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Trends and Prospects of Mucosal Vaccine Development

Won Geun Son

Dept. of Verterinary Medicine Cheju National University

ABSTRACT

Although development of new antibiotics may be contributing to overcoming with many bacterial diseases.
it is also related with the emergence of antibiotic-resistant bacteria and viral diseases are not treated with
any antibiotics developed yet. Therefore. control of infectious diseases is achieved most effectively by
vaccination. Ideally, vaccination leads to eradication of an infectious agent regardless of alternative hosts or
environmental reservoirs. This kind of vaccination may be accomplished by mucosal immunity inducing in
mucosal surfaces. such as respiratory. gastrointestinal. and urogenital organs, because a large number of
emerging pathogens are mucosally transmitted and must cross mucosal barriers to infect the host. Mucosal
infection by intracellular pathogens results in the induction of cell-mediated immunity. as well as usually
humoral immunity. These responses are normally accompanied by the synthesis of secretory immunoglobulin
A antibodies. which provide an important first line of defense against invasion of deeper tissues by these
pathogens. Live Salmonella bacteria optimize this form of mucosal immune protection. Because they are able
to cross the epithelial barrier of the gut. to survive in antigen-presenting cells. and to express adjuvant
activity that prevents induction of oral tolerance. Attenuated S. typhimurium has been used successfully in
mice to induce systemic and mucosal responses against more than 60 hererologous antigens. Despite these
advances. new and reemerging infectious diseases are tipping the balance in favor of the parasite: continued

mucosal vaceine development will be needed to effectively combat many infectious diseases.

TFAgo] Aok YA WA= HMEY B A

M E ' 4 Ao oAk AA deo] gAHL she

Hojuto] g Aol st} Yok WA, Al Eei7fA

A oAl A4Ede Jdsts WA dst mojol& CD4-positive (CD4 + ) T helper-type 1
o HAYS AFss gxxATG 22 9 HAEsEER cells¥ CD8 + cytotoxic T-lymphocytesoll &g
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qE Tk 7HE oA HYAL L ol F B
ol osta] gojdrh, MEW 7]4878 HaAd 93t
H2ad e Axoprlgdud s fEech o9 2
e ddAer Fuld "YZ2Ed A (S-IgAd)
of A FAE s, S-lgAe FIAY HF
AYE Pojot= d H3 1HE gt Ak &
ol AEAI AxE vZE JAEFAA 4 738
rotavirus®t 22 53} vfolals WAL Ao
Fol g &+ JA HFHEH Uk ole g A
kel B E By, MEE 223 AEA
£ AP dAA = A&H oz WYy g &
of o] EE AFH A7l ddMe HHguwAg
Rdo] A& P ojof g Aojct
A&7 A8 Fdo] s ot 42&

glo] oAl YetdA: B2t} olvl% emerging Zﬂg
a4 ddAEs 74 Az 22 AFE St &
AAlo AgstA HAY sFgoldd o A
g9t xS A2 A g9t FHEg 7
AR, Fd8 Arlvtold 29 Afde ol ot
AxHoz P + Aok AEd HLA7 F4E
Estod Fstd 3o Zgshrl dsiAe dedy
S &3 dokstch o) Fo] MEA MEATF FHY
o digt FFAHY ol FHHA Hutde Wil
ojste] ojFoid Zo|th HHyHE FH. v,
SE7 AFEHA Y EAA Y FAYEZE AFe
ot AAsNge] F7F A A 9 /drlY 9
AFAE JGEA o7 AIYES 430 FLAIAR
ot a2eiy FAAY ostq AAHA F A8H A
Az AAEHA S AGAZL g2 A7 73
st e Aoz Bgdn o Y d U ¥

Ae TF7] "ol (£34 @7Held )7t of
FHolth. thE 2Fo2e Add 48 (STD) ¥
€Al & HIVeldh a8y 2 0191«1 oHE upol &

oy 2o ARA £ Fa9 FAAIIE
sick. AtA}] HEAE Adste 7R F2 doly
& WA ofute MM 2 FHY WA g /R 5
U oAy Aotk e | WS {2517
e el 7t Wi Eel AT F2 Salmonellast

adenovirus®t & live attenuated vectorSo] A&7t

p]

| Aol sttt A9EY e et dod
e Ao, Hot Ahol i 14 gojHojt
Ao et o] oz Ho. 3 AdHY
7143 22 HIAZHS AT 2 9@ ohlg CD4
+ T cells, secretory immunoglobulin A (S-Igd) ¥

ok

r{

antigen-specific cytotoxic T-lymphocvtes (CTLs) &+
2ol Auggdo] ZFHA EAde AN &34
g 93 ojFojzl}

rhe
rhu

HEH HAA

A FAAS} A AR 2 AFEE
o] A7 9 oA g& oz go] A&FHD Yo
FAA ] GRS A HEAY 2dE 7}—’%1*]
71 dew, AP FANe s 28488
€ BF712 Ao AARAZFHWHO) = A8
A Adsojol & 2 7pA] WA 2 M= HEFL.
Haemophilus influenzae type b. rotavirus. hepatitis
Boll oigt wWiilolgtn dok HZ FEANA AMEA
AN e TAY E3t A&SHA A Ao o &
Aoy, FEY AES k9 AgedlA dgHe
ZE AFsdel dg d 9 HA] mE AIZE
o Jptslojol & Aot olgd JtEH AW F
WHO7F 582 ste df &9 940 d93=E
Ed=E & of Jodded {2 o]fFojHof & A
2o oA A g olsiste Aol B A%
A A S AL e 2Y Aotk

Ar)

Hatoie

ARHAAg AL2 1 7l @et A F7HA
2 Ui, |A ARfERole Zdd ds
Peyer's patches®t 7157l 1+ nasal-associated
lymphoreticular tissue( E&F71A10 e AGFH =
2l NALT)7E 23871 9 58719 Bedo=2A49
AT S st LA S A Fste FaFgolt
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o] FEHeo FaHEo] M cellolgts M Eoly
oAtz F&F 7led HsiA AA Gk 22
A2 97Z2HAE Tt A EFTLY B TS
2] 9 presentation I #THo]l Utk (Neuta 3.
1996: Allan 5. 19949). T % B =79 A x9
A8 AHMEE M-cellZ2 E5A FESH
(Kernels &. 1998). '%‘%!9- F&3¢ M-cell& Peyer's
patchesel 2o follicle2 EAslT L& & HY
A LA BAFAY Agsts A 2rh oL 4
7o) AsaAge M-celd d¥7lsoln. Z@u
g, volg A, Mg 9 7k 9uE2Y FAddE
22091 A 2oh FEoM M-celld 582 23
AEo wol¥g Efstd sFHAEY 23 <o

Fde A2d F& el 2 530 drkn @ Rl

t} ol= AYA Salmonella (Jones . 19949
reovirus (Wolf 5. 198D o] digt AFAT oA &
gy Q)

o}

ggozE AR EAM fEFIAM 59 FEE
N4 B 2 T AE/E 939 A2 Afste
Lamina propriath gland 5224 olgid AIAFZE
o] WAMEEL FAMY ([gA )l 7tsd
Mz AEz Rt ol AFHAFE o]FF &
Alo] BA o] o B9 B ¥ T AMEV frEHE
Zlojdt,

IgAt &AE T-Cell W Cytokine

Polymeric IgA (plgA) & ¥Hlst= plasma cellol
A B-cell29 go] @ PP Felol d+H
AR g A5 g B doldth A= ¥
o 42 A&oly knockout moused] 70
old Ago A Eo|MXE, cytokines. ¥ HHW
d& g olssted ofF #gEd VA E
3ol o] ol AES HL{FEFAAN doy
HA  plasma cellol oJ¢t [gA B4 A&

Eol
an R
1o

4z rlo & i:J

o

wold Aojubn, B AXel 93 [gA AT 2
o2 dedgurgda else doju

ZcH MceGhee . 1999). o5 ZZe] @Al = A2
AFEAGA g So] S-IgA FAME A8ty 93t

63

o

o B82A4FA2 cytokines 2 T BE A¥e &
£o] A5yt dgsich

Bagd A2 Thl- £+ Th2-type cytokines] B
cellso] surface IgA positive (sIgA+) B cells2 A &s}
£ o 7193ke Ro] ofet o] 3E 2 transforming
growth factor B0 1 (TGF-8 & Dol 9sto wizid
th= Zolt} (Ehrhardt 5. 1992). TGF-A4d 1S &
AgtE B-cell vl B MEY 2%F =7} [gAE
2ujgd £ A H#BAIG (Ehrhardt &, 1992:
Coffman %. 1989). 18y} TGF- &1 o] o2& A%
Azt A AHREHRAS dells o]EE 10-20%7HA
Z7HX 25 (Mclntyre 5. 1995). o1} o} oy 7y
o] #AAIEAA7} BcellS IgA B8 AEE H&sl
= d Tosoh EG TGF-F 6 12 Th2 type
cytokineg AF3la] [gAY AAHE FIA717) d&
of T-cell £ B cello]l [gAE Adst= ANxE &
sl o 2 71dE e AR F3E ¢ Ud
(Spalding . 1984).

T-cell RZ7]& 441 A
AN Fd HolH AMAY 4 AEY AHE 4B4s
oo £83 982 @k CD4 T AMEZ A
Fasicte A2 AIDSY AToNAM Eo F4s5H
w3 Ak ThO AE7F Thl £ Th2 2 #3514
= AL interleukin 12 (IL-12). interferon 7 &
(IFN-7 &) 2 IL-49F 2 cytokineol 9s F%=d
t}, EGFoAA Thl-type ¥ AEYH HALS #
T3l Th2-type W82 AMAY HY S F2 wiHS
th(McGhee 5. 1999).

Thl &2 Th2 cello] 3% S-1gAY AHo o=
Ao dFg vHA= A BEsA Lo
Th2-type cytokine E°] AW E T2 =9
Zoz geiA Qo AE EW. Th2 cell ”}%
53 cholera toxin® #2 FYHAYE Ex
S-IgA @ARSE BRI FE aH}
(Xu-Amano 5. 1993). 28y Thl ¥&& F&2
071 Salmonella®t #& AXU 7]48d EAA
e STgA A £ AYdAH(VanCott 5. 1996).
a2t Thlolyt Th2 &2 ol59 F&ZEA 93

antigen-specific S-IgA Ab responses7t dojg AL
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= 479,

et 241Y IgA (S-lgA) IS

Ao dAle FFAqEE S-[gAY B Sl
S-IgA+ polymeric Ig receptor (plgR)2%€ &5
of ZHoz FulHe [gAZAM plgAZt plgRal %%
d dea2 438 AA transcytosis® IgAelth o]
Ig proteolysis o Rt 2 AFHo] Jlon,
a9 Fag st 7lsol dth Monomeric
[gAe [gG AR 7158 st vl S-IgAe 79
A@7ivtolg 29 AL Adsh= a7 9§ $
¢ Aoz ol 9ltiTaylor 9 Dimmock, 1985).
Azt IgGL} monomeric [gA%t= BHHZE plgA= vt
ofe F3A171= 8ol UK (Mazanee F.
1992). C1%°l plgAy AFFWA 9 ZFgolu o
& Poistd plgAt 4HE FFHste RPN B
b s8Hoz WHYAE AAs:E 9EE
(Burns &. 1996).

HYEHIMS MEY 2

H]E S-[gA7} AR AEAA Y Polo] Fagt 98
g 9330 & s AFHAd 97 Huhy
o] A Za¢ Aoz HrekA ¢& + Utk /¥
A4 Zrlvtoleizet ZE HWAANY FAS MEH HY
< uto]HA9] core proteinol Al FEE FElo|=E
alsld A dojdet. Core proteine F3gA 7 &
7] 88 olHd FEz7] YEhdr] g &
Ao o Wolz)do] LF I Hol AEY HY
(CMDo] fxsojof gk #A %o o]F HAyh
Sl FAHAT FA 9 Wo] 4TS BEFsIh
ol9} o] HAAY WY QMI AEY HHo] HYY
A Fad 48S e o, EHQU Zo]
CD4 + T-helper cells«l 71solt}h o] AXe A4
¥ 79 Z(delayed-type hypersensitivity) & w7l &l
cytokineS #v|stH A XU 71484 BAAY o
9% 94gE k. A& £ Thl cells major
histocompatibility complex (FLZA ALY B3

A MHC)-restricted CTL responses® Z&}&Ft}.
Cytotoxic cells &9 Eolddx MHC #8414
of otg} ¥R F Utk v5olY HIZY AXxe
NK A8 IFF F A2 FAE0] dgutgo)
27| (1-39)ell 715& Yebdtt o]& Axes WAt
S Z710 A £E ALEAIFIEA, §E 5olF
HgE H9AA Wi =sith. MHC-restricted

Eold CTLEA ulEol4d CTLET
‘31”}%*]7] (3-59) et 7Hg &4d 7]

A 2tk ol F FHYY AMEE= F
ol o3 A 7| AE LA T4
Atk (Fig. 1). ARAZ, cytokineol}
chemokine®] #ulell ol ol wreshE Aol
(Chisari. 1997: Fehniger 5. 1998: Yang &. 1997).
ol JIAES SFAEE Bt g FLAY
Axy F4& JAdT F HAZ AESYE AX
t 39" AxE afFoz a5, AEXE 84
Fozq A FA& W et

CTLse T9E

Hat A

Agdqd s vz 73 28 A7) S
EAete A9AI 2N FEA2E mucosal -associated
lymphoreticular tissue (MALT)} 3luj, v]Zel] A&
WA XA L nasopharhynx-associated lymphoreticular
tissue (NALT). ¢l e "oz s
associated lymphoreticular tissue (GALT).

gastrointetinal-
H] A8 4 7]
of & WY2AE urogenital-associated lymphoreticular
tissue (UALT)2} stch

AgzZo Fdo] 2dsE FEFEFH B ¥
T X7} olFstd Z4F HAREHAFE AgsH
it} ojghgo] Uk HAHAAI = A& FYol &4
P K9 ol9fo Mo aANyzE FY 5oy =
77t At AT @-bo] Aok 77 AF vEH
2 48 Wy A2 FYUgu s 58
Atk 28y FFEYE v ZHEGe] viste] A dd
Agurg g 8t g2A vFgHg ez AL
2o 99 =3 F gdoly Hky|E Fuldn
(McGhee &. 1999).
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Pathways of intracellular pathogen clearance from infected cells by cytotoxic cells.
complexed to MHC class I molecules are

recognized by CTLs. while NK cells recognize the absence or suppressed levels of MHC

Activated cytotoxic cells deliver apoptotic signals

through Fas ligand and perforin to infected cells. They also secrete cytokines (IFN-y ¢

Infected cell
Fig. 1.
Intracellular pathogen-derived antigens
class | molecules on infected cells.
TNF-a & and chemokines (Rantes. MIP-1a .
pathogen replication.
HapsAl

Fody oz o2 7kA FHol AL Az
@2 259 FJE Fod ol hFE 3T 8L
2gb AHgEI . ol wWAldle  ofuiy,
Salmonella typhi. S typhimurium 32 #HZo 3J9
rotavirus #4191 RotaShield &°l Ao Y
RotaShield= @i a9 st ZF5H} &30l
Aol HAFAHA Y& HAstde Hoh ZAd EA0]
dag oz 2ot AlgelA FAE AL A
F7HA %53t A RAECIAR o] olf W
Z7E& Zofupy] WAL Z8stE Lolviy] vlo]Y

MIP-R ) to inhibit or suppress intracellular

2% AFRL olFol ASSHES Ak dus
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OHWV}m@@-ﬂﬂ°Ulﬂ$ﬂﬂ-ﬂL AE)
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CAIVE ool 59 7 & dWste d ALEE

A Fut WAool 2o dAEH TF wolHPA
Ax FAH FAHE 4% HZ2F F AL AL B
2t} Chicken/Hong Kong/258/ 97 (H5N1) virus7}h
Baae Fole E4o] 7] Wl Al wiolg
25 A wigsld #HAS EXHo nolgAE A
Ak} ok wEkd CAIVE

£ do] 4z ojzigol
1

7 l%}‘ﬁ% O]‘g‘—%‘}giyﬂ OE—]%& T_lrj_—}"—g- %%8}_&1
o

=
g

L Aol WAL wolHAE AMNE F & A
= rEC
T2 gete 2= DNA #A19 Al&olt) Plasmid

DNA< hepatitis B virus. herpes simplex virus.
HIV. malaria. influenza 5. 22 HLAE ol
Qs AR oz Al@sH FoH Weiner ¢ Kennedy.
1999)). 28y 2% AaFoz g gy CTLE #
T3l W Fooxe wrgo vBuE npy} gich
H| & APEEA cationic lipidsth the HHHE o
A, 223 immunostimulatory CpG  dinucleotide
motifsE AFHEste DNA #HAlo] HYHA S fks}
Aohs 27t Aoy Al Ead she floh
T o2 f% J4AAE 7Y FEAJAY AL
th olE Azl dig FY FAe AG4FZHS A

° ©

dste WA FEE Addr FEY FAQ)
e ¥ 5AAE 7HA7] W ol ¢ EAdAA of
g oHlAle] AL g2 YA WAl Ao &
£ F e 7Mool ofF Eoh Uropathogenic ™
B #-S Pilus-associated adhesing! FimH7} 9 ¥

52
S

a4 QAg Zgst7] g2 FimHel digh 9WAl9
fete] 13- XY Aot AAE FimHE ¥
ot WAL oz Rd3PE o ¢+ &%
7 ddths 94 AF7 29 b ol t&o]
2ol ZF pertussis vaccine HAl FAQI Ao gt

Zojo] o] BT FAAAH EolHgl HHo]
Hog oo HE o HUA FFS AT F
USE HoFal 'E} (Wizemann . 1999). mebA
WA A 2 AYL 27| AHE F e F
gt ale] Jheke wpolg 2y A Y fopll A2 A

gg el WuoeN AT BH B
q

et= 3} Saimonella WAl E}

B o2 59 FFE 3o g0l Y
2 9 delA gAY Fdddo]l AR AL
ol FEG "N S doyd + gl 19
WA Salmonella= 23 FIHHAE WoHE
&tod antigen-presenting cell Wl AEE
] Eﬂv‘} of HAM oA MY FAHES 4A
E4o] Aok waAM FEFAIZ S
typhimurium& ©1 &% A8 dg g2 A7t
Aol g3(Sirard 5. 1997: Hess . 2000). 9
Al el B4 9 ZHS Ealshd I8 204 B
uiol gk 53] <=3t S typhimuriume aro §3A
A7t AgEo] A7l i Fol aromatic compoundsE
dEHoz Ayl Hee EEFAE F ¢tk A
o7t asd +AAE ZBR 224 aromatic compound
7 A7t AFwi AN A X diaminopimelic acidg #
HE B Ad3 g 22 7 Ao dEky
aromatic compound’} A9 EE &3 AMFY 27
of EAstA %71 WFA =53t Salmonella7t B F
Holx AW wAAZE sbeAd2 f1em. cloning
£2 transformation® #5F& &Ustrl At asd

FARE A WY A AR AR o
Boll o8] 71x @74 FAE wAE & At A7
2 <=3} S typhimurium® tansformation® ol 4T
HELoz dATd" YA & 049F olge2A A
o % =#Ygd a#Hst Bil(Sirard §. 1997
Catmull 5. 1999: Chabalgoty &. 1997: Flo 3.
2001) 5o %0“1 Howde] digt 2 7Hdol
T3 AcHHess . 20000 Mayer, 1998: Pascual
5. 2001: Pascual 5. 1996).
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Hoig g2o] 9t AlgolA 2E oAl w Gastroenterology 104:698-708.
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