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Probiotics as an Immune Modulator for Allergic Disorders
Ji Sun Hwang, MSc, Sin-Hyeog Im, PhD

School of Life Sciences and Immune Synapse Research Center,
Gwangju Institute of Science and Technology (GIST), Gwangju, Korea

Allergic disorders such as atopic dermatitis and asthma are common hyperimmune disorders
in industrialized countries. Although the exact etiology is unclear, several factors may trigger the
disease onset. These include susceptible genetic background, environmental factors and an aberrant
gut microbiota with a shift of the Th1/Th2 balance towards a Th2 response. Probiotics confer health
benefits through multiple action mechanisms including modification of immune system in both
systemic immune system and gut associated lymphoid tissue. Although many human clinical trials
and mouse studies demonstrated the beneficial effects of probiotics in diverse allergic disorders,
therapeutic efficacy is quite diverse depending on administration dose and types of strains or their
mixture. To properly modulate allergic diseases, administration of tailor made probiotics with immune
tolerance activity is required. Human clinical trials demonstrate a limited benefit of probiotics in
atopic dermatitis in a preventive as well as a therapeutic capacity. In addition, beneficial effect
of probiotics treatment is limited in the treatment of bronchial asthma. Identification of specific
probiotics that has immune modulating activity and elucidation of the underlying mechanism of action
will lead to develop probiotics as an as immune modulator targeting allergic disorders. Herein, we
briefly review the diverse functions and regulation mechanisms of probiotics in allergic disorders
including atopic dermatitis and asthma.[Pediatr Allergy Respir Dis(Korea) 2012;22:325-335]

Key Words : Probiotics, Immune system, Gut-associated lymphoid tissue, Cytokine, Atopic

dermatitis, Asthma

zeuoloE st AYFS AANAL W 479 A%

A
off o]5& F= AolBlE MAES etk 27elle Z2at

B ATE wENSA FHwdYe s e E AEad (3
AWF: PI907153) % g 255 25722 Aol g3l o]Fo)xl

?'zouwl 129 49, $21:20124 1249 6
,dlol,q/q_ o]/\]aﬂ %Z,\éoﬂ;\] _t,Li zh:}ﬂ}/]i 123
FT}ely) 49 Ak Wol 2d AslA)

Tel : 062) 715-2524, Fax : 062)715-2484
E-mail : imsh@gist.ac.kr

ol v} A wAESY wEE TS T8l IS F
tka A7 E Qo FHtoll= o]50] HY Vse &
AT B3l S50l o2 8-S Frhe TS Haso] AA
3 9t} 9549 A2 (inflammatory bowel disease),
ol E 3] 9]4%-Y (atopic dermatitis) W 2] (asthma) 52
w92 B A i‘:’}oli‘g’\/] AF e F2 954 A
O|EFIRIS W Zha Wl B e 2l 28-S FETE
3 Ao S-S sl 9l oAz o o] &S AR
ks Ei‘j}o]i‘fﬁ] Fiel wet &
effect).
T 20-30d EQt oFET| I

2} (strain specific

o
o, A e o

H=7]

- 325 -



—Ji Sun Hwang, Sin-Hyeog Im : Probiotics as an Immune Modulator for Allergic Disorders —

AEE Alzolu /=] Hlsl 53] A73hE vetelA 1
S7Hol ZA S7h L gl ole 94 7HE (hygiene
hypothesis) ol €Jaff S E 1 Q). o] F 74+ A2
RHdAoln Aol o, W

Wol B 54 f44,
87, M2 20l So| YL v BEA W g
oft}. = oPE|TING B K .

5
St Aol AR1e] QlolAE 1 e Fo
FAlol] g Qlof SAA Bk o} 7
WA AEYAZ AR, 53] obEv]s)iele] 49 o

2 23} 09207 Aato] Zrksla Qo A}3] AES

o

o
= =

ol oA tiel #A| Foll E AgS T Aol Ak A &
A7F H 3L 3 o)F ARd] 9% A=A Afze] 2
8 Folrt.

FAFA 3241 corticosteroid ARgo] 7 &35 o

Gl A% AR AHEE I ot P10 A
& 39 3% 9% 8 49 A 5 Fa-go] op|Ex 9

Y

o, webd A S ol Fua] $1% AwHe] el
vk o] 3] o]Fol A1 glow] 1 FolA L]

SEAT o] gajo] B o) RS 2Aste] oy
Q9 A4 5o eel=r] A Amsll AEst
3] 109 Folth, ¥ A= Leujol eElA9) Fiy, 4

N

A} Z2wjol 9 B2 o] 83 obE|T| Y 2 3
A28 913 Tk % Aol ojsl dgela o

£l 2

2|AY 71M4(hygiene hypothesis)

0 7P E0] olENI)H-1S gt g =] A

A& Argsr] S8l ARKE ALt o] FellA $148 7Ha (hy -

giene hypothesis)©] o3& 7}x] #}&-2] LA g3l dg]
Al

SO e o] e WSl Al vl s

ojubar Q= §d7]-Had 7)ol Bl SA4A =
o] wo 2|9 /L}a}on AT Aol del27] A oY

ol
a4 ek Awal ik wed Al xEe 7kl Ao
wE ) ToF HIS A B7el B 55 ek
& Ba slS s Bk %, We] Wg2 Yoo

[e}

=

WA Qlxte}l Wl 7hg

T H ook JR
1o
-{n:

f

o e
i
£ o
=
rSL'
=
_1:10
mlo
r;iE
ul
r%
fo o
il',
)
o,
2
2
:Ol=
fu
H

ol 12

£/
1<
12
i)
(=
2
olo
o
12
£
ol
ﬂF
o ofr ox
I
o
oty

o
v
rot
1o
o
N
N
1
flo
°
I
3
i

Th1/Th29] #&o] 7|Aa, 1 A%} Th2 WS wkgo] 3}s}
Al Ho] g¥l=r] whgo] fE¥rh= Thl, Th2 2t
9] 7R3 U3 s] Ak o] itk HZell= o] YA TS
ThA] 7io] Elof, frobr]e] & o w2 v Migte &
H=27] Age] Fast fake] gjloz ¥FHSIT) 53] |

A A A5 $7de A9xd T ME(regulatory T
cell, Treg) 9] a W A& oksA| ahef, Th2 WY W&
ek ofuel Thl WY vkE-S EsAA dEl=7] Aehs
& A8 § Qloka AAE I ek

Zit o|AE(intestinal microbiota)

Apolel] of gt vpeket W
2 3}o] gt

12

=)
71

ue
>3

o

[l
A AFATE Al A
el vl S W] ehel] el s ol
2 “hygiene hypothesis”
= é”é'c?}"’ gtk HZoll= ol
784 Q1o mA HIZk é & ‘41 Vgﬁ«l =

FIF

o
O

S R )

ot
L)
k=
30
&
o
=
=
o 3
m{n
o
_V,L
O
:;“
A
o
=
o

1o
M

o] de=7] A3k AT dl R 2174] g
o7 A gk &, LHlE7] vk WY
rdehs Y Sl mlAEe] i3] T2k mEol
w74 9kgkg W) ubyo] F7bEkL oA 1 grt”
AFe] P Al 9 37 Aolell EAshE %
Q3 A4 FRoln Fte] F57F dolvk= FAlel ¥
9] FYE vz 7 7] EdE sl MEEiTh /‘}%1'«1
ol &4 40001 7HA9) v FH<] wte|lgolrt EAlst
U% I UEE gigela] 7R o 10110 cells/g9] &
£ ERlt} HZoll= ek V=g TR we- g ol v
%94 o] 7hsai ot oA A & ool EbsE
F7F 7] vl AA AR & Yelli= 1,000 & o3
wH|gjopr} EAlehs Ao E oJAX L itk 4 g o Bt
Hejoh= AWE dorE AT O R oAXARE, thyit
3

Mo mn ko rob mfu
o
o

=
)
rlr
>i

Al25ge]

{o O‘h‘

o] A ) v AEL SFo} A7 0]0) S ke A

olet? ol

]41 H] gu‘: Zoﬂ}‘i‘J_ ‘IT)\\__:_'\% EH.LLElOL

f-olst Mg os FREa Sk “#iﬂl'o]?_ 2~ (probio-
tics)"& AFdFS AFANE FF 579 14E FXA

71 Aokl md=e et Fowar Qitk “EZajulo] o E
2~ (prebiotics) "= fructo-oligosaccharidel} trans-beta-
galacto-oligosaccharide &} 72 43}%]A] ¢+ oligosac-
charide®|t}. 0|52 Fol= AYA O 2 Bifidobacteria-t



Lactobacilli®] 23748 A=3le] o]52] 2] @ o]0 9
al A E = TRekgl QIAlEel o8l tieks Bt S
Hehl= 2o g Aol x| 1 glrk Bgh ZEHlo] QA
9} o] 58] BHS FHohs ZEjulo] REIAE FAlo] UF
= ou|EA “Alvlo] @ ElA (synbiotics) & g7} A5
oA Utk &A= &l EAshes AR FE gram-
positive?! lactic acid bacteria®A Lactobacilli2}
Bifidobacteria’} =2 A&t sAwk A28 E5He)
fraktolebal six] Ao R AHE F e FF Al
(probiotics) o2z /o2 AME-E 4= gict. whebs] URE
Ao &2 Algho] A F 9le TR e EAE P E
OlfrE offie} TS H THAE e TFaof itk =,
D FE AR 978l B o] £, 714 & o
off theh A5t ArIt Qlojof st} 2) Aol la &
] Aol ol o]ate]| x161~/Ho o]o{ vﬁoﬁg;q k71 3FAYA|| x1
BHA] SARE Eakak] okof Ao wizkslof Skt 3)
AFRe] 7R Aelole AElE Tdsfof sh A Al
Edel & FaEofof gk A Ulellx] 7 7hsEllof St
4) vheFst Pt =4S At HAdE A E TR v
gljote] 285 oA 7hs sflof gttt gt AlEAl EElE
AZE FAERS w9 dAS 1S F38l kAol AR
o] zjo} it}

ZEujo] QE|A0] gt A AaEole] A& S 2w
Hio] 9 EJ A O] F57-9) srof] whet vhoFebA|RE T2 M Al
1} follicle-associated epithelial AXE F3l|A] dojrc},
7 el EAisk= A3 AlEE 352 (invasiveness) 2} fla-
gella®] -2 WLt v) HAdTS F2ohs Aow &
H7] AaL F o] AE 5 wAYSe] tisixe AT
o 2 s’

Jct>|-

rH
O

|[d=at HA7A

AFe] Fell 7 2 "3 22 (lymphoid organ) < %
Al EASH= gut-associated lymphoid tissue (GALT)
o]H, Peyer’s patch®} mesenteric lymph node 52| $3Z
Z22& 23t & ol 349 (antigen) & FA3E (entero-
cytes) ¥HEY M MXEZE E3) Peyer’s patch®] 217 Al
3 (dendritic cell) 2 2% ™ lamina propria X/ Al
¥+ AF dendrite® o] &3] LS 3L GALTE
ol EAshs vkt vtelejotsl A4S 25 b, o™
regfol= TRV MY FE] AT AlsEe] EAsE

toll-like receptort} nucleotide-binding oligomerization

EEEL T BEASES

olg et oel=r] A Alo]—

pdl

Eaf] QAP Ho ojulst AltE EAEHA

oF= germ free mouse: & W A A3 (gut intestinal

domaing

intraepithelial) BX7- 427} 1. Peyer’s patchol ger-

minal center =7} 29} immunoglobulin A (IgA) 2843

plasma cell®] 47} ZA4%E A4S Hol Qi) o]st
e, A nAEEC] GALTS] Wy} 75| g3 &
Q8 9L stk 2 ekt ma g ) mgE
7T #8-(oral tolerance) f+=el wl-¢- s 93-S &
FeIth AT B2 TR ATE S wE:E gA(dHA)
o EH'H g9 E0]#9] peripheral tolerance”} JojLh=

71 Wah o]g]gt peripheral tolerance®] A3/d7}F HA41&
regulatory T AMlXef| JsijA] ZEE ) tefst R g 53
germ free V-2 57 3ol ti3) oral tolerance®
5514 L3l AAZ regulatory T AIES] 7F A3 7
Z¥o] glFo] gle uk glom, HO 7 germ free A
ol Bifidobacterium infantis\} Lactobacillus plantarum
< AT 5o @5 W oral tolerance”} Fr =5 1L regula-
tory T A2Le] 47} F7hgo] QO\JH?JE}.IO 12

l

Z2HO|QEIAS| XE T

—_

Aursol XY 7|

==

A v AYELS 431EA] 9= ©<=31E (carbohydrate)

FasEAY 22 As AW (short chain fatty acid),

W] =AF(amino acid), B]EF (vitamin) 52 Ads= 5

kgl Joratd oAske 7pA| 1 9otk )RS A G Ao|u}
(e}

J.l—iimlo

A 22 EA9 435 EoA AW (fatty acid) &) SHE)
B ATl Lol AR S Al Tels e Y

|
St 213 B Adtoll thal| A Woje Jgg: st} o] gh W
o] 71 ok wl Agh ojol tia) vtelelote}l A}
A} &t (antibacterial) 22 AAdS FallA Lotk

oo o= 7] Aghe Thl/Th2 F&o] 7§04 Th2
e} ghgo] o ghishAl dojubAl Har o] 2 13 inter-
leukin (IL)-4, IL-5, IL-13 #-2 Th2 type AlO|E7}<10]
ol FH|5 o] A= immunoglobulin E (IgE) 9] /o] 5
7¥elA| €t} TR o] QA0 We] 24 V)% ZRHO]
2EA 17l wEt SolAA, Lactobacillus reuterte
A M3 A IL-12, tumor necrosis factor (TNF)-a

o] ¥u]E F7MAZIARE Lactobacillus casei+= R 2 4

- 327 -



—Ji Sun Hwang, Sin-Hyeog Im : Probiotics as an Immune Modulator for Allergic Disorders —

>~

FlE71Q1Q1 IL-124F TNF-a2] H&-& oA A2t
HEO] ZZulo] QA FEA R Trl, Th3 Al
d REE F8l 9 24 7S 7HE Al ETL
L-10°]4} transforming growth factor (TGF)-p<]
£ Z7MIk o) & ¢la] Th2 W) ko] A5 Al
3 A= Thl €9 -8 07 o] Wzlyo] de=
7] e gEAIe”

& Azl Tl e g Ae) Ve o AEle 7159

o 1o B oox
)

o o2 O o)
=

Ql, Alo]lEFQI 0] A Fo] Ut Tkt in vitro AE
A= X gujo] Q8= [L-124 INF-y 52 Thl type
AloE71R19] 1] 9] F7} Bl Treg AlZeA9] IL-10 4]
£ &3l Th2 type AO|E7IQIS Td-E oJAIRHE 3191
ok T3 ex vivo AES FEAE ZEHo]| LEAE A
NS AF IL-10%} interferon (IFN)-y7} $7}sh4 Th2
type AFIEZRRIE] HEE FHAEA] 2FAY, Th2 type A
o) E7}19] "hedo] 7R IL-10, TGF-B 52 4 Afo]
E7IRIe] g wko] Zhasithe A At itk webA in
vitro A3l BIa} ex vivo A A= o4 WS AEo|
WA dgtom o]gA thE At op7| = ol 4]
Ao ALgeE E2ulo] QE AL FHit 2l A3 AA A] A}
o271l AL 1% A W) Ajolw eIt wek
H+ e 2 ZEnlo| QA= G Y EAllske tHE
A mAEE] FAoI B9 S B3l Nkl WY

NS MBI B Stk k01

|
|

3. F=X|& Mz d=ut 7|s0l ZEH0|L
ElATL OIX|= B

GALTON A1 AlEEE F8l dsha T Al /1A
HE e Sl wel vheket gk W WS B]lvh
AF g ZRH| QAT A ' ol Fshe i o
T 9 27] 5wt tEn AA|R SR TS
A== AFS LR Hlo| ¥ Ag] =
, ZEHfo] QE| o &gk At o] A|AElS] el glo]
& el A8k A A2 T 2 57 296 4
it} A A= ol &9 Y M3 (antigen pre-
senting cell) 8] &5 a7 T AL g5 fEsh
Th A|32] Thl, Th2, Treg AlIXEZ2] ¥3}5 2d3it) &
8] A MlEs= IL-10, TGE-B 52 Al E7IR1S w13t
o] Treg AEE 5341 Trl A13E2] 749 1L-10, Th3 Al
X9 ¢ TGF-pE Enlste] WY 24 Vo5 vehil

WeTh TR AEE e Y3 F 2 HE e R

o]-&3st ¥ Ad<5 (maturation) 85 A €k o] # F
QF A MEE AP EFIR] EH| e RIsHERE ofue} 3
ol EA)3H= MHC class, CD40, CD83, CD80 (B7.1),
CD81 (B7.2) &) @] Z7ksH ). T 5o Z=n}
O|E AT} TR MEL BHH L A5 Al EFRRIE
U E gtk Haot ol vhear glvk & HellA #
& T Qe FA AE 7 Age] 71l e in
vitro 282 bone marrow-derived dendritic cell B
monocyte-derived dendritic cell® 28-S gtk kA A
Tt uke} o] A Alaze] v|X|= P gk ZEhjo)
QE20 Fitol whet vhekshe ZEnto] Q¥ 0] Fite]
w112, TNF-af] w05 frieshe g vhafsht o
F20] LRl QAL FEA 0% A 1L-109) HiE
Z7MZE T H2 B A7ee 5714 Eeulo] QA
EFERQL IRTS ZEHP|QLEAS Fol3lls o IL-10,
TGF-B, indoleamine 2,3-dioxygenases Zo| W&3sh=
CD11c+ regulatory dendritic cells®] A FEZ5 Z3|
mesenteric lymph nodes®l|*] CD4+Foxp3+ Tregs2] &
e 7S ek wmek B A7 o2 A
A GFo] ol 3
3 e THEIh
IRT5 ZEHo] QEAE Foldigls w) ok=d] %4, Fut
A

AR TG Aol o] [RT5 Zifoloe)

2]

—

2 ol o3l WA A} el ARl FF 2RYF Y
Sy AEE BdeAE A% G5 oA Tkl 9es
2wl o]t IRT5 2zwjo] R8I~ Folol 93] Treg
A WY DAY S O A5 WES Aol
T 9l TP AVD PSS Audt FF B4E
40 BHe Y ABE Fo IRTS LRrlo] 92 Fof
7} AR vk s We] AE Alo] e Eg 4
Z3h= Zlo] Wad Row Agdrk

obES|s e wHYHoln] ARo]
Agtoln, WzHHo] £ 54 FA, §4, o
Fo] Y2 vlxE 2

ol
o]t} obal7bA) Wy A1e W] LelA sk

(e}
o
o8k4] Zwolx]= Th2 type AROIETI1 Q) T Agatol

o d T orf o

- 328 —



B m £o8 Foled Wi P WA
TAVE Aol Q&) EEEA
%31 precursor T celli#}2] A5 2Fg-of 2Ja] Th2 AlX=Z
Eahe oL SAE o5 Sl W2 9] Th2 typed] Ate]
E7RIAL-4, IL-5, IL-13) o] EH|=|A] ¥31 71 FollA 5
3] IL-4el JeliA BAIEIA Er]¥= de] SZa30]
isotype switching®l 2J&] t}gFe] IgEZ k= A Hr}. o]
A [gE+ v AIEZ U 5997143 M3 (basophill) &] 3
3= FeeR1ol AabAl =1L 9159 del=21 o] A3
U S o] AEES GHFATIA =] SI2ER, pro-
staglandin 52| 95 FA7]= viziA| 9} 5 o A}
O|ETRRI 5& wHISH Ho] 9% Whe-& frEshAl drk
ole] gt Alo] EFIRIe) &3l oF TAolA] Th2 AEEe] -3}
£ O ASA1714L o] HEe] ¥
cascade”} ZEA @y
Hro] AT+ Aol gJshd, Abge] A vAE Y
ZAFsh= A ellA] el EAsh= vtE ot L]
o gaAo] Qiths SA7} AX = AL Qitk 53] o= 5]
ool A- frobsl AejA] ok A4S ok 3t ml g
=9 T3S vwsklE W 17t froke] Aell= Bifido-
bacteria®} Lactobacillus®] -7°] ] Wil ol B335
fole] A= Clostridia?} o] 4% o] Qvf= B}
Qo i oE AgelMs & Aot fivks Bavt 9l
oh% w3 IgR izl g obEv]wRde) Aol 2 Ao]
7 itk A7 A= AN E L Qi) weba] folr]e] of
Eu|u-q] dete) 9lo] et wAEL] At e <
o o B A7t U Faspt” ol2jdt vhego}d]
e zfolint ofufe} A dR1¥} ol EF I Y] Aol A
e g W RS 2 Foleke ARl Ao 7} Avk=
Bz} Itk ol o] Bifidobacteriay 7374
o9l Bifidobacteria®l W3l in vitrodX 2573 A&
7RISl EHIE TS S/ Wb 7419 Bifidobac-
teriav F9F ARIETRIE B & #0A7) = AoE &
4] Qlek 53 A ) Al Ashe ?QE Zfo] 7t
WA GALTE &3ato] | AAEE A=k Fes 2t
o7} the Aow BuHglh?
FHA7FA] FHA Q) corticosteroid AHEo] 71 &3t o}
EV9RS] XEHoE ARRE L o AV|F o R AR
Al I & 9 A A 5o Bxgo] ofr|x 1 Q)
uehr HZ 50 olF F5317] A% A5 shdel of

2

antigen presenting cellQ!

22 o] immunological

o o

o o] QB A% o 84 ©

Ao 27] A Alo] —

gk Elo] ks o] FoA| a1 §lom vekst $xF dl =
&= o3 AFE Bl °L3ﬂ 2 7] Agke]) ZZuto] e YA}
5ol ol FH Al Eq 5] o} E T H-QGol| Glo]
25 o] gt oY 4l X 5.9 Fsel tigh AT
7} ks] 718 Folrt.
1) ZZ2H[O|E]AE 0| 3T 4 AIF Zut
OFEF I -G ool tgh X RHlo]| QEAS F5E
A1k ATl e Hojurniat del=r]E dord g8
F AT ool ‘%Lé Akl A Al 7 F '
Hio] @ ElAE MFAAZ S Hlold frole] olET]u)y-¢d W
W o5 gRlEginh A MA Bareal= 24w 9ok 1
ol HlsliA ZEulo] R EIAE A3 vyt e frofd
ol IR wyo] ok 509% F% HAEkSith o] e
42F wjo} 74k wj7kA] A &E T o2 1) TG-S Al 9)F ok
S| 2] Age] Aol 2 a5 HolA gt
I TS AollAe vlE LRbERl ofEv]u] el o] why
Toll= & o] §lYloy IgE w ofE ]9 Rel e A
= EEH}O]E‘%‘i A5 aFelA o] aAl ZAaES
2 e 27] Aol T G wolX Ak &= v}
oM Lactobacillus rhamnosus®] 3%+ ol &3]
WS TAAF O Bifidobacterium animalist
& Ho|A] ggton Zguto] QEXA Fo wt ol
S BE™ Wi ®E 1w pexE guje] Zg
3}012‘%’&4 AF7E Holdt frofe] olEnu el s
= SFA AU 25| LEl2T]e] g 3HdE S
AL olgl Aduit) T A0S HolE olfE 3
A, et g TEafo] QB A FE AREFY] ufjio]
webq BE Z2ulo] QElAY) ol Eu| v o] ot F
W7} QA itk A dalsth WAl TRule] 98
v Tl uet Yehus a3t b2 it 7 A3
ujt} Folgl Enjo] @ ¥ ¢Fo] TRty WiEyd slojtk
Al A= Aol ket 7iRke) ohEu| Tl ¢ & Afo],
AN I Foll Anprk A SA=, BEA) 2lo] 54 7]
AR A AA o7t o Aol eRlole}t ATk
0% olETFN-¢ X 5o tigh Zenlo] 9 Bl Al
Fog deshz ol 7 Bug vus) B ol &
dep v 2 el A2 oE gi9E BolFal itk
2y Ao ZREP|QEAE W]l IR FFE
7F A AAERANE o] RuEd Al et $hate
F7F A3 oFET| T Y] Bk S ATt otk
7ol QUSltt. o5 Heksh T Bl o= R-9ae] S
5 e 37} 3xke] 2 S7HAA AEA TARIE AL

i

rlm

FI
R

8

f o%“

2l AL i
1r o

o o
ﬂﬁ

R

ol

FL

o

- 329 —



—Ji Sun Hwang, Sin-Hyeog Im : Probiotics as an Immune Modulator for Allergic Disorders —

o] AL w7 Z ZZnjo] Q EA8] AF = ofE
o] FFEE WA thE BagelAs Tent
ol eEx0] HHE UNHARI ol eI YFell= & g3t
Ao [gE B o}Ed] IR FHES Wy B
o]y Bl 53] IgE WIS Kol 4ol Ae =
719] ZEulo] YA AF7 o}l B3I ARl g3HA
olg} watar itk AN W ThE HilES ZEHlo] QE
20 AFH7E AREAQI ol EF 3R U [gE # ofEd] 1]
R0 Z) wl b gl A8 YL v A Gkt
ol21gh Wit =)= A= oy A vix7 A 2 AR
FEHIO| QB A0 Fi Eoﬁf_} &, Aol ket #xte] 4=
o} Yo, A5 L9 Apo], Zruto] Q¥ AT 717t 5
o] A7k Q1] # Zlow KAl
2) A3 £E2 no)

A7) ol EFF RS 7MY & A T EY
A9 SR8 X5 SR 54 3k e A 71ds
skt vl S8skth SHANE ofE T w ¢l o) el Y
o] EAbEuiet uf- thekshe wheba] o]2fgh thekst
Bj] ofEFIH-E W T EEe 92 ul$-
”ﬂol‘:} oFET -9 Ae-olx A IgE 5717 b
7859k rbEA] s B ToE Um g oy
gE FAP} olEA TG Ak 2 A8 g5 Pt

S A GEE 1 Qlek AFTHA AREE L Sl
O}E-JJ-’JH 9 & RdEs A Ad dEn 2d
(appendix 1) 2} HHAHE7 haptens 4
3= 22 (appendix 2)°] F2 8% 9t} o] F 71X
Fdo] 9 Ex ul Aud-& Appendices 1, 20 2.2F
o Sltk

OIEIINY FE BHlS Egato] ol T H-E A

Kol
o) 4 Q= Erulo] QEAS] Fi Ul A4 7)e] Pt

o
F{Ooﬁ‘,_“_"‘:oéﬁ

H

;

l

in

A7t - 2 Lff] o]FoJA] 31 Qlr}. ZEulo] @ E A0 of
E9]9]55d) oY a5 1str] flal YAlE Ne/
Nga #h¢-25 %‘ 7IIHE AL § TRE ke ]t Lac-

=}t
tobacillus rhamnosus GG (LG 7} &8 5215 <l
- ejold ot ohEv]u el i A :
Zol] nlEl ZEhlo]le¥As AFE F= okEd| vt

o Wby E 9 by A7} =9l ol 53] A WA
oA Z718 IL-10] 93t Ao shax et galet A
2 7AR)ol A B&3F 3714 Lactobacillus 1 %= Lacto-
bacillus rhamnosuss FAHAINET|Z o}Ev] v H-AS
5238k Ne/Nga wh¢-2~o]l s Wz 8% of IgE 24 2
Th2 AP EFRRI 14 55 S8 ANk ol Edo R4 &

=

o] ST IFN-y$} IL-100] T7hes shlsiiet. ™
ek B 3relo = BALB/c mR-~o] Dinitrochloro -
benzene 9} FAAN =75 o]afo] o} v A HAE F1e
S 3 IRTS ZEHlo] QEIA(571H4] ZErjo] QB @‘% )
= H3S W 8% Wi IgE w27t sk 7 7 9
F-9l=e] e AlEe] JFTT ek Ale QO‘O]'“E]' Ol
= ZZno| QA0 HFE Ea 3AJE CD11c+ regula-
tory DC7} regulatory T cell] 3@% 8k A 7]
5= 57HNA ARARI Th2 WY ¥igo] AAE o] F=d
Ao wgnh

2. XMAl(Asthma)

A4S ABATL FobA T BFe] WA, HAIIE ek
A, 54w A ) (1E8) 7 Bl w o
Aotk A4S F4o] ofF 7he e e A%
AS7H vhegebal ek 4 glow], 24wt Bk
NBAE FePI G 2R0] £5E dlo] 715k e
SRtk o] Qlate] 7)we] 7} vl i), wH) 7]
B9 @Foz JAA Tt WEAM 1 Fokl 7]
2 A9 B9, 7157t 93] BrslA] Fk oka7iA of
8 20 o 7150] $F] G W) e
| A QgkAR, FE] "ot 3, kR, Fgol,
AUARIEY), i), A ok, B &4 2 §7 2l

h

)

23
ofal Qo] AUHETRE R WA Tk Ea A 5
W g IS B, £F, AL AxH 31 FY, F
A, U & W ot Q17 SIIE 57, 2 set 243
e 97 29U, Jeta ASAel i, T2 FAHel

Bl A4S 207 5 girk WA wels 837
231 ¥k ohjeh f84) QI Pelslo, Q1% AgtEelA

I PRI R 2] QEIAE o) ¢
frop] AR AHE & AF A9 22 71 4
ofiiet o= & Floletar AZEL} ofx7tA] o5 S
o wket WeE 217F WA @tk #H< Hamelmann &2
ZRulo] QE A0 AT Folrt 7k dFel nAE 4TS
grlispr] Asll zt "ol Aol LGG 5+= Bifidobacterium
lactisE M<Ql & ovalbumin® 2 H24)& FE3 & Zn}

o|E 1o o5t X F Fes RlEl HktE 7R T2
Hlo] @ €] 28] AF = ¥ 5olF] IgE 12 9 S

i?ﬂ
2
T oy

- 330 —



<
r}:

E AaA7E 5 Uk 219 545 dsprZlt 59
4 A A3 (mesenteric lymph node cell) ollA] &
h= Th2 type AFIEZRRI(L-4, IL-5, IL-10) 2] &
Zr2enZd 0 u1# ME (spleen cell) & 52418 AR Z T
ol+= I Znlo] QElA ] AFH=E <13t Foxp3+ regulatory T
cell®] f+=9} TGF-BE] w017k 7hell Slal] ofFofx):= A
o7y FEY i T o elAi= Yute] Zenjo] o
2 AAF7Y A el 2r] el nlAE e SRl
flate] Aalst ofu] HeAl LGGE o4l 713t Bt 7
o3t & glojtk Aj7lel Al ovalbumin®® HA& f5
T HA ] WY Y E vlnsl] Hoprh TR ujo] QA
Q1 FollA ot A7) FH= izt Al7]el vlsl] nk
2 A g Eo] wiglon] 58] vl Aol #H]S
TNF-a, IFN-y, TL-5, IL-109] o] ZA ZaEo} ek
ol olF= o™ A7) frote] Zrulo] @ Bl 3= A9
HYS olxleks kol e AAlEL Itk SNk
g3k 2] melofx o} g X2 Hlo] @ EjAl)

A2 A5 F5 W] A9 ob A7t ulnlske dx)
744 8] AR wgh WEsA] ol vl st X 2ulo] @ E
ws]7] flgt FAFe) A Thekst A5t

i > 1
o = pY n

T
2

r
e

a3k,
Z2 B

A= g e A Al del=r)g AR 5
7he A4 aQlERt o2l 53] 71 8 Wstel] nkE
He] AA L] Wt Fe eolow Agska glrk 53] |
o AAZE ks Igel 9= frok Bl Faadr] Al7lel
28] Al el EAITIE Alo] Wo] e ojAlshs
FTost U ow thFsa vk et A o Al thekdt
TF B B FEE G o2 A TS A |
o AA B4 9w Al A A= vk Few
&S Shz Zlo® oAty ERulo] QB AT o] &3t T}
ot el =] A oA 9l AR AlFo] theFehA A3
H1 QL A ARl Aarh v ANk obA 7]
e AES We7]is ol Aol o= Zrulo] 2
28] F, Tl 9 VIRt 5 o8] 7 QRle] 71lshs
o8 3% Qlvk mebA olAl= wie) Al vhg-E A
gAor e 5 gl 715 () ZeueleE s
5 sk o5 Wost 28 713 gt 9 9 Y
& 5% AT T ATt 97 AAAlF oo g ARl
A7t Fesitt

5 o] g3 A =7] Ak Alo] —

10.

11.

12.

- 331 -

il

o2

3

MO

. Yazdanbakhsh M, Kremsner PG, van Ree R. Al-

lergy, parasites, and the hygiene hypothesis.
Science 2002;296:490-4.

. Michail S. The role of probiotics in allergic dis-

eases. Allergy Asthma Clin Immunol 2009;5:5.

. van der Aa LB, Heymans HS, van Aalderen WM,

Sprikkelman AB. Probiotics and prebiotics in
atopic dermatitis: review of the theoretical back-
ground and clinical evidence. Pediatr Allergy
Immunol 2010;21(2 Pt 2):e355-67.

. Corthesy B, Gaskins HR, Mercenier A. Cross-

talk between probiotic bacteria and the host
immune system. J Nutr 2007;137(3 Suppl 2):
781S-7908S.

Rimoldi M, Chieppa M, Larghi P, Vulcano M, Al-
lavena P, Rescigno M. Monocyte-derived dend-
ritic cells activated by bacteria or by bacteria-
stimulated epithelial cells are functionally dif-
ferent. Blood 2005;106:2818-26.

Macdonald TT, Monteleone G. Immunity, inflam-
mation, and allergy in the gut. Science 2005;
307:1920-5.

. Kelly D, Conway S, Aminov R. Commensal gut

bacteria: mechanisms of immune modulation.
Trends Immunol 2005;26:326-33.

. Macpherson AJ, Hunziker L, McCoy K, Lamarre

A. IgA responses in the intestinal mucosa against
pathogenic and non-pathogenic microorganisms.
Microbes Infect 2001;3:1021-35.

. Bandeira A, Mota-Santos T, Itohara S, Deger-

mann S, Heusser C, Tonegawa S, et al. Localiza-
tion of gamma/delta T cells to the intestinal
epithelium is independent of normal microbial
colonization. J Exp Med 1990;172:239-44.
Ostman S, Rask C, Wold AE, Hultkrantz S, Telemo
E. Impaired regulatory T cell function in germ-
free mice. Eur J Immunol 2006;36:2336-46.
Sudo N, Sawamura S, Tanaka K, Aiba Y, Kubo
C, Koga Y. The requirement of intestinal bacterial
flora for the development of an IgE production
system fully susceptible to oral tolerance induc-
tion. J Immunol 1997;159:1739-45.

Herias MV, Hessle C, Telemo E, Midtvedt T,
Hanson LA, Wold AE. Immunomodulatory ef-
fects of Lactobacillus plantarum colonizing the
intestine of gnotobiotic rats. Clin Exp Immunol



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

—Ji Sun Hwang, Sin-Hyeog Im : Probiotics as an Immune Modulator for Allergic Disorders —

1999;116:283-90.

Ouwehand AC, Derrien M, de Vos W, Tiihonen
K, Rautonen N. Prebiotics and other microbial
substrates for gut functionality. Curr Opin Biote-
chnol 2005;16:212-7.

Rosenfeldt V, Benfeldt E, Valerius NH, Paerre-
gaard A, Michaelsen KF. Effect of probiotics on
gastrointestinal symptoms and small intestinal
permeability in children with atopic dermatitis.
J Pediatr 2004;145:612-6.

Park JH, Um JI, Lee BJ, Goh JS, Park SY, Kim
WS, et al. Encapsulated Bifidobacterium bifidum
potentiates intestinal IgA production. Cell Im-
munol 2002;219:22-7.

Fang H, Elina T, Heikki A, Seppo S. Modulation
of humoral immune response through probiotic
intake. FEMS Immunol Med Microbiol 2000;29:
47-52.

Gill HS, Rutherfurd KJ, Cross ML, Gopal PK.
Enhancement of immunity in the elderly by die-
tary supplementation with the probiotic Bifido-
bacterium lactis HNO19. Am J Clin Nutr 2001;
74:833-9.

Fink LN, Zeuthen LH, Ferlazzo G, Frokiaer H.
Human antigen-presenting cells respond diffe-
rently to gut-derived probiotic bacteria but
mediate similar strain-dependent NK and T cell
activation. FEMS Immunol Med Microbiol 2007;
51:535-46.

Young SL, Simon MA, Baird MA, Tannock GW,
Bibiloni R, Spencely K, et al. Bifidobacterial
species differentially affect expression of cell
surface markers and cytokines of dendritic
cells harvested from cord blood. Clin Diagn Lab
Immunol 2004;11:686-90.

Zeuthen LH, Christensen HR, Frokiaer H. Lactic
acid bacteria inducing a weak interleukin-12 and
tumor necrosis factor alpha response in human
dendritic cells inhibit strongly stimulating lactic
acid bacteria but act synergistically with gram-
negative bacteria. Clin Vaccine Immunol 2006;
13:365-75.

Kwon HK, Lee CG, So JS, Chae CS, Hwang JS,
Sahoo A, et al. Generation of regulatory dendritic
cells and CD4+Foxp3+ T cells by probiotics
administration suppresses immune disorders.
Proc Natl Acad Sci U S A 2010;107:2159-64.
Kupper TS, Fuhlbrigge RC. Immune surveillance
in the skin: mechanisms and clinical consequ-

23.

24.

20.

26.

27.

28.

29.

30.

31.

32.

- 332 -

ences. Nat Rev Immunol 2004;4:211-22.
Akdis CA, Akdis M, Bieber T, Bindslev-Jensen
C, Boguniewicz M, Eigenmann P, et al. Diagnosis
and treatment of atopic dermatitis in children
and adults: European Academy of Allergology
and Clinical Immunology/American Academy of
Allergy, Asthma and Immunology/PRACTALL
Consensus Report. J Allergy Clin Immunol 2006;
118:152-69.

Leung DY, Jain N, Leo HL. New concepts in the
pathogenesis of atopic dermatitis. Curr Opin
Immunol 2003;15:634-8.

Kalliomaki M, Kirjavainen P, Eerola E, Kero P,
Salminen S, Isolauri E. Distinct patterns of
neonatal gut microflora in infants in whom atopy
was and was not developing. J Allergy Clin Im-
munol 2001;107:129-34.

Penders J, Thijs C, van den Brandt PA, Kumme-
ling I, Snijders B, Stelma F, et al. Gut microbiota
composition and development of atopic manife-
stations in infancy: the KOALA Birth Cohort
Study. Gut 2007;56:661-7.

Kendler M, Uter W, Rueffer A, Shimshoni R,
Jecht E. Comparison of fecal microflora in chil-
dren with atopic eczema/dermatitis syndrome
according to IgE sensitization to food. Pediatr
Allergy Immunol 2006;17:141-7.

Ouwehand AC. Antiallergic effects of probiotics.
J Nutr 2007;137(3 Suppl 2):794S-797S.
Kalliomaki M, Salminen S, Arvilommi H, Kero
P, Koskinen P, Isolauri E. Probiotics in primary
prevention of atopic disease: a randomised pla-
cebo-controlled trial. Lancet 2001;357:1076-9.
Abrahamsson TR, Jakobsson T, Bottcher MF,
Fredrikson M, Jenmalm MC, Bjorksten B, et al.
Probiotics in prevention of IgE-associated ec-
zema: a double-blind, randomized, placebo-con-
trolled trial. J Allergy Clin Immunol 2007;119:
1174-80.

Wickens K, Black PN, Stanley TV, Mitchell E,
Fitzharris P, Tannock GW, et al. A differential
effect of 2 probiotics in the prevention of eczema
and atopy: a double-blind, randomized, placebo-
controlled trial. J Allergy Clin Immunol 2008;
122:788-94.

Soh SE, Aw M, Gerez I, Chong YS, Rauff M, Ng
YP, et al. Probiotic supplementation in the first
6 months of life in at risk Asian infants—-effects
on eczema and atopic sensitization at the age



33.

34.

35.

36.

37.

38.

of 1 year. Clin Exp Allergy 2009;39:571-8.
Kopp MV, Hennemuth I, Heinzmann A, Urbanek
R. Randomized, double-blind, placebo-controlled
trial of probiotics for primary prevention: no
clinical effects of Lactobacillus GG supplementa-
tion. Pediatrics 2008;121:e850-6.

Weston S, Halbert A, Richmond P, Prescott SL.
Effects of probiotics on atopic dermatitis: a ran-
domised controlled trial. Arch Dis Child 2005;
90:892-7.

Viljanen M, Savilahti E, Haahtela T, Juntunen-
Backman K, Korpela R, Poussa T, et al. Probiotics
in the treatment of atopic eczema/dermatitis
syndrome in infants: a double-blind placebo-
controlled trial. Allergy 2005;60:494-500.
Sistek D, Kelly R, Wickens K, Stanley T, Fit-
zharris P, Crane J. [s the effect of probiotics
on atopic dermatitis confined to food sensitized
children? Clin Exp Allergy 2006;36:629-33.
Folster-Holst R, Muller F, Schnopp N, Abeck D,
Kreiselmaier I, Lenz T, et al. Prospective, ran-
domized controlled trial on Lactobacillus rham-
nosus in infants with moderate to severe atopic
dermatitis. Br J Dermatol 2006;155:1256-61.
Chen YS, Jan RL, Lin YL, Chen HH, Wang JY.
Randomized placebo-controlled trial of lactoba-
cillus on asthmatic children with allergic rhinitis.
Pediatr Pulmonol 2010;45:1111-20.

5 o] g3 A =7] Ak Alo] —

39.

40.

41.

42.

43.

- 333 —

Sawada J, Morita H, Tanaka A, Salminen S, He
F, Matsuda H. Ingestion of heat-treated Lacto-
bacillus rhamnosus GG prevents development
of atopic dermatitis in NC/Nga mice. Clin Exp
Allergy 2007;37:296-303.

Tanaka A, Jung K, Benyacoub J, Prioult G, Oka-
moto N, Ohmori K, et al. Oral supplementation
with Lactobacillus rhamnosus CGMCC 1.3724
prevents development of atopic dermatitis in
NC/NgaTnd mice possibly by modulating local
production of IFN-gamma. Exp Dermatol 2009;
18:1022-7.

Won TJ, Kim B, Lim YT, Song DS, Park SY, Park
ES, et al. Oral administration of Lactobacillus
strains from Kimchi inhibits atopic dermatitis in
NC/Nga mice. J Appl Microbiol 2011;110:1195-
202.

Feleszko W, Jaworska J, Rha RD, Steinhausen
S, Avagyan A, Jaudszus A, et al. Probiotic-
induced suppression of allergic sensitization and
airway inflammation is associated with an in-
crease of T regulatory-dependent mechanisms
in a murine model of asthma. Clin Exp Allergy
2007;37:498-505.

Blumer N, Sel S, Virna S, Patrascan CC, Zim-
mermann S, Herz U, et al. Perinatal maternal
application of Lactobacillus rhamnosus GG sup-
presses allergic airway inflammation in mouse
offspring. Clin Exp Allergy 2007:;37:348-57.



—Ji Sun Hwang, Sin-Hyeog Im : Probiotics as an Immune Modulator for Allergic Disorders —

Appendix 1. Spontaneous Atopic Dermatitis Mouse Model
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Appendix 2. Induced Atopic Dermatitis Mouse Model
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