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Abstract Vaccine is one of the best known and most
successful applications of immunological theory to human
health and it protects human life through inducing the
immune response in systemic compartment. However, when
we consider the fact that mucosal epithelium is exposed to
diverse foreign materials including viruses, bacteria, and
food antigens and protects body from entry of unwanted
materials using layer of tightly joined epithelial cells,
establishing the immunological barrier on the lining of
mucosal surfaces is believed to be an effective strategy to
protect body from unwanted antigens. Unfortunately,
however, oral mucosal site, which is considered as the best
target to induce mucosal immune response due to application
convenience, is prone to induce immune tolerance rather
than immune stimulation. Since intestinal epithelium is
tightly organized, a prerequisite for successful mucosal
vaccination is delivery of antigen to mucosal immune
induction site including a complex system of highly
specialized cells such as M cells. Consequently, development
of efficient mucosal adjuvant capable of introducing
antigens to mucosal immune induction site and overcome
oral tolerance is an important subject in oral vaccine
development. In this review, various approaches on the
development of oral mucosal adjuvants being suggested for
effective oral mucosal immune induction.
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al. 2010; Tsuji and Kosaka 2008). w-2}A] 822 Hut 7
FuAo] AR fleiA: WAL Ao AR B A
stof HErE wAlo] ogk Wejukg o] ATHO R oofy
4 dE® gatl We waAe Ago] Bolz}
3+ 4= QIth (Holmgren and Czerkinsky 2005). o]of & =1
oA HutH e BExA| st gt 7|8k 2 A1} XAl
A JEE AYsto] Bz gt

e
gt ol A7} 44
HodA e} FHEETE P2 19194 Besredka®] Shigella
dysenteriae®] Tt WAl A A AZ AFEoH, A
wH ol FQ FF QA secretory IgA (SIgA)7| 815 A
7] A e o df gt A4 8l 7] A= o]
s7h wo] REWE Zlo] ApAlelch Lot 19604t A
AR AN IgA7} AR 0|% SlgA7} HutelA o]
F8 FFdAets Aol Hafon, ofF oA
et W A7 B ofsj7t o] R Fth (Brandizaeg 2009;
Brandtzaeg and Johansen 2005).

Aof o
| = Ry [

SECER
Immune inductive site

Aot A A 9] LA Z 22 inductive site?} effector site
% 1o YioAlth (Fig 1) WA, HubozuE £
= 3Fof o35 B celld} naive T cell®] H HH-S-o] =
%]+ inductive sitet= mucosa-associated lymphoid tissue (MALT)
2 FAE Tt (Kiyono and Fukuyama 2004). MALT+=
B cell follicleX} B cell follicleAlo]of] Q1= T cell E3EX| 9,
18] 31 dendritic cell?} macrophageS 3£ §Hol+= thoF3l antigen
presenting cell (APC)Z FA F o] Qth MALTE= M cello]
ehs B4a AEE Foko] Gl AHALR £
whol vt lymphoid organ 5= ThEA 494 YR
(afferent lymphatics)©] 1T} (McGhee et al. 2007). &3t E3
ofj &0, b o A o] +6J5]= mesenteric lymph node (MLN)
= MALTZ 2754 o=tk MALT+= 87814 9]%]of u}
2} GALT (gut-associated lymphoid tissue), NALT (nasopharynx-
associated lymphoid tissue), BALT (bronchus-associated lymphoid
tissue)'s O = A& 3}E=H|, 53] GALTY A &2
H3zof whe} Peyer’s patch (PP), appendix, isolated lymphoid

Lumen

Follicle

Peyer’s patch
Lamina
propria

Fig. 1 Anatomy of the intestinal immune system

follicle (ILF)2 Yt} (Brandtzaeg et al. 2008).

1965 1} 19663 rabbit®] appendix®] )+ follicle-associated
epithelium (FAE)o] 4] 3=¥ enterocyte®} E&| glycocalyx &
o] ¢F11, microvillus7} Zral 12510, 9F2 O 2 = pocket
TFz27F dadl e AlZ7F BEEgen, 1972 o
EAL 7ZF= HEZE= membranouse £-2 microfoldg2f= 9
u] 9] M cello] 2} WA AT} (Gebert et al. 1996; Keljo
and Hamilton 1983). ©]% M cello] Hu9] of & MALTY]
A A YO Y M cell 7F7 8h= marker5©] 25t
ool 2 ety S4o nel BREUT Leit i
vivo M cell 2-& in vitro M-like cell cultureES £33+ A7}
ZagE o wat M cell9] apicalol 4] 1 integrin, ICAM-1,
a-L-fucose, GM1 ganglioside, CCR5 receptor, IgA specific
receptor 58] WEo] AR, M cell®] 7|50l gt o]
s 7} A} B =] 7] A|ASEA T} (Brayden et al. 2005; Jepson
et al. 2004; Kuolee and Chen 2008; Mach et al. 2005). FE3,
20073 %= Dr. Kiyono ¢11€lo] €]a}o] UEAI/WGA™ mouse
M cell2 £ 5 FoA M cell specific antibody (NKM 16-2-4)
7F B E %l o, 2009 o= M cell specific antibodyE- ©]
f35to] Est M cell9] transcriptZ2 58 M cell specific
protein candidate= A4 % glycoprotein 2 (GP2)7} mouse2}
human M cell Z5EoA Wad=Ho] Ql= o] universal M
cell marker= A|FE 11 QIT} (Hase et al. 2009; Nochi et al.
2007).

AubH o A 9] immune inductive M cello]] @& TAS
7= ol M celld] 9 Adse wzo|th M cell
< T2 APCEF 2o lysosomeo] &J3t 9] &af glo]
155 ool e A9 YH=E Adstes 5895 2
t} (Clark and Jepson 2003). 3+ M cellS 49 £
A% AR ASELE, M oello] S0l oz @ 1
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Shi= S thyphimurium-S enterocyteS £3| lamina propria
(LP)2 HEsh=d 2 A7t X7t A2 EE=d |5t M
cellof] B354 o= M cell S 97 5HH A 302 ¢lof
follicle QF&0.2 YT 4> glof M cell®] o] 542
WA 5o ABAE Fu kB0 HdIstr] Y5t 2 F
o] & Aserkal & 4 Utk (Siebers and Finlay
1996). T %0 M cellS Eate] $-E UL APCO| <
3lo] follicle® AT 7] W&o Huldod vlLS Hl &
X7 FET = 9l wfg 2 targeto] gt T 4= gl

t} (Mishra et al. 2010).

» o %0

N o

Immune effector site

Ha AgA Y = A G4 22 effector site=
o o3t effector/memory HIA|EEZ0] o] npxjuto g
W3 2L A 7F EH E = Ao oy H9Y lamina
propria (LP)2} intraepithelial lymphocyte (IEL) compartment
7} Sk AA B cell 5 SIgA” B cello] AH2|3H= H]&
& PPo A= 2%0fl EFSEAIE MNLo| A &= 50%, “12]iL
LPO A& 90% S 2}A| 6= Ao & Hof SIgA” B cell?] life
cycleol Al mhAEE B3} dojub Aol LPekR & 4
Qlt} (Brandtzaeg et al. 2008; Parrott 1976). w}2}x] LPoj &
A5} plasmablast@} plasma cell®] o F-E-2 J-chain-IgA
(dimer/polymer)2} IgM (pentamer) S &SI, L5 AE
A M J-chain-IgGE T& Tt

IEL compartment+= mucosal surfaces Z|Ad}l= AOZE
polymeric Ig receptor (pIgR)E W& s}lo] SIgAe] A =
83 A4S & W ofyz}, LPY] networkE A4) 51
Ao QA =24 94 A o o £33, [ELE
a/B° CD8" T cellz} /& T cell® A= o] glom, LPY]
memory/effector T cell®] ZAo] THdl= A2 LA
Ao ofA Aokl 7] Fol tefAe B2 Qe AA
o]t} (Brandtzaeg et al. 2008).

Hapie)o NS

HutH A A 9] 8 S5 A= SIgAQld], SIgA+= serum
9] 1gAQ} &2 80 kDa®] glycoprotein€l secretory component
(SC)E 712t} (Tomasi et al. 1965). SC+ epithelial membrane
protein @l pIgR&] U Fo]H, SIgA7} protease®] tfjslo] 733t
Agde 2 es ook g disto] SololA e
SIgA+ 9Fst E0]A& 7}X| L t}X] innate immune response
A9 vho] 2] 29| neutralizinge §8to] FHup wpolg A
7} &8k AS Adfotal 59 agglutinationS %35}
of Huro] o9 colonizationg AT & o] 52 A7
o MiEa HA whEo] Fol AU Y KAl 7]
3kt (Abreu 2010; Cerutti and Rescigno 2008; Fagarasan et
al. 2010). BkoF, WAl HE Fof &fsto] ol Sold=

N
N
N
s
w2
&
>
N
N
o
o,
i
2
i
)
o
(o
2
=
o
il

712+ 42343 4= 9] 7| Ht} (Takahashi et al. 2009; Tokuhara
et al. 2010). g So]4 SIgAo] HdL WAl =2 3
o eEH AR wet AGAQ Aol & Hol=t|, B+
Folo Ae 43t 9 AL} dF TF7IA Aol A
5O SlgA AAS FEDAT A7) Aol 2 Slga
Bol ojuja doleh, whd WA AN A 3 2 )
A

= 1

Vs AAZIA Heo ATk 2 SIAS =SS
B It} (Holmgren and Czerkinsky 2005).

Aol woluhe $mol o SigAd] AL Wrow

elo] $HWA A2 (Fig 2. B9 $9e F

2 M cell& E3}o] gojitn, M cell pocket®] APCoj 9]

skl T cello] AR o, SAASHE T cell- germinal center
2 o|%3}A =}k (Cerutti 2008; Cerutti and Rescigno 2008).
gAY & OE FY 7Y BEEE effector site]
A] intra- -2 subepithelial dendritic cell (DC)o| Qlt}. o] =
A +dE Fe APCof| 95to] lymph node® ©]F5}A
U 9 B cell®] #£3H5 fEote Ao= dA L Slot
(Duc et al. 2010; Twasaki 2007; Tsuji and Kosaka 2008). &
of o3 243t DC= T cellt B cell& A=53HA =,
memory/effector FE} L] T M9} B M2 Z=H AE
% YH L efferent lymphS £ MNLE o]%&35}al, dHL=
thoracic ductE Z3l| peripheral blood system© = A&t}
(Mestecky et al. 2008). Effector siteQ] LPo] 435} IgA”
plasma cellof A 4] % dimeric [gA+ pIgRE Z3} lumen
o g Bu|go] SIgA7} ¥4 (Mestecky et al. 2008), A at
o2 Hu|g SlgA7} ol ot neutralization W A Ak
3o #ojste] FubH e w39 7 /3% Ve e ¢
35t wiizol Al Ao A 7 23 targeto]
2kl 3 4= Stk &2 SIgA 9] AR T cell H]9J&4] ®E

Lamina propria
Follicle

Fig. 2 Depiction of the mucosal immune system
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= TR Q= AoE A oy FEHoR S (Brayden et al. 2005; Kopecky-Bromberg et al. 2009).
= Tecell 9&4 SIgAQJ ST 7F WA Ao o5t Auly HAutm Al o ol HAEZAZE Edle] L3 £ 9o
o BhgollA = 5 Whgolgt & 4= Q) (Fagarasan et al. U, JF 9 ’“”“ o 2ol 7§ WAle] 7HY AE sl
2010) AUtk 19, AFE FolEs FES AW F =
Hopbs "o f= 540 Asiths w47k 3lod
B Ale] FEforsts M & wAle WAl A9
Al B wejuhgo] & Qojg 4 9l Wel J WA Wi
Weluhe g AnHeR SEa 4 A slok wh A
A o]t} (Brandtzaeg 2009; Tsuji and Kosaka 2008). o] & 9j3ot
I:lol—l‘ﬂé] oZ 7].11— /\{p‘_ﬂ}_—_ I:ﬂ—tH o] =1!] /L] szﬂ (adjuvant)%
FAHE WAL WA AR o] Hastar 7“}‘01] w2 Al AL8-5F= " olg|, o= cholera toxin 52 AF8-35Fo] A
A F5 D ZAA Fgo] ¢utE, 52 9t 9 FHR oz 1 7psA0] 9= vl Qi) (Slutter et al. 2009).
R710] % WA st (Kendall 2010) W24 A2 -2 SR b DHAT REAS LT 2FT e w3
HAYR FY F 1Y RS She MAsl Ao guue waAs) ANED 94 go A4
A d AAA, 2T AE0 LU A AL WAL A Al At 0101"1 WA BzAof Het d+= 2
BANE 38T 5 ol AT o7 Balo] Bob  ~mel Ropgwm & & ot
A2l Qlth= Holt} (Holmgren and Czerkinsky 2005; Plotkin
2005). AFMAL oA AR U HE SLA Qo ZATEHAl A
o Fagt FHE 7HAAL ok A, 719 AR
WAL T2 AU T 5= 1gGel ot ¥ Hupe o F 2o izt 224 WojHor g9
oubgol FH Aol N AEFAAY 23 S F EUE ATehe 5SS deth et Al e
of AAofl & HFo] ¥ oy 2 WA TF7Iel A9 M F237 7]% immune inductive site® WAl
1 AAZIAA BAA Q= et d9x4s ot any o At 7]solm (Tyrer et al. 2007), 0131??}
A=) ol Ao anAgl oS HsiAe A WA E uf AHgA FARAdY FH Ve &
22of o] WOMGS THIE Aol % FASGHE 4 b M oell 29| trgetingo] 714 oA el Aol
Zlo|t} (Mishra et al. 2010). o] 23t SHo| A HopzxZ] v gk o= Qlt} (Tyrer et al. 2007). of=28 AL U&= &
of Welyhgel o] Jbg MUl AS WAl Hge] ol et Wolwg o] Ry Th: WlHge] & 54
lrget© 2 Bl UL 1 EEA0l WS ETT T & AR WelAols] nhize] AU mEAE FIH
G otk Eoh Hotom AgE WS Yurwolmu of WSS oy flstel ol T T cell OEA
et A4 Bl A M G Sojel MeNS S 6% WelusS SEst: immunosimulant SA4E U8 shch
3k = Q7] R gkt 7 AZE Bl AYst= 11 & <= Qlt} (F 1, Fagarasan et al. 2010; Kuolee and Chen
*Jxﬂoﬂ i3t A2l wol7} 7hgt Hro] WA AE 2008; Mestecky et al. 2008).
Mok QAo 2350 Ug 8 systemol 2} %

Table 1 Commonly used mucosal vaccine adjuvants (Chadwick et al. 2010)

Mucosal ~ vaccine adjuvant Mechanism Immune  Response Th  cell response
(k:l};ztlftlr,zbiTl(emei terotoxin (LT) GM1 ganglioside receptor binding CTL Th2
MPL-A TLR 4 binding CTL Th1/2
MDP (muramyl dipeptide) TLR 2 binding CTL Thl
CpG-ODN TLR 9 binding - Thl
ISOCOMS mucosal carrier/Ag presentation CTL/Ab Thl
Aluminum salt carrier/depot effect Ab Th2
Nonionic block copolymer Ag presentation Ab Thl
Cytokines signaling cascade CTL/Ab Thl
Chitosam mucoadhesive CTL/Ab Th2
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A H g EAA (Immunostimulant)

AR Folre 2450 tel fFesHe AU
AR FoEe WA &7t d 5 §l7] o
B HEA S Fof WA o] et A+ A
& FE 3o gt} Immunostimulant® AF-E-35}314} oF= &
A2 2 AHA (innate) 1} 7/ (adaptive) & RE-3-9]
AZ2] E&=Z Toll-like receptor (TLR)2] ligandL} antagonist
=0 F2 o]&HH, o]Qo|X saponin, cytokine %
bacteria =4 50| o] &%l T} (Reed et al. 2009). o] =
% A Houkg o S85 = MY & 4 TIR
ligand 2= CpG ODNo] ¢l=t], CpG DNA: TLR 9¢]
ligand2 Thl, Th2 ¥ CTL WISEL §=¢ # oyt
narutal killer (NK) cell& &4 3A) 71t} SHHE, E & 4
2] lipopolysaccharide (LPS)+= TLR 49] ligand©| ™, helper T
cells Z3A71=tl, ARty ez Hupo] AujAZ=
TLR 45 @& 3}2] o} LPSO] A2 Y stimulant® A 9]
7l 2ol Alzte] Aoy M cellof| 4] TLR 47}
Eo|dog WHFETte Bt 9lo] o] ZLAJo] 1A
&3 qlth. Saponin HA AHBJAE Quil-A, QS-21,
123l ISCOM 50| sfF ==, o5 F 47e 54

N

3
Hol 9k ZFeE T cell HREGZ F =3 & ofu2} 3+
of th3t memory HARFZ& FXA7|= BAYE Hlt

(Bevan 2004; Chwalek et al. 2006).

A e A A" (mucosal delivery system, vehicle)
JurH o] A= Fea 2ol Fojsto] HupH o vt
1% 7|djst=l Hlste] Fu Ag A2 g
FagA S A Agste &WAY 72 @
[-go] oL FA Aol Fol&olgt & 4 it
Al SHA R 584
st = A7t A= 9o (Blanco
+= nanoparticleS 0|83t TheFgh Hd Al
91t} (Chadwick et al. 2010). 7 = 7}%
A A A]AEHL liposome I} immunostimulation
complex (ISCOM)QIH] (Reed et al. 2009), o] &2 lipidE 7]
who® sl FREA AL lipid o] 7o) AE
sto] 244 EAE olgelel FUS AT B,
biodegradable particle®]1} nanoparticle % 2 =7] 9] particle
o Az gtom A7) AT 4 UL, particle S410]
oJste] APCe] SJ3te] A uptake 7] W] WA
et euR BRH 715S ST S Aok wa
91t} (Chadwick et al. 2010). gt AurH o B zAz &
2] A chitosan2 epithelial cello] & £AFS 2 &jst= Y3
BHoS 7FA A9 A9tk epithelial cell®) occludin®} zonula
occludin protein 1] thdt Q1412 3} tight junction opening
= &oto] MAS HALdt= 52 EQtt (Mishra et al.
2010).
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and Isberg 1997; Ragnarsson et al. 2008).
A4 2w A olgo] AT sy
Fol A Ak felo] BeAsHe T dnke Hub
A= AHgeHE Wol e o, EA)
cholera toxin (CT)®} E. coli heat-labile enterotoxin (LT)®] T}
SAIRE, Fubd e HxAlz 7pg 2 dE7l CTe LT+
AA A 2= =4S 7HAAL Qlo] QbR ol wAI7F QL7
o Zoll o] & Hs7] f15ko] =49 subunit F =4S
7FA1 &= A subunitg A 2]g+ B subunit?S o] &3FAY, F
AR AZTE Fo Qe muant Fejo H2E 4§52
glow, o7t Hue nEAR dUT ane
K o3l Qlt} (Chen et al. 2002; Sun et al. 2010). A A L&
o gt AFdoA e A= (rice)ol Al EARE mutant CTE
ol g3 ZATWAL Bof BIHQ CT 94lo] FH54e
3+olst vl 9lth (Kendall 2010; Nochi et al. 2009; Tokuhara
et al. 2010). 3tH, Auto] M cello] Eo]AL& Hol:
reovirus2] ol THl 22 DNA vaccineo] 8= o] Aal 1
ZARAY 7S ol Folon, T dFoAe
Yersinia® invasino] Fub ArF A LA WHE= (]
integrin?} @] AF S 285 £3] invasin©] £-2H% nanoparticle
& A% U2 A% Hsebl gobe R30S Fe invasin
o 2 e HEAZAY 7hsAdo] AAIE vt
Qlt}t (Marra and Isberg 1997; Ragnarsson et al. 2008).
shelel el AT YA LHS o] 87 Hubw
zA9) oo ghisl FURA gov, g
HuH e HA|® AR Hoh o
t particle TFO. 2 = Zub o 2 o] 319 targeting
of & A== particle
A5 4 9l T, A2 lectin, TLR
5) =L bacterial toxin (cholera toxin
JAE A ZIAA oz
% AdhE EA0 fEetLy
1. 2009; Reed et al. 2009; Takahashi
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Al Z=5}kal itk (Misumi et
et al. 2009).

o O

M cell targetingS 33 AYHY Rz2A 9 Y

Hah o WAl A ojg e S535H7] 93 Mo
B AREI e ® e HRS YRl ligand S w7H
2 3= MALT M cell2 9] 39 targeting®]th. M cell = 9]
o targeting> B} & FH AE LT cell 9J&
4 MRS FrolA 7P feElet Ao m okt o
T7F AP EAL el 2= M cell9] apicalof A 2 5}
= moleculeo]] ¥HS-3}: lectin (UEA-1)E o] &3t ALY M
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M cell targeting

M cell targeting

Immunostimulation

/[Immunostimulation

L
N\

- Lectins (UEA-1)

- Live attenuated vaccine strains

A 4

- Toxins (CT, LT, CTB, mCT)

(Salmonella, Yersinia)

- M cell specific mono-Ab
(NKM 16-2-4)
-Immunoglobulin (IgG &IgA)

system
-Targeting ligands

Fig. 3 Development strategy of adjuvants in oral vaccine

cell-specific monoclonal antibody, 22 immunoglobulin< 1l
N2 5= targeting WHE©] A|AE L Tt (Fievez et al.
2009; Tyrer et al. 2007).

UEA-1/WGA™ EAL mouse M cell®] 7}& & erai 2l
markerQ1d], o2 ATAELS UEA-1S polymer particle 2
nanoparticleol] ZgHA|A 7=t ZutulAlof 28511z} 5}
gtk 28y UEA-1L lectin® 2 A|ZEA S oF7] & 4
Qlth= EAA-o] Lt} Reovirus®] ol proteine M cello]]
Eo|gog ureall childg 2 od#A 9id], ol
protein®]] DNA vaccine& Z-&3}0] §-=3F Huty o] 4
o g oo 3t 2O Wule S HATF HuboA] B
gheleh 4= Q&= WA, ol protein-OVA & o]&3t -
Ao A9oAE ATHAE SR ATHE Holz
o 9lof obHe 1 Aol g ghalo] BT Fwol
t} (Rynda et al. 2008; Wu et al. 2001). =3 FHIo&=
mouse UEA/WGA™ M cell& Ea]slo] ThE M cell-specific
antibody (NKM 16-2-4)E o] -85t 3o M cell targetingS

Fol 5o Y WYEAL HolRI|E sholid, oo}
Ze M cell targetmg% =3t 3 AL a8 3
immunostimulant®} &7 A-&% 912 o 3} Iﬂﬁ} o
Ho b2 S8 4 9SS HoJF%Ith (Nochi et al.
2007). wheba] Bt o] Al HuwAl HXA|= M cell
wrgetngs} 4 WAAEES] Y W FAY W
& 425 540 9od 4 9 2ol Bas
3 % ot
M cells 53t FHH2
% BhLbe M cello] B310% 54
SR 3= A=, o9& 59 mouse systemo| A M
cell> RANKLO]| &3} £3} =7} 57} ¥ 1l macrophage
migration inhibitory factor (MIF)o]] 9J5lo] &+ €9 &
fo ulHE B40] glof ol2je AME BRA AT
WA B2 Aol o] 8% 4 s AL AZEI =
3tt} (Knoop et al. 2009; Man et al. 2008).

29 =2, M cell targeting 52 7}X| = peptide S
FEAY ael S Hdd, of4 g dAFAE0l
ARSI QA= AT B AGEE e dF A

Ru

O

I=
=
KN
=

L

K
X
At
ox,
o

ines
toi

o

filo

o wlr
o

N

do

o].&@}

- Invasin of Yersinia, c1 of reovirus
-mediated carriers
- M cell taregting ligand-mediate

- anti-Pathogen recognition
receptors (anti-PAFR, anti-TLR-4)
- LPS, CpG DNA, PAMPs

HollA L 7hs/dol 9
2 AFgolA= B HAY asS S
cell targeting®} =9 A
ARkS =5 Bl Yo & 31% ligandE 7% &}
A skt (Fig. 4). o
o180l ojzlgo] U7l WRo| o|F FBE1A in vino
cultured M-like cell& FR o™ (Fig. 4A), R E M-like
cell 52 M cell specific antibody (NKM-16-2-4)2} GP2 protein
o) rel& Foll AlZo) E31E EHIsH3IH (Fig. 4A). o] o]
phage display libraryS ©]|-83} random peptide 2] biopanning
O ZEE M cell9 apicald]] 20| 7153} candidate ligand
£ ¥d9lon, dojA ligando] EA-S B4 SFaLA} enhanced
GFP (EGFP) §-x1A}9] C-geto| A ligandE L& st= A
23 ki 2s AT} o] peptide ligande] M cell targeting
522 ex vivo loop system= 3l mouse system} in vifro
human M cellof| ] 2215} 4 T (Fig. 4B). T3+ 2| 23 o
& mouse systemOM AT FolE o Y 5ol4 |
o WSS 9% UL W, O lgndST h A 54
ligand (Col)of| Al &< EGFPOﬂ gt =& WoRk3o] 3
o g Adeld $ERS BASARL, ATHAL §=
2] oFore-S 3helstqltt (Fig. 4C). 0] ligand7} in vivo©l|
A LS M cell targetingS 5= 3h=X] &l3d}7] ¢35}
o mouse®] ligandE E3st= A2 WAL H+ F
o] 5E & AL moyse?] PPS AL, PPE confocal
laser scanning microscope®] &3l &gt A3} ligand7} M
cellF 5ol e st Ae FUAstlon, £t in
vitro human M-like cell 9| A= GP2ES W&t = A|Zof &
ol o7 Hatsll AL F913}9 ) Ligand2] 7|5 Al
A 3Pl FAY who]y A (foot-and-mouth disease virus,
FMDV) 9] capsid protein@l VP1¢]| tfs}o] A-8317] 95}
VP1-Col Ajz3} AT A S A|x5ko] mouse 7 -5
4Ee AT ok G W AN FUS0| 4l Wl
wheo mRdoR $EHS T 4 AN FulE
A& Col ligand®] sequence= M cell binding 7+ &2l
Yersinia2] innate immune system2] C5aR 9] ligand 2 2] 2}-&
o] &+& %l outer membrane protein®] YFEEIT} FAES B

o



J Plant Biotechnol (2010) 37:283-291

289

Select the M cell specific ligand

L Add the phages
Culture the M cell in vitro into the cultured M cell Elute the binding phages

anti-GP2 EGFP-Co1 Merge

(A) In vitro M-like system

(B) Mouse system: whole mounting staining

Serum IgG Fecal IgA

Reciprocal Log,, Titer
Reciprocal L092 Titer

ow 2w 5W 7w

Weeks Weeks

(O) Mouse system: oral immunization

Fig. 4 Function of M cell targeting ligands as oral vaccine
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