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HE

TGF-f 3 X OV IL-10 1ZRER 22 EINES A R A o TH D08, MRIEMIER AL
TEY, WA A NS KD HRMAERITH S TnZen, RIF%ETiE TGF-B
BELOIL-10 D B Al KIFT B LG L2, TGF-B %, Hl CD40 fitfkis L OV IL-4
I 2 2 BURPEA 280 L7223, TLR P T TiX IL-10 OAF(EDZ OIHIRE IS M2
T o7, IL-10 TN K 2 iirIEEM L, elF20-ATF4 2 7 VAR RIS 0] 2
ML BHifA— 77 O—HlEHIC L bDEEX LN WA A N LDH
AR SRR L. B CHUAPE BT 21T 2 A O R B O BT BRI EB I8

N AREME AN L TV D,



Fr3C

e2HMT Y 7~ h—7 X (systemic lupus erythematosus: SLE) (%, HiiZHi{A, $T double

strand DNA (ds-DNA) $iik7e EDOL K B CHUAREA 2 Bl s L. Bl - [2E - fifk

T ERBVEICRE N 2 2 BHAVER S VER QAR B TH D, B ORISE T MilaS B

AR OIEMAL, FFE CPURIC L D B E S IROMBRIEE 72 ENE OIRERKIZBE 5

THEEZLNTWS ', SLE OIRRETZAIZI VT B Mifldid, B SRRl e RIE

Pt A N A COEAIZINZ T, BOAPURTER, RIEM CD4 51 T fild, CDS8 Btk

ML E 2R S LR R 2> TR Y | HOAREEA V=X L2035 H DR

REDIGIE S —7 > b & LT BMRAIHFER SN TE TS %, B AlflaRmZ s

4% CD20 IZk4 25 CD20 HiiATHSH U Y F 2 ~7 (Rituximab) 1%, B faDEHE

[EHESLT AR h =P A EHET 5, =T T LRERIESI RS Tl SLE (Zxd %

ARIMERTR SN TN D8 4 REIBRARRER TIIA 232 RIFom S e > o0 BRI

AR I 1T o BRI EER O RES R ST 5, B MR mIHFIL L, )

HPED T 7 F N ARiET D CD22 IZXT 59Uk, =77 X~ 7 (Epratuzumab) |35

MAHRBR N E TR TH D 7, 72, B IO ELFITHIE2 A b B4 > B cell activating

factor (BAFF) |ZxI7 A HFFLATHAHY L~7 (Belimumab) [ZEERERICTH

IMEDFRO HAL Y, 2011 27 A U AEMEFEL A (FDA) (2 56 4£.5 9 |2 SLE {5



DHFRIEA & U TRRES LT, £ OSBRI HHEAD SLE (283 H7ad s LT

At STV B B EANLIC T 5 AR 5T 0 | Hi7m A ARG O B2 R &

TN 5,

HilEYE T Ml (regulatory T: Treg) X5 & OIIHIRIHIME (LEHEA) 275 T

MY 7y hTHY, COMREREIIH CREMREFIECERTLZ &80 1

B A MR IR RSOSSN ST D, Treg 1ZMMRE THEE S 41 5 Ml ik

Treg (tTreg) &AM (RSS) THE S5 RN Treg (pTreg) IR E < /pFHS 1L,

tTreg & L ClE, #RE[H ¥ forkhead box P3 (Foxp3) %~ A X —iil{HiE{s 1 & 925 CD4

Btk CD25 Bt T AR E1 AL TV D T 120 S se i E R MEIL, (Treg & pTreg 23 hhild

T 52 L TIRIZNTWD DS, EFEE T pTreg OFFER MR~ — B —Oi G K+

MNARATHY . pTreg WFFED R E 7pfEZE L /e > T2, UAFEE T, K CihE S

L. EFIRREIZB W THER G X 7 Bar2 2RIV ELT 5 CD4 [ CD25 2 LAG3

Bt Treg (LLF, LAG3* Treg) #[EIEL7= "™ ", LAG3* Treg [T A R A >

IL-10 Z&EE L, WGP L T Mifa Z2 9 5, EFFH 413, LAG3" Treg 7% Egr2 5 &

U\ Fas FEBUK A7 (2 transforming growth factor-B3 (TGF-B3) AT HZ &, £

— 7 AE T )L MRL-Fas”"" (MRL/lpr) ~ 7 A\Z81F 5 HOPERELEL L OWRS %

TGF-B3 A7 EICEET H Z L2 LML ®



TGF-p (ZMIfa Dok - A - BE . BARFEAE, AIGRI. RIE - /&, FEORHY -

Hifs 70 CME AV EIRIC B AR E 2 H > TWD YA b A ThD, TGE-P 1TI

TGF-B1, B2, B3 D3 DDT AV 7 —LnR3dH Y, 2D H b TGF-B1 MSEREIEH %

LoV A R AIA L ELTAS MBI TWD, TGF-f1 23 T Ml RIETEL LT,

naive CD4* T #lifal7)> & Foxp3* Treg #7589 % — 7, IL-6 f7+/E [ TlI~/L 3 —T fifa D

BTy hO—D>TH D IL-17 BEENE Th17 MijaZza5E L, SLE, &Y v ~F 2k

ETHAMA CAREMERBORBIERICEE L TVnWD EEX6NTWD, £io,

TGF-B1 IX naive CD4* T #ifid 7> & Thl, Th2 ~D o3t &2 Ml 5 ¢V, —F, THFEET

TGF-B2 ¥ KL O TGF-3 1350 FHITEFPEHERH I FEREH 2 R L T ARn e B R

HIVTE 7= 19160 2012 4212 Kuchroo 723, IL-6 fF7E FIZHV T TGF-p3 23 &L 0 %

JEMEDFR Th17 Ml 2385 Z L2 WE L2 2, £/ 7 v~ F Uilf#K - TRIM28

KB~ D ATBT 2B, T flansojiE Lz TGF-3 FEAN IL-17 FEAE%E

FHET DO L blE S Y REHIERAEIC T D TGF-R3 D&EFINER S TE T

WD,

B MlIZ 5 LT TGF-B1 IEBIAECIE AL A FET 5 2 L RO TND ¥, v 2

B U U/ ERATEHIIG Tl TGF-B1 (12 & 0 B il Dbz et 3 545 K+ Th 5 E2A

OMEEEA Id3 NFEE I, B U U/ EKFiGHIa 0N HE S NS 2 2, v U



A JRARAE D> 5 43 B L 72 B AIARIZ 38 C TGF-B1 1d B sz 24K (B cell receptor: BCR)

7 F Va5 Ship-1 X° CD72 OFBLAFHE L, BCR 7 F L Zfili#Hl+ 5 >, <

U A B MifERICE W T, TGF-B1 (ZH A4 27 U UkGFExFT—EBAM e X —ThD

p278P B A5 M, PUAPEAICE L CiX. TGF-B1 1% in vitro T LPS Rl & 7=

~ DA BHMIIED IgA ~DT T AAAL v T HFHEL T IgA EEAZHERIE 5 2 &M

LTV %, TGF-f1 73 B Ml LIZAFES S TGFp L& 7% —I1 (TGFBRID) &

TGFRRI 22672 H~T r~—IZfiad 5 &V Uitk S 47z Smad2 36 J U8 Smad3 734

WABAT L, [gA ~D 27 T AAA » FITLEER constant heavy chain o (Ca) D7 w2 E

— HRERITHEAT A T LT IgA ~D Y T AAL v FRHESNG = L BHE SN

TW5 Y, —J7, TGF-B1 X in vitro TIL-4 |2 X > THEINDH~ 7 A B HAD IgGl

PEAZINEIT 2 %, RN TIX B MR RAIZ TGFRRI %/ v 7 7 U7 LT~ 7 A

DOIfIE 1gG REIL LR L, MiE IgA BEXBD T2 RSN TNE Y, 2D X9

(2. TGF-B1 I TIEMEGRZIZB T HATENE, e mIERZ/ LT\ 5,

—J7C, TGF-P3 2 & 25 MEERICOWTIIARAREE Th o728, ITHFERL

I%. TGF-B3 M58 J 72 RERIEHEEEZ A L, V—T RAET /I~ T ADJRBELET

HIEERHELE SN Ll S, SLE OJREIEEIZE VT B ffIZ31T 5 Toll

B K (Toll-like receptor: TLR) 2, 4, 7. 8, 9 V7 FANILETHZ EBIAHH



NTEY ' T BARRERZI LM il 1238 1) 5 TGF-p3 D&

RHGREETH T,

ABFFETIL. LAG3" Treg S mEAET 2fMEY A S A4 > ThDH TGF-3 BL T

IL-10 (C & DiEsn e filiEpsrE > & | -k, BRREROMmmN S TGF-pI

& DR[FES & ORI 21T > 72,



ik

<7 A

7-8 WEED A A C5TBL/6) (B6) ~ 7 A LA A BALB/c ~ 7 AT HA SLC 725

WAL, MyD88 /v 77 U R~ UABIWNTRIF /v 277U ~URIAY

HOVEERF T EENDIEA L=, 8 KD A A GFP-LC3 ~ 7 A 2| IHHF BRC L VA L

72o & TO~ 7 A specific pathogen free B25% CH L, 7-9 D~ v A & FEERIZH

W2, ARWFFRIEHCRUR AR AR SRR R RRREREE 7 29-6) B L UE)

YyEEtE GRAEE 7 [E-P14-121) IZBW KR EZXZIT, R KRFEOTA R74 12

oSN TITo 7,

AR

Recombinant TGF-B1 (rTGF-B1) 35 L O rTGF-B3 I3 Miltenyi Biotec, rIL-10 /% R&D,

rIL-4 (X Cell Signaling, 1~V A IgM F (ab') 2 7727 Ak (algM) (% Jackson

ImmunoResearch Laboratories, CpG-ODN1826 (CpG) I% Enzo Life Sciences, #iT CD40

PR (aCD40) 1% BD Pharmigen, R-848 | Enzo Life Sciences, Lipopolysaccharides from

Escherichia coli 055:B5 (LPS) 1% SIGMA X VA L 7=,

APC-Cy7 $t B220 $if& (RA3-6B2,2:100) . 7-AAD (3:100) (% BioLegend & V. fi



phospho-Syk HLIK | HT Syk HifA. T phospho-STAT6 HifAk | 5t STAT6 HiiA I Cell Signaling

FOREA LTz,

B #lfai% RPMI-1640 (& 10% FBS, 100 pg/ml L-2 /L% X >, 100 U/ml ==V o

100 pg/ml A R L7 h~A 2 S0 UM 2- AV 7 b= X ) —)L (4T Sigma 7> 5 i#EN)

2N U T2 B & iV TRE R L 72,

B 0 oD 43 B

B fifaid~ v A& HEE L7205, B cell 74 Y L— 3% > b (Miltenyi

Biotec) % V7= magnetic-activated cell sorting (MACS) + A7 AT CTLLF O FNETE

L7z, ~ 7 A éfig a8 Bui% Al < B L C 70 um &£/ A K L J— (BD Bioscience)

[ CHAMIEIC L=, ACK lysis buffer (& CHRIMERZIRIM L7z, HIIGYARL 400 pL 12

biotin-antibody cocktail (CD43, CD4, Ter-119 (Z5%}9~% monoclonal Hti& 7 7 7 /1) % 100

ul Nz 4°CC 10 43 M S& S 72%% ., anti-biotin microbeads % 200 pL 1z 4°C15 /3%

Jis &L LS T A& H U negative selection (2 Y B Aliid & Bl L 7=, 7B . BT B220

PURIZ TYa 247V FACS TfRiT L7z & Z A purity (X 95%LL ETH - 7=,

B HifuBs &



HIRREEFE OWE LTI, 0.2 pg/ml D 5-0r6- (N-A T 2 A I VLA X2 LR =)L)

TNF LA 36 -7 T — | (CFSE; Dojindo) T 37°C10 4%k <72 B Al

Z Tz, 96 well flat bottom 7" L— MZ S L7z B iz 3 x 10° fEl/well, RPMI 551

% 100 puL/well )1z, algM 10 ug/ml,LPS 10 pg/ml, R-848 200 ng/ml (Z C#lli% L .rTGF-B1

2ng/ml ¥ 72 1% rTGF-B3 2ng/ml 3 XX OV IL-10 50 ng/ml % 1 2. C 37°CC 3 AL L7z,

HE 2 (B0 f% . APC-Cy7 T B220 $Uik, 7-7 X /) 77 F /) ~A > D (TAAD) TH:

0, L. FACSVantage SE (BD Bioscience) (& CfENT L7z, #5727 — #1Z Flowlo

Software (Tree star) % N THEMT L 7=,

HERERE, V1 M4 VRERE

PUARTEEEIE 3 L OVIL-6 S EEIE 21X, B #ifd % aCD40 10 pg/ml, IL-4 20 ng/ml,

LPS 10 pg/ml, R-848 200 ng/ml, CpG 1puM THIIK L. rTGF-B1 2 ng/ml % 7213 rTGF-B3

2 ng/ml 33 X OVIL-10 50 ng/ml & /12 C 37°CC 7 HEEG#E Lz Bis & Wiz, BiEF o

AL 7 a7 PR E I Mouse IgG. IgM, IgA ELISA Quantitation Set (Betyl Laboratories)

Z V., BLEFE OB EIZE SO THIE Lz, IL-6 EEEHIEIZIX. Mouse IL-6 ELISA

Ready-SET-Go! (eBioscience) % iV 7z,

10



JITRAE T H Y K

MACS v A7 L Toff L7-~ 7 2 B fifld Z CpG-ODN HIl T 72 Iefiis s L, i f
? 16 KfEIE rTGF-B3 20 ng/ml Z N L 72, & D% algM 10 ug/ml £ 7213 rIL-4 10 ug/ml
THIFE L. 0. 1, 5. 15 0% ITHild ZEli L7=, [BlIY L 7=#ff@iE Halt Protease Inhibitor
cocktail kit (Thermo Fisher, 1:100) Z /Il 2. 7= lysis buffer (50 mM Tris-HCL, 0.15 M NaCl,
1% Triton-X, 1 mM EDTA) THLEEL | 2 x Laemmli Sample Buffer (Sigma) %/l z 95°C
5 43ISO & H72, BCA Protein Assay kit (Pierce) (2 CHa & L /X7 IR ZHIE L T
YU TNEOE NI REREHZT%, 15%I =707 47 TGX 7L F ¥ X I
7V (Bio-Rad) (2 Cyk#E) L, Immobilon-P PVDF A > 7 L > (Millipore) (ZH5E, 5%
BSA TV 1 v ¥ 7 L7z, fit phospho-Syk LA, L Syk HLiA, L phospho-STAT6 HifA,
PUSTAT6 LA (37T 1:1000) T—Wf 4°CIZ TG ¥ X HL 7 ¥ F 1gG - horseradish
peroxidase (HRP) (Invitrogen, 3:10000) C 1 Kffi]=={E Tt &8, ECL Prime (GE

Healthcare) % FHWTHRRH L7z,

RNA ffitH. ¢DNA & k. E&EH RT-PCR
RNA (& RNeasy Micro kit (QIAGEN) % H\W\THLEER OFBIEIZIE SV T L,

SuperScript Il (Invitrogen) ¥ X O Random Primers (Invitrogen) % A>T cDNA [Zifi

11



fRE 72, &M RT-PCR (gRT-PCR) (% QuantiTect SYBR Green PCR Kit (QIAGEN)

Z MW T iCycler (Bio-Rad) (2 TITo7c, B-7 7 FUATKT % BHIER T OMEXTHI 72

RNA HH &% € L7,

qRT-PCR IZFHW= 7' T A ~—FFNILL F DY Th 5,

Atfd_FW : 5-TCGATGCTCTGTTTCGAATG-3’

Atfd_RV : 5’-GGCAACCTGGTCGACTTTTA-3

Atgl2_FW : 5°-GGCCTCGGAACAGTTGTTTA-3’

Atgl2_RV : 5’-CAGCACCGAAATGTCTCTGA-3’

Atgl6ll_FW : 5°-GCCCAGTTGAGGATCAAACAC-3’

Atgl6ll_RV : 5’-CTGCTGCATTTGGTTGTTCAG-3’

Cebpb_FW : 5’-ATCGACTTCAGCCCCTACCT-3’

Cebpb_RV : 5°-TAGTCGTCGGCGAAGAGG-3’

Ddit3 FW : 5’-CCTAGCTTGGCTGACAGAGG-3’

Ddit3 RV : 5’-CTGCTCCTTCTCCTTCATGC-3’

Mapllc3b_FW : 5’-CGTCCTGGACAAGACCAAGT-3’

Mapllc3b RV : 5’-ATTGCTGTCCCGAATGTCTC-3’

Pkr_FW : 5’-CCTCAGAGAACGTGTTTACG-3’

12



Pkr_RV : 5>-TCAATTCTGTGTTTCGCTTT-3’

Sgstml_FW : 5°-TGGGCAAGGAGGAGGCGACC-3’

Sgstml_RV : 5’-CCTCATCGCGGTAGTGCGCC-3’

Actb_FW : 5°- AGAGGGAAATCGTGCGTGAC-3’

Actb_RV : 5°- CAATAGTGATGACCTGGCCGT-3’

GFP-LC3 f#&#r

GFP-LC3 ¥ 7 A2 X ) MACS > A7 L2 T B fliuZ HEE L . 96 well flat bottom 7 L

— M2 3 x 10°ffl/well Nz, LPS 10 ug/ml, rTGF-B3 2 ng/ml, IL-10 50 ng/ml % ¥$A0 L

T37°CT3 HMREE Lz, BB %AMAZEIL L, APC-Cy7 it B220 fifk, 7AAD TH

BLT=DH 005%DY R = T245 MLER% FACS |2 C GFP OHCHRE 2 Bl22 LT,

KRR — o o ZENTY > T AR AT 5 Ik

24 well 7' L— KZ MACS |2 CHEfEL7- B fi% 3.3 x 10°fH/well, RPMI £5H1% 1

ml/well THNZ. LPS 10 ug/ml THIE L. rTGF-B1 2 ng/ml F 721X rTGF-B3 2 ng/ml 5 &

OVIL-10 50 ng/ml 212 T 37°CC 3 H#EEE Uiz, Mz E#,. APC-Cy7 $it B220

VUK, 7- 7307 27F )~A43 D (TAAD) TYE L. TAADB220 % 1 x 107

13



ffl > — b L. RNeasy Mini kit (QIAGEN) T total RNA ZHliH L7=,

V—lr AT A7 Z U —DERIZIE, TruSeq Stranded mTNA HT Sample Preparation
Kit (f VX)) ZfEH L7z, total RNA LV polyA* RNA % Hififf L= BWr b L,
Z @D RNA Wi Z#88L & U CREROGIC L 0 — AR cDNA Ak L7z, ZO—A8H
cDNA Z#58l L LT dUTP #E Y AEH7- “ AR cDNA ZHk L., 557 AR
cDNA OiAR NG & L « U VB EALER L7, 3°-dA Z2HALEE 21TV, index ff & 7
X7 H =R Llc, 77— AR LTz REH cDNA Z##8 & L, dUTP ZFiD
PHZTIAOICTHEIE L722WAR U 2 7 —FI2 XY PCR HEIEZITV, v —F AT 47
— & L7, Wiy —4 3 —HiSeq 2500 (A /L2 F) (ZC, ¥ —47 v AR Z4T -
7o V=7 VAT T BT T — # 1%, TopHat2 ¥ 2 CEMELS] UCSC mml0 (2~
v B 7 EAT, HTseq * ZHWTY — KA v FERE L, & 7 oES
{b.3 X O" Differentially Expressed Genes (DEGs) Ofit (I/NI value >0.2) %, R Dexus
package® Z N TITo 7=, MiHHSN7-DEGs ICT 25— h~ v FBIRI T2 4 Y

> 7' R Heatplot package & FV 7=,

FIARI R & —fER

TGF-f3 7 7 7 A > h L TGF-f3 c¢cDNA % & ¢ OmicsLink Expression-Ready

14



ORF-cloning vector (GeneCopoeia) % HVTHLEE L. EcoRI #{i. T pCAGGS X7 & —

Y7 7 m—=27 L pCAGGS- Tgfb3 ZEf L7, 77 2 I N pCAGGS-1110 /LK

PR L ik 5 2= 17729, 7T A2 Nida > v > h& IV Escherichia

coli IM109 (RVERA) ICTREIAH S 72408 L. EndFree plasmid Maxi kit (Qiagen)

ZAWELGEHE OBHTFICE SV THR L7,

TT7AI RR7 Z—&E

#7277 A X K pCAGGS-Tgfb3 1 100 pg 2 FLEE U > 7 ik 100 ul [ZERfE L .

IREFIRE SR 21T 72 %, 7T A I K pCAGGS-1110 (F5LEE Y > 7 WiRIZ 0.1 mg/g

body weight TR L, EHHIR L V) AGHEHE L, 75 A 3 K2 & —i3 2 BRI

2 \EEE LT,

AIFERFT Y — LB

7 HEED A XA BALB/c ~ 7 A& AW, B3 [EAEFIZS%A 2 FE K OIMQ) 7 U —24

(Frmiusk) 125 mg 2840 L7,

MIEHT ds-DNA Hi {4 72 B | &

15



L' EZ ds-DNA ~ 7 A ELISA KIT (X% X) &AW TEEIZIEW MG T DL

ds-DNA FLiffih 2 HE L=,

16



i SR

1) TGF-B I 5T IsM FLAE R IS X O, Hi CD40 HLik/IL-4 FIEIZ X 5 B MR BETE %
w5

B Mifasz 45 A& (B cell receptor: BCR) HII#IZ & % B MifldiftE(kiZI 1S D TGF-p1 ¥
X TGF-B3 OEBEBIZOET R EIToT2, ~ TV Ak 5EEL7- B Mlgs
carboxyfluorescein succinimidyl ester (CFSE) (ZTCZ L L, TGF-f1 % 721X TGF-B3 7
EF. FFETICT algM THIF L, 3 HIEEE L7z, ZOfE%E. TGF-f1. TGF-B3
& HIT B MR OEIH 2 S22 L7z (K 1a) o S HIZ, TGF-P3IC L5 v 7 s
SO B OV T LA 21T 572, algM 12X Y B MRz 2K (B cell receptor:
BCR) 723286 X415 & spleen tyrosine kinase (Syk) 28V Ufigfb &, Dk D
AR — FISEEAIT$ 2 2 &L THlaEIEA FE S5 ¥, TGF-P1 1L algM HIZ L %
Syk O U UL EIHIT 5 2 &R ST D P, B fiidE CpG-ODN H#ill# T 56 I
M2 UMb L= bH, TGF-B3 &M 4 T 18 BifflEaE L, olgM HIl#t4 » Syk Y
VR A RRBRECRI L2 & 2 A, TGE-3 & algM FIBKIC X 5 Syk U > ER{b o4l
ZF, TGF-P3 1% Syk @ U Bk 2/ L C B AIABGE 2 i35 & B 2 iz
(1% 1b) .

B A A ARRE I CD40 #3688 L., T LICHFEET 5 CD40 VU o REfEET

17



A& B MEOHEEL bR E I LA P, Z O Tl EED B MRS MEAVIL in vitro

TIEBMifld%Z aCD40 THIPE T 5 Z & THILI ., & BIZAERNIZEBW TR T ffa )

PEET D IL-4 Nz 5 & B Mg M s L Eblc, REI/n7 07 A

VEAT AL FNBZOHUREENFEIND ¥, £ T, aCD40 + IL-4 H¥ T B

Ml 2z TGF-B1 £721% TGF-B3 fF(E T, AL FICTT7 AR L7-0b, K& g

FDA L/ 77 Y (immunoglobulin: Ig) %A ELISA ICTHIELZEZ A,

TGF-pf1. TGF-f3 & 1T IgG. IgA. IgM EEAZHI L7z (M 1c) .

IL-4 75 B Ml IL-4 454K (IL-4R) L4553 % & janus kinase 1 (JAK1) LW

JAK3 ®V U #{k % 41 L C signal transducer and activator of transcription 6 (STAT6) 73V

VERIES VD, U IR{E STAT6 1T &R ZTERK L TENICKBAT LInG &2 w3,

TGF-B1 1X STAT6 U »ffb % P45 Z & THUREAZMHIT 5 2 & R ST

% B IL-4 TNV L STAT6 # VoA Z T ay T 4 o I THRELEE Z

%. TGF-B3 & STAT6 U > gk a4l L= (X 1d) .

UEDZ & XV, TGF-3 1% TGF-1 & [HERIC IEMEAGICEHE 2 Syk B LY

STAT6 O U AN 2 I L C RS RIS L D FE SN D EMESE 2 6l LT

HEEZ BN,

2) TGF-B i% LPS I T2 31F 5 B MBaEMEAL 2 $0H) 3k 22 v

18



TLR |38 — VB AR O~ TH Y RIFIRICBIE S 5 0/ 37— 2k L

TIRA =Tz b WS T RIEVEY A N U UPEEDOFE R Y, ARGE 2 H

95, B fMldiZHB VT TLR ¥ 7 F VI RIEMY A N A OEAOIREIZIN A T,

MR DI EHEdE S L OPUREEAEREIC B G+ 5, ~ 7 A Bl W TRl i (2

< TLR1/2, TLR4 725, = K Y —AWIZIE TLR3, TLR7, TLRY9 23 %EL L, TLR1/2 (%

R F R, TLR4 13V RZHE (lipopolysaccharide: LPS) . TLR3 L —AK#{ RNA

(double-strand RNA: dsRNA) . TLR7 {F—4A¢$H RNA (single-strand RNA: ssRNA) |

TLRY I% GpG DNA % Z 1 idik 9 % ¥, TGF-P1 1% LPS I F T IgA ~D 7 T X

AA T HFHETDH I ERHEINTVWD P, TLR4 23 H OB B OIRREIZ KT T

N OWTIEERORERN D D Y, —T ARRIER 2 7RT C5TBLI6Y" < 77 A%,

TLR2 F£ 7213 TLR4 N/RKET 5 Z & TU U HiEIE DA °HT ds-DNA HUiR DA )3

HOLNADH Y, T, VR UFEEML— T RAET LT AZEWT TLR4 K3

X425 L&, Bt ds-DNA HUASLHL ribonucleoprotein (RNP) HUiRIIIED L. RERIK~D

PR B IRILAE DN EEI T 5 *,

% ZC, LPS #Ii% FC? B MAIZ I T 5 TGF-p OIER it L7=, CFSE 7L L

7= B #fld Z TGF-B1 £ 7213 TGF-P3 /F(E I, FEAFA/E FIZ T LPS THIB L. AlfaHEsEo

Atk K OPUREAEZ T, £ORFR. TLR4 BT T TGE-p1 6 X U TGF-B3

19



(3 B MR ORIEZIH 95 Z ENTE S (X 2a) | 1gG, IgA OPEAZ et L (X

2b) | FESMIZ L > T TGF-B @ B M ~DIER BN B 2 FMRH L NS> 72, LPS

FIPL T T B AALHEFEIZ %5 TGF-B1 ORI L Cid, MfuEEsE z M4 2 &9

DWEDND DT E BEERFOMA A EEAA BT L 72RES £ 0 D7z B e B

Rl pol=mgetEnd 5, PUAEAICE LTI, LPS i T T TGF-1 (X IgA B L O

[gG2b PEAZZ PR L 7%, BEsRE F B LW R TH o7,

TLR4 (I FIHRDOY T FTNIBEREE L TCTE T X=X X I7EBETH D

Toll-interleukin 1 receptor domain containing adaptor protein ( TIRAP) . myeloid

differentiation primary response 88 (MyD88) % /1" L 72#%# & TIR-domain-containing

adapter-inducing interferon- (TRIF) . TRIF-related adaptor molecule (TRAM) %4 L

IRBNGEIET S P . £7-. TLRA 72=Z NToh b LPS |ZV ¥R A 47 TLR4

VIFTNEGIERITODMA, NI YU T4 N5 BCR &7 T A 2FET 5

' LPS HIlI T C TGF-B AW D > 7 F ARER I IAEH L TV D 0 R T 5729,

TRIF / v 77Dk (TRIFKO) v~V A, 3LUMyD88 / >~ 277 7 L (MyD88 KO)

<V U ANLELIE B fildE W CRET 21T > 72, TRIF KO ~ 7 A B #fifid 2 LPS #i

M3 5L  MyD88 2 L7-v 7 F A L OVBCR 7% LC B MiRidEsE4 5

2370 ZZIZTGE-f 2Nz % & B A FE L —EB4md < 4v. LPS #il B MifldlZ 31T
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% TGF-B3 & X 2 HEFEMHHHTE L TRIF > 7 MR EZER A ER R B 5- L Tz (K
2¢) . MyD88 KO « 7 X B il = LPS HIlIHIC T L7c B & T B Mz &L A L
FRFEET P TGF-B 12 & 2 B Ml E~O/EMITFI T & Zeh o7 (B 2)

KIZ, MyD88 KO =7 A, TRIF KO ~ 7 A B #llfld % I\ T TGF- |2 & 2 HUAFEL
FHIRZH A~ MyD 88 36 KX N TRIF D284 fiat L 72, MyD88 KO ¥ 7 A WT ~ 7
A &bz U CiiEH1 o 1gG2b, 1gG2c, 1gG3 LK < 3, MyD88 KO B ffifid % in vitro
T CpG Hilf&3 5 & 1gM, 1gGl, 1gG2c FEADIIHI S >, PURFEAB LT T A AL
v FITHIT D MyD88 7 F VDG HE SN T WD, 155 RIEF O 1gG L 4
ELTEZA, TRIFKO v 7 A TILWT v A &R L, TGF-f 1T & 2 HLiRE A i
BN T=, —F7, MyD88 KO ~ 7 2 TliZ LPS Bl THUAFEAEIZIF L AL E
259, TGF-BIZ L DEAIFRHIi C& 2o/ (K 2d) o LAEDZ & XY TGF-B I
£ % LPS Hli% F OFUAREA R R0 13 TRIF 20 U7 fR s — 3B 5 LT\ b 2 LA
TR S T,

3) TGF-§ 3 X U IL-10 I3 B R B9 IR S 2 4 5

TGF-B 1 in vitro DF#FHI T TLR Rl T O B M X OPUREA 2 M+ 2 2

E NSRRI o 7278, LAG3® Treg (% TGF-p3 & & HIC IL-10 HEEALTRY B,

LAG3* Treg 7% B MifE Z M9 288/ & L CIL-10 Bk % L < 1% TGF-3 35 L OVIL-10
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Dary e r— g L AEREREE LT,

IL-10 /% T ifd, B A, HEK, ~27 w7 7—, BRI & ORI EL L,

PRIEMERR R E MR Z ROV A A & LTHBNTWD A, T i HE5E

B A b A EAMSL B L OB~ 7 1 T 7 =PI D PR

HISY A b A EAENRIREE AT S T, ~ U A BMIICKT S IL-10 DIERIZOW

TIE., EEMRE S BB TE AR (major histocompatibility complex: MHC) class IT @

LR L, EHHEE T CHlROAEFE2mO 5 LT oWmENH D >, LPS #IPH T

® B MFEEEFEIZES U CiE, IL-10 3B L2 RF IV e T 5matnb b —F B, 1l

ZEHI L7 T2mELHD P, PUAREAICE LT, IL-10 X LPS Flii SNz~ T R

B HINLIZ I T IgM 285 1gG3 ~D 7 T A AL v F ZiFi L, —5TLPS + TGF-B1

THBEISNDIgA DT TAAAL v F 2 M35 L5 WMERH 523, LPS FEL FIC

BIF5 IL-10 OFEIIAHALREETHY | IL-10 B L 2 E287: 00, TGF- X

OV IL-10 DEFHAIER OFER DT SIS THRN Y,

LPS #li T2 TGF-p # /1% T CFSE 7~V L7z B filfd OB &2 it L7z, Tl &

=<, TGF-f1 ®#H72 5§, TGF-f3 & LPS FIPKIC L 2 B AHAGIEFE 2 #i Hisk 72

2ol (K 3a) o L2l 6, IL-10 /F1E FIZHBWT TGF-1 36 L O TGF-B3 133k

(2 B il O¥EIEZ L7z (X 3a) o IRICPUAREEEIZODOWTHER L7z & 25, TGF-B

22



HMIS OV IL-10 B CHUAREEA 1T858 L U 7228, TGF-B B8 LUV IL-10 % [FIRFIZHS

m+2Z & ThEAITIZ 6Nz (K3b) . 2O X5, TGF-B B LUVIL-10 [T H

M TIIPUREEANEEVEITHERET 225, WY A MU A REFFHCEHT 5 2 & THMAE

BRI ESND L VI LWEHERBES A, Z ICHEEY A NI

(inhibitory cytokine synergy: ICS) {EH & WO BEEZ BT 5,

TGF-f LW IL-10 (2 X % ICS EHICERE# 3 % B a2 M it 4 5 72

TGF-B3 B, IL-10 B F 721X, TGF-B3 B LN IL-10 DFFEE T, FEFFAE FIZ T LPS

L U7 B i &2 kA > — 2 > % — (next generation sequencer: NGS) % f>C RNA

v— 7 = AfiEHT (RNA-sequencing: RNA-seq) %177, Z@EhiE{s T (Differentially

Expressed Gene : DEG) D7 T XX —fiffiziTo7-& 2 A, HHH B Mlas LPS +

TGF-B3 + IL-10 #lli# (LA R ICS S:fF) B Miflu3m U7 7 2 & —IZo S e (K 3c)

Z O RIE. TGF-B3 38 LV IL-10 A[FEIBFICHER 5 2 & T, LPS Bl S 7z B #ifid

IS B A B DA N & < B2 5 BRIFEUIRE IO W B s F R B T 1 7 7 A

MR D 2 e @HRLTERY . ZNE TOBRBSRMEICK T D2 PURELDOR R L 7 A

L7V, EHICHRHEENT-DEGICELTI16 D7 I AKX —ITHME LT L 2 A, BRI

e b ICS SETE HITHBNET L TWAREZ, Prdml D& ENT-, Prdml |3HEE

[Kf Blimp-1 Z = — K L Blimp-1 [Z/EE ML D /3 LI LB DERE R F T 5 °', Prdml
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a7 7Bl % qQRT-PCR THHFI L= & Z A, ICS S THEMNIZ Prdml OiEfn 175
TR T LT (X¥3d) o 72, RERICTEEMMEIC LRGN IRF4 OBAR
FFEH b gRT-PCR THEFS L7223, ICS S TIRF LTz (M 3d) o 2D Z &b,
ICS S:fFCix, Blimp-1 <° IRF4 OFHUL T 2 L COREMIE ML Mz Hiv, BuikeE
Emm sz EEZ LR,
HTGFPBIVIL-0 ZHBALTA— 77V —%2 AT 5

F— 77 VX EAEY TR ®EFBEY E TEEIREISRZ, VY Y —
LTOR NI ERI NIRRT D3EHEETH 5, IR TOWRE 72 & X7 E &
ZPINZ D MIRAER I L2 T oBE 2 b b, atxF o T e T T Y —LARE
WS EFE RN RS AT A ThHD P, A— b7 7 U—I% B il B\ TR M
DHEFFR SLE OIFRETERIZ B W T i &EE &2 Rz LT g &5

% Z T, qRT-PCR THA— 7 7 V—HEEF ORI L2 & Z A, ICS &t
TlIA— 77 o—B# X LR TH D LC3b, Atgl2, p62, Atgl6Ll DEx1-%
BMEF LTV (X 4a)

WIZ, EFERIZA— 7 7 =0l STV D 0 Z R 5 72| green fluorescence
protein (GFP) - microtubule-associated protein light chain 3 (LC3) F 7 v AV xz=v 7

~ 7 A (GFP-LC3 Tg ¥~V A) HKB Mz HAW=EBRE T2, A— 77 V—IC
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BWT, Z U RIERANTRZ1IA— N7 7 TV — L LT 5 EEAEE I8 A

AFN, ZIICV Y Y —ABFEAE L THEIEEND % LC3I1EA— 7 7 3V — AT

ICEHEBRZ o RIETHY . Bl SN ZITHIEN TRIEMED LC3-1 & 7p - 7-%%.

F =R T7 7 O—NFHEIND EFEFEASTO LC3-I &0 4 — 7 7 = — AEICHE

B0, LCH-N OREIFA— M7 7 TV —LBREMBET D720, A— 7 7 V—0DF

O 2 BT 2720 D EBRFEL LT LC3- &0HIEN NS TWD %, CAG

TRE—F—= I RObY A NATa A NAT NP = TF X B-T 7 F 7

T—H—HORFlEEE, VYE - e B BB TD polyA v A MZ X

> C, 1FERH DlE#s T LC3 & GFP Ofta ¥ v/ 7 H &3 Bl4 % GFP-LC3 Tg v 7

A kD B Ml A SRS IR L. YR = A2 AW THIREN O LC3-1

PIRHESEDHZ L TLC3- I OO ZRmET D 2 &Ntk %,

GFP-LC3 ¥ 7 A B #fila%x 3 HMEEE%., VA= TUE L T GFP OHEJHE %

FACS ([C TRt L= & Z A, TGF-3. IL-10 D45 BEIMHIE S Tk GFP 38 D Hi58 %

BT ICS I BTl GFP BN ERITLSAE & [RIFEE £ TR T LTz (K

4b) o LA EOFER LY . TGF-p3, IL-10 [ZHIM T LPS FIIIC L 54—~ 7 7 ¥ —|%{E

ESNDD, WY A MUA CRBHHFRNSIENT 5 2 & TA— 7 7 D=0 0l S,

PURBEEDNT RETHIVICHII SN D EB 2 bl
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5) TGF-f 33 X OV IL-10 X% 7 L T elF20-ATF4 ¥ 7 Vi ER K 2 MEHT 5

=T 7 U—FHETDH T IRRE & LT, eukaryotic initiation factor 2o (eIlF2a.)

- activating transcription factor 4 (ATF4) 7} IARERENHEINLTND 9,

elF20-ATF4 ¥ 7 F MAFERR B IX TLR R 2 & Tekk 4 72 A b L A ISEIZ B 53 5 181

THD %, elF2 134 VX EOFRIRBMGICHNEAREERZ T, a. B. Yy D3I ODH T 2=

o RS RA S X ESERARNLARDND & elR2D oV 7 2= | (elF20)

DU AL Z U . mRNA £ROFHFRIEMHOIK T L #RE KT ATF4 i & LTz —

OB DOIEMALNFE SN D, A MLV RAIZE L EINTMITH VRV BEOR %

ST HETHRASAORBZEO T 5T, A R L ACHIET DO DORFEDRIEF %

RHESEHERALRDD S, ZDLH7 elR2a OV b U= —@EOFHERHIHEI.

HABIA b L AR (integrated stress response : ISR) & KT\ 5 @, IEFLIEICIE

general control nonderepressible 2 (GCN2) . protein kinase R (PKR) , PKR-like endoplasmic

reticulum kinase (PERK) . heme-regulated elF2a kinase (HRI) @ 4 ->® elF20. %7 —

TORFEEL, TNENNEL DAL ALV IEMEE elFR2a 2 U k45, 7

3 BRALARDY GCN2 . 7 A )L AEYLH PKR %, /AR A L 27 PERK Z75EME(L

THZENENENISN TS % PKR IZFIT dsRNA 12 X W iEMEL S, S

WD dsRNA 73 PKR (25635 & PKR IZEHC Y Vb L CiEM L L. —EEKZ B
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LTelR2a % U k42 7, dsRNA LIAMZH LPS N TLRA IZHEBT D & TH X

— X /X7 E TRIF %41 LT PKR B{EMAL L elF2a O U (LA T 5 7,

elF20-ATF4 o 7 ) MATER K B#E T 5 % 2 /X7 B OiEs 138l % RNA-seq (25

WTHER L2 & 2 A, ICS e TRELME T L TWe (X 5a) . £72, qRT-PCR T

REt L72 & 2 A, RNA-seq IZ31T DEHTHRG R & [FARIZ, PKR, ATF4, F£7- ATF4 OFE

&l DO & > TH %5 C/EBP homologous protein (CHOP) D¥EELA LPS #Ili & ik

LTICS &M ThHEICIKE FLTW= (X 5b) ., ATF4, CHOP |34 — k7 7 ¥ —[gHE

BT ORBZFETLHENRREINTEY 7, ZNHOFRREIY TGF-f BLW

IL-10 1% LPS FI%St: FIzB W T L T elF20-ATF4 3 7 F USRI IZBEEE L7~

BALFHEZ I T2 Z & T A — b7 7 U— 24l L TRIEREZHIET S £ E 25

iz,

6) TGF-f 33 X OV IL-10 12 X % IL-6 P& A #i4

IL-6 1% B DOYURPEAZFHET 5 B filafiligklv (BSF-2) &L Cr/mu—=17

Sh, BEi Y U~F 23 LA CREREOMBICIRS BT 2 RIEWEY A M A~

ELTHEHBATWS ) SLE 25 O B Ml TiE, IL-6 SR MEF I H B3

HLLHIZIL-6FEALEID, ZDOIL-6 DA— ~7 T4 AEAN B MO EE 72 7E

MALSPH PR FEE 2 A L, SLE OJRRERRRICEE S L CT\wbd % IL-6 DOfirE X
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C/EBPf & nuclear factor-kappa B (NF-xB) 234 L CikMAb3 25 Z &2, CHOP (Z

K Ins = & P RWEINTWS, gRT-PCR Tl ICS §:/4T CHOP KXW

C/EBPB O fn 5 BLUIEK2 > 7= (X 5b,6a) , & 512 B #ild % £-fE TLR FI T CTH;

FBLE FEFETOIL-6 ZHIELZEZ A, ICS M TIE IL-6 FEANSERICIHE SN T

Wiz (BKeb) , ZNnHDZ & LY ICS FHEIZIRVTIEL, CHOP B XU C/EBPP R E

Pl 235 1IL-6 PEAEGIAS B METETELERE A 7 = X AIZBE G- LT 5 ATREMEDS

EZZ2 5T, UL, RIEMAICB W T IL-6 PEAMIT B ML/ b H®ENH D

PR ERRNIZEBIT DIRE A~ DB OW IR 2 DG DB METH 5,

T)TGF-3 1L IL-10 L HFH L CTLR7T 7 S =R N2 X 2L —F 2 ERES W ET

%

TLR7 I% SLE O BEZ BT Y . SLE OIRREZAIZ B\ CEHEE /2 5% E| 2 5

7-LTWA 7, TLR7 D@ FZHE D SLE FRIE~DEGNIER XN Tv\5b 7, SLE &

EB IO —T 2TV~ 7 ZDOTE MBS (plasmacytoid dendritic cells :

pDCs) (X TLR7 4 L T—A$H RNA & 5 AT REESREZRR L IR A 2 —7

=V EFEATDHE, L—TAFT )L MRL/pr ~ 7 AIZEBWT TLR7 KBS H 5 &

PL Sm FURZ EH PR DOEAB L OBFREEOLENEO NS P, —F, TLRT k

T AV 2=y 7= U ATIEREKEE RSP RNA JUREEAENFE SN D ¥,
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FZ T . TLRTHIFE F CTOICS Az HX TLRT 7 T=Z2 N THAH L T FF F(R848)

Z T invitro \ZBIT Aat 217728, ZOfE 8. CFSE 7L L7- B #lllad R848

G T2 T 2 HIBEEESE 2 TGF-B3, IL-10 [T HM C x| sk 72 /s~ 7223, TGF-3.

IL-10 8 ARSI 9% 2 & THIRIZI R 2580 5 L 91272 (M 7a) , HiikpEL

WZBI LTI IL-10 BT H I STz 2y, ICS SEICB W T X 0 sV bikpEAE

MR 2Rz (K 7b)

In vivo \ZBIT 5 ICS RIS\ T, TLR7 7= FTh 5 IMQ &Ai/NL—T AE

TN~ A AN THE L7z, IMQ % 3 8l BALB/c ¥~ 7 ADH T+ H L. 4

BIZITE CPUETH 250 ds-DNA FLIED EHORERIKRB K 72 Eb— 7 ZEEDIEIR D3R

DD B2 IBENROMEZICIL, pCAGGS-Tgfb3 X7 % —1 L U pCAGGS-1110 <7

2 =% M, pCAGGS 77 A3 R/ Z—(%, CAG 7 rE—F—|CL->T, &

ANLTBEF 2T IR ET 5 S, 20 IMQ Bfi/V—7AET /L~ T A

12, pCAGGS-Tgfb3 X7 % — 1 L U pCAGGS-1110 X7 ¥ — & kN5 L, A 2Hiik

PEANZ D Z R 21T o 72, T DORER, pCAGGS-1110 & pCAGGS-Tgfb3 % & HIT#H 5L

TR B W TOHRFERIBFDR 2RO IMQ BAMIC LY E& L= Mg T$Ht ds-DNA

PUAPME T L (M7d) , 202 & XY pCAGGS-Tgfb3 + pCAGGS-II10 #4513 IMQ

BAN—T AT NV T ADIFBEWETDIRD D LEZERT, ZTNODRERED
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TGF-B3 1% IL-10 DFFAE FIZBWTHMRIRFEI R Z T 2 LB 2 b,
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E5

AT TIE, IL-10 BE O, TGF-B 74 Y 7 4 — LD H LR E R IC S
WTHILHEREIZ R LTV D Z EAEE I LD TGF-f1, 3 O~ 7 A B Mifuls &IE
TR A T L7z, TGF-B 134T IgM HURRIE T oM 5E>5T CD40 fifkds KOV IL-4
LI & D HURPEA 24 L7273, TLR4 7 2 =2 K T 5 LPS R & 2 #lf s firi
RS, PURPEA TR L7z, —75, IL-10 /77 F Cix. TGE-f 1% LPS HIHiZ
K DAl K OUARREAE Z Il L7z, ROV A M A U FERFICE~T 2 2 &
Tl % OV A S A BEMIZ L DEHOBIM LV IROZREZRT ZENMENTE
V. cytokine synergy & FEIZIL TS ¥, AlalFk 4 1%, LPS FIPE T CHIRTIIHUAREA

PEIZHSRE T D TGF-B 38 L OV IL-10 B AIRFICFETET 2 & L WS HUARPE A 1T ] S 4

HEG A BEE L, EMEY A R4 1 (inhibitory cytokine synergy: ICS) EM &\
IR IS ERB LZ, 512, TGF-BBLUIL-10 1F, #ix 7oA b L AIREICHE
B LTW5% elR2a-ATF4 ¥ 7 F )URIER IR O 25t L B il A4 — k7 7 ¥ — %1l
452 LT ICSERZE LT Z AR LT,

A Al LAG3* Treg 2 EET 5 TGF-B3 L4z, LI XL 0 i sE e S v Tn
% TGF-B1 728 B MU KIFE T B LG L7223 in vitro DFRFHI T TGF-p1 & TGF-B3

DTN R E 2ENTRD BN o7, TGE-f1 & TGFE-P3 78 T MfIC M4 5%
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DIEVMIE LT, TGF-B1 & IL-6 % Th17 Z#5E8 4 %23, TGF-B3 & IL-6 13 & 0 Jiw it

DOFRUN Th17 ZFFEET 5V HEDRH D ¥, LL TGF-B3 B T Hifa~n %2

TR TH D IL-10 1L Th17 FEEFDR D H L * 2 & 2B 5 & TGF-p3 & 1IL-10

PNRIEFIZAEAES D ICS STl TGF-B3 12 & IR EIED IR Th17 ~D #5880 R 2 5

bW EHERI SN D,

In vitro TO B HIfEIZ %925 TGF-B1 & TGF-B3 DAEH DEWIFRD AL o 7273,

in vivo TOH OVEH OFIEIZHRE STV 5, TGE-P1 1E TGF-3 X v 58 < fili D #HE

fbZsl & Z L ¥, AIEIEMICI VT TGE-1 I3RHE L 23584 %5 —J5 TGF-p3 30

EALZIHIT 5 %, £72. TGF-B1 IXMiFERER T 25l ik 2928 ¥ TGF-B3 IMmibE6E

2YET LY, TNOOBE LY, BORERRICKT 5B CHUREAISI OB

BN R Z I > CTEF M TGF-1 £721% TGF-B3 52 Mt L7284 . TGF-P1 1Lk

(LM RE S T 2 e Z Al BEMEDN B W . TGE-B3 EENE L T\ b B b D,

IL-10 1P RIEVET A P A & LTHLNTWA D, B iRz L CIIPiiRpES

FHEH ZEBMBENTWD, B b BAIZIZKT D IL-10 DERITFEMIZRE S

TEBDO ., IL-10 X invitro Tt b B AEFZ R L Y, MlEEA2HEd 5 9 £

=, IL-10 |31 CD40 HUiA TIEMEAL S iz B MW T IgGl, [gG3 ~D Y T A A A

v FHFHE LY, CpG #illE & i L C STAT1, STAT3. interferon regulatory factorl 1
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(IRF1) . IRF4 Z{EM b L, IgGl, 1gG2, 1gG3 ~D YV T AAA v FaiHE+ % 2

<~ 7 A BHIBRIZI T D IL-10 DYEFHIE AR Z2 S8, BEECIE IL-10 X LPS Bl T

D 1gG3 PEE ZMHIT 575, IL-5 38 L OV IL-4 177E T TD 1gG1 PEA T INHI T & 220 %,

ARl OFETCIE LPS FI F T IL-10 Bl CiX IgG B L OV IgA PEAEAFAE L, R848 i

BCF CIE IgGl, IgA FEAITINHI S iz, LPS X° R848 B L INVIL-10 DS, Kraklso

FRAREE L 72 B in vitro (231 5 IL-10 DHURPEAIT B % MAF L2 RIREMEDN B 2 H i

Do

SLE 28BS 5 IL-10 OB 5>\ TiX, V—TAET )L~ AT 5D New Zealand

black and New Zealand white (NZB/W) F1 <~ ™7 A |ZHL IL-10 Fiik &2 F 5.4 % L H O

JESROFIENEN . SLE FBF O T MANRESN- b AR EZMILIZ IL-10 %2

IMA TS D EHURELEDERT 5 Z L mESH TS », %72, SLE & Tl

H

PR ABTEENE & MLiE P IL-10 JREEASIEDOFEBI 2R L ™, SLE OFR A & IL-10 s
LT L OBEIURENT WD Z EAMBITEY 7, IL-10 12 K 2 HiikpE

AEFHEDS SLE BIERTICRE G T 5 Z LRI TND

IL-10 32 1% IL-10 Receptor 1 (IL-10R1) & IL-10R2 7> 6 72 ¥ [ JAK1 ¥ X T thyrosine

kinase 2 (TYK2) %41 L T STATI1, STAT3 3 L OXSTATS Z &M b4 % ., STAT3 %

KRP LIRS~ 7 0 7 77—V TR IL-10 IS L A RIEVEY A BB A o OEAIFHIN
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B2 BN s B FRIC STAT3 2 L2 7 RIED IL-10 OS50 5Z ik 6E

IG5 L TS B BN TS, [AUL STAT3 ZiEMH k3 % IL-21 25, TGF-B1 (2

£5 1gG2b ~DY T AAAL v F Ml 52 LRME SN TEY Y, STAT3 2% B #f

FalZ31F % TGF-p OERFRHEICES G- L CW B ATRetED HERI S v 5,

TGF-Bl 12X 2 IgA ~D 2 T AAAL v F i ET HMFICEAL T, T MK FE

D% & IRTFEDOREE R ST D 7, TGF-B1 28 TGF-PR IZFEAT % & Smad2,

Smad3 73 U V2L S 4L Smadd & & HITHEWNIZBAT L, IgA ~DJ T A AA v FIZHE

BT CTHh D Coa D7 1 E—H —HEIKIZ 8 5 Smad-binding elements (SBEs) (Zf&&

T 5, IHIZ Ca D7 uET—H—HIZ% %5 RUNX-binding elements (RBEs) (Z

runt-related transcription factor 3 (RUNX3) 73, cyclic AMP response element (CRE) (Z

cyclin AMP response element binding protein (CREB) N Z L Z G T 5% T Co DX

BENBEIND, ZIUIz, T HIREEMEORKEE TlX CD40 Fifi?d NF-«B 237 F A

AA » FITWIE TR #EFE Td 5 activation-induced deaminase (AID) OFIRAFHFEL, T

AR FEAR A DX Tl TLR, MyD88 % 41" L T NF-xB 2MZNICEATT 5 Z & T AID

DFEINEZ D,

ICS 12T IgA DOPEABFRNE Z B> T2 LT, Co ORBL A2 FHE T

% Smad X° RUNX3, CREB 7 & OG- [KF DR BTG AL 2 1L-10 238 L 72 RTREME
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MNEZ B, EBZ CREB DY 7% A4 7DO—>Th%H ATF4 OB {5 5 BT ICS &4tk

IZTIEF LT\ e, £72. TGF-B @ Fiii? Smad & IL-10 Fiiio> STAT3 25HEAER L.

M TOBTIEN & B2 > i GHEEL R T ARt b E A b D, FEES. STAT3

& Smadl 728 p300 24 L CHAKZER L CT7 vt —%— ECHANICH< Z LT,

ST FAOWTERANEZ A Z ENHLNIEINTEY ¥, 20 K 972 STAT & Smad

DTN FIZ LV cytokine synergy 235G H V= AlREM L HERI S D, £ Dftl, TGF-f

D7 F VD FHElZ i Jun N-terminal kinase (JNK) . Ras-extracellular signal-regulated

kinase (Erk) 7g & %41 L 72 Smad-independent pathway & B /2% E| 2 7= LT\ 5 Z

EDRHOENTEY "B ZNEDY T T IMRERIE DG OWT b SRR 2 23

Do

ICS TEHIZ B 59 2 3& a1 DT 21T 9 72 RNA-seq & ifT L7= & = A, ICS &4

FERE B AL LM C 7 7 A X =20 S, ICS & TRllaEEIETs & OPUAREEL D

MHESNDZ & EFELRWEER L oo, BRI & ICS ST L HITRBIME

FTLTWADEETHEE LT elFR2a-ATF4 R H YV . ATF4 DB FREZFET 5

F— h7 7 U—BEBE T OB ERT Lz, gqRT-PCR IZBW\WTH A BB T

LCBY, A— 77 V—BEBE BRI GIKT,. £7 GFP-LC3 ¥ 7 X B fifidz A

VN2 in vitro DFEBRT ICS S TlidA— + 7 7 V=03l ST iz, TGF-B1 234 —
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M7 7 VI RETRBICE LTI, b MR BOGHIBER B S R ORI R T

TGE-BlL 34— h 7 7 U— %0l ', ~ 0 ZJRMIE LG TI3OTHE ' & FAli#RAE

TERMRE TIXHH] 1 R Lo TR | IL-10 1 E~v VA~ a7y —UIRBIT 5

F—h 77 V=2l 5 LA SN TVWD % B il Rt — F 7 7 o —

B TH D AtgS Z KIS~ 7 2 TIIHARPEARENEE S %, NZB/W FI /L—

TAET YT AD B MR TIEA—F7 7 U—i3JudE L. SLE BETH B Mg To

F— 77 PR O b TND Z & K % BB S ROGE B Al

MIDHEFHERIICA— 7 7 =05 L TWA EEXILNTWS, 26D LD,

ICS /M TA— R 7 7 D= STV D Z & BHURPEAITRI OZER DO—> & B R

7‘/’
—o

TLR7 I ssRNA #3855k L, W—7"ZADRIEITIRLS G L TWA Z EBBH LN T2 -

TEBH 7 TLR7 7 2=A FTHh 5 R848 % H T invitro DMFT %217 > 7=, R848 Hilli

T TIX TGF-B 3 X VIL-10 (2 & % B M A 20 2R1355 < L /B EAICEA L T

1% IL-10 IR THURBEAEITE 280 Ifl S v, £ ZIZTGF-p 2 x5 Z & TS LI

flEdE vy LPS fI & 1T — 5B DR CTH o7, TLR4 Tt TliE. TIRAP /

MyD88 5 &L O TRIF / TRAM Z 41 L 7o R FAET 5 A3, TLR7 Tt Cix MyD88 73

T IGEICEE L P, 2N FIVRN O Y 7T AR ERE N B2 5, F D7, LPS

36



FI T TR b= ICS TERICE T 2] A 7 = X A58 TLR7 FIPE T CTH RARIZAE T

HDN, BROHBINNMETH S, £7-, TLRT 7I=X s Tdh 5 IMQ /- SLE

FHRET N~ T A% O TORGCTlL, pCAGGS-Tgfb3 1 L U pCAGGS-1110 D513

EERRNICER T % B CPURELAZAZISIHI L, in vivo IZBWTIEL TGF-3 & IL-10 23

WIREIHER T 5 Z LR & T,

IL-10 Z4h6D & LTIZHIRIEMEY A R A O 513 B CAREREICRT 210

RS & L ORR S U CE 2N, IEF IR~ O EIER O D & B G- EmHIIR S v+

IRIBFRNRDPF ORI -T2 22 TE/ 7 a—FAHURE A M A U E@E S

L ARRIIC DOBA A R A A S ED A L YA M A DT IRIEREE L

LTHIffFESN TR BRICEET Y v~FIZx LT, 7 4 7 a7 F @ extra domain A

2T DPURE IL-10 Z@hE SE72A & A S A OBERRBR NI T s 19

SLE [ZBWT, A OHURRELESRIENEY A M A G35 BMildaz 2 —7 v k&

LTCIBHRBZENEH STV %, ARIOREH» 5 B Mild& i~ — I —IZx§ 59k

IZIL-10 3 L O TGF-B3 54 S+, B AR AYIZ IL-10 3 L O TGF-B3 Z#1EH &+

DALY A NIA D, BOPUAREAZITT 2 SLE Zhfh & Lo H CRERAD

HIRURIRENS & 72 0155 Z LI En D,

37



E I3

ARFFEICHTZ Y | HRRPREREEZRIEHT L X— - U~ FNREER

AR —Z  ZERITIFEHE L L CTREIHHEL WZIZE £ L, T 2ICRE#H L

B ES

AWFROWE 252 TIES Y EROIFES H 4 O 2 18 U T2 < OHEHR

R W22 & £ Lo, B RZPREFREZRMIER T LrX— - U o~ FNFGERD

BREE WL, BEORRHERE WEEA EECOE LR L ESET

Fro, EEMIZEEHE L LTIELARWIH 2 WEZE £ L BHRE Ak,

HHE oA, ESWmsT L, BREREE AL VEEHOBEEERKL

pCAGGS 7' 7 A I R T & — T KIRK TR TFPL 7 R A Z0 R0 A e i 48 77

IR — g% LY. GFP-LC3 ~ 7 AT KPR E R TR 0 7 A

KBS BRELY TRV EEE L, ZZICESEILBE L BIFET,

38



B E CHR

1. Lisnevskaia, L., Murphy, G. & Isenberg, D. Systemic lupus erythematosus. The
Lancet 384, 1878-1888 (2014).

2. Sanz, I. & Lee, F.E.-H. B cells as therapeutic targets in SLE. Nature Reviews
Rheumatology 6,326-337 (2010).

3. Lu, T.Y.T. et al. A retrospective seven-year analysis of the use of B cell depletion
therapy in systemic lupus erythematosus at university college london hospital: The
first fifty patients. Arthritis & Rheumatism 61, 482-487 (2009).

4. Diaz-Lagares, C. et al. Efficacy of rituximab in 164 patients with biopsy-proven lupus
nephritis: Pooled data from European cohorts. Autoimmunity Reviews 11, 357-364
(2012).

5. Merrill, J.T. et al. Efficacy and safety of rituximab in moderately-to-severely active
lupus erythematosus evaluation of rituximab trial. Arthritis & Rheumatism 62,
222-233 (2010).

6. Rovin, B.H. et al. Efficacy and safety of rituximab in patients with active proliferative
lupus nephritis: The lupus nephritis assessment with rituximab study. Arthritis &
Rheumatism 64, 1215-1226 (2012).

7. Wallace, DJ. et al. Efficacy and safety of epratuzumab in patients with
moderate/severe active systemic lupus erythematosus: results from EMBLEM, a phase
IIb, randomised, double-blind, placebo-controlled, multicentre study. Annals of the
Rheumatic Diseases 73, 183-190 (2013).

8. Navarra, S.V. et al. Efficacy and safety of belimumab in patients with active systemic

39



10.

11.

12.

13.

14.

15.

16.

17.

lupus erythematosus: a randomised, placebo-controlled, phase 3 trial. The Lancet 377,
721-731 (2011).

Furie, R. et al. A phase III, randomized, placebo-controlled study of belimumab, a
monoclonal antibody that inhibits B lymphocyte stimulator, in patients with systemic
lupus erythematosus. Arthritis & Rheumatism 63,3918-3930 (2011).

Campbell, D.J. & Ziegler, S.F. FOXP3 modifies the phenotypic and functional
properties of regulatory T cells. Nat Rev Immunol 7, 305-10 (2007).

Sakaguchi, S., Sakaguchi, N., Asano, M., Itoh, M. & Toda, M. Immunologic
self-tolerance maintained by activated T cells expressing IL-2 receptor alpha-chains
(CD25). Breakdown of a single mechanism of self-tolerance causes various
autoimmune diseases. J Immunol 155, 1151-64 (1995).

Hori, S., Nomura, T. & Sakaguchi, S. Control of regulatory T cell development by the
transcription factor Foxp3. Science 299, 1057-61 (2003).

Okamura, T. et al. CD4+CD25-LAG3+ regulatory T cells controlled by the
transcription factor Egr-2. Proceedings of the National Academy of Sciences 106,
13974-13979 (2009).

Okamura, T., Fujio, K., Sumitomo, S. & Yamamoto, K. Roles of LAG3 and EGR2 in
regulatory T cells. Ann Rheum Dis 71 Suppl 2, 196-100 (2012).

Okamura, T. et al. TGF-f3-expressing CD4+CD25-LAG3+ regulatory T cells control
humoral immune responses. Nature Communications 6, 6329 (2015).

Rubtsov, Y.P. & Rudensky, A.Y. TGFf} signalling in control of T-cell-mediated
self-reactivity. Nature Reviews Immunology 7, 443-453 (2007).

Yoshimura, A. & Muto, G. TGF-beta function in immune suppression. Curr Top

40



18.

19.

20.

21.

22.

23.

24.

25.

26.

Microbiol Immunol 350, 127-47 (2011).

Govinden, R. & Bhoola, K.D. Genealogy, expression, and cellular function of
transforming growth factor-f3. Pharmacology & Therapeutics 98, 257-265 (2003).

Li, M.O., Wan, Y.Y., Sanjabi, S., Robertson, A.-K.L. & Flavell, R.A. Transforming
Growth Factor-f3 Regulation of Immune Responses. Annual Review of Immunology 24,
99-146 (2006).

Lee, Y. et al. Induction and molecular signature of pathogenic TH17 cells. Nature
Immunology 13,991-999 (2012).

Chikuma, S., Suita, N., Okazaki, [.-M., Shibayama, S. & Honjo, T. TRIM28 prevents
autoinflammatory T cell development in vivo. Nature Immunology 13, 596-603

(2012).

Kee, B.L., Rivera, R.R. & Murre, C. Id3 inhibits B lymphocyte progenitor growth and
survival in response to TGF-beta. Nat Immunol 2, 242-7 (2001).

Roes, J., Choi, B.K. & Cazac, B.B. Redirection of B cell responsiveness by
transforming growth factor [ receptor. Proceedings of the National Academy of
Sciences 100, 7241-7246 (2003).

Kamesaki, H., Nishizawa, K., Michaud, G.Y., Cossman, J. & Kiyono, T. TGF-beta 1

induces the cyclin-dependent kinase inhibitor p27Kipl mRNA and protein in murine
B cells. J Immunol 160, 770-7 (1998).

Coffman, R.L., Lebman, D.A. & Shrader, B. Transforming growth factor beta
specifically enhances IgA production by lipopolysaccharide-stimulated murine B

lymphocytes. J Exp Med 170, 1039-44 (1989).

Stavnezer, J. & Kang, J. The surprising discovery that TGF beta specifically induces

41



27.

28.

29.

30.

31.

32.

33.

34.

35.

the IgA class switch. J Immunol 182, 5-7 (2009).

Cerutti, A. The regulation of IgA class switching. Nature Reviews Immunology 8,
421-434 (2008).

Yamamoto, T. et al. Involvement of NF-xB in TGF--mediated suppression of 1L-4
signaling. Biochemical and Biophysical Research Communications 313, 627-634
(2004).

Cazac, B.B. & Roes, J. TGF-beta receptor controls B cell responsiveness and
induction of IgA in vivo. Immunity 13, 443-51 (2000).

Okamura, T. et al. Role of TGF-beta3 in the regulation of immune responses. Clin Exp
Rheumatol 33, 63-9 (2015).

Ma, K., Li, J., Fang, Y. & Lu, L. Roles of B Cell-Intrinsic TLR Signals in Systemic
Lupus Erythematosus. International Journal of Molecular Sciences 16, 13084-13105
(2015).

Mizushima, N., Yamamoto, A., Matsui, M., Yoshimori, T. & Ohsumi, Y. In vivo
analysis of autophagy in response to nutrient starvation using transgenic mice
expressing a fluorescent autophagosome marker. Mol Biol Cell 15,1101-11 (2004).
Kim, D. et al. TopHat2: accurate alignment of transcriptomes in the presence of
insertions, deletions and gene fusions. Genome Biology 14,R36 (2013).

Anders, S., Pyl, P.T. & Huber, W. HTSeq a Python framework to work with
high-throughput sequencing data. Bioinformatics 31, 166-169 (2014).

Klambauer, G., Unterthiner, T. & Hochreiter, S. DEXUS: identifying differential
expression in RNA-Seq studies with unknown conditions. Nucleic Acids Research 41,

e198-e198 (2013).

42



36.

37.

38.

39.

40.

41.

42.

43.

44,

Nitta, Y. et al. Systemic delivery of interleukin 10 by intramuscular injection of
expression plasmid DNA prevents autoimmune diabetes in nonobese diabetic mice.
Hum Gene Ther 9, 1701-7 (1998).

Jiang, J., Yamato, E. & Miyazaki, J.-i. Intravenous Delivery of Naked Plasmid DNA
for in Vivo Cytokine Expression. Biochemical and Biophysical Research
Communications 289, 1088-1092 (2001).

Yan, S. et al. High levels of gene expression in the hepatocytes of adult mice, neonatal
mice and tree shrews via retro-orbital sinus hydrodynamic injections of naked plasmid
DNA. Journal of Controlled Release 161, 763-771 (2012).

Kurosaki, T., Shinohara, H. & Baba, Y. B cell signaling and fate decision. Annu Rev
Immunol 28, 21-55 (2010).

Hawkins, E.D. et al. Quantal and graded stimulation of B lymphocytes as alternative
strategies for regulating adaptive immune responses. Nature Communications 4
(2013).

Geha, R.S., Jabara, H.H. & Brodeur, S.R. The regulation of immunoglobulin E
class-switch recombination. Nature Reviews Immunology 3, 721-732 (2003).
Bekeredjian-Ding, 1. & Jego, G. Toll-like receptors - sentries in the B-cell response.
Immunology 128, 311-323 (2009).

Pone, E.J. et al. B cell TLR1/2, TLR4, TLR7 and TLRO interact in induction of class
switch DNA recombination: Modulation by BCR and CD40, and relevance to
T-independent antibody responses. Autoimmunity 48, 1-12 (2015).

Liu, Y., Yin, H., Zhao, M. & Lu, Q. TLR2 and TLR4 in Autoimmune Diseases: a

Comprehensive Review. Clinical Reviews in Allergy & Immunology 47, 136-147

43



45.

46.

47.

48.

49.

50.

51.

52.

(2013).

Lartigue, A. et al. Critical Role of TLR2 and TLR4 in Autoantibody Production and
Glomerulonephritis in lpr Mutation-Induced Mouse Lupus. The Journal of
Immunology 183, 6207-6216 (2009).

Summers, S.A. et al. TLR9 and TLR4 are required for the development of
autoimmunity and lupus nephritis in pristane nephropathy. Journal of Autoimmunity
35,291-298 (2010).

Seo, G.Y., Youn, J. & Kim, P.H. IL-21 ensures TGF-f1-induced IgA isotype
expression in mouse Peyer's patches. Journal of Leukocyte Biology 85, 744-750
(2009).

Klein, J. et al. B cell-specific deficiency for Smad2 in vivo leads to defects in
TGF-beta-directed IgA switching and changes in B cell fate. J Immunol 176, 2389-96
(2006).

Garcia, B. et al. Differential effects of transforming growth factor-beta 1 on IgA vs.
IgG2b production by lipopolysaccharide-stimulated lymph node B cells: a
comparative study with spleen B cells. Eur J Immunol 26, 2364-70 (1996).

Kawai, T. & Akira, S. The role of pattern-recognition receptors in innate immunity:
update on Toll-like receptors. Nature Immunology 11, 373-384 (2010).

Pone, EJ. et al. BCR-signalling synergizes with TLR-signalling for induction of AID
and immunoglobulin class-switching through the non-canonical NF-xB pathway.
Nature Communications 3,767 (2012).

Yamamoto, M. et al. Role of adaptor TRIF in the MyD88-independent toll-like

receptor signaling pathway. Science 301, 640-3 (2003).

44



53.

54.

55.

56.

57.

38.

59.

60.

61.

62.

Kawai, T., Adachi, O., Ogawa, T., Takeda, K. & Akira, S. Unresponsiveness of
MyD88-deficient mice to endotoxin. Immunity 11, 115-22 (1999).

Kobayashi, T. et al. Tonic B cell activation by Radioprotectivel05/MD-1 promotes
disease progression in MRL/lpr mice. Int Immunol 20, 881-91 (2008).

Barr, T.A., Brown, S., Mastroeni, P. & Gray, D. B cell intrinsic MyD88 signals drive
IFN-gamma production from T cells and control switching to 1gG2c. J Immunol 183,
1005-12 (2009).

Moore, K.W., de Waal Malefyt, R., Coffman, R.L. & O'Garra, A. Interleukin-10 and
the interleukin-10 receptor. Annu Rev Immunol 19, 683-765 (2001).

Ouyang, W, Rutz, S., Crellin, N.K., Valdez, P.A. & Hymowitz, S.G. Regulation and
Functions of the IL-10 Family of Cytokines in Inflammation and Disease. Annual
Review of Immunology 29,71-109 (2011).

Go, N.F. et al. Interleukin 10, a novel B cell stimulatory factor: unresponsiveness of X
chromosome-linked immunodeficiency B cells. J Exp Med 172, 1625-31 (1990).
Marcelletti, J.F. IL-10 inhibits lipopolysaccharide-induced murine B cell proliferation
and cross-linking of surface antigen receptors or ligation of CDA40 restores the
response. J Immunol 157,3323-33 (1996).

Shparago, N. et al. IL-10 selectively regulates murine Ig isotype switching. Int
Immunol 8, 781-90 (1996).

Shapiro-Shelef, M. & Calame, K. Regulation of plasma-cell development. Nat Rev
Immunol 5, 230-42 (2005).

Yang, Z. & Klionsky, D.J. Eaten alive: a history of macroautophagy. Nature Cell

Biology 12, 814-822 (2010).

45



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Pengo, N. et al. Plasma cells require autophagy for sustainable immunoglobulin
production. Nature Immunology 14,298-305 (2013).

Clarke, A.J. et al. Autophagy is activated in systemic lupus erythematosus and
required for plasmablast development. Annals of the Rheumatic Diseases 74, 912-920
(2015).

Kabeya, Y. et al. LC3, a mammalian homologue of yeast Apg8p, is localized in
autophagosome membranes after processing. Embo j 19, 5720-8 (2000).

Eng, K.E., Panas, M.D., Karlsson Hedestam, G.B. & Mclnerney, G.M. A novel
quantitative flow cytometry-based assay for autophagy. Autophagy 6,634-41 (2010).
B'Chir, W. et al. The elF2 /ATF4 pathway is essential for stress-induced autophagy
gene expression. Nucleic Acids Research 41,7683-7699 (2013).

Donnelly, N., Gorman, A.M., Gupta, S. & Samali, A. The elF2alpha kinases: their
structures and functions. Cell Mol Life Sci 70, 3493-511 (2013).

Harding, H.P. et al. Regulated translation initiation controls stress-induced gene
expression in mammalian cells. Mol Cell 6, 1099-108 (2000).

Hsu, L.C. et al. The protein kinase PKR is required for macrophage apoptosis after
activation of Toll-like receptor 4. Nature 428, 341-5 (2004).

Calabrese, L.H. & Rose-John, S. IL-6 biology: implications for clinical targeting in
rheumatic disease. Nature Reviews Rheumatology 10, 720-727 (2014).

Nagafuchi, H., Suzuki, N., Mizushima, Y. & Sakane, T. Constitutive expression of
IL-6 receptors and their role in the excessive B cell function in patients with systemic
lupus erythematosus. J Immunol 151, 6525-34 (1993).

Matsusaka, T. et al. Transcription factors NF-IL6 and NF-kappa B synergistically

46



74.

75.

76.

7.

78.

79.

80.

81.

82.

activate transcription of the inflammatory cytokines, interleukin 6 and interleukin 8.
Proc Natl Acad Sci U S A 90, 10193-7 (1993).

Hattori, T., Ohoka, N., Hayashi, H. & Onozaki, K. C/EBP homologous protein
(CHOP) up-regulates IL-6 transcription by trapping negative regulating NF-IL6
isoform. FEBS Letters 541, 33-39 (2003).

Hunter, C.A. & Jones, S.A. IL-6 as a keystone cytokine in health and disease. Nat
Immunol 16, 448-57 (2015).

Marshak-Rothstein, A. Toll-like receptors in systemic autoimmune disease. Nature
Reviews Immunology 6, 823-835 (2006).

Lee, Y.H., Lee, H.S., Choi, S.J., Ji, J.D. & Song, G.G. Associations between TLR
polymorphisms and systemic lupus erythematosus: a systematic review and
meta-analysis. Clin Exp Rheumatol 30,262-5 (2012).

Banchereau, J. & Pascual, V. Type I Interferon in Systemic Lupus Erythematosus and
Other Autoimmune Diseases. Immunity 25, 383-392 (2006).

Christensen, S.R. et al. Toll-like Receptor 7 and TLR9 Dictate Autoantibody
Specificity and Have Opposing Inflammatory and Regulatory Roles in a Murine
Model of Lupus. Immunity 25, 417-428 (2006).

Deane, J.A. et al. Control of Toll-like Receptor 7 Expression Is Essential to Restrict
Autoimmunity and Dendritic Cell Proliferation. Immunity 27, 801-810 (2007).

Tomai, M.A., Imbertson, L.M., Stanczak, T.L., Tygrett, L.T. & Waldschmidt, T.J. The
Immune Response Modifiers Imiquimod and R-848 Are Potent Activators of B
Lymphocytes. Cellular Immunology 203, 55-65 (2000).

Yokogawa, M. et al. Epicutaneous Application of Toll-like Receptor 7 Agonists Leads

47



83.

84.

85.

86.

87.

88.

89.

90.

91.

to Systemic Autoimmunity in Wild-Type Mice: A New Model of Systemic Lupus
Erythematosus. Arthritis & Rheumatology 66, 694-706 (2014).

Bartee, E. & McFadden, G. Cytokine synergy: An underappreciated contributor to
innate anti-viral immunity. Cytokine 63, 237-240 (2013).

Huber, S. et al. Th17 Cells Express Interleukin-10 Receptor and Are Controlled by
Foxp3— and Foxp3+ Regulatory CD4+ T Cells in an Interleukin-10-Dependent
Manner. Immunity 34, 554-565 (2011).

Ask, K. et al. Progressive pulmonary fibrosis is mediated by TGF-f3 isoform 1 but not
TGF-B3. The International Journal of Biochemistry & Cell Biology 40, 484-495
(2008).

Shah, M., Foreman, D.M. & Ferguson, M.W. Neutralisation of TGF-beta 1 and
TGF-beta 2 or exogenous addition of TGF-beta 3 to cutaneous rat wounds reduces
scarring. J Cell Sci 108 ( Pt 3), 985-1002 (1995).

Yadav, H. et al. Protection from Obesity and Diabetes by Blockade of TGF-f3/Smad3
Signaling. Cell Metabolism 14, 67-79 (2011).

Hall, B.E. et al. Transforming Growth Factor-$3 (TGF-3) Knock-in Ameliorates
Inflammation Due to TGF-f31 Deficiency While Promoting Glucose Tolerance.
Journal of Biological Chemistry 288, 32074-32092 (2013).

Itoh, K. & Hirohata, S. The role of IL-10 in human B cell activation, proliferation, and
differentiation. J Immunol 154, 4341-50 (1995).

Rousset, F. et al. Interleukin 10 is a potent growth and differentiation factor for
activated human B lymphocytes. Proc Natl Acad Sci U S A 89, 1890-3 (1992).

Malisan, F. et al. Interleukin-10 induces immunoglobulin G isotype switch

48



92.

93.

94.

95.

96.

917.

98.

99.

100.

recombination in human CD40-activated naive B lymphocytes. J Exp Med 183,
937-47 (1996).

He, B., Qiao, X. & Cerutti, A. CpG DNA Induces IgG Class Switch DNA
Recombination by Activating Human B Cells through an Innate Pathway That
Requires TLR9 and Cooperates with IL-10. The Journal of Immunology 173,
4479-4491 (2004).

Pecanha, L.M., Snapper, C.M., Lees, A., Yamaguchi, H. & Mond, J.J. IL-10 inhibits T
cell-independent but not T cell-dependent responses in vitro. J Immunol 150, 3215-23
(1993).

Ishida, H. et al. Continuous administration of anti-interleukin 10 antibodies delays
onset of autoimmunity in NZB/W F1 mice. J Exp Med 179, 305-10 (1994).

Llorente, L. et al. Role of interleukin 10 in the B lymphocyte hyperactivity and
autoantibody production of human systemic lupus erythematosus. J Exp Med 181,
839-44 (1995).

Park, Y.B. et al. Elevated interleukin-10 levels correlated with disease activity in
systemic lupus erythematosus. Clin Exp Rheumatol 16, 283-8 (1998).

Moser, M. et al. IL-10 Gene Polymorphisms and Susceptibility to Systemic Lupus
Erythematosus: A Meta-Analysis. PLoS ONE 8, €69547 (2013).

Takeda, K. et al. Enhanced Th1 activity and development of chronic enterocolitis in
mice devoid of Stat3 in macrophages and neutrophils. Immunity 10, 39-49 (1999).
Nakashima, K. et al. Synergistic signaling in fetal brain by STAT3-Smadl complex
bridged by p300. Science 284, 479-82 (1999).

Kiyono, K. et al. Autophagy Is Activated by TGF- 3 and Potentiates TGF-[3-Mediated

49



101.

102.

103.

104.

105.

Growth Inhibition in Human Hepatocellular Carcinoma Cells. Cancer Research 69,
8844-8852 (2009).

Ding, Y. et al. Autophagy Regulates TGF-f Expression and Suppresses Kidney
Fibrosis Induced by Unilateral Ureteral Obstruction. Journal of the American Society
of Nephrology 25, 2835-2846 (2014).

Patel, A.S. et al. Autophagy in idiopathic pulmonary fibrosis. PLoS One 7, e41394
(2012).

Ni Cheallaigh, C., Keane, J., Lavelle, E.C., Hope, J.C. & Harris, J. Autophagy in the
immune response to tuberculosis: clinical perspectives. Clinical & Experimental
Immunology 164, 291-300 (2011).

Ferrari, M., Onuoha, S.C. & Pitzalis, C. Trojan horses and guided missiles: targeted
therapies in the war on arthritis. Nature Reviews Rheumatology 11, 328-337 (2015).
Galeazzi, M. et al. A phase IB clinical trial with Dekavil (F8-IL10), an
immunoregulatory 'armed antibody' for the treatment of rheumatoid arthritis, used in

combination wilh methotrexate. Isr Med Assoc J 16, 666 (2014).

50



a
S €
] B Nostm. 3 M algM
o mTGFp1 © B algM+TGF-B1
orrmreety e B TGF-B3 ety M QIgM+TGF-B3
CFSE —» CFSE ——
b 400
algM
= 300
TGF-B3 (-) TGF-B3 (+) =
2 2001
Time(min) 0 1 5 15 0 1 5 15 L
pSyk [ & = % 1001 H algM
Syk "= S a»ew 0 O algM+TGF-g3

Time (min)
C 19G IgA IgM
8007 = 12007 5T 2500,
— &
600 T 2,000 =*
T 800 1,500
S 4001 ;
= 400 - 1,000 1 B aCD40+IL-4
2001 ] 500 - [ aCDA40+IL-4+TGF-B1
0 04 0 [ aCD40+IL-4+TGF-B3
d 2000+ =
IL-4 = .
S 1600 -
(]
TGF-B3 (-) TGF-B3 (+) £ 1200
o
Time(min) 0 1 5 15 ,0 1 5 15 © 8001
pSTAT6 - e + » ey P W g 4004 W4
STATe ™ G ) 0 || o G &0 S, O IL-4+TGF-B3
0o 1 5 15
Time (min)

B 1 TGF-BiX olgM FIIEE X 0" aCD40 + IL-4 FKIZ & % B WA 458 & Ml 3~ 5

a) CFSE 44 L7 B Alfu A MEfIII & 7213 olgM HIlI T C TGF-p1 £ 721 TGF-$3 Z AN L 3 H [H5#E
L7c, 7TAAD'B220" T/ — R L7c b A N7 T AEfER LT,

b) 7 : B i@ % CpG-ODN il T 72 W[5 % TGF-B3 ZIRM L 16 KR L. T D% algM Z s
ML o,1,5,15 3% ICHIZ B L TR B AV 7o fBRE g 2 O C pSyk B L U Syk D vV =2 & 7|
v M EEfT L7z, A : pSyk & Syk OE|EGZ/R LT-, *p<0.05 (unpaired two-tailed Stutdet's t-test) ,

¢) B % aCD40 + IL-4 ¥4 TGF-B1 £ 721X TGF-B3 Z ¥R L 7 H ME# %A bz BiEF D 1gG,
IgA. IgM J2% % ELISA THlIE L7=, *p <0.05 (Bonferroni's multiple comparison test) ,

d) /¢ :BffifidZ CpG-ODN Hil#4C 72 BeHE5 28 % TGF-P3 Z IR L 16 RefilEE2E L, D% IL-4 Z iR
L0, 1,5, 15 532 T AlfR 2 [ L T 5 AL 7o MRy Rk 2 - C pSTAT6 35 KUY STAT6 DU = A &
7 vy hE#IT L7z, 45 :pSTAT6 & STAT6 DE|E %7~ L7z, *p < 0.05 (unpaired two-tailed Stutdet's t-test) ,

51



a
I =
3 W algh 3 [ QIR
© M algM+TGF-p1 © B LPS+TGF-p1
e ey M algM+TGF-83 D SR B LPS+TGF-B3
CFSE —— CFSE ——
b 19G
12,000 5000
4,000
= 8,000
£ 3,000
2
= 4,000 2,000 B TGF-pHL
1,000 O +TGF-B1
0 0 O +TGF-g3
acD40 LPS aCD40 LPS
+IC-4 L4
c B6 TRIFKO  MyD88 KO d
1gG
W algM 4000 7 =
B algM+TGF-B1
ey A mad SNNA A B algM+TGF-83 — 3,000 A
CFSE E
S 2,000 x
B6 TRIFKO  MyD88 KO =4 A . P
10007 m O LPS+TGF-1
m LPS 0 . . | O LPS+TGF-p3
W LPS+TGF-B1 ® & °
®
A o metrdirr B LPS+TGF-B3 S
CFSE

X 2 TGF-pix LPS K TICH1F 5 B MRS ML 2 dH k2w

a) CFSE 4:+ta L 72 B fifld 2 algM HIlE 7213 LPS Hil € TGF-B1 £ 721X TGF-p3 21 L 3 H [#k;
# L7z, TAAD'B220" T4/ — K L7z A N7 T A&HER LTz,

b) B #filda aCD40 + IL-4 H¥ % 7213 LPS i € TGF-B1 £721% TGF-B3 Z iR L 7 A HEE %15
Sz BiEH D 1gG, IgA #JE % ELISA TillliE L 7=, *p <0.05 (Bonferroni's multiple comparison test) ,
¢) CS57BL/6 (B6) ¥~ 7 A, TRIF / v 7 7 7 k (KO) ¥ A, MyD88 KO ~ 7 AH3k® B #ifd% CFSE
Yefn L, LPS IV FC TGF-B1 £721% TGF-3 # iRk L 3 HMHHE L7z, 7TAAD B220* T4/ — kL7t
A2 NI T LEtER LT,

d) B6~ 7 A TRIFKO~ 7 X MyD88 KO ~ 7 X >k B ffifid & LPS #li# T C TGF-p1 ¥ 721X TGF-B3
ZUWAML 7 BEEEREO LETO 1gG % ELISA THIE L7, *p < 005 (Bonferroni's multiple

comparison test) ,

52



a IL-10 (-) IL-10 (+) IL-10 () IL-10 (+)

g g
8 M clgM 3 M LPS
B algM+TGF-B1 M LPS+TGF-B1
VA S ey M algM+TGF-B3 v am—- B LPS+TGF-B3
CFSE CFSE —_—
b I9G IgA
*
* *
6,000 S 6,000 *
— 4,000+ = 4,000 1
£ £
=) =)
(= [=
= 2,000 = 2,000 |
(U
aCD40+IL-4 4 4+ 4+ + + + - - . o aCD40+IL-4 4 4+ 4+ + + +
LPS - - - . _ . o+ o+ o+ o+ o+ Lps . _ . _ _ . o+ o+ o+ o+ o+
IL-10 - + - - + + -+ - -+ o+ IL-10 - + - - + + -+ - -+ o+
TGFB1 - - + - + - - -+ -+ - TGF-B1 - - + - + - - -+ -+ -
TGF-B3 - - - + - + - - -+ -+ TGF-B3 - - - + - + - - - 4 -+
c d
Prdm1 IRF4
* *
201 & s+ s 307 & . e
j c 25 x
" ﬂ”#ﬂﬂ"v‘r‘.ﬂluﬂwl % 15 20
H No stim 2
: E%m 15
LPS+IL-10+TGF-p3 B 10
Z 5
— LPS+TGF-33 @ 5
‘ LPS 0 0
{ | LPS - + + + + LPS - + + + +
LPS+IL-10
IL10 - - *+ -+ L0 - -+ -+
- TGF-p3 - - - *+ * TGFp3 - - - + +
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a) CFSE %t L7= B % olgM #l¥ T CIL-10, TGF-B1 % 721X TGF-3 # RN L 3 HME;#E L=,
TAAD B220*CH/— h L7t B A N T AEER LTz,

b) B % aCD40 + IL-4 Hl¥# % 721X LPS HI¥ FC IL-10. TGF-B1 £ 71X TGF-p3 Z WML 7 H[HIEE
BRSO BIET D IgG, IgA = % ELISA THllE L 72, *p < 0.05 (Dunnett's multiple comparison test) .
¢) Bz LPS I F T L-10, TGF-p3 Z¥M L 3 H k3% D RNA-seq % NGS # F\ TITW, %
BER D7 T AL — Rt 21T > 7,

d) B ffifa%z LPS #l#4 F T IL-10, TGF-B3 Z¥siIL 3 HMEEEZ O B MidIZB T 2 5B 8E %

gRT-PCR IZ Tk L7z, *p <0.05 (Bonferroni's multiple comparison test)
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a) B flia% LPS #li% FC IL-10, TGF-B3 #¥RML 3 HMEHEZ O B Mk ) 2K a 7R %
gqRT-PCR |Z Tkt L7z, *p<0.05 (Bonferroni's multiple comparison test) ,

b) /& : GFP-LC3 Tg v v AWK B #ifid % LPS Hl¥ FCIL-10, TGF-B3 Z#¥hL 3 HfEKGE L.,
R = AU D GFP #OGHRE 2 MIE L7z, TAAD B220"C#— R L7mb A N T L &R LTZ, £

GFP ® mean fluorescence intensity (MFI) %7~ L7z, *p <0.05 (Bonferroni's multiple comparison test) ,
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gRT-PCR (2 Tk L7z, *p <0.05 (Bonferroni's multiple comparison test)
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a) BHfifldZ LPS # FC L-10, TGF-B3 Z¥M L 3 HFEEZ O B MIlIZI T D Cebpb D517
Bl% qRT-PCR (2T L7z, *p <0.05 (Bonferroni's multiple comparison test)

b) B #ila% LPS #li F T IL-10, TGF-B1 £ 721% TGF-3 ¥R L 7 HEREE#E LN BiEF O IL-6

IR % ELISA THIE L72, *p<0.05 (Dunnett's multiple comparison test) ,
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L7c, 7AAD'B220" T/ — R L7cb A N7 T AEfER LT,

b) B flif% R848 + algM Hl¥ T IL-10, TGF-B1 F721% TGF-3 # RN L 7 A MEEZS Dz B3k
D IgA, IgGl 2 % ELISA CHllliE L 72, *p <0.05 (Dunnett's multiple comparison test) ,

©)
d) 4 BB OMIEH ds-DNA HUAJEEE % ELISA [ CHIE L7, *p < 005 (Holm-Sidak's multiple

£ 2 FE R L—F ZAETF L~ 7 A pCAGGS-1110, pCAGGS-Tgfb3 % # 5- L 7=,

comparisons test) ,
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