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BASBHFHERESE (£ M) b - HEERS HEER)
RATFLREE

W REEEREA~OIGHE BRY L LB > 27 L ORI

EEMEE MR BB BIEEBRRFEER 2R

WEER EEERL RESMES DX BSBEERATAT e —FIIKBE LD,
1) BIRAIBIERMGET (SAG) #FA L@ MAMAEREEECHBLICH  BEBEHOE
M ERARM 2 HE ARG L CH EHHE T A MRBEEICBWT, =) RufxF 2 (EPO) Kk
RIS W SAG 2RI A 2 iz 0 EEELZMRE AN TRRANZEET S8 OkR
BEEDT, TOYAT AFBEREEEOCSMMEIICIEAT 20, T 15 £E (H15)
FRBEF A ARLBERAOV L2 AW ERR THERRFR LTV, TOBEMEL R
Lz, HI6 i, EPO RGH SAC X B LTREeil e MEL, FFER EPO ZEMKIZHE T 27
PR S 7 FARELNB Z L MR L, iz, PAERAWEERRTSAC AT AL
SR EIIE BMR i) #HRAE D EREM R L5 EREEITV. ZOHMELHE L,
2) FEEMBEBENHOERRTFLEZ B LSRR OME « TEMchis i
ZTF Msx 1 BERTHRET) 28A LT -RAZEASESZ2ICED ., B bBRREER
T, EMRAFEREEEFoHEBCESESED 0S| 2<H LW BEEREFTORREIC
RO AT, AV R 7 ¥ —TMsxl BREFEZ—BECERS LV AFRHEOPIC, BELF
AIEEAMAA HIRT A 2 L 2/B L (H15), S HLIEMRBEHERL b OBRMRATFETSHZ
LEF L (H16), BAMEEHEERSERIZB T, BFALOEERREHE» S ERE
MFREFBHETSHZ & RAREIC AN, EHN2ERECRBIIERI LD LHFEND, 3
EEE IS MRS b oS REEFNORER | 3V ES Mlax AW in vitro R 5T
LALDIFFRICELT, UTFoF—<%EE L, (i) B ¥A 04 VAT & — (SeV)
L BYIVES HBOBETRIEEICE T OMAELERL HL5)., SeV ~I F—IlX > THA
L 7= GFP B FORELL, I A N ARFY AT VRN E > THRETE SREEETLE

(H16), (ii) ¥/ ES #8245 in vitro THIEARMEZ{E Y I+ HIEOKRE, BLUHLS
B OES MARICH T A REKIEDRT 21T o7 (H15), (iii) Y ¥H LBz hE Lzt
NVESHIKLA B OEMFRBREER T, Y AOELZ — B2 Y L OERICH S L (H16),
(iv) $/V ES #EAR % VPR IR IR~ RFEBE T 2 T OMB 21TV (H15), BALHaD M
Lasrib~—H— (SSEA4) [BHEMRE FOHREBETRIZLICEY., 75 F—<ERLIMET
XL LAEBALE (H16), 4) RAaBHMUFFRMOBEFMHEIASL (TVI: Targeted Vector
Integration) ¥ A%  XE MRS ES MME DGR G FIRIFICH L T REMEEDH D79,
TVI OB D, BEMIZIE, MV O o0z »F—3 b (ITREFIE Rep ERE)
ZRAL, %19 BRAKER AAVS] ERICEET2ESATE I HECICHABREHIEL
oo WIVIEIZLZBEFEAZRBITAEDOT T DANZ MINAT U o RS
& — DR AR (H15,16), (iYEH A bo—<HFAKO KM-102 stk ~0iC AER
21TV, HAGRET & AAVS] LS @ junction DNA BEFIOREIE BT o7 (H16), AAV DERLL
FRAOMIAAEERRA U2 VI T, BEERIIBETFRIEZMA TV BRI, Z2k0
S LHRICESLOEM/HEINRD,
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HIAER KPR
Bh#iuz
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BIEERKZER
Bh#R
Eail %
Tt~y st
KRB EER
FE OB
E SR E A ERE Y vy —
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A. WFEER

BAERIIARERMAM S 5 WO IXESHE & 5B
THT7Fa—FILKAlEND, iEOARPEL
BB TH AL, F MBS EE
ALY, BECEOREEEZ —ER LT
HrELBAREL D, AR TH, BERHFOE
M HANE A EEMETE L CH RBHE T 2B ian
Bz T, 5 IR EPOR IS EBRR AR R
F (SAG: selective amplifier gene) >F|HIZ
X0 EEE N R OERN TORRYIBIE 25
ML, BEHROBERLZENEREET S, =
D AT A E B SFIEE O BB IS B
TAED, HIHRSACERKE - BolkL., KB
EFINw 7 A TOAEERIET S, sbi2, B
BREOYNTOIME - TEMRBREITI. TO
BREICESWTER T ha—AE2EEL., E
AR O BRI % BT

EHEREREZFNATAL ) —2OWRT—<
3. SAEREEINIC & v IS RAEH S HE LR
FHAESERTR Vs N THD, BHROLERE
FYRTEBME IR ER TH H i, MEFIRIEREITD
SCHDEEE 22D, BRI, R T EEY
BEFE—ROIER SRS Z LicEn, Bialk
EEf 2R ¢, WML RBHMEEL oo ilaic s
bEEDEWVS, 2 FLWBEEFREFORR
(CHLY $ATe, BRMIHAMEE L IFEBIZBNT,
FJACBEOELCLTHAVWRER OISR
RABHHLEREMNREPFAET S Z LRI
72T, FEAZ IR R TRRC RN D b D
LRI S,

ESfERRZ# R H+ A HAERICE LTI, & b
OIEFARBEEZEL, EREO VA OESHlaZ A
WEEER L SAORRERITH, ZONFTLEE
FREHITISEOY —AThY &AL 94

ARG B — (SeVRF F—) P NRBEREY
ANVABED L F I A VAR H— (SIVLY
& —) EFRWCEEFEAER, invitrosr ki
R ERERIGIZEAT BT, B L UMERBER
Be—t—HETEEALLEHEOCE Y U
Y ADIRR~OBIEER EE2RET 5, ik
NP EREAZFA L THAESHBOIED RS
FEHZHLOTHD, 26O, FEMITE,
ESHRRRIZ LR ET PR EOBERKRT %
WAL FEEEOMBICERIENTH B,
i, =i PESHEOBEGFREICEL T,
TerED A, R RABRGTFE
ATREORIE D D, BT, EhiinsET
HBECHMFORENRERL B 2-oTHEY,
IOEI R EBENIREERFRT - Lo
TWb, BEMIZIE, 7F /BEET A LR (AAV)
OHEEFHATHHFETH S, AMVITHERICRE
15 & H19H LA RDOAAVSIEER (19913, 42) (24
EMCHEASAENAHERAPH B, ZOBREIZIT.
AAZWVORep EAE & AAVY / ADHEEMITH HITR
{inverted terminal repeat) DEEBMLETHA,
ITR L DORepZR kAL T & FE[FI 2 ELFIASAAVS 1 FEIRIC
LIFTEL, RepS R FICHEETE Z iz L vaavs
JADOERAHIALBEE I LOLBEINT
WA, FIT, MVO ZomayFE—F b (ITR
EF| X RepEHE) ZFIAL, BOBRAKEERER
MVSIIERICBREF R EAA TR IVIEDRHE
AR 2 HEfE+ 5,

B. MEFIE
1) BEREYEER =T (SAGY Z2FIMA U/ %4
FafENEEEE DR LR

EPO BRI o> 55 1% SAG [EPO Z & {&impast
T & G-CSF ZEMK T2 Mpl ZEFOHEA
EEOBMEESHY = — F ¥ oEEF] Zon
T, PADOFETELRHHEERLIT, T0O
ZhE (SAG B AE L FAAIAR o EPO # 5-12%t 45
FIGHE) e cee st Liz, £/, B
HRTALE (2 HHARY) oftbvic, it
BT HAYE (BMR @ bone marrow replacement)
(ML) B E I EFALORTREL
7= (GEE., &I, FE), b, Y AOKERE
BLUOLHEEOENLENMHGEICH 2R L, F 8T
B Ul, 0%, B FEHA CD3M4 #lazF
BEREPZEA Uiz, B OaiEiRIzIiz BT 258
BFEATRT, IE L0 FREAYZERR L2 4R
PR, EMFEaono— 2R A, BARET
DO—MEHFENICHEST 2774 ~w—F v biT



LU PCRAETZ T, £, B, RE M
O BT 2 BEFEHADRIL, B0 7
SA=w—y FERWITAFA L PCR 21T
THE LT,

ERTTNATOHRFERE LT, B b gpol
BEFEFEHESAGEERT ALV P U A LA
ARy F- L, XHEEBERFEE (-06D)
EFETNATOA (g9 BEF/ /T 7T A)
OB ERFEA L, Zo FF—Hiagt.
B BHABBEH L LYy F-CDv T A
B L OSSR FEELEPO 2485 L, {GEER
FEARLZEE LBRESEZ Z20E0E, ¥
Errr—&3I-123 Bakrzo—%A4 FA b
Y — (DHR i) I CEHRNIERR L (AK) .

F7-, BERIGAZEZEL, & b EPO ZFEH
Fastiisr & & b G-CSF B HARANE S % @e
SH SAG LT, KU ERERARY IR
B2EERT IO, TOESEHMEEDFEML2E
AETT (),

2) EEMRMBALOENRFEFBELLY
{CERIR BT ORE (AK)

BREAJZMEKLERSIEESESEHOH S
Msxl tZ#EB L, Msxl BE7 7 /v A LA
7 & — (AAV/Msx1) 2{ERIL7Z, SR & —%
< U ARBEEHICEN L, BE% 1A8»L 48
by, siEEH»GOBMREEERE L,
Glte—h—OBEANRY— BT L, £/,
Zhboflaz BEBEMICENTELR=
=—FRRER E L7,

Iz . AAV/Msx1 % C57BL/6-Ly5.2 < 7 ZBISH
BICESR L. FRERAIC AL D B ER 2 1
BLT C5TBL/6-Lyb. 1l vV A (V=7
v R) OREEFICBHEL, ZOREHNIZ
B LT, REMPD Lys 2 MBOEE 285
TAHRIELICED, B REEEREL L OEER
HEMIEOHREEFRFLE, £, ROE
2%, F—Rkivivrxr bOoFHEEEE IR
LBy b (Lys. 1/5.2 ~F 1) (BT,
R B —w Fr—ERHAaREROEI§ 2B

BrL 7=,
3) ZEN ES M6 0B RFERTORTRE
(fEE, <FR)

(i) ¥/ ES fliao it FER/ERHNTE L Tk,

GFP IR FHHa U7 SeV 7 #—Z{ERIL, =
nEYA (=2 A4 HYV) BS HfRIZ g X w7,

FOBATANVAFII ALY CORMICE - T,
CFP BUIME T TE LN E I M RFI L7,

(ii) W/ S MilaoiEfl R~ in vitro 43{kiE

BHHTIZSWTIE, R b —<#ER 0P & D3ttE
BRLICYA MU A RMEEERI Lz, £,
ES MR s T 2 EBRELEDREL /R
BAEETOMELREG MLR) THM@E LA,
({ii) &Y U ~OBEER TIE, A ES iz E
BERET (0P 7 r—F—flLTEEYA L4
AWM TEEL, Ay YA TR GEm
il & MAENE O TR D) OEEETTH
SibEE, ZoSEFORBOBEICHZ-
TiX, REIEHELET D -0, SEtESaT o
IR 1/3 8 ovr Y VBFFERIcz a—F 1
KT CER L= (FERSRE) M CiEH L,
EENbv YUz S 9 ES MaB FoiEn
2Tz,

(iv) ¥/ ESHBID T =7 A FNFRIE~DBIREE
Wz Tt SIVRZ T GFP Bz T EEA
L7z ES #Eka %, ¥ ARRA 5 BAORTEEMN £ /=148
P ~Fht L 7= (GR4rb ES HiBR 4 BA, Mok
ES #0FA 1 57) . BAETE, MR RN IR 2
L., Bt oL - B0 - e x i@~
Fle BRI TS L2 VES HRaD,
B VBIR OB ~OBHEER T2, £
OFF, ¥EF6 AHICEIRL Mt Z0EEza
— A FTFT60-80 AED I =7 A4 FAREEIZ
BHTAERE, BEX6EBICERL-MBAEH
b b SSEA4 fifk (PE-anti-SSEA4) TRal, 7
=t hA Y —IZE DFER LT GFP'/SSEAL
A5y E % 5070 HBORBROFERICERT
BHEBRD 2Tz, Bhi% 85100 A&
TR L IEREREHL, BRI TO ES
PR MR R Lz, i, ESHRBHEEDT
I h—TUR OB EL R,
4) REEHAREMEETHAA (TVI) EDHR
% (B

AAVST SRS~ DR RIIARRIEER T F ) v A
WA A T Uy B7 2 —DIER 2 E A,
Rep (3P BTHLTF / 7A AAOHEMEHFE TS
ZEhE, BEEECHEETAILERDLY,
Cre-loxP ¥R 7T A&, TK 72 E—F -}
Rep BEFOMIT loxP ELF|THA transgene
B F(ITR, CMV FOaE—#—, 752 hHa
Uit s F bsr. IRES, CD8 #{E+. ITR) %
HEERIZEALE 032) K1), Zoz=y
R TIEFEIZ Rep @D leak ZH#|T 578 CMV 7'
F— & — i > mRNA A3 Rep @ mRNA & FRARAGIZ A2
W, 7wrFEr A RNA K LA REMEHELED
S TWAH, Cre BFEIZ L D loxP BB TOHER L
BEIY K 72 E— & —OHE%IZ Rep HiGFH



BEE XL, U1V &= transgene i1 Rep D{EH
TAAVSL ICHBRAENRD L TFHTED, CreiZ &
T Rep MBEHEMNFH N5 293 HIAI Cre 5
WIS RI F(pMCCre) & VN F v A7V g
L TEft L=, ®KIZ Hela #J3IZ transgene 77
AT FRECre BELTSAIRR P ART7 227

ar L, 77 A MA VU STHEET THRETV.,

oo=—®FER S, genomic DNA OV AR
12 &9 AAVS1 ~DHLABHE # MRET LT,

mRNA
NN NS e AlR)
I o
piz — & P ¥4ed | sa0 [sma[sajana i) pova P Rep —
{o P TTR v ] TR JoxP
FTLFE/IARNA

lc,e

ot Tk
W 53| 500 [sma [ #a a0l pova Pp—

E1 Repifliz T OHIHE

F 7, EM AR~ OFF RIS FEADRTE
Ml LT, BfiR Fo—<edidee KM-102 F@Aakk
> AAVSL fEEE -~ GFP A AT ERRIZRA,
BAGNR, HARGFOREEREERH L,
AAVS] fHE I AR EEAHEEBEFELT
GFP-IRES-bsr % ITR THRATIZL D E A=, Rep
RS AI P M-102 LY RB7 =737
EITW, TR ML U S TEREITY,
single cell clone MHF Y T H 1T, 7=,
AAVS] ~DHOAR DR T -7 v — T IR
L OAVSL IZBRELRE T 7 A <—T PCR 2171,
junction ECHDREE & kAT,

(B ~DER)

vy AERRORER (ATAEXR) T B
FE (IR0 Lok ) 2E5»THBEX
N ERIESREI > TiTo -, R,
v H =T O, B EEEFITET [
MERATA P74 v ) BLUOHEERRAE ¥ —

MR TOEBRRITIRS 2L TITo 7,
LRSS b a— it BRI ERT
KR (@ RBEAS) KBWTUKREEZZTT
WA, Fi, SIva2 #—2 30, dfAEERy
DML DNAZEER (JEHESMAMLADNAEER) 122w
T, SCH R B e S Aamie
RS A DN ER S OAENE

bhTWa,

C. WFEHER
1) BIREEMEEHE T (SAG) ZFH L& RH
Ktk PIIEIE ORISR LIS

A FEACDMFADH L ~DBIEER S, LI
TO3IMOITHTTEM U, 1) SAGE A%
BMRIEIZ & 0 HEINICEEH, 2) RIS F—IZ
TEDRLHIRZEHNIIEE, 3) ERB~<Y
F— TR L= R 2 RIS B L7,

SAGHEL AR 24T BIEE L 724 L Cid, EPOR
BZIS CTRE P oA FE A ML,
BH#HMI0BIZT% 2B 2 EEFHEADEL
T Lle, TOREPORG LR LIZEZ A, BA
FRITHERAITHL L0 2% &/ afz, UL,
EPOFR R 5 CHASRIIB%ICETHELERE L, 3
[l H DEPOI 5 T L BHIZFI30 HIZH%IZEL
7=

—7FF. SACREERVIETFEEAL-Mad
ERIMICIN Ui Tk, B U & RT (IMAR)
LR DEA BT M oER LTIz
FHAMRARE IR, REIChIZ DL TH
LZEMFENRT, LML, KPP OEEFE
AHARRIEO. 1%EL T E#ED TEVVEZ 7 U, iz,
RBIREICIBHIZIT o 12 LT, BB
HASTEHM~DERREEN T,

EPO HFiA¥IE, in situ PCR THLHEABEGETE
MR B RREERGE &, 2. HHE LR
@ PCR FEATTiE, T #F2, B AERQ, fFdskuvTh
LY ABEF BRI AR IR T, E5I,
LAM-PCR T Z OHIEASRY 2 o—F L THEZ
ERW Mot

i, EPOREIZL D2 ZME (Hf%iTo7) LA
AORERITED GRT, BlER ¥ oBEFH
ARES<CEHEMIZEES vl hoi,

gp91-EpoRMpl B FEAMMIZTELR 2 F
HEEL L 7= X-COD = 7 RIZEPO & R 5T 5 R
T, R MOBSGEREERIERI M L7, DHR
EIGE TR ER O H ST EPO R EREEIZ LR L,
Biin27.5%6.8% (n=3) LApofdl, ZL&
JERERES. 4£3.1%(n=3)TH-7=(p=0.01),

MT L b o oA VAR ¥ —(Z gp9l BIzTF (12
PR IEIE O IBREAIHEF) & SAG (EPOR &5,
EPOR-GcR & A 5 #ffi, EPOR-Mpl ¥ A ) # ¥k
L.2bOflAEI L ho LA EYA B
A RAEYE Ba/F3 FA0E - MOTe #RERIZR S 87
EZA WTNE EPORFHITERET AL 2 IER
o 7m, WIS 7T, EPOR-Mpl % A T A3 f3R



T&H oM, EPOR & EPOR-GeR & A T #flird v ¥
LRIV OMFLS 7 Eirii=, X-C6D <
A ER VW Ea e =—T v A T,
EPO THE &N 5 o =—4/% EPOR-Mpl BT
FHUALEGEAENEKRT (BHiHRE 10°E%2D
#1300 48), EPOR & EPOR-GeR ¥ A T W F A
ALFSSIzER O 2 o =— (B 10°
A%/~ v 100-150 f8) AH#E-, Zh b EPO &S
oo — 2 UHREMBEEEREALLT
B, (AVEA gp9l BETFHAMNTWEZ L 55
Bl

2) SEEMAMEALOEMZFEEL BB LS
{rERMA LT OPR%

BAMGERL-EERRO 70— 2
kU —fi#47 T, CD34—/c-kit+4rHiE, 2y bo—
NEERIEED 1.3£0.9%I2x L, AAV/Msx1 Rk 4
BHEIZE 13.6z6.0%08mMLE, £
CD45+/Sca-1+5y L, 2> b — L HEBEO 2.4
+0. 4% 6 AAV/Msx] FRTE 2 B2 36.028. 1%
IZHIAN L 72, Msx1 BRI RREIZ K W B O 01E
MmATERAE LR Lz, 3> b o —AORisEiE
HERUEZHEE X 10" [l GA L&l =—
ORE¥NT 0. 445097 12T X e atoDioxt L,
AAV/Msx1 ATEEIL 7.41£3.66 Liaot-, D&
FoEMar=—OWRIE, FERERFR (3.12x
3.31) & HIERZA (3. 35 £ L 93) WEB I o 1= 4%,
FEF(0.88+1.22) HLEDH LT,

S BT AV /msxl e 5 R OREEHMOGHERL
RHERABHEL-LIEIY R (Ly5 1) I8
WT, FFr—247 (Ly5.2) OMRAERFLE
HLONLHB LTz, FTH, AAV/msxl 4T 4
BHROGABEOMEBESM LA LT, F2AY
A b 50-60%IZCEBRIERL, FF—F47D
MIARIE T U 28K « B U 2S8R - BERIEREIERUE
ROFRFNZLEZCHE LT, B9 »B#E
i, O RV FORREMIEA TR
LBy hw A (Lys 1/5.2 ~F 1) (2
L& A, H80%DMEWE A U XA/ LT
(B 7T+ 8) . ZOTTAIEWTH, b
LD RF—5A7 (Ly5 2) DFERIE. T Y 292k .
B UL 3K - BIRIERBIERIIZIFIEILAEL T
7o
3) TRMES AL OEMRBEFIFTORERE
(i) Y ES HRAoiHEFRERFTOM R TIL,
SeV-<7 # —TGFP T & 4 /L ES flfRIc ¥ A
5L, 2 REICITH 60%DIAIA CFP &2 R L,
FOHCFPORBRITH r B Lt TREL
TWe, F. BEEFHA ES Mgk, fEFRe

VORIT G - EBRTAHIENTE, ES
MIEaO=ZRIEMeiEEZ M 2b I EAHEHAL
7o

Fi, SeV 7 ¥ —TCGFP MIEFEABZOT

ES MRz U SE Y 2w Lizé A, UAEY
VILEEARTEPEIC CFP DR B|MBFEA L=, U )
v 4 nMO# 5 Tl GFP ORBATITERIC I
Ehfbon, HHEEOMROMEHEIIAR AR
Thot, —FH. BRE (0.5-0.75aM) DU
EYU L EGTIRGFPORAZB LA EMEIES 2
ENTER, ZORECIEARY ALY LEER
HARADRCAREE T H o 7243, GFP HEENT
—@EETY AR ST, BEL~ET
KR,
(i1} HAESMiaD S LFEE T PR SE TIiL.0P9
A b m—-{if LT, SCF, IL-3, IL-6, BMP-4,
VEGF # ZteishCHEaE4 2 &, #A%IZIT (D34
OERBELND L D79, 1 @R —10 R
oo =—WREEL L OB mATERMEAHTL
Too 14 H#IZEE NBT 5B SCHERBME DT ER A B
Uiz, E£7=, RH{ED ES #If8 & LTI L =40
FaZRigmia L U, EW A =27 4 AR HREER
FRUSHIE L L7 MLR Tid, R4k ES A%t
TAHRISE LA YR o -7, 2{biEE
L7 ffaiosd LTiZsh B ERIG A 8D b,

(iii) B 2icBit 240 ES MEaM ko i%mE
HTIE, R ES fAEBE TS LA TERE
S>TLEIOT, ETFRBENTHIRIEMRIZ 4
fb&¥#, I ZICRMERRSHEDOTTIZ e 5~
TrTF T RAIMBEENT D, BHSMIE L
T, BV VRTOFRARIR L, ZOR/NMR
BERMLT, ~7rPF 752 bkt
BEFHELLIEWLIHNTHA,

b IREERSE Y ABREOED FHEL
2. PAHEOENIao=—TFT vl Lo
THR L, Soo=—m56LDN ZHHL, 421
(A2 BRSNS B PCR (222 =—PCR) #1T
of, 4O Y PBETRIEN, WL 1%
DN DERF A FIZe TN, 2EE
DIRAE, 4/ bV PEMmE A iRk E LTHE
FFEhTE9., by PofEReroidn i
MR ZEEZMFTBELTNDS, TRHOF A
eV CE LT, B PR vl
I35 b bEMLAF (& b SCF) THAOER
ZIRIRETICH T 2 EERZITV, FilioiEm S A
FERE RIGRETCLIFAZ LI LE, 272
L. B Emox A5 FITERE UTEY (0. 1%8L
T) LW OHRIENI -, WL EEORAERED



Lot

(iv) L ES Ao BHENORRBR TR, £k
ES BRI DAL 2 503 1= VIR {7 ¢ RS A AR
BB O AN 22T, £ Li-flaens
KIS U b 2 3f 5 AL MR-, &
7=, B OMBRNZIA o EERIEEANIZT 5 b
—wHRPEH LT,

Wiz, CFP 1232 L= =27 4 ¥ ES k2
(CMK6/G) A MMC ALFR L7- OPO MllE 2 7 4 — ¥ —
ELTHXxOYA ML UEETT6 BRIEERL
e 2%, 60-80%DFERA R b~ - —
(SSEA4) Rtk e ol, ZRALOMEEE =2 —
HA FTT 6080 HEROA =7 A FJRITATHE
PHIRBHE L 7-#5 R, BFET - AFRE - AR - Boln7z
EOIETRIZ0.2—1. 1% O F A T RTES fBkakk
L Bbh s GFP BB (i bofla b FfEo
HifE & CTHREEMLRETRD bR 7)) B
Hah, E6IZEHECFU H17-0 4%RiIkOF AT
EPFEETELEN, 2HITF 7 F—<DFENEE
Do, FIT, invitro TRBIZSEHERL
T IR B R Ay (L~ — B —SSEA4 [BHEMAA % FACS
ek asxH 747 2Ly s ThHREL, H
{k L= GFP*/SSEA4 #lRa % 50—70 B iR RTR#
RICBIH LR, 2601C7 7 b—<OERIZER
BHENT, CFU Hi=Y OF A FZHITFEY 3.2%T
Hotr,
4) Yoo A S RAE R THUA S (TVD) B0
.
TFIDANA MV ATV RS F—m
FERLZ A Tk, E9°. 293 HINEIC p32 & pMCCre
BrFZUAT 2T a2 LRep DERE VAL
VHIT L7, Cre 2RI T ZIZDI Rep
BRMTD I LBHERTE, p32 & pMCCre %
Hela MBI b Z R 722 a3 LTHRLA
7= SEEIMHE 2 o —1 0 genomic DNA & 9 LART
L7z, RADIT AAVS] SR 7 a—7 L RN E ¢,
Fu—7 B L%, transgene 7 O0—7 L K
g, BEOTe -7 KIS T A3 K
HERE BT AAYS] #{1RIZ transgene A3FHAIA
TR L, o7/ —rnd b,
2 & m—1 T AAVSL IZ transgene D#ZGA TN T
Wi, p32 ZHNT AL T Y w R & —D il
BRAI-E DL AT 10Y/m] EREOHBRZT
FIOANALDEL Do T,

KM-102 FEAZ~OERALYE RAVELA B O T,
Rep I 7 F 2 2 F & transgene 7F A I F& Y
Rz vavl, SRS STEETT
WAL, Mt e— 2R, ERHOHF AR

s, AR IMEG S o—1 T AAVS] H R
ABNED BN, 3MDY o~ AAVS] &
transgene @ junction MERF|I K- E T 5, 2
28— junction OFRIEMN TE -, 7 AAVS]
IO R T EATE-3 70— Tk, 678
O:EE L CFP OREINHATE, AR EBEEH
REIHREERTHWAZ EBghat,

D. ##
1) BRAEEREGT (SAG) #FA L EmRE
Ta R IR E DRSS L SH -

BEFIRABFE I e~ T B SEME N A T4t
BRI ENREShi-, L L, BFEAM
FABRFEMLICHFISHBALZWEWIHBER
PG of, Zhizx LTI, EPOEGE
BHARSACYV AT AEEAT B LI LY ARR
THENTERL, RETHEOL-UEFEAS
X, FIMEZTLRWESICEERTHLIZEA
ERIORODEWLLTH B,

S 5|2, B TR SAG A3 CGD izt A Y &2 4
R EFRFEODREMREF I 22T
TUADRTHRTE -,

MT R~ Z—iX, VoA ALRERE=—F
PR 2THIRLTHE -, SRR Y
ANANHRT DA REESE LR, -, B
ALARERBGF VA ABELREL  IEHAR
Itk SAG % [FFlCflicAte AMEO BRI L
TW5, EOBEENL, SHBERS L— Fo~
g ¥ —=w{EBT BICH o T, MT £ _—XR(C
HREEED T FETHD, AT SAGE L
T, EPOR-GeR ¥ A 7 11 BF 4R EPOR & R4 o 897l
YIFNELGAT, GeR THiD & 7 A-Fik, CGD
BPEOIEN E L ATARRERADLE NI ET
Bk LABENTHY BEELOVEELZILR S,
EPOR & GeR OEEGIMEEIZ DWW, G&EEN
EVI AP LELIIRFTHTETH S,

2) FFEMFMEMNLOERRFAZER LIy
{LERR IR DRSS

Msx 1 BH{EFA4 —BM%IC BB X355,
WEMATEARIE SN T 5 Z L 2GR T & =, Fk
- BERRO K2 6T RERRTEFME LS TN
THEY Msxl 2 X DB bkiz A ki il
DEEEE R TEANEBIIEE - D ERFREE
No, 2ZTEHIIBHERLT-LEZA, &
Rl b —MiTinvivo B REEEL LS
EMFREI NI T L ONEHIIAN I KL
B EAENIZONT, EGICHBE R REEED
T3,



3) ERBFIESHIMM L OEM ZFARENTOME
(i) ¥ ES MO FIMERTORRE TIZ,
ZEMEDWENE T 7 BITHIPBAENA2 0 SeV <
7 E—DRE EITol, TORE, SIVAZ F—
KT 2 UETFEARNREG LN, LTy
ANARY = I ALROME, v ¥y Ay
ANANRY F— X REREORERHY, Zhb
~ORISHEBEORETH S,

MBI AN AFID Y RE Y 2K 5T SeV X
72 —OIEY - A TB L, EA LR ETO
BERAMMAERENE I NRM LI, Vi) ik
MBEAN Y A ARG AR TR E SN, ERETY
C RIGHIFROEHFELE LTS Y —T =0
FOHMEESEKRENTVWIEATH D, SeV
ARy F—THA LM EFORRERTA LR
HickoTHET 2 LW IRBIET, 2<H LT
Fe—FThd,

FOFER. EBEEO) ALY LEE TG

MERTE L, YL ES HIBADATER K UM & 151
BEREE o, LihL, D& T 4 —F—40
BoOFHBOHREEEZ T TWDH I EAHE
Eff, Lo T, IV ES Ao AER LT
WEEE T -oi, V) o3 ES #ijaic
XD EEHELTHRER L TV 220, WTR
& ARSI ST RERE A+ EML
THITE, 5%, L0 EHROBERWESH 2RSS
LHLERDHD,
(ii) ¥ ES MO LA EEHT OB TIL, in
vitro T M ARFEA~DREIZRII LT, BED
S L {EHREAE NS S HOBBETHL D, i,
SR Ui BS #REIZ st L C RIFE RIS I 3%
HEANDZENR LML=, ZOREIC
ONTHXREEZ TV SLEENTTE R,

(111) —AREIC A O HEL$ 5408 (Fh#E,

D5, INERFEEMAERL L) X, ES AN LD
in vitro LA HERMIFFS FIA, Eihsr 4Nk -
HFERARAE - BENE B MIFAD L S I REDEIRIZ (4}
MO UM HIR T M2V TR, BS Al
MH O in vitro {bixEELW, FIT, BEVY
FafF O RNPUNREE S AN LT ES M b &M
FEEMESDI L 2R, CRNETOERT
i, AERF AT e Y UTE, Rgod S
EVOHFASENRNENIBENE -, 20
RN EHOBRROBETH D,

(iv} ¥ ES MR DY A BER~O B R T,
ES #EfAMRAF LGRS U TatkdaZ &
HIA U7, @, ES ARNR ASHORERCEERENIZ TN B &
FZ b—<AERIhEYFRHEIZ D,

RIGR OBz ES #MIAOBANRNED
A2 E, MlRERLSPIIEETo I ENE
b EEZLNS,

f7-, BAESHIENG invitro S{EEEFR TIT
JRIRTT 7 b—<BMELITT 5 SSEA4 EHMEHR
Badszkfrd 2 = &, SSEA4 FRMVEMRS 2 BRE LTt
BT b—=ERARRO oD
Mb, SSEM EEREI ek b~——TH D &
Zxzbh3,

ES HE & AW/-FAEFMIE T in vitro T
HE) LT 2RE SR bBEET AT s .
SEBEL-AEOBMIZEST 7 b—~HBR
BREDUVAZERVERES ZEBREBETH S, 44
Boh7. GFP'/SSEA4 AR OB RIZ. BESE
THIHT ES #A® clinical stemness marker
BIFELRERTH O, %0 ES HIEEE AWV
AAENEROBRBIIBWTEEAMR L5,
—F., SEHEMA L= in vitro 4L EZRIL,
< ELT T b—HEREEZF T I RSN
MRIET D EEIEURTARAERR VAT LTH
D EREVHBIIA~=PFT TR FREFEY
TEDHBERVAT LAORBHLETH D, Bl
R A LT % Miikd 2 Fikiciz, 48
BAwlhkofbe—b—%HEL LERTT 47
L7 varEfinbe——&IEME LE
BT 4T RV I ar DT o0OFERES,
WM s~ — B — B HIIE O HLRE & vy 5 A0
Bl RPF 7L g XA IENT
VWD GFPY/SSEA4 MARSEH I IT R~~~ P F T
FAMUSAOHRLEENTE Y, INABHE
DF AZERMBENBERELEZLNRD, SBITE
R LB EREMRBT D LRBRZ, ~w Y
F7 7 A MRS b~ — T — 2T
L. BN TELAEMARERNOMRELITS
ENREETH S,

4) YeEAIRAT R RS G TR AR (VD) =R
.
AAVS] FrRANCIEHMAEEBEFEHATIZS
DTT I VANAR MV NNATY o FR_TH—D
{ESITII, Rep ORB|EBFICHWT 5120
Cre-loxP T Rep MEMHEIFMEIL. T
FRLDIZT B, FTrF A RNATIEID
cryptic 2 Rep ®BH A WM& T L 512 L7z, b
FVAT T v aryDEBRTIE, Cre KRN
Rep MIEIRAFHHE & 41, HeLla #Fa o 4 L H247 >
& AAVSE fRIE~ transgene S AR TN TN D Z
LAREESIRE, LA LARS, R 7F /v
ANROIERERARI L 25, HERFELIEL,



EORDJUABRLBELEZ LN,

HEA b o—=iBiad kO KM-102 2/
WIS AT ERR THLL AAVST SIS SRR 7 24
FAERD LN TE, ZOZ EIXFIMESR
AL, @RS IR FREEAT LN
HETHL I LERRL TS,

s mA
E. #&dm

CSAG Vs MIBILTIE. P AOZE T B
BLOERGLEERRALEZS 1 EUEIZE
=T, EPO il TR MBI D 9% F TH AL F
PAPEARAR A MRS D Z &M TE T,

+C6D EFNA-TADRT, SAC »XTFT AEFH
L& e i@ TR0 aaEsEisn
Toe

- BRI IFME IC 3 B Sl SRR A F RO
BRIRIEMZHIBEL T, SAGHECERLEZH -1,
BRIAARO ABNSLIERIZE T AT T,
B bR R (Msxl) 2 —IRIEIZEN D Z i
£V EEMFAENLENFREFEEL O HH
EMNTENT,

*SeV 2 F—iz ko THEA L7 GFP BIiaF N
BT AT A AREY A Y ENIC L - THE
TEDAFEMSTENA, L L, YA ES Il
sty Db EEIN, TOBRICMIT TER
LREABLETH S,

- BRER Y PNT YL BS MU A M R ARIR AR (o~
v AT T A M IITHEE T L e Y VRRF
FFBEITFehilig 2 &, THEHEO S TRIMNBIE SN,
FADERE-HETEIXATZ Y INHEAEL
7=

« =7 A B ES FRAE IR A T OISR
L7, £ TOMIE 3 R BTN BT 2
L. EZRTTZ b—~OBEEBEDLNE, 2
T.GFP*/SSEA4 M 2K L TR 2T o/ L =
AT T hP—=OERBEDLN o, ZD
AL TR ES MR OBKRA RS be—h—%
FE LY TORRTH Y, ES Mgz v
FEEGHETHARICLERIERTH D,

- AAV DFLAZ R % FIR] L7 AAVST fUSF BfY
P FHAE (VI ) ORBHMEs a6l
HEdE 2 & 4RI, B R~ E RIEL.,
BHA bo—<{IgBED KM-102 2 fWTAS
— b L7z TVIEE, FAERC B A kil
R E SHfAOEEBEFRIEET ) LT E2to
HEMLBEIZE2LOLHFEENRS,

F. {EHefabRti e

AR T, BCHFFRPTREHRBEINT
]«,\7‘4}1‘,\D

G. AFFCE#E
1. 3XRE
) Asano T, Shibata H, Hanazono Y. Use of
SIV vectors for simian ES cells. In, Embryonic
Stem cells II: Methods and Protocols (edited by
Turksen K). Humana, Totowa, NJ, USA in press.
2) Asano T, Sasaki K, Kitano Y, Terao K,
Hanazono Y. In vivo tumor formation from
primate ES cells. In, Embryonic Stem cells II:
Methods and Protocols (edited by Turksen K).
Humana, Totowa, NJ, USA in press.
3) Uda A, Tanabayashi K, Fujita O, Hotta A,
Terao K, Yamada A. Identification of the MHC
class I B in cynomolgus monkeys.
Immunogenetics. 2005 Mar 3; in press.
4) Yoshioka, T., Ageyama, N, Shibata, H., Yasu,
T., Misawa, Y., Takeuchi, K., Matsui, K.,
Yamamoto, K., Terao, K., Shimada, K., Ikeda, U.,
Qzawa, K., and Hanazono, Y.: Repair of infarcted
myocardium mediated by transplanted bone

locus

marrow-derived CD34+ stem cells in a nonhuman
primate model. Stem Cells 23: 355-364, 2005.

5) Sasaki, K., Nagao, Y., Kitano, Y., Hasegawa,
H., Shibata, H., Takatoku, M., Hayashi, H.,
QOzawa, K., and Hanazono., Y.: Hematopoietic

microchimerism in sheep after in utero
culured  cynomolgus
embryonic stem cells. Transplantation 79: 32-37,
2005.

6) Sasaki, K., Inoue, M., Shibata, H., Ueda, Y.,
Muramatsu, S., Okada, T., Hasegawa, M., Qzawa,
K., and Hanazono, Y.: Efficient and stable Sendai

virus-mediated gene

transplantation  of

transfer into primate
embryonic stem cells with pluripotency preserved.
Gene Ther. 12: 203-210, 2005.

7) Ueda, K., Hanazono, Y., Ageyama, N,
Shibata, H., Ogata, S., Ueda, Y., Tabata, T,
Tkehara, S., Taniwaki, M., Hasegawa, M., Terao,
K., and Qzawa, K.: Method — Intra-bone marrow

transplantation of hematopoietic stem cells in
non-human primates: long-term engraftment
without conditioning. Gene Ther. Reg 2: 207-218,
2004

8) Ueda, K., Hanazono, Y. Shibata, H.,
Ageyama, N., Ueda, Y., Ogata, S., Tabata, T,




Nagashima, T., Takatoku, M., Kume, A, TIkehara,
S., Taniwaki, M., Terao, K., Hasegawa, M., and
Ozawa, K.: High-level in vivo gene marking after

gene-modified autologous hematopoietic stem
cell transplantation without marrow conditioning
in nonhuman primates. Mol. Ther. 10: 469-477,
2004,

%) Hara, T., Kume. A., Hanazono, Y., Mizukami,
H., Okada, T., Tsurumi, H., Moriwaki, H., Ueda,
Y., Hasgcawa, M., and Ozawa, K.: Expansion of

genetically corrected neutrophils in  chronic
granulomatous disease mice by cotransferring a
therapeutic gene and a selective amplifier gene.
Gene Ther. 11: 1370-1377, 2004,

10) Nagashima, T., Ueda, Y., Hanazono, Y.,
Kume, A., Shibata, H., Ageyama, N,, Terao, K.,
Ozawa, K., and Hasegawa, M.: In vivo expansion

of gene-modified hematopoietic cells by a novel

utilizing  the
erythropoietin receptor as a molecular switch. J.
Gene Med. 6: 22-31, 2004,

11) Mizukami H, Okada T, Ogasawara Y,
Matsushita T, Urabe M, Kume A, Ozawa K:
Separate control of Rep and Cap expression
utilizing mutant and wild-type loxP sequences
and improved  packaging system  for
adeno-associated virus vector production. Mol
Biotechnol 27:7-14, 2004

12) Uda A, Tanabayashi K, Mukai R, Terao K,
Yamada  A. CD3epsilon
polymorphism in cynomolgus monkeys by a
method based on RFLP. J Med Primatol, 2004
Feb;33(1):34-37.

13) Uda A, Tanabayashi K, Yamada YK, Akari H,
Lee YJ, Mukai R, Terao K, Yamada A, Detection
of 14 alleles derived from the MHC class [ A
locus in cynomolgus monkeys. Immunogenetics.
2004 Jun;56(3):155-163.

14) Xu, R, Kume, A., Hanazono, Y., Matsuda,
K.M., Ueda, Y., Hasegawa, M., Takaku, F,, and
Ozawa, K.: G-CSF receptor-mediated STAT3
activation and granulocyte differentiation in 32D
cells. Gene Ther. Mol. Biol, 7:167-172, 2003.

15) Itoh, A., Okada, T, Mizuguchi, H.,
Hayakawa, T., Mizukami, H., Kume, A,
Takatoku, M., Komatsu, N., Hanazono, Y., and
Ozawa, K.: A soluble CAR-SCF fusion protein
improves adenoviral vector-mediated gene

selective  amplifier  gene

Detection  of

transfer to c-Kit-positive hematopoietic cells, L.
Gene Med. 5; 929-94(0, 2003,

16) Nagata, M., Takahashi, M., Muramatsu, S,
Ueda, Y., Hanazono, Y., Takeuchi, K., Okada, K.,
Suzuki, Y., Kondo, Y., Suemori, M., Ikeda, U.,
Nakano, 1., Kobayashi, E., Hasegawa, M., Ozawa
K., Nakatsuji, N., and Shimada, K.: Efficient gene
transfer of a simian immunodeficiency viral
vector into cardiomyocytes derived from primate
embryonic stem cells, J. Gene Med. 5: 921-928,
2003.

17) Asano, T., Ageyama, N., Takeuchi, K.,
Momoeda, M., Kitano, Y., Sasaki, K., Ueda, Y.,
Suzuki, Y., Kondo, Y., Torii, R., Hasegawa, M.,
Ookawara, S., Harii, K., Terao, K., Ozawa. K.,
and Hanazono, Y.: Engraftment and tumor

formation after allogeneic in utero transplantation
of primate embryonic stem cells. Transplantation
76: 1061-1067, 2003.

18) Shibata, H., Hanazono. Y., Ageyama, N.,
Nagashima, T., Ueda, Y., Hasegawa, M., Ozawa,
K., Yoshikawa, Y., and Terao, K.: Collection and
analysis of hematopoietic progenitor cells from

cynomolgus macaques (Macaca fascicularis):
Assessment of  cross-reacting  monoclonal
antibodies. Am, J. Primatol. 61: 3-12, 2003.

19}  Urabe, M., Kogure, K., Kume,_ A, Sato, Y.,
Tobita, K., and Ozawa, K.: Positive and negative

cffects of adeno-associated virus Rep on
AAVSIl-targeted integration. J. Gen. Virol. 84:
2127-2132, 2003,

20) Kametaka, M. Kume.. A, Okada, T,
Mizukami, H., Hanazono, Y., and Qzawa. K.:
Reduction of CTLL-2 cytotoxicity by induction of
apoptosis with a Fas-estrogen receptor chimera.
Cancer Sci. 94: 639-643, 2003,

21) Nagashima, T., Ueda, Y., Hanazono, Y.,
Kume, A., Shibata, H., Ageyama, N., Terao, K.,
Ozawa, K., and Hasegawa, M.: New selective

amplifier  genes  containing c¢-Mpl for
hematopoietic cell expansion. Biochem. Biophys.
Res. Commun. 303: 170-176, 2003.

22) Kume, A, Koremoto, M., Xu, R., Okada, T.,
Mizukami, H., Hanazono, Y., Hasegawa, M., and

Ozawa, K.: In vivo expansion of transduced

murine hematopoietic cells with a selective
amplifier gene. J. Gene Med. 5: 175-181, 2003,
23y Ageyama, N., Kimikawa, M., Eguchi, K.,



Ono, F., Shibata, H., Yoshikawa, Y., and Terao,
K.: Modification of the leukapheresis procedure
for use in rhesus monkeys (Macaca mulata). .
Clin. Apheresis. 18(1): 26-31, 2003.
24) Kirii, Y., Inoue, T, Yoshino, K,
Kayagaki,N., Yagita, H., Okumura, K., Shibata,
H., Yoshikawa, Y., and Terao, X.: Molecular

cloning, functional characterization, and
enzyme-linked  immunosorbent  assay  of
cynomolgus monkey Fas ligand. J Immunol

Methods. 278:201-209, 2003.
25) Hanazono, Y., Asano, T., Ueda, Y., and
Ozawa, K.. Genetic manipulation of primate

embryonic and hematopoietic stem cells with
simian lentivirus vectors. Trends Cardiovas. Med.
13: 106-110, 2003.

H. SABETAHE OB - Bakin
1) EBENHZF . A method for transplanting

10

2)

4)

lympho-hematopoietic cells into a mammal

HEBEH : 60/483,357 &

REAE . RO

PCT [E|BR HHFR# &

E &S : PCT/IP2004/009370 (2004/6/25)

EBEARES - W02005/000890 (2005/1/6)

BADOLFE  IEHERERICRE T2 EA

T35

HEEE 5 : 5778 2003-62289

tHEAR : 2003 43 H 7 H

RAE  ERE, ExARTF. EARK
FF L

REAOAT  EREDYWOEMESHI S

15 MRIBE~D GO FIE

HERE & © $7FH 2003-153494

HERR : 200345 A 29 H

SEEAE  EEE, e KIF



FRBROTATIZET 5 —R%

BRERA WXL EA PR FEFEE B ~-U | HRRE
Yoshioka, T,, Ageyama, N.,
Shibata, H,, Yasu, T., Repair of infarcted myocardium
Misawa, Y., Takeuchi, K., |mediated by transplanted bone
Matsui, K., Yamamoto, K., |marrow-derived CD34" stem Stem Cells. 23 355-364 2005
Terao, K., Shimada, K., cells in a nonhuman primate
Ikeda, U, Ozawa, K., and  |model.
Hanazono, Y.
Sasaki, K., Nagao, Y., Hematopoietic microchimerism
Kitano, Y., Hasegawa, H,, [in sheep after in utero
Shibata, H., Takatoku, M., [transplantation of cultured Transplantation, 79 32-37 2005
Hayashi, H., Ozawa, K., and |[cynomolgus embryonic stem
Hanazono, Y. cells.
Sasaki, K., Inoue, M., Efficient and stable Sendai
Shibata, H., Ueda, Y., virus-mediated gene transfer
Muramatsu, S., Okada, T., [into primate embryonic stem Gene Ther, 12 203-210 2005
Hasegawa, M., Ozawa, K., |cells with pluripotency
and Hanazono, Y. preserved.
Ueda, K., Hanazono, Y., Method — Intra-bone marrow
Ageyama, N., Shibata, H., |[wransplantation of hematopoietic
Ogata, S., Ueda, Y., Tabata, [stem cells in non-human
) . . Gene Ther. Reg 2 207-218 2004
T., Ikehara, S., Taniwaki, M., |primates: long-term
Hasegawa, M., Terao, K., engraftment without
and Ozawa, K. conditioning.
Ueda, K., Hanazono, Y.,
Shibata, H., Ageyama, N., [High-level in vivo gene
Ueda, Y., Ogata, S., Tabata, |marking after gene-modified
T., Nagashima, T., Takatoku, [autologous hematopoietic stem
. . Mol. Ther. 10 469-477 2004
M., Kume, A, [kehara, S., |cell transplantation without
Taniwaki, M., Terao, K., marrow conditioning in
Hasegawa, M., and Ozawa, |nonhuman primates.
K.
Hara, T., Kume, A., Expansion of genetically
Hanazono, Y., Mizukami, H.,|corrected neutrophils in chronic
Okada, T., Tsurumi, H., eranulomatous disease mice by
Gene Ther. 11 1370-1377 | 2004

Moriwaki, H., Ueda, Y.,
Hasegawa, M., and Ozawa
K.

cotransferring a therapeutic
gene and a selective amplifier

oene.

11




Nagashima, T., Ueda, Y.,

Hanazono, Y., Kume, A.,

In vivo expansion of
gene-modified hematopoietic
cells by a novel selective

Shibata, H., Ageyama, N., . o J. Gene Med. 6 22-31 2004
amplifier gene utilizing the
Terao, K., Ozawa K., and T
erythropoietin receptor as a
Hasegawa, M. .
molecular switch.
) Detection of CD3epsilon
Uda A, Tanabayashi K, o
) polymorphism in cynomolgus )
Mukai R, Terao K, Yamada J Med Primatol. 33(1) 34-37 2004
A monkeys by a method based on
' RFLP.
Uda A, Tanabayashi K, . .
) Detection of 14 alleles derived
Yamada YK, Akari H, Lee .
) from the MHC class I A locus Immunogenetics. | 56(3) 155-163 2004
YJ, Mukai R, Terao K, .
in cynomolgus monkeys.
Yamada A,
Xu, R,, Kume, A., Hanazono. |G-CSF receptor-mediated
Y., Matsuda, K.M., Ueda, Y.,|[STAT3 activation and Gene Ther.
. e . 7 167-172 2003
Hasegawa, M., Takaku, F., |granulocyte differentiation in Mol. Biol.
and Ozawa, K. 32D cells.
Itoh, A., Okada, T., .
. . A soluble CAR-SCF fusion
Mizuguchi, H., Hayakawa, L. .
- . protein improves adenoviral
T., Mizukami, H., Kume. A., .
vector-mediated gene transfer J. Gene Med. 5 929-940 | 2003
Takatoku, M., Komatsu, N, ) . L.
to c-Kit-positive hematopoietic
Hanazono, Y., and Ozawa,
cells
K.
Nagata, M., Takahashi, M.,
Muramatsu, S., Ueda, Y.,
Hanazono, Y., Takeuchi, K., |Efficient gene transfer of a
Okada, K., Suzuki, Y., simian immunodeficiency viral
Kondo, Y., Suemori, M., vector into cardiomyocytes J. Gene Med. 5 921-928 | 2003
Ikeda, U., Nakano, L, derived from primate
Kobayashi, E., Hasegawa,  |embryonic stem cells
M., Ozawa. K., Nakatsuji,
N., and Shimada, K.
Asano, T., Ageyama, N,,
Takeuchi, K., Momoeda, M.,
Kitano, Y., Sasaki, K., Ueda, |Engraftiment and tumor
Y., Suzuki, Y., Kondo, Y., |formation after allogeneic in .
Transplantation 76 1061-1067 | 2003

Torii, R., Hasegawa, M.,
Ookawara, S., Harii, K.,

Terag, K., Ozawa, K., and

Hanazono, Y,

utero transplantation of primate

embryonic stem cells

12




Shibata, H., Hanazono, Y.,
Ageyama, N., Nagashima,

Collection and analysis of
hematopoietic progenitor cells
from cynomolgus macaques

Ueda, Y., and Ozawa, K,

hematopoietic stem cells with
simian lentivirus vectors

Med.

T., Ueda, Y., Hasegawa, M., . . Am. ]. Primatol. 61 3-12 2003
. (Macaca fascicularis):
Ozawa, K., Yoshikawa, Y., )
Assessment of cross-reacting
and Terao, K. N
monoclonal antibodies
Urabe, M., Kogure, K., Positive and negative effects of
Kume, A., Sato, Y., Tobita, Jadeno-associated virus Rep on J. Gen. Virol. 84 2127-2132 | 2003
K., and Ozawa, K. AAVSI1-targeted integration
Kametaka, M., Kume.. A, Reduction of CTLL-2
Okada, T., Mizukami, H., totoxicity by induction of .
% cytotoxielty by Cancer Sci. 94 | 639-643 | 2003
Hanazono, Y., and Ozawa, [apoptosis with a Fas-estrogen
K. receptor chimera
Nagashima, T., Ueda, Y.,
Hanazono, Y., Kume, A., New selective amplifier genes ) .
] .. Biochem. Biophys.
Shibata, H., Ageyama, N., |containing c-Mpl for 303 170-176 | 2003
. ) Res. Commun.
Terao, K., Ozawa, K., and  |hematopoietic cell expansion
Hasegawa, M.
Kume, A., Koremoto, M.,
Xy, R., Okada, T., In vivo expansion of transduced
Mizukami, H., Hanazono. Y., |murine hematopoietic cells with J. Gene Med. 5 175-181 2003
Hasegawa. M., and Ozawa. [aselective amplifier gene
K.
Ageyama, N., Kimikawa, M, [Modification of the
Eguchi, I.(., Ono, F., Shibata, Feukapheresis procedure for use J. Clin. Apheresis 18¢1) 2631 2003
H., Yoshikawa, Y., and in rhesus monkeys (Macaca
Terao, K. mulata)
Kirii, Y., Inoue, T., Yoshino, [Molecular cloning, functional
K., KayagakiN., Yagita, H., |[characterization, and
. \ ) J Immunol
Okumura, K., Shibata, H.,  jenzyme-linked immunosorbent Method 278 201-209 2003
ethods,
Yoshikawa, Y., and Terao, l|assay of cynomolgus monkey
K. Fas ligand
Genetic manipulation of
Hanazono, Y., Asano, T., primate embryonic and Trends Cardiovas.
13 106-110 2003

13




MERRDTIITY - BRI



STEM CELLS

Original Article

Repair of Infarcted Myocardium Mediated by Transplanted
Bone Marrow~-Derived CD34* Stem Cellsin a

Nonhuman Primate Model
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ABSTRACT

Rodent and human clinical studies have shown that
transplantation of bone marrow stem cells to theischemic
myocardium resultsinimproved cardiac function. In this
study, cynomolgus monkey acute myocardial infarction
was generated by ligating the left anterior descending
artery, and autologous CD34* cells were transplanted to
the peri-ischemic zone. To track the in vivo fate of trans-
planted cells, CD34* cells were genetically marked with
green fluorescent protein (GFP) using a lentivirus vec-
tor before transplantation (marking efficiency, 41% on
average). The group receiving cells (r = 4) demonstrated
improved regional blood flow and cardiac function com-
pared with the saline-treated group (n =4) at 2 weeks after
transplant. However, very few transplanted cell-derived,

GFP-positive cells were found incorporated into the vas-
cular structure, and GFP-positive cardiomyocytes were
not detected inthe repairedtissue. On the other hand, cul- '
tured CD34* cells were found to secrete vascular endothe-
lial growthfactor (VEGF),and thein vivo regional VEGF
levels showed asignificant increase after the transplanta-
tion, These results suggest that the improvement is not the
result of generation of transplanted cell-derived endo-
thelial cells or cardiomyocytes; and raise the possibility
that angiogenic cytokines secreted from transplanted
cells potentiate angiogenic activity of endogenous cells.
STEM CELLS 2005;23:355--364

INTRODUCTION

Recent clinical studies have shown that the introduction of
bone marrow cells can restore blood flow in ischemic myo-
cardium and ameliorate cardiac function {1-6]. Despite

enthusiasm for these studies, it is unclear how transplanted
bone marrow cells contribute to the clinical improvement.
Because endothelial progenitor cells are identified inbene
marrow cells {7], these cells might participate in the repair
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of vascular tissue. On the other hand, it has been reported
that hematopoietic stem cells differentiate into endothelial
cells and cardiomyocytes when transplanted into the isch-
emic myocardium in mice [§]. More recently, however, it
has been reported that hematopoietic stem cells do not give
rise to nonhematopoietic cells in the ischemic myocardium
inmurine models [9-11].

Invivotracking and plastic properties of hematopoietic
stem or progenitor cells have not been examined in primate
cardiac ischemia. We have transplanted genetically marked
autologous CD34* cells to the ischemic myocardium in
a nonhuman primate {cynomolgus macaque) model and
tracked the in vivo fate of the cells. We have used CD34*
cells because the cells are widely used as a fraction of hema-
topoietic stem cells in clinical and nonhuman primate stud-
ies [12]. In addition, CD34* cells contain vascular endothe-
lial progenitor cells [7]. Thus, the present study can address
the question of whether transplanted CD34* cells really give
rise to endothelial cells and cardiomyoeytes in ischemic
myocardium in primates.

MATERIALS AND METHODS

Animals

Eight cynomolgus macaques bred in the Tsukuba Primate
Center (Ibaraki, Japan) were enroiled in the present study.
This study strictly adhered to the rules for animal care and
management of the Tsukuba Primate Center, as well as the
guiding principles for animal experiments using nonhu-
man primates formulated by the Primate Society of Japan.
The protocols of animal experiments were approved by the
animal welfare and animal care committee of the National
Institute of Infectious Diseases (Tokyo).

Preparation of CD34* Cells

Cynomolgus bone marrow (50 ml) was aspirated from the
iliac crest under an isoflurane-induced general anesthe-
sia. From the bone marrow, a nucleated cell fraction was
obtained after red blood celllysis with addition of ACK buf-
fer (Biosource, Camarillo, CA). CD34* cells were isolated
using magnetic beads conjugated with anti-human CD34
(clone 561; Dynal, Lake Success, NY), which cross-reacts
with cynomolgus CD34 [13]. The purity of CD34* cells at
harvest ranged from 90% to 95%, as assessed with another
anti-human CD34 (clone 563; PharMingen, San Diego)
that cross-reacts with cynomolgus CD34 [13]. The purity
remained at the same levels after the 1-day transduction
culture, which is discussed next.

Plastic Properties of CD34* Cells

Lentiviral Transduction
A simian immunodeficiency virus (SIV)-based lentivirus
vector carrying enhanced jellyfish green fluorescent pro-
tein (GFP) (Clontech, Palo Alto, CA) was used for transduc-
tion. The vector was prepared as previously reported [14,
15]. All recombinant DNA experiments were approved by
the Ministry of Education, Culture, Sports, Science and
Technology of Japan,

CD34* cells (1 x 10%) were seeded in six-well platesin
2 m| of StemSpan serum-free expansion medium (Stem
Cell Technologies, Vancouver) supplemented with recom-
binant human thrombopoietin (100 ng/m}; Kirin, Tokyo),
recombinant human stem cell factor (100 ng/ml; Biosource,
Camarillo, CA}, recombinant human Flt-3 ligand (100 ng/
ml; Research Diagnostics, Flanders, NI), and antibiotics
(100U/ml of penicillin and 0.1 pg/ml of streptomycin; Meiji,
Tokyo). The cells were transduced twice each for 12 hours
(total, 24 hours) with the SIV vector at 50 transducing units
pertarget cell. Afier transduction, cells were cryopreserved
with 10% dimethylsulfoxide (Wako, Osaka, Japan) and 1%
Dextran 40 ( Yoshitomi, Osaka, Japan) in a controlled-rate
programmable freezer (Kryo 10; Planer Biomed, Middle-
sex, UK) until transplantation. The viability of cells after
thawing was 53.0 £ 6.5%, as assessed by trypan blue stain-
ing. An aliquot of transduced cells was assessed for GFP
expression at 48 hours after transduction by flow cytometry
using a FACScan (Becton Dickinson, Franklin Lakes, NJ)
with excitation at 488 nm and fluorescence detection at 530
+30nm.

In Vitro Endothelial Differentiation

CD34* cells were seeded on fibronectin-coated plates {Bec-
ton Dickinson} in M199 medivm (Invitrogen, Carlsbad,
CA)with 20% fetal calf serum and bovine pituitary extracts
{Invitrogen) as previously described [7]. After 7 days in
culture, cells were examined for the uptake of Dil-acety-
lated low-density lipoprotein {LDL) and for the expression
of CD31, von Willebrand factor (vWF), vascular endothe-
lial (VE)-cadherin, and vascular endothelial growth factor
receptor (VEGFR)-2, Briefly, adherent cells were incubated
with 1 pg/ml of Dil-acetylated LDL (Molecular Probes,
Eugene, OR) for 4 hours at 37°C. Forimmunofluorescence
staining, after fixation in ice-cold 4% paraformaldehyde
for 10 minutes and blocking in 1% bovine serum albumin
{BSA) for 15 minutes, cells were incubated with a primary
antibody: mouse anti-human CD31 (VM-59; Becton Dick-
inson), rabbit anti-human vWF (DakoCytomation, Glos-
trup, Denmark), mouse anti-human VE-cadherin (55-7HI;
Becton Dickinson), or rabbit anti-mouse VEGFR2 (Santa
Cruz Biotechnology, Santa Cruz, CA) for 1 hour at room
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temperature. Cells were then incubated with a secondary
antibody, Texas red-conjugated horse anti-mouse immuno-
globulin G (IgG) (Vector, Burlingame, CA) or goat anti-rab-
bit IgG (Vector) for 30 minutes at room temperature.

Mpyocardial Infarction and Transplantation

All operations on cynomolgus monkeys were performed
under an isoflurane-induced general anesthesia, Thoracot-
omy was conducted, the pericardium was opened, and the
left anterior descending coronary artery was ligated with
5-0 prolene sutures. One to 2 hours after the ligation, GFP-
transduced, autologous CD34* cells in normal saline were
injected with a microsyringe through a 27-gauge needle into
10 sites (5 il/site) in the peri-ischemic zone. In the control
group, saline alone was injected in the same way. The peri-
cardium and chest were closed. The animals then received
butorphanol tartrate (0.5 mg/kg, intramuscularly) daily for
5 daystoalleviate the pain associated with the operationand
myocardial infarction.

Echocardiography
Echocardiographic imaging was obtained using a Sonos
5500 system {Philips Medical Systems, Andover, MA)
before transplantation and at 2 weeks after transplant.
The echocardiography was conducted by independent
technicians irrelevant to our study group. In one animal
{BM97080), it was additionally performed at 12 weeks.
Short-axis two-dimensional images at the midpapillary
level of the left ventricle were stored, and percent fractional
shortening (%FS) was calculated to assess cardiac function.
Myocardial contrast echocardiography (MCE) was per-
formed at day O (just before transplantation) and at 2 weeks
after transplant to assess regional blood flow and blood flow
defect size. In one animal (BM97080), chronic assessment
was performed at 12 weeks after transplant. The electro-
cardiograph-triggered end-systolic intermittent imaging
was conducted in short-axis views at incremental pulsing
intervals (triggering intervals of 1,2, 3,4, and 8 beats) using
an S12 probe. Once optimized, the settings of depth {4 cm),
mechanical index (0.9), and focus (3 ¢cm) were fixed. The
contrast agent (perflutren; Yamanouchi, Tokyo) consisted
of lipid-coated microbubbles of perfluorocarbon (16]. Per-
flutren diluted with saline (1:10) was administered intrave-
nously at a constant rate (0.01 ml/kg per min}. For the assess-
ment of regional blood flow, MCE images were analyzed
using ORIGIN 6.0 (Lightstone, Tokyo), and the bleod flow
was calculated as previously described [17]. Data are pre-
sented as a blood flow ratio (the peri-infarct versus nonisch-
emic control region or the infarct versus nonischemic con-
trol region). For the assessment of blood flow defect, MCE
images obtained at triggering interval of four beats were
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analyzed using National Institutes of Health Image software
(version 1.61). Dataare presented as percent defectcomnpared
with the total blood flow.

Microspheres

Celored microspheres (15 pm + 2% diameter; E-Z Trac, Los
Angeles) were used to evaluate regional blood flow 2 weeks
after transplant [18], with the exception of one animal
(BM97080), in which evaluation was performed 12 weeks
after transplant. A set of microspheres (2 x 10%) was diluted
in 2 ml of saline and injected into the left ventricle over 30
seconds. A reference blood sample was withdrawn ata con-
stant rate of 5 ml/min through the femoral artery. After the
collection of blood samples, monkeys were irrigated with
saline for mercy killing and blood was completely washed
out. The heart was excised from each monkey. Tissue sam-
ples from the infarct, peri-infarct, and nonischemic regions
(one sample per region) were digested, microspheres were
collected, and the blood flow was calculated according to
the manufacturer’s instructions. Data are presented as blood
flow ratio (the peri-infarct versus nonischemic control
region or the infarct versus nonischemic control region).

Immunohistochemistry

Tissue samples from the infarct, peri-infarct, and nonisch-
emic regions at 2 weeks after transplant were embedded in
optimal cutting temperature compound (Sakura, Zoeter-
woude, Netherlands) and frozen in ligquid nitrogen. Sections
were prepared (6 wm), fixed for 10 minutes at 4°Cin 4%
paraformaldehyde in phosphate-buffered saline (PBS), and
blocked with 19% BSA in PBS. The sections were incubated
at room temperature with a primary antibody, monoclonal
mouse anti-human CD31 (1:200; Becton Dickinson), fol-
lowed by a secondary antibody, biotin-conjugated horse
anti-mouse IgG (1:500; Vector). The sections were then
treated with avidin-alkaline phosphatase (ABC AP kit;
Vector) for 30 minutes. The reaction was developed witha
Vector Red substrate kit {SK-5100; Vector). In the case of
double staining of CD31 and GFP, the above sections were
further incubated with polyclonal rabbit anti-GFP (1:200;
Clontech) followed by biotin-conjugated anti-rabbit IgG
(1:500; Vector) and treated with avidin-peroxidase (ABC
Elite kit; Vector). The reaction was developed with a Vec-
tor SG substrate kit (SK-4700; Vector). The sections were
counterstained with hematoxylin, mountedin glycerol, and
examined underalight microscope.

In Situ Polymerase Chain Reaction

In situ detection of transduced cell progeny was performed
by amplifying proviral sequences as previously reported
[19]. The following primer set for the GFP gene was used:



