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FE: BB WL RN B 82 4 40 0 2R K R (bFEGF ) B6A 1 40 i 30 53 500 %o 4 0F 4 Bkt 1t
B B R AEMER. Ak 40 JRH A G U)W A 0 8 gh Bk K& 243 32, il 4F S e BB ol 45 A8 A
JEBENLAY 4 A (4110 H) (1) bFGF 4, 7 i 1fil J5 B HLN 2 Wi 5 5 41 A bFGF 25 145 (2) G-CSF 41,
BT S T 2 N 20 M 4E 95 0 3 X (rthG-CSF) 5 (3) bFGF + G-CSF 41, #% bFGF 41 fil G-CSF 41 /) J7 3%
457 bFGF Fl G-CSF; (4) X HR4L, 44 T W B #Eh K . R 4 & 4 %4716 32 30 bk i 52, 022 00 =2 1l
YU 0 o TP WS LR HE B UL LA 24 s B DD A ke s R IR 2 T R SR G 0 I A s R S s 4l Ak
o W LA R B L VEGE BH PR GA M m A 4. &R S0 306 35 1 & 4% 4. i 48 % B2 2 VEGF FH
P 32 3K 1 1A K 9K K bFGF + G-CSF 41 > bFGF 41 > G-CSF 41 > B4l (¥ P <0.05), &it

FE Bt R UL VR S bFGE 28 [ F0 B2 T T G B T 8 B 2l 5% 50 28 R] 4R o A R AR o AR B i iR
5 AETE B8 T 40 M 3 B3 89 IRl B W A BFGE 28 1 &% 5 3 4, e i i R e 3 B B
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Co-application of basic fibroblast growth factor ( bFGF ) and mobilization of
bone marrow stem cells to improve the angiogenesis of ischemic limbs

WANG Zhi-wei' , MA Xiu-xian', LI Tian-xiao’, DANG Wiao-wei'
(1 Department of General Surgery, the First Affiliated Hospital , Zhengzhou University , Zhengzhou 450052 ,
China ; 2 Department of Intervention , Henan Provincial People’s Hospital , Zhengzhou 450052 , China)

Abstract ; Objective  To evaluate the effect of local co-application of basic fibroblast growth factor ( bFGF )
and mobilized bone marrow stem cells on angiogenesis in ischemic limbs of rabbits. Method After ischemia
models were induced by surgical section and ligation of left femoral artery and its branches in 40 rabbits , they
were randomized to receive intramuscular injection of recombinant human granulocyte colony -stimulating factor
(thG-CSF) (n =10) in ischemic zone, hypodermic injection of recombinant human G-CSF (n =10) ,
co-application of bFGF and G-CSF (n =10), or normal saline (n =10). Four weeks later, angiogenesis
of ischemia models was observed and evaluated by abdominal aortography, histopathologic analysis and
immunohistochemical studies with the antibodies of VEGF. Results The member of capillaries, the
compensatory circulation blood vessel and the vascular endothelial cells that expressed VEGF protein in bFGF
+ G-CSF group was the most (P < 0. 05), that of bFGF group was more than that of G-CSF group
(P<0.05),and that of saline group was the least (P <0.05).

Conclusion Both intramuscular injection of recombinant human bFGF and hypodermic injection of
recombinant human G-CSF ( mobilization of bone marrow stem cells ) can stimulate angiogenesis of the

ischemic limbs. But the effect will be better if co-application of them is used.
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JH AR SFe L 1 9 s A A R R DL 1 R M R
TR B R 5t BOR I e B Y ol R R B
J S AR ARG R, B R S Ay, AN
5038 A8 G B M JE R UL P S AL N B 2T 4
Y A= K R 7 (rh-bFGF ) |, K¢ B2 R 1 5 8 41 A hE
240 4R 9% R38R ( chG-CSF ) fff 4 1 B8 T 40 M 4%
Bl G, W% Lk i o 41 2 i A BT AR 1 B S e
= (I

1 MHEITE

1.1 Yo HERHF

S 56 AR (B H AR R H A 40 H R
2.5 ~3.0kg, ¥ 2. 8kg, M HfE A R, th {7 9 4 3l
Yo e 4 . 158 rh-bFGF 1 rhG-CSF 1y
Wy b 5 U 2500 A R ) 576 % 520712 52 Hi e
W b B 2R i 3 20 A BR 2 F 5 R e i
KR (VEGE) Z e BEPi iR B 231 18
A BCRA BR 2 7] 5 SP-9000 — 20 2 fu e A AL £
R & A DAB R 5 50 & 2 W B b bl AR
WHEARAER A
1.2 & THRRMENFE

B WL e TR (50mg/ kg ) BRI IS, M 9%
B THEE VHE D 5 28 A0 I B v 0 R (B B R
KNG )E—K A1 ~2em NI RRY O, 2
#& BBk, B R 4G T o o B 2, A R 8 KOR 1R
Rb 1S 22 2 25 L 5T U W, iR A IS BBk il A
R, RIS BE AL 4 4 40, B BRZH | bFGF 41 (
I )5 i WL bFGF ) | G-CSF 4 ( jz T 1E 4§ G-CSF)
H1 bFGF + G-CSF 4H . %40 10 H
1.3 4AHR—MEANE

B J5 I Bk 1l B Y ] A5 M) 3h s B AR LT
RS 25 . DFGEF 21 52 53 4 45 7 bFGF2 000U ( 24
Swg, AR BER K L 2mL) 43 5 > UL i 3 ik
SRS LN TS ES 3,5,7 R& 42
1,34 kK, G-CSF 41 %5 T+ G-CSF 10pug/ kg &
TS, i s Sd Famdh 1k, S Ik,
bFGF + G-CSF 2 4% bFGF 2 fl G-CSF 4 1) 75 ¥ 45
T bFGF 1 G-CSF, X} W& 4 #it bFGF + G-CSF 41 1
BHTERTEHERERE K, LBRITHE, B

Granulocyte Colony Stimulating Factor,

WL ZZ S B0 e 1 — FBOIR B0 A A AR AE IR D T A
Sl RVANE W < v N SR el S K RV
G-CSF 21 Fl bFGF + G-CSF 20 R J5 2 ~ 8d, % K I
ML AT RS ARG 2,4,6,8 K4 I
P/

1.4 fEEFHKIER

ARJE 4 J4, & R NL A TE S R (50mg/ kg ) R
B RS e, IR, 4R B S Bk CE S kLT B
e 2emo S 5k BB A, IR PR 4 A
76 % 527z % H M 10mL 75 HE A 3 520 o b
W2 A 7 I O S 30 B2 DL 0F B X R R (T
AR 500 B X G AL, i ORI R A 5 = R B
) o LB S A BRRBT A= I 1 TR U O
1.5 ALYIFFANEMDERE

I 32 3h Bk ik 52 5 o7 B A B8 & S, O R A
WS P AL v B L 1A 2H 22 4% Tem x Tem x 0. 3cem,
FH I T, A 60 25 a2 UL PR B D DD R, )R
Swm, FEZE10 5K B 2 5K, 5 10 5K, 47 HE 3¢ (4
CTERR N R 27 B8 2% B s B i &= ik A7) o Ml 1]
Biosens Digital Imaging System ( V1. 6 ) El 1% 43 ¥ &
g8 CRRIN R 2 B2 2 e N 1A i ) 200 == 4 43t ), 7
400 £ 4L B X U0 R R AT I 8 R TR
1.6 #& VEGF PB4 Ri& 89 I & #

IBC A7 50, 3 A oA S L AN HE o DL AR A, 3% LA
BT i U0 Fr, )8 Spm o #% SP-9000 25 ik G gk
AR B U B A 2R AT e e Al AR . i A N
B 200 M % e € B A B 40 3 O B PR 0 I, % B A
148 B2 VEGF A 3K 9 148 o B — A A Bl AL
TEHCS S ULER, 16 400 £ B30 B WL 5¢ 3t % VEGF
RN =S S R R (£
1.7 SHitaHh

I 45 % 9 1) SPSST1. 5 B4 o0 #r o B4 L2y
B b 22 (2 £5) Romo AT R JIr 24 i1,
SNK #:85 (0 =0.05) , P <0.05 HHAGITFEX,

2 7% R

2.1 KW=
ST f R T B AR FE TS 1 H ( bFGF + G-CSF
H), RE2d NEBGHESET 1 K (bFGF 41) , R

F



138 FEEESM A

F16 &

Ja4d HIEVEET: 1 H (X 4L) , RJ5 5d 1 6d
(G-CSF 4) sl AR T- 1 H, mIAFWE. AW
ZLI B BN & S 2 R L FE TR I P SR P 5 R S 4d
FARUB Y @A BRI Hx A syt 3 1,
TR 1 He 3 A& Rk BT
Wt SR A LR EEMERE
2.2 MmMEHMBFER

G-CSF ZH 1 bFGF + G-CSF 20 R J5 45 6 K 14 41 Jfd
BBk 26.2 x 10°/L ~43.6 x 10°/L, 44 35. 3 x
10°/L, RIGH 8 KEEAWE IEH . HAy 2 44 R
WA A BB AL 5.4 x100/L ~10.2 x 10°/L,

SFH8.6 x10°/L,
2.3 MIXmMEH

& X 2R R 3 0 R 0 ) B Bl ik % 2 e, O
RIS [) 5 ) S0 B A (IR o fE T 2
Sk X LR gl b samE—5%EE TR
EE = STl S (/RO N i N 1|
(M#) . bFGF + G-CSF 41l 3% 1fi 45 %k £ T bFGF
41 (P =0.034) , £ F G-CSF 41 (P =0.001);
bFGF 41 37 1fL 45 # £ F G-CSF 41 (P =0.036) ;
3 A S5 36 21 M) S i A Rk 2 T B4 (P <0.05)

A: bFGF + G-CSF 41, fil] 3 Ifi. B:
BRI IR

bFGF 21, M 37 1M 4% 25 8L,

2.4 EHAMEITH

bFGF + G-CSF 41 Il 4 % & £ T bFGF 4 (P =
0.002) , .2 F G-CSF 41 (P =0.000) ; bFGF 41 fil]
KIMEHZL T G-CSF 44 (P =0.000) ;3 > 5L5
410 S M A B 2 P IRAL (P <0.05) (%) .

C: G-CSF 41, —EHa iy D:
AT 04
BB N8 = Bl ka5 3 WL gl ik i 2Pk rh W, A [) B B4 00 S22 1 487 T it

X B2, A0 B S i A 2

2.5 VEGF BB ik i M &

VEGF [H ¥ 3 i 19 Il & % /K Ikl : bFGF +
G-CSF 41 > bFGF 41 > G-CSF 41 > X M 4
(¥ P <0.05) (=) .

Mz 4 AR bR LR

. . . M BE VEGF AM:Z5%
i) % 3 iMm A5 E (5%) VIR % ) -
(n/mm”) I H (2%
X HE 21 9 6.11 £1.054 18 122.22 £5.936 9.02 +1.91
G-CSF 4 8 7.50 £1.309" 16 126.87 £5.302" 11.44 £2.22Y
bFGF 4 9 8.78 +0.9721)-% 18 134.33 £4.94712 16.55 +2.58":
bFGF + G-CSF 41 9 9.89 +1.501"-2)» 18 139.89 +4.9931).2),3) 21.13 2,233

TE A 4L UL, P <0.05

Y 38 2B GE RS, B S I A7 FE B IR A 2 A SR
M A0 A o AR AR T Rk, SR 4l i 1 T Ak IR

RIS

R S AR Sfe L WK A B AR BHE R R A T AR
R B, AL TS 355 A A4 8 9% s Bk 2 K 4 4
i 1 B AT R OR T S . I A R
(angiogenesis) 3 15 1L ¥ R 19 35 B 1= 1L 45 14 1 40 g

i 3 2 K P F ( VEGE, bFGF 45 ) s M 4 [, fe
I 2H 2R I A BT AR RO S i A A B R i R Il
iR I G I X G R e | R = g i
(vasculogenesis) 1§ & A= 15 It i J 75 I 390 1) il A8 A
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Rz LA (EPC) JE B 46 i 4 A i B . 4R TR
ARk R BLAE U R N W AEAE EPC, E 2 401 T8
B, AN I P S B D, 1997 4 Asahara 251
UCUE WY 7E 8 2B )5 16 B 40 A i b A7 #E EPC, H EPC
RE 2 5 )5 K A 5 A 7 0 OB R T 6 i
BRI, TR T I R AR A

J AT 4 40 K T (FGF )™, SURR AT £ 3%
T A K PR 8 45 H 5 AR [) 43 S R PE 2T 4 40
KT ( bFGF ) R 1k R 2F 2 40 i 2k K T
(aFGF ), bFGF 1y 4 ¥y 2% & ¥ i K T aFGF,
bFGF & B ¥ fl AR AR h A — P i & A,
Xf 22 e iR 2 Bl 28 A0 IR 2 R U A Al i BT
T A S R — 2 T RE 40 A Y . bFGF
AL A I YRR Y A SIS A L, O 35 T X 2R A i 3R
T 4T A T A I R L e D A R
1 7K i T 55 5 X S i 2 58 O AR O 0l A 3 IS IR I
IR PN M5 R A0 B T 1 A S AT AL 1 S I
i R NN ) S G AN = G R R L
B A i 4 3 W A KT, BRSO, 4141
I )5 &y 3B P9 PR M bFGF 36 3K 14 i, 42 oF ify 4% 7
DB IR I NSl N | = W AP U A e | -3 I T E
bFGF $ hi B R J& DA 58 42 Bl 36 4 40 B bR 25
DRI, 76 e 1L 2 20 PN T I O 9 R A IR Ak
bFGF 19 4 , ¥ 25 Pl it 487 % 2B v 3 B A oK o
BB W B X 0T B A — %R I R T SR am
PRI AL . A 2F 3 ] bRGE 3 K38 y7 Bl i v o
A S AR T — AR . B E 4 N bFGF
A0 B, N bFGE 3 (A A Iy Bl i v 5 s B
BN 8 5 4T . BESET K W bFGF & [ A T O
JUL Gk i, [4) A fiE o35 0 UL B g, ek 2D B A0 T R K 1
hndk i X B Bk B A AL . AS 52
bFGF 2 [ 78 fe ik 1M f5 i L P9 3 58, ] e ) S ifn 4
4 ( bFGF 41 > X} B2, P < 0. 05) , &k i bR 25 15
DhBlcs . BF5E° R W, A4 B JE R R
VEGF 5 [ 3 3k 3% hn UL AR 28 1 45 87 4=, 6 a3
SR A . ARSI KW, N AR R % bFGEF 3R
AT 0 K e 0l 26 21 0N O A N B 4 L R VEGE
M3k (P <0.05), fff bFGF & 1 #1 VEGF & 1 3t
(7] e e oL 2 28 P4 B 0 I T A S R R I

b B IESE, 1 B8 T 40 i CD34 + 41 g nl 431k Hy
IS P9 R A o S AR R A P B A 40 A B
B T 20 0 B% A8 T 86 BT A B AR T R S
I B T 40 B 3h D3RR T AN A oK e 3
SN JEL L, 38 Ak JE i 40 g R RE T 3k B f
VR T 40 L B A8 36 T i I M B B H Y, 6 BR
“Ta A RBAETTY A B G T A
JitL 68 A 47 A A% B Bl i AL, I AE Bl i R BT oh R )
SR A6 I E Y R A I A L S A T A R AR a4
SRR WARIL N HEL EmiE g, AN
1A 7 K T R N e N S 0B G A
G, AR UL A1 JE o T 40 M R 2 8 i {E 5 i
i el E il s A S B A = Y e A
AR 2 B P T A0 B O R — 0 T n i
N < S 7 1 1 N 3 1 R 1 O 1
0T 40 M UE T ] el o 4 2 A0 R i A B R
s in bR T R R Y MR . A OG0 LBk o
g T, BB T A0 M 3h B HL A e 0 L
T RE , Uk A BE TR, B i i XN 3h ik B 4n i
ERCREE . G-CSF R AL G A
F 40 i sh B30, T A A A )P A A ot 4 i
fEmL s R ILA . A SE G-CSF 41 F1 bFGF
+ G-CSF 21 % 52 4 4 W F G-SCF J5 &b i 1 =1 40
i PR AR T L B 6 Kk B i HAE 2556 3
KG0T8 & 4 ME4 i . i I
MR A A Ty 0 S i A R I % R K VEGF FH P
235 (0 M55 B G-CSF 41 ¥ K F X He 4

W5 & BT 40 A 43 4k I R B 41 i
(1 3 F2 9 BE 43 W bFGF . bFGF 4% 1fl & A K 7 X
AR HE T 40 G BT ) A Y R AR o AR, TR S
W BZ 40 B ™ AR AT A i DO R B T 4 R R A
it , DT % fige 5k JO0, T 2B i A5 A 45 AL 1 T
JRAN = AR T B 5 2 R B T 40 3 B
B4 A JE i T 0 A KR BEAT T A0 M R A
0N T N € 0 7 QS A A 7 ) € G I
JIT A0 05 S B Gkt 4 218 B SR RE -
SCAEN B oL 1D R N S N O - S T i
NI 37 o w1 U
I B 2B, DT e g R 25 A5 DLk 3%
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