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HGF $& U HGFBEFABEETEAIEORR (DHETRE : HkEgs) |
[Ea]

cBAOT N —TIEREEBERBICRT O LUVABREIEE LT, ERk0OBREBMTHD THRERZE] 12,
LWVABRERCHD IDEBERE 2MASTLEEZ TS, F2C, BERFOBRTEHIITRELE LAY
HTRRENT- HGF #BKRIGCATE LRI RE T >TE =,

s WOICHAT-DIE HGF EEFERENCHTELROMERANS=HIZ, HGF Bin+ % 4 —% Hydrodynamics
SEIZT DSS YORBRETIOFEIZEALLZES S, HABRICENEROBENBOON=EOD,
DOFTEEE FZIERAT A I ENRMEEZ S,

- Fl-. HGF OISR WEDNROMFIZODNWTRELEEZ A, BEFABRBICB VT BrdU BHEMAOEMMAR
Hont=C e, BELEOSRFREL TWAIEREZLN, TR F—RMEIR, HREDHR
PEH LN,

s . AMGO001-HGF B+ 75X 2 F-ldRMMmMmEEE (IEMHRAEMBIIREIE - E LA —H) 1S3 L.
BEICEGRBERM BRI SN TNV S,

[BGFBEFTSRE FERAVRRAEERESR (UC,CD) OREBEFREBEMEOTEER]
c FEERIFE D - DFEE
1 WREBORER . BHEMEXGR, 70—20F
2. HGF B{EF : AMG-0001 Ots5
3. BB BIIRE or 5-ASA DB, 2815 or BFIRS
4, RERETE
5. BREERKR BRI R A
RS - R  BIWERICL SR
1. BFRREIZL 2 HGF EETFEA - DIRHBEEFRFT
2. BIEOBRMEHESR

(o, B, RESETHIRE

(DSSBHETFNICHT IRNEHE T COMETIEA]
53 HECERK. BER. RASEMA. BRI LHEBEROWMENEDO SN
+39%DSS BRETINIZHTIAEB T COBETIEAICK2ADELRO LNz, Tv MIBWTHRBASET
TOHRETFEADBABETH =M. ATDIGHABERTIREWNWNEEL N,
—HGF BRFABENATF U FEEORBLHY. LYBIICHRERSETESEL 5. Recombinant M HGF OF
I WTHRE 1T o1,

[DSSEE#ETFTIICHRT H5RNEAHR T TO rh-HGF OB T E]

c FEREFEHOAETDDS BATIRETIICH L, Day0 [Z th-HGF 2ABRE T CEICERBSBICHETE
1T\, 3,7 BRIZFEMET 225, BERERE 2~5 BEFETHELARENBO LN, 3 HETIERR
BaowmE, BEERBOMNG. HEFMROBEBENBEO DNz, T, K67 LABTHRALEZECA. BELE
IZKi6o7 BEOMENRBO LN, FREBELTHWLSZ ENBHLRE,

[Recombinant human-HGF Z# WV = #EMGESR (UC,CD) OBEFARIEBEMR O iEME]

BRI ED - DOFRRE

I WREBEDER  BEEMXKBR. 70—2HK

2.1th-HGF Ot 5 (BREXZITRER)

3. BB A% BMIRS orS-ASA L OBFH. BT S (RS TRET

4, RERETE

5. RBRER R BRI RS

- VERHEF - ReMEE . BYMRRICL SR

1. BiREIC &k % th-HGF BT OB BB R

2. REOEIEMHRE
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REMBERICHTZEEX E  HGF OBKE A (PEHRE : RO ]
[KIBRBICRIZTHMBZ E + HGF DR E]

cREUERETOEODICUTO2 DOETFTILTCERE#1To1=

- 1,2-dimethylhydrazine (DMH) [Z& > THE I D KBRIEMHE aberrant crypt foci (ACF) DFWAIZRIFT

th-HGF D2 & % 15t

-6 FEED F344 5+ +IZ DMH 20mg/kg #38 1 B, 4 BRE THRS L. 8 BB H S PBS % L < & th-HGF (500

ughkg) £ n=6. B S5 BM. 54 BREBIRAKZSES L. 12:BRICKBO ACF R#4EIZ DV THBKRE
—HGF BIZHEEOEEICENNBEOSNT-H., ACFDREBMZDONTIE Control HEBIETH 70

-DSS &E DMH OB S L > TRBEZFETHIETILEAWNT th-HGF OREIZRIFT 2B 4185

-6 EHED F344 5 v k(2 DMH 40mg/kg %58 3 [B, 2 BMEH TR THRSES L. BEEIZ, 19%DSS #BHBkKIZT
2EMEOKRE Lz, COR. PBS & L <& th-HGF (500 g/kg) Z#HE 58, 4 BEREBIRES L. 26 B8R
ZIZHBBO ACF (£ 1n=6). KIGIREL KGEDOFHESE (PBS 8 n=8. HGF #n=9) [CDU\THE
—4EFE KE, FEE. BEEOLWTLE, MEMICETIOOALEN S, ACF O F—% JLOFESE|C
EFBOHONGN T4 crypt LEDEE L= ACF OREEFHEICHHESNDEWVWSHEEAEB LN,
Flz. BEHOLBTIEIMRBRICEIDOONEN >,

—SCNODFERENS HGF TXBEZFRELLTZWVWEVSHERIABONT-LEEZTHY . KERIZTERBREZTSF
ETHbH, LhL, BBERFTHH UL, REREDEBEITETCZLHLDT. FOBYEEHA T+
—LRFAE ETSHITITSFETCH D,

(EEEHEABROBBEM]

- fl#2 % & b HGF OBKRARIABROBMEA TEES N D

~#\A b FIFHERERERETF (th-HGF)
- MBSO PE FELEREER. R7R M= XAPR (RFREDR). HifpdieieR
- RIESENAGRBL SRS ,
- NEANDHBREEBOGOKRERBERY > TV FREMED)

—HBERENSERSIER (£88) ~OHBIFERERN LG L0, R £ ~ HGF OBEKRERIE AR &
LTEE LG ThIER S G0

—HRBEOEMERLRE LTRET 5.
RAEADBERBOGEVREBIRERYG > TILEWSBINERICNA—FILOBENMERITHY . COFHBREDR
DEEDEIGHRRICERT HIMIMEN, ELAENLGHSLBEEZL. BRUICHITHDIDLIEENDEHL
REFEREN T VVRETHIRENRB L UEREFR2IIHT 5BRERH; -,

RERREA~DN—FIL
1) GMP LRJLODRERE (B1F) - HE) —-HECZEOHANDELLD

2) F—4 « &M ca) BET—4 (GMP)., b) JEERIREERF—4 (GLP/#E GLP)
3) RBEBELUBBESET ) BHEHER (Joka—, IEELE), b) FE., HE
4) GCP E5# a) GRERZEME. b) XEEH. ¢c) BEER - FNERE

5) ZEEMADHA a) REREE/SEEE. b) PBEKH

6) wH{E - BEE

7 EBEE

8) 2%y
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cBIERFRB L CEREFA2IC TSR FIFMARIEBERATFOE 1 - THKER
~EEERE~ADEDY
2004 £ 5A Joba—L, BEE. B REXEOEREKR (TR ta—-LEESR)
8 EMTERARELTERTHIILICRE
9 EESEESBRLSUE~OWE Gt3E ~05%4H)
10-12 A %ﬁm#&@ﬁ%ﬁ(ﬁéﬁ&&d%ﬂGMﬁ E—Fq42% (Bt4[E)
2005 % 5A & B REBEES (IRB) —RER
EﬁmEﬁ%$%A&ﬁk Ex iR
6 EXEGHERSBLSHEIOENE o BEEE~ORE
7H BREEMA
IRB : EMEETEZEEHE —RR
7-8 8 CCPELTRT
IRB : REREMIZDNTER
98 aEB® (9/1)
128 EESEEBFLSBBICARTEERER

=ZDKIE INVERICREEBERBE~OLAIZONWTERE 21T 1=

GEBMRBRICNT HERAE =~ HGF OREKGH
s Jabra—jbavt T (E)

- R - EBARBLICEAXBRAYEOEEERBRDS BRXTO4M4 FERGIOE
- BTV S - TH. |ESBLE (). & (+)

- T A% EERS

- aRERS : 258 (14 BRED

- B AR 12854

-TURRAUE  BEEROFE. EVDRE
RERMR~ER. REHGAR. FER. BRIEA
XiBED EGF ZHmOXESEIC L

M EIRE
1. BERAROBE (RONT—OFREEE) 2. REEOHE. BEH
3. EGHAEME (GMP) RUZDREM : BALESVE 4. EROME

[£F&®]
. ZHOXBREETIIZEBNT, #i2 X & F HGF FHIERE. BESLUESREICEEEZRIFES 4h -
Tzo

2.a) A Z &  HGF ORRKRRERIE. BELZLABROBMEAH CREGRIEG LG,

b) EEIEEARREL T, ETREMRLENRELEE I/IHEARERIB L, FBRERBERBL T, BB
SEEADERREUVEEGFN. GCP 28 LIAREBAWZEEL -,

o) BEBMRERENRE LARICE. BREHOBE. BINIERHRRKRSER. GMP HAUL (BHiR). &
EHRENBELEZ oI,

[EREEE]

- IBD (I3t 9 BERERIGFRANOBMEMG RAMIL?

—H L. FHBBERCLEBE. F-EREERR (FHA) 2T 5RERNHLIOT, BKRTENACTILIZAR
FADEEBREIZHERLTERTAAZEEZAT D, £F-. SBEOEBEBEL LT, THEEESBROMP~D
leak B Y. TARETHHSDEDLDIAESELH DL,



AR ERRE @GR B TR EE (HnREERRBOEHAEFEIC T DB T 17T EES 2 Bk

BRREROHN L ESE RS (HEFEE : vE 3|
[#FR - BM]
- Stat3 mutant T RXATCEMOIZHITBIL-10 DT FILHNELHY, BEGEEENSBOLNE, ZLT.
OMOIZLLRAZHRBE L THEY BB ERB L CRIESY A Fha VERBICEETDEEIALONTINS,
ECIZIL-2 % FEETHI LT Th ROBREZECTEDNHMh>TLVD,
CEECE, BENCRETIERAEROMRE IO LS LRELTFEEFNZI2-00MBNAEEL, 0K
BEMTT 251, BERICKBRRICHEET S Mo &I L. TO#EEE LPS ISHT SR, DA &
A ERBKBOLDIEREYA C WA EEELLEN T >T. BEDOMO TREETA A %D
FlT2BENDHLEASEHAL BEORGHIERERBIIRELTLS MOICHENIIRE L TWIEETF
ERFELI-EZA. WSOMDBEFRARONY, ChASIEEETIADEERNMOOBROKRBIZHE TS M
P TCEBOHLNGEM DT,
cChODBREMICHRBLTVWSIEGFORMS IABNSITEFAE L, MO ROMMEKICEBAL-EZA, IL-6 D
EEZMET I ENbMhoT=, #ZT, IKBNS NEDESIZLTHRBERDBTORMET>TLEH
BT EIT>T=,

[Hik -8R 1]

‘IKBNSKO T OXIZHEITDRIBAMG % LPS THIRL =& 2 A TINF-a EABEICELEED NG oA,
IL-6 EXBENELE>TWAI ENBOLNTI,

- Ff-, mRNA BBROBHET 22 A INF-al2DWTIL IhITE—S 85 WT SZEEHLhEho =
P IL-6 [THEWVTIE, WTE3h BRICE—V ZHHLUERED L TWSM, [kBNSKO YVXTIESh&ETLYE
WRIRERL TV =, Ffz, [kBNS OEBRZEZHANLSE. WT TH1IWRICE—=IDVRH BN,

S ZDEIGHERMNS, IKBNSIFIL-6 DL S HHEIPENTRE LT &5 GRESY S b0 T0y
JIZBAELTWVWADTEELN?2 EVWSRREIL T

[k - HR 2]

c BREMY A AL AT DNTFD mRNA ERICDOWTHRELI-EC A, LEBMER (1h) ITRBOE—2
NH3EH0O UL-18  IL-32. [k BKIZDWTIE WT ERHEDIERMAFONLNECRRT 5L 54060 (IL-12
p40. IL-16, G-CSP) IZDWVTIL, IKBNSKO¥HIRIEWT LY LBV HEETRL,

—IKBNS (. FHEHENTRBI SO LTHEENIZ IOV THEEZ LN,

[k - R 3]

“IKBNSIZIxB 77 )—IZBLTHY., NF-£B [T associate LTWWB I &EMD, EERIZ, IkBNSKO T X
21+ 5 NF-kB DiEHEFAT-L T A, LPS #lE 1th &(CIE WT. Ik BNSKO ¥R & 4I2DNA #EESHED
BARESIN. WTHENLUE 2,30 BRITETOESEFET LA, IxBNSKO T7RATHE., £0IEMEITHE:
ENE-FEETH o=, DFEY. ILBNS [ENF 1B D Activity ZH1HT 2ee2HE>TH Y. TORKE, fliHE
BNTHRIRTDHIESUYAS A VEIHT DTGV EEZ BN,

[k - R 4]

s WT. KBNS KO ¥ R[Zxf L 1.5%DSS MBEITo-& A WT T mild HREEEEZFET MR, I« BNS KO
THOATIELYBEEORENLSE, KENMETLTLEEIELIL, BEREICHTIBRZELE H-T
WA Ehbhholz,

—IKBNS WS DIZEHARBEROMIRT, TLROFB CHEEINANF-LBIZE»THRESINLIDFOPTEH
BICENTHRRTHIEOICH L CHMGEEERL, FOIET, BEOREZMFLTHWSZ Do,
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[FLd: BRAEROHM L EEBER]
- BRRERDEB GBS REMGREOREEZFET S LEHLMICLE

(J. Clin Invest, 111. 1297-1308 2003; Net. Rev Immunol, 4, 499-511, 2004)
cFDRH, FICBECRBETHSEARERMEOFEE ARG RERGCEZMAS O, HIMHEHIh TN
CEFERHLMI L,

(Blood, 192, 4123-4129, 2003; J, Immunol, 174, 3656-3657, 2005)
s FDHTFHREO—BEL T, HIHKETDI4BIFIeBNS A, H5 Tty O TLR EFEHOBRETFHRR
70y L. EHICBEHELANTHREREZMHT S LERALMILE

(Immunology, 24, 41-51, 2005)

—5%b, BREFERDEEBBCOVTERICIHFETIEEFAONIDNT, COLSIBANDZXLER LM
295 &T. RECBERBEOBRICHTSEREZRHLEZVEZTA TS,

MIF (macrophage migration inhibitory factor) D l#1= & % #EMBEBR O T L LVATE OB R
(S HEFRE: BFER)]

[# ]
(w4987 7—UEEBIEREF . Macrophage migration inhibitory factor (MIF))
~1966 I, FEHAL T U/ BRSRLI I 077 —UNRI o FLICEET S L E2MGEIL. REBLI~T

I0T77—CEEESEL ) vRhI v ELTHOTRR SN,
1989 ££[Z. cDNA MY O—= 7 a8 B &, HAGHBEOCHEB CORENEHASh, FL-ERE,. BORE

EEOREEBERICBTARENARL N,
ELHICMIFEY I aalFad FISHLTHER TS A -—V BERERF DA IV THDHZ ELBHESN

T=o
(FERHIEE R EEIZH (T D MIF HFZR)

- pEMBEEREICSLTILR MIFAERT S,

s FDHMOKIGRBETEH MIFARLERET S,

UC BFHBRICBWTMIFRIBIZILIZELL LEREES,

- 2F 04 FiEHM UC 8% LPMC [ZHE WL TH MIF Hifk(d IL-8 EEEIET 5,
—MIF (Z7Eh A4 VICH T HEENBIVIEEEZ N D,

« 51 MIF AR RERFE L Z T 5,
sMIF / w7 IR TERBAENIGI SIS,
“MIF PSR O THRATCRBRGRABEST S, E-JLaalFaAf FOLEMNE<IF NS,

“MIF / Y979 FROABECIETLR HBAETLTIS,

[MIF 749 F /]
~BEEES YD TTFREORELTABRTLIENTRAZEZICRE T HZEMREEERSTHON. IRNED

bhf=, L LIRS hizHAEOMIHEE LFREICRITS, BE5hkicw 3 d8-aink Gi- ik
DEENEREIND, X MBEVLREOEELE,

Boi. BEENAIRRER S LTHRRELTEMICKREL., BEYA bhq vicHT HEEHREZHELY A ~
NAVDFEEEMRADIFAENEZLNTIND,

HEFREIELMIF [2DOWTREREZEHDIHICHREFEECRATFF (Th 2 b—7) #RERIZ@MEL.

PRLCRENEHAZEET5S5HEDNA T F 2L
AR TCIEThIE b~ MIEFDNA 70 F L H#ER LEIIC. RBBAODEEEHRT L,
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MIRGAELE LCORESEBEBRICA 50BN THRBAREZOERBLICHITT (& 8 W %
oD ) |

[FE]
- SKHY CDA"CD25 " Tr (L3B &% IBD BECRADTHE NS ZEARERES N2 ML, BLlZFORLD LT
% CD4A'CD25' T # ARIIHBEDBBETHAMBRBIBEREZCRALTRET & 28 L,

[ Leukocytapheresis-assisted Re-transfusion of CD4'CD25" Tg Cells : LART-25]
» 73i% : Basiliximab-conjugated ClinEXVivo Z4ERK L. In vitro TOREEZIT S,
¥ Basiliximab (Simulect) [I#n CD25 HiATHY . BRICEBEDBEIGICTEREEIN TS, £, UC IZHT S
Phase [l ER TOEMENHE LTS,
¥ClinEXVivo |& Dynal #t1= & UBAFE &1z Beads THY . R TCIHERICHDREAEZRITTNS
- # 8 : Basiliximab-conjugated ClinEXVivo TIRE SN I=MAGIEHIHME THIRBOMEEZE 5 b 1=,

—SHDFE

MOV O Ty TEFz v oBE - FER R AR AT

- MEEBERBE - InVitrogen & D B3 %
» In Vitro fi##f « LM Group & DN

-BE2EMTSHOUC/KRARY FESC4TIL (ReEE. Hait)
- SR RIELA - EERER

[EIEA]
«Beads A FDIERIZA->TLESATREM £ % . Beads & Basiliximab 208 A RHHENNELEZ LM, 1]
TE InVitrogen #t & DEE CRE ZEDTWIEBTH D

- Basiliximab Beads DR EMEICDOVNWTHREZTILENHDH EEZ M, 2RI L High dose (1.6x107 beads) .
Low dose (1.6x10°beads) ZIELI=& A, U u/RER#M. U oRBES Ty bADEIIRIFSS, £i-m
 AST.ALT i (FF#EE) . M Fe fEICHFEBEARIFT S LM o1,

—Beads ' Carry-over SN T HBELG W ENRBE SN T,

—Basiliximab Beads @ Carry-over [IZ$H TR E&EGF I F7—TELHhB LGN
~ BB LD Beads 7B A T LDEAF

s, RMIZKEOCDA'CD2S TR EBASHEEBIZED LS LEERHINEZRHTE-HIZ, EEDTIR
[zt L CD4'CD25 il & CDA'CD25#IBa E#FA L (% 2x10") BE L&A, KREIZIEEILZRIFE LN &
Ny, F£f-., KEBERME CDA'CD25" AL 4, 8 BRICHTSERM CD4 MR, RE /38 AE 1) —CD4"
Mz btEEsLETVWI ENbh o1,

— KB CD4'CD25'BADREMIEH ) 7T—TE 0L LGN
~EERMREBEAOBEIGIZIE SO RAIREMOMBRLDENE L

—HGF [ZHBITDRED &SIk Y L ETHRERNERRICLIZBBROEENZ UM E LG

¥ Reverse LART-25 ) B 52
—HATEEIREBE N 58I CDA'CD2S IR E Mk DB

[(ERELE]

- IBD BEICH T HHEME T MAsSEe & L CIEREEGT WO ?
SHBEODETEGEWEEZEZAONSOT . HEOMMESTBEBRETIEBRELTLE > T HEE THREZER
FTEFBIIMGE>TWEEEZOND, =72, EHH RA BEICH T L6 HIE T MR Suppression assay &
RAM|Y CIXEHEFMH, Cytokine assay #H EDFETIEIBELSEZEL TSI EVWSIHELLIATLAIDT. §
BOREEBEDO—DEEZILND,



FEAR R H @GR B TR AT THAIESEMESR BO BB RIEICHET DBRRITE) Wl 17T €K 2 BR:

EERBAIC N T DM RE - G THRBAREORMSE :

GMP EEICHEML -HE THRSEEICELT (DETRE : b E) |
(avtTH]

EBMRBRICNT HMRESBREREZ BLIREE) EY
R E—XERO Y T RSB  BREREHAEEL S L — FOBREMMR S BEENBE

— &M T $IISE A BGE

[CliniMACS Cell Selection System Z i U= §l 81 T #0185 B 5% ]

» CliniMACS Cell Selection System (Miltenyi Biotec 1)

~FASHE R TEEMICKEDOMBE D BN T RE, CD34 #MRBEL Y cHIcI—DyNATHREKIZAVLSh TS,
[ik]

SEBMEREAEBFICX T S MBS R ERE GBI 8E % Hemonetics # CCS) % T7L).CliniMACS CD8 Reagent,
CliniMACS CD19 Reagent % FL = CD8 #lf, CD19'B RS D B3 (negative selection) . & D CliniMACS CD25
Reagent & FLV= (CD4") CD25'T MR8 %58 (positive selection) "5,

¥ CliniMACS Cell Selection
~CD8 depletion : 5 BERT 18.6% — 2B 0%. B cell depletion : 73BfRT 7.31%— 5B 0.01%

CD25 enrichment : %> Bf#T CD4"CD25™ 2.75%— 4Bt # CD25 enrichment 41.5%. CD25-depletion 0.19%
FOXP3 & %17 o= & T A .CD25-depletion [Z# 1+ % FOXP3 (£ 1.5% T#H Y ,— 7 CD25 enrichment Tl 79.3%
THoT-,

[#82]
- B EERREIZ 51T 5 CD4'CD25™ R 3K
Total cells (x10°)  CD25™ (%)  Total CD25hi (x10°)

Apheresis product 3.98 2.75 109
CD8/19-deplected 1.9 2.76 52.4
CD25-enriched 0.055 41.9 22.6

[/ 15~1TEEDE L D]
D) SEBHESMRBAICEOVTRBEDEEYE THROBENREBEFTHHELIHEELETIS LR, G
% T HRBAREOHRUERZERL ]
2) BEMRKGABEOREIREREEDLY. BEALRARICEIRE-X 2RV TREREHEEZR L1=H
e T MR BRI RE CHHEER L=,
3) CliniMACS Cell Selection System Z W CEBMXGRBEMMRB S RERZED L Y. FEE T MRANERK
IGRRTRER Y L— FCREMICHERLCOMARTHLIEERL,
< fi 3 >
- RE (MEE—X) oReMAEESAAE, BEEXRERICE L TIIREAMERE (R0SREE) O
Sht CHEE THRBABENETAIERTHI EEA DN
< FERAMIL>
» Takahashi et al. An inverse correlation of human peripheral blood regulatory T cell frequency with the disease activity of
ulcerative colitis. Dig Dis Sci, in press
<FRIRGRIZET $|K>
(HEICBELO)
* CliniMACS CD19 : CE
» CliniMACS CD25. CliniMACS CD8 : Miltenyi #t & Y &I T SERRBERAETH. 4 AICIX CERFFE
(BHEERICH 1T HMBEBRRBPFRI)
- VRSB R %8R MO T Mo RERERETR] : 17 £3 A 31 HEER
- REO CEMBEHL. BEERBRBE~OHEE T HMEBAREETICEAL THEZARXPHETE
(SHOAH)
- CliniMACS Cell System %WV T4 B Sh -Gl T MlaO#EE. RN —h—0ORBREZHFIOEETER
. HRI D,
- MEEEEORBEEC. MERKSRERE - SIEE T HRBAREOREMICET IMKRAREMIET S
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RBURBRBFICIBTSTXVAVYEFRIARTA 0D T LOBENECET HHENR
(sriBERRE : g

—)
(EAEBLMHAREZENELEBORS Yy ITTFUNRY =S AFLOREMEORE]
1) BHFNAFTTITILORY-LDIEABERBON-RENFFHEATS 20D TEIILORFR
(RF0A4 FRILEY - REDHHE - SEEEDELGE)
—$EEHE S - 2000-143538
2) TROR TV FBRETFIVICHTBTI AR UEHARY-LD 242 0h T (DxMS) DBE
BABHSMT-
3) BOWEIZKHEROMDET - BEESLEEREBOLNGL (YHR Ty )

(FHRYAFIEFEIAVDORT 47— (Dx-MS) OEHEOKRSICKkHHMEEER)

- HERBER  Dx-MS OB 2 BIRROREHESICL55HHE (FBES  2000U0K364. FIRY Y —F)
-EREY: Sy b (BB 35

- HE5& : Dx-MS 100, 1000mg/kg (EBRBRXTCOEDESL 10 ZE)

B 58 A., 64 H

- A BEEE. MEBRTR. R MAERBRECEEZRHG0

ReEAEN
~EE MRS S UCREESHRERMNE LEFS T TUNY -V R T ALK DH A REEREBORE
(BARER KPEBERMRARE 540011 5. BEEMXKEZMBERSRRENERARBEEBSEKR)

[BRY] BEMUXBRAEZIZH TS Dexamethasone-Microsphere BFI D H A% FRE1T 5
[AR] % - BEEOCFDHEEUEKXGRAEE (£41B - £AKEE) 204
1) A7BEA F&FH (PSL: 10~25mg/H)
2) BEAMOPRERE. EEOFEHEG
3) AN F AT E RS
4) BHANXEBEEICLHSRENSE
[Ak]
-FEOBLNEEQAREFELEEBEBERE (0=10) ITXLEEH TILIZHA L1z DEX-MC # Img/kg (10 ¢
g/lmg Dex-MC) % 4 BRRAZEARE
-FEO/ONEZEQEEE (n=10) X LEEH THIVIZEHA Lz DEX-MC # Img/kg % 4 BRREEREERE
- FREREEME (BT, 258, 48)
- BRERER (BEFBEEEE. i)
- M - Ee - R
- KIBRBRHERE G EOH)
- #H%ith Dex BERE (HPLC)

[B4R]
-BHREEEFLORETH D,
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RGBT ERBRICHITILAZEFERREORN -MELMBEIC L S Pilot study DAL & U
(ETREF : B

[#57]
s LIREEFEBOEEEXRGRICNT HREME
- Bl s (RBX) (BAHIEFREESREE2002) - AXE-7.5% (7/8) RATOA FEERER 5 Bl (62.5%)
- BEEHL (BHMEKX) (BFRHEEFHREEFE2002) : HRFE70.0% (7/10) AT O FEERRER 2 4 (20.0%)
- Bs (BXR) (BAHLFRAFERTE 2002) : HxHE 100.0% (3/3) RRXFOA FEERRER 0 B
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Background & Aims: We have previously reported that
bone marrow (BM)-derived cells contribute to the regen-

eration of the human intestinal epithelium. To analyze

further how these cells arise, proliferate, and differenti-
ate as epithelial cells, histologic analysis was conducted
using endoscopic specimens. Methods: Thirty biopsy
specimens from 14 female, sex-mismatched BM-trans-
plantation recipients were examined. BM-derived cells
were identified by fluorescent in situ hybridization (FISH)
for the Y chromosome and immunohistochemistry. Mul-
ticolor FISH was used to exclude cell fusion. These cells
were further analyzed for various differentiation or pro-
liferation markers. Results: No evidence of cell fusion
was detected. BM-derived cells did not distribute within
the crypt as stem cells and rarely expressed Musashi-1.
However, BM-derived epithelial cells frequently ex-
pressed Ki-67, and some of these cells appeared as
pairs of adjacent cells. These cells also expressed mark-
ers of all 4 lineages of terminally differentiated cells.
During regeneration following graft-vs-host disease, the
number of BM-derived cells was substantially increased
within Ki-67-positive cells. Interestingly, the number of
cells expressing markers for secretory lineage cells was
significantly increased within BM-derived cells. This
change was unique for BM-derived cells, resulting in a
significantly increased proportion of BM-derived cells
among secretory lineage cells. Conclusions: BM-derived
epithelial cells arise via a mechanism other than cell
fusion and rarely give rise to stem cells. However, a
small proportion of these cells express proliferation
markers, and a majority reside as terminally differenti-
ated cells. During regeneration BM-derived cells in-
crease as secretory lineage cells, thereby contributing to
restore epithelial functions.

he gastrointestinal (GI) epithelial cells arise from the
intestinal stem cells residing in the lower part of the
crypt. The intestinal stem cell provides daughter cells,
which proliferate and in turn give rise to the 4 main

lineages of terminally differentiated cells, namely, ab-
sorptive cells, goblet cells, enteroendocrine cells, and
Paneth cells.’:? The terminally differentiated intestinal
epithelial cells function not only as mechanical barriers,
but they also perform lineage-specific functions, such as
nutrition absorption and production of mucin, neuropep-
tides, or antibiotic peptides. Therefore, a considerable
number of functional, terminally differentiated cells in
each lineage must be continuously generated to maintain
the proper function of the intestinal epithelium.

Much remains unknown, however, about the precise
molecular mechanism by which epithelial cells arise,
proliferate, and differentiate within the intestinal epithe-
lium >4 Recent studies have drawn attention to the
importance of Wnt signaling in the regulation of the
differentiation of immature intestinal epithelial cells.’-¢
Also, a stepwise differentiation model of intestinal epi-
thelial cells has been proposed, in which differentiation is
regulated by a series of transcription factors downstream
of Notch signaling.”® In this model, goblet cells, en-
teroendocrine cells, and Paneth cells arise from a shared
progenitor cell expressing Mathl and are categorized as
secretory lineage cells. In contrast, absorptive cells arise
from a distinct progenitor cell expressing Hes1.

In the previous studies, we demonstrated that bone
matrow (BM)-derived cells contribute to the regenera-
tion of damaged intestinal epithelium as epithelial
cells.?19 This suggested that BM-derived cells could be a
potential source for epithelial tissue regeneration. How-
ever, little is known about how these cells arise or
whether they could proliferate and differentiate into

Abbreviations used in this paper: BMT, bone marrow transplanta-
tion; GVHD, graft-vs-host disease; FISH, fluorescent in situ hybridiza-
tion.

© 2005 by the American Gastroenterological Association
0016-5085/05/$30.00
doi:10.1053/j.gastro.2005.03.085



1852 MATSUMOTO ET AL

functional, tissue-specific, terminally differentiated cells.
Several studies suggest cell fusion between BM cells and
tissue-specific cells as one mechanism by which BM-
derived nonhematopoietic cells arise,!'-!> whereas other
studies suggest other mechanisms, including transdiffer-
entiation of BM cells into tissue-specific stem cells.16-2
Further studies have reported that an increased propor-
tion of BM-derived cells could improve the function of
nonhematopoietic organs,' 7182223 suggesting that BM-
derived cells could possibly express a tissue-specific func-
tion within the organ of residence.

In the present study, we demonstrate that BM-derived
epithelial cells observed in the human intestine arise via
a mechanism other than cell fusion and rarely give rise to
intestinal stem cells. Our results show that a small
number of these cells express matkers of proliferation,
but a majority express markers of functional, terminally
differentiated epithelial cells within the human intestinal
epithelium. During regeneration following epithelial
damage, BM-derived epithelial cells increased as secre-
tory lineage cells, thereby supporting both the regener-
ation and the essential functions of the intestinal epithe-
lium. These results not only provide further support for
the use of BM-derived cells to regenerate human intes-
tinal epithelium bur also suggest the existence of a
unique regulatory system exclusive for BM-derived cells,
which changes their differentiation pattern at the site of
intestinal inflammation.

Materials and Methods

Bone Marrow Transplant Recipients

We studied total of 14 female recipients who had
received sex-mismatched bone marrow transplantation (BMT).
All patients were subjected to allogenic BMT for the treatment
of severe hematologic disorders: acute myeloblastic leukemia,
aplastic anemia, and acute lymphoblastic leukemia. Three
patients developed GI inflammation because of graft-vs-host
disease (GVHD). Control of Y-fluorescent in situ hybridiza-
tion (FISH) staining was provided from 2 males and 2 females
(not undergoing transplantation). The details of the patients
are summarized in Table 1.

Gl Endoscopic Biopsy Specimens

All samples were taken at the Keio University Hospi-
tal. We obtained written informed consent from each patient
in the formal style after explaining the nature and possible
consequences of the studies. The ethics committees of Keio
University and Tokyo Medical and Dental University both
approved this study. We took endoscopic specimens of the GI
tract because patients developed clinical symptoms such as
nausea, vomiting, abdominal pain, or diarrhea and were sus-
pected of chronic GVHD, acute GVHD, or other intestinal
inflammation. A total of 30 biopsy specimens obtained from
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Table 1. Characteristics of Patients

Time
from
BMT to Location
Reason for sampling of Histologic
Case Transplantation? (days) samples? diagnosis
1 ALL 26 ES, D Acute GVHD
51 E,S5, D Acute GVHD
77 ES, D Acute GVHD
2 MDS 26 ES, D n.p
161 ES, D Chronic GVHD
381 C n.p
3 Aplastic anemia 45 ES, D n.p
182 E,S, D n.p
288 ES, D n.p
4 AML 32 ES, D n.p
5 AML 21 ES, D n.p
6 ALL 40 E,S, D Gastric polyp
7 AML 30 ES, D n.p
8 NHL 33 £,S, D n.p
9 AML 39 ES, D n.p
10 AML 23 ES, D n.p
11 AML 39 ES, D n.p
12 MDS 27 ES, D Acute GVHD
96 S, D Acute GVHD
13 MM 27 E,S, D Esophagitis
63 ES, D Esophageal ulcer
77 ES, D Esophageal
granulation
14  MDS 28 ES, D n.p.

n.p., no particular finding.

aALL, acute lymphoblastic leukemia; MDS, myelodysplastic syn-
dromes; AML, acute myelogenous leukemia; NHL, non-Hodgkin lym-
phoma; MM, multiple myeloma.

5E, esophagus; S, stomach; D, duodenum; C, colon.

14 female patients were examined and analyzed retrospec-
tively. Details of the specimens examined are also summarized
in Table 1.

FISH for Human Chromosomes

FISH for chromosomes 1, 18, and Y using formalin-
fixed, paraffin-embedded biopsy specimens has already been
described.? Paraffin-embedded tissue samples were cut into
either 6-jpum- or 3-pum-thick serial sections and subjected to
FISH analysis. The specific DNA probes used were as follows:
clone pUC 1.772% for chromosome 1 (purchased from HSRBB,
Osaka, Japan), clone L 1.842?5 for chromosome 18, and clone
pHY102% for the Y chromosome. The probes were labeled by
nick translation either with biotin-dUTP or DIG-dUTP
(Roche Diagnostics, Tokyo, Japan) and detected by incubation
with either avidin-FITC or anti-DIG-rhodamine (Roche Di-
agnostics, Indianapolis, IN). FISH images were captured using
a Nikon epifluorescence microscope (Eclipse 800, Tokyo, Ja-
pan) coupled to a Sensys CCD camera and analyzed with
QUIPS image software (Vysis, Downers Grove, IL). One sec-
tion per course of endoscopy, containing 1-3 biopsy specimens
of the GI tract, was used for the subsequent FISH analysis.
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Histology and Immunoperoxidase Staining

Formalin-fixed, paraffin-embedded biopsy specimens
were used unless otherwise mentioned. For anti-Musashi-1
antibody (Ab), ctyosections prefixed in 4% paraformaldehyde
were used. Immunohistochemistry using anti-human cytoker-
atin Ab (AE1/AE3, DAKO-USA, Carpinteria, CA), anti-hu-
man LCA (CD45) Ab (DAKO, Glostrup, Denmartk), anti-
human chromgranin A Ab (DAKO), anti-human CD10 Ab
(clone 56C6, Serotec, United Kingdom), anti-human Ki-67
antigen Ab (ZYMED, San Francisco, CA), and anti-Musashi-1
Ab (14H1) was done as described elsewhere.? Briefly, paraffin-
embedded tissue samples were cut into 6-pum- or 3-pm-thick
serial sections, placed on coated slides, and deparaffinized
through a series of xylene and ethanol. Slides were then
incubated with primary antibodies at 4°C overnight, followed
by biotin-conjugated anti-mouse IgG antibody (E0433,
DAKO-USA), biotin-conjugated anti-rabbit IgG antibody
(E0435, DAKO-USA), or biotin-conjugated anti-rat IgG an-
tibody (BA4000, Vectastain, Burlingame, CA). The following
steps were done using the standard ABC method (Elite ABC
kit, Vectastain). Diaminobenzidine tetrahydrochloride (DAB)
was used as the substrate for the peroxidase reaction (Vec-
tastain). All slides wete counterstained with hematoxylin and
observed under a microscope (CH40, Olympus, Tokyo, Japan).

Detection of Y-FISH-Positive Epithelial Cells

Y-FISH-positive epithelial cells were confirmed and
quantified as described elsewhere.? Y-FISH—positive, CD45-
positive cells did not always show complete lack of cytokeratin
staining because of its too intense staining. Therefore, all
CD45-positive cells were counted as intraepithelial lympho-
cytes throughout the study, following exactly the same criteria
used in our previous report.® Expression of lineage-specific
markers or Ki-67 antigen within the Y-FISH-positive epithe-
lial cells was determined using serial sections. For detection of
BM-derived cells,
staining of chromogranin A was used as a specific marker. For
detection of BM-derived goblet cells, alcian blue staining and
Y-FISH were performed using a single section. Paneth cells
were identified after H&E staining by their eosinophilic gran-
ules. Thus, for detection of BM-derived Paneth cells, H&E
staining and Y-FISH were petformed using a single section.
BM-derived absorptive cells were determined as cells with
negative staining for lineage markers of the other 3 lineages,
negative staining for Musashi-1 or Ki-67 by immunohisto-
chemical analysis and columnar shaped morphology consistent
with the differentiated absorptive cells, and positive staining
for CD10 in the serial section with Y-FISH. Regenerative
epithelium in the sections was identified by the microscopic
features of the epithelial cells, such as dense cytoplasm, nuclear
swelling, or hyperchromatin. '

enteroendocrine immunohistochemical

Statistical Analysis

The results were expressed as the mean * standard
error of mean (SE). Groups of data were compared by the

BM-DERIVED SECRETORY LINEAGE EPITHELIAL CELLS 1853

Mann—Whitney U test. P values less than .05 were considered
statistically significant.

Results

BM-Derived Epithelial Cells Are Distributed
in the Human Intestine as Euploid Cells
With no Evidence of Cell Fusion

We have previously demonstrated the presence of
BM-derived epithelial cells in every part of the human
Gl trace.? In the present study, we actempted to charac-
terize further the BM-derived epithelial cells. For this
purpose, we refined our experimental procedure of Y-
FISH analysis in this study. In our previous report, we
used 6-um-thick sections to identify BM-derived epi-
thelial cells. We confirmed that Y chromosomes were
also clearly detectable in 3-pum-thick sections (Figure
1A). We also confirmed that Y chromosome-positive
epithelial cells within a female BMT recipient were
clearly distinguishable from Y chromosome-positive
lymphocytes by the analysis of 3-p.m-thick serial sections
(Figure 1B). Therefore, we used 3-pm-thick sections
throughout this study to obtain strict and definite char-
acterization of the BM-derived cells. The results obtained
from 3-pm-thick serial sections were further confirmed
by doubie staining with Y-FISH and specific markers in
single sections, as previously described. A total of 330
BM-derived cells were analyzed by this method, and 239
cells (72.49%) were identified as BM-derived epithelial
cells and the remainder as BM-derived intraepithelial
lymphocytes.

We then examined whether BM-derived epithelial
cells detected by the present method arise via the
mechanism of cell fusion. Cells generated by cell
fusion in vivo are reported to form polyploid cells
named beterokaryons.\3'427 To reveal the ploidity of
BM-derived epithelial cells, we performed multicolor
FISH using specific DNA probes for chromosomes 1,
18, and Y. If BM-derived epithelial cells are generated
by cell fusion, they will be aneuploid, and, therefore,
probes for a single somatic chromosome will be tar-
geted against at least 4 potential target chromosomes
within the nucleus of these cells. Thus, we first exam-
ined the sensitivity of our FISH method by detecting
4 potential target chromosomes within a single nu-
cleus (Figure 2A). Using probes for chromosomes 1
and 18, we confirmed that our FISH method could
detect at least 3 fluorescent signals from 4 potential
target chromosomes in a single nucleus at a sensitivity
of around 70% (Table 2). Under the same experimen-
tal conditions, we examined tissue samples from nor-
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Cytokeratin FISH LCA(CDAS)

Flgure 2. BM-derived epithelial cells show no evidence of heterokaryons. (A) Singlecolor FISH using centromere probes for both chromosomes
1 and 18 was performed to evaluate the sensitivity of detecting 4 chromosomes within a single nucleus. Analysis of 578 cells using a female
colon section revealed that, when 4 potential target chromosomes for FISH are present within a single nucleus, 68.4% of cells show as celis
containing at least 3 signals (inset) within a single nucleus (original magnification, X800). (B) Muiticolor FISH was performed using male or
female colon sections. Probes for chromosome 1 were labeled by FITC (green dots), and probes for the Y chromosome were labeled with
rhodamine (red dots). In the female section, 0-2 green signals from chromosome 1 only were detected within a nucleus (inset, left). In the male
section, 0-2 green signals from chromosome 1 with a single red signal of the Y chromosome were detected (inset, right). Analysis of 220
epithelial cells in male section and 298 epithelial cells in female section revealed that 85.2%—87.6% of epithelial cells showed as cells
containing 1 or 2 green signals within a nucleus, both in Y chromosome-negative and Y chromosome-positive cells. No cell showed 3 or more
green signals within a nucleus (original magnification, 800X). (C) Multicolor FISH was performed using small intestinal section from a post-BMT
female recipient. Probes for chromosome 1 were labeled by FITC (green dots), and probes for Y chromosome were labeled with rhodamine (red
dots). Up to 2 green signals from chromosome 1 were detected in the nucleus of a Y chromosome-positive epithelial cell (yellow arrow) but never
more (right 3 panels; original magnification, 12,800X). Right 3 panels represent the magnified view of the area indicated by the yellow square
in the left end panel showing the lower maghnification view of cytokeratin staining (original magnification, 3200X). Analysis of 177 Y
chromosome-positive and 421 Y chromosome-negative epithelial cells revealed no difference in the number of green signals seen in a nucleus
between the 2 groups (1.06 = 0.713 vs. 1.13 = 0.703, respectively, P = .134).

mal male, normal female, and female BMT recipients,  whether or not a signal of the Y chromosome was
using specific probes for chromosomes 1 and Y (Figure  present (Table 2). Surprisingly, results of multicolor
2B). Results of multicolor FISH in normal male or  FISH using tissue samples from BMT recipients
female samples showed that up to 2 discrete signals  showed that Y-FISH-positive as well as Y-FISH-neg-
were detected in each nucleus of epithelial cells, ative epithelial cells observed in female BMT recipient

Figure 1. Detection of BM-derived cells by Y-FISH. (A) Y-FISH was performed using paraffin-embedded sections of human male or female colon
biopsy specimens. Signals from FITC-labeled DNA probes (green) were detected in the DAPI-stained nucleus (blue) of both 3-wm-thick and
6-um-thick sections from a male, but no signal was detected in sections from a female (original magnification, X1600). {B) Serial section
analysis using Y-FISH and immunostaining for CD45 or cytokeratin was performed to detect BM-derived epithelial cells. In 3-pm-thick
paraffinrembedded sections of small intestine biopsy specimens obtained from a female post-BMT recipient, male donor BM cell-derived
epithelial cells were clearly exhibited as cells positive for both Y-FISH and cytokeratin but negative for CD45 (arrows; original magnification,
X12,800). Male donor BM-derived intraepithelial lymphocytes were also clearly observed as cells positive for both Y-FISH and CD45 (arrowheads;
original magnification, X1.2,800). As Y-FISH positive, CD45-positive cells did not always show complete lack of cytokeratin staining, all CD45
positive cells were counted as intraepithelial lymphocytes. A total of 330 BM-derived cells were analyzed, and 239 cells (72.4%) were determined
to be BM-derived epithelial cells. Panels in rows 2 and 4 represent the magnified view of the area indicated by the yellow square in the panels
above (original magnification, X3200).
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Table 2. Results of Multi color FISH

GASTROENTEROLOGY Vol. 128, No. 7

Number of FITC-

Normal female epithelial cells

Normal male
epithelial cells

Female BMT
recipient Y
chromosome
positive
epithelial cells

Female BMT
recipient Y
Chromosome
negative
epithelial cells

positive Chromosome 1 Chromosome 1 - Chromosome 1 Chromosome 1 Chromosome 1
chromosomes (FITC) (FITC- (FITC) (FITC) (FITC)
in a single
nucleus Chromosome 18 (FITC) Y (rhodamine) Y {rhodamine}) Y (rhodamine) Y (rhodamine)
0 12/578 (2.1%) 44/298 (14.8%) 277220 (12.3%) 40/177 (22.6%) 79/421. (18.8%)
1 38/578 (6.5%) 129/298 (43.3%) 86/220 (39.0%) 87/177 (49.2%) 206/421 (48.9%)
2 132/578 (22.8%) 125/298 (41.9%) 107/220 (48.6%) 50/177 (28.2%) 136/421 (32.3%)
3 241/578 (41.6%) 0/298 (0.0%) 0/220 (0.0%) 07177 (0.0%) 0/421 (0.0%)
4 or more 155/578 (26.8%) 0/298 (0.0%) 0/220 (0.0%) 0/177 (0.0%) 0/421 (0.0%)
Average *+ SD 2.84 + 0.961 1.27 = 0.703 1.36 = 0.692 1.06 = 0.713 1.13 £ 0.703

NOTE. Table reflects examined cell population by probe fluorescence. Values indicate number of cells positive for the indicated number of

fluorescent signals/total cells examined.
FITC, fluorescein-isothiocyanate.

tissue showed no more than 2 discrete signals within
a single nucleus (Figure 2C). Analysis of 177 Y chro-
mosome—positive and 421 Y chromosome—negative
epithelial cells revealed no significant difference be-
tween the 2 groups in the number of green signals
seen in a nucleus (1.06 = 0.713 vs 1.13 * 0.703
signals/nucleus, respectively, P > .1, Table 2). These
results suggest that BM-derived epithelial cells are
euploid cells and are not heterokaryons generated by
cell fusion. However, because of the limitation of this
method, we cannot totally exclude the possibility of
cell fusion followed by cytoreductive division.

BM-Derived Epithelial Cells Rarely Give Rise
to Intestinal Stem Cells

First, we artempted to determine whether BM-
derived epithelial cells reside within the intestinal
epithelium as intestinal stem cells. Cells arising from
a single intestinal stem cell form continuous, clustered
columns of daughter cells along the crypt-villus axis.?
If BM-derived epithelial cells reside in the intestinal
epithelium as intestinal stem cells, one would expect
to see a single crypt of cells all expressing the Y
chromosome marker. By our Y-FISH staining, this is
easily demonstrated in a male crypt but never in a
female crypt (Figure 3A, left panel). However, crypts
of female BMT recipients showed patchy and rarely
clustered distributions of Y-FISH-positive cells, even
when the population of BM-derived cells was in-
creased because of epithelial regeneration following
GVHD (Figure 34, right panel).

Another distinctive feature of intestinal stem cells
is their long lifetime; they remain within the cryprt at

least for several years.?®2? Therefore, we next at-
tempted to examine whether any BM-derived epithe-
lial cells remain within the intestinal crypt for an
extended period. One of our female BMT recipients
underwent BMT twice: the first time from a male
donor and the second time from a female donor. If any
BM-derived epithelial cells do remain within the in-
testinal crypt for a period of years, Y-FISH—positive
epithelial cells should be detected long after the sec-
ond BMT in this patient. Therefore, we examined GI
biopsy specimens taken from this patient at different
time points following the first BMT by Y-FISH (Fig-
ure 3B). At 45 days after the first BMT, Y-FISH~
positive epithelial cells were detected within the small
intestinal tissue. However, Y-FISH—positive epichelial
cells could not be detected after the second BMT (182
days after first BMT). This suggests that BM-derived
epithelial cells do not remain within the crypt for
longer than 182 days and therefore lack one of the
essential features of intestinal stem cells.

We further sought to examine whether any of the
BM-derived cells express a specific molecular marker
for intestinal stem cells, although no definitive mark-
ers have been confirmed. One candidate for such a
marker is Musashi-1, an RNA-binding protein ini-
tially identified in neural stem cells.?® Recent studies
have demonstrated that Musashi-1 is expressed exclu-
sively in the stem cell region of the murine small
intestine.31:32 However, little is known about the ex-
pression of Musashi-1 in the human intestine.??
Therefore, we first sought to establish whether
Musashi-1 could also be used as a molecular marker for
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Figure 3. BM-derived epithelial cells rarely give rise to intestinal stem cel

7 8}'

Is. (A} The distribution of Y-FISH-positive cells within the longitudinal

section of a single crypt was examined in the human small intestine. Y-FISH-positive cells (green dots) dominated the crypt of a male, but no
such cells were detected in the crypt of a female (original magnification, 1.200X). The distribution of Y-FISH-positive epithelial cells {green dots)
within the crypt of a female BMT recipient was patchy, both in sections with GVHD (+) (original magnification, 1200X) or without inflammation

because of GVHD (GVHD (—) (original magnification, 1200X). (B) The pr
courses of BMT in a female patient was examined by Y-FISH. After the first

esence of BM-derived cells within the intestinal epithelium during 2
BMT, which was from a male donor, Y-FISH-positive cells (arrow) were

observed within the small intestinal epithelium at 45 days post-BMT (left; original magnification, 1600X). However, after the second BMT, which

was from a female donor and was performed at 161 days after the unsucc

essful first BMT, Y-FISH-positive cells could no longer be found in the

small intestinal section taken at 182 days after first BMT (right; original magnification, 1600X).

intestinal stem cells in humans. The results from
immunohistochemical analysis of normal human small
intestinal tissues showed that Musashi-1 protein is
expressed in the human intestinal epithelial cells re-
siding in the lowest part of the crypt (Figure 4A).
Musashi-1-positive cells distributed up to several ep-
ithelial cells from the lowest part of the crypt, but
Paneth cells were completely negative for the stain
(Figure 4B). Immunostaining of the adjacent section

for Ki-67 revealed that the majority of Musashi-1—
positive cells within a single crypt distributed beneath
the lowest border of Ki-67—positive cells but left the
possibility that few double-positive cells may exist
(Figure 4A). These findings suggest that Musashi-1—
positive epithelial cells distribute within the lowest
part of the human crypt but are distinct from Paneth
cells or the Ki-67—positive cells. This discribution
coincides with the predicted stem cell region of the
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Figure 4. BM-derived epithelial cells rarely coexpress Musashi-1. (4) Distribution of the expression of Musashi-1 protein within a human small
intestinal crypt was examined by an immunohistochemistry using a polyclonal antibody specific for human Musashi-1. Intense staining of
epithelial cells residing in the lower part of the crypt was clearly demonstrated. Musashi-1—-positive cells distributed over the predicted stem cell
region but also appeared to include a few more cells other than just stem cells. Immunostaining of the adjacent section for Ki-67 further
confirmed that Musashi-1-positive epithelial cells within a single crypt distribute beneath the lowest border of Ki-67~positive cells (original
magnification, 1000X}. (B) A magnified view of a human small intestinal crypt immunostained for Musashi-1. Paneth cells were clearly negative
for Musashi-1 (arrow; original magnification, 1200X). (C) Serial section analysis of small intestinal sections taken from a female BMT recipient
was performed to detect Musashi-1-positive BM-derived epithelial cells. Sections were examined by immunostaining for Musashi-1, CD45, and
Y-FISH. A single cell was found to be double positive for Y-FISH and Musashi-1 (arrowhead) but negative for CD45 (original magnification,
12,800X). Of a total of 30,973 epithelial cells, 2346 cells were Musashi-1 positive, 239 cells were Y-FISH positive, but only 2 epithelial cells
were double positive.

testine. Within the intestinal epithelium of BMT
recipients, Musashi-1—positive BM-derived epithelial
cells were detected at extremely low frequency (Figure
4C). Of 30,973 epithelial cells examined, 2346 cells
were found to be Musashi-1 positive, and 239 cells

intestinal crypt, but, at the same time, it seems to
indicate that Musashi-1—positive cells inciude a lot of
cells other than the stem cells in the human intestine.
The specificity of the staining was confirmed by the
finding that preincubation of the antibodies with spe-

cific blocking peptides completely abrogated the ob-
served immunoreactivities (data not shown). Under
these experimental conditions, we examined whether
BM-derived epithelial cells are discributed as
Musashi-1-positive epithelial cells in the human in-

were Y-FISH positive, but only 2 cells coexpressed
both Musashi-1 and Y-FISH (0.08% of Musashi-1-
positive epithelial cells).

These studies thus demonstrate that BM-derived
epithelial cells show a patchy distribution within the
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Figure 5. BM-derived epithelial cells distribute as Ki-67-positive cells and divide within the human intestinal epithelium. (A) Serial section
analysis of small intestinal sections taken from a female BMT recipient was performed to detect Ki-67—positive BM-derived epithelial cells.
Sections were examined by immunostaining for Ki-67, cytokeratin, CD45, and Y-FISH (yellow arrow). Of a total of 30,973 epithelial cells, 2098
cells were Ki-67 positive, and 26 cells were positive for both Ki-67 and Y-FISH (right 4 panels; original magnification, 12,800X). Right four panels
represent the magnified view of the area indicated by the yellow square in the left end panel showing the lower maghnification view of cytokeratin
staining (original magnification, 3200X). (B) Serial sections analyzed for Ki-67-positive BM-derived epithelial celis were further examined for
clustering of BM-derived epithelial cells, which would suggest cell division of these cells within the intestinal epithelium. A maximum of 2 adjacent
cells were found to be positive for Y-FISH, Ki-67, and cytokeratin (yellow arrow) but negative for CD45 (right 4 panels; original magnification,
12,800X). Right 4 panels represent the magnified view of the area indicated by the yellow square in the left end panel showing the lower
magnification view of cytokeratin staining (original magnification, 3200X).

crypt but do not continue to reside within the epithe-
lium and rarely express Musashi-1 protein. Therefore,
we conclude that BM-derived epithelial cells rarely
distribute as intestinal stem cells.

BM-Derived Epithelial Cells Distribute as
Ki-67-Positive Cells and Express Markers of
Terminally Differentiated Functional
Epithelial Cells Within the Human Intestine

The intestinal epithelium is composed of 4 main
lineages of terminally differentiated cells and prolifera-
tive cells expressing Ki-67 antigen, along with stem
cells.® We examined whether BM-derived epithelial cells
distribute as Ki-67—positive cells that proliferate within
the epithelium. Serial section analysis using CD45, cy-
tokeratin, and Ki-67 immunostaining along with Y-
FISH revealed the presence of Ki-67—positive BM-de-

rived cells within the intestinal epithelium of BMT
recipients (Figure 5A). Of 30,973 epithelial cells exam-
ined, 26 cells were determined to be Ki-67—positive
BM-derived cells (10.9% of BM-derived epithelial cells,
1.2% of Ki-67-positive epithelial cells). However, Ki-67
also stains cells in G1,34 and, therefore, the results show
merely the proliferative potential of the BM-derived
epithelial cells. If actively proliferating BM-derived ep-
ithelial cells exist, pairs of Ki-67—positive BM-derived
epithelial cells should be found adjacent to one another.
Within the inrestinal epithelium of BMT recipients,
such pairs of adjacent Ki-67—positive, Y-FISH-positive
cells were indeed observed (Figure 5B). These results
suggested that the BM-derived epithelial cells could
express Ki-67 antigen and proliferate within the crypt.
However, clusters of 3 or more BM-derived epithelial
cells were not observed, and only 3 pairs of adjacent cells
were found among the 30,973 epithelial cells examined.
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We then attempted to determine whether BM-
derived cells distribute as terminally differentiated
epithelial cells that express lineage markers related to
specific functions. When a single section was stained
sequentially with alcian blue and Y-FISH, BM-de-
rived goblet cells producing acidic mucin were ob-
served within the intestinal epithelium of the BMT
recipients (Figure 6A). When a single section was

A Sertal section
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stained sequentially with H&E and Y-FISH, BM-
derived Paneth cells containing the characteristic eo-
sinophilic granules were observed within the intesti-
nal epithelium of the BMT recipients (Figure 6B).
Serial section analysis using CD45, chromogranin A,
and cytokeratin immunostaining with Y-FISH re-
vealed the presence of BM-derived neuroendoctine
cells expressing chromogranin A within the intestinal
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