| XEHD)
e S Fr A 7Tt

BER 3%, WEX #FR
(LBEAKFESE _ER, L&HEKRT 030001)

[ERE] wd#Hts; AR@REKRRT;, FHSHE Alamie
[ F] aEHEFERLTESOEERFEERNRRLEGIETHE AL eEERKAFALEAR

FAHNDEA L AMEASHE, A X EHFEGHEBRETRRER. ALDRAT oA LERETERETHE

1007-3949( 2002) 10-02-0182-03

BB R, ) AL m LA e E AT PO AT TRE,

W8 A A
[FESES] Q789

I % B A8 (angiogenesis) A& T8 M A5 B I 87 P 12 4 i 34
A, B RO RO I KLY o 7E IR E LR, RUAE B T A A
AL IR SR AN 7 B SR A A TR M. REEIL R, R
PRI A0 0 JEL 0 A % s AE I W] LA B B 35 I M B R A . X P
TR0 BRI BT AR R — B S 1 S EEVAR 9T b RR AT R 1Y
M A S50 S, BT 3 BRRE AL B A% T B 46 TR K] T A
an B VA T SRS, HAR I BT 1, A D A 2 R
MU BT AE, X R —Fh eV T b 55 ZE 0 DA S 1 I 3 A

I8 3 A A K R 7 ((angiogenic growth factor) F1 . yA 57 B

[Wks BEA]  2001-10-15 [f&E B#A] 20020210
[1E&TEAY] BEH, 5, 1961 4 A, /@ 3 4E &I, 2000 4F % 2001
A HARTEFRK TR OHE N NEIT I, BTN
TR NS, KER L 20 K5, BHWEAE 2 . Lz,
55,1955 4 A, FAT B, B+ BF 7 A4 SO, AR 2 2 L 7 O I
oo m FARE U, W FEE b E R Sk, BEFE T 10 78 O IR
Wi S5VEIT, EENANESA R ERF IR 46, EHEE 2 6.

B R RE 2w A0 A ST Ak R A ot B #T AT &
[ XERFRIRAE] A

JF 2 FH Folkman 251 $8 1. I8 37 A2 07 vk, a2 3@ it 152 A
M AR AR PR B HL R R i s o ) R L 0 o A S A A
ol ot A T PG, s e L 75 B 50 (0 K v T A . JEAE,
F % EPC( endothelial progenitor cell, EPC) 7£ AR A il H (1) &
L, o M AR AR RS A T OB RN R, EPC MR B 40 T 72 4
P T 1L 8 AR 97 iR (R AT 58 IEAE AT .

1 ARAEEKEFANMEHRE

A S A L A A R A U A R A i R R AR
TER . HATZ 202 KA BAT M8 57 A i PRI P R 4 i
AR T, A B T 4 41 i A K K] T (basic fibroblast
growth factor, bFGF) . Ifil & W B 4 K [H T (vascular endothelial
growth factor, VEGF) FI - 41 ffd 4= K Kl . 1992 4F Yanagisawa
AR T LR R () O UL BE A5 B AN 5 AR B Jik 1 45 T BIFGE,
RGBSR I7 I B2 J O D BEAT B 2% o 1994 4F Takeshita



CN 43-1262/R # EF) kgL 44 & 2002 25 10 55 2 183

UV IR 8 T AR R T BRI AR, 2 8RB K45 F VEGF, {2 3E
ML B RS2 0 F 90, 1999 4F Morishita 28 4R & 7 Fl
RN T R S i AR R, 25 R B Bk 45 T A I AR K IR T, A
PEFRF RN T B RO 1 SERR AT A

TEWN R AR 7, T 8 A ik Bk i 2 AR K
[ATA VEGF, IX A [K y VEGF 2 Il & P B2 40 e 4% 7 10 4 K
7 . T bEGF B4R th HL AT 5k K B I 5 3 A 1 A, (B L4
FRARRER I, B AR AE P9 57 40 B 38 5, [R] B 02 33E S
JULAH A 38 5, T B 2 i A e A

2 MEAREKEFEESASMEHRE

2.1 MEAREKETERETHEMRHAR

1996 £, Takeshita 25" ' 4538 7 75 5% G T JBé f f A 780 22
BHIK SN\ VEGF B H ST 5. 1097 30 KRG, T ME
bSR3 o WD = i R A R TR s = A
B A Bl EE OB R R S8, 78 ¥R 9T A T I I F) VEGF
mRNA . FHI VEGE KR i 4 2 B 5K T B B S % W PV
ME F IR, EFE ALK VEGF MK E T, AT 5HEA
VEGF & [ 3 ik iF 5 [ %5 5l 58 BA S8 (R 00 A 1M A T2 RO R .
PEINR, — KBRS, RS E SN B AR 4EE 2~ 3 AWML
K FE A 5w, 5T B R, KA I VEGE ¥ B 3¢ A
v, I BRI B TR I 0 A B 1, T ek b 4 B 1 AR
g 5 g N, Tsurami 287 4R 18 T K % R RS K
P ZE PEER AR B ALY N B B S O\ VEGE 2[R Y S 36 1 7% .
EERN S NG 3 AW, R AL VEGE £ K i 7 72 X
VEGF & 40 b o T JB it i 00 1 A2 e 72 A 75 381 24
e, MGG BT LA B KRR A mE.

2.2 TEAESSKECENMERNREKEFEREET

Tsner 256 ™ BEAT T T JBl B 58 2 B0 KO ARORE 1 3E BRLVR T
TRIT S GO § BRI AR A T e AT B TF R
B B A 2 ek o ik R A ROE B, B I BR B 9 S LR VEGT-
DNA ki 5 NSRSz, 54 100~ 200 Be /NFIEIETT, I
PRACRAE 2, 257 =M 3 1 000~ 2 000 Ug B, £ 5 EH
TR P B R AR, 4.8 J 5 L & S A R G SR iR IE S R
71 T I I BH B, i A R AR B 2 . IRIm A AE
R SE IR, 50 B EHN TR REE20EE,
BT HB R,

S SNSRI %, x5 F B3 kG ik g i
AL 5 TR B RN S R BT 5. T
R T HENAERSAZERKBT HE Y . ZEER
LI 2 000 Hg B4 VEGF-DNA JFUbE, [ 4 8 &8 5 15—,
70% ~ 80% 53 & 5 S A UL/ AR S 189, I AR IR R 3
Mg, SSEFNE—F, TERBMERKRE, RE FEN
— T PR M T 7 BE DR T R, 7R PR 5% BT S
2.3 BRMMCBERMMERNEEKETFEEET

RN TR P 28 Tk BN Bk B AL RE VEGE 2 (K36 T 1 2 4 bk
FT RCHE 75 30 5500 10 2 At B, SOTT 3R 7 S e o 1 0 9%
VEGF AT (Ml R B A . AR MR ITT RN S
1511 5 1 Jias P9 7 TR 0 Bk e S AR B8 e R B ik 8 A7 R S A SR

PR R B, FERBIAE BB T 2 mg B4k DNA Jihr
HEBEANOIL. RJE 2 088 mE R Sk, )M
MR BCE R ERVEIT R 53 10 A/ B 5] 9.8 £6.9 A/
. 1~ 2 AJG, @RUHEZZE OB G8E RKI, ONLIER
L DX K, T SR A B 2 9 >, 8 7 tR 3 ik i 5 R
RPN M B BN, 1999 EE T IE T & R & S E K
TN QLI J7 32, B 00 A5 Bk B AR v 2 B8 8] 48 17 %
é[lﬂ .

3 MEAREMESMERE

USRI A LR 2, e R AE MR T ORI, R
EPC 58 4T ST 69 M85 14 I8 7 B 2, 3 =2 A JRUA 19 1
N B A M R B T, TR RO IR IR, PR Ak S 1T A T
AN R —EIA, WL RS IS A TS R BTE
B U ML B . Asahara U R I, 1E AR
Y ifiL - B FE7E EPC, 240 B 3% 72 B 4% 404Ky B P9 B2 4T it
TERIANA . HEN B EPC A5 UG, 4 i Bk N\ T B I 2 4
RS, 7B R T AR ot A 3 A X8R AT LA R B A A b R 6 4
M. 387, HAE S BRI I B4, B ATGEH EPC 25
F) S R B 0 3 1L 25 T i 28 ) ot 2 g 2

WERG T A A) B0 () 1L 2 B, 46 T LAk I 40 il o
O IHZFRN EPC BN & o A7 T30 235 1 EPC 434k 2 il &
R AR, E— 35 T B AL B s A T o S5 1) 3 i 40 A
S ER R B, TR . MR ) 2 By R R A 2 1 A
b, A FE A 3 LT 40 AN EPC ¥ MR I A A
(AP S

FERRAE, EPC 2 75 7R R T8 857 Asahara 25 i {E T
TR BRI [ i B R M AR, 22 % B TR B ol 1T P 2 40
Mok AR R B R R S B AW TN REE R, &
BT 1y B HIAE T A AR T B O VAT BE | B I 355 BT
AR NI B AR AR R . 45 SRR I, E 5 I e
AT R I T B BRI AR N, TE RREEL
PR 1T T B, EPC A& AR AR ML (1 75 22, M B 3 5 3 i
FERAL I . BUAER AT EPC I T R R (1 1 A T
A, BLAE R B I B A R o 2 K I E
3.1 BEEEEBENMNERETE

& I F 40 fe A EPC & AR T 2R R 40, A, m
N EPC SRy 1 — 36 I %% B E B8 1996 4E, Noishiki /™!
8 T AER M S AR T4 B e Rk i R A
ML, 6N T A P A L PR . 1998 4R, Shi &1
TR T LE R0 o 0 o 3 B bk O\ T I B B A 2 5 Bk R
B EERS A S, PO A B B S St A T IR P P B A
MREERBAT 0, RUIBENBHNANS S5 T W IEZKIE
Mo FEARANSEEH, CDsy B 40 JU7E VEGF & bFGF f77E F,
RS T I P9 B2 A0 P . CDa B 1 400 R 72 AR A i o R
BEIK1 0. 2% "™ . % 4l FE 40 il —LTC-1C( ulture initiating cell) 7€ 1
ml KA ML AUE 2.9 4, N BB 1%, o8B Ha s
W REIEAL B £ 1) EPC T I 4 A 07 vk

Shintani 257" 36 5% G BN i Gk AR R BEAT T AR B



184

ISSN 1007-3949 Chin J Arterioscler, Vol 10, No 2

LM . BV E S, &I 5 08 2 3 B R sk
1 2H 2R D) 6 4 100/ T W 5% i I, i 4 T A 2 0
A R i A T A e A F R KON R AL B R T . A A
T 4R B HE 40 AR A Y6 9T T i P 2 1 2 Rk B 1 19 I R
T, T R Rt — DR
3.2 AFRHEMKRILE M K E MR EN I EFHE T

Kalka 5" 38 7 ¢ B N R A ML EPC 20 410 ff 3% 77 97 14
S5, K H R B0/ BT B AR A, R 3E T/ B R B X
R L Y R SE B 45 R . A2 B EPC B E 1 IR
i, T AR D IR 4 T R BE 4E R A IR T AR, il IR AE
PEATLE EPC Fi%% S\ VEGF % R () s i 4
3.3 BFwILRIEIE A K E MR iE

EPC NMUAFAE T B RERCRA ML, 7R A AT BB AR & & R
Ak - 20 B 19 5 5 UL R A7 7E . Murohara 255 F % =X 40 B A%
JBF iy ML ¥ CDsy B 14 40 M 35 4T 22 240 A & & B, JF s i A )
CDs, BH 2 28 B 55 5 29 A BN R A L 10 £ o A A 1L 23 725
LM, TE N B 4 I B IR Ak A R B AT R 3R, T A E S 4 i
P&, 5 J6HRR G 1B BRI bR B, IX LB 20 i 35 Sk UR T CDy
FEPEZM AR, IF R ILA W R A i) R R 3 — et
411 By 73 5 LR R A B 0 R R /S BR ) R ML A, T DA R AN A
I B A R i e o b g5 R A, DURT s I 43 55
-4k EPC, B AT RER T L& 8 AR V697 .

4 5

ML S 2B 5 i T R I PR B I PR L 42 5 4, A
PR 20 i A K B 2 TR 3 N YA 9T 1 L A ORT 2 ( therapeutic
angiogenesis) Fl| EPC B f8 {194 77 VE [fL 3 T . ( therapeutic vascu-
logenesis) , X L% 7 AE & IR R 42 T W B k. EPC F
B 4 D RS L T B A B UL 1 U s A A 2 A B ik
WALRE R T i i "

[ &% 3R]

[ HFATHE KT
2000, 192: 205208

[2] Folkman. Tumor angiogensis: therapeutic implications.
285: 1182196

[31 % P R NI EE N 7 VEGF @ & & ML ik vk.
85: 886-892

[4] Yanagisawa MA, Uchida Y, Nadamura F, et al.
by angiogenic action of basic fibroblast growth factor.
401-403

[5] Takeshita S, Zheng L, Brogi E, et al.
traarterial bolus of vascular endothelial growth factor augments revascularization in
a rabbit ischemic hind limb model.  J Clin Iwest, 1994, 93: 662-670

[6] Morishita R, Nakamura S, Hayashi S, et al.
by human recombinant hepatocyte growth factor in rabbit hind limb ischemia model

Hypertension, 1999, 33: 1379-384

[7] Leung DW, Cachianes G, Kuang WJ, et al. Vascular endothelial growth factor
is a secreted angiogenic mitogen.  Science, 1989, 246: 1 306-309

[8] Lindner V, Lappi DA, Baird A, et al.  Role of basic fibroblast growth factor in

Cire Res, 1991, 68: 106-113

MEFEEFHL 28 ZH. EF 0503,

N Engl J Med, 1971,

A A, 2000,

Salvage of infarct myocardium
Science, 1992, 257: 1

Therapeutic angiogensis. A single i~

Therapeutic angiogensis induced

as cylodine supplement therapy.

vascular lesion foruation.

191

[10]

(]

[12]

[ 14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Takeshita S, Weir L, Chen D, el al.

Theraeutic angiogensis folowing arterial
gene transfer of vascular endothelial growth factor in a rabbit model of hindlimb
Biochem Bigphys Res Commun, 1996, 227: 628635

Takeshita S, Tsurumi Y, Couffinahl T, et al.  Gene transfer of naked DNA enr
coding forthree isoforms of vascular endothelial growth factor stimulates collateral
development in vivo.  Lab Iwest, 1996, 75: 487-501

Tadeshita S, Losordo DW, Keamey M, et al.
tein secretion after lipossome-mediated gene transfer in a rabbit arterial organ cul-
Lab Invest, 1994, 71: 387-391

Tsurumi Y, Takeshita S, Chen D, et al.

ischemia.

Time course of recombinant pro-

ture model.
Direct intrammuscular gene transfer
of naked DNA encoding vascular endothelial growth factor augments collateral de-
Circulation, 1996, 94: 3 281-290

Isner M, Investigator P, Walsh K, et al.  Arterial gene therapy for therapeutic
Circulation, 1995, 91:

velopmert and tissue perfusion.

angiogenesis in patients with peripheral artery disease.
2 687692

Isner JM, Pieczek A, Manor O, et al.
arterial gene transfer of ph VEGFie5 in patient with eschaemic linb.
1996, 348: 370-374

Baumgartner I, Piezek A, Manor O, et al.

Clinical evidence of angiogenesis after

Lancet,

Constitutive expression of ph VE-
GFies5 after intramuscular gene transfer promotes collateral vessel development in
Circulation, 1998, 97: 1 114123
Losordo DW, Vale PR, Symes JF, et al.
genesis initial clinical results with direct myocardial infarction of ph VEGF165 as
sole therapy for myocardial ischemia.  Circulation, 1998, 98: 2 800-804
Vale RP, Losordo DW, Milliken CE, et al.
mapping to assess efficacy of ph VEGF165 Gene transfer for therapeutic angiogerr
Circulation, 2000, 102: 965974
ERE. BBEC &L AMEML2 . o 4o, @mBIF 2000,
19: 1172177

Asahara T, Murchara T, Sullivan A, et al.  Isolation of putative progenitor emr
Science, 1997, 275: 964-967

Flamme I, Risau W.  Induction of vasculogenesis and hematopoiesis in vitro.
Development, 1992, 116: 435439

Asahara I, Masuda H, Takahashi T, et al. Bone marrow origin of endothelial
progenitor cells responsible for postnatal vasculogenesis in physiological and
pathological neovascularization. ~ Cir Res, 1999, 85: 221-228

FEW. NEATH LM, AT s E s, 2000, 1: 430-436
Noishiki Y, Tomizawa Y, Yamane Y, et al.
prosthesis with bone marrow transplantation.
Shi Q, Rafii S, Wu MH, et al.
Blood, 1998, 92: 362367
Bender JG, Vnverzagt KL, Walker DE, et al.

patients with critical limb ischemia.

Gene theraphy for myocardial angio-

Left ventricular electromechanical

esis in chronic myocardial ischemia.

dothelial cells for angiogenesis.

Autocrine angiogenic vascular
Nature Med, 1996, 2: 90-93
Evidenec for circurlating bone marrow- derived
endothelial cells.
Identification and comparison of
CD34 positive cells and their subpopulations from normal peripheral blood and
bone marrow using multicolor flow cytometry.  Blood, 191, 77: 2 591-596
Udomsadi C, Lansdorp PM, Hogge DE, et al.  Characterization of puemitive
hematopoietic cells n normal human peripheral blood.  Blood, 1992, 80: 2
513521
Shintani S, Murohara T, Ikeda H, et al. Augmentation of postnatal neovascu
larization with autologous bone marrow transplantation.  Circulation, 2001,
103: 897903
Kalka C, Masuda H, Takahash T, et al.
endothelial progenitor cells for therapeutic neovascularization.
Sci USA, 2000, 97: 3 422-427
Asahara T, Iwaguro H, Kalka C, et al.

Transplantation of ex vivo expanded

Proc Nail Acad

Gene therapy of endothelial progenitor
cell for vascular development in severe ischemic disease.  Circulation, 1999,
100: 481

Murohara T, Tkeda H, Duan J, et al. Transplanted cord bloodderived endo
thelial precursor cells augment postnatal neovascularizaton. J Clin Irwest,
2000, 105: 1 527-536
Isner JM, Asahara T.  Angiogenesis and vasculogenesis as therapeutic strate-

J Clin Invest, 1999, 103: 1 231-236

gees for postnatal neovascularization.

(g SR





