphoid tissue:
regulation of IgA B-cell development. In: Ogra PL, Mestecky
J, Lamm ME, editors. Mucosal Immunology. San Diego:
Academic Press; 1999. p.319-56.
Coffman RL, Seymour BW, Lebman DA, Hiraki DD,
Christiansen JA, Shrader B, et al. The role of helper T cell
products in mouse B cell differentiation and isotype regula-

N

=

N

=

z =

=

A3 2| - HHHIAA

tion. Immunol Rev 1988;102:5-28.

Mostov KE, Krachenbuhl JP, Blobel G. Receptor-mediated
transcellular transport of immunoglobulin: synthesis of se-
cretory component as multiple and larger transmembrane
forms. Proc Natl Acad Sci USA 1980;77 (12):7257-61.
Hess J, Ladel C, Miko D, Kaufmann SH. Salmonella typhi-
murium aroA- infection in gene-targeted immunodeficient
mice: major role of CD4" TCR-alpha beta cells and IFN-
gamma in bacterial clearance independent of intracellular
location. J Immunol 1996, 156 (9):3321-6.

Snapper CM, Paul WE. Interferon-gamma and B cell stimu-
latory factor-1 reciprocally regulate Ig isotype production.
Science 1987;236 (4804):944-7.

Xu-Amano J, Kiyono H, Jackson RJ, Staats HF, Fujihashi K,
Burrows PD, et al. Helper T cell subsets for immunoglobulin
A responses: oral immunization with tetanus toxoid and
cholera toxin as adjuvant selectively induces Th2 cells in
mucosa associated tissues. J Exp Med 1993178 (4)-1309-20.
Rousset F, Garcia E, Banchereau J. Cytokine-induced pro-
liferation and immunoglobulin production of human B lym-
phocytes triggered through their CD40 antigen. J Exp Med
1991:173 (3):705-10.

Coftman RL, Varkila K, Scott P, Chatelain R. Role of cytokines
in the differentiation of CD4" T-cell subsets in vivo. Im-
munol Rev 1991,123:189-207.

Seder RA, Paul WE. Acquisition of lymphokine-producing
phenotype by CD4" T cells. Annu Rev Immunol 1994, 12:
635-73.

Reis E, Sousa C, Sher A, Kaye P. The role of dendritic cells
in the induction and regulation of immunity to microbial in-
fection. Curr Opin Immunol 1999, 11 (4):392-9.

Kaisho T, Akira S. Toll-like receptors as adjuvant receptors.
Biochim Biophys Acta 2002;1589 (1):1-13.

D’Ostiani CF, Del Sero G, Bacci A, Montagnoli C, Spreca
A, Mencacci A, et al. Dendpritic cells discriminate between
yeasts and hyphae of the fungus Candida albicans. Implica-
tions for initiation of T helper cell immunity in vitro and in
vivo. J Exp Med 2000; 191 (10):1661-74.

Yoshimoto T, Bendelac A, Watson C, Hu-Li J, Paul WE.
Role of NK1.1" T cells in a Th2 response and in immuno-
globulin E production. Science 1995;270 (5243):1845-7.
Groux H, O’Galla A, Bigler M, Rouleau M, Antonenko S,
de Vries JE, et al. A CD4+ T-cell subset inhibits antigen-
specific T-cell responses and prevents colitis. Nature 1997;
389 (6652):737-42.

Weiner HL. Induction and mechanism of action of trans-
forming growth factor- 5-secreting Th3 regulatory cells.
Immunol Rev 2001, 182:207-14.

Kuper CF, Hameleers DM, Bruijntjes JP, van der Ven I,
Biewenga J, Sminia T. Lymphoid and non-lymphoid cells in
nasal-associated lymphoid tissue (NALT) in the rat. An im-
muno- and enzyme-histochemical study. Cell Tissue Res
1990:259 (2):371-7.

Kuper CF, Koornstra PJ, Hameleers DM, Biewenga J, Spit
BJ, Duijvestijn AM, et al. The role of nasopharyngeal lym-
phoid tissue. Immunol Today 1992;13 (6):219-24.

40) Debertin AS, Tschernig T, Tonjes H, Kleemann WJ, Troger

HD, Pabst R. Nasal-associated lymphoid tissue (NALT): fre-



J Clinical Otolaryngol 2010;21:3-12

41

42

43

44

45

46

47

48

49

= =

=

=

=

=

~

=

=

quency and localization in young children. Clin Exp Im-
munol 2003, 134 (3):503-7.
Spit BJ. Nose-associated lymphoid tissue (NALT) in the rat.
Ultramicroscopy 1987:21:201-4.
Porgador A, Staats HF, Itoh Y, Kelsall BL. Intranasal im-
munization with cytotoxic T-lymphocyte epitope peptide and
mucosal adjuvant cholera toxin: selective augmentation of
peptide-presenting dendritic cells in nasal mucosa-associated
lymphoid tissue. Infect Immun 1998;66 (12):5876-81.
Zuercher AW, Coffin SE, Thumheer MC, Fundova P, Cebra
JJ. Nasal-associated lymphoid tissue is a mucosal inductive
site for virus-specific humoral and cellular immune re-
sponses. J Immunol 2002, 168 (4):1796-803.
Prakken BJ, van der Zee R, Anderton SM, van Kooten PJ,
Kuis W, van Eden W. Peptide-induced nasal tolerance for a
mycobacterial heat shock protein 60 T cell epitope in rats
suppresses both adjuvant arthritis and nonmicrobially in-
duced experimental arthritis. Proc Nat Acad Sci USA 1997,
94 (7):3284-9.
Yanagita M, Hiroi T, Kitagaki N, Hamada S, Ito HO, Shi-
mauchi H, ef al. Nasopharyngeal-associated lymphoreticular
tissue (NALT) immunity: fimbriae-specific THI and TH2
cell-regulated IgA responses for the inhibition of bacterial
attachment to epithelial cells and subsequent inflammatory
cytokine production. J Immunol 1999; 162 (6):3559-65.
Hiroi T, Iwatani K, Iijima H, Kodama S, Yanagita M, Kiyono
H. Nasal immune system: distinctive THO and TH1/TH2 type
environments in murine nasal-associated lymphoid tissues
and nasal passage, respectively. Eur J Immunol 199828
(10):3346-53.
Hiroi T, Goto H, Someya K, Yanagita M, Honda M, Yama-
naka N, et al. HIV mucosal vaccine’ nasal immunization
with rBCG-V3J1 induces a long term V3J1 peptide-specific
neutralizing immunity in THI1- and TH2-deficient condi-
tions. J Immunol 2001,167 (10):5862-7.
Imaoka K, Miller CJ, Kubota M, McChesney MB, Lohman
B, Yamamoto M, et al. Nasal immunization of nonhuman
primates with simian immunodeficiency virus p55gag and
cholera toxin adjuvant induces TH1/TH2 help for virus-spe-
cific immune responses in reproductive tissues. J Immunol
1998:161 (11):5952-8.
Kurono Y, Yamamoto M, Fujihashi K, Kodama S, Suzuki M,
Mogi G, et al. Nasal immunization induces Haemophilus
influenzae-specific TH1 and TH2 responses with mucosal
IgA and systemic IgG antibodies for protective immunity. J
Infect Dis 1999;180 (1):122-32.

12

50)

50)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

Fagarasan S, Kinoshita K, Muramatsu M, Ikuta K, Honjo T.
In situ class switching and differentiation to IgA-producing
cells in the gut lamina propria. Nature 2001,413 (6856):
639-43.

Brandtzaeg P, Backkevold ES, Morton HC. From B to A the
mucosal way. Nature Immunol 2001, 2 (12):1093-4.
Fagarasan S, Honjo T. Intestinal IgA synthesis: regulation
of fiont-line body defences. Nature Rev Immunol 2003;3 (1):
63-72.

Kroese FG, de Waard R, Bos NA. B-1 cells and their re-
activity with the murine intestinal microflora. Semin Im-
munol 1996;8 (1):11-8.

Hiroi T, Yanagita M, lijima H, Iwatani K, Yoshida T, Takatsu
K, et al. Deficiency of IL-5 receptor @-chain selectively
influences the development of the common mucosal immune
system independent IgA-producing B-1 cell in mucosa-as-
sociated tissues. J Immunol 1999, 162 (2):821-8.

Jang MH, Kweon MN, Iwatani K, Yamamoto M, Terahara
K, Sasakawa C, et al. Intestinal villous M cell: an antigen
entry site in the mucosal epithelium. Proc Natl Acad Sci USA
2004:101 (16):6110-5.

Shikina T, Hiroi T, Iwatani K, Jang MH, Fukuyama S,
Tamura M, et al. IgA class switch occurs in the organized
nasopharynx- and gut-associated lymphoid tissue, but not
in the diffuse lamina propria of airways and gut. J Immunol
2004,172 (10):6259-64.

Iwasato T, Shimizu A, Honjo T, Yamagishi H. Circular DNA
is excised by immunoglobulin class switch recombination.
Cell 1990:62 (1):143-9.

Shimoda M, Nakamura T, Takahashi Y, Asanuma H, Tamura
S, Kurata T, et al. Isotype-specific selection of high affinity
memory B cells in nasal-associated lymphoid tissue. J Exp
Med 2001194 (11):1597-607.

Yuki Y, Kiyono H. New generation of mucosal adjuvants
for the induction of protective immunity. Rev Med Virol 2003
13 (5):293-310.

Lazarus NH, Kunkel EJ, Johnston B, Wilson E, Youngman
KR, Butcher EC. 4 common mucosal chemokine (mucosae-
associated epithelial chemokine/CCL28) selectively attracts
IgA plasmablasts. J Immunol 2003170 (7):3799-805.
Kunkel EJ, Kim CH, Lazarus NH, Vierra MA, Soler D,
Bowman EP, et al. CCRI0 expression is a common feature
of circulating and mucosal epithelial tissue IgA Ab-se-
creting cells. J Clin Invest 2003, 111 (7):1001-10.

Kunkel EJ, Butcher EC. Plasma-cell homing. Nature Rev
Immunol 2003, 3 (10):822-9.



