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Experimental study of VEGF gene transfer combined with

deproteinized bone to repair avascular necrosis of the femoral head
CAO Kai , et al
(Department of Orthopaedics , the First Affiliated Hospital , Chongqing Medical University)
[ Abstract] Objective : To reconstruct pel)NA3. 1/VEGF165 and combine it with deproteinized bone( DPB) to repair avascular necrosis
of the femoral head (AVNFH) . Methods : Clone plasmid pUC18/VEGF165 containing the whole cDNA sequence of VEGF165 was
combined with pcDNA3. 1{ + ) to reconstruct pcDNA3. 1/VEGF165. Sixty — nine AVNFH model New Zealand adult rabbits with a
mean weight of 2.8 kg were randomly divided into three groups. In group 1, DPB combined with the reconstructed plasmid pcDNA3.

1/VEGF165 was implanted in the drilled channel of the necrotic femoral head. In group 2,only DPB was implanted. In group 3,only
channel was drilled without DPB or plasmid implanted. Femoral head specimens were obtained 3 days, 1,2,4,and 8 weeks after opera-
tion. The expression of vascular endothelial growth factor (VEGF) was examined by RT - PCR, Western blotting techniques. Angio-
genesis and repair of the femoral head were observed by histological and histomorphometric analysis. Results : pdDNA3. 1 /VEGF165
was reconstructed successfully. [n group 1, the expression of VEGF was detected in the femoral head implanted by DPB — VEGF com-
pound. VEGF165 mRNA and protein detected went up to apex 1 week postoperatively and lasted more than 3 weeks. The femoral
head implanted by DPB — VEGF compound showed a significant difference in vascularization 2 and 4 weeks after operation and a sig-
nificant difference in bone formation 2,4 and 8 weeks after operation from those in other groups on histomorphometric analysis (P <
0.01). Conclusion : Transfection of VEGF165 gene enhances local angiogenesis in early time and DPB - VEGF compound improves
bone formation. Deprotcinized bone combined with VEGF gene provides a potential method for treatment of osteonecrosis.
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# AN VEGFes & 1 cDNA F 51| #9 v I 3R {& pUC18/
VEGF 65130 50 5 H A 5T 1 B 40 5 i3 18 1 B8 5 pcDNA3. 1
(+)EBFEBIEM B Invitrogen 23 7] E. coli DHSa AARE
{RAE ECV304 O\ IR #RBR N B2 4 22 ) fR VL 7 BR 4 B 3 — it
JREBE T/ 32 4855 18 B {& (LipofectinR Reagent) 14 B
Invitrogen 2y &), R &l 1 N VI 8§ (EcoR |, Xba 1 ) W A
TaKaRa 2% 7], Marker ( pBR322DNA/Alu 1 ) . Marker
(\ADNA/EcoR | + Hind 1) ¥ B Ferments 2 &, TRIZOL,
Taq DNA RSB B L4 T, M- MLV ¥ % F 8 . RNA
FE IR \Olig DT M B Promega 22 ¥, PCR 5 [# 1 L4 T
AR, BMERA PAA 28], —HUNEATA VEGF BT S
{& 1126 24T actin W B Santa Cruz 2> 8], —H B AR BEHRiC 1L
FEHU/DR 1gG, BB ICEHILE G AL P ILA
A, VEGF ELISA il & 5 Yl dh A vl
1.2 pcDNA3. 1/VEGF165 #9 #j i & A 455 &

/IR TR pUCIS/VEGF165, EcoR | #) Xba I B IG
HLIKBEEIOF4difk VEGF165 F B, [RIFE A IR 72 AL pcDNA3. 1 11
SRR FBE EIUA 8 peDNA3. 1 #1 hVEGF165 3% 0. 03pmol :0. 1
~0. 3pmol A, TADNA FEHERSE L, RN L 4l v L 18 A 0
AN SR B R, AR BB D) %50, PCR %55E F1 DNA
J¥ 3 4y . PCR % & 51 % L #: 5° - GTGGAATTC-
GAGCTCGGTACCG - 3°', F #%: 5° - CCCICTA-
GAAGCTTTCACCGCCTCGG - 37, 91 A 59 A Bt K 617bp.
£ lipofectin Reagent 15U 555 Ye B2 F 4 TR 52 A 40 o kr
Xt ECV304 40 ML S, 75 Y a8h R MG LT 1 95 %, ko
BE3% 24h G WUESESE B, SEIR A o B A S [ 41 45 B
54L,#% B ELISA XA SR B E &4 LE VEGF A
E8.

1.3 s e 4146 f DPB— VEGF 9 EA

SDS W54 1 K & 1l % Bk pcDNA3. 1/VEGF165, %
L_MERTRRMETR. o85S LBk SRR
KGR AP BTE, DPB S B A2 3. Omm B/ R E 2528
W58 % DPB £ 500ug pcDNA3. 1/VEGF165 FkL, T
BRI TR T o o FH D IO 37 8 Bk i S5 0 b K 8 R 3
K55S AVNFH, 4 MRI JfikshiiRl, 69 H AVNFH &
EINERIF 2 KAREEIT R 3 6, 1R E 2. 8kg, B A 23
Ho B4, 300 BB im s MU K F F lem H IS 5
£—HA% 3. 0mm BYB% I, DPB - VEGF ISR A . 6=
HIEA DPB, =4 —MiE., BEmEAE 3 K1,
2,4,8 F1 16 FAKE,

1.4 DPB-VEGF ZAEF#4A2 RT - PCR.Western blot
A

BAKE 3K, 1,2 f1 4 FfrAF#44, RT-PCR &
W] : TRIZOL 2 BUbrA<ZH 4R 100mg 5 RNA, 335 5% A cDNA,
PCR ¥ # 2 Wi B $:95C 5min, 94T 60s,62TC 60s,72TC 45s
F172C Smin 30 MEH . VEGF165 51 /F7 5. LiF 5 -
GAGGGCAGAATCATCACGAAGT — 3" F#if 5° — TCCTAT-
GTGCTGGCCTTGGTGA - 37, 738 Fr BH & h 257bp, WS
W24 GAPDH: L iff 5° — CCATGGAGAAGGCTGGGG - 37,
T 5° - CAAAGTTGTCATGGATGACC -3, I F B &
1 195bp, PCR 7= ¥ S BE M B BE B Kk o Western blot Kl :
EFHME Iml 7K E 513 200mg ¥ A 2H 4R 30min, MR Y
4T ,4000g &.C> 10min B B #ITEAEH. BRNEBEK
BB G EORBEWEBRAER L, & S%BsH
% PBS I 2h IG5 —H AC BRI W, actin AW S, =
WEIRL S 1h /5 DAB £,
1.5 EBit#Esad o

BARSE 1,2,4 F1 8 FghYy , RErG B B3 KT, e iF
ARFE 125000, FIAEFRER K BEVE, AT IE &0 BRI , FRRE TR
EATBAAMPIREE, TR S BREERG,
AHEBITE T AR AR R NRB A, 45408 = 55 bk
TFREE BT A AR A BB 7E 4C TKA % 240, R
A E SRR A W R B U b, B N SR, B B AR A B AL
BRS AR, JH BUR 50 BT U AT 208 L 25 8 R BB 4 ok
R (MR LB AR R .
1.6 HE #&m8HBAEHW

BASG 1,2,4,8 f1 16 F BB LA HK HE ¥ &, 8
TUEF BT A
1.7 shit$am

K SAS 8.2 B, # AT BRI T £ 45 A
Tukey K3, BENER « B O. 05, BIBRHBB + L (5
)RR ERA F AP EHEFR.

2 5 R

2.1 pcDNA3.1/VEGF165 #9 %% fosghpig R e it 5
EcoR 1 # Xba 1 M E§Y]JG LUK 278 pcDNA3. 1
(#75.4kb) F1 VEGF165(% 600bp) B 5 5545, 5
MR ; PCR %8 45 R B /R 7E 521bp 55 656bp 2 [H]
R &, SHUEAH AT DNA P45 R 8
RITEA VEGF165 3 H)7%5] 5 GenBank J¥%1]—
3, bR pcDNA3. 1/VEGF165 BH TR
I1. ELISA 45 3 & Bl % 4+ pcDNA3. 1/VEGF165 HY
ECV304 4iiffl 72h J5 54 VEGF EH MR 962.26 +
131. 24pg/ml, 2584 HA 211. 18 £ 56. 37pg/ml, 25 FI 0 B
204 198. 10 + 78. 28pg/ml. pcDNA3. 1/VEGF165
HEZBALEREFEBEH(P<0.01), £HH
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Zillr. ARl 3 KU VEGFL6S mRNA %k, &
JE U JERENE 0, AR )RS 3, SR
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(P>0.05) (£1)
2.4 REFHFHHMK

AT A 4R S W A0 Vg Sl TR 2
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IR B AT P A 94 1 () 76 SR MO AT 4 R M
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ARIG 4 % —HREE A A KR A R 4
FEI G B A S A/ e, Rl DPB FISE B R T thAY
KEF A ML HER/NR, R I B R R 5
T B AR O I AT R R e L
DPB FIRFE B % 4 Al WP A A H ST IR A
5 ZLH R IE A DL B 3 T B BJRL, B A B T A RE A
M FRAMEASS 2 MYBEL,

ARJg 8 J, 8 — A WK BB BB /DR
A B/NRAB L K, B/ RS ENRT DPB A
SEH, R A] W4 DPB E R Y, 55 40 nl DL B%
EABTE A /N R R A F A B {UR 2 DPB M5t
&, DPB JFa R, 5% = 21 I 2157 A B 41 S A I
g, (K2~4)

ARJG 16 A, — 4 n] WEI &R 5B
RN RLBVE /N R TE N B IE H B L BE NS5, DPB
KT OB, TTES =4, B &, (HEHR
FEh BB , SO HES A T B BB/ VRS B
LHIKIEH

30t i

£ AVNFH B KBRS 8 7 12 % R A
BT MR TIE B /DR BGREX —F BT
LA, TE AVNFH R 697 &, (R 2R 08U 8 3 A
FEKIERESRNER,

DPB A RARMEEBILRSE, 68 T g
BIRA,BEFRPLMGRE, —EMB R RIEH, &6
ERERAEM R, BEEIRTUEINEMAN
DPB JH BEIA KB Z 0 mB e R, ARG 8 A
DPB JF 46 R SR (B 2) o FRATLART A e R A58 2
o R WOw B8 78 DPB B “TEAL” 45 8 T 8 B A=
I (6] B 40 M B T S o AR i TR BT i
ZRAEKEFIE S L, W B RS g4 4 K
A ¥ (basic fibroblast growth factor, bFGF) . ¥6 4k 4
£ F B(transforming growth factor — beta, TGF —
B) . B IS & 4 E H (bone morphogenetic proteins,
BMPs) FIfIL & A B2 4t g 4= < Kl (vascular endothe-
lial growth factor, VEGF) %, H™ VEGF WL #1E
T B T S T B TR A T B A S, 5
Sb, ZHCEF T IR TR BEE 15 E 0T AR A R
VEGF #7= R EBIS . A LWIEL DPB E A
VEGF EH T, 0l 3% i J& 8 5% M & /) T2 B, BB 3G

DPB 5% &5 a4, {8 VEGF EE¥HME,
NER SR, HNR S T VEGE & H RETIRYTY
AR, VEGF A7 il 5w iR L2671 IR YT
ik I

VEGF A4 i 48 A AE FHEE B R4
WETEEMAC, B ET R, MERE
SRR RLE A T A R D A
MELE DPB — VEGF 45 2 JAH 4 B4 & B
BEFHEH(P<0.01), HHERLHEHBE
HE1,2), FHEEEEFRARRICEHREERE
HEABREIBITER . 5 R A LA B,
BEHE, NZeNHMERE, BRREEAGHT
WITHRIR R . BARFUR DNA M B3R K, 1
5 R AN L, 32 A0 T A R 1 OB B OR T A2
B, Bk DNA AR 1E & H TR =Y R 5
WREAKEHKRERE, [ VEGF165 N EIE
H,# pcDNA3. 1/VEGF165 J& i 3 ik 1f1 21 21 %8 v
WM T H,

Wolff B IR ¥ RKIXFOCE B DNA b
SEP R E LA, 25 R RS EE B AR (A
27T 2 NH . Tsurumi A8 VEGF &[R4 4L i
BHIUS mRNA Rkt 14 X, M H#HAL+
RO IR R IEH B # LA 6 1519, Yang HLH
7R 5K A6 B E Sk 9 B B B S W R AT AT R T 3
VEGF165 mRNA Fy2 350100, (0 3256 dr DURE J54E N
AR e A F F VEGF165  [H 8 3 A K&
VEGF165 EHWE Y #l. AXL%H VEGF165
mRNA F17E H 78 % ¢ i 3R 58 Bk P Rk Rps it
B 3 5, UL B AR M VEGF Bk ol #5424k
FE KA,

L LR, VEGF165 3 [R5 Yy ol 4253 J2) 4 1 4
) FIHTE L, DPB — VEGF & & 41 7] 808 1 1%, 12
it AVNFH MEE . A5/ DPB- VEGF 4%
FASRFERCE L LASE 5 8 0 & A, 2 3 9 1 3R 40
B RMEE 5 BA MR IS, AR S A
BRI AL B E LR i B AL B IR RS AR A I B R,
HER AL 4R NE RS M=
HE FRAAGRENEZERGER D, REUREEEH
HZ , HFHBE AP, ARG i nT WK R BB 3L B
WIEH 850 3 B AL B RS R e E R, Bl
AN, BT ME BARYIA , AR R S B FLUR
FEARARL ; BE TR B A 2 R A SNt ) 435 W e i B
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250HU, & 4t [a] ik 2. 5~ 12h, 24h IRE IEH,
B, /4% HL - 2 B6 & HIFU #8453 P 872 K B
FEL P ST W A DRDHE , (HL 2L Ak B 1) 3 ) R L O
LERFAE R i HIFU 3897 L A7 A 7E B R,
ABFFE S SR T 2UBUREX 5 HIFU 8105 1E %
S T B2 £ 10 A7 RO R S, A G TR VR YT S
(HIFU) & i 22 4t n] 45 IS B 458 B0 O 86 LA
Bt Rl BRI RCR M AR R
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