REBLTLLBMLETRNENI AV v b Y
H5.

FHLEGLE Y VBF~OBRMEBH R,
T AV HO Zanjani HIZL o T o, #
Bk, 1990 474K, b hoiEhimiaE Y
OMATIZBRILT, &£ hoOLEEZ L% AT
EYUOERIZERINLTWS. ¥ Yy IR
DOn? b FEMEER Y S F S 2
FicBH L THo S ATHHERD L,
B RFAZRIEMENSHD. £ F-EV VR
THEIZIEWI EHRHLATWEINETHD
(B b=#/, B h-AX, &EFTZ, BB
¥¥, B h-F v b, b Fr-wvAMITEEL

T). B REBYOIRXIEEMAES NG LY,

ET, EEhf=FAT Y UTHE, KL
DY N BT A TRAENE VD BN
ol TORENSEORRKOBETHD.
EWFATFRT » FIZWAT (HDWITER
PLED) MR LI, 24t &btk
FRPCETAMETHS. ZOMBIZIL
TiE, FAT Y UhbY0mikiaing R
WHLT, RS A~OEREREITV, K
FREOCAHRZ SR BEIZHATHW LED
HDEZBLTWD.

SEThhbhAliA L7 ES #laixi
ESflaTHhad. LhrL, bHAAE ESHH
MZzERTLZELFRTHS. b ES M
ELE, ZEWHTHHIEYUE, B b~
BT A0OMRMEORKEYNE T DT
EMTED (8D TH)). ThikitLTEY
BT Y., WE, T AU S GIC
Biotherapeutics #¥Hid-¥ ¥ & [Ty L) 2{E-
THEELEEERE 2005 EREBTFET
HDHEWND.

E. %55

SeV <7 #—{iZ Lo CEHA LM GFP &+
DOEBLL, UANLAFIV ) MEMICE
S THITE DEEENRIAZ. LiL,
-V ES Ml kT A2 LB S h, T 08
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HUCET TEARSRFBLETH S,

RBENTY A ES Hild 2 413 P AT RS M
(~er VA7 7 AR Wb ThbE
VURBEFRRICBET S L, vADEhESR
THXAT Y UNELE L. AR EY
Tiz¥/VES Ml 2 W CHER E1T- /2%, b
kES fifd & RO FIETRAWESS, eV Y
DEATE FOMEBEEZIES Z LAFGEILRD
H LR, ILIEEEXATEE Lo E
EFazencEhE, eVPdE bOMmiE
EELEDL-O0 (T TH) L LTRHBY
B EBHRECRE A Lz,
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EEFBEEAREHNE (E M/ L BEERFHRER)
SHERRBRES

FEHARRMAEACFORRE LENFERADEA

DIERAE
B8N & (T v o#Aa)

MREE

MRARE MREBOEENRIBAGHEEEZ DN SENSRIEEE THEROERO T DHIT,
MEFEA LGSR 2 AR THAEH S ORAFEEIZ L > TRINFIZEEBEEE A AT A

(3R A MR S F ¢ selective amplifier gene; SAG) IR L., X 5ITL V£ TN REE
ZA[HE & T 51T erythropoietin (EPO) ZHEEZFIAI L2 FH ZHNA SAG 2B L T&/, H
TEh =24 P& v, G MEBRET> T D, AR TIREK 7 e ba—r L
FLEZ LN DTN T T, SAGIZL AWMBEDR A RBICFIAT D HEEERLTBY,
EMSAIEO TR ~OEFEOM ENHHEN DT HETENE (bone marrow replacement;
BMR) &Mz L Y, M FHEARMEORALREMER L ERE T EBHLMNIR-
Too =7 T, BEOMAIMKRI XL Z2BE T, BEFHALZMBOAENFHES | IER L2
Lo tz, £lo. BMR OH Tk, KHMLFZ oL L THE T 2 8EFEABROEGHE
<, SAG IC KA RBERIILLHTHDI L LGNNI Tz, BIEETOE 255
5 EPO 512G Lo iEgh R &R L, SAG BERHIEL 252 LEARLTWS, LIEIC
LD SAG & BMR X, {EFTHKIHFIOL R OELBRBIRAEFIERORBUCFATHL I L
ETREELTWS,

A HERAR BURETHLIEZELONTER, Ll Hi
i R AR S T IAROE, BRI MLHEBRIORERNZ2E 2 2586, fF~0
HMEBEFHEADESAE RS, B SRS THSND, TITHEA T2 EH
HRVERL TRV ORBRKTH B, L, xRt v Mic L a2mi#1THhT
B EFEERN, FORGEFERETHZ AR ERDD BMR 2 E5R L=, A
LTS D W ETFITEIEE L - 6 JETIE, BMR & SAG OHAAELRIZLDH
FE, BEFHAREMNRAIZER L, BRY BN T CoOREBEFHEASFEOLER SRS
ARLEGENDZEZZTWS, AR ID MEEL. EHIEAEREMOERTORE
FZAFEIGAL, METHAME R FHADBEEILRT D,
Him SRR F 2R L, Tipd
AWTZOoMREMBELCE, LML, & B. IRA*

1§ AR5 DI ER I I RHAFEHA L 7oA A, () Ahz=O 4 HFIKRHEM CD34 PrttiEtan
EROBTHDI=y FIIBH, £NT52E HEtE AUy 2 —RBR

MUBTHAZENALHII-oTERL, B MEREEr Pt THBF IR TV
Wi mAREL FHEXE A0, T B =2 A4 ¥ (Macaca Fascicularis) FHMF
OGRS, TEAISFIC L A0 ik B FB B & i O 514 Bt i (apherasis) 12 & D R
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BL, $it b CD34 HifkfE& v —X& My,
CD34 [EtARAD % BEE L 7=, 1 CD34 IR
bz brR s F A Ta— b LT
4 v ira EiZ2T, Stem Cell Factor (SCF).
Thrombopoietin (TPO), FLT-3 U #» K& Eh
Z100ngml ZEHEMLE=Z, L havAf LR~

7 A —haiotitih T4 QEIENT A DL T,

THETHAR{ToH-, 4R ~74&—%
—AZliI7 Ly aRboilmERZ. F
D 2 HEL SCF 2 B LMD A THEL,
MO T 2R %, BEBHRL . SAG
BB LIV AN ARY F—1E GALV D23y
=y 7B Th DL PGI3 M
MSCV-EPORMpl % 3% 1 & LiE A LIERL L7z
S AmoEFEMIaniE R EF X VW, i
SAG DX E LT neomycin itttz 7 o
HIREEa FUO2HIBR L3RRS ¥ —
PLI # A iz,

(2) BEAHE

BMR i, U TFOFMEIZE o7, BErE T
Y AOXEE, BLUGEREENTNDOM
S ERIL A OEHT 50ml O AT AEA
ADDEFEEEEL, LI —HORHILES
L7 B OER I TSI URERE & v L7z,
IOEBEEBRYERLE, BEFHALT
A% Iml @ 10%D A CIMESH PBS 128
L. BEENICEA L-, BMR O BERE
ELTHRFERRICEE LMiaz POfEikE v
S LA 2B HE L /- (intravenous; IV), W'
O5E LIS REORIATIIT 2T TV
W, E7z, SAGICK SBHEES COMIELY
ML T, SAG ZHA LIV AE, BREAR
& b EPO 2 H LT,

3 EEFHRAEDOTME

Bl OB FEAZROIEMIZ, Bz
¥ & 9 RN RIS M & D VIR E OB B h
B L, FoMmiEL O DNA 2E L, A
L7=SAG HAVWIPLI 2R3 AR
FAw—y FERHWZYTNLZ A APCR%E
vy, BEBEFHADRE KD, £/, AifE
A AT AR FEAL RO T, B
BRI S DV B oM B E R
MTmEfoo=2—2HBREY, ap=—I1
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}ZPCR 217\, HABGFEBRE L,

4) ZOthOFTE

SAG & BMR & D& & bEI L0 il
BEFHASERG LRI RMMO n
sitt PCR <0, BRWM L 0 T#IM - B #102 - 47
FERE B LERFROPCRIZ L O E24T L7,
£, BABEBFIOAL T FL—a Vi
LD - A5 A TEMM DNA
@ LAMPCR #1T -7z,

(P M~ 0K
FAERGWERERIIAEZEERE L ¥ —0H
M EEBRAGHIZ U > TITV. TEBHIBY L%
Bk oRE L, Fi-, miEHEToE
L. B, BRARSLEICE VST
DEERES =/ — L, BEIIHL TRE
s JE N RS s R 0l D el

C. HIR#ER

(1) SAGxBNR
BHEEZLDEPOZZHIZ AL THE L
HR. EPO OS5 % ICEE NP OBERFIA
PENEH L. EPO 5 PUE., ZORME
TTHEAMD 1/100 26 V10 (& TF L, £
FUE &3 BAE 350 RiIZH 9%IZE T2
EL,
F i 2 OO in situ PCR TH % Rtk %
U7, HERFE &4 PCR ARATA Lo f55L.
T #Bfd, B #ia, HFPRVTALBEEINRT
Wiz, &5{Z LAM PCR CiIIZ OBIEARY
rua—FalF Y Ui ES L0 THDL D
EBH LI T,

(2) SAGx IV
SAG L AMEa % POERRO B L - T
HEBHE 2 RERICIERPLPIE 1.2%08E A%
FEREEINLLOO, BRI7T A% ICITHRE
BALTIZETL, Z0%LEEN 2o t,

(3) PLIxBMR
BREZLY, FBHMEHMTHLEE T8
P LBEFEARBEEARE S, £0%
LB 300 ALLER>TH, %05 10%0
BRI 2 MADER A BN, L
L3 e, RS Cresme Mg
PN 0. 1%L TIZIET L7,



(4) PLI %1V
BRZTTHPIZIEEYN S 10%BEH - 728
BifmA iz w4 5B HHEAZNEN 100 BLLE
TR THEIFLA L 0WIIET Lk, FHj
OREFHARIIIFEAERHUTE -1,
D BE
(1) BUERERZOER
SAG & BMR D#lAHhH TREMLSP O
FHAZHRARE %2 EH L=23, SAG D&
THEH LT OBREBEFHADRIXIZL ALK
Hahihol, o T, HEHMH S0
TCIRBMEBRERIEC L - T, #H T SAG
DR AT E DIRRMREIIET D Z &8
TEREEZLRD, TNETOUYHBRT
BB EITo 2501, BEFEOEME - 8
EEARAN A o (LIPS L o Sk & BV B 7
B, TO=yF~OB, T O OIS
e = DA%, MEMIPOE AT O BATE
T, BICHBERFEEL TS =y FICEIE
TERVDTHSD,

(2) SACDES
FHRMIE R T o 56, MmN
IZEEFELHDVEBT LT WEM AL
N, LaL, Mz ELTL 28
FEE TR, ZHITHE I 2 o TN D
L, A E L THRE M PICIBREEZIEYIAD D
LI RBZOTIERNES 5 hy,

WEhIcE L AT O EFEAME LXK
B O EFIEOFETEHTOBED
ARAEIR AN TRAIIA L LTHREL T D
LEZLND,

E
[ —

E. &%

R 2T i~ o meheR
OBEBEFHAR, BEATREZRETHD
25, SAG & BMR D#AE H ¥ & » THH
Mo 10%E < OEAREEZRTDHZ LA
BEilhof, ThIEEORFTOHHIZLS
LOTHY, —HFOHNOARTIEIEHTER
ol bDOTHH,

BMR OEENRBIHEMROAENGEOM E=
v F~DEFEELRETIHEBTTHNIE. 0
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EEFBHUAAREFRYE (£ M/ L - BEERSFHRER)

HILZRAWN-EMBREA
SHEFRE TEEL (ELBRERET - AREEStL4—)

MEES
ERBUNREIZFIF Lz ES MR OEMRBAL AT L2IBET A0,
H= 7 AFAOESHIMALD invitro T P47 72 MGk SE -l % A
WTH=7 A FARBIZFAREBR R4, GFPR LI =2 AL ES kA
(CMK6/G) % MMC %LE L7~ OPO fila%® 7 4 —F— & LTH4« DY A b A
GET T BRI LZE A, 60-80%DfMIad Kb~ — % — (SSEA4) [
fEehrotz, ThOLOMIREZTZ2—FA RTFT60—-80 HiDH =27 1A FAIRIR
FFEEPIIC BRI L =R, BB CFU H 7Y 4%RIB DX A T RBHRTEN, £
FITF T b—<DERBEBH EN, RIZ, invitro TRERIZS{EEL L /-2
b#RSMb~ —H —SSEA4 [EtEMIAA FACS TORNT 47« L7 2 a v TR
F L. #i{k L7 GFP+/SSEA4-#liia % 50—70 B i D VTR C RS U7 i 2,
EHTT 7 b—<OERIIBDOENT, CFUBY DX AT FIFELE I2%ThH
o, TOZENL, UTOMKmESE,
1) SEAWE in vitro SEFHERTRIBRTT S b—<ERELHTD
SSEA4 FEtEMAa M R TE 5.
2) SSEA4 BRI ERRE LAGEIET 7 F—~vEBRARH bR R NI &
b SSEA4 IERIRHIR R GE~—HI—TH D LIl LT,
3) FATREMESEREDITIL, SSEAL BEEBELLIERATT 4 T2 LY
arihb, ~NvrIA TR MISRARMBS L~ —H — R FESL L,
ROT 47TV 7 a0 aMEiia L B2 BERH B,

X—U—FR. =749/, ES fifd, ¥ HOMESEOWMBBERERD, 201D

BababE, RBIR, RIFEA W D RIS~ S D 4
SLBHZOHB LRI, HEFEELE
A, BB/ RO LEE, ARSI, A TR R

ES ffaz Hv i Aianit, BAEREN FEBECXOEEL T8 LERH S,
DR TiZ, KA THEEGE LICHERIE  SEEE, I=27A %10 ES #lah 6 in
FARAZBA L, BRMVNERBIZRIRL TRt vito T PF 772 MCHEFE L
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FElRE =2 A FABBICEAERE L, B
MABERROERERL B I 207,
B. #¥&FE

1) B=o A%/ ES fiEhs G i AR
fa~D 4L IR .

GFP BiFHEAN =2 1 ¥/ ES #la
(CMK6/G) it~ A IRBEFMIR
(MEF) #7 4 —#—& LT ES ESHiTHk

R¥EFE Lz,

FEFEE3E ES HIB2 % 0.25%trypsin THLEE
L. FIgEL7-#Aa% OPS fijgd 7 4 —4
—& L7 7 A2THL, LLTOBHMT 6
H ﬁiﬁi%% L7,

4 s IMDM B2
8% house serum
8% FCS

5x10e-6M hydrocortisone
20ng/mL BMP-4
20ng/mL SCF

20ng/mL IL-3

10ng/mL IL-6

20ng/mL VEGF

20ng/mL G-CSF
10ng/ml. FIt3 ligand
2U/mL EPO

2) SbEEE L - RN DR R~ D EEFEH -

FRIR~ORIFEBEERIZIT 2 BIFEOMIR
RV, O el #5386 B BIZ trypsin
MER LTI L - B (1—-4x107 f2/88) %
FOFEza—HA FFT 60—80 RO
A= A FARRE 3 EICBE LT, BhE#
7692 R RIZTHEMMACHRIELZHL L, &
BEERTE T F R A VR L,

fiidEaE 6 B BRI L -ffas e b
SSEA4 Hi{k (PE-anti-SSEA4) T3 L,

25

GFP+/SSEA4-fllE B %2 7 m—H 4 kA
UK ORI, R O MM
L 95% U ETH-Tm, BE L7 GFP+H
SSEA4-#ifa (2—7x10° f8/3H) % 50—70
HEOIRE 6 BOFENICBHEL -, B
#% 85—100 B ICHTUIBIC L D IE R 218
HL, EEEsSTO ES MizhEHEs 2
EL,

C. BERUEE

1i13h=2 4 ES #la (ME) A
bEMATEARIC B E LAl (K
) ToORMME~—Hh— (SSEAL) DB
ART, RO EREERED ES M
T T 2 v = — DTS RE & 0t
SAEBEE LM TIIAE 2 =— O EE
Bhbh T3, GFPBMEO I =2 4+
ES #IEIZ B3 5 MBA4E F ¢ 0> SSEA4 3
HAMOEIA T, Rob4 ES BRETIHE
X 80% Thote, —F., H{EHR TR
10—20% DALY SSEA4 BRI L Tu/-,
SSEA4 BiMEHIlE % & Te i Mmia s 3
AT RFRPICREBE L2 A,
B, BPRR. B, BAMRZ: X oOlgERlc 0.2
—~1.1% D% A 7 ET ES MAIME L Bbh
% GFP Bsfar S hi-, 2hboi
1k B OME L THEENREIRD S
Nizghote, LHLAEMNE, FRIEANSEL
izbhhhbh b, 3 EEFORENANIC
FEEOMRAHR SN, ThbOEET
GFP &Yt %4 %4+ 52 b, GFP EH ES
MEmETh D LR LE,
~FUVHT TR P EEDTTIRER
CAEBE LR BRI FEEET
EFS b= BBRENDZ ERD, L
B LA T T bR R AT
5 ES MAANRTE LTV 5 ATAEMESS



MR AN, FLT, REMNRRSL
~v—H—Thd SSEA4 ZiEfi L LTaik
FE LU -MEERA AT T TRV &
g AZ X VRS {L ES Ml % B Li-4iE

(GFP+/SSEA4-) # tLi A1 H D IE IR AFIEA
B L, 77 b~ RO E L BT
faoseied et Lz, 3747V
a ThII L7z GFP+/SSEA4-#lfa @i
EiznwFht 05% 0 EThot-, £451ksF
ARSI OGS IZE 1-4x10" (A/FEDHD
FamBiic&foi, FACS (L atL o v
a YEEO - BT 1/10-1/50 12
Wb Ute, D BRANIEIZ b 2 dh 53,
MEZTTIIT 2K LB IFEADRED
Wil ¥ A T HE (CFUN—2) 13, £ 3.2%
&SSO GEE (4%) LAE
REFED ORI, R TREENT,
#ifb U7 GFP+/SSEA4-flfZ# M L7 6
BT RTTT 7 b—<ERBAHRED bR )
Sl EThDH, 2D LI, SSEA4 N
RH) ek TR~ — A — L7220 B35 2
LERLTVD,

ES #lfd % B /- B A EREEE T in
vitro. ex vivo THHAJ & T S Ifa % iz
SEESET ST L. el L-Mian
BHIZLDT 7 b—~ERR2ED) R %
RO ZENEETHLS, SEGLAL
GFP+/SSEA4-ffaBiofE Rit. ERET
#18T ES #IME D Clinical stemness marker
PEELEETHY ., %0 ES Mz
Ao B EEREFTOMBICB O TEER
MR EAD, —FH., SEEH L7 in vitro 43
LEERIT, PR ELT T h—~ AR
AT ORSCMBEARET S EE OB
TARREER VAT LATHY, 5B IV ESR
BHZA~= o AT T2 PR FHTE SRR
VAT LAORBBRLETHD, MEKEHT
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EAERNMR L THIaEMT 552, 4
BIRAWZ RS b~ —b— %480 e L= R A
TATELIZVarEHistbe—A—%
L LIERYT s 7L 2 Vg bn
DDFERH D, NS~ — b — 5
FAOMBELE NI BENLIE, ROT 47
L7 va s nIcENTWS, GFPH
SSEAA-EMIZIZ YR~~~ UFT T
A NS ORLEENTEY, ZhAXB
ED X ATERBENEREEZLBNR D,
LB SEFEREHARTLILA
BRI, ~vUA 7T R MR RAR Y
St —H—EFEI L, PR TRERE
MAFEEWOMBEEITS ZEMNEETH
B

D. #&

GFP THERLEZA=24H¥/1 ES #fa
(CMK6/G) %flix DA bAoA VTFETF
T 6 BREE L2 TOMIEE BIEIFEA
IZEFESAET 2 &, —EoMarsEN sk
LIeBEFITT 7 b—<OABRD LR
Tro SEHEMMIZT Z b—<ERiELH
T HK4{E ES MAAAIRTET D MEEIEE 5
Z. FACS Iz LV GFP+/SSEA4-#ERu % 4
L. FRICEEBH AT o iR,
TOBEFITT 7 b—<DOEEIIR D LR
pinofs, TOBRIIEERE ES MO
R b~ — I — 2B E LI TR
RTHDES Mk % AV - FEER T
BICEELRERTH D,

S
]

E. RERBIREFER
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ABSTRACT

Rodent and human clinical studies have shown that
transplantation of bone marrow stem cells to the ischemic
myocardium results in improved 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 (# =4) demonstrated
improved regional biood 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 in the repaired tissue. On the other hand, cul- -
tured CD34* cells were found to secrete vascular endothe-
lialgrowth factor (VEGF),and thein vivo regional VEGF
levels showed a significant increase after the transplanta-
tion. These results suggest that theimprovement 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 canrestore 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 in bone
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 [8]. More recently, however, it
has been reported that hematopoietic stem cells do not give
rise to nonhematopoietic cells in the ischemic myocardium
in murine medels [9-11].

In vivo tracking 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 cardiomyocytes in ischemic

myocardium in primates.

MATERIALS AND METHODS

Animals

Eight cynomolgus macaques bred in the Tsukuba Primate
Center (Ibaraki, Japan) were enrolled 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 commitiee 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 cell lysis with addition of ACK buf-
fer (Biosource, Camatillo, 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]. Allrecombinant 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 plates in
2 ml of StemSpan serum-free expansion medium (Stem
Cell Technologies, Vancouver) supplemented with recom-
binant human thrombopoietin (100 ag/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, NJ), and antibiotics
(100 U/mlof penicillinand 0.1 pg/m] of streptomycin; Meiji,
Tokyo). The cells were transduced twice each for 12 hours
(total, 24 hours) with the SIV vector at 50 transducing units
per target cell. After transduction, cells were cryopreserved
with 10% dimethylsulfoxide (Wako, Osaka, Japan) and 1%
Dexiran 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 aliguot of transduced cells was assessed for GFP
expression at 48 hours after transduction by flow cytornetry
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 medium (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. For immunofluorescence
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 {(55-7H1;
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.

Myocardial Infarction and Transplantatien

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 pl/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 days to alleviate the pain associated with the operation and
myocardial infarction.

Echocardiography
Echocardiographic imaging was obtained using a Scnos
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
(BMGS7030), 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 0 (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 $12 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 ataconstant 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 blood 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 bleod 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). Data are presented as percent defect compared
with the total blood flow.

Microspheres

Colored microspheres (15 um + 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 m1 of saline and injected into the left ventricle over 30
seconds. A reference blood sample was withdrawn at a 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 liquid nitrogen. Sections
were prepared (6 pm), fixed for 10 minutes at 4°C in 4%
paraformaldehyde in phosphate-buffered saline (PBS), and
blocked with 1% 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 with a
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, mounted in glycerol, and
examined under a light microscope.

In Situ Polymerase Chzin 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:
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5-CGT CCAGGA GCG CACCATCTTC-3'and 5'-GGT
CTTTGC TCA GGG CGG ACT-3". The polymerase chain
reaction (PCR) mixture consisted of 420 uM dATP, 420 uM
dCTP, 420 uM dGTP, 378 uM dTTP, 42 uM digoxigenin-
labeled dUTP (Roche, Mannheim, Germany), 0.8 uM of
each GFP primer, 4.5 mM MgCl,, 1 x PCR buffer (Mg
free), and 4 U of Takara Tag DNA polymerase (Takara,
Kyote). Sections were prepared with a Takara slide frame
(Takara) from the infarct, peri-infarct, and nonischemic
regions at 2 weeks after transplant. PCR was performed
using a PTC100 thermal cycler (MJ Research, Watertown,
MA) with the following conditions: 94°C for 1 minute and
57°C for 1 minute with 10 ¢ycles. The digoxigenin-incor-
porated DNA fragments were detected using horseradish
peroxidase (HRP)-conjugated rabbit F{ab") anti-digoxi-
genin antibody (DakoCytomation). The sections were then
stained for HRP using a Vector S$G substrate kit (Vector).
Finally, the sections were counterstained with a Kernech-
trot solution (Muto, Tokyo) that stains nucleotides, mounted
in glycerol, and examined under a light microscope.

ELISA

Vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor (bFGF) levels in tissue lysate or
medium were assessed by ELISA (R&D Systems, Minne-
apolis) according to the manufacturer’s instructions. Tis-
sue lysate was obtained from the peri-infarct region (three
samples from each monkey) at 2 weeks after transplant.

Table 1. Summary of ex vivo transduction and transplantation

Plastic Properties of CD34* Cells

Briefly, tissue was homogenized and suspended in lysis
buffer containing 10 mM Tris-HC] (pH 8.0), 1% Nonidet
P-40, 150 mM NaCl, and protease inhibitor cocktail tablets
{Complete Mini, Roche). The suspension was rocked at 4°C
for 20 minutes and centrifuged at 16,000g and 4°C for 30
minutes. The supernatant was used for ELISA. The protein
concentration of lysate was determined with DC Protein
Assay (Bio-Rad, Hercules, CA).

RESULTS

Lentiviral Marking

The CD34* fractionof autologous bone marrow cells was used
for transplantation in our study (Table 1). Before transplanta-
tion, CD34* cells were genetically marked with GFP using an
STV-based lentivirus vector. The ex vivo transduction results
are summarizedin Table 1. The transduced cells were frozen
until transplantation. An aliquot of the transduced cells was
examined in vitro for the endothelial differentiation ability.
After the differentiation culture, a vessel-like structure was
observed (Fig. 1A). The ability of cells to take up Dil-acety-
lated LDL and the expression of CD31, vWFE, VE-cadherin,
and VEGFR-2 suggested the endothelial lineage (Fig. 1B).
We and others have already confirmed the ability of hemato-
poietic differentiation of the cells [20, 21]. Taken together, the
SIV-mediated GFP gene transfer does not spoil the differen-
tiation abilities of CD34* cells. In addition, on average, 41%
of cells fluoresced 48 hours after transduction, and 56% of

Body Harvested Isolated Transplanted % GFP
weight bonemarrow CD34*cell cell expression
Sex  Age(y) (kg) cell number number number Before*  After®
Saline group
CTROI1061° M 3 4.1 NA
CTR99056 M 3 34
CTR96116 F 5 32
CTR99051 M 5 5.9
CD34*cell group
BMO01052 M 3 39 213x 108 1.00x 108 0.47 x 108 49 87
BMO010514 M 3 4.1 396 x 10° 5.14x 10% 2.20x10° 51 54
BMY7080° M 5 39 330x% 108 2.35x 108 1.04 % 10° 49 67
BM90047 M 13 58 343x 106 3.10x 10% 1.07 x 108 16 14
Average 5 43 321 x 108 2.90x 108 1.20x 10% 41 56

*Before endothelial differentiation of GFP-transduced CD34* cells.

®After the in vitro endotheljal differentiation.

“CTRO1061 died of heart failure 5 days after myocardial infarction.

YBMO01051 developed a ventricular aneurysm after myocardial infarction,
*BM97080 was killed 12 weeks after the treatment. All other animals were killed 2 weeks after the treatmment.

Abbreviations: GFP, green fluorescent protein; NA, not applicable.
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endothelial cells still fluoresced after in vitro differentiation
(Table 1), showing that the GFP expression is stable during the
in vitro differentiation to endothelial cells. Thus, GFP was
expected to serve as a good genetic tag after transplantation.

Acute Myocardial Infarction and

Autologous Transplantation

Cynomolgus acute myocardial infarction was generated by
ligating the left anterior descending artery. One totwo hours
after the ligation, GFP-transduced, autologous CD34* cells
were injected in the peri-ischemic zone at 10 sites {total,
1.20 +0.73 x 10% cells; n = 4). In the control group, saline
was injected in the same way (n = 4). We conducted con-
trast echocardiography immediately after the coronary
ligation and found no significant differences in the blood
flow defect size (percent blood flow defect compared with
the total) between the cell-treated and saline-treated groups
(13.0 £2.1% versus 12.3 £ 3.5%, p = .75), suggesting that
the initial risk of infarction did not differ between the two
groups. In addition, we tried to assess the cardiac isozyme
of serum creatine kinase (CK) to evaluate the infarct size;
however, either the immuno-inhibition assay or chemical
luminescence immunoassay did not work well for cynomol-
gus monkey samples. We were at least able to show that total
CK values at 24 hours after the ligation did not significantly
differ between the two groups (p = .83).

One of the control monkeys (CTR01061} died of heart
failure 5 days after myocardial infarction, and the other
control monkeys showed a decrease in %FS at 2 weeks after
infarction (Fig. 2). Thus, all four control animals showed the
deteriorated cardiac function. In the cell-treated group, one
monkey (*, BM01051) underwent ventricular fibrillation
immediately after the ligation and survived after cardiopul-
monary resuscitation but eventually developed a ventricu-
lar aneurysm. Only this animal showed a decrease in %FS
despite CD34* cell treatment; the other animals receiving
CD34* cells showed an increase in %FS (Fig. 2). CD34* cell
treatment may not be able to rescue such a heavily impaired
heart but otherwise had a significant effect on cardiac func-
tion. Even an old monkey (BM90047, Table 1) showed
improved %FS5.

The relative blood flow in the peri-infarct to nonisch-
emic control region was also significantly ameliorated in
the CD34* cell-treated monkeys compared with the saline-
treated ones, as assessed using contrast echocardiography
{Fig. 3A) and colored microspheres (Fig. 3B). Anexcellent
correlation was found between the two methods (Fig. 3C;
correlation coefficient = 0.93). Two groups (CD34* cell—-
treated and saline-treated) were well separated on the panel,
showing an obvious positive effect of CD34* cell injection
on the blood flow in the peri-infarct zone after acute myocar-
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dial infarction. In fact, the average myocardial blood flow in
the peri-infarct region in the absolute value was 0.988 ml/g
per minute and (0.383 ml/g per minute for the cell-treated and
saline-treated groups, respectively. Of note, the blood flow
in the peri-infarct zone was ameliorated even in the animal
with a ventricular aneurysm. On the other hand, the relative
blood flow in the infarct to nonischemic region did not show

B Acetylated LDL

Figure 1. In vitro endothelial differentiation of cynomolgus
CD34* cellslentivirally transduced with GFP. The transduced
CD34*cells were differentiated to endothelial cells after 7 days
in culture. (A): Representative vessel-like structure derived
from CD34* cells cbserved under a phase-contrast microscope
(left) and a flucrescent microscope (right). (B): The transduced
CD34* cells differentiated into fluorescent cells (green) posi-
tive for the cellular intake of acetylated LDL and immunostain-
ing for von Willebrand factor (YWF) (stained in red). Bar=100
pm. Abbreviations: GFP, green fluorescent protein; LDL, low-
density lipoprotein.
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Figure 2. Improved cardiac function after CD34" cell trans-
plantation. Cardiac function was assessed by echocardiog-
raphy in terms of percent fractional shortening (%FS) before
and 2 weeks after treatment. One monkey in the saline-treated
group {CTRO1061) died of heart failure 5 days after myocardial
infarction and is not included in the figure. One monkey in the
CD34* cell-treated group (*, BM01051) developed a left ven-
tricular aneurysm after myocardial infarction. If this animal
was excluded from the statistical analysis, the cardiac function
was significantly improved in the CD34* cell-treated com-
pated with the saline-treated group in terms of the ratio of %FS
atday 14 versus day Qaftertransplant (p=.017).
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asignificant difference between the CD34* cell-treated and
saline-treated groups. The peri-infarct region was the injec-
tion site, and thus the highest degree of change would be
expected there.

All monkeys except one CD34* cell-treated monkey
(BM97080) were examined for cardiac function and blood
flow at 2 weeks after transplantation, and their tissue sections
were finally prepared at this time point (see below). BM97080
was examined at 12 weeks, at which time the cardiac function
was still improved compared with immediately after infarc-
tion (data not shown) and the blood flow data were in a posi-
tion similartothe cell-treated group at 2 weeks (Fig. 3C).

In Vivo Tracking of Transplanted Cells

Two weeks after the transplantation, tissue sections were
prepared from the infarct, peri-infarct, and nonischemic
regions. Immunostaining of an endothelial marker CD31
demonstrated more vessels in the peri-infarct region of the
CD34* cell-treated than saline-treated myocardium (Fig.
4A). In fact, the capillary density of the peri-infarct region
was significantly better preserved in the cell-treated than
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Figure 3. Improved regional blood flow after CD34* cell
transplantation. Myocardial contrast echocardiography (A)
and colored microspheres (B) showed a significantly ame-
liorated blood flow ratio (the peri-infarct to nonischemic
control region) in the CD34* cell-treated monkeys (n = 3)
compared with the saline-treated monkeys (n = 3) at 2 weeks
after treatment, (C): An excellent correlation was found
between the two methods, A CD34* cell-treated monkey (4,
BM97080) that was examined at 12 weeks after transplant
isincluded in the panel {C) but excluded from the statistical
analysisin (A) and (B).

Plastic Propertics of CD34* Cells

saline-treated group, although there was no significant dif-
ference in the capillary density of the nonischemic control
regions between the two groups (Fig. 4B).

Double immunostaining with anti-CD31 and anti-GFP
showed that some cells in vessels were positive for both CD31
and GFP in the peri-infarctregion (Fig. SA). The result clearly
indicates that at least some transplanted CD34* cells gave rise
to endothelial cells. However, we found that the transplanted
cell progeny accounted for only a small fraction of endothe-
lial cells after examining more than 100 sections of the peri-
infarct region. In situ PCR for proviral GFP sequences also
showed that few CD31-positive endothelial cells contained the
GFP-provirus (Fig. 5B). There were no GFP-positive cardio-
myocytes in more than 100 sections. Most of the transplanted
cell progeny were found not incorporated in vessels (Fig, 5C),
Hematoxylin-eosin staining did not show any noncardiac tis-
sue regeneration in the myocardium. ’

On the other hand, we found that in vitro conditioned
medium of CD34+* cell culture for endothelial differentia-
tion contained high levels of VEGF, whereas unconditioned
medium did not contain detectable VEGF, as assessed
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Figure 4. Neoangiogenesis in the ischemic myocardium. Tis-
sue sections were prepared at 2 weeks after the treatment. (A):
Representative results of immunostaining with anti-CD31
(stained in brown) in the peri-infarct region of the saline-treated
and CD34* cell-treated myocardium. Bar = 50 um. (B): The
density of CD31-positive capillaries in the peri-infarct and
control nonischemic regions in the saline-treated and CD34*
cell-treated groups. Five fields for each section were randomly
selected (n= 3 for the saline injection, n =3 for the CD34* cell
injection), and the number of CD31-positive capillaries was
counted (average +standard deviation).
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by ELISA (Fig. 6A). In addition, in vivo VEGF levels in the
peri-infarct tissue were significantly higher in the CD34*
cell-treated than saline-treated group (Fig. 6B, left), although
in vivo levels of bEGF differed little between the two groups
(Fig. 6B, right).

DiscussioN

Although gained with small numbers of cynomolgus mon-
keys, our data suggest that the direct transplantation of bone
marrow CD34+* cells, even without coronary bypass grafts
or percutaneous coronary intervention, results in improved
regional blood flow and cardiac function after myocardial
infarction in nonhuman primates. Furthermore, we have
tried to see the contribution of transplanted CD34* cells to the
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Figure 5, In vivo fate of transplanted cells. Cardiac sections
were prepared at 2 weeks after transplantation. (A): Double
immunohistochemistry (1HC) with anti-CD31 and anti-green
fluorescent protein (GFP) in the peri-infarct region of the
CD34* cell-treated myocardium. Some cells (arrow) were
positive for both CD31 (stained in brown) and GFP (stained
in black), but such cells were rare. (B, C): Serial sections from
the peri-infarct region of the CD34* cell-treated myocar-
dium. One section (left) was stained with anti-CD?31 (stained
in brown), and the othet (right) was assessed by in situ poly-
merase chain reaction (PCR) for proviral GFP sequences
(stained in black). (B): Some CD31-positive endothelial cells
contained the GFP-provirus (arrow, right panel}), butsuch cells
were rare. (C): Transplanted cell progeny (cells positive for
GFP-provirus in the right panel) were not incorporated in ves-
sels (cells positive for CD31 in the left panel). Bar = 50 jm.
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repair of ischemic myocardium. To this end, we genetically
marked CD34* cells with GFP using an SIV-based lentiviral
vector before transplantation. Lentiviral vectors can trans-
duce nondividing cells unlike oncoretroviral vectors, and thus
the ex vivo culture period with multiple cytokines to allow cell
cycling can be reduced to 1 day orless 20, 22, 23]. This is the
great advantage of using lentiviral vectors over oncoretrovi-
ral vectors for transduction of multipotent stem cells, given
that extended ex vivo culture of stem cells may result in loss
of multilineage differentiation and engraftment abilities [24].
Human immunodeficiency virus (HIV)-1-based lentiviral
vectors can efficiently transduce human cells, but not Old
World monkey cells [25]. According to arecent report, a
species-specific cytoplasmic component confers the innate
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Figure 6. VEGF is implicated in the ncoangiogenesis. (A):
Unconditioned and conditioned media of in vitro CD34* cell
cultures for endothelial differentiation were examined for
VEGF by ELISA. The average = standard error of six culture
dishes is shown. (B): Lysates (three samples per monkey) from
the peri-infarct region of the CD34* cell-treated (monkey, n =
3) and saline-treated (monkey, n = 3) myocardium were pre-
pared and examined for VEGF and basic fibroblast growth fac-.
tor (bFGF) by ELISA. Data are shown as the average + standard
error. Abbreviation: VEGF, vascular endothelial growth factor,
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postentry restriction to HIV-1 infection in simian cells [26].
Unlike HIV-1-based lentiviral vectors, SIV-based ones can
efficiently transduce simian bematopoietic stem/progeni-
tor cells [21]. In this study, we also used an STV-based len-
tiviral vector and achieved the efficient gene transfer into
simian CD34* cells,

As aresult of this marking study, we found only a few
GFP-positive cells incorporated into the vascular structure
inthe ischemic myocardium at 2 weeks after transplantation.
GFP-positive cardiemyocytes were not detectable. The exis-
tence of GFP-positive endothelial cells can be explained by
fusion events [27, 28]. However, if that is the case, GFP-posi-
tive cardiomyocytes should have also been detected, given
that cardiomyocytes are even casier targets of fusion than
endothelial cells [11, 29]. Whether fusion occurred or not,
only a few transplanted cells gave rise to nonhematopoietic
cells in our primate model.

There are several possible explanations for the very
low prevalence of transplanted cell-derived endothelial
cells or cardiomyocytes in the ischemic myocardium. First,
2 weeks was too short or the number of transplanted cells
was too small to see the nonhematopoietic differentiation.
However, the cardiac function and regional blood flow
were ameliorated by this time point and with this number of
transplanted cells. Thus, if transplanted cell-derived, non-
hematopoietic differentiation was areason for the improve-
ment, transplanted cells at this number should have given
rise to such cells by this time point. In fact, Orlic et al. [8]
observed transplanted cell-derived endothelial cells and
cardiomyocytes within 11 days after transplant in mice. In
addition, we observed the endothelial differentiation from
CD34* cells within 7 days in vitro (Fig. 1). However, we
cannot formally rule out a possibility that inflammatory
responses after generation of infarction might have nega-
tive effects on engrafiment of transplanted cells. Second,
the STV vector failed to transduce stem or progenitor cells

that might be responsible for nonhematopoietic differen- |

tiation. Even if the transduction was successful, the cyto-
kine treatment during the transduction or GFP expression
in the cells spoiled the differentiation abilities. However,
we have shown that the SIV vector successfully transduced
cells that were capable of differentiating into GFP-express-
ing endothelial cells (Fig. 1). We have notexamined the dif-
ferentiation ability to cardiomyocytes, because the method
to differentiate CD34~ cells to cardiomyocytes in vitro has
not been well established. Thus, we cannot formally rule
out the possibility that the ex vivo culture spoiled the abil-
ity to differentiate to cardiomyocytes or reduced the ability
to differentiate to endothelial cells. Third, cells express-
ing xenogeneic GFP were rejected via immune responses.

Plastic Properties of CD34* Cells

However, 2 weeks is too short to allow immune elimina-
tion of GFP-expressing cells in monkeys [30, 31]. Fourth,
the GFP expression was shut down because of transcrip-
tional silencing in vivo, resulting in negative immunostain-
ing with anti-GFP. To examine this possibility, we tried to
detect the provirus (vector integrated into genome) in the
cardiac tissue by in situ PCR and found again that only a
few CD31-positive endothelial cells contained the GFP-
provirus (Fig. 5B), thus arguing against transcriptional
silencing-based negative immunostaining with anti-GFP.
Taken together, we concluded that most transplanted cell
progeny were not incorporated into the repaired, nonhema-
topoietic tissues.

Our results are in agreement with recent reports that
transplanted hematopoietic cells are unable to transdif-
ferentiate into nonhematopoietic cells in ischemic myo-
card-ium in mice [9-11]. Our studies confirm and extend
these findings in a couple of ways. First, we show that the
cardiac function can be indeed significantly improved
after injection of hematopoietic cells in a nonhuman pri-
mate model, although the above studies used murine myo-
cardial infarction models and did not address the potential
beneficial effects of hematopoietic cell injection. Second,
the improvement is unfikely to be the result of generation
of transplanted cell-derived endothelial cells or cardio-
myocytes. Finally, we have found that cultured CD34* cells
secrete VEGF and that the CD34* cell-treated myocar-
dium contains a significantly higher level of VEGF than
the saline-treated myocardium. This observation raises a
possibility that some angiogenic cytokines secreted from
transplanted cells (paracrine effects) potentiate angiogenic
activity of endogenous cells. VEGF would be a candidate.
Despite this, the delivery of a single agent (VEGF) failed
in clinical trials for cardiac ischemia [32]. In situ mul-
tiple cytokine production and coordinated action may be
essential for clinical benefits {33, 34]. It will be important
to explore and identify cytokines responsible for the para-
crine effect. If transplanted cells serve as cytokine facto-
ries rather than stem cells in ischemic tissues, it is not sur-
prising that not only stem cells but other types of cells may
also work [35]. The concept of stem cell therapeutics for
ischemic diseases needs additional consideration.
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