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NE Fel=rle] SEE

olFrjata ojsieiat olsh
of + o

N B

21 & GH271(°)3} food allergy) & AEHY
o gk IgE-vi7iAd 2L non-IgE vwiZlA 43
ngog 43 H¥ ¢ 3F7) 59 B3 F
71 o 344E veRln A7 gl ot
UEgdgha £8 298 = s vE 3 ¢
gl 27] Ago|ct FA Q= 34 o]3te] Aol
AE % 8%l ol2X 4 B9+ 2% HER
53] AoldBoA s G E7] Aol
g Alge] dAFSH HAske AEY 2 %
2-380 93t vl g T/ AF &
HAg F3] Agd SR/ AEge] €99 ¢l
2024 AGH 97t U, SHEr] g
o] WWel(immunopathogenesis), ¥4, 1
g3 AF AP AYXFE9} A NLE %%
ATE Al oA HEHA Wy J8%
W 2 S UxFY 4ol 8543 HE 2
e o, AAE WA E 3= AYPLS AAF, &
ZFo 2 AdF A Ut olg FE3]
sl M= QAN E FERIS olf
g g =7] AE3S] A9 d+7t U3
on, gEE7] A AGEHH 7|Hn BA A
83 w3lE olslsty, HYRAXNEY FEA
BA 59 Mo B =8-S FI Uk

ojof] EEIME F2 IgE-vi/lE EFYEE
718 FHoE "Wl sl et By,
mouse$}t rat model& FAHOEF ¥|nZA &4A
¢ FERUES 2U)8kd Bz g

Food Allergy2] BiejH0l

A oleltl Loksh ol4od
$44) YT YBF A 597

e-mail : jsjs87@madang.ajou.ac. kr

At A 4 F FAIZoE, Aol 9
oA o) Het AM X9} gut-associated lym-
phoid tissue(°)3l GALT)+ Algolut &gy
o x&=A =, o] AAAE WA s}
e QYRS A3y, ddie Fsi, o
WA the] HAHE e giside HYRL-
(immune tolerance) o] FXd}H-?. oj#g F
A 3l A9AE A7) Astde ok R
9} ‘gut barrier”7} &A=l o]F Qo
Table 13} Zt}®, AAoh} Jole] A9 H 9
A=A}, A Adue v|E o A3l Ao B
£ BHly [gAS] BF F U gut barrierd
u|£0 2 9l GALTES A E3HY &) &
HEEE 378 2908 elald okl 3 4
392 [gE-vi7/iA 2L non-IgE-vi7lA HY
uh2-S 2F8A ok ¥, Gut barrier’t A&
Folx oF 2%9] Aojgh] st U S &
A A FFEHA o RE9] Al oln] HY
FLo] FEEHO Youz BAs HA gon,
©A A= A A e FaFe] AE o
o E FHRIgkSo] g,

olg} 7o) AE LY 27]9) WA QHE= A
21 Fel] dig HAALo] AFHoE FYH
QA o 7ilEy, da 23E #Ale 7
$ WYFIEo] AFHeZ f=EUH  food
allergy®l X187} 7168 4 Utk

A4H 0 2 GALTAIAMY T8 HHuke-2 o
Al (suppression) ¥ T&(tolerance) ©}9, o}
g AR AGAZE ofH 7]Hel ofsted 2ok
o th3t BE-E YBIN=AE &3] AR &
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Atk 2719 A+ o8 Peyer's patch&
QT UE B AIMES M cells’ o] 29
°] 9 &4 sampling 715¢ @ LHFL
o, H2el= FH A (enterocytes, intesti-
nal epithelial cells, ©]13} IECs)7} antigen
presenting cell(9]3} APC)9] 7]5& 32 HY
JAE fxdl=t 7l A A, &
Non-professional APC¢! IECs&= MHC class
II molecules X3, soluble proteind
sampling ¥ ¥ F¥e] CD8+suppressor cell&
XHog PASAFIY, olo uhsld bacteria,
parasite, ¥ particulated antigense M cells®l
9)sle] sampling ol IgA59] A& WA sl
HAFA-S FE3h Mouse modeleltd Aol
A HYALL AFF BHIE 23H Teell A
o ghgo viEle] B cell F8& AEEE B
oko] 3tglo}] Q751 Thl-type celle]l Th2-
type celloll vl3le] T8 Lo]aHA] WA B0l F
¥ty 3n, T A 5Y ol st
o T cell BHTE3 B cell HGEAIC] FAl9

Table 1. Components of the gut barrier

UelES BT AT glo] HYAse] HE
Aoz 7Hd3 Agsir)e ojgursie,

S8 AR B food allegy 21710 TH

PubMed search& 5% food allergysl &
2dol) g 2000-19803 Atele] HAM AFE
604 Aol &3l=dl, olF 80% 7}l mouset
rat& ©]€3% 7o), 53] mouse model
19963 ool 73] F7lti=rl FE food
allergy?] WA9Yelg drded B FIHE
8l9tt (PubMed Mediline Query, Z4de]
“food allergy and animal model”). Mouse %t
rat Q)% guinea pig, dog, cat, rabbit %
food allergy®] ¢4 ¥ 714& AF3= SER
92 o]&Ho] ko) HTo = o] BTV} AAF
Aol Ak,

Gut hypersensitivityll th+ = ¢]9] 1980
W) 232y L3, 554 active sen-
sitization) 3 4572} (passive sensitization) ol
W& in vivo R in vitro 77 IYHJL, F

Physiologic barriers
Block penetration of ingested antigens:

Epithelial cells - one cell layer of columnar epithelium

Glycocalyx -coating of complex glycoprotein and mucins that trap particles

Intestinal micro villus membrane structure-prevents penetration

Tight junctions joining adjacent enterocytes-prevents penetration, even of small peptide
Intestinal peristalsis-flushes “trapped” particles out in the stool

Break down ingested antigens:
Salivary amylases and mastication
Gastric acid and pepsins

Pancreatic enzymes
Intestinal enzymes
Intestinal epithelial cell lysozyme activity

Immunologic barriers

Block penetration of ingested antigens:
Antigen-specific s-IgA in gut lumen

Clear antigens penetrating gastrointestinal barrier:

Serum antigen-specific IgA and 1gG
Reticuloendothelial system
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2 o] &9 892 beta-lactolgobulin(°]3} BLG)
3 ovalbumin(©]3t OVA)olth x7]9] & 4
FollME Y 5ol IgG YA (A 1gG4, rat
9] IgG2a, guinea pig9 IgGl)E HI¥HIE R
"ol F&=o] 43 AE F Y22 Z food
allergy modelolA] IgES] AA 47} @43 og
S7HAE ggtoy), OVAE ©]£% rat model
o)} A} passive cutaneous anaphylaxis(©]8 PCA)
33} Aejhkdo] A4 o) IgEe] A Ax 9}
vl stk A7t 32 ¥ IgE A4S fEshes
TE 2dS FH3lEis Az ds Ho.
1990dth &4t o] A 8] AT EL FZ rat, guinea
pigolAl AE3Y Sol-IgE, 1gG . % IgA A
o] A frxol B A7 A FEAIHA 27
AAE, g 24 A Bl W B34,
s ZAYA W3l Fo 2L F AFE
B, 1990dd] FWHEEE £2 rat3} mouse
model€ ©|-§% £22Q "gYad g A+
7t AREHUHPubMed 24 2&).

Food allergy®] -7l 114 murine model
9] 7idto] A3t ol mouse Ao} Al
X 9 ole} FUY HAEAS sfgo) F&3)
ABA oy Ao} kite] FYo] LoldiH, A}
%3 ZABA FZo] Y e FEL A8
S 2 o Al HAESTE Aotk ¢
£-0] v}k transgenic mice(cytokine knockout
mice, IgE deficient mice, enzyme deficient
mice 5)2 5o go HY Y EAYELSH
Aol waHE 7heta Aok Felth 23y A}
#9| food allergy ¢t R-AM B8 D¢ mouse
model®] YolE o1& B ool =,
7P Z98 W] 84 AT FoE 394 o)
¢ Bd HYRE Yol ke Ao,
olgg A7 HIALL moused] strain® *, 4
ojgo] Ag kEE AV*P, Fodd 39
TR ¢, 183 343 ¢4 A8 adju-
vants® Vol o3l 7}d] P g woug o
e 84AES HH3] NYsd gy, g

A W, A, YA B uhg HlE Hdu
<, 23 kg Zo] Alge food allergy &% S-AMSH
FE 2Yg wEBE xYBo| o|RoXT Ut}
olo] EEoME HZA A% S FUZ oA
AE $HgH), gy, R 27
of M B 7K SERYL s Bk

PRYUY=712] Dog, Guinea Pig X Rat Model

H 3 Z7]¢] 292l guinea pig modelS
cow’s milk allergy(°]3t CMA)#] A7 1o
A 83T AART YA, AP X7}
ZAAZHCE oI AY EF Wi Al A
o] v]E-319, PCA W& Alglsly) 23 R
5o AgHol Utk I3y 19959 olFox
guinea pig& °l-&% food allergy ¥+7} 7+H8
O 7 o]RojA I =dl FE R P
A3 A9 gut barrierdl #E AFEoIn &L
o ZRE FES FXA e in vitro 4YE
AT ¥W dog modele ©18% BLGY ¥
YA FH A7V e, o] Afe & T8
FHE A8 g9Y FEANEA Y WAAEE
Al ate] Gkl WslE B8O, thiore-
doxin Aol 9§ BLG-B¥UES Yd=27] ¥
4 ZAAEE FLNES 539 FFI
g 27] HRAET AP,

Aol it ANkE., 53] IgE A A
o] 8ol strain® 31l Brown Norway
Rat(©]3} BN rat)2 food allergy 972 £ 5
ERYE JAHT Uk o= FZ OVAE
ol&-3 EZF gH 279 FERY MY A8
Wy Ao ®ol ol&5¥ glen, CMAY U§
ATE 27HF] Jobe @ Atkinson Miller™
T Aol -9 FARE SR o] gd =)
& Hobd A (IgGet IgE) € BAsH= CMA
model& A A8 =, semi-skimmed milk(0.5
mg/mouse) & day0 3} day7¢l adjuvant$} &
A BN FAsle 2= A go|t) ulaia
AT 72§ A7t o, IgG FH S o
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o] AxHAGE AMTAH) Ak

SHEUY2719 Mouse Model

Mouse model asthma& BIZ3¥ o8] &4
27] Ao A7 Yol o]&-5o] AT CMA
o i 23 B2dE A9 fie 440t ol
%A AFE Hl9} ZHo] moused) Bl AT ©
A@g AY " Eo|n, straino|\t EFES o,
gqlo) g3t £F, adjuvant Y §F A+ =4
o] ol Q8L F= YT 247 B/ JE
ojth. 23y} HZ AEe] CMASH fAHE 23t
s g4 A4 2 99 ¥E HYFEe
CMA®] mouse modelE°] B A7 4703
A4 §

I 3= 19979 Ito Fe] BI¥ casein
(13 CN) ol ¥ mouse modelE41, adjuvant
glo] gl AT Foiol g3t AR HFH 7
$olt}, o]52 6578 DBA/2, Balb/c 18X
BI10 mice& ©]-8-3l9 63Uzt "I #EES 45
o 4o} 4% CN 4Jol(25% 2 CN &)}
OVA 4o]#(25% OVA £)228 Jro] AT
ot WFE A WY, 63YA 2L EHE
o]&3} CN-8o] IgES} fecal IgA FAE &3
32, 6344 miced BAA FHY 23S
2 2¥ intraepithelial lymphocytes(©l3}, [ELs)
€ 931, Peyer's patch, spleen, mesenteric
lymph node(°]& MLN) % liver2%-F single
cell suspensiong& AUt o1& o83t I
Z79) T cell EHFYE] HE flowcytometry
& N3P, mRNAE 99 IL-4, TGF-8,,
IFN-y o % RT-PCRE Al3asich =& o
E MzoA g £L CD3 mAb A=l %
cell proliferation assays& AL IL-5,
[FN-y ¢ Bu]%-g v73idch ol&9 a7l
©)8pH DBA/2 mouse®] 73 CN 4jo]FdlAE
CN-5o] IgE 3417} 10718] 5 7vieioll A CN 4
o] 7UARE ZAEHUT 28U = 107k 2
oA opAdolitt whHe OVA 2olZolAME

OVA-E9] IgE % CN-Bo] gE7} A 4¥ 717
£ £3l9 24o]it}. & DBA/2 mouse system
M CN ool 93l RE A7t B4 =HE
B QVA 2jo)e) 9ated 8] ¥hgol s
A &S & § Uch FHE Balb/cst BIOA
mouse& ©|E% FUT Yol g3l OVA
B o4z} CNell oJ3loix 34 §o] IgErt 44
HR &€ &+ AeH, ol AAE nF
ojyol A7 ¢ 73 FoE 49 FFH
mouse® strainol wz} BL S 0S¢
F ok "W F FF9 AFPL U
mouse model & #3317 fstde HH 24
& B T AT AEAY] Yoy
Az F Utk Ito 59 AFEFH CN Hel#9
3% EAY B9 Fo| RES] F71et @7 IELs
oA @ g -TCR & ¢¥o] S8t 2 23
ogxE d& ME9 RT-PCR A3} Th2-type
cytokine®] $-4l7F EREIh EE oA 7)F
9] M X(IELs, Peyer's patch, MLN, spleen %
liver cells) ¥l A3} CN 4o]ZoA OVA 4
o]dl| H]3led CD3 mAb Aol 2% Th2-type
cytokine AAol F/Hge & & UNUTE =
CN 2jo]ZelM CN AFell <] spleen cell?l
proliferation®] 717 BFHNL, IL-49 A4
o] &Ju YA F7HHRSM(103 +/- 2.2 pg/
ml) °lo ytaled [FN-y & S35 A Fdoh 4
71¢] QA9 AAEL Ito T Edo] Al
IgE-mi7Hd CMACIA #&=E 34 §o| IgE
o] A R Th2-type cytokine] $-H<} FAgH
Wy whe-g Hol= TUYE AALSHH, F3 A
T A9 YT ZAH(F, adjuvantd] A
£ glo] CNE miYd 4ol3tA el &g o]
gk Aol 7EX7E glth olojM Tto T2 °l B
9 0|23} heat-killed Lactobacillus plan-
tarum L-137¢) ¥@27) AR 3% 23
2 Bk, & L. plantarum L-137¢]
in vivooll A IL-12¢] A& F7HA713, ol &
8led IFN-y 9] Aol 383 f=Hy, 344 &
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o] IgES} AAde] A E & F AL, olHF
HAZA 3= o 9 X853 2 BT
FAES By

§HH 19999 Li 52 C3H/HeJ mouseE ©]
£% CMA Y¢S Bysgen, o] A$E Ito
5¢] DBA/2 system3} B 7}x) apo]Ho| rt,
£ 379 ojd FES ARSI, e 7
Wil JoiM FFZ uld FEE 2olj Ro)
ol A 3U A% AT AR AR £ 13
g 65 AT FH9E AL CNely
OVAS}H 22 AAE o] opd homogenized
milkE adjuvant(non-toxic cholera toxin, ©}3}
CT) < 37 A3 gavage feeding3tith= ol
o Ed FuEE FE AF AR 675 ATH
HAIHE Al83ld Table 29} 722 systemic
anaphylaxis score(©]3t F4HF)E o831
W3] FFEE BASIY TR ot =3 ujF
S AHstY 3 5o) IgES} 1gG1(Th2-
dependent), ¥ IgG2a(Thl-dependent) & &
AAL, Y ATl 3 spleen cell®) pro-
liferation %7} ¥ Th2-type cytokine®] A3Ad
7 Q13 9 o] RddME HEE
2 gl Fe sl 38l very low
dose(0.01 mg/g mouse), low dose(0.1 mg/g
mouse), medium dose(l mg/g mouse), %
high dose(2 mg/g mouse) &} Th¥e o) 39
€ AT FAHAY, F 79 A u-EF
(CT only ¥4+ ¥ naive ¥)-& F713519 A3}

Table 2. Systemic anaphylaxis symptom score

£ v|23tch AHAH2E medium dose AT
Fo7t 39 Fo] IgE AIMS-E M # f&
dHon, ZA4HEFE o9 A B2 ¢ F A
At} o] B A o] olx IgE-vi7lA food
allergy 9] ¥hg-& kst ZhwolA Sasi=w,
6574 Y FTAEAES AT F gL o
] histamine®] FT& &3 T, miceE 34
AlA ear skin} FZH9 mast cell & %
degranulation F=& #&3 YUY, Evan's blue
A1} £ g 53] -9} footped o] BHE
H49 57 ARE FASNAT =7 FFEH
Azl -7 2% PCA ¥ JiAId S §
3led o] Heo A& [gGl A7} obd IgE )
7b dokn FA2A 2 SRR, T4
A7) 9%t spleen cell 9 Th2-type cytokine
o] A F7HE stk WA Li 99 &
92 adjuvant(CT) & AHE-sH= 2kdol gl
219 Abgto] AdHshe /8 A Holsty 7
AN ¢ AAJThE A 4 F4L mast cell
4 histamine®] 7%, A2sd ¢ ATy =
9 5 33t in vivost in vitro A8 5 9
AT CMA FERYolglY AN =3 Lj
59 modelS ©]43F atopic dermatitis®] food
allergy model’= B ® u} 1o} old] gk
A7 obF Al gAjolt)

Hersol M27(9 rat model
Brown norway rat(BN rat)2 T cell®] 23

Score Clinical symptoms

0 no symptom

1 scratching and rubbing around the nose, ear and head

2 puffiness around the eyes and mouth, pilar erecti, reduced activity, and/or increased

respiratory rate

wheezing, labored respiration, cyanosis around the mouth and tail

no activity after prodding, or tremor and convulsion

5 death

(Ref. 43 :
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3ol tike] HAFZEAS AYAsl= strain®
BEA 53] IgE #A1e] Aol Lolgrhy ¢eiA
Qe ), ol ez AFL AY ARglA
ol gt IgE Aol S o] U= olE
7 &91& Ad A3 FABICE 199613 Atkinson
592 CMAS model#d 7 OVA allergy
model 2 A7stgdE, o] A$E adjuvantet
A OVAE B3FAE B3t 2432 & 74
TEAEE AlE 7oA AL food
allergy 2A 24 o] 9tk 1998'd Knippels
592 OVA9 enteral model2 A/Hstder,
ol adjuvantE AHEEHA] &E-31 FAlol, OVA
£ 77 Tt 7zl AEg ¢Agt Bdo)
t} & AF 4-652] BN rat2 ©]439 OVAE
A4+g 923ty gavage feeding(657F vl 1
3], 3 28], F 13] 9 2539 13) 5= e o
3t FEo] OVA £94(0.002 - 20 mg/ml &
)& 657 A& Foshs WS vRsider,
dH27] HY ¥Hg2 YW 3 o] gE ¢}
[gGS] &34, PCA 7l % delayed type hyper-
sensitivity (¢]3} DTH) AARE F3t] ZAHY
th ARAHOZ OVAE A5l Bl g Fo3l
A5 39 5] IgGe AA# DTHE /=%
F ANoY [gEx AAGEA $5E ¢ F AN
2, 657 vid gavage FAE Afole T &
o] IgE, 1gG4] A4 ¥ 3¢ Fo| DHT uhgo]
FEEHS ¢ 5 AUk F3 339 Eo] IgE 3
£ OVA 5o 28900 100%2) 24 ZTEANM &
A F dYeH, gE A 59 PCA v
fF7E GXEgE B @A olg2
adjuvant& AF-3FA ¥ " OVA(lmg/rat)
& AT FAgezA HFH food allergy =
48 Y3tk oloiA 1999 Knippels 5 7*
2 5Y% model$ o83l AT T AAL
o} me P ¥F 54, g% A2, € 385
59 H3lE Uk Hohd 2SR

g AYZ712 mouse model
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Peanut allergy(PNA)= 7okt AlQloA
FE FAL =He, ol A% A4 S48 e
+ food allergy 241, HZ FrldiXE 1 A
RE7} S71 A0l lo] Howe]e] A7t A
59 gl Wg A7t 32 JdoeP, 2
PNA°) ti3t FEXDL 71E}9 food allergyol
v & AEg Aol HZ-Li 52 C3H/
HeJ mouseE ©]-4-% PNA model& 4703kt
o] -2 olxe] #§g CMA modeld A
WHo 2 538 C3H/Hel miceolAl Al@sE
BFg 7ol adjuvant(CT)9 Al gavage
feeding 38929 low dose(5 mg/mouse)+CT,
high dose(25 mg/mouse)+CT, CT ©%, ¥
Naive 22 ro] 483Gt £ e
day 0, 1, 2 A< 397 A+ 23 Al ¥ day
73 210 F7) B on, 48 5% AFH
HAIHE AFEIATh CMA 2d3 299 A
S AX BF AT @) A% E-HAA 2
Th2-type #EA4 WIS FAsA=, 2
202 low dose PN9 77T &3l A}
9] PNASH AR 5233} mast cell degran-
ulation, histamine release, Th2-type MX®H
¥ ¥re-& Holx IgE-"7/1¥ PNAS mouse
model®] Y= Ak F71FHog £ PNA Ed
A= PNA mouse$t PNAE %1 3+ 84
o] EH & o]&3td HF] FLe = Ara h
29] isomers®l W¥ immunoblot®} epitope
mapping < Al8&t Algs} mousedl| A9 &Al
Eol4g vlwstd H}=d), mousest AFEY
¥3g o]84% IgE immunoblot 23 YU
del Afe] FRIHUTE 0|9 TEH BH S o
&3t Lee 572 BF9 Z%U(5mg/mouse/
dose) & 7T 7AAF)E= FA o)A recombinant
murine IL-12(rmlIL-12)& 73 271 ¥ F7]
o 7% (500ng/dose A, liposome3} conju-
gation 3t gavage ¥4) #2EA IgE-vi7iAg
PNAZ} 44 2 X5gS 288 & U= 5
A A AFREAE 23 9 gE 3 A




—8Y Lee : Animal model of food allergy —

A AxE vng A} PNASY 9A HAxEE 2)
miL-12& %710 B3 A AYE &
At 3)

o)9jol = Roy™ 52 AKR/J micedl X BF
9] UL CTs 87 AF FAsta FAC
271 ZHHadjuvant AHE)E 3§ PNA
model & &3, ©]& ©]&3le Chitosan-
DNA naonparticles 74 Fo® plasmid-
Ara h 2 9} 9J3le] PNA7L oW & 1SS B
ki = g 5)

4)

a4 B2

ol Aol X8} Zto] B Tl M food allergy®l 6)
g v A9 A £ EE B3 food
allergy?] EERAE 53 A7 55 Yol
*kT, Aol Y vuA G R FE R
dojl o 279 5L AHERT o8 E F
E RUdE2 tlRE 344 5o] IgE A A4,
PCA 4¥h2-¢] o4, Ade F34-439 571 mast
cell®] degranulation® ¥7 histamine®] %7},
AAA oh}dPA] HkS- Th2-type cytokine$]
gA3 o2 g E A IgE-#1704] food
allergy s} frARSE Bz € A3H B4 Al 8)
Hal=o Ak ek olzg BdES o
2% A =84 (cytokine, anticytokine, CpGs,
receptor blockers 5) % HIAEE WAil(wild
peptide, mutant peptide, plasmid-peptide &
o ezt KEQ AE 5 AFYE/19 AR 9
W e A7) B =82 F7 Jed, 9
o}7} food engineering®ly, Bl ES ©] &% ¢
gz 9 AA Sl o3 AMdd AL
27] 4F9 A AFE A% 8% =R
#2453 Utk 10)

7)

= U=
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