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Calcium phosphate cement with rhVEGF and rhBMP-2 promotes revascularization

of big section bone allograft in dogs
QU Xiang-yang, JIANG Dian-ming, AN Hong, LIANG Yong ( Department of Orthopaedics, the First Affiliated Hospital,
Chongging Medical University, Chongqing 400016, China)

Abstract . Objective To explore the ability of revascularization of big section deproteinized hone ( DPB)
allograft combining calcium phosphate cement (CPC) with recombinant human vascular endothelial growth fac-
tor (thVEGF) and hone morphogenetic protein-2 (thBMP-2). Methods Totally 36 adult hybrid dogs were
inflicted to demi-articular defect models by exsecting 30 mm right femur inferior extremity near articular surface ,
and then randomly divided into 3 groups, group A, receiving material CPC/thVEGE/rhBMP-2/DPB transplan-
tation into the demi-articular defect, group B, material thVEGF/rthBMP-2/DPB transplantation, and group C
with simple material DPB transplantation. At 4, 8, 12 and 16 weeks after operation, vasculogenesis and new
bone formation were assessed by X-ray examination, histological examination | transmission electron microscopy ,
vas capillare analysis by vaso-filling with ink and radionuclide bone imaging examination ( ECT). Results
The bone formation and vascularization was significantly superior in group A to that in group B and C. The re-
sults of vaso-filling examination with ink and arterial perfusion of ECT examination were hoth significantly supe-
rior to that in group B and C (P <0.01). But there was no significant difference between group B and C. Con-
clusion  The materials CPC/thVEGF/thBMP-2/DPB can promote the bone formation and early formation of lo-
cal blood vessels, even achieve bone healing and become autologous tlissue.

Key words : calcium phosphate cement; deproteinized bone ; vascular endothelial growth factor; bone mor-

phogenetic protein; bone allografl

o 5’|‘ﬁjJ&‘§ﬁE 5 0 A DA 5 | ) R B R A
AR LRt R a0 o ) | JE AR AL TG 1) — Bk . PR £ i A5 1 R A
Supported by the Foundation for the Sei & Tech Research Project of ’)‘(ﬁ I/T]‘é]%{i ‘fH {Ji Ex— H{Eﬁiﬁﬁﬁ -}J[‘/,'v,f_ g /T\E}F%H:J’l: ﬁ;lt

Chongging (2001 )

PEEW A W FHC1976 =) 55, U 49 3 B A L8R D, 3 A KT D HE AN LA P B A0 AR 1 T ( recombi-
{6 S5 TERJ R A 00 T B T T 0 B WL 13193195605 , nant human vascular endothelial growth factor, thVEGF)
E-mail ; |||<|x:.'(]4()9(}(@ 126. com %u %{ 4’H J‘I‘/ o & l:i— & LI 2 ( recombinant human bone
ABER L W] LT (023)89011212, E-mail  jJdmS71026@ vip., 163, com morphogenetic protein-2 , thBMP-2) 1 2 K B [

IS B 52 2006-08-30 ;& [8] H 83 :2006-11-22



5 M

B, SRR IR A thVEGE &5 chBMP-2 (i ik 53 A B 5 HORE 0L (L ) S e 5T 407

Tl 5 A 08 26 0 R L ) PR S 9 A A D R f A
e J 5 o R R A I PR 1 R RS R AR AL A
4% o RS R A 1 T R B S O I
AT RO A AL

1 wHRETE

1.1 a6 &

Ll ANEEA R M 40 4 K K ( thVEGE) h b
BB ARGRARREYE. AFARTEEREEREA?2
(thBMP-2) « gl )™ M 77 35 R A ) A AT R ) B 5 9 1 /K
R (CPC) ; bR A R A B2 w2 ik

11,2 RAYHH T 58 H & (DPB) R 2 A8 RAESE
i LU A B C & T 1 30 mm, 5 B r R K 3 415
IR AR R E ik T L 20% At AR AR R L L
IEERIERG . M2 A E B AL A B i T R T L 3R
HLBEHA, KRR EH.

1.1.3  DPB/thVEGF/rthBMP-2 [ il %% ¥ thVEGF #1 rh-
BMP-2 7 Ty LA T /K 78 8%, 5 M50 3 1 8 AR T o At ] L % AL
b 0 B R b AT TR R TR ORAF

1.1.4  CPC/DPB/rhVEGF/thBMP-2 {1 % B rhVEGE fil
thBMP-2 % T A CPC BLiRiFERIR2) G . i S CPC MR A 5%
B L, 2 L i AR V2 O I A B

1.2 E£Rab57ik

1.2.1 ERAH EBURERER (hEKER R
AP iat) 36 L MEREASER, (A F R (10 £0.5) ke, 1A 3
“H.A #H:CPC/thVEGF/thBMP-2/DPB §£# 4 : B #f: rhVEGE/
thBMP-2/DPB ##i41 : C 41 . 46 fr) DPB FE R . B 12 H.
1.2.2 FRHFE VA o R T JRR 7 R B i 0 B £ [ E T
FAE bW RUHBER D, DU SMI T 11, % 8% I s B
M A i T T 28 SUHHT B o ) &1 B3, U BT O
FF- o ) A 00, BB Y TR 30 mm &b FE 4 U L 2 LB IR
FH R 22045 B A 40 1 5 T A B T 0 o5 B () 20T S ) B AR T AR
GRS SWi SR, BRI E TR, B2
GO0 ERFE ARGIEFGEE 160 77 U BH 2 KiEM
34 FAEMEE 2 S £k

1.2.3 3 Jyidk

1.2.3.1 X & R TFARG 4. 8.12.16 A X 4.0
EE WAL 2 A O 0 7 2455 8] £ A BT RS A 4 Y i
A SO

1.2.3.2 s aBlT4.8.12 16 BB Y S
BT A ML B A HE YR s RO LSS i
I A R OO -

1.2.3.3 B Eife R4 812,16 br AT &
SF RS AT AT R Bl L T P

1.2.3.4 BB Tt AR 4 812 16 5 HsE
S Eh AT A B KA, LARF 2 A B R OK bk T S AR
TF L RLE R R BT ULEE B Ok U A B AL SR 5 BT A
BT M AT RO BT S R A E AR e R

1.2.3.5 BB gh il £ of i i ¢ aralF 48012,
16 A {Eeh¥a i 818 . KHEE GEstarcomd00Ac SPECT

{3, DL p PR AR £ (7 Te"-MDP) KR BRI R 18,10
MBq/kg , 45 3 B OUME 5 15 10 em, ILIATHIHT G 64 x 64 28 R 7T 1K
ekt AL RIS T 4G R bE G 1 /2 s B (E] 3 min, K
AL A T L T AR 0% (S S 8l 0T 7 5 7 0 (L A S
PEIHECZ e don
1.3 %itFan

B L, v+ 5 #7750 FH SAS 8.2 e ik T I & 0
fr.

2 HR

2.1 X &K

ARG 4 T LR T O L B H A o I BLE W L2
W T ULAT A R L8 12 S e ] A L 2
AT THOW L 16 18 o] WA B BRI 4 900 TES 1, 1 4T 2T Ok
IRF A Ay, R A R R L

B 41: ARG 4 8 BT 2R i ot o DL, A LA B IR IS AL 8
R AT /0 R, 12 T5 B 05 R 25 16 SR A ST R M I
i ] LA o A S I B M 0 2 T D IE A

CH ARG 4 812 T H i T8 Bt A (B 210 () 48 8, &t 4%
o F 16 TR A AT R W B R R T S AT H
JEHA ARk, AT AL A [ i Bl
2.2 HBFhE

AL AT 4 T8 BRI AT ULAT K T AR L | T S A
i B /b i £ 8 Y 40 B R A1) L 4 A R AR A 8 12
FE T LT A L 0 A G &, U A R AR £ e LR Y
LK AR T R A L T A e T U R (]
1) . 16 JEIR ik B9 4 2 0K B 2R 200 18 B LA - 52 (A S o AC )
AR R LR B A A AT Y i A v LA A P AR TR

E1 CPC/rhVEGF/rhBMP-2/DPB ## ARG 8 FHHE
MWE  (HE x200)

B 41 AR KT 4 RS R A Al 0L A7 R A L ) S 40 A R
BE A de RN A WA RIS B 8 SR B L i A R 2 (EL )
SLEE A G ATy E] LR B 0 Sk AR AT RCTE O R AN R
12 SR O LA T 400 L B S 2 Y TS L 16 T 6 4 28 T I
W4 T4 IR B 2 AR T AL 415 Ak, AR -2 R o AR B, 5
SRR A, VT I A UL AT UK S Bh

C 4L AT 4 JE AT WL ja] 75 /20 i B ik i 98 P2 g i i



408 5 = %

529 %

(B WLATHT A A 8 J] B ot A AT A 2, /b B AR LA I
A ARG Bl 12 8 s 248 e 200 I A i 0 20, ] L2 ke A
ML e S P A 200 AR A 16 Dk B 4 i A
P A MO 2E AT S0 AR 2 oA UL P S R A 2
RO -2 (A R ER AT SRR AT AL, A ik B 2, G ok
PRI B
2.3 #4tdbind

A2 4 S R ILA A [ SR A0 M B A a0 L8 12 JE A LA A
LR S E | VAT A Aol (K5 A i 2 M e 1] o}
SEREAR AN ARAZ R B S I ) AN S 6 b, MO P
AT A i , 500 (6] S 16 5 240 A A gl 2 1 A
0 CIFUR R, O 1B 685 0, 400 M 4, A T 3, A%
FE LA T2 L, 40 8 0, 0 P A AR R 22 L TR
/IR b A ) T A R DRCAT A 479 AT A 2 A 1
(Ef

B AL 4 JEJIR O U455 22 (1) e M A0 it pd 306 0 i) S 5 20 e )
B AT LR A IR A B, 8 L 12 TN 0 1 A 2 A
A 16 JE ISR UL A Bk £ 40 I, {E AR 40 M 4 2 L G R A i
RIS, B2 TR A MO | 5 B TR , A, MR, 0 e
PAY AT LA 2 f HEL T PN G 0 £ O T A 0, 1 L 2
Mg

G214 RRIRE LA 1 2400 B 0 (1) 50 0 4000 D 2 oM 2 o 2 4
b 8 12 SR ] U it A A A R R TG A, 16 SR R L e B A AE
EAARL, AREER A0 A 2 5 R AR A A A R A
2000 PN A 2 P AR 85 AL P R R 4 i A A
2.4 B EMORE 5T

A S A SR AR PR A A A A B e s,
B.CALLBEIAAIT#HL(P<0.01), W1,

F1 OEBRBSFCIOD/ pm?, n =10, x +5)
ARG IR (1 i )

AL
4 8 12 16
A 0.27 £0.05 0.38 +0.04 0.46 +0.06 0.41 +0,03
B 0.14 £0.03*  0.21 £0.05*  0.24 £0.05°  0.23 +0.04"
G 0.09+0.04"  0.12+0.05*  0.19£0,04" (.22 +0.03"

a; P<0.01,5 A 2040 F & 8] 6 b4

2.5 BRE AR E bR AT

ARG A T 5 2T A0 % G A 6H 000 g 3k 400 L (D A
AL NG 8 RIS e — 2 T, 12 SR L B T L 16 S )
A FEE B B.CAM, ZFREALITHEL(P<0.01),
W32,

F2 BRETTHAKEEE MRS (n =4, xx5)
AJG R ()

HIG! =
4 8 12 16
A 1.96 +0.07 2.09 +0.05 2.14 +0.08 1.83 £0,05
B 1.24 +£0. 064 1.31 +0. 074 1.28 +£0. 054 1. 14 £0, 084
C 1.17 £0, 08" 1.25 £0. 094 1.23 +0. 06" 1.16 £0.07°
a: P<0.01,% A 4148 o i) & b 42
3 itig

DPB HLAT K88 B AL U0 14 FLOR 45 #9 F1EL & 14 4L

AL B, 2 S RS2 G 2 B B I 2 R R S
KA R EA S5 EE AR A,
R A BAE 2 (AT A = 4 SR A )T R B i A
YA AT S50 £ A i) s AT 2 0 Al 40 %) 4
A6 A B 5 11 5 B, 5 W SE R TR AN i B
B2 it L DPB AT RS 20 AR 75 4 2 4040 7
P i — ol L RS AR R

VEGF HA7 35 A A2 155 I Bz 40 s A7 22 5y %4 00 15
FH 3800 i 300 8 e A LAY 4E R oh g, B LTS Y 1 il
TR Rl B8 A A8k B AT 04 6, R =i
PRI A MR R (A TE B 1 R A SR S L b B4R
fein G AT L 0% T A RN PR AT A T R, O
FL LA PN 2 200 BR8240 I 2 (R A 7 A P70 i
RS oy AL R 07 L BMP e —Fh i 800 B 6
PR T B 0L SR RS A 43 1k Il 78 I A0 1t e
0 ST A0 4 kg A 4 R P A . AT S
0] BMP fl VEGF {58 4 v o6k 18 A7 #1104 i M
W™ L {0 VEGE i1 BMP 28 ] 76 1A 7y 2 56 107
RO, LT AR N S B, o IR B ali 2 1 ik
AT AR AT, 40 ek 1R 2R 11 5 4R & £ (IR Y
iR BN RN R 20 B ] o R Bl A VAT A

CPC o i nl 26 A 1 1 o 38 7R K 0,
FRALEPE AT 0] 93P, S0 AS 7 4R HL AT 5 0 ) 2
SR EEFSLLERAE . FEAE P E R L BAT R AN R R
ANFERR KA =) Ry R I IR AT 0TS R KSR
SR s FLAT RLUAT Y B 5 S RE 1 s T A W KA R BT
A B I TR 2R A, IR fAc e 138 7 7 1 R
FLAT S0k IO i s R F G o JeobE fnEom 17
FIP ML CPC Egs i T T I R 8 R kR 3R
SPEIT 2B AR, C A 2 F R CPC 1R BMP,
TGF-B TNF A= [ A7 (3R A , 1) 1 H: A= oy e i 45
IR B SRy e AR IR L AR S F)
Fil CPC {2y BMP il VEGF i 3L [ 854, M X 28 i 5
FELE A2 B T O A S RO A 2 i
QMG 1 B DR TE I3RS LSS, A HH AR )G 45 101§
AELP) B PR (b AR RE 1 B AR T BLC 4, X &
] CPC {1 VEGF F1 BMP St [ it A= Py AH 5P 1A,
F 1 DPB BM] S8 15 S 17 S 45 Ak i, aT
PR — o T B B R AR A, A7 50 B il
RBORHE AR M, Hifn (ke PSS [A] T — e B8
LTI (K= e o A AR R iR S e R I 2 7S E 7L o S
S FRICRESEARGE MR . FRATRIH CPC ARk, Lk
b EE AR VEGE FL BMP B, 12 0E 78 M4
AU A, A B 5l ok = A A0 At A A
T B A Y S RO ,  B R A A 2 A
Pedn A



55

PRI R S F5EE KIS 73 thVEGE 5 rhBMP-2 fit il St (A K B RS AR 1 IS (1 S 45 0 72 409

ARG, FRATERS AR FE LA AL, FH CPC 7E L
FMVEIE , AR CPC E ARG A3 A4 A B,
I FLEH T CPC IG5 I | a] {55 R4 ik 51 400 e
5 P D o G B0 s 7 T A2 3 A 00 02 ) 4]
T HRE G 1 T AR 45 9 RE S R GRUE 52 )3 e e S0 1) o
B BRI TG B A A ER RS AR ER LAY
TG ) A A S FIBE T, U] S A S th T e
55, B\ C ZH B9 92 0 S0 ok, 2 9] e A Al et Sk gy, 1
e TETARE FATORE T 32 DX BT, S AR il
{RE T VEGE £l BMP 5 F S 40, A7 F) 1 7005 Tk
FE 4. %5 b Fik, CPC/rhVEGE/thBMP-2/DPB K
B AR oA, R T Ry il 5 1) A R B, A7 TR
TP A TSR 2 8 TG AL T I 2 ik 52
TR LB, O KB B i a7 SR 4 T —Fhfr &)
IBITFBL

B2 30K -

(1] Cho G, Wu'Y, Ackerman J L. Detection of hydroxyl ions in bone min-
eral by solid-state NMR spectroscapy [ J 1. Secience, 2003, 300

(5622) : 1123 -1127.

2

the involvement of Bio-Oss in osteoblastic differentiation and matrix
synthesis| ] |. Clin Oral Implants Res, 2004, 15(3); 315 - 324.
BEM BRI L, S AR S SR A (A SR AN
FEHEDBIFEL ] I TSN, 2001, 15(4) ;227 -
231.

[4] PR SN R 5. AR BB Y AL

[3

—

W T YT AT el MIE AL L T
4k 405
| L 14 I (v Ll ) 10
( P A e A SR A R LA L e T
Il R L | 1B (ST JES I
(MR A8 A ey L g | i 5
i S O 728 e L T O 1 =
P A B WP PR e R RS i Ay 6 0] N | 11) 5y
il 0 AL Al o O RV o il
{1 RALIE S B i (LT 1 UL | 1] :
ER frAs g 1Ol | 1% il A< EE g 1y
| <) ()]
(T R P | R R T AR A N R U BT e L L E ]
) |-/ ['g ] | 14, 14w 1 JIady {10 [ BN e i |
11 Ll R el IEEE Y o U N I
LR | y j /! e ] 11 B o5 e
il i 2 i I EOE L N O LV AT RESL L
WA 1) M Al 1 1 | )0 | b il
LA | [ [ il L] I { AR LB R o
(RN LS AR f H J Tl 11

Tapety F' 1, Amizuka N, Uoshima K, et al. A histological evaluation of

WEsELI]. e ISR, 2002, 18(1) . 6 -8,

Furumatsu T, Shen 2 N, Kawai A, et al. Vascular endothelial growth

[5]
factor principally acts as the main angiogenic factor in the early stage of
human osteoblastogenesis| | ]. ] Biochem ( Tokyo), 2003, 133(5):
633 - 639.

[6] Wang D S, Miura M, Demura H, et al. Anablic effects of 1, 25-di-

hydroxyvitamin D3 on osteoblasts are enhanced by vascular endothelial
growth factor produced by osteoblasts and by growth factors produced by
endothelial cells[ J . Endocrinology, 1997, 138(7) . 2953 -2062.

7| Street J, Bao M, Deguzman L, et al. Vascular endothelial growth factor

stimulates hone repair by promoting angiogenesis and bone lurnover
L1 Proe Natl Acad Sei U S A, 2002, 99(15) ; 9656 -9661.

Tombran-Tink J, Barnstable € ]J. Osteoblasts and osteoclasts express

[8]

PEDF, VEGF-A isoforms, and VEGF receptors; possible mediators of
angiogenesis and matrix remodeling in the hone| ] . Biochem Biophys
Res Commun, 2004, 316(2) ;. 573 -579,

'[9 Yoshimine Y, Sumi M, lsobe R, et al. In vitro interaction between tet-

racalcium phosphate-based cement and calvarial osteogenic cells| | |.
Biomaterials , 1996, 17(23) ; 2241 —2245.
[10] Yuan H, Li Y, De-Bruijn J D, et al. Tissue responses of caleinm
phosphate cement: a study in dogs [ J ], Biomaterials, 2000, 21
(12) . 1283 -1290.
[11] Liu C, Wang W, Shen W, et af. Evaluation of the biocompatibility of
a nonceramic hydroxyapatite [ ] ]. | Endod, 1997, 23(8) . 490 -
493,
[12] Blom E J, Klein-Nulend J, Klein C P, ef al. Transforming growth fac-
tor-hetal incorporated during setting in caleium phosphate cement
stimulates bone cell differentiation in vitro[ 1], ] Biomed Mater Res,

2000, 50(1) ; 67 ~74.
(mi £ )

el St s Rt P A A A A AN
R 0 M (157 1 T T G SR £ 0 A R A A
‘F

I I N e R T e S N TR T S e R (T e
(L P U S e A 8 1) I (K T N I (TR U R AL
(IR S 0 I N L 1 LR s e 1 B N R TR R ]

AR s T AR A

EEASTEE . R749. 061 SCRAFRIRAS . B

\

2 A 3K

| | el I, | v, L | liru Lt e with
i | | vl L 1t
e tempthe 1 (N I il 1
lealy NN 1l I | | e tnnmodebienen
| fralient il o bles ] ul Tl
el el in | H Larng ton " |
14 {1l
{1 A 1l i1 | K] (1A ] Il
wif .l 5 o) BT 1) | ! | |4 |4
| | | | O R T i} b |
| J i1 | | e ] 1} 1
Il



