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e dAE 3l 8 24 T AE (iTreg)d Alxw4

(a) =A% ME (DC; Dendritic cell)oll B-1,6-glucane FEAECE i3l IAES A ste] 24 44
A ME (DO E 5 9 2

(b) A7) rDCE D4+ T M Ze} Fujdste] =d T AZ (Treg) S FE35t= WA .

A7 2
A18o] QdojA, A7) Z=A T AE (Treg)E CD4+Foxp3+ Treg AFEQ AL EAo= sl f% 24 T AxE
(iTreg)o] A|ZH4 .

A 18l QolA, A7) (bh) @AlE 3-CD3 A, IL-2 E TGF-B = A=3ste] 24 T HE (Treg) s FE3E A

& SR s e 2 T AlE (iTreg)ol A=,

o

A1l QA , 47 F=7% H]E 2 D4+ T MEE ExPd A X (PBMCs) FEQl A& EHo= 3t
T A T ME (iTreg)e A=

A3 5

Age] Axgyios Axd = 2E T AE (iTreg) s FEATSRE Fishe W 28 = 54 29

47 WgARe deA, Wd, FF, A4 AFY, FriEs @, $F5, AHTE(fibronvalgia),
A7, ALY Fa, AP S (scleroderma), HAY NAAH, A28 Gud, #HAF, FHENPEE,
Wk Ay W AtieAson PR FelA A9 ol sl A SHoR s AEA 2

B owge 28 T AL (e fushe nswsees vy 2 aswsees g fae g
3 BgAE AsHE ZeuteloE FE B A0E, B% AAAE B-l-b-glucand FEYLOE T
e OAl, B-l-bglucand Aeh: ZEulolod #F, A7) BEAl EE #FE FEAPOR Ffehs
Wel 48 mt 9434 A8 ANE 4F, ARA, ) By Tt FFE Adsel 4% 28 T A
(iTreg)® Az P9 % ol ols) Ay F5% 28 T ALE TP W] A8 =& 934 289 o
WoEE ARG AZARA B Aol

I A
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EfFe el "mlo] A 2B QL (microbiota)"E TASHE TR TRHY ol TS, nlo]a =] 2 E
o] Wigte <27 A%, At WY F A 9T el QO kg A dAeHA B s ok 7
A4+ (specific pathogen free; SPF) wh$-of B8] F-i (germ free; GF) ml9-AE ©xxz o] A 9 HY
HkS-o] BAAA el W8-S el (Macpherson and Harris, Nature Reviews Immunology 4:478-485, 2004),
ol de T vAEY =joz HAdE 4 Ut (Mazmanian et al., Cell 122:107-118, 2005). Zf v
AES T A 17 (Th17) AE H+= 24 T (Treg) Al (Ivanov and Honda, Cell host & microbe 12:496-508,

2012; Wu and Wu, Gut microbes 3:4-14, 2012)9} & (D4 T A EA AlFe 2udz R332 x4
(Atarashi et al., Science 331:337-341, 2011; Macpherson and Harris, Nature Reviews Immunology 4:478-
485, 2004; Round and Mazmanian, Nature Reviews Immunology 9:313-323, 2009). Treg AlE+ A 7|5< 7}

2 o4’ T MEe] a9l FAgolm HAF A Foxp3e] #HS £ o2 3t} (S. Hori et al., Science 299:1057-

1061, 2003). Treg A EE dutd oz F M (nTreg)ol HAHA W AHAF cp4’ M ZE (pTreg)e] FHNAME Ay et

Jals o2 Yewgth. &, Treg® Thl7 AXE
S stk odE B9, ﬁ?i*é%*c} Uk 2] of
(segmented filamentous bacteria; SFB)¥ A& oA Th17 AEZE ZHEsA §XstH, o= HAA ArtdEI S
38t A gl dig &5 Ao T3k 93-S st} (Gaboriau-Routhiau et al., Immunity 31:677-
689, 2009; Ivanov et al., Cell 139:485-498, 2009; Wu et al., Immunity 32:815-827, 2010). wbd  Zhj
S TAEE Ty 4F ZEAlo|SH A 75 F dFEE vhA AAGdA Treg AlES] w3, 3 R 7]E
FS F= oz delA AUt (Tanoue, T et al., Nature reviews Immunology 161 295-309, 2016). A}l
A Foxp3 (forkhead box P3)& Wasli (D4 24 T AL (Tregs): Th2 F7lol vla] 4sly] Zzsajols
3] el A o o] @AY (Atarashi er al., Science 331:337-341, 2011). 49t

Foxp3 Tregs®] 4 715< 54 A wreelole] EA]o] o8] AFS wh=rl= P2 o177} g}, Clostridia
o] IV, XIVa, % XVIII ZeAEd &= 17/ o590 EFEL u} 22 )l A Treg Ao #3}, F2 4
71%5% @AY (Atarashi et al., Nature 500:232-236, 2013). H|¥|Zdtegjo} 2 SEnpA Y] ZZHlo)
28 & wd HEs vk Tregs F25 T3 vl 5 “EHE AP AT (Di Giacinto et al.,
The Journal of Immunology 174:3237-3246, 2005; Karimi et al., American journal of respiratory and
crz’tica] care medicine 179:186-193, 2009; Lyons et al., Clinical & Experimental Allergy 40:811-819,
2010). A3t FAYLQ] Bt Eold 2~ ZEpde A2 uf9~E FEUYA| O] ASIH Treg AIEE A4tske= Thl 2 IL-
10& %‘g}/\]{hﬂr (Round and Mazmanian, PNAS 107:12204-12209, 2010; Telesford et al., Gut microbes
6:234-242, 2015). o] AFolA 5F¢] Zmulo] QE o] EFEQI IRT50] Treg AEE fri=stal thdg WY
AZE AT ¢ JSS sttt (Chae et al., PloS One 7, e52119, 2012; Kwon et al., Clinical
Immunology 146:217-227, 2013; Kwon et al., PNAS 107:2159-2164, .2010). 1&1}, Treg Al¥E A9 7|& &
2k HAYUFS obx WEetA] @t ofel dAgtel whaw ubH oyt A4 tiabbE s AEH Aol Treg

o

0;

J[m

(lamina propria; LP),

Aol w3ks £ 4 Avkal k. oE 5o, FEHCE: FE2EgUoele o A% Treg MEE &
3 T2 8y BAE BaEAvh (Furusawa et al., Nature 504:446-450, 2013). B. fragilise] *7dol& t}
R gEF A (PSA)E= Tregs Abels 1L-10 fr=o 5238 &% Adxzd4=2 A=At (Mazmanian

et
al., Cell 122:107-118, 2005; Ochoa—Reparaz et al., The Journal of Immunology 185:4101-4108, 2010). 3}
Aol A REF Fo nPES Folstyd Ao njgEe] B7#E (dysbiosis)S 29T 4 ). dE =
173 71520 W mAE (fecal microbiota; FND)& SAbellAl 71 21 9149l fols Jsuf}ﬂ 0)\:
2o HauEdch. e, FNTE g A= Qlal] obx7bA] UdnkA A&

AR W Treg AEY Z3tE Arbdg 2 gy 27 A3y 2o tokst #He 23S 248 5
oM E Aol B mABER FEF Treg (iTreg) AIXEE FIAA HHo | ZZulo]QE
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Eoabgo wak A ggA e Y] dFE fRARCE it WYy H3 e A4 3o J9u
= NS AES ATeth

HEoabge wal Ay oA e AV 7FE FEARoR IhelE 2RSS FosteE AL xstE WY
A% =5 954 28 o e A5 WS AT

oo wa Ay oA e AV #FE fadior dhele 2AES WY A3 i g4 23k
dit & X85 AMSsE 855 AFett

B oamoe wal Ay gidA BE AV #FE FaARoR diste WY A e WY X BAE AT
o}

2 oo wdl X4 ME (DC; Dendritic cell)ol] 237 th@dA = 7] 455 AZste 248 5274 A

b
~
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FEs= oA 2 A7) (DO (D4 T AESF Tujdste] =A T AlE
- -

AT AE (iTreg) ] AXZYHE AT

iy

2 AzxE = 24 T AZ (iTreg) € FEATORE Sishs W9 A3 e o
3

yigel g7

2odwel ggA dE 5o, HE FFH/ZgEe oA (cell surface beta glucan/galactan
polysaccharide; CSGG) E o|= XAl Bifidobacterium bifidum PRI1 (KCTC13270BP) t}%k3l alol <]3f
Treg A*EQ] F=7F 7Fsdtrz, A7 &5, A7) CS66 U43a] =+ 7] =% Treg A¥xs WY ZAst =

A4 A% o wE Amo| F83H,

H

v e 49
1 B. bifidum® ExF2YA o)A  (monocolonization)e] AXY I EIXgolZo|A Treg MAT
(population)e F7FA17]1& Aol #3F Aolt}. (A)-(C)= GF w92, T= L[pa B+ BpE FERUAJAH wlg-
Rl

=
127

2 % (cLP)] Treg AEANA CDAFOXPS A, CILA4 2 IL10'E GAERy 2
Aoltk. (D)-(F)+= dregolrl Z2UAlo]Adw GF w929 tholM Treg AlXE2 e F
Al FAXREA 25 2 2S5 E v Folth. ARy 2AE AX BES YEidm, ag=
2} a) Wl slge A EheaE ekt delEE 3579 %949 A9 dET (123 nhgs

I

o

% 2% Treg = wrelg|ol29] B. bifidum PRI1S 213k Holtk. (A)-(B)= Treg =& =3 sl= v o}
#5224 B. bifidum PRI1 (BD)E Helst Aoz MH® 51 Zzulo]oe #3oA tlEael IL-10/IL-12 A}
OB HIE (A) ¥ Foxp3 od (Bolth. XAld Z2Y P4 &9 (cfu) 9715 2= z17h9] vhgglo) o+
B F 4 "z (nlN) AESE A 722413 s g 5, Apol el = HEE Foxpd TAE ELISA e f
AxEages BT, (O FEYAlelAd 357 %, DNA-Cyd Z=2H (EUB338, A4))= HISTO-FISH 44
ko] GF wh9-9l & Bl B. bifidum PRII (Bp)9) =238 HAelth. (D& GF, Bh-Ri-ZzuAolA
(monocolonized) (Bb) B SPF w}9-29] WA oju|x] (F) & W FA ($9)E Y RHolg. (B)v FEE
Bz Al (Bb) vh9se] W 2 ool PEdelEs ohHelE $3% S4F Aolth. (M)
GF vh$-2s, SFB = [pam B zuAo]dd vp$2s SPR b0 thg (cLP) E&zobZo| A (D4 Foxp3'

T AES FAZEA ERE e Rtk ARHe] SAE AE wE&S ehin, 9z HRe A8 7 )

x ¢

_l
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A wre Aget: AW wess dehad. dole: 3540 %949 492 dEdT (23 s,
(B.bifidum:Bb, Lactobacillus acidophilus:Lac, Lactobacillus casei:Lca, Lactobacillus reuteri:Lre,
Lactobacillus paracasei:Lpa, Segmented filamentous bacteria:SFB). Bt 1 X ZTXL Wy £SEME Ho
ZTh, * p<0.05, **x p<0.01, #** p<0.001 (Student's t test).

% 3& Treg AlEY A 2 ZAYP Wt B, bifidum®] =21 A o)A (monocolonization)e] d3Fe] =3+
Aolty. (A& SPF, GF T Bbh, SFB ¥ [pag ExZ2UAolAY nl$-29 Ao Zazgjolz (silP),
nLN, pLN 2 %A (D4Foxp3 T AZe] WMEES Yehd Holth, (B) 2 (O z7zte] uteglolz w2y

+

Aol dE wh-229] cLP B+ silPolA CD4'CD103 FoxpB+ (B) % CD4+CD44hiCD62L10Foxp3 T AE (OO FrAlEEA

ZZ 2 HEE NESEE YEd otk AW A ME HE UrEPHﬂ, gz EFX9 ¥ 24w
ol g It N w25 Yehdth, dolEE 3-5719] 5¢A<d ’é‘ < ey (n=3 vlg-2). BE O
Px T2 H +SEMS HoJFu, # p<0.05, *x p<0.01 (Student's t test)

% 4% B. bifidum® Ex=Z2UAo]Ho] thE HX 7|H A Treg 7NAT (population)S Z7HA7]E AL B
oFth. GF, Bb B& [paZ BE=F2UAOlA 35 $9] vlg-x9] HX 7|#o2HE MEE —r?/] stk (M) 2

(B)= FAE FX zAo|A Helios 2 Nrpl Treg /Mol M=2 Yepbd Aolth. (CO)-(D)E GF T=: Bh &

Ir

= [pa® Ruw-ZaUAolAdE whoxo AR 7]#OZHE Helios Foxpd () %= RORyt Helios Foxp3
treg AE D)ol FAEEY EX o WG ALED ol Aol LA R A% WEE dehia
Fabs A vk dehdch, dlelelE 3-571e) 594l AL OE
o

Bl (n>3 vhg-2). BE X 2 P £SEME HoJFEt}h. # p<0.05, *x p<0.01 (Student's t test).

5% B. bifidum®] Ex=FZUAolAo] pTreg AIEY M2 AL FA3 = AL Byt (M B B
YAl = pTreg A2ZY AZE AAH A4S 93 H¥Fd A=E yepd Folg. B)-(OE
(D45.1Foxp3" 2| ZE] vpo-2old EFg tpo]u (D4’ Foxp3 T AEES GF v}$~2 73, Bh 35 E9F o
w2 UA o] As Aolt). Foxp3 Treg WAITE cLP (B) 2 silP (C)oll A GFP wdow HAsdr:. (DE ¥
Agl G 7] A] GEP @el] o3t Foxpd Treg WATe] WxEZ 243 Zolth. (B)E (D45.1Foxp3 ¥

B pl9-2oA] BERE LolH o4’ Foxp3 T AMEE SPF wh$-22 £7]31, mock (PBS) HE¥ Bb (5x10° cfw)E 3

-

F7t A Ao Holake], cLPolA Foxpd' Treg AEZ 228 Zolth. dolHE 3-579 g9 AL
xS} (n=3 vk$2). BE 28 E ZES i +SEME HolFErh. = p<0.05, #x p<0.0l (Student's t

T 62 B. bifidum®] FZUA oM o3t 2ojaed- 9 nlo]F2ZH|QE} WHEA] Treg AlE Fxol &3 Aot

off

(A) 2 (B)E Thyl.1TFoxp3" wh-2o] CIV-EA ¥ vho]r (D4’ 0T-11Foxp3 T MEZ GF vk E: 149
oF pre-Z2UA) A GF ul$2o] JFADF The 7947 AUZ OVA (20mg)S Aolsle], Fola (Thyl 0T
1) AE2] cLP (D4 Foxp3 MATLS 5213 Aolth, FACS =% (A) 2 A WolA A Treg T HIE
(B)= ®AE%TE. (O)-(E)= CBir (D45.1Foxp3 vh$zolA RERE vpo]H (D4'CBir Foxp3 T M¥EE SPF

Ragl” FelAo] QUADE the AW FRAA G| B £ PBSE Aelstel, AF, WF dol 2 £ 1
g W3l (42 C, D ¥ E)E A3 EA% Aoltt. (F)-(G)E mock =+ Bh FEUA0)A uf9-~9] cLP Y
o] (Bir'CD45.1Foxp3 Treg A% (F) 2 IAN-y AE (0] SHAZEAN ZE 2 =2 gl Aol ()=
GF =% Bb-GF vF$-29 % CD4+ AELE 73] CTIVE FA 3 L, GF, Bb Tt [pa FE2UYAo]A uf$-~
o] wjHE &9 EAsIA T AZAF xﬂ 4% W1 APCSF &7 wjokste] | 39 F mAIE Pl Ui uksais
Treg AL A]AQl Z2& FACSE RA3 Zlolth. (1) GF 929} vlaste] gy HieZz Aol 2~
o i, mN 2 v]A& Tregoll A TCR- CDRS g9 o AlE 359 437 2 B AL 159 6179 HE B¥E
Hlaek Rolth, AlRW] £atE A NS deha, 28X 2o 98 21 wj A el sidahs A wp
S 2 g}, ol 3-579 EPAel A4S giEdtt (n=3 nl$x), RE uf 28T Hi +SENS

Hol&Eth, x p<0.05, #* p<0.01, =#* p<0.001 (Student's t test).

&= 7L B. bifidum®] EEUA ] o3k Ao~ % vlo]A 2R 0¥ RS Treg AlE fri=ol #d Holtt,

_7_
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(M) GF T Bp Z2YA0lA GF vhg-2ollA Aold] (VA Eo] OTII T A3)ol H_%—‘o—}o% FEE VA Eo)
pTreg MEE AA37] A% 2AFH o]t}. (B)¥ PBS & Bp Aold Rag] © SPF mpg-of A
g vlolmEn| el (EFTA™U-50°] (Bir T Aﬂsﬁ.) Eo| plreg Aﬂu% ARy A Ags e

Aoltk. (C)¥ PBS H& Bb Alol®l (Bir YolH TAX7} H< Rag] © SPF w}9-229] cLPol|A] CD4+Foxp37 E=

rN
i
o
-
;1
PV

(D4'Foxp3’ T AE] RORy, GATA3, = T-bet 7|A| Ao #a Aolty. (D)= Bb Ei [pam R0
M whg EE GF onhse WAE A9 23 EAG] B FEHTreg T4 A7 AF 294 A

S e Zolth. (B)E OF Ei B2 RxFzuAoldy vhgsel & od (04 AXEES AWste] CIVE ¥4
gk thg, GF ®x= Bb BE L[pa® Ri=FRUAlo|de nhgsao] wldE el 23 EAstel T AlZ7F AR
HI7g Al (APC)SF A mikste], 3 F %A b S-St Treg ALA ALl F2& FACS®E
A Aolnt. dlelE= 3719 HHA A ZES Wb £SIMS B
o T}, * p<0.05, ** p<0.01 (Student's t test).

S Treg AES TCR AHEZ Wt B. bifidum B x=ZFZUA| o)Al Gk 3 Ao}, (A)E GF v~
EE Bp BxFRUYA A mhe-29o vE 7] (07, MN 2 v)eld f& Treg A AFHEZSY] a AMEFH
B At&EolA AR= (Shannon) BF¥AS Hlugk Aolt}l. (B)= B RxFEyYAo)Ad 2 GF w29 3 Treg Al
FollA A9 8570 9 TCR-CDR3 BH Y HIEZS HoFE o A& B AMEY 3|Ewlolty.  ‘common’  HA
(28 FEFO]=)<] CDR3 03103.8 ZF el iy JHEES EAE YET, AZzE o TCRe] & d Ao
d HNIEE HoFEr, (O &e v 202 FAFE IvbA <l TCR-CDR3 €7t 999 W% #x; o
85, MLN9] 1469 = n]Fe] 138101, D)+ ek v} 3o JTAHE dubz el TCR-CDR3 HlE} o] Hix
B ool 118, MLNO| 1724 2 u]ge] 13810

K

% 9% B. bifidum®] MXE XA Hel-=2F7/ 245 2Tl = (CSGG) 2] Treg MXE % wizfol] &3k Ho
. (ME B. bifidum® M FW B-1,6-=5F% (CSBG) vFdAe] F+ZFo]t}. Glep: glucopyranose. (B)&
CSGG &= iTreg AE] Wk B-1,6-FF% A axtoltt. (O Bb, LpaZ Z2ZUAo]ASAY E& CSGG
(100 png/ &) E 377 AY=E B4 FA8 GF ok§-2 B GF wb9-2olA Treg AlEe] /HAIT 4 B3I S

UER Aolth. (D) A% FolAe] PRUCS dolm (D4 T AESl 7 CSe6E dAe H DCE FEY 8

l

b

2

+

B o)A Qg (D4'CD25 FoxpS+ Tregsd FE& A zeltt. (E)E mock E&E CSGGE A gk C(D1lc DCs<

RNA-Seq & #2413

.

olth., (F): mock HE CSGE AAF vle~z2RE fal Yoln (4 T AT 2
(Dllc’ DCsZ FH A iTreg XS} 37 wjoFs ZAo|th. (D4Foxp3 Treg MEe] AATe SATEAN R
o]\ CD4 T MEZ mock =¥ CSGGE A &lsk ofA1d =+ TLR2 A3 CDHC DCse} 7
FS Ao TGFB1 S SAHT Zolth. dojE= A 3719 594 Age gxdy. &
E v} a9 ZE g £SEMS HoJFErh. x p<0.05, #* p<0.01, #*xx p<0.001 (Student's t test).
%= 102 B. pifidum® DC o]& HAUEE 53] Treg AlE F= o] #A3 Aolt}. ()= GF B Bp BT
ZUAelA w929 F iAW Apreol i EFshE Aol =Rl AuiA el nRNA TES S Floju),
B)~(D)E GF == Bp ExF2UA oA upkg «] cLP-DCs (MHCII CDllc CDllb CD103 F4/80 )] At 21 mRNA
Ty golr). (E)E DC:T ME Fullek AlxgloA QIHER Treg %ol thdh Ag Ao, (& wF
(D11c'DCseF TheFat kel Bb (cfu) Aol whate] Foxps AT % o&d §% 2 T Axe] A& e
d Aolth. ()= Bb & [pa= AAEE v]& (Dllc DesE 39 Hob #HA Treg % Z7A (3-CD3; 0.1lug

4

w3l t}S- | Foxp3 Treg AlEXE
93] AAEJL}. Ho]ElE 3~549)
Z32e HyF +SENE HoE % p<0.05, #x p<0.01

/ml, TGF-B: 0.lng/ml, IL-2; 100unit/ml) oA v}ol® (D4’ T Az}
olB MEYeA BAsE Aot [L-10 0] H|F A5 oHe] ELISA 4]
YA A9e Iy (n=3 vhe2). BE =

(Student's t test). HEZA S HFAEEA 2 CD4+F0><pS+ Treg Aol Hi WIEE H

B 2 o

2
N
v}

= 11&

bifidum®l & FE® Treg AFE A o]y EAEA He-FF7/2gE Zealtgo|=

B
(CSGE)E BHo18k Zolth. (M= B.bifidume) 2oz Axe 2 1% (Dllc DCsE ZHA Treg % 275}
+
]

ol
»

Lol B (D4 T Mt Zujersta, 39 T Foxp3 Treg AEES FACSZ B4 Aolth. (B): %AH
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¥ Ed oER (tCSPS)= AAel s wlA (DIl DCsE vholB (D4’ T AE 9} Fujdali, 39 ¥ Foxp3 Treg
AEE FACSE EAX3 Aolt}y. (CO)= B, bifidum® ZF AE EWH UIdH (tCSPS)EHE E#3 =4 (CSGG)
T+ SA4%e] g3 (PGS +25 el Aolt}k. (Glep: glucopyranose, Galp: galactopyranose, Galf:
glucofuranose, Gro: glycerolo]al, n = ¥t ©&9], ZF gdFe] Al SAFS % (mol/mo)ZE EAIE). (D&
tCSPS (100gg/ml) 9} Wlmake] FA4 (CSGG: 5ug/ml) ¥ &3k ThaH (PGBG: 100ze/ml) 7+¢] CD4'Foxp3' Treg
= XS ®wd Aolt}. (E)= B-1,6-glucanase, B-1,4-galactanase = B-1,4-glucanased A&7}
(GG~ =% iTreg AT G=o] 1A= AL LFERA Zolth (CS66; 50ug/ml). (F)= vpolm (D4’ T A2
FHA Treg = ZAsFANA DCs7F §l= CSGG (50ug/ml) = A3 Aotk (3-CD3; 0.1ug/ml, a-CD28; 0.1
ug/ml, TGF-B; 0.1ng/ml, IL-2; 100unit/ml). Ho]E+= 3~5749 EYZA < &S i3t} (n=3 vl¢-2). &

E O 23L& H +SEMES HoFrh. x p<0.05, *x p<0.01 (Student's t test).
% 12% in vitro R in vivool Al CSGGE Treg AIE % o] 3k Ao|t}. (A)

ol A wpolm (D4 T AES} whE|glol EE (SGGE AAE Dlle DCsE EWF & thS, in vitroolA

rir
AN
ﬂ.{
2
o
=
@D

oQ

o
H
BN
o

CDA'Foxp3’ 7MA el WAL e Zelth. (B)= GF wh$2s W= Bb, Lpa T CSG6 (100xg/dose)S GF kS
2o 33 Fol Ad= %7(}141 Falate] mi-ZzUA o) HAZ] uhS-2o A (D4 Foxp3 /WA 7S Lebd Aot}
(02 (D)= GF wmFg-2=of CSGG (100xg/dose) TEE PBSE 357+ AL = E7U FASIAL, Treg Al¥9 BA|E
AAEe) MES Pz o) w 248 Aotk deolH 3571 SH YL WEDY (123 vh§2). B
E OygE E2FS Hyt +SENE HoJFET), % p<0.05, #% p<0.01, #%* p<0.001 (Student's t test).

HF

T 138 CSGG7F TLR2 &4 %2 DCso AAS Edl iTreg 52 X8 AL Yebdth. (A)E mock &
CSGG= AA T Dllc DCsSF wholB (D4 T AZEZ Zujokst the, wjoF ASolon Alo]ETlel 429 2

R
o
o

Aeltk. (B)v Bh EE CSGG A& F A < CD4Foxp3 Treg fri=ell oigk F-TGFE Ab Hz|e] &

_E
e
i
o
"3

+

Aolth. (0)E (5662 AAest 1L-10 KO b2 mi= oplde] (Dllc DCsZ oFd Lpoln ¢
sujFatar, 39 Fo] iTreg 22 A Zoltk. (D) CSGG AA] TLR o}8S == %@z}gl

orolw 7] 93] RNA-seq Hlo]E]Z ®A& Aoltl. (F)&= vpo]B (D4 T A% 2 mock i (SGGE AAZH o}

el
flo to

m‘;ﬂg
r_ﬁ:

o

2 899 (Dllc DCsE FH A iTreg A4 Z7atolA] 32 Eob Zujokst ths (D4Foxp3 Treg A% GE=

il

FAERM R 243 Zlolth. (F)i of® T mock i (SGG=Z HAA e TLR2-Z% (Dllc DCsS Lholn
4’ T AESH FHF F F, uld FEAA 1L-10 2 TNy APl Es £ES S4E Zlolth () (-3

stoll (D11c DCsZ mock X (SGG= A g the, vpolyw (4 T AEst 2

o
T,
K
=
o
ilud
fi
oY
ot
Y
Lo

il

HokEle] iTreg 52 SAZEMoR ZAE Aolt)., (e ok¥d T (SG6E Axz= Dectinl |~ mx

Dectin2 KO ©Fo-29] (Dllc’ DCsE obAlal polm (D4’ T MZel Fujaksla, 32 Fo] iTreg Gws =43
Aoltt. dolEls Aol swle] 5P AP thEdy. RE )} 2YEe B £SEE BOETD. * p<0.05
(Student's t test).

© 14 CSG6E SEE iTreg MO F AF oAl 750 B3 Holr). (A)—(C)E Thyl.1Foxp3’ 28 whs-
22 3E g3 yoly (D4 Foxp3’ T AEZE {Treg AZS TAE 23 A RAGI FoJ Ao dok F
Aoltk. AZ, W Aol @ W xAe Wy W 4. (D)= A% F8A| clPiA AZH Treg

AE] Foxp3 SHAAS 228 Zolth, AeA] BRE (D4Foxp3  AEe] 2= 98 % o]AFeldtt. (B)-(6)=

+

D45.1Foxp3” 2 EE whormRE] 2e)d (D4Foxp3 T AES RAGI vhozo] 99F Agal the ppS mi=
CSGG (100pg/m1)E H7HW FoI3k Aolth, AT, A do] & iy x| ¥4 %ﬂ%"%@ﬂﬁﬂ:(m%
A FEA] cLPAA o]FE T AEe] IFNy AAdES 4% Zlolt). dojH = Aol 39 mH4Ql A3 o
FoTh, BE B} ggEi @@ £SEMS MOET. sp < 0.05, ##p < 0.01, wxsp < 0.001, wxrrp < 0.0001
(Student's t test).
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% 15 CSGGE FEE iTreg AESY & 9= A 7)o &3 Aolrd. (A)E CIV EXHE olr SHxt
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Thyl.1CD4'Foxp3 T MES HFate] Zujoks Ao|th. (D45.1CD4 Foxp3 iTreg AEE AW (D45.2 npexel
T AE7F AAE vFAAEZZFE A E mock == CSGG7F A1 E]% APCs= A oA WA E]— Sz T A
Fo] ZAL fAxEAor B *OFOﬂU‘r (B)E nTreg 2 mock, Bb, =¥ CSGGE A oA FEFH iTreg Al
o ols dAE AF A RAGI tFRe] g AolE Lpehd Aol (C)—E mock (PBS) EX CSGG (100ug
Jdose)E B Folste] Q1o AgE polu T AEe] o8 SE® RIGI WA tF AolE viehdl Aol
o}, (D) mock TEE CSGG A E dYF A RAGI " whe- 2 9] mLNej A CD4'CD45. 1Foxp3 Treg WA+ YERA
Ao, dHolEE Aok 2o =9 AL gt RE v agzE PP £SENS HolFErh sp <
0.05 (Student's t test).

e

=

03

Wy dAe7] A FAF g

e Aow AojuA e ¥, ¥ WAAMCAA ALEH
okl A wdE L7l s SA R oldlE=
AR RS B 7lERokell A & g A Qlal S

B dhgo| A= Q7 A vbe|elo}el Bifidobacterium bifidum PRI1 (B. bifidum)©] Yo]|B (D4 T AEZE o=
AA et 715 d @Al Foxp3 iTreg MEZO B2 gaz & oS wolzth, A% ¥
2 wE-FF2/ 2 A (CS6G) = iTreg AES F =8 v A4 wegole 75 Q93 &84 4
ok, CSGGe #g 71Ae FX4 ME (Dendritic Cell, DC)ellA TLR2/IL-10 %2 A=l FLd ¢

A MAEY] 2ol B AW Wy WAsHA @] Y] Wi, Treg F%
st ok U mAES WY A
sof, olelat gy vigEe] Aol W oA Foxp3 T 24 (Treg) AT &48 753} g
AEs doZd & k. 2R A mAEo] Treg AlX9 FxE PIAATaL deA AT (Tanoue, T et
al., Nature reviews Immunology 16:295-309, 2016), °] A& Aojst= "2Hg A", & wregofo] o3 #
d Treg AEQ B2 712, 39 Eold 2 ¥ AE} & Ad daixEs o4 L&z whrt g,

adeg, @ dHdXs dibdom R (GRAS) WHHlElotR (FFEeE ZEupe|oY FHuFE e A
Halglon, 2ol g e Ao sl td TR SolAS 2zt Bifidobacterium bifidum PRI1 (B.
bifidum) Treg = vle|g]ole] HAe W =E XMASAT}F. Bifidobacterium bifidum PRI1-E 20173 5€ 19
Aol PP FFA A AE] ZeE At (7B E: KCTC13270BP). B3+, B. bifidum 2 ]2 A
ZW F we-2F A (CSGE)7F Tregs F5dte & 7A84YS sgion, 53] CSGee
A vregole] &5S a8¥ow At FREHoR TIR2 &4 WAUSFE B3 =4 £24 HMEE v
Nste] whg-2ob QIFF RO A ZHg8te] Treg AEE friEsts AS &8t B. bifidum =5 A CSGG
of 93] FEH Treg MEE ool dig kg Adola ZEg A8 E= oA 5895 e

=
=
D
[oje]
2
e
lo
o|\
)
rlo
v
02
o
o2
o|\
i)
riot
tilo
BN
i
o
),

E3, 2 g ddgolA B-l-6-glucans FrEFEO®E ot thd Al #Ek Aol

BHoubgol glojA, A7) thdAl= B-1-4-galactan, B-1-6-galactan =% P-galactofuranane F71= g3}
= As 5402 & 5 3lon, o3 grAs dxoRk ARgE & Utk 53] B-1-6-glucans TS
2 e 53E, B 945EY =

w3, A7) B-1-6-glucan, P-1-4-galactan, PB-1-6-galactan % B-galactofuranan: A t}EdA = 5~50:
2~15: 2~15: 1~59] &nH]Ql Fo] upghzsln, g ulEz &A= 10~20: 3~10: 3~10: 2~49] EH|o]™, 714 w}
gAAE 18: 50 50 29 EHIQ Ao, o] FAHE AL ofyrh. Y] v A= A 100 Tl thato]
B-1-6-glucan 5~50 &%, PB-1-4-galactan 2~15 =%, B-1-6-galactan 2~15 5% % % P-galactofuranan
155 99 As 5Row & 4 glow, wigrskA 47l Al dA 100 TZ%ol ekl B-1-6-glucan
10-20 5%, B-1-4-galactan 3-10 5%, B-1-6-galactan 3-10 =% % 2 PB-galactofuranan 2-4=%F %Y
T dow, ZAzte] gaAls dA 100 FF% tiste] 18, 5, 5 B 2 T AS 5EHoE T F o
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. O v s A= 4kDa?l Ao,

o]l gloja] | A7) gAY HeleE A4 AL ERo=w 3 4 g
ol glojM, A ddAls 2E T AE (Treg) S w5k AL 5oz & = o, Ay 24 T A

+

(Treg)+= (D4 FoxpS Treg A2 o] vtgAsh, o]d A E 2

ZA T AXE (Treg)e]l F%+ DC (Dendritic cell)ol & wiZ/ls+=
Zd T AXE (Treg)= IL-10 2 TGF-B WA =8 /A7 AS

ko] QoA A7) ©9A= Bifidobacterium bifidum o

<l
Bifidobacterium bifidum PRI1Z} 47|44 ”5/‘40] 99% o]l HF

Bifidobacterium bifidum PRI1 (KCTC 13279BP) w3 ol Aoy, o9

i

o Qlojx, A Bifidobacterium bifidum PRI1Z 4714

obych
Ae 54ez & F glom, EF,
Edez & & ot

Bifidobacterium bifidum A8 Y= Bifidobacterium bifidum IMG11582¢ <= Jt}.

N A FEE FAANE AE SHeE B 4 At

A

él—N

>
2
A

H

.

71 24 T AE (Treg)d] =&

A2 vE #AolA, B-1-6-glucan HAIE AAtsks dFol w3 Aol

utgol] QloiM | A7) @5 Bifidobacterium bifidum®l Zlo] wlgkZ sy, CSGG TS AAStE #5ehd

A =k, mek, B ool oA A7) Bifidobacterium bifidum= Bifidobacterium bifidum PRI1Z}
Q7ML %‘%"301 99% O]*o“?_ Aol wiEAsi | oS ulgAsAE

Bifidobacterium bifidum PRI1

o] gloj x| A7) #FE B-l-4-galactan, B-1-6-galactan %+ B-galactofuranans F7}2 Aitsls

e Aol Wkt ool AAEE A o

b o °‘°1*1 ”7] TFe 24 T AXE (Treg) s #

ME (Treg) = cp4’ Foxp3 Treg M3XESl Ao ujgkzlsiy, oo 34
7

H
_OL
rir
50
o
[
)
o

A%, A0 HE A EE 7 A Fd 22 59 gUw

= o] wFAse, B A

1

ot

A, B-1-6-glucan YA L= A7 9FAE AASI= Bifidobacterium bifidum ¥+

o o2 #d

& fFadioR gfsle Wy 248 24 E B3 Aol

dhgo) glojA, 7] A= B-1-4-galactan, B-1-6-galactan T+

o, ol dAE= AL ofYth

dhgof QlojA, ] g B e FE T AE (Treg) S FEstes AS 50w & F lon, A7)
+

Z

T , =
EE e 1010 ®OIGR-B A =S S AE 540 @ 5 gl

Hrgol A AREEE B, "HY Ao, E W WY Bods @

24 T AlE (Treg)d] == DCol ol&f vi7is= AS 5= & 5 3Uv.

B
ol
o
R
5°)
12
ot
o
ox
o
£
R
ol
rir
pos
o
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Bifidobacterium bifidum
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AA3%k (inflammatory bowel disease, IBD), <#]A] (allergy) 59

l
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A7) AEXEE Ao 58 Jted HAE FtE XFE ¢ e, 3Ae] FRE 588 AdEA
el 7% FokollA BHow AbgEE gt o= =

F 9vt. odE S0, HEW A, C, D, E, Bl, B2, B6, Bl12, YolAl(niacin), H|LE (biotin), Zd o]
(folate), -‘T%E g2k (panthotenic acid) 52 X33 4 Jrd. T3+, old(Zn), H(Fe), Z#(Ca), AF(Cr),
wadl g (Mg), 42H0Mn), FE(Cw), ZFHCr) 9 vulEs 2318 = vy, ®3, Zolil, EHER, A|~H

W 59l epiate EUT 4 9

e, A7) RATE AF 4Rl B4 AR WAL % A% 58 AU S AE 1 9Rs 299
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T L

B ogtmg e o2 BdoA, (a) FAA AE (DC; Dendritic cell)dl B-1-6-glucan TFEA| T A7)
A S AASE Bifidobacterium bifidum dF%5 A &dte] 24 A AEX (1rD0O)E 53+ 94 2 (b
7) rDCE (D4’ T AES} FujFale] 24 T AE (Treg) S FEets B2 Tdas 45 24 T A (iTre
2)9] Aol B3 Ao},

woage] glojd, 7] 24 T ME (Treg)s (D4TFoxp3 Treg MEQ e 590z & 5 olov, at, 4
7] 24 T AlE (Treg)® [L-10 ¥ TGF-B AAHS T7/HA7]e AS EFo= & ¢ 9]

©:

T
gl glelA, 27l (b) ©AE -3 FA, IL-2 % T6F-B= A=ate] 24 T AE (Treg)E F=dhs
7

B oage i o2 fAHOA, Ay Hom AxE G5 ZE T HAEZ (iTreg)E FaAFo=Z IG3= WY
A3t e A=A A3k o k= X848 AEX Ao B3 AHolr},

2 oie g2 B A, ] ieg Axd = 2d T AXE (iTreg)E FEAESE {8t MEHA
BEAE WY A3 £ AF5A 289 4 T AR50 AFEStE fxo B3 Aot}

+ + - _
Eoatgof QojA, A7) 2 T AXE (Treg):= (D4 Foxp3 Treg AEQ S ERo= & 4 glon Hd 4
7] 28 T AXE (Treg)E IL-10 2 TGF-B AR S Z7MA71E RS EAoZ & 4 9lr}.
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A g5o] Ewstal 45 Bifidobacterium &8 FrlH & #HAde] JaAE ofsr7]= A FE EL

2 4= itk (PNAS, 113(50) : E8141-E8150, 2016). wehAd, 49 54 4 247 "Wl #

5 4= QY. B. bifidum PRI1CA] Xﬁﬂ% CSGG7F Treg AEE A=3t=d )

H, dd JAS AAT 7 dsol + S T FHEl, wH ol AxH thdAe] W x
=]
A

G olE) AW ARE A ZEvlolo Selelol M) HEl FET ASE AL,

B. bifidune SPF wh$-2-o] AZ3AL GF uh$-2o] ZzUxjo]ld Al7|W, vo]H (D4 AEZ Nepl Foxp3

HeliosiFoxpS T Nrpl Helios Foxp3 T3S AT L& 79 1L-10 2 CTLAAE 233}+= peripherally
=% Treg (iTreg) A|¥= E3}A| 71},

o

Wol M= B. bifidumo]l A WA plreg A& =2 & 3= F 7HA WE WAUSTS At

AR, B. bifidum Bx ZFEUA A o5 FEHIES FstH FFE2 T AXE A3 ZAL2E 37 B
Z44 DC ¥d¥ S Feste] HHYoRE Treg S iﬁ% < v} (Y. Furusawa et al., Nature 504:446-
450, 2013; N. Arpaia et al., Nature 504:451-455, 2013). =, B. bifidum®] A% Treg ME9 FEE A3}
= A 78S Aox: 7 7] 3] #EEA EH/\]'}‘}'E FEHCE) 2 MxE 39H bdA (CSGH el 23|
wiZl d g k. o)A AFES FA wAE o Aitd ”eﬁ AHE9l & AW2E (short chain fatty
acids: SCFAs) & W-E|EO]EZ} iTreg fr= £d9 &od A&EA4 5 ot & & Advkar Arsklct. SPF A
Foll F-eElgolE AAF vt @] o} (Clostridium butyrate; Atarash1 et al., Nature 500:232-236, 2014) T+ 3
g3} dis FoI8tH Foxp3 F+HA locus®] QA % Za2RE JAodA d|2E H3 ofEsE S7HA 24
Treg AIXES F7MA13A Y (Yukihiro Furusawa et. al. Nature 504:446-450, 2013). 21}, & v A& A &

-
+ - -
¥l E# o] (D4 Foxp3+ Treg A|EE =8 = A=A+= & = A,

A el

2 ouhge] o AN GF AFe WA A7 Bbifidum SEUA A o8 4gstEda, WA o

oA FEIHCIE FFo] oAl T7HEE wdstlth. FEHCIE o= HA ute ol Treg f% 4
L%.T,‘i_ o

=2 = T8 A2 Cell Surface derived beta-Glucan/Galactan polysaccharides (CSGG)E 2213}
o A2 FHeRRE 2EE e guAel 2d13E wE thEA PGBG (phospo glycero-B-galactofuran)-<
Treg %= &4°] $19th. PGBGE Thl/Thl7 ¥H&-S SAIATH. PGRGE 3483 Bifidobacterium bifidum
©}%%1 pennsylvanicum DSM 202399] 2]3EZH|o]=Z4F (lipoteichoic acid; LTA)3} ull-$- §-Astch (Fisher W, Eur
J Biochem 165(3):639-646, 1987). 1% <FAd+re] LTAE gub¥ o= x3 AFA A4S 7ML Jdon, &
AASHH ZZnulo] Q¥ Aol FgAF FHo| FAHET (Sara Lebeer, Trends in Microbiology, January
2012, Vol. 20, No. 1). olg|gt A= FUgh vteg ol fee weeol thdAe] 7271 ApEA o2 W

W 2A% & e AAE, FAE 4U GRAY) TE L v Ade Wt Ae Fas,

A, B. bifidum® AE FWHoA FHE CSGGE DC-9&4 WAYUES 53 Treg AlEES F=3t (V. K
Raker et al., Frontiers in immunology 6:569, 2015). DCsi:= CSGG 2 Bifidobacterium bifidum =% iTreg
Ao T3 g o). B bifidum¥t ZHEEAFQ CSGGE TLR/IL-10 A2E S DCo ZAFS =4 DC

(rDCs) 2 =T Ak, B, bifidme ZFEUYAleld HEE (S AHFE HAA A L cLP-DC

(MHCII'CD11c CD11b'CD103 F4/807CDF)°ﬂ"1 IL-10, TGF-B, GM-CSF B T}2 Treg F % QAAe] & =& ZF7HA
T8

b

21k, kst Toll 584 (TLRs) =oA, DCY TLR2E CSGG ¥ U 259 722 2 A gk s
bl ) TLR2 KO (knock-out) DCE CSGG §%% Treg ME AAdolAl F<9d ZA3F (TLR2 DC whH] ok 35%9

Treg AX A4)S Yeplth. o2 Jd54E52S T (D4 T AE (Round JL, 2011 Science) %+ DCs
(Suryasarathi Dasgupta, Cell host and microbes, 2014)¢] TLR27} IL-10 AAFS 93l vhe|go} - thdA 9
o12o] Fa3 93-S vl Ak, TLR2 o]¢]ell, TLR2 KO DC7} o3 A3 Treg AEE fF%dl7] Wi &
FEA7F CSGG = iTreg AAolE & 4= 9}, CLR (C-type lectin receptors) &AIA= CSGGol &3l
TH Treg AAES TARAZIA &%7] witel, (LRe #oahA &S 5 Atk CSG6e 12 9 T Aol digk u
Az Ao oJHl F&A e olE9 xFo| HAHF=AE W7l HIAE o B2 AT Dot
TGF-B ¢} IL-102 DColl Al CSGG-TLR2 A && &3t Treg AIX F3}o] 4 #E&EA A 4 ). TGF-8 A &
A H7h= CSGG A2 Treg AIEE ¢43] ALetA Al ettr. WA Aol &7kl IL-102 CSGG FX2% Treg
MES] A F Qa3 IS fﬂ'r/} TLR2 KO DCE X & 39 IL-10S XA Treg AlXE F=3t=H|
Kol FHaE E4E BT, olelg A thge WengolA IL-100] WYz F8 MRS AAL
gt} (Lochner et al., The Journal of experimental medicine 205:1381-1393, 2008).
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walk, B. bifidum® FEUA o)A TEE (SGGe Fo= RO}h{tJrFoxpSJr Treg A|E¥WE olnjz} (D103 %= Z7}A1A
CSGG AE7F F Treg MEE 2T 7 &S AAFSY (B, Yang et al., Mucosal immunology 9:444-457,
2016; E. Sefik et al., Science 349: 993—997, 2015). B. bifidme FEUAo]H2 o] 9 A& Wk-SA Treg

AXE FEste] AF5E oy} A& 93 24 Holg AL = vk, W&k B, bifidum =% CSGG
o ©8 §=® RORytFoxp3 Treg AE7F 1wz A" 4 So] & Tregol %dci 2 4 it} (L.

Esposito et al., The Journal of Immunology 185:7467-7473, 2010; D. M. Tartar et al., The Journal of
Immunology 184:3377-3385, 2010).

CSGGE A 1% 24+t Bacteroides fragilis® F2 WAxA Ex}Ql capsular polysaccharides A (PSA)<}
vlasle] wjg- e ERS 7}21"’ 9t} (Neeraj K. Surana et al., Immunol Rev. 245(1):13-26, 2012). CGGG
9} PSAE ®F Treg MIXE §Eal=d TLR2/IL-10 2158 FQa = A9k, Treg MXEo EAL Add] that),
Bacteroides fragilis®] PSA = S|ub 27 (OMV)E F2 Foxp3 Treg ME7F oy 1-10"" 24 T Az2 &
a1 mk (Cell Host & Microbe 124:509-520, 2012; Cell, 122 (1):107-18, 2005; PNAS. 107(27):12204-9,
2010), CD4Foxp3’ Treg AE Al tidh B4 A% ¢}, PSAE L3 =0 F230] [FN-y © Thl A<

=3t} (Round et al., Science 332:974-977, 2011; Shen et al., Cell host & microbe 12:509-520, 2012).

high

high

PSASl o3 &% ®© Treg MEE Foxp3 IL-10"“IFNy " '3} 2& ®#Y (J. L. Round et al., Science
332:974-977, 2011; Y. Shen et al., Cell host & microbe 12:509-520, 2012)< LFEFUIAI®F, CSGGR GE=9

Treg A= thRE Foxp3 IL-10" "TFNy S UbEbWith, PSAL 891 AlA] AE2 SASAA [L-12 B0 =
AL WS FEsETE A AEY @485 53T (Cell, 122(1):107-18, 2005). CSGGE =& 4

9] IL-10 ¥ CTLA4E A2+ Nrpl-Helios Foxp3 2 RORy t Foxp3 Treg A& F=30}.

EX|

2 dtgo] A AAdelE Ald® ol 2 A U GF AFHANA Bacteroides fragilis®t B. bifidum PRI1 A}o]
o] Treg % @< WAL}t Bacteroides fragilis®] Hi= ZEUAO]AR 1}$-2% Foxp3 Treg AE9
712 UehA ekskar, 4" Aol TNy 1L-10""8 Rt FAZEAY 2 ELISA o Abo]EFF &
e B fragilis ATNA Ee FF9) IL-10 2 IN-y S BATS Jepinh, =3, B bifidume Foxp3
iTreg NEE %38 WA B. fragiliss Foxpd Treg A X7} ofd IL-10  Trl AEE #5288 7lsAo] &

w3k, PSA W= Bacteroides fragilis® o7} cp4’ FoxpS Treg MEE SAAZA § A=Al thst FF 4l

ZAE Sld.

09o), 2HA Treg % ZA3A PSA Hel® DC= Foxp3 [Ny 1L-10"" AE2 F2 §E3k= 9w (66

Ae)E DCE Foxpd [Ny 1L-10"" A2 A gt PSAE MHCIT Exbel 23td T Aze] Agw 1 #1457
m o] FA EolF Treg AIEE = & ¢lvk (B. A. Cobb et al., Cellular microbiology 7:1398-1403,
2005). HiEZ o= (SGGE MHCH Ol HAE77F o]e$-rng Aol &Y i FA¢d w$ale tgudt 39 &
o]A Treg MEE T F Att. olgfg 754 zol= 33tz Y wAYF] Zfolo] o3 wizid = Qltt.
PSAE del E SAo=E SHHAE d FE wUE ¥ 553 dol4 (zwitterionic) HEEZE
zZherh, o]yt Hal 9 Av|e] weh, PSAE T MXE ASolA o2 @45 zheth. Native PSAY 3+f ~ 130
kDaol® , Y% #& & (5000Da ©¥1)S FAdo] AW 17.1kDa 9 (~ 22 ¥HE @9 AdS gAlstE
7IeS vk BiEo] gl (Ka ka-Moll WM, et al. J Immunol. 164:719-724, 2000). PSAE TLR-2& E3)
DCs& &45 0] Zﬂéél ezl 3 MHCIT #xbell A3tste], PSAE d2ehes T A9 285 319 54 helper T
Azl B31= fFakAl ATtk (Cobb BA et al., Cell Microbiol. 7:1398-1403, 2005). ©] Z-9-, PSAel ¢J&f

e}
ke
=]

[

}_

o
o,
al

=¥+ Treg, Trl o] A MXEE, PSAd EoJAS 7HAH, o]g]d AdL 3% a9 EolFel TreghE =
o IANE Ak, CSGGE Hi ~ 4000Dae] FA4 vhdAoln | PSAgtE e, F2 T AlZd Fx Zgae A
o] ofe} DC 54 x4& T3l #&ar). olgfgt 28 Wzt Fo zkol=, CSG6 Aol o8] thdst g 5ol
A Treg AEE 5T 5 A& 7FedS AAlstar k. =, A2l® PSAZE MHC 11 7ol 2ol we} PSA &
°] Treg AERF 2828 4= Stk 3, CSGG= MHC 110l WE2HE vzl T2 2 293 387 nrk= DO

of xdYy WeE fFEste] D7t HEE FEI).

W ool o) AAleoA, CSGGE GF AF o] =olab cLP 2 MNol A CD4Nrp Foxp3 Tregs AE7} o8t &
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>

Fe gk, webd, BE FF9] a9y A A" B, bifidum =& CSGGE 2oldh e FA =heglol 3¢
o] Treg A} 22 39 5olA Treg AEE FET &+ Utt. SVEL 4F F 3hte Bbe FEUA A

+

w (S66o] Fo7} thgolA RORy t Foxp3 Treg Aol &S AAZITH: Aolth. E3, mock iTrege} H]

0O

Jm

]:J

3to], Bb EE (SGGE FEH iTreg AEE 9% A 50| U= RORyt Foxp3 Treg AEe] AMAZo] o
b, ] 299 mock-iTreg A ¥$} HlE}e] | Bb & CSGGE =% iTreg Al3EE Foxp3 locus2] CNS2¢]
A H e gdldst e (50~60 %) 5 2zt A144Q1 Foxpd wE-Ss WERASITE. webA], Bb B CSGGel o]l
=% RORyt Foxp3 Treg AE7} & Ho] %8 Tregel %&tbm Wit} (Esposito et al., J Immunology
185:7467-7473, 2010; Tartar et al., J Immunology 184:3377-3385, 2010; B-H Yang et al., Mucosal
Immunology 9:444-457, 2016). ol2]gk #AolA M3 WM xe] 43S A 3ke], Bb E= CSGG A7k ROR ¥

t+FoxpS+ Treg AEZE Z3A 7= 71 HAYUSE o 2AE 5 9

2 ol M= B. bifidum PRI1Z 173 2] 2F&EA}Q CSGG7E iTreg MEQ S X3t S A|AET),
Bifidobacterium bifidume WA+ (Actinobacteria)oll &l <Q1zFe] WAo|A Eolxozg FAHEHJL

Rf okl W microbiota® F& wHEIEel U] dFE YEWth (Turroni et al., Applied and
environmental microbiology 75:1534-1545, 2009). AtAEwkzl wlwsle] | A|gds] Euke Lo}y Ldya7],
Aa D 7R AgI Aol Q= Bifidobacterium 59 23S 23 TE. 1BD A= A4S glxaHTh
Bl B. bifidum®] W&ol © At} (Wang et al., Journal of clinical microbiology 52:398-406, 2014;
Verma et al., Journal of clinical microbiology 48:4279-428, 2010). t}st FF< T T H|I=uhe P

T dubHoR S5 Wees 2AT F Qe vHdA RS Bn A FASEHd 54E AdH
ey, wAde MYxd adke dF S5olHely, Vel o $A4L ofds] F SAR Eopsin. 4
=01, 47 Bacteroides fragilis & WA AAutdal At #5= 95 Aes 771 29 23S o
SPAIIYE (Walter J. Lukiw et al., Front Microbiol 7:1544, 2016). Wr, PSA A4 #7% 4% HA3E IA
gt g ok, mebd o€l B speciesHloll A= 247t vhE WA 5A4& AeAE tEEe AL
g T8F SAlelg. ol dF SolH WY 2H 5eolx % Hahs wHoRE, ¥E Fd BHEY oE
& A9 54 st o2 VT A vR 285k Welg. dE 5o, FEECIEE FE 2] B
et Treg AlEe] #3+5 1ol we} Treg #i= HLEﬂE]OFJ FAA7E 2 o Atk (Yukihiro Furusawa et

al., Nature 504:446-450, 2013; Liao HY et al., Smentzfzc reports, 6:20481, 2016). T T}& WS v
Al Aol o] 4 #5922 §31 AsAdE Ze #F5E TAHIE Aotk (C. Preston Neff, Cell
Host & Microbe, 20(4):535-547, 2016). ¥ =7 oﬂ*t B. bifidum v Sl A8 (99.97 %) LMG11582
(99.98 %)7F 7H¢ =2 17] FAMIH CSGG 783 ¥ orthologous S 7FAAL 9158 i gct. IPLA
20015 2 A8 T+ IZF PBUC WiF Al=HlolA Treg 531 Btelglol2 &&=l dvk. A@H oA Treg i
DS vagk A3, A8 e 2 U] 7S fARE A4S Beloy, e 1] s (98.9 %) R CSGG
st el BEE 29 orthologous FFAA7E @l ATCC 295218 Treg = Aol X ysku},

£ CSGGE] Fol7h AA oA thekst &9 5ol Treg AX2E FE3H7] gt B+
A2 AR 5 9SS FAeTt. 3, B, biifidum B CSGG X EE MAC 11014 &) A=
oW A rDCE frestRrz, A7He ke gyEr] # rd"ﬁé]l} SHA B. bifidum =+ CSGGE F
Eol4 Treg AME7t freso] AW PS AT + %}
At TAstE A7 dHE, AdE EW, FuEA i&’fvioﬂ% heat shock proteins (HSPs),
= =

=
2 = 2T A, AlY B

-

T B. bifidum %
Jo] Bz
13k
!

% o

HE o]
]
[e]

e §2 N x

3}

N9 oo ook
r_la ol ol
18 3

F

citrullinated filaggrin, glucose-6-phosphate isomerase, p205,
o insulin, Zinc transporter 8 protein (ZnT8), Pancreatic and duodenal homeobox 1 (PDX1),
Chromogranin A (CHGA), Islet amyloid polypeptide (IAPP)S& X 3st& = low, FSIFETo| Al 27}
ARl ofEEYH FEAE 2T F . EF O]Eiﬂ A7 S A3l 4 T A7F ¥Rt
ofvigl, 2% OLEV\]ﬁ doz 1o O—i A oYs 4 fE EEE f, &%, Tree nuts,
i k)

T .
T, A el g, A R b o= gl

B oawo 24 T (Treg) AIEE FE T Ao 3pHy Asts X838 4= 9= CSGG (cell surface beta-
glucan/galactan) WA 2 o|& W&3s}= Bifidobacterium bifidum PRI19| B3+ ZAC R Bjifidobacterium
bifidum PRI1e] 233} CSGG (cell surface beta-glucan/galactan) TFEA|E 7|Ee] & ZZnulo] Q€A

5=
ook
m&"
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[0140]

[0142]

[0144]

[0146]
[0147]
[0148]

[0149]

[0151]

[0152]

[0154]

[0155]
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el BAlsh Aolsk glom, 7] (SG67h TEuto] 982 779 (4 Foxp3 Treg AES P& FEshe F
8 BEE FASYR, TR-vIA DCB AASHE WAUSS Ba 954 98 Et By 48 A8 548

L=
1

kv

by, B wrdolM= Bifidobacterium  bifidum PRI1o] &&= (CSGG  (cell surface beta

glucan/galactan) THEAY] FA|Z Q1 Fx22]S dts|ar, A7) CSGG7F 24 T (Treg) AIEE %0 8 ZEE
dole Hz=E wgrr. B wg o (S66GY B-D-glucand %% beta-1-6-glucan® 4], <482 B-D-glucan
T-Z9l 2-subsituted-(1,3)-beta-D-glucan¥}+= L 7]5o] A3 tp=r}. o|do] 4HA B-D-glucant Z & n}
o]e¥l~ 7|Eold HlF, ¥ WhEo] peta-1-6-glucane I ARAZF WAIZRAE VS =t ©3F, PSA (PSA;
polysaccharide A)9} 2 UJRA= PSAT, PSA o]€9] &9 EolZQl Treg %= T flo, ofd wis
CSGG A o vgs 79 I3, &, 24E, AU v& A, A Fd 22 o d Tregs §%

& 4 glem=, PSASH CSGGE= 1 & B AETIEte] e Adolsith. Alx mwle] taAE shie] 2HER o
Haehr]s gy, & wEd e 72 2}017} A 7s oﬂﬂs‘:]oi SEAE gtEsdy. 5, 2 W
ol A A 24l CS66 2 AA7E Trege fri=sts o A9 7% HE g e 2 A=Al Aol
o}

CSGGE Treg = HHe|Eole] M2E 7]

4 I . CSGG == CSGG A4 B. bifidume A}
7S 8 dElRr] Al i Sol4 W aws Awsty] 9

9] o
PA—
3 qvg S RERAZA AFEE £ 9},

[AA]e]]

xo| 3}, AA B Ealo] B S 0] S AWslaz} sl o]5 Ao o 2x B S o AEly] 9]
g Zlow, Boahge] M7t o] A o AgEE Aow fAHA G A FAAAA e A4
<= 7H Al Al SlelA A E Aol

N

il
a
T

1. vl 4 gtg o} 45

1-1: »}p§-~

wh-9-22%= POSTECH Biotech Center®] F& AlAdolA #siion, ®E A3 dxk= POSTECH AP EdNd
3] (Institutional Animal Care and Use Committee, IACUC)E] +91& 2tt}. o (Germ—free) C57BL/6 (B6)
w9~ Drs. Andrew Macpherson (Bern Univ., Switzerland) % Dr. David Artis (Then at Univ.

Pennsylvania, currently at Cornell University, USA)ZXE A|&wro}l POSTECHo|A &3lal, sterile
flexible film isolators (Class Biological Clean Ltd., USA)ellA f# #g]siqict. GF Aghe wjd =4

S50 93] ZYUEH st l. Foxp3-eGFP, T/rZ_/_, T]r4_/_, T/ré‘_/_ L MyDé]S" &2 The Jackson Laboratory
oA F918FTH. C57BL/6-CD45a(Ly5a)-Ragl TCR OT-11 (Ragl’ OT-I1 TCR #DASA) 2 Ragl vhgas

Tagonic ¥ ZTgFI:MS =g At CBir v}~ Charles 0. Elsona (University of Alabama at
Birmingham, Birmingham, AL 35294, USA; Yingzi Cong, PNAS, 19256-19261, doi: 10.1073/pnas.0812681106)%
RE AT 6 ~ 12 T AW U Aol B ol gaB A

1-2: 4y
B. bifidum PRI1Z} T2 B. bifidum w5+ 0.1 % L-cysteine®] Z7}#l MRS ®iA] (BD, Difco)ollA &~] wjoFst

Aom L. paracasei= MRS MR oA Mokt Ri--ZzuUAolMS 93ke]. wheE ol (55100 CFU/200
L)E F3t (GF) vl$-2=o A T30,

B. bifidum| A AME ZA t}FA e HA

wkst B, bifidum PRI1IS 4833l PRBSE 23] AAHsct. AE W Ao AAE ojxde #¥ (D. L.
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[0158]

[0159]

[0160]

[0161]

[0162]

[0164]

[0165]
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Kasper et al., Journal of bacteriology 153:991-997, 1983)% <kzl 4=A3dle] F=8)3}9th. 68TCA A4 ¥
= (Sigma-Aldrich) A& AAlste] o O3dR{FE FE33, dE2E AYste] i dAss AAS ths, 5

ol 3d7F A5kt Aty dwAS A ASL7] Y8, DNase I (Roche) 2 RNase (Sigma-Aldrich)® 37T
ol A ¥kl A &%k thS, Pronase (Protease from Streptomyces griseus, Sigma-Aldrich)® 37TColA sl&yt &
Sk AsAtt. obMEA M &, HAHES A fa 44 FEE st d4E oes S Hrbste] v
FHE AN S, SHTFAA 39 < FASAL 54 PxRAZT. A" GdRE Eoll &8)A71a HPLC
7% (TSKgel G5000PWXL, Tosho)o.2 2 oln5 Fdaqitt. 4 2 34 A3 ddis F7i=2 28] 36
ol w A=2vlE1e]v (HiPrep Q FF 16/10, GE healthcare)® Fd318th. T el v Mg #HE &
2] (M. DuBois et al., Analytical chemistry 28:350-356, 1956)°l <& A= AL}.

3. 16S rRNA #AA A4 ¢F gegfol FRYA | 4

7] 918l drele]ole] Al DNAZS NeucleoSpin DNA Stool (Macherey-Nagel)S AF&3}
S22 5E £t

PCR 412 C1000 touch thermal cycler (Bio Rad)E& AF&3te] F33lglem, 3171 % 19 ZHolHE AFESH

St
F 1
AEAHs Zgto]n AYg (5'—> 3")
1 % wte|go} EUB (forward) TCCTACGGGAGGCAGCAGT
2 % ubg2lo} EUB (reverse) GGACTACCAGGGTATCTAATCCTGTT
3 BibiF- (forward) CCACATGATCGCATGTGATTG
4 BibiF- (reverse) CCGAAGGCTTGCTCCCAAA

4. ¥3F in situ hybridization (FISH)ol] 2]3} vlggo} Z2UA o)A £A

B. bifidum PRI1®| 93t 2w ZRUA|o|Ad 35 & uf92E A5 ] 23S HolAH (e duoA 1 ~
3em olul), & (Treitze] AHNZHE 2 ~ 4em oJ)) B 37 (FWF WH A 1 ~ 3em oJU]) ] 3F-F2=Z 1}
FA. 72 &% AE 1emot A4S 2AH F4E 98 Carnoy’ s ZAE 3HQITE. Carnoy 's LAY (3:19]
Hehg ) 2 ah) & Hojme]an, Ax deds 500g0lA] 5 3 dAlEEE § HAAS Carnoy's LGN A&
3}t (Choolani et al., 2007). Carnoy's &Ne g 143 wald AWt)= (embedded) AL &b x Ay
Skal Cyb= ¥A|%E B. bifidum 16S rRNA 833 =8 (HLEWSE 5: Bbif, 5'- CCACAATCACATGCGATCATG-3')<} &
A3} sttt (Dinoto et al., 2006). 100nge] TE2HE 3fats EA3E 4= (100nM Tris, pH 7.2, 0.9M
NaCl, 0.1% SDS)2.= 45T 7hF AW lA] 16A12F &k &3t A ZtE. EEto]=F ode (37C) 43 ¢35
100ml el Al 15+ &<t AlFstar, od¥ (37C) A& (100mM Tris, pH 7.2, 0.9M NaCl) 10ml=Z 154 &<t
MAH thS (Smith et al., 2011), 4', 6-diamidino-2-phenylindole (DAPI)Z DNAS HAAM &gt &gfo)
=2 B2 AFste] olo] =eglo|d & FFFAm A (IX70, Olympus, Tokyo, Japan) &z oln|x]Z AAt}.

=

5. dIZ9e T A Ag =4

ool By HH (A. Izcue et al., Annual review of immunology 27: 313-338, 2009; F. Powrie et al.,
Immunity 3:171-174, 1995)9] we} vpo]m (D4' T AEe] Qo Aol oa) hAAS FEatAh. B bifidun
PRI1 (Bb), CSGG i mock Aelel <8l FE® iTreg AL (21008 4 2FH oln

D4'CD62L" D44 Foxpa”™ T ME (>99% pure, 1x10°)E Ragl whoo] Am ym Agsieich. gl 7la

& UFU T8 ATE YA 2UEY for, whiad AT &) ATl F ik AR A A

5

a2 #2484}t Treg AﬂE%— g tzToz 3], ex vivoR H2® (D4 Foxp3 Treg AT (2x10)

o

Uolm T AES W Ragl vH9s BE AUs. AW R4 0 dols 2284 WAE SHstel o
Aol #35E AAAAT. Treg AL} AfoEslele] F2% BASA.
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[0174]

[0176]

[0177]
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BEyg volH ZalZay (DA'CDE2L (D44 Foxp3' T AIE (599.5% pure) (1x10°)Z GF C57BL/6 m}9-2=o] A ul
Y= dudn, 9 F5E A7 Tl 4% 49 55 ol pheaD JAAT. Ao] Feo] W

n

Treg AEo] TR So]4< EAal7] 93], 01-11 (D4 CD62L" (D44 Foxp3' T ATZRE Held tpolu T A%
(1x10)E 9% A A 25 5 B. bifidum PRIIE Rx F2UA]HAZ] GF C57BL/6 »F-¢-29] AWz A

AAZ OVA (20mg/dose/mice)E 2Jolstdtt. &A vhel|glolol WS-l Treg AlES] TCR E9]
e BAey) 98], BEE (599.5% pure) holH (Bir CD4'CD62L" (D44 Foxp3” T ME (1x10)E SPF 27O
2 449 C57BL/6 vhe-so] AWMU Ageli, A¥ FuA7A B bifidun PRI (5x10° cfu/dose)S F 33|
x

A
Jelsisitt. whe At G A8 37 Fol A3,

7. DC o1& A EFH W iTreg ME9 %

g% LP DCs (MHCIT'CD1lc CD11b'CD103F4/80), M % DCs (tDC; MHCII'CDIlc), ®#& (D8a

(MHCIT'CD11c¢'CD11b ) 2 W4 (D8a  (MHCII'CD11c CD11b) DCsZ M¥ EF == (Dllc x}mﬂz (Miltenyi

Biotech)@ Z}7F AA|atelch. Hal® DC= 10% FBS, 5% wjUAal/~Edento] A, onl L- Z3E9, 1ol YEF

H o], wES ofu Ak, B-ME SAF RPMI 1640 wixlol A wjekalaAT. W% DCs (2x10)%

96 2 Zgo]Eo] MEse] 247F EO . ¥AE wre|ol, B bifidum PRITS) B3} A% BE% ®
Lo

g
o}
10~

o FQL'
> O rlr

[‘_}i oo
[

o

ok -
= B. bifidum PRIIS) AAE thdA <t et Wdstalth. AEE AlAHSAL, FHA Treg 1= X
(0.1pg/ml 3-CD3, 100U IL-2 2 0.1ng TGFB)SIAl 3% HoF volH (D4’ T M¥E (2x10)9F FWF AT}, A}
O|EF}Ql W Treg MES 7& ELISA 2 SAEREA W o3 zhzt AR},

2

8. CSGG Aol 9 DC #3 € iTreg AIE FEE 9% 2

N
>
i1

oot WA QiAo (IRB)EFE o] A7E FAwgten (AJIRB-BMR-SMP-17-155), Ficoll-
Hypaque gradientE &3 A7 FAX oA HExdN GdAME (PBMCs)E BT (Lymphoprep, Nycomed,
Norway). (D14 vlo]a 2 H]= 7]E (Miltenyi biotech)E Al&3le] A AES F3] @&+ (monocyte)E
PBMC (CD14 +> 95 %) =3B 22]8k%lth. 5X10° monocyte/mlS rhIL-4 (35 ng/ml) @ GM-CSF (70 ng/ml) (R&D
Systems, UK) &A1t 10% € E243 3 FCS 2 347 23539 RPMI-1640 wiA] (2 mM 1-glutamine, 25 mM
HEPES; BioWhittaker)®2 7Y &<t 24-9 ZHO|EoA wjgatirt. 2¢ 2 5444, 0.5 ml9 HjAE GM-CSF
2 [L-4E FRete M2 HiAE wAsRT. 744, mlAlS DCE 395kY] mock & Fo]dk ko] CSGGE 14
Az Fob AAe gy, 1 oS, <17k PRMCERE Eald volm (D4 T MES FHA Treg % 24 (0.1
ng/ml &-CD3, 100U IL-2 % 0.1ng TGFB)olA] 3Y FoF wid3al3it}. Treg AlEQ F52 FAIEEAH 23
A= AT}

rg

|

9. RNA-seqell digh ©jo]¥] 7184

% RNAT mock & CSGG (100 wg/ml)Z 4A1ZF &<t A=3E v CD11c  DCs ZRE FZ3}3 RibospinTMII
(GeneAll biotechnology)2 AAsItF. RNA A% 2 F2 #2]= NanoDrop 2000 ™ (Thermo Fisher
Scientific)® G333 ct. FolB g FH]= TruSeq Stranded mRNA A= 4] 7]E (Illumina)® F3PsFH o
™ RNA A A& NextSeq 500 Sequencing System@ & 423J3}th. RNA-seq HlolEHE= S5& W3 GEO : RNA-seq
HlolE : GSE98947= Gene Expression Omnibus (NCBI) dlo]¥] A& Acf 7|83} T},

10. RNA #8] € AAZF A= RT-PCR
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TRIzol reagent (Invitrogen)E Al&3le] thd 2 cLP DCEH-E #3F & RNAZ M-MLV 9 HA &4 (Promega,
Madison, WI, USA)E Al&3lo] AHAAA DNAS Ax3AT. AW DNAE g Zgholn AE (F 2) ¥
CHROMO4 Detector (Biorad)E o]-83le] A2 AAIZF PCR (qRT-PCR)° 2] -&3}% .

#£ 2
ik L e AE (5'->3")
6 HPRT (forward) TTA TGG ACA GGA CTG AAA GAC
7 HPRT (reverse) GCT TTA ATG TAA TCC AGC AGG T
8 IL-10 (forward) ATA ACT GCA CCC ACT TCC CA
9 IL-10 (reverse) TCA TTT CCG ATA AGG CTT GG
10 TGF-B (forward) CTC CCG TGG CTT CTA GIG C
11 TGF-B (reverse) GCC TTA GTT TGG ACA GGA TCT G
12 IL-B (forward) CAA CCA ACA AGT GAT ATT CTC C
13 IL-B (reverse) TGC CGT CTT TCA TTA CAC AG
14 Csf2 (forward) AGG GTC TAC GGG GCA ATT TC
15 Csf2(reverse) GGC AGT ATG TCT GGT AGT AGC TG
16 PD-L1 (forward) GCT CCA AAG GAC TTG TAC GTG
17 PD-L1 (reverse) TGA TCT GAA GGG CAG CAT TTC
18 IDO (forward) GCT TTG CTC TAC CAC ATC CAC
19 IDO (reverse) CAG GCG CTG TAA CCT GIG T
20 COX2 (forward) TGG CTG CAG AAT TGA AAG CCC T
21 COX2 (reverse) AAA GGT GCT CGG CTT CCA GTA T
22 CD80 (forward) ACC CCC AAC ATA ACT GAG TCT
23 CD80 (reverse) TTC CAA CCA AGA GAA GCG AGG
24 CD86 (forward) TGT TTC CGT GGA GAC GCA AG
25 CD86 (reverse) CAG CTC ACT CAG GCT TAT GIT TT
26 CD40 (forward) CCT TGC ACT GTG AGG AGA
27 CD40 (reverse) CTT CGC TTA CAA CGT GIG CT

BE RI-PCR & 95 CollA 5, 95 CollA] 30 %, 62 CollA] 30 %, 72 ColA 30 Z F<F 40 Aol R &Y
3 2] ST HolE s HPRT @d FFo= g Z+3) vk, dves AT Aol 7 {44
of gk Al Hd FEor Ve

tpolm (D4’ T AEE AE He718 AHgste] N, plN L wo e AASAT (£ 98 % o).

2 9t Holg PBS 2 AlHste] AR, e e xow B Ca

o WY % LY

ofN
i)
1(_>1‘_',
lo

hs)

! Mg2+7} Eotex] ¢F2 10mM EDTA 2 20mM Hepes, 1mM ¥]FEAF YEF, 3% FBS % PBSE 37TCoA 20% &<t
gajek stk 2Ae wWxdw o Ze xzhow zholA, 3% FBS, 20mM Hepes, ImM 3]FHAF YEF 2
.5mg/ml 2] Collagenase D (Roche) @ DNasel (Sigma)”} Z}z} sl RPMI 1640 wix|oll A 37CE 45% &<k %
b skleh. &4 A" F, ATAE 100m AE AIA7]E ARESte] 10mM EDTAS 38k A7k PBS® o
HA AT, MEE PercollTM (GE Healthcare) 8] (P3¢ 40% percoll, 3F&+ 75% percoll) 9ol &L 2000 rpm
oA 208 FoF Bl glo] JAEEAT. 40% 2 5% T Abole AEZ FHs, 10% FBS (Hyclone),
Pen/Strep, B-ME, ¥FBAF UJEH, 2.0mM L-glutamine®] 3¥3te RPMI 8iA] (Hyclone SH30027.01)% 2W A&
kil FACS Mo AFg3slodt). A NS LIVE / DEAD fixable viable dye (eBiosciences) HEE PIE AL&
ale] PBSOlA Live/dead® WA AA3FHth. o} 1% FBS (Gibco) % EDTA (Sigma-Aldrich)E f3ate 9459
M F7F dAS stk FH G4 0.2 % & FF TS FHiske PBSOlA 20 & ¢ FAsAT. AlE
W AAR ezl dAS YEiME, AEES Fixation/Permeabilization buffer (eBioscience) % 1x
permeabilization/wash buffer (eBioscience)® GASIATE. AU Ao EFRR] 48 A E, AAH 2

U 23 o} (lamina propria) BETE GolgiPlug (BD biosciences, 0.5uL/sample)ES A}g3}e] 500ng/ml

R

o

ot
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[0187]
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Tonomycin (Calbiochem) @ 100ng/ml PMA (Calbiochem)& 37CeolA 4-5 A7+ AXE AA=FEAT. AZE IC
14 WY (eBioscience)® A4 3}al, permeabilization/wash £+&9 (eBioscience)olr] T3S Fojs)ar,
IL-10, IL-13, IFN-y % IL-17A ZAS A}&3lo] J A3,

oo A F2& AFESFltl. (D4 (RM4-5), CD44 (IM7), CD62L (MEL-14), CD45.1 (A20), CD45.2 (104),
CD90.1 (Thyl.1) (0X-7), CD90.2 (Thyl.2) (30-H12), CD103 (2E7), Va2 (B20.1), Foxp3 (FJK-16s), CTLA4
(UC10-4B9), Nrpl (3E12), Helios (22F6), T-bet (4B10), RORyt (AFKJS-9), GATA-3 (16E10A23), IL-10
(JES5-16E3), IL-13 (eBiol3A), IFN-y (XMG1.2), IL-17A (17B7), CDllc (N418), CD11b (M1/70), F4/80
(BM8), MHCIT (M5/114.15.2).

TAEEY  E2FE M=, 52 AExs wAsta AL dseE AolE siglt. LP DCs
+ +

+

(CD45 MHCIT CD11¢'CD11b’ CD103'F4/80 ), SP DCs (MHCII'CD11c CD11b'CD8 @ FEX MHCII CD1lc CD11b'CD8a ), b

o8 (4" T ME ((CD4'CDA5.1CDA2L" (D44 Foxp3™ ), trelE OT-11 TCR EdzAY T AE (CD4CDYO.10T-
11'CD62L" CD44 Foxp3™ ), CBir TCR E#l2=AlY L}o]B T A1 (CD4'(D45.1'CD62L" (D44 Foxp3” ).

Moflo-XDP & HAERAWMS ALgsto] =38 AE BHFE 5 /M9 dolA7r 4&¥ LSR Fortessa FAIE 4
7] (BD Biosciences)E Al&3le] 4283} t}. o] FACSDiva A~ZE 9 o] (BD Biosciences) % FlowJo A3
EQojE Alg3ste] #4135k,

12. CDR3 LESE AEA (high-throughput sequencing)& ©]€3F TCR HHEz7 B4

B. bifidum PRIIZ 3%37¢ % Z2UA o] HAg vl$-2xo] 259 (D4Foxps’  Treg Al
E2RE FEEY. F& AEE ISOGEN (Nippon Gene)oll 2]3F FVD @Moz A A Z Tk, Repertoire
Genesis Inc.o ¥WIFHA &2 TR #AFHEZ &4 7es AMESe] A0 AlEAE 33T, Adaptor-
ligation PCR o] WHo 2 433} th (R. Yoshida et al., Immunogenetics 52:35-45, 2000). Superscript
111 9AA &4 (Invitrogen) 2 AAA o|5 7leh cDNAS SHAlstar, 5' oJdiE 2ol wEULE=¢t 2ol
oJdgt ths, of¥H % TCRa W 99 EE TRE W G Hol&Ql Zgo|nE A&3te] PR 533131
t}. TCRa % TCRB cDNAS] 5% ¥ Nextera XT A9l 7]1E v2 setA (Illumina)E AF&3Fe] Al (vlm=) A
d& Frekodth. AlE4dL Illumina Miseq paired-end ZHFE (2x300 bp)o= Fa3qich. ol Az
Repertoire Genesis, Inc.”} 23St Repertoire Analysis AXZEYO]E AFESISIUY. TR AMELS =4
ImMunoGeneTics X AlZ=®] (IMGT) d@lo]ElHlol (http://www.imgt.org)e] Iz ALE9] 7153 Hlolg HEE
AbgEte] e, Al B IS AAT T TR dlHEg] #2413 Repertoire Genesis Incorporation
(Ibaraki, Japan)o] 713t A& AR AZEo]E ARRIITE. AA2 ¢7]& vE A2 79 59440l
flom® aif AlF2 ¢17] (USRI BoEdrt. dd USRS 749 ME= RG AXZEg ] o3 Asoz 7
ah=

[
rle

% RNAE GF m}-9-

13. AMYAA iTreg AE WA g TGF-B F3e] a3

W4 MHCIT'CDI1c’ DCs (2x10)E 2413 B9k St vieh 96 9 ZelolEo] HEF F B bifidum PRII %
CSGGeF A 12A17F Bk wikslit. MEE AFE 3, 0.1ug/mle 3-CD3 (BD Bioscience), 100U IL-2
(Peprotech) ¥ 0.1lng/ml2] TGF-B &4 =+ 15 pg/ml F-TGF-B A (R & D)2 FAsle] o] o4’ T All

Z (2x100)sh & mkatelct. wjek 39 & (D4Foxp3 T AES MATS GAZEAS A}

U, AEE W gA 24

AT Y (D45.1CD4AFoxp3” iTreg MEES HF3I, 37ColA 108 B9k B2 He)d whsax
(Thyl.1'CD4'Foxp3 )9} &7 wlokalgich. CIVE ®AE M PBSE 23] AZsls ZA]| AF&atgith. T AE7}

AAY BT (1 x 1009 CIV-A2 Hag HSaE (5 x 10) 2 AA D o] iTreg AEZ 0.5 ug/mlo
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A% e AAH FEls H e E G o

83
Y=z ARG, 14 F, 242 seh 254 719n

Aldrich) 2 1221 (Sigma-Aldrich)2 A23}3iH.

w
=
=]
_{
N
i
)
o
o
2
8
g
- I
e
%
09
=
5

E7 B8 GraphPad Prism 2ZE9 o] (La Jolla, CA)E AM&3dte] S8, dxay Ada 7He] zlol:=
Unpaired-Student's t-test& AR&ste] H7bsidic)h. dlolH & H + SEMS2 YEAT. Treg Al 2 A
A odde] AA U g BAS 96, Hiﬂiq (Bonferroni)®] t& vlnl HALZ gbsk A4F #4& ALE

sfo] F71 B4E FAHA. P <0.05% FF Ao AFHAG.

AAd 1: Treg F= gHe|go} 2384

Hzxd n L] s AW Treg AE7+ Zet=d ¢
ATE. kAol BAAHE WMAE F Treg % WH oS
8 (Kwon et al, PNAS 107:2159-2164, 2010, Kim JE, J
o] ZREulo]Q ¥~ fFE AT YT

o|\

A Aol A v AER-ZF3 (dysbiosis)E 22E <
A7l Yo, o]del Bud ex vivo 23 Al
Funct Foods. 350-362, 2015)& o]&-3}o] 2000] & o]

OPH

z+zte] vhg#ol #F= A (Gentamycin®) FA|3Foll A Foxp3 ] EH v}-$-22] nlNs (mesenteric lymph
node) AE9} Ful%E 3}k, Foxp3, IL-10 ¥ IL-129 5% =A3to], IL-10/IL-12 ®]7} >1000] 3L Foxp3 2
& 10% ol 771 #5E AdEsgid.

<1 A3}, Foxpd Treg F%= wrelelobe] ) W Bifidobacterium bifidum PRI1 (B. bifidum; Bb)& Aeia}

o™ (& 2A 2 B), Lactobacillus paracasei sub. tolerans 467 (L.paracasei; Lpa)E WSS /514

Y= 2 fFEE AU, Melw Bifidobacterium bifidum PRI1T-E 2017 59 19Y0] gh=4™F-std
AEAAAE 71EE ATt (FEH S KCTC13270BP) .

rﬁ &0 32

*A Al 2: B, bifidum®l] 23 Treg AIX F%

B. bifidumo] AW Treg AIXE FET F A Lolm gk},

SFB (Segmented filamentous bacteria)¥ Thl7-fX thx dre|glolZ AM&SR{ T, B. bifidum (Bb)S T3t

(germ free; GF) vp9-20] 13] Foshd thgdel kdx oz F2YAol Ao (= 20), e W3 7=

47 SPF wh-229F FAFSE Afolz2 AASA AT (= 2D). °o]& Bbel AR A3t &4& ouet, gk, H

Ego]E W olAHo]E 7S ] X|WFAF (short chain fatty acids; SCFAs)S 2lo]Alf wlgeo] HEAEo

o2, Bl FEYAClAE wfaeE W F giWA Z2IQUo]E 5 WEX] Za, ofAH | ESt FE

dolE FFo] FostA 7Tt (= 2F).

L.paracasei (Lpa) B+ SPFe}= &e] B. bifidum (Bb)o 2 35 FZUAo|AE GF vlg-2+ A T o}

Z (cLP)o A FoxpS Treg AXEQ HMILEE FHo7 ZIJMAAT (= 1A % = 2F). ¥uk ojyz}, Aty gxy

(mesenteric lymph nodes; MLN), H|#Z % o] Iz Zglol (silP) ¥ %% HX4A (peripheral lymph

nodes; LN)¥} & t& 7|#HANME Treg AIE7F &7F S7HEAY (= 3A). B. bifidume] FZUYA|]AH GF v}
2 (Bb)e] A% ZExglolE (cLP)ell A Treg AT (D103 2 wime] EHE (D62 D44 )o] Ags] e
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&S Yedlon (= 3B 2 0), CTLA4 ¥ IL-10% 2 59 #dS vepdld (= 1B 2 0).

ARl 3: Bbel 3] AMEA WAEE iTreg

Treg MEE= 7190 wat 4 F8 Treg (tTreg) F+= Txo o8] 2% Treg (pTreg E+= iTreg)® © &
std 4 QJem=E | Treg "ﬂ+°ﬂ/‘1 Helios ¥ Nrpl &S #4135t0] Treg 7195 F4313 .

Helios Nprl+ FA 83 Treg (tTreg)9t Helios Nprl 2 2] Treg (pTreg) MXE (AT ) nlfz7Ae]A
AAE S "iTreg"dta E-)E FHEHSEY] 3ke] IKAROS AlE AAFRIAF Helios @ Neuropilin 1 (Nrpl)<] w®F
S BFEYTt (J. M. Weiss et al., The Journal of experimental medicine 209:1723-1742, 2012; E. M.

Shevach et al., Immunological reviews 259:88-102, 2014; J. P. Edwards et al., The Journal of
Immunology 193:2843-2849, 2014).

I A}, B, bifidume] FZUA)AE cLPAAM = Nrpl+ tTreg A E7} oF7F Z7bald oy, = 71 A Nrpl
9 Helios  plreg AE7F B4 w@o] 274819t (= 1IDF 2 = 4A-C). ®&, M= AYAE plreg AT 49
FEo] AARIAF RORgtE L& or (= 16 E = 4D), ol= vAEHe] FJazgo o Ak 2"t (B.
Yang et al., Mucosal immunology 9:444-457, 2016; E. Sefik et al., Science 349:993-997, 2015).

o=, Bbe FRUYAloj M 93] FEE Treg Al F7he= o] EAlskE Treg A2 &7fe] ofd, dx
249 tpolr 4 T AEZEH AFA Y ALS &ddshy] 98, 99ddd 2A9S svk. B bifidum®
2§28 Treg A¥Ee WE 7199 Foxpd | vFeAzRE BRE allelically-marked Upo]H
(Zle(ZDZlL”_).1+l*“o><1337CD62LhiCD4410 T M¥E B. bifidume® Ex ZE2UA|o)AE GF vlg-2o F ddsle] el
SFAE (&= 5A).

3F 3 FoA AE BA A B bifidmlE FRUA)AE GF w29 A (cLP)olA FolA MEE
Foxp3+ Treg A|FEQ A FHo] Yebytt (= 4A-D). B. bifidum 35 F°] SPF w20 A pTreg AlEQ =
7b AR F7Eskdh (= 5E). oleld A= B bifidum®) Fol7t TR A deolH (D4 T AEENEH
iTregE AMEA AT 5 d&S Ve

A A4 4: pTreg A|¥2] TCR Eo]A L &4
B. bifidum®] EAENA BAH plreg AL TR 5ol EAaA. B, bifidum®] FZUA0) o] 2o]d
doll pTreg MEE FR8=A, 5 B. bifidum®] ZFEUA o)A 2o]dd wH-g4 iTreg AES AAS FT7HA
2 g rEsAT. VA So] TCR-FA A% 0T-11 vh$-2o] CIV EA¥ vho]H. (DA Thyl. 1+Foxp3— T
AEZE GF vperz Qdaddgs 18, nfexs phE FRUAoASAY FRYA AR &u wx|d & 7
T VA ©ES FEEATG S, O1-11.Thyl.1TFoxp3” vh$-229] CIV-EAR OVA-5o0]4 ho]n (D4 AIEE
OVA @S Z=oj3l JAF = B pifidum FEUA)A GF 22 4k dadstdtt (& 7A).
O Az, ojdel TAH wiel o] (K. S. Kim et al., Sm’ence 351:858-863, 2016) A4 GF &3olA 3=
OT-11 Mo =& H5& silP ¥ clPolA Foxpd 43 243tk (£ 64 % B). 2, GF-OVA o] vk$-2s}
H]ﬂé}‘jﬂ, Bb ’:'Eli]’]zﬂo]}“i U}'“(I)“)\t Zi CLPOHH Thyl 10T I1 EO] FOXD3 Treg /H]AL ‘;»l 4\1—_7_ %EH Treg /H]

to o
rlo
o
-
av]
=2
>
rlr
&}
14
w
=
I\
N
)
O
ok,
3%
(o
T

, siLP9} mLNel A= WakA &kt (= 6B).

AAld 5: wlo] 2w Qo] o] HQl pTreg A% B4

B. bifidum®] EF2UA|o]do] nlo]ZZH|QEL] Eo]Hl plreg A AFS FX3=A oAFE 4437 9
3, welglo} ZEHAd (flagellin)g U28k= CBir TCR FAAF WY nfe-2~5 ALY (Y. Cong et al.,

The Journal of Immunology 165:2173-2182, 2000). 1o]H 4’ Foxp3 T AEE (Bir 4% W& np$ 2 2E
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CD45.1 Foxp3’" WA o2 BEsle] SPF Ragl | ZrolAl= <ok A9at S mock (PBS) W1 B. bifidurs 55
AR TEEAY (= 7B).

1 Ak, Bir T AXES] thz SPF Ragl| 84 who-2ml AR A= 7424 (= 60), Treg AE= A9 9
T (% 6F) (D4 IFNy 2 RORy Foxp3 T Al¥E] HEL =& (= 66 2 = 70) F74< Aute] (= 68) thgo|

Aol7k asht (% 6D) 5o dglel AW AFE Jehirh, welstel old@ SR AFE B bifidu
Folsh g7 (Bir T ALE FAHE ol A e g9t (£ 606 R & 7

AN 6: iTreg MES B. bifidum AA S e So|A

B. bifidume) €3 =¥ plreg ME7} B. bifidum AA ] tlek Sl & zh=x oRE Aty s, B.
bifidurdl EEUACIAE GF vk F o) (4 T AEE B GF phe2, B

A BEUAGLNR OF w30l AR BUSE AAAR W R FASE UL, 59 F IS AE 1 A
E AV H9)E BT ().

. bifidum B+ L. paracasei

I Ad, diEEY Treg MEZF AE3 W w2 dolA SR, B, bifidume] FRUYA AR GF vl
Foxp3 Treg AM¥E B. bifidun F9Q A APCE A=abH Foxpd L8 @ o] A&HT (£ 61 2 &
7E).

wal, GFSF B. bifidum B Z2UA ol w2 Alole] TR EolAS tld, mlN ¥ HFAOZHE Eiw
FoxpS+ Treg A2l a- 2 B-A1&9] Ao 2 vluslsit.

2 A3, F Treg AE7F a- ‘3‘4 B- AbEelA frAkgE siEle] S i‘}ixl‘?} (&= 84) B. bifidum ZZYA

olA w29 A Treg AlE+x GF tixwtol SA43A &= Eile TC S ®HYTh (= 61 9 % 8A-D). &
o R olgs A= B, bifidum] o] Y X/ = FA vAE D B bifidum AAC] gk FH LS

TR Hol4S 2= 7580w 249 (U4TFoxp3 Treg AXE FE@THE 2L thehict,

=~
&
L

e

AAe 70 B. bifidum ZEUAO|A 2% rDCs = R A ZR plreg 23 T

B. bifidumd 93+ FEUAo|Ho] A F=XA AE (rDCs)e IS FEFEA RS AP oW, o=
MZE plreg w3te FGAIA 5 At
o] #Aasly] wjioll, B. bifidum

[>

ol T AEE iTreg AXR B3A7]7] QsiE Adxd Alo|Es1l 87 Q
of FRUA ] A WHE FAS FEI=AE AFeUrt. GF vpg-2=¢} Hlwsle], Bb7t FZUA 0]
¥ 2o A E2E cLP-DCs (MHCITCD1lc CD11b'CD103F4/80 ) 2 A% A MEE 110, Csf2,TgfB1,
ido, Ptgs2, Pdcdl Y%t olUe} &5 AFEAQ (dS6 2 Cd409F 72 A 212 mRNA &S dA 3] S7HA
At (&= 10A-D). °]& Bbe F2YA|olAo] iTreg AXEL #3355 FHA7I= 24 A AX (rDCs)E 7=
 F Ues YElE 3ol

wgk, B. bifidum™ @A &FE cLP-DCE 10-12 A7 vikst & A|A3ta #3

)

§ o] Treg fri= 3104 39 &
ok helm (D4'Foxp3 T AIESH ¥% wiekstel Al =% A4S FaskAch. B, bifidmS2 LP-DCE AA
213t A3}, mock Wi L. paracasei (Lpa) Az thztell Hl&) iTreg AE 2 1L-10 HBAike] §x= 2 FAo] &
T gEHoZ =7 (2 10E-G).

A 8: B. bifidum®] ZA-E&EZ} gl
8-1: B. bifidum® Z+&%=}

AP U AaTE ARESEe], iTreg ¥3HE FXek= B, bifidm frele] A&EAE FAsy] flE G
AEE FASAT. B bifidume @711 D] Tl T i SAeEmE, Bbo] AlE e A T Y
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o,

W7} iTreg #% B4 AERANAE B2Es}dth,

O A3, AEY, Axe 4 AEERS] B35 FolA MEXH FEET
MEZEH FEEo°] RNase, DNase, Pronase X+i= IL2ofA o
oo, ol YA oy BEAY & AdSE dAlskE Ao

cell surface polysaccharides; tCSPS)&= Treg AEE & oFH oz FL3)

tCSPSE ol wiAl ARnEIHIE Fall LI, W2 o] AEolA &EFE £8S depth NRE 2433

o}

I A3, B.bifidum® AEZER A= Holk 571# Fo g o]FojA YAt (& 11C); beta-1-6-glucan
(18%), beta-1-4-galactan (5%), beta-1-6-galactan (5%), beta-galactofuranan (2%) Z phospo glycero-B-
galactofuran, PGBG (64%)c] 272+ tF& <k (mol/mol)oE YERTH. PGRG tYdAlE AA] oA FolA 713
F5e oA (64 %)ola, W4k 8000Da® AsHE wWw, ywA 4744 A4 vhdA (B-1-6-glucan, B-1-4-
galactan, B-1-6-galactan ¥ B-galactofuranan)¥ H|5g 2% (P ~ 4000Da) &=, o] /HA o=
U ol wElEA eFet.

3 v, $489 EF oA = PGRGEY vdA T o= Bo] AFEF YoM Treg AEE Frdte &
zb=28 Agetgitt. 2 A, FH45E e B=A (PR 7F ofd F4 vt AIvte] Treg AIXE F%=3t
(%= 11D).

webA | B, bifidum ¥ 4 EA £3ES "Cell Surface beta-Glucan/Galactan, CSGG"2}al ™ sl%ict.

8-2: CSGGY] Treg = 3¢l

CSGG v+ FolA B-1,6-glucanased A et F% JEH o7 (SGG—FEH iTreg ME 0] #AsH7] u
ol ME ®W B-1-6-glucan (CSBG) °o] A #&EA ¢ 4 o (= 9A-B ¥ = 11E). ©=Lo] DC7}F §l&=

Aol A CSGGeF YrolB. (D4’ T AEe] BulFo] iTreg MEE FEalid Asdly] W] CSGeE DC oEH LS

2 Treg AEE FEstE Ao7 Bt (& 11F).

5o &2 CSGG7F in vitro ¥ in vivool A Treg AIEE FEdh= AA degole T3S AT & A=A o

= g2AESYTE. CSG6 Ael¥ DCs:= B. bifidum 2 A& E DCE FoxpS+ iTreg AIXE Fowkol| wpel g34
FE=3 Y (&= 124). CSGG (100ug/8F)E 35 &<t 33] GF wl§-2=of HAFAL & A3, cLP 2 mLNojA

B. bifidum®] ZZUA)AE ul9-2~9l GASF 202 (D4Foxp3 2 NrplRoryt Treg A¥7 S=5 9t

[o -z

h

(= 9C ¥ % 12B-C). ©] Treg AEE WhET GF vF$29 Treg AERTF 0103 2 }YstE wIY
CD44"'CDB2L “Foxp3 ©] Hlgol o %} (X 12D). t&ol, A%d Foxte] PRIC S <17t Dis @ Lo
CD4 T AESH (SG6S] FHFS %% o)== o= (D25 Foxp3 Treg AEES 4% a13lth (% 9D).

8-3: CSGG A A s Treg %= &4

Aol & g2 a3 @50 wel ohEm Thl/Th2 Ale]lE71el 2 2 73 o8 Jks wvia &
A7 A3 o] (Fujiwara D et al., Int Arch Allergy Immun. 135(3):205-215, 2004), X =2nd}o] Qg uvhgg o}
o 7|5H &dE T BolHolx] &a #F FolHolr] wiitdl, =& B. bifidum® {57} iTreg MEE FE3}
= 7% 3FeA, ofyd B o] B bifidum PRI1T 9 & 7] AEAo] e #F7o] iTreg 7%= &
AL ZheA] oRBE A gt B v B pifidum PRI1 ¥ (GenBank accession number; CP018757)¢] A
A A ARAPE St dAEE 66 S AHE orthologous AR B2 B, bifidum® As3e] ¢
7] ed 2 Treg %= &S vl w3t

I A, B o] Bopifidum PRITS T2 B.bifidum 779 ¥ A4S BT, 53], A8 #+F (Lopez P

H
e
N
£ o
o
>
>,
o
(et
ox
o
N
)
>
e
(@)
£
)
oX,

et al., PLOS ONE, 6(9): e24776, 2011)%= ¥ ¥789] B.bifidum PRI
B3 orthologous F3A7E F-H3}al Treg i+ 270l A2 AUt

2
=
A1
S
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AA ) 9: CSGGel 23+ rDC AA L] WMAUSE

CSGG A7} B. bifidume] FZUYAolAE v}-9-29] cLP-DColA #2E A3 o], AnkE<Ql DL
A DCs (rDCs)E9 ®IYPES FEaleXE AlgsIgltt. &, CSGeoll <3 rDC A 421

o3l CSGGZ 4 AlZF A & D1l DCse] RNA-seq HA1S 4a)3hgict.

1 A3, mock Wi AE] b skl CSGG A 2= mRNA B WAl A [fna2, Pdedl, TefB1, Csf2, Prgs2,
110 2 1273 28 rDC B vl o FFES Fo5 A AT (B 9FE L = 134).

3, CSGG Ael= IL-10 2 TGF-B 9] whd 58 AA A 7715 v, IFN-y 9 & ZaAt),
IL-107} vlw&le], 3A-TGFB 3} 3o H7l= B 4

kil

. bifidum =5 CSGG Aol o8] = iTreg A

RS A 5 9] wEel MF-Brh FFH 4TS Arhu B & Yok (% 13 ¥ 0). CSG6 Aele
TLR? WES Meldow Z/ANAL (= 13D), TLRZ. E= Myds8  DCs = CSGG-vil7] iTreg SwolA &oleh
HAas 17 u (£ 9F-G ¥ X 13E), DCY uvheket si® A2 =8 FollA TLR2 % Myd882 CSGG <14
4 N5 dde] B itk TLR2 A7 DCE HlGEolA TGFR1 % IL-108 Z4AS FE3
sl gtk (% 13F). €3 #@El 84 (CLR)E CSGG w7l iTreg A A3l

AN 10: CGGGE F=H Treg AMEY 7%
in vitro @ in vivooll A CGGGE FE¥ Treg AXEQ 7]5S ZASHS .

iTreg MEe TT 95 FHA 7I5HolA LAY E7838H7] Ao, CSG6 Aol o3 frExo] Alg3 U
ol AAE iTreg AxEe] W oA B4 AT CD45.1*CD4*Foxp3’ olH T AlEE mock E& CSGG A
23k DCso} 290 Eob wjoka Tk AEES HFEle] (D45.1CD4Foxp3 iTregsS QAT CIVE EAE oS
2} (D45.2 (D4 Foxp3 T AEZ (D45.1 Treg MES AFolat vl g2 ZuF & the, 24S FACSE HAargitt.
I A3, Ag# W FHdelA, CSGG A eld Dol EAste] AAdE] BF/E iTreg AlXE+E mock *2]d DCE Hj
FE Ao vl AAS] FFE WY AAlTS HEHAT (= 154).
AR VA Treg AE] oAl B4 A@I] 98, ugde] T A

AE= -Er%% allelically-FAE ((D45.1) iTreg AES} 3 Tl @EOR Ragl FZTPPAZE vh$am

5!
2N

A7} mock =¥ 1Treg4 TE TYL2 a7 99la, uFdd AEE JASHA ST, YelBE T Alx
5 Fogk Fo wpgx S—Zr ko] diFEdy AlF A9 A s R, a8y, gxFoe= B,
b1f1du = CSGGol 43H ZH iTreg AIEQ AEL gy 2 9 A5 Z4AE FosiA #2280 (=

14A-D ¥ = 15B).

AAe 110 CS66 Foioll 2 tidg 22 A

CS66 AAS) Folzk g wRkg AT 4 QA g AP s, (45 1Toxps” whSaRRE PR
# golu (DAFoxp3 T AEES SPF Ragl %7 vwh§sw
B CSGG (100pg/dose) & H74W Folakqitt.

PFAGE o5, AP FEAZHA dFLo] 39 PBS

SAS, veln T AEE AR F PBS S o] mpa AS el WAISIAOL, (366 Fol nhgs
= AT da 2 2FYgggyor & E 15C). CSGG A

i
- = -
Zo] WE o AA Foxp3 Treg MES] Z7F 2 IEN-y AA 28 T A% ww 7049 #do] o} (=

H4H 2 % 150). o] A= (S66 Aol o8] GE5H= (D4 Foxp3 Treg M¥E7F 24 tgede 78S oA s
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k1

F1

A
Total mLN
(-4 -4
H i
= %
o T4 -5 59
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<160> 27

<170> KoPatentIn 3.0

<210> 1
211> 19
<212> DNA

<213> Artificial Sequence
<220><223> EUB-f
<400> 1

tcctacggga ggcagcagt

<210> 2
<211> 26
<212> DNA

<213> Artificial Sequence

<220><223> EUB-r
<400> 2

ggactaccag ggtatctaat cctgtt

<210> 3
<211> 21
<212> DNA

<213> Artificial Sequence

<220><223> BibiF- (forward)

<400> 3

ccacatgatc gcatgtgatt g

<210> 4
<211> 19
<212> DNA

<213> Artificial Sequence

<220><223> BibiF- (reverse)

<400> 4

ccgaaggctt gctcccaaa

<210

> 5

<211> 21
<212> DNA
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<213> Artificial Sequence

<220><223> Bbif

<400> 5

ccacaatcac atgcgatcat g 21
<210> 6

<211> 21

<212> DNA

<213> Artificial Sequence

<220><223> HPRT (forward)

<400> 6

ttatggacag gactgaaaga c 21
<210> 7

<211> 22

<212> DNA

<213> Artificial Sequence

<220><223> HPRT (reverse)

<400> 7

gctttaatgt aatccagcag gt 22
<210> 8

<211> 20

<212> DNA

<213> Artificial Sequence

<220><223> IL-10 (forward)

<400> 8

ataactgcac ccacttccca 20
<210> 9

<211> 20

<212> DNA

<213> Artificial Sequence

<220><223> IL-10 (reverse)

<400> 9
tcatttccga taaggcttgg 20
<210> 10
<211> 19
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<212> DNA
<213> Artificial Sequence
<220><223> TGF-b (forward)

<400> 10

ctceegtgge ttctagtge

<210> 11
<211> 22
<212> DNA

<213> Artificial Sequence
<220><223> TGF-b (reverse)
<400> 11

gccttagttt ggacaggatc tg

<210> 12
<211> 22
<212> DNA

<213> Artificial Sequence
<220><223> IL-b (forward)
<400> 12

caaccaacaa gtgatattct cc

<210> 13
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> IL-b (reverse)
<400> 13

tgcegtettt cattacacag

<210> 14
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Csf2 (forward)
<400> 14

agggtctacg gggcaatttce

=T
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22

22

20

20
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<210> 15
<211> 23
<212> DNA

<213> Artificial Sequence
<220><223> Csf2 (reverse)
<400> 15

ggcagtatgt ctggtagtag ctg

<210> 16
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> PD-L1 (forward)
<400> 16

gctccaaagg acttgtacgt g

<210> 17
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> PD-L1 (reverse)
<400> 17

tgatctgaag ggcagcattt ¢

<210> 18
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> IDO (forward)

<400> 18

gctttgetcet accacatcca ¢

<210> 19
<211> 19
<212> DNA

<213> Artificial Sequence

<220><223> IDO (reverse)
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<400> 19

caggcgcectgt aacctgtgt

<210> 20
<211> 22
<212> DNA

<213> Artificial Sequence
<220><223> COX2 (forward)
<400> 20

tggctgcaga attgaaagcc ct

<210> 21
<211> 22
<212> DNA

<213> Artificial Sequence
<220><223> COX2 (reverse)
<400> 21

aaaggtgctc ggcttccagt at

<210> 22
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> CD80 (forward)
<400> 22

acccccaaca taactgagtce t

<210> 23
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> CD80 (reverse)
<400> 23

ttccaaccaa gagaagcgag g

<210> 24
<211> 20
<212> DNA
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<213> Artificial Sequence
<220><223> CD86 (forward)
<400> 24

tgtttccgtg gagacgcaag

<210> 25
<211> 23
<212> DNA

<213> Artificial Sequence
<220><223> CD86 (reverse)
<400> 25

cagctcactc aggcttatgt ttt

<210> 26
<211> 18
<212> DNA

<213> Artificial Sequence
<220><223> CD40 (forward)

<400> 26

ccttgcactg tgaggaga

<210> 27
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> CD40 (reverse)
<400> 27

cttcgecttac aacgtgtgct
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