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B AN E E Ad-BMP-2-IRES-HIF-1omui& A
[Z B AR fe F2 A8 8 9T SR I 14 RS B LA 58 B SRS AT 51

Fo& AP R OE KM

O T B 2B b 25— B e, B /M 121001)

BE S E 6 2 BIRR L E Ad-BMP-2-IRES-HIF- 1 amu#$ 3 235349 S B SR 1 AL 40 6,
(endothelial progenitor cells, EPCs)/& #% 44 %] J% 7 3k 4k fn 30 5€,(avascularnecrosis of the femoral head, ANFH)
By, A AR IS R B3R R e Ao iR B AR ) L B AR R B 8 ik R IR R B M 28 iR (mononuclear
cells, MNCs), FIM1993% = 2 % FMNCs A EPCs; i@ it 2n o 5. ok @Aric. BN 7 @ LT
EPCs; #Ad-BMP-2-IRES-HIF-1amu#X /& 4% 4 2| EPCs, 45 £ 45 M AN ANFHAER! B 3K; 55| F RG22 .
AR 4L FEARR) | ATIRIE R pR i o g B AR ARAR M, 4 R B BT RBLA(BLL) AT @ LA(CLAAE bL, B8
LH(ALR)A 43 % % A pR(P<0.05), BZE S CLB LA St 3 £ F(P<0.05); 2147 3 A BMP-2%. 5 LAA LA
M, AZL 5 BLAACLLZ 7] £ F BA it 3 & L(P<0.05), B4LE CLLZ 7] £ F Ltkit 3 & L (P>0.05). 4
LRTR, 1% E B3R T A ALAE J Ad-BMP-2-IRES-HIF-1oamu#9 EPCs -4 42 5% 49 s % BB E

KRR HEAORUIE R P R A AN R R Sk B LR T LA T R i A -2

Experimental Study of Transplantation of Rabbit Endothelial
Progenitor Cells Transfected by Ad-BMP-2-IRES-HIF-1lomu
for Treatment of Avascularnecrosis of the Femoral Head

Qi Xin, Liu Danping™, Zhao Hui, Zhang Jieyuan
(The First Affiliated Hospital of Liaoning Medical College, Jinzhou 121001, China)

Abstract The induced EPCs were transfected by Ad-BMP-2-IRES-HIF-1omu, and then transplanted into femoral
head necrotic zone, the effect on osteogenesis and agiogenesis of necrosis zone was detected. MNCs were obtained by
density gradient centrifugation method, and were induced into EPCs by M199 medium; EPCs were identified through
cell morphology, specific surface markers and uptake ability. EPCs were transfected by Ad-BMP-2-IRES-HIF-1amu,
and then were transplanted into partial of ANFH. The model were enthanized at 2 and 4 weeks after operation, effection
on osteogenesis and agiogenesis of necrotic zone was detected. The results showed that there were more agiogenesis in
group A than that in group B and C (P<0.05), the statistical difference was found between group B and C. The detection
of histology and immunohistochemistry of BMP-2 showed that there was statistical difference between group A and B,
group A and C (P<0.05). There was no statistical difference between group B and C (£>0.05). To sum up, there was an
effection on osteogenesis and agiogenesis in EPCs after transfeced by Ad-BMP-2-IRES-HIF-1amu.

Key words Ad-BMP-2-IRES-HIF-1amu; Ad-CMV-IRES-hrGFP-1; EPCs; avascularnecrosis of the femoral
head; angiogenesis; BMP-2
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J¥ i Sk B i 2K BF (avascularnecrosis of the femo-
ral head, ANFH)I& 7 F1Ch i 8K, LB Rk A2 il
PEER AL AL 52 B B0 )5 5 DB i i R A e, — H
RARFERMAE 07 )5, B IRPEE E R kel 89, Jf
HAE A =N B AL 40 M SR R A S
()18 55 R B2 = B PR T LRy 38 1 i A 4 4 R E LA
S 15 @S T A R B R FA . B, T
ANFH 8 ML 453403 48 52 R 87 7 AR AR I 9840 Jm)
PRLT- BRI A B2 A0 PR 5 AR (LR, BRB 2 1)
WL, B BERISIMEPCs 2 5 1 I 16 &2 A if
(T AR, AN IS O A B2 i 2 5508 2 1) i R
[F) I, AR 2 O 2 s D) R T B 3 AR XL (R Ad-
BMP-2-IRES-HIF-lamu, Jf HUESE T H B A7 &5 1
JSC LA 0 s i AU AR FHP, DR AR S 3G AT A0 R A L4
AR 3 [ Ad-BMP-2-IRES-HIF-1omuff 42 5| 1 J7 1
41 Jfd(endothelial progenitor cells, EPCs) )5 2 FH A B H
SRR RSBV 7 B R BRI — B (R R 7

1 Rl57%

3~5 F WS BTG 25 K 360, METE. HETE S
18K, A HE2.5~3 kg, K H L7 B % B 3 W) 52 4
W B A W IE Xl Ad-BMP-2-IRES-HIF-1omu
FIAd-CMV-IRES-hrGFP-1J 1 1L 77 £ 2% B¢ [} )& 265
— P& B 0 S5 = R I 10%08 i 2 1ML 7 (Hyclone
2 Al); M19955 7% Wi, EDTA-JE & 1 B (Gibco 2y
7]); VEGF(IL 3 N {2 42 K B 7). bFGF(Hk PE i £F
Y0 e A2 KR 1) ECGS(N 2 41 i A= K 4% T 771
(Peprotech 2y wil); B M2 h 2% i ¥ (PBS). FITCHx icd
(1) 31 & %t #2(FITC-UEA-I)(Sigma’A #); Dilkx ic )
LT AR %% FiE IR 3 (1 (Dil-acLDL)(VectorA #)); A £F
Y 3% $2 5 [1(ChemiconZy 7); bk B 41 B 70 25 A (CR
FE B AT BR 23 7]); anti-CD133/PE. anti-CD34/
PE(Becton Dickinson’ 7]); SABCHu#2 2H ZAE 22 177
& BMP-2 50 o7 [ AR (T L A AR ) TR AT B
NGO
1.1 B HEPCSHIN B . 155

FH50 mg/kg s 24 Wil 28 H - 2 i KB AT IR I, 0
BRAC AT, AT RE BT 04 =2 S XU T
ol -, A0 Ik R 0 VR SR AN A A i
(mononuclear cells, MNCs), 4A J& ¥ M 5 & fEM1998%
F2 I P (& AT10%05 4 1L . 10 pg/L VEGF. 2 pg/L
bFGF. 150 pg/mL ECGS. H#%10° U/L. B %

100 mg/L), LA1x10% 5K 41 e M/ 56 B A7 A
YRR IHFN) BRI, 8517637 °CL 5%
COL IR FERTFRAT T 15 7%

1.2 LS fEE 15 $5% Ad-BMP-2-IRES-HIF-
lomu}; Ad-CMV-IRES-hrGFP-1Z|EPCs

AR AR PR 2 T P IF 9T 25 R, U IR I 3 =
ARG 0 Ay e G () - 40 0, 5256 2H (A ZH) LAMOIE
200, %% F1ZH(C4L) AIMOIME Ky 1008E47 46 4%, FE A
2 mLE MRS FR3E, 37 °C. 5% COLHIR 41 fu 55 7746
HFE3 h, 2 JEREL AN A 75 10% FBSHIM1994: 5%
HE2 mLgk L5 FR2~3 do 58 %' WU W 4 A G
JE AN BIERS, LAAS 5 RS B 2 40 Hios 72 A e G pi 2y
1.3 RANFHEIIIRE B HIEGHRE)

AR E- Sk S S 352 mL, M R
TS T e (4 mg/kg), R0, Fh6H. R
AT AH A A IE SIS AR A 75 %

1.4 B AHEPCSHEN R ANFHEIHIIE R FER
141 F4a A3, REALME. HEF6H . A
RN I A (127): B 18 %% 4+ Ad-BMP-2-IRES-HIF-
lomuffJEPCsE ;X 2L (B B X 41 (12 1): #%
%t Ad-CMV-IRES-hrGFP-1(7 [l 75 4% 74 [V EPCs
WAL, CLHRI A (AL (120): SR N4 ik

1.42 & B R B B LA T2
AN B FE AN R B R 2% 10Y (g PR D), Y R 97 3
T B2 mLAH M B, ARt R D S R 5 — (6 1&
JE B SIRIE I ), fECHYVE, FH3.5 mmEi Sk K
e N B SRR AT NZIS mm, BB kK
BRI N7, SLE N34 FLIE, & 41T AT AH
AEFR, 1 mLyE 5 28 440.5 mLAH M= 8 v 45 55 45 1L
TEVENBN R KBl R, 285 R AL3E I 10 i
B BB bR, AR S AR A R

1.5 $EHRAG

1.5.1 #3250 89 B BEJREPCshy 58 (DFERE
FAET R ER S WL MIEE, FFRE14 d
LA RO EZ AT . Q¥ SR TR0 46 =1L
JHL 51 S 240 s R AR VR B2 Ry 1 10%/mL, 8K Ji5 43 ) s
10 uL FITCARIL[CD345i44 . R-PEFRILIF VEGFR2
oI BB, JF H G 525 mine BT
24 M 17 AR 5 HTEPCs 3R T RF A 1 A5 &, 4 i LLTR]
M IR-PEEIgG1-FITCH 4 4 2 B 1 x) fl. (3)LA
5% 10%/om?™$% K 175 5 15 7 10 41 B2 P 1) 780 TS il
U e Fr 6L, 5 pg/mL Dil-ac-LDL. 37 °C



5 FFLL HAAXIEIN Ad-BMP-2-IRES-HIF- Lomu%% 4 P 57 AHL410 A J5 B2 ARG 97 S 1 B S SR B8 1) SIS AT 9T

969

W93 him, PBSEE . 4% 58 I [ 52 20 min, A
10 pg/mL FITC-UEA-1, 37 °CH¥ & 1 h)59¢ ¢ Wi s
Mg, FEATEPCsTEHLHE 7 S .
1.5.2 #hpaEA ) 208 A EAT XTSI
R R SR T)) B 4 02 W, 0 44 2 52
BB ) .
1.5.3 3RIER i T Ak SUAR TEAR G2 A0
4, CD34 YL ta AT s U ZRAL 24, T 2 i
TUBELE200fE ALY T WS AL B A0 L5 et i, 28
JE U ECD34 B4 M . Rk R R 2T
X IR AT T B Hak B34k, B0 k5 A & He
Y AR5 TP -
1.5.4 FIRALZALF F @4 NBMP-2& & Jilg
PS4 IIAL By CAIRIEIX JRiB1 24, 14k )5 LA
3x10YFL% BEHRD R ofLIR M 56 3 B, Fraf ldAs e
T 56 B I, WSV, 4% 22 B8 F RS [R5 30 miin, 4%
SABC %35 2H 234 273 ) vl B R AT G £, 5] A 22
SARBE N OMER, A M 5T A R B ROR R 7R BMP-2
FIEFTE. S A BEPLIEISMLER, KN T80
THECBH PR 4 M 2, AR5 TR B 341E
1.5.5 LA FAMAHE BE KRB 535
TERSHE G B A28 . 4 A8 J % &% 4 S a6 S W) 3k AT
HLUERTI, LS A MR A ER.
1.6 FitFHHH

CA_b BT AT S5 (1 5085 R HISPSS 17. 08 A1 3047 4t
T AT, Eds F 3 Bk v 22 ok K OR, P<0.051A 4 %=
SHAG AR L

2 R

2.1 EPCsHI%E

2.1.1 @i B AL AT TR R
48 hE FFUR U REAE K IS . 25 4~6 dIN R4
TER R AR, AL ARATIREAR, 257~9 d4i e 1) JE
IR KR BB 2 M Y B MG o R, 2
15 dA A7 F I H IR frg il A A AP (B D)

2.1.2 EPCsk @4 F4rieten) T A AR
EPCs# Ifi % 5 A7 10 CD34. CD133. VEGFR-2BH
B H56.61%+6.24%. 49.36%+5.16%F154.70%+
4.28%(K12).

2.1.3 EPCs#:4a-f /1 #m) TE9EG WA N
G20 T LR U 1D B P 41 50 I 240 o DA R 4 i 5 17
50%7c 47 (F3).

X A= U
' R LR, 5 R R B AN M 5 15 ARt AR Ry <<l
£ HIFESAL400%)
The anchorage-dependent cells showed typical crazy-paving pattern
under the inverted microscope at 15 days after induction culture(400%).
Bl EFRHEPCSHIFLZS
Fig.1 Cellular morphology of EPCs
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a t =
2 21 o
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2] o I Nﬂg\il =3
- P s . X S - -
10° 10! 102 10° 104 10° 10! 102 10° 10 10° 10! 10? 10° 10
FL2-H FL2-H FL2-H
CD34 CD133 VEGFR-2

AN A I 225 R 5215, CD34BH M 4 56.61%46.24%, CD133FH 1 % 449.36%+5.16%, VEGFR-2PH M % 4 54.70%+4.28% .
The positive rates of EPCs specific surface markers determined by the flow cytometry method were as following: CD34: 56.61%+6.24%, CD133:

49.36%=+5.16%, VEGFR-2: 54.70%+4.28%.

E2 SRR EPCsRERID

Fig.2 EPCs specific surface markers were determined by the flow cytometry
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2.2 RERERYRIE

{85 92 6 BB W SR, A B4 5 I /EMOIME
43200+ 1004 B (80U, TG W Sl 40 s 22 250 (114) o
2.3 FAEBL LS RIS FRAG T

XEFERAS A & W oR, R4 5 B Sk IR
TEVEARAL(KI5A) . 208 5 2 232 W5 7 B 4 i
S AN AR D, B NGRS, B B R (I SB) .
24 HEMERNLER

CD34% e H 234 2 45 2R 8o, 20065 LB

Pl N B REL S 2 B AR I T 3 50 A4 28(10.96+1.34),
B4 4(6.4240.84), C4{ #3(2.72+0.78). Fitijm4 AL
3(16.84+1.76), BZL 3(9.28+1.14), C4 4(3.72+1.32)
(16).
2.5 RBERUFLEERNBMP-25R1%

15 L AH 22 0 ok B 0 5% Wk s, A G A e [
PE 2 IABMP-2, B E 40 Jf %k 4 (15.40+1.85); B. C
2 1 R TEBMP-2, BT 48 1 253 3l 24(6.40+1.36)
(5.80x1.44)(K] 7).

PG REE N LR TP RN P9 A AN, FCRH A 50% 24

The cells which showed two fluorescence colors under the fluorescence microscope were endothelial progenitor cells, the positive rates of which was

about 50%.

E3 A EBAMALESFITC-UEA-130Dil-ac-LDLAJEE 11(200%)
Fig.3 The ability of EPCs combining FITC-UEA-1 and Dil-ac-LDLL(200x)

(A)

B)

B3 d, BIE BB P RIEIOEIE4(200%). A MOT200; B: MOIJ100.
Transfection result was observed by the immunofluorescence microscopy at 3 days after transfection(200%). A: the value of MOI was 200; B: the value

of MOI was 100.

E4 HREHERMET RERAENE

Fig.4 Transfection result observed by the immunofluorescence microscopy

A XUTEAR A R oR, A J5 e Sk I BUARZENEAS A B: 28 4L

B)

20 SR 3 A LS NN A D, NGRS, B M1 R (40)

A: necrotic changes of caput femoris were determined by the X-rays at 4 weeks after models establishment; B: the count of osteoblast was reduced, the

bone trabecula was diminution and bone pouch was hollow was showed according to the histological examination at 2 weeks after models establishment

(40%).

El5 s EBIEFR IS R

Fig.5 The determination of animal model index
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El6 A. B. CZLHCD34%ZEHLUFLER(200%)
Fig.6 Immunohistochemical results of CD34 in groups A, B and C(200x)

E7 A. B, C=4 MBP2RBAR L FHER
Fig.7 Immunohistochemical results of MBP-2 in groups A, B and C

E8 A. B. CZLRARFMNIFTHXIEEER
Fig.8 Repairation of necrotic zone according to the histological detection in groups A, B and C

2.6 ARFNBERRE KIFLEEFTR

Mo A4 81 i AL 2 K B, AL mT WL i
NG B KR A A Ay . BAL AT
WL HT A, BSR4 A A 2R R R D, BN RAR D,
MR CAR WY AL (KB).

3 g

TR S PSR AE S R LA 2 —,
FHORBOKR, P07 Rk [ FAFA 503 BL_L (s
ANFHTTHEEAT A THET . A Tt B3, g
SR AL BB I, AN F 45 K BUER, 1 FL
(1 3 35 A 2 RIS, LA R 2 S 9 L S0 2 Ak
W AU R T I 2 1 AT A
1, %7 AR A B R B, O LI o X 2%
B, 12U A W BN, % R B A
— OB BE T R, ARSI LI U SR B

S0, HoA s P AE TS W, MRS FET 40, i
TEFIR B HBENLIE I 36 404l .

H AT, T-40 s dd va y7 3 41 2L i 8 58 CLE AR
T T A, (AT VR T B R B8 T R
D TSR . TR R Y, s
EFH IR 52 1787 N R AR 40 L, JCAE VA7 1 3 B p i A
5T B LA 40 i H AT BE B . EPCs 24
TS 27 AU 1) T B AR 40 . B WIAE19974F
FH Asahara 5" D) 43 85 N R AHH 40 i 78 44 4 R
HHEPCsHL A7 I35 A2 BRI 6 T, A2 B A 1R 1N R 4
AR Z B K T, BMP-24E #EH i 16 &2 Fig
TREMHREEE. HAT, Kootk AR
904 B 45T BMP- 255 DR R A G =1 4t 472 A G 1) e
9 W o> 4k, T2 2w i, HIF-1 A DNASS &
W, GfEEVEGF N JEPERIA, 7 4 WYETEVEGF
Je B2 R, R B AN A i, I BLS S 0B 2B 1l
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HARBR RN/ TCAZUKR o th
PR BENE I T e A s R, ARSI AR A
7 1R B A4 XU Rl Ad-BMP-2-IRES-HIF- 1 omu% %
EPCs, Jf HAE'E WAlEs N Jufe 9 M E i JL i 1) o

AR K, B A& XTEPCsAE M) 2% 5 P AN W iR A 1)
WL R o 85 aliAb 55 T B AW sodt, B iR
EPCs ) 5 & 2 1 k% ic 4CD34. CD133. VEGRR-
20830, BT DAAR S BG HEAT 16 M8 3 T A FrR s o, DA
7SR L2 15 JEEPCs, 45 B8 W] BH M5
5 3 15 FE (0 W BE A0 0 8 47 ¢ 7k 45 & Dil-ac-LDL AN
FITC-UEA-1, H.9t 44 ta 45 53 I B i 4 B e 22,
Ui ) L A BE 15 5 55 R MNC J EPCs .

ARSI 50 e G (FTEPCs il B A 1 8 W % A N 3K 5
Jei i, CD34%5 9 21 234k 2% 45 J WoR, B M a2 B
A LA P 3 420075 A WLETF AZH DR (10.96+1.34), BA
h(6.42+0.84); C4H H(2.72+0.78); ¥ HH J54 AL K
(16.84+1.76), B41 7(9.28+1.14), C4H 4y (3.72+1.32),
5 B BB A A s AL S BALRICHL L H A 4
TR (P<0.05), B SCH 2 M H R I 2 % 7+
(P<0.05). BMP-24% % W7 AZH 4 G 41 i BT 3 1k
BMP-2[H 11 41 i % 4 (15.40+1.85), B. C4L1 & ik
BMP-2[H V4 41 JMa £ 73 7] 49(6.40£1.36) (5.80£1.44).,
AAE S TB. CA, 270405 & L (P<0.05).
BA 5 CH 2 e Gi vk 5 L(P>0.05). FEHia4 )i 8
JAJa AR, A2 ] WA AR /N E . B i 2
FSC R A0 0 5 0 R 23, BAL DA I A BT AR, R 4 A
G ML D, B ANRAR D, BB A, CHR
WA Bk & FEER W], A5 L8 T il 7 1 SE 56
LRI AL S = A G2 X, sl s
X HAAR e AT g 27 = X, U BEPCs BAT Bl 4
VEH, AH 2 55 Y B3 R UL K| Ad-BMP-2-1RES-HIF-
lomu & [ EPCsH: i L5 7 B 5, SR B0 X/ &
Mg HARW, S50 41 50 AR (4 2 ) B AT 8
FESE, M RRAL S S (UL WA R 2 5
W1 AIE WY RS 0 e 2 3 M40 3 [ Ad-BMP-2-IRES-
HIF-1amu (1 EPCsH A7 55 i th il 1155 58 1 S e & A
FH, o] LUSE g8 ) 5035 0 B0 JRy 30 I A5 (108 A, B9 B Al
5% B2, AR BB B R, @i B T 1 22 5w Sk IR
RGN T IR E LA EE .

gr ETIR, ASIZIUE W RS AR IR e G B B0 AA U
[A| Ad-BMP-2-IRES-HIF-1amu{JEPCs7E 1 ¥ 4F X 35
LA 0 5 1) I R B TR 36 0, A IR

677 I Sk MR SEAR AL T35 (10 JE
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