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BEEHEMAERDSHAERBREMREE SR RXETHRRBROEHMARECET IREANE, FRIBEEFE2ELS

5y FETEFESHERIROEETRFIASCIIBTEESLEORN (DEREE : BgH—) |
RRE  REHE

[E&]

CEE. MINFaFASHE (LEF—F) OBFIZEY., EAMIO—URISHT 28R ENRENIZES
Liz, BICEEZE 0L ZEBILSESIERD—DTHIEBAIZH LT, LET—FAENTIEFRELESNS,
LAL, LE3r— FEENESELCERC, BELTLEAINBASEETARRICE ST IENLEET S,

R, RAGHEBICENT, BRMREAVEEEENBAICITOATEY.,. /00— Kt AENRES L
EZONTWLS, B TIE, BIREHMEEE >1-Phase I clinical trial AfThhTE Y. SEEIC
EARAEZTOE. BEMCIE B R E R L, MECEAREENAUEL-ERESh TS,

LALCOMXIZBEWNT, ETLEMICKBBIENTDITHEEShTWVED T,

[B84]

- Z ITHEAG. HEBEZRITAREEZL LT, HENRENDOAREICENTEEL KR TIEFEG B EeMa
(Adipose Drived-Stem Cel s, ADSCs) Z A WVTC . #ETBRAEANZICE VBHEBLEICHETRETH I N E.
BRETILEIMZRE > THEET LT

[fgmieaskerdmgic oL T]

RE, BEFESRICBVT, BE—oo0—uh o 2ARICHET SBHMRAREESATE Y., B, &5, B
B, D5, B, . ELRGEADMMEFEETS A MREEINREBEIN TS, RS MAaIL. F
IEpMREEICELTEELTRY. S olCEFEEOBSHEBRNICLZHEELTWS, BHFASIL. B
SNBIEIZLBBEEEENDEC, BE., BEROFEEE THONAIEHESIETIE. BEMNIZERZEINT
WA TH D, BHHEHHRICEN, EREZTS5BROMEBMNLHE. SSICHRESORE. &Fkics
Y1 BT 100 BREEBBEEIE I EATERE V- HEEEIGREBMENHDI EEDN TS Y. ISKH
KRB EHREXBRMRICRDIBEEEOMBIEL LTOBEDZEDTS, ZRIZE FOBAT
500cc BEDQRHNERTENE., TOHIC 1 EEREORHEERMBEAERINE I EABESATS
Y, BEICESREHEOREY. REESICKIBMROBRMEEE., MRRRIVOET(E L. MlanE
MEBELDET A LU EATRLGHBBERERTEDILDEEZIOND, X, BHITERSBMA ST
BLT, MBEEES LU/ LR EICEULEEEZBATHE Y., BEn-MasMH TH D5
HY. TOIGRABENENEEZEA DN TS, BE, BWEE. BBE. DHBEE. MEFHE. H$AEES
HEADERINBERTLEADDOHY . SROEENHEFIATHS,

R, BRI oA adipo U A FAA UBRBEINATWA I ENRESLTE Y., REICE FOIERS
HEBRMBICEOVTHEZ L OHFF BLUVEGF L EDEBERFNDFMBEINTND EDHRENR LN D I,
HGF ERE L DS TR EDHRELHY . HEF L 2T R M —L REA. LRMEREEEER. m
EHEREER. MEHLCERG EHEBEICH T AHESEHFIATWS, HEBEZEL-BERM
[CIERAERSERMIZEFATHCLICL > TCIDL S TIBERFABRBEOMEZICER L., MEHE L L UhE
BEICEETILDEEZOND,

[#3 & A&l

- Iy FOETEMZEERL. £IALEHBESRMAE (ADSC) Z7REEEL. &, M. B, LR~
FEETL. EMEEEZRAN.

« &[T, ADSC BEZEE M Growth factor (HGF, VEGF, TGF-8) ZHIE L. #EEE~DBE5 8T L 1,

- Sy D TNBS REBRETILEERL. Sy AL RBEEEELT- ADSC ZRIBHETIZEEL. in vivo
ICB T EHEBE~DESZHT=,

<BpHEHERO S BHERAE>

- Sy FORTERFEERL. 2375 F—CICTHRIABEEEZSELELD LR, XUy FEEBEEMICH
E. incubater T 24 BB E L, ¥H. FiEME% PBS THEILEREL., BENICHBF LG5
MBa DA % 80%confluence [ A ETIEE L1,

s Rz, —ERIEEL-(FEEMEE Fax L&A, 9907 7—C B L URMBRSRICHRENR
55 CD11b S LU DA DN ZHEDH oNf-, SO ITHMEFHBRCERTERSMRICRELTL
50090 L Eonfz, LML, MEREMEBICHKERT S 031 OFREIR LG o=, ThiE, BT
FFASEROE. £ FOBEREERY., Sy FOBE. UUNEEDEANHY ES LT 0T 7
—CEIUBMRROMBENEALTLES EEX DM,

1y ADEEICKY., BERFLUTIO 77— L HMBRRMBIZIEAITER L. CD45, CD11b IZpat
9 5H. &V fresh GHRZFERT H-0OI12EE 1 BRI O AT D454 % MACS beads IZ& UERE



EEMFWMARANEHAMEBRBARER MAMRELBESOEHANARECET 2HBRHE) TRISEEE 2EHRS
LThoREBRZERIR LT,

[t 1]
LSBT RS E MR, IR, B, LEASLHEL. SATMEEHAL,
(2 1]

CMEFEENTTOAWRR T, FER OB FHRGOMEATRRAICELGYES LS ITEEL TLV -,
c HRBRAMEFELLMETIER, Za—0UKROBEZHIEL. ZRAETNHBEN L FTRAEBREEZLTWSLS
HEEEZE LTV,

- EIANMEFE LR T, BdRICELloMBaE R L=,

s BASMEFEL-MBETIE. BAMBREOBREZBIEL., 7A—N\EOREELRL=.

s ERAGEFELLMBTE, 3-8 — MOAAZEFUMEBANEBEFELSET IV,

DELIT, MEFBELMBICH LT, REZE. 1 LR ELEEEERBLEBNEMR -,

CERBICOMEFEE LR ENSERELRELIZE A, DMEFEL LB CEIHEREICY—IIREaIh 8N
Ronht-,

- BERRICOMEFE L-HIBEZ 0il red 0RBLIZEZ A, FEBINZERR LN,

- BICHMEFEE LM E ALP 2B L7225, BEFHMBEOMBNELEEICEBIN, &5, Von kossa
BEETHEA, BNV DLDEENE LN,

» FPRICHEEE L -#Ild% Cytokeratine-18 TRELBLI-E T A, MEMNERESL =, E5IZ, FITC
TH2H#H L7z Cytokeratine-18 Z FACS ICTHIE L& 2 5. BEOREMNRLNT-,

P EOFERK Y., BRBRSRERE, BENICLRERGEENICELESLEEZEISIMBEESA T D4
ERHBEEZ LN,
45t 2]

- B SRR MRS = 1 BRISE L -BEZE %P0 Growth factor (HGF, VGEF, TGF-8) ZEIE L. HEBLE~DOH

BEZEE L,
R 2

- HGF, VGEF, TGF- 8 Z# ELISAEICTRIE L&A, KRED VEGF B LU HGF g s,

L EOERLY. BERMICHEVTOLEFECHEREEFRIIBERFADMBESNDTERENEZ DT,
(& 3]

Sy FD TNBS KIGREFIEIERL., M5y MASHBEEELT- ADSC ZXIBHETICEEL. in vivo
[CHITHHEBE~OBESEHR=,

- RERIL, 3 DD Group IR T THEE1To7=. Groupl (ZEEEIEKDAEEM. Group? IX TNBS 332 L 2
BEICPBS Z#/&iE. Group3 (X TNBS #;Xf5 L 2 HEICIERAHEE A ZREL. 3B L+ 10 HBICEmZ1T
2t BERI—FIIVEETCERYBEL, BERAICKVYEE LEESEHAICH L TEEQML,S 27 55—
DHERWNTA00u | OPBS & LS IEIER I RE MR E RE L= PBS B EERIZEXE L=,

[#E58 3]

- FEARETHLIN. BEOESCERIIEBHBERMEEEALEZETIE, BT, BEEBEORENR LA
NEEDEZHBEEFELSNATLVEL,

-BEDEEERIE. BHHRBEREFIALEZECHLNMNIESEBOMIMEONA, OV FO—ILELD
BICHLMEEEEZREDT -,

BRI, 3 PO LETHEELULOBEARTHBEEREZH I CEHOEEREENE SN, B
HEBMEZEZFIALLETE. — 8. HE~OREEMREENELNIN, HETBETOREIIYEE-
TWAEHOAKRET, MBFENLZRATY I %ToEl D, EEENR LN,

[ZE]

- SETHEERICK Y. BIFEESHRIESRMOBAME~N L ST HEREENTR S,

- B RE L & SHDBERFIMBMNIHS N, ZTOERAICEYRIEAEZRESEITRENEZ S
nd,

»in vivo IZB T, IEERBMEBIEREICL VEBEINBHEOEL2RET B/ EDH SN,

[SROBRERELEE]

- KES#ET O MPO EE B L U proinflammatory cytokines (TNFa, IL-18, IL-6) DBEIEEFTIFETH B,

- BHMLEEE AT S ADSCARERFTT. ED LS LHMBEASIET 2DH FISH (Y-chromosome) % FILNTH&EE
T3

- RBRMICEI O—VRICEITAHABANESCEAZETAEMICH LT, ECOMBAEZFAVTRABENIC
BYUR UARTREARIOEIZEEY.
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ERRERICL I REEBEEOFE (SHETEE - E &R |

RRE - ME B
[B& - ChETOEH1]

- BETRBEICRET AL S UBRAREROMBIIBEDRENEC OBV SIBANZRLABETHA
DEBEL. ERICBEICRET AL 53 LERRBEROMBEE characterize L=,

" EETIVABEICIERBREZRIT IL-10 /vy o7 I 9Z0 5 Db R D B AERIE LM 4125
L. toll-like receptor MAFHZT HEL. EETIZAMNSIERLIBED Db 4REIZY A FhHA v ER
HLUGWAR, -0/ v o7 P 2ADSER L= BREEZRMAIIE Tol 1-1ike receptor [ZHELTHA
bAAVEZRICEETDEVSI LRI TEL, IL-10 /979 bR 9RIZBIHFBESIZ1
Toll-like receptor I BIGEMNHDZ LITk > THEUBEENE-ADTHSLS5. — K. FETY
AREBVTIK, THOLEREEZECSIBV AN XLAHEITHAIE VNS T ERDA->TET -,

*ECT. BEICRETALSUMET. IL-10 2E4E T 5MEA—HE S L o =MlaI= 4 2 DA, ERaRLE
THZE Lz, BEMN S lamina proprial MR EER L. LPS & dH 3 LV medium TELNTHLM=121=.
IL-10 DELAZMEAZETRTHDE., REATENELTE IL-I0DEENEEWIESND, ES50
SIMBAEELTWSDONE _ERETIERERZT HE. OD11b, DIlc XEETH 1=, HBALLDE
HROVTLSN . REDEZA DS TOMBAMN S IL-10 AEEMICELESh TS S EMBMHHTET,

s TNTIE, IL-10 ZEET B0 microflora, MEEZNELONE SHEBERT E-HDICETHI-VE
W52 &T, germ free Y AM S lamina proprial MM EIREL IL-10 DELEEBE 2 L. SPF QEBET
THEOTVWAHTVRR, EREBMLLSICIL-10 ZEEMICEEL TSN, germ free ¥ X CIREEM
BMOTELBTWS, EZIPSHIEELTHLLCEELAL,

[F&8H 1]

- BEICELTIE Stat3 SR L B L BEERALRRICE > T, BERED M) H—EBLVTLES, -
TRER.EEEEENZAD-ODA N XLNEET BETT.ZOA N LDO—20MBE LT IL-10
EEENICEET DL SHMREAHETHD S, TLTIS LI=MIIEH<ETE nicroflora OEELD
ZT.microflora DEISADRFIZ L > T OHBEIEEMIZ IL-10 ZEET B LS LHBEICH > TEEE
HEMEZTWAETHAIEVNS T ERSMN->TETLNS,

SEITHRE, COBRRERMRAOZEZ ONICHBLTLZDA., ZLTEIMLES LS HMMBRERE
RIEYHBEHNTENTEEDTIS,
[ThZETOMEH 2]

M-10 /YO T RRIREERERIRDBEICRET 5L 5 L EARERIBLMBE CEAGFRENELE
HER. |KkBNS LW DAEERE N, TOMETE LR, |kBNS ZEEOBSICRET S LS HERE
ERESMBICITEEMICHKERE LTS, Toll-like receptor ORIET. HALBEEFARKEI LB A,
MyD88 & S IZ NF- kB IR FHEICEN CHEE SN T I BEFRELTEBIRMIC IOV EM T TNT R L
LTEBEREOHFICHEDL>TNEREWVWS T EADM-TETLNS,

= CT. TR, MyD88, E S ICEEERFL AL TNF-,kB ETAKBICLEH LT, HEBLEEFRE (early
inducible gene) &ELMEMETFHI (rate inducible gene) NHBE2DAENSDR—DODEREH &Y.
COEEDOFHEBBZHLMNIT BOICEET. 20 induction PRFLDA DX LEMBRENRE
YEBRZET-oT=,

CBEEFRBICEIOIFUBENEELC EARIEFND>TETND, & ZI1E. 7ATFUBEABENT
WA REGEFOEE CTREGFRRIIBOTELFEINS. —A. BL TV OTF U EE 5 -8EFE.
BEFREENBHOTEVNEVNS T EAPMN>TNT, D5 OTF UEEDIREEIL histone H3 D A4+ L—
IAURTEFL—=LavIIkoTEZE—FTBRIENTES,

=% CT. early inducible & rate inducible @Y OTF UEEDRTF—2 REBTHI-,

- £ early inducible gene (NIP2 X KC R EDT EHA VEIETF) D histone HBDAF L— 3 U DIKEE
ZRTHDE. histone H3 TFFATL TEBITAFL—23 052 TOS, SSIZWDS8 / wH 7™ |
RVA, CNEREBGEFRENELRDIDITTHIMN, HEZBEFEENBENCOTIRIZEBINTE S
MyD88 BIZFDTOE—~F —[EBIZAFL— 3 0 EZIF TS,

« RIZ. rate inducible gene (k&3 ME VS &, histone HB DA FL— 3 Uik, FIEBIZIZS CEL, 7
DELPSORBIC L >TI0O RIS AFL—2a DRI TL B, — A . WD88 / voT7ry FT X TIE
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AFL—2arhel{EEINTIAL,
EX=L) ‘

- TLR DFHIZHE INTL BEEF. BIT NF-«B (REMDEEZFICIL. early inducible gene & rate
inducible gene A& B, early inducible gene DT OE—42—DEBEEICIE, 7 OTF UEENBICEHLT
WT. W\ DT4 ongoing ZRRE T, REAA S LT CIZBEFAFEESINTL b, —A. rate inducible gene
ZE24. 7T FUBENBLTVT, ZZIZTIROFMBLAAD L., IHTYORFUBEN LT, KA
BESERFENTIELATELLIICHYBEFRERELIFEINTL 5,

- early inducible gene & rate inducible gene Z R~ TH 5 &, early inducible gene & TNF & A IL-1.
FfE. SMREICEHL LI BEGEFAZCEETNATILNS, —A. rate inducible gene &, IL-6, IL-12
EVWS-EMREICEHDLABEFNMMEDOTELEENT IS, BI5, rate inducible gene MFEIRZERY
127095 TES I kBNSHAWNMIMD T 7V 4 —%SLHICART A LITK>TEBEREZNA S KL 574,
HREA DAL D 2 TL ZDTIEBELDNEEZ TS,

- E£1preliminary THAHM., | KBNS (Z, —ERW =/ O0XF U ZBLA I LIC& > TEBEFHREREEZ IOV
LTWBTHAIEVWSZENGMhH>TETWS,

[BE]

&gt Statd DEBEFEREOELZHET AIBBEEONCTEILLELIT. 2 ERTD MY H—IE IL-10
EEMBICHDENFRIND, - TCIOHBZEREL. EATHILIT&> T, REEEDFEZT
ZAENFEENDZOT., SEXIL-I0EEHBEOREICEEh > TWEL,
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MIF ( macrophage migration inhibitory factor ) OHEIC L ZRELBESOG LVAEEOES
(SETIRE : BEBTFE)
REE  KNIFERSE

[T o7 7—28ERERF - NIFI2D0VT]

- 1966 £, FHEE T UL RBEINTIAT7—ONS A LICEET A EEMEIL. BESHREA
ROOQID7—UEERBSEDIVURAA U ELTHOTERREN-,

- 1989 s, DNA NV O—=2F3h, BRAGHBECHES TORBEARHEIN, TH-RLE - HOREER
BOREMBERICBTAREDRZICHEINT . BITHA M A VEEFTEZZILOREORE - 18F
[CHRCEET SN >TNVS,

» TEGEEERECH TS MF BFE S Human/animal TEATULD,

[BEA]

- SETOMNF ZEMCLEABRGRAIRAEREZEOHENEDSNTNS, LALEALEREEBEANILZRE L
E MeREICHRT AR L EHE4ACREL H D, £-. REREINERICAVLDOATWAREERDAE
RN, MAEEEOREN. EENEHELENU LA >TETS,

- MBREEEZEDRYA b A4 VREICBVTE, EOENEECEVWI LERMOIETHE M., Z0#
i, HEAEELERIC OV TOLORE NS S,

=>FH2l%, BOHRAZHESEDIIEICE-2TIS LEMELZERL, BEMD. BEICEURITOALZL
MEE LTz, (BEEIRYIIRERE)

< ZEIRAREE L EEEIMIR R >

ZERARE REBN AL IR
FriiE B =1
mkER AJHEMER BESEUN
i 51 ELy (DNA)

CBEEIRELEEAIE. FTI9FUNELBVENRENED, YA b A VB EEZED-IDIZOLTEHERE
FHRETHICIEREREDT I FUOTIIREREOBBET.EMEMEF LA ELEBL. ThTE =7 (DNA
DOF) EE—F Y FETAHIREICMADAILIZE ST, SYREEINELT, BEEHALZSETEL0N
TIEREVNEEZEZEEREZEDT-,

[MIFIcBITHThIF b—TDBE]
MIF D 2BEDOIL—TESIZ Tetanus toxin P30 : TTX (ThZE b—7) ZHAALET. MFERLZSEE
T35 "
LI IZEAT=,

R EHELELT, BEE. BERENVE(ED LELAGHMATEHLN TLVS in vivo electroporation

(25ugx2 #EAT 1 ERE) OT—42FRTTHD
[#E£]

R MFREEEEEMICREZESA, MF/TIXCTIXERLT2EBRKVELVWERZEO-, —H. BEb
MIF £220 becter Tld& < BEEREQMAPTHO LFZEDHEMN o1,

LEDHERKY., LFECEHCHhBKRZFECELERBETE DT, DSSEXTMFHEEREH L=,

=DSS BRI T HREDHER., oV FO—ILEICHR, BEOEHBEFHTE. DAl LEEZEEICHFIL.,
MEEMNICLBEROIMBZERS I ENTE, X, KBEBCHITHARLAFIF—EFEOLRAFEIC
ElEnt=,

[£& 8]

SH, BANHEAEMNF ThIEC—TDNATIFUIZ&Y, ERKXBRAFEICHH ST,

cDOFUBBICLIEERAGENMBEIXR MO ORBERICE T S2EFMBEZ AR L 5 S TEEMEACREE
SNtz

[ DEE] :

- Established colitis ETITDREE LTORE. MMNF BECRAEEA DX LOFERLZAER, S5(1C

BEEEEHE FTCORBOTY A U OHGEMBEDY YT THS,
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BEERERICHY SMMAARRE - FEE T HEBAREZORR
CliniMACS L R FLAZRW=FIEE T HRORENABSEEORS (R EERE : PHAE)

RRE  PHME

[FE]

- £ ORI CDA'CD25M e a4 T #ARA IS A SEEE (< S IS & Bl 9 B H1401E THIRE (regulatory Tcel 1 : Treg)

T, IBDZEOERBODBEBR~OLANGEFEINS, X, BREERTF FOXP3 ZHENICHRRT S L5
nTuLd,

EEERBRX UC) I H2MERMAKRERETIE., RBREFHEET S effecter HIBBIZMA T, Treg £ E
BIZBRESATVADTIERLMNEER, effecter HMIBEZEREL. Treg ZHRRICETAEEZHETER
LWHEHRREZEDTS,

(MR ERE - IS T MR ARE]

< UC I T AMEBRE A IRERZE BOAHE) ZHTL. BESA-BOLEBRLIYBEE—XZALT Treg &
PEEL. BEANBAT S,

SEDLHLD Treg ZBATNIELVLDNEVSHBLAHANDT, REICHLERFZEICIEK invitro TOKRE
BELVWSIA T a B RERMICIEBENEEFTZA TS,

- BRERICARTIBER T L— FCOBRENMIBSBEENBRELE->TL 5%,

=FZTHLIX, ChiniMACS Cell Selection System ZFIFE L 7=,

[ChiniMACS Cell Selection System [ZDULVT]

- Miltenyi Biotec #MERRICHEZ BN E Lzl XA 74T, FEERATEEMICKEDHMBESBEA

BIEET. CD34AFMRE BELETERICI—OyNTHREICAVWONTWNWSEENH S,
[ChiniMACS Cell Selection System FFL i= Treg M4 ik]

- UC Izt ZMEBRA A FrEREZE GREDLDHEER) HRVL-EMMNS. ChiniMACS CD8 reagent. ChiniMACS CD19
reagent ZF L T CD8*#HRE, CDIO'BHIREZRRET ., TDH. Bo=#iEM 5. ChiniMACS CD25 reagent %
FALNT., (CD4Y) CD25' T #HRED S ZE1T 5,

SINET. IBDEBEBTLEHDAHERERZIT IO TRET 5,

[E&]

« C1iniMACS ZFAL\/= CD8*#ERE. B MifBDIRE

=>508%. BRELTO DS HAE. BHMEAKRESNI,

« CliniMACS ZFHL /= Treg M4 B (CD4*CD25Me" FOXP3*Treg)

= - S BEBITO CDATCD25MeN AR I. U THo1=DIZx L. CD25 (T enrich LT=HBETIL 65. 5% L FERICRIEBEINT=,

LAL. D25 #BUBRW-BYDSBTIXREMBIZE->TE LY. #>T. CD25IZ enrich L=9B®D
HIZHEYPBLICBHEATETWVWSEER S,
- FOXP3*ARBI= D NT I, DBEFTA 2. 84 TH > 1=DIZxF L. CD25 [ enrich L= B TIL 49% & ShEE &k  BE
SNTHY., D25 ZHMYRW-ZRYDAHTIEFREMBIZIZ> TWLWEM o=,
A BIOSBERTRIZE TS CDACD25" " M DB S & HEEE
1EH 2 8l 3EE 4B Average
Total cell 1.8x10°

SBERT | CD25hien 3.1% 1.0% 1. 1% 3. 3% 2.1%
=4 5.8x10’
Total cell | 5.5x10’

4Btk | CD25hie 52. 6% 39. 2% 51.9% 65. 5% 52. 3%
=& 2.9x107

EES 49, 35 76.8% | 76.5% | 48.8% | 62.9%

4 BOSBERTERICHITS FOXPIHARADES
1EE 2B 3[EHE 4 [EH Average

SyBERT | FOXP3” 0.42% 0.71% 0. 64% 2. 83% 1. 15%
SBER | FOXP3” 79. 3% 40. 4% 45. 1% 49. 0% 53. 5%

— 100 —



BEMFHABRENEHAMESREFESE HAMRXETEESOERANAREICET SBRMR] TFTRIBEEF2ERS

< SBELT- Treg OMEERIEEMT

=<1[EEB>
CO4 R DRI B DIBIEE 100%& 95 &, Treg DBFEILFEEICEIMEIZHE>TNVS, hld. FlEIzs
FATEEM (hypo responsiveness) &ULVS Treg DIFEZERL TVD, X, (D4*E Treg B L oalESE
5L MBEEEASIFI I TH Y., suppresser SEHEZRDHT=,

<2[EBE>
Treg @ hypo responsiveness ZRHF . X, CD4* & Treg MEDERIERIC L > TEHLMABEBEOHIS £ 32D

Moz, THIXBZELHL. Treg DEIEHEN - EMNEBRLTNREEZ TS,
<3EE>
Treg @ hypo responsiveness ZFAH., X, BETFBE N ->THDD (D4 & Treg ME DIRBEE(Z & S HHIETE
LBHLNT=,
<4[EH>
Treg @ hypo responsiveness Zi2&. CD4* & Treg TEDIREREIC L A HIERE L AD ST -,
[F&H] ‘
» CliniMACS X FLZRAWT, U0 EFDMERKSBREEREZEYMN S 4 BOHBERERZ TV, CD4°CD25Nen
FOXP3*Treg NEEMICKESBERIEETH 1=,
< APIh 3BT, SEELT- Treg MRER|THEES in vitro suppression assay THEETET-,
[BR - EBE]
« 1 BITHBEL7T- treg O suppressor HEEZ in vitro THETELAM -=DIL. Treg DEIENEMHT=1=6
EEZOND, 5. EHZEML. BET S,
- 3—0y/3T CliniMACS THBE STz Treg O GVHD BEA~DBABEOBRKRABRIAETHR T, U IZxT 3
Treg BARKICET HEEICOVTERET 5,
- CliniMACS M ZE D CE 325
CD19 beads: ERigF
CD8 beads:EUig#&
CD25 beads:2007 £7 A~9 RICHEFE
- D25 beads @ CE FRFIZICMEREE D RERE - HlEMYE T HIRABARZIOBREABRZ U XEHEZSES~BF
FE

— 101 —



EENFEMRBHANESHANRERBHRSRE THAMRERSEZOEMNAREICE T IBENE] TR ISEESE 2ELER

RYRABTA/O0ATELZRWERTOA FEAD TRILICK HEEBEERERBXAROBERRER
(SGHEBIRE : EiEN—)
RBR WTRE

[&&]
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Background & Aims: Thioredoxin-1 (TRX) is a small mul-
tifunctional protein with antioxidative and redox-regulating
functions. In chis study, we investigated the significance of TRX
in patients with inflammarory bowel disease (IBD) and the
ability and mechanism to ameliorate experimental colitis.

Methods: Serum TRX and macrophage migration inhibitory
factor (MIF) levels were measured in patiencts with IBD. The
effects of TRX were evaluated in a dextran sulfare sodium
(DSS)-induced colitis model by comparing TRX-overexpressing
transgenic (TRX-TG) and control mice. We further evaluated
the effect of recombinant human TRX (thTRX) admuinistration
on DSS-induced colitis and colonic inflammation of interleu-
kin (IL)-10 knockout (IL-10 KO) mice. Colonic inflammation
was examined clinically and histologically. Proinflammarcory
cyrokine levels were examined in colonic tissues, and MIF levels
were measured in colonic tissues and sera in mice. The effect of
TRX on MIF production was also analyzed in vitro. Results:
Serum TRX and MIF levels were significantly higher in patients
with IBD than normal controls, and TRX levels correlated with
disease activity. TRX significantly ameliorated DSS-induced co-
litis and colonic inflammation of IL-10 KO mice. Increase of
tumor necrosis factor-a and interferon-vy in colonic tissues was
significantly suppressed in TRX-TG mice compared wich wild-
type mice. MIF levels in colonic tissues and sera were signifi-
cantly lower in TRX-TG mice than in wild-type mice, irrespec-
tive of DSS administration. Anti-TRX treatment exacerbated
DSS-induced colitis. In vitro studies demonstrated that rhTRX
suppressed MIF production in human monocyte cells.
Conclusions: TRX might have a potential as a novel thera-
peutic agent for the treatment of IBD.

inﬂammamry bowel diseases (IBD), such as ulcerative colitis
(UC) and Crohn’s disease (CD), are serious disorders. Al-
though several intrinsic factors such as deregulated immune
responses, and environmental factors such as food, are sug-
gested to be involved, an integrated concept explaining the
pathogenesis of IBD has yet to be proposed. Nevertheless, it is
strongly suggested that mediators of immunoregulation and
inflammation are involved in the pathogenesis.! In particular,
recent studies have focused on proinflammarory cytokines such
as tumor necrosis factor (TNF)-a and macrophage migration
inhibitory factor (MIF), both of which have been investigated as
target molecules for novel therapies.?-5

Oxidative stress caused by reactive oxygen species (ROS) is
believed to be an important factor involved in the onset, as well
as the development of intestinal inflammation. Indeed, exces-
sive production of ROS directly leads to severe cell damage and
ultimately to apoptosis and necrosis.® ROS-induced oxidative
stress®” and the resultant apoprortic cells in the epithelium are
increased in the inflamed mucosa of IBD patients.#-1¢ Thus,
scavenging ROS is considered to be critical for regulating in-
testinal inflammation.

Thioredoxin-1 (TRX), originally cloned as a soluble factor
named adult T-cell lenkemia-derived factor,'! is one of the most
important molecules controlling the redox regulation system
and contains a redox-active disulfide/dithiol within the con-
served active site sequence Cys32-Gly-Pro-Cys*. TRX has a
pivoral role in scavenging ROS with peroxiredoxins and thus
prevents apoptosis of various cells, such as lymphocytes,
monocytes, and epithelial cells, by inhibiting apoptosis sig-
nal-regulating kinase 1.!2 Moreover, intracellular TRX regu-
lates DNA binding of several transcription factors including
P53, nuclear factor-«B, and activator protein-1.'3 In addi-
tion, circulating TRX inhibits neutrophil infiltration into the
sites of inflammation in an air pouch model."!* These
results suggest that TRX has important roles, not only as an
antioxidant and antiapoptotic molecule, but also as an anti-
inflammatory molecule.

Serum TRX levels are elevated in several diseases such as
human immunodeficiency virus infection,!s hepatitis C virus
infection,'®'” and rheumatoid arthritis.’® Although these
findings suggest that TRX can be a good marker for oxidative
stress in various diseases, the reason for the increased TRX
levels in such diseases is poorly underscood. However, over-
expression of human TRX (hTRX) in transgenic (TRX-TG)
mice induced resistance to harmful conditions including
thioacetamide- or lipopolysaccharide (LPS)-induced acute

Abbreviations used in this paper: CD, Crohn's disease; CDAI, Crohn's
Disease Activity Index; DSS, dextran sulfate sodium; EDTA, ethylenedi-
amine-N,N,N’,N'-tetraacetic acid; LPS, lipopolysaccharide; MIF, macro-
phage migration inhibitory factor; ROS, reactive oxygen species; TBS,
Tris-buffered saline; TG, transgenic; TNF, tumor necrosis factor; TRX,
thioredoxin; UC, ulcerative colitis; UCDAI, Ulcerative Colitis Disease
Activity Index; WT, wild-type.
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Figure 1. Experimental design for experimental colitis in mice. {4) Experiments with TRX-TG mice; 3% (wit/vol) DSS was administered to WT mice
and TRX-TG mice from day 0 to day 7. Mice were killed on day 7. (B) Experiments with WT mice. (a) Prophylactic protocol using rhTRX. Three percent
DSS (wt/vol) was administered to WT mice from day 0 to day 5 followed by a return to normat water. rhTRX {5 mg/kg) or vehicle was administered
by intraperitoneal injection from day 1 1o day 9 (arrows), and mice were killed on day 10. {b) Therapeutic protocol using rhTRX, Three percent DSS
was administered to WT mice from day 0 1o day 5 followed by areturn to normal water. rhTRX (5 mg/kg) or vehicle was administered by intraperitoneal
injection from day 3 to day 9 {arrows), and mice were killed on day 10. {c) Protocol using antimouse TRX serum. Three percent DSS was administered
to WT mice from day O to day 5 followed by a retumn to normal water. Antimouse TRX antiserum or normal rabbit serum (100 ul/body} was
administered by intraperitoneal injection on days G, 1, and 3 (arrows). (C) Experiment with IL-10 KO mice. Daily 5 mg/kg of rhTRX or PBS alone was
administered intraperitoneally to IL-10 KO mice at 6 weeks of age. Fourteen days after beginning treatment, rhTRX or PBS alone treated mice were

killed for histologic analysis of colonic tissue.

hepariris,!® adriamycin-induced cardioroxicity,?® and proin-
flammatory cytokine- or bleomycin-induced lung injury.®!
Moreover, administration of recombinant hTRX (rhTRX)
prevented ischemic lung injury,?? cerebral infarction,?® and
myosin-induced myocarditis?* in animal models. These find-
ings suggest that TRX has protective effects on various
diseases, possibly by its antioxidative and anti-inflammatory
actions. Little is known, however, about the role of TRX in
colonic inflammation.

Therefore, the present study sought to elucidate the role
of TRX in the pathophysiology of IBD. For this purpose, we
first investigated the serum levels of TRX in patients with
IBD. Next, we examined the effects of endogenous and ex-
ogenous TRX on DSS-induced coliris in TRX-TG and wild-
type (WT) mice. Furthermore, we investigated the effect of
TRX on chronic colonic inflammation in interleukin (IL)-10
knockout (IL-10 KO) mice. Finally, we investigated the ef-
fects of TRX on MIF production in virro. In addition to the
‘antioxidative and anti-inflammatory actions previously re-

ported, the present study suggests that TRX exerts a protec-
tive effect on experimental colitis, at least in part through
the suppression of MIF production.

Materials and Methods

Serum Samples

Serum samples were obrained from 10 patients (7 men,
3 women) with active CD, 11 (8 men, 3 women) with inactive
CD, 11 (9 men, 2 women) with active UC, 12 (7 men, 5 women)
with inactive UC, 11 (7 men, 4 women) with active ischemic
colitis, and 10 (6 men, 4 women) with colon adenoma (as
normal controls). All samples were centrifuged within 1 hour of
collection, and sera were frozen at —80°C until the assays were
performed. To determine disease activity, the Crohn’s Disease
Activity Index (CDAI)? was used for patients with CD and the
Ulcerative Colitis Disease Activity Index (UCDAI)?s for patients
with UC. Informed consent was obtained from each patient,
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Table 1. Scoring System for Bloody Stool

Score Description

0 Normal to semisolid stool, no blood

1 Normal to semisolid stool, blood-tinged

2 Semisolid to fluid stool with definite evidence of blood
3 Bloody fluid

and the experimental designs of these studies were approved by
the Kyotro University Hospiral Ethics Committee.

Animals

Female C57BL/6 (WT) mice (9-11 weeks of age; weigh-
ing 20-22 g) were obtained from CLEA Japan (Shizuoka, Ja-
pan). The generation and maintenance of TRX-TG mice was
described previously.2” hTRX ¢cDNA was inserted between the
B-actin promoter and the B-actin terminator. There were no
differences in the expression of Mn-superoxide dismutase,
CuZn-superoxide dismutase, and glutathione peroxidase be-
tween WT and TRX-TG mice, analyzed by immunohistochem-
istry and Western blotting (data not shown). The presence of
the TRX transgene was confirmed by reverse transcription-
polymerase chain reaction analysis.

C57BL/6-1L-10 KO mice (aged 4-6 weeks) were obtained
from the Jackson Laboratory (Bar Harbor, ME). All mice were
maintained under specific pathogen-free conditions and had
free access to commercial food and water. Among them, IL-10
KO mice were transferred from specific pathogen-free to con-
ventional housing conditions at 6 weeks of age because they
spontaneously develop colitis in our conventional housing con-
ditions by 8 weeks of age. All animal experiments were per-
formed in accordance with our institutional guidelines, and the
Review Board of Kyoto University granted ethical permission
for this study.

Experimental Design of DSS-Induced Colitis
with TRX-TG Mice

DSS (molecular weight, 36,000-50,000) was purchased
from ICN Pharmaceuticals Inc. (Costa Mesa, CA). Adult
sex-matched WT mice (control group: n = 10) and TRX-TG
mice (TG group: n = 10) were given 3% (wt/vol) DSS in
their drinking water for 7 days, and percentage weight changes
were recorded throughout DSS administration (Figure 14).
Percentage weight change for each mouse was calculated
as follows: percentage weight change =[(weight at specific day
(dayOtoday?7) — weighton day 0)/weight on day 0] X 100.
Mice were killed under ether anesthesia on day 7.

Experimental Design of DSS-Induced Colitis
with WT Mice

To investigate the effects of TRX on colonic inflamma-
tion, we designed 3 protocols using the DSS-induced acute
colitis model. In these protocols, WT mice were fed 3% (wt/vol)
DSS in their drinking water from day 0 to day 5, followed by a
return to normal warer, and were killed on day 10.

Prophylactic protocol using rhTRX. Five mg/kg of
thTRX (kindly supplied by Ajinomoto Co. Ltd, Kawasaki, Ja-
pan) dissolved in 100 uL of phosphate-buffered saline (PBS) or
100 pL of PBS alone was administered intraperitoneally from
day 1 to day 9 (Figure 1B, , each group: n = 10).

GASTROENTEROLOGY Vol. 131, No. 4

Therapeutic protocol using rhTRX. Five mg/kg of
thTRX or PBS alone was administered intraperitoneally from
day 3 to day 9 (Figure 1B, b, each group: n = 10).

Protocol using anti-TRX antiserum. One hundred
microliters of rabbit antimouse TRX antiserum or normal rab-
bit serum (DAKO Corp. Carpinteria, CA) was administered
intraperitoneally on days 0, 1, and 3 (Figure 1B, ¢, each group:
n = §5).2¢ The insulin disulfide reduction assay was performed
to confirm that the anti-TRX antiserum effecrively neutralized
TRX reducing activity (data not shown).

In these studies, percentage weight change was recorded
throughour the period. Mice were killed under ether anesthesia,
and the colons were removed and processed for pathologic
studies as described later.

Experimental Design on IL-10 KO Mjce

Five milligrams/kilogram per day of thTRX or PBS
alone was administered intraperitoneally to IL-10 KO mice at 6
weeks of age. Fourteen days after the start of treatment, thTRX-
or PBS-treated mice were killed for histologic analysis of colonic
tissue (Figure 1C).

Assessment of DSS-induced Colitis

The entire colon was dissected out, and the length was
recorded. In TRX-TG mice, blood content in the stool was
scored using previously described criteria (Table 1).28 For his-
topathologic examination, 3 distal colonic regions spaced ap-
proximately 1.5 cm apart were collected into 10% neutral-buff-
ered formalin, processed for paraffin embedding, sectioned (4
pm), and stained with H&E. Inflammation and crypt damage
were assessed using a validated scoring scheme as described
previously (Table 2),2Y and the means of the scores of each
region were determined. The scores were determined in a
blinded manner by 2 examiners.

Assessment of Chronic Colitis in IL-10 KO
Mice

Mice were monitored for clinical signs of colitis, includ-
ing diarrhea and weight loss. At necropsy, samples of the colon

Table 2. Histologic Scoring System for DSS-induced Colitis

Feature scored Score Description

None

Mild

Moderate

Severe

None

Mucosa )

Mucosa and submucosa

Transmural

None

Basal 1/3 damaged

Basal 2/3 damaged

Crypts lost: surface epithelium
present

Cryps and surface epithelium
lost

0%

1%-25%

26%50%

51%-75%

75%-100%

Inflammation severity

Inflammation extent

Crypt damage

WNPRPOCWNRPROWNRO

E-N

Percentage
involvement

AWNRLO
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Figure 2. Serum levels of TRX and MIF in patients with IBD. Serum samples were obtained from patients with active CD (n = 10), inactive CD
{n = 11), active UC (n = 11), inactive UC {n = 12), active ischemic colitis (n = 11), and colon adenoma {n = 10, as normal controls). (A) Serum levels
of TRX. (B) Correlation between serum TRX levels and CDAl in patients with active CD. (C) Correlation between serum TRX levels and UCDA! in
patients with active UC. (D) Serum levels of MIF. (£) Correlation between serum TRX and MIF levels in patients with active CD. (F) Correlation between
serum TRX and MIF levels in patients with active UC, Resulits are expressed as means *+ SE. ’S{atistica!ly significant compared with normal controls

(P < .05). NS, not significant.

(transverse, distal, and proximal) and the rectum were collected
and histopathologically examined as described previously. For
each section, inflammation (macrophage, lymphocyte, and neu-
trophil infiltration in the lamina propria or submucosa) was
scored for severity according to the following criteria: normal, 0;
minimal, 1; mild, 2; moderate, 3; marked, 4; and severe, 5. Gland
loss and epithelial hyperplasia were scored by percentage of area
involved: none, 0; 1, 1%-10% of the mucosa affected; 2, 11%-25%
affected; 3, 26%-50% affected; 4, 51%-75% affected; and 3, 76%-
100% affected. The summed scores for inflammartion (lamina
propria or submucosa), gland loss, and gland hyperplasia were
then determined for each animal. For each section, mucosal
thickness was quantitated by measuring the distance from the
muscularis mucosa to the internal epithelial border in a non-
tangential area showing the most representative change in se-
verity. Selected sections were scored by a second person, with
excellent agreement.

Colon Fragment Culture

Fragment culture of distal colon segments was per-
formed following published methods.3? Briefly, colon segments
were washed in PBS containing 100 pg/mL streptomycin
(Sigma Chemical Co,, St. Louis, MO) and 100 pg/mL penicillin
(Sigma Chémical Co.) and then kept in cold serum-free media
(RPMI-1640 medium [Gibco BRL, Eggenstein, Germany] with

streptomycin and penicillin). After the dry weight was mea-
sured, the organs were cut into small pieces in a Petri dish
containing fresh media, and 100 mg of tissue fragments were
incubated ar 37°C in 1 mL fresh media for 18 hours. Culture
supernatants were collected and stored at —80°C and assayed
for TNF-a, interferon (IFN)-y, and MIF secretion by enzyme-
linked immunosorbent assay (ELISA).

Cell Culture

The human monocytic leukemia cell line THP-13! was
obtained from the RIKEN Bioresource Center (No. RCB1189;
Tsukuba, Japan) and maintained at 37°C and 5% CO, in RPMI-
1640 medium supplemented with 10% heat-inactivated fetal
bovine serum, 100 pug/mL strepromycin, 100 pug/mL penicillin,
and 2 mmol/L glutamine (RPMI complete medium). Cells were
cultured in 12-well plates (1 X 106 cells/well) in the presence of
16 nmol/L of phorbol-12-myristatel13-acetate (Sigma Chemical
Co.) for 12 hours, washed twice with PBS, and incubated with
RPMI complete medium in the presence or absence of rthTRX
(0.01-1 nmol/L) for an additional 24 hours. Cells were then
washed twice with PBS and harvested 12 hours after stimula-
tion with 1 pg/mL of Escherichia coli O55:B5 LPS (Sigma Chem-
ical Co.) and 10 ng/mL of IFN-y (Strathmann Biotec AG,
Hamburg, Germany) in RPMI complete medium.
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Figure 3. Overexpression of hTRX ameliorated clinical signs and histopathologic features in DSS colitis model. (A) Serial changes of percentage
body weight during DSS administration in WT (open circle) and TRX-TG mice (solid circle). (B) Colon length and bloody stool score at day 7. (C)
Representative distal colon sections stained with H&E. (a) WT mouse, (b) TRX-TG mouse, (¢) DSS-treated (7 days) WT (WT-DSS) mouse, and (d)
DSS-treated (7 days) TRX-TG (TG-DSS) mouse. (D) Histologic scores showing inflammation severity, inflammation extent, crypt damage, and total
colitis. Scores reflect evaluation of 2 segments of distal colon for each animal (n = 10, in each group). Results are expressed as means = SE. P <
.05 and **P < .01 between WT-DSS and TG-DSS. NS, not significant.
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Figure 4. Overexpression of human TRX reduced the DSS-induced production of TNF-q, IFN-+y, and MIF in the distal colon. {A) TNF-g, (B) IFN-v,
and (C) MIF production in the supernatants of cultured colon strips of wild-type (WT) mice, TRX-TG (TG) mice, DSS-treated WT (WT-DSS) mice, and

DSS-treated TRX-TG (TG-DSS) mice (n = 8, in each group). Results are expressed as means * SE. *P < .05 and **P < .01 between WT-DSS and
TG-DSS mice. ***P < .01 between WT and TG mice. NS, not significant.
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