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Osteoblasts and vascular endothelial cells combined with allogeneic morselized bone

graft for treating rat osteonecrosis of the femoral head
Li Qijia' Guo Jing' Gan Hongquan® Song Huiping" Bai Junqing’ Wang Zhigiang® 'Laboratory Center >Department of
Orthopaedics  Affiliated Hospital North China Coal Medical Collage Tangshan Hebei Province 063000 China

Abstract Objective  To study the possibility of bone marrow stromal stem cells BMSCs -derived
allogeneic osteoblasts OBs /vascular endothelial cells VECs combined with allogeneic morselized bone
grafts for treating rat traumatic osteonecrosis of the femoral head ONFH . Methods  Thirty-six six-month-old
SD rats were divided into three groups model group allogeneic bone group and OB + VEC + allogeneic bone
group each including 12 rats. BMSCs extracted from 4-week-old SD rats were cultured in vitro and the ob-
tained third-generation cells were combined with allogeneic morselized bone. An animal model for rat traumatic
ONFH was built through removing round ligaments of femoral heads and the animals were sacrificed in the
first second fourth and sixth weeks after implanting OB + VEC + allogeneic morselized bone or allogeneic
morselized bone to collect the femoral heads. The growth of OBs and VECs on allogeneic morselized bone was
observed with a scanning electronic microscope. The expression of CD34 and CD31 in VECs was detected
through an immunocytochemical method. OBs were identified through alkaline phosphatase ALP  staining and
collagen type- I immunocytochemical staining. OBs and VECs were labeled with 5-bromo-2-deoxy uridine Br-
dU in vitro so as to trace the kinetics of OBs and VECs in vivo. Pathological morphology changes were ob-
served with an optical microscope. New bone formation was calculated according to bone histomorphometry pa-
rameters including percent trabecular area % Tb. Ar  trabecular bone thickness Tb. Th  trabecular bone
number Th. N  and trabecular bone separation degree Th.Sp . Results ALP staining and collagen type-I
immunohistochemical staining of the BMSC-derived OBs gave positive results. The VECs expressed CD31 and
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CD34. The OBs and VECs exhibited excellent biocompatibility with the allogeneic bone

and were in good

spreading extension and growth conditions on its surfaces. The OB + VEC + allogeneic bone group accom-

plished more new bone formation than the model group and allogeneic bone group and each new bone formation

parameter of the OB + VEC + allogeneic bone group was higher than those in the model group and allogeneic

bone group P <0.01 . Conclusion

The OB + VEC + allogeneic bone composite has higher ability to pro-

mote new bone formation in treatment of rat traumatic ONFH than allogeneic morselized bone alone.

Key words

osteonecrosis of the femoral head

bone marrow stromal stem cells

osteoblast vascular endothelial cell allogeneic bone

Supported by the Foundation of Science and Technology Activities for Overseas Returns of Department of Human Resources of Hebei Province 200911 . Corre-
sponding author Wang Zhigiang Tel 86-315-3726369 E-mail wzhqde@ 163. com

A% B Sk R W osteonecrosis of the femoral head
ONFH J2& H T~ JBe i =k i i Ak 107 v B T - 350 240 e A2
PEYRAE - 100 200 L A0 B 10 20 B A6 75 | kS 1 o 2 ik
fOMESAN T ROMEE B E T A

bone marrow stromal stem cells BMSCs 743%7 ONFH 19
S K e PRI W gE ok Ak Z B AL ° ARSI X}
KB ONFH #ER1 K B 3k S5 58 55 B i kEAE A BMSCs Sk
TR 40 osteoblast OB K M4SN L 4H L vas-
cular endothelial cells VEC S[E|FE¥HE SY WL
HIRHIE A2 R 3E O B AT 2 S 500
KAt Bl #R1T OB + VEC + [A] i # A # k
MRS ONFH (AT RgtE il ARG YT ONFH 4 it
BTk

1 WS

1.1 ##

6 Filf; SD KR 36 H {RJiHR 400 ~450 ¢ T QI LY
SIRFERIA S £ 4 i SD KL 4 HOMEMEARRR (R 100 ~
110 g JATEHESER AR B AT SRR

SR shY R HE VERUE SCXK 5 20070001 [l Fhep
R P R R B ST B AR R BT T %

1.2 Fik

1.2.1 BMSCs F43 85 ik s * BMSCs JRURSRIUR f£ 1%

BOR RUBCE FIR B 88 A 4N i B 77 54T BMSCs K il
IR TR AL A5 ILES 3 {8 BMSCs A BB 45 40 1 95 Ak
10% 2R i3 B-HimBmREN 10 mmol/L HIFEAAS 10 *mol/L
#eHEZ C 50 mg/L RN P Rz A 45 1 35 35 3 10% i 2F 1l
A M N A T 10 /L Bl s AT 2 4 i A 4 Y 5

2 pg/L TR

1.2.2 OB Y5 VEC %5 #5500 Wi Fh 40 i 43 5k 47

BRPEWE R A ALP Yo K T 79 U5 5 40 i Ak o e £ LU S R

OB CD31 CD34 & 4 fb=FYe o LI F VEC

1.2.3 OB VEC F#d685 9% & MTT S A5 41 a4 5 755 77
5% 7 d 51 OB 5 VEC 1: 1EzFpF R — K5 0 h B et

W% Ll OB Fl VEC fEAS2E0 4] LIRSS BMSCs {4 4 g

4 AN 2 x 10°/ml 2 F0T 96 FLAR AEFLINA20 wl

MTT 5 mg/ml 37 CHEE 35 17 fA 200 pl —H 3L A

PR% TR g 46 A 490 nm I 4 4b I 5 4% LG 25 B E
D 490 HUME AHTIHA R R s i
1.2.4 BrdU #xic OB 1 VEC A3 5E OB K VEC il ABrdU
fEZHEE S 10 umol/ T (1 Jili B 15 77 HE N PN iz 15 5 SR Ak 2L 3% 57
72 h A2 x 10°/ml AR O LA 1 LA LLBNR A kst
Big® FrampaiiEE s AT BrdU e dni A st oA I BrdU 4ric
YRGB AN
1.2.5 {fil% BrdU #7iCH) OB + VEC + [MIF-E &% Kl
FIFH RIF B R B 96 fLAR IEUE T FK BredU dRIC1HY
OB VEC P FlRIFpE¥y b WFE ()5 A 22 Wi W28 4 g
ARG RS IETE R RS R AERORE BRE
G T AR A LI
1.2.6 K ONFH BBUHI % KyRy7 4% 36 2 SD KE 4
SRR WA R4l ] OB + VEC + [AlFlvE 4 g4l 12 X 4l
TFWARET 2 4 684 NEAEA BABAES3 X B g
M A AT X OAE SR f Xt IR Rl dl ARy 1 RS AT
HBAEAR BrdU FRiC /) OB + VEC + RIFp-E2 BRIy 1 JH
J& 47 OB + VEC + [FF B E G AR BB B Wiy
PTG R B ONFH A8 ° ¢ By )5 1 AATiRITr
AR F OB K VEC il 4 2 A R E kil i 4 2 A
B ERVREE 20 4 meg/ml FIINAE SR 248 T AR FLIN B
i BRI EAAL AR EA R DT R
1.2.7 ONFH FRA KRB KYI e 0[RS 2 5l b3t 3
WU E Sk WA FR T RN R AS o AT 05 A U BN B 45
BHLYIR 4 HE K Von Kossa Jet, Y Jy i A= B /NE AL R
B OuH x100 KU A S AUET SHAE R
TR ZE AT R K2 R 3 b R ek A s o3 B A i i AR B
INGETHTFRE 433 percent trabecular area % Th. Ar B /NG
J& trabecular bone thickness Th. Th ‘B /NZ%r+i trabecular
bone number Th.N /N3 B EE  trabecular bone separation

degree Th.Sp 7

1.3 %itsow
SR SPSS 13.0 e 4kA: R & 25 FomATHREE
D5 AT 4L P L 4R Y SNK 3

2 #R

2.1 BMSCs ) OB VEC #9ifF& %52
BMSCs sl 5% 7 d J5 ALP Je ke 1 AU I 6 e 4 g Ak
PO E R FIVERY BMSCs [ Il 4 A B A0 AR5 & 14 d CD31



5 33 55 6 31
2011 4E3 F 30 H

EINE VNI B 4
ACTA ACADEMIAE MEDICINAE MILITARIS TERTIAE

Vol. 33 No. 6
Mar. 30 2011 593

CD34 G e 4 A2 e (2 18 2 BV 2
2.2 OB 5 VEC H423E3E A MIT &4 20 38 74
&

PRI BT 205 AN B S S K TEAH T HE R A
FWERS 1 ~2 dnd PRI R IR 3 ~6 d
IR B A AT 5 A AR B K OB KR
W VEC ZHETE 7 ~8 d W40 BB NZEN AT & B
VEC 2RRTE SCa g T F1 1 ~2 d P
SEGIEE L P>0.05 3~8dERAGHITEEYL P<
0. 05 wFE1
2.3 AR EENE OB + VEC + RIAF 264

) Fhi ARl e i etk A FLB &4 OB &% VEC JG4H
LIS R 2 T B LB P Bl O HE 91 S O 40 47 T L
SAL R A AN 2ok 2
2.4 JREMEFIE

HAUYARIGRIF B R A JBEE 1Has K
PRULgE A 2E A Sk FmOMLRE BT PRARAE /N HLJE Ok
BRI B R R AR AR 6 R e Sk IR E

WIERR A RBE 251 B X A ROR e i £ 4kl 18]
3 FMEHTISMERA RS BBk W )i
A DK A LR e 6 S 4141 OB + VEC + [7)Rh B 21 1B 3k v
H OISR R SUNIR B LS Bl B PR A
T BRSO LR A AR RN RS
AL BCOE /NS ZAL AR AT LSRR A L
FESARART S A B B S S i ol WA sk AT
UNVIPN e T A R N o I B NN i)
U ELAR BRI R [RS8 T )2 R B 2R
BB BB T AT D 2 R AR B ORL G 2 S Bl
M1 0] WL B AR S S 2T 4 AR AL I [R] B8 40 g — 3 7>
B AL 4B Pl B NRIEIR O LHE Y
JRCE AN HES LS R R e AR B AT AR R D
Rz A AU A o A R D A I vl DL A A g 1 2 2
ML THERE K14D OB + VEC + [l Ffri 41 403018 M0k 4 [
BCEPER AV ESE I B R R AR A B BRI i A 2
THMAMA K4C  HEHEmBmL B/NEHSIA Y fl
HAMERLEAS X7 [H AR

BRI S A IR

E1 MEERENENEARLEFESER
B2 BN IENEARSTEMHESEFBRANTR

45 E A8 £ BB x200
SEM x 500

B3 KREMGHERELIRFERAYE £ EFREL & FRHER

A AERZE (x100);B: RJ& 5 2 B R A+F 4

(x100);C: RJG % 2 J& OB+VEC+F] # 5 41
 (x100);D: A5 6 AIRAFL (x100);E: £
" 5 6 OB+VEC+RIAE4L (x40)

B4 KRBRFRFERELFTREEHME. T
HE G . AFMEESHREANRE HE £
PUE::d



%533 B 6 £ = % E K ¥ % W Vol. 33 No. 6
594 2011 4E3 430 H ACTA ACADEMIAE MEDICINAE MILITARIS TERTIAE Mar. 30 2011
F1 MTTERNKEHE MENEAMERKERERES D 490 n=6 x=s
24 51 1d 2d 3d 4.d 5d 6 d 7d 8d
SEG4] 0.128 £0.001 0.132 0. 002 0.147 £0.003%  0.180+0.001%  0.217+0.001°  0.254 £0.007°  0.261 £0.053*  0.270 +0.002°
XHHRZE  0.131 £0.002 0. 138 0. 002 0.216 =0. 002 0.267 0. 002 0.333 £0.002 0.408 +0.002 0.413 +0. 002 0.411 +0. 001
a P<0.05 LHafmamrbix

2.5 BrdU 4732 OB & VEC 4K I 7= #3246

AN AT BrdU Y OB il VEC #E47 62 40 Ak 4 (o 7]
U, BrdU Z0H PHE AR 5 Rk F 4% B 54 RJ5 OB +
VEC + [ #5528 7T 3T B B /b 8 1l %8 356 457 T WL Brd U BH 4 200
M HAZA R % 8 BrdU A3ic FHPEAIR 5] 5B

- - - - .
£~y " AT AL
= E- i Lo aiafr,
F s
- | 1
. h
L B A
L] = ] i o g
iy 1Y & mA A B

A 4kgF x200 B kA x100
B 5 BrdU #Ri2A B4R I E X K 4R SMRIE RAE AR
BRI THC

2.6 FHAFHSITETFEN

BB SRR A BB B OB + VEC + [F]F i 24
NG R S X e A T HAR P2 P <0.01 i [l
FH SRR A ] L EE % Th. Ar Th. Th Th. N % Th. Sp ¥4
BEMEEST P<0.01  HLFE2 K6

K2 RELFEREE 6 ABKSIHTEFRA n=12 xx;s

i BN H/NRIEEE BRGNS R
HIR % pm mm m
1AL 45.88 £6.78 72.63 +5.68 6.64+0.70  191.14 +18.49
[l 2 64.01 £6.832  82.68 +4.60°  7.69+0.80°  114.24 +21.482
0B+VEC+ o o ab ab ab ab
R4 .62 £8.03%)  88.82 +3.72 9.82+0.76 71.63 £20.83

a P<0.01 LAERMkE b P<0.01 L5RATMELE
3 itig

ONFH AT I8 RE 1A BR R RiG 7 7
R A EE HRIH AT IR P TE

R PRI T 7595 BEA 3B L s 30 A e Sk et P 2R

dra O

FUIRTR R HERE D ONFH Y [ 346 52 1 752 58 13 2518

WFCE W A F RO RGN R R

5 % R 0T B SE T AR ° BMSCs 1 b 4141
TR T4 B 2 10 s AR TS e TR IR EE
FEN A F-1E R Al 19 4046 OB 2 VEC m% HoAlh
i DA R A Rl AL A R a7 i 4 4L
27 BMSCs it OB K& VEC n IAE Ky £ o i1 &
MAEFLRFF4IH (0 ERB R AL R R AT
ZMRHAYT B R I OF T E AN A RGE S e AR
SEER LR AR A S TR A A TR R
FLAER Y B MR A E R 2R B R BS AR
OB J VEC ik THA MAREY ALP T R K&
CD31 CD34 5 FHPER B BrdU & —Fif 5z e 40 i fr)
HFERAS B R EEARIC Y K BrdU 38 A B A I ) 40 i
e HLREXTAL T S WA ThRIE  F/NEESE e IR
SN BrdU #ic i A BMSCs B BrdU #ric ] F T 5
A BMSCs B AR JEA7E AR K A4k i 3l 857 25
W ASLET S5 S BMSCs i OB #il VEC J57E
At S s AR T HEAT BrdU #5300 I S0 40 i 4k 2
o 00 1) 4 Bf A% S BHAE B Ui B BrdU 248 A 21 41 ffd
DNA #H IbE Bbmica iR i S S iRa 24
AR 4350F 2 4 J G T g ARG I 7 it 3]
JITRRIC AN 22 A7 87 A B A0 M DN il A P B 4
P U BHAEL A A B 40 R R 0T A5 P R 4 A A P A7 3%

AR W HSUAEMEY HER &L RA XA

REfdT OB + VEC + [F]fh S5 52 & Wi A ONFH gkt
JETERLE PR PRI A e T ROR i U
OEAT AH T ONFH B 140 L Bt ik 52 Wi if 24
NG EE G RIS R e g

VLIS R

A A B FAFEL C OB+ VEC + RIAP A4
El6 XBRIAEMBLKRMEMNE NEANRANE BMEEAGHBEANKRERERG 6 ABHESITERNELR

Von kossa x 100



533 A6
2011 4E3 30 H

Bk

ACTA ACADEMIAE MEDICINAE MILITARIS TERTIAE

o2 R Vol. 33 No. 6

Mar. 30 2011 595

XA AT R i R AN AR A AR A ] R

HATHBATERIM IR IFBA AR E SR M

H AR EFENREARE R ESR MARNE X
ZROPPAE L 4 Fob 40 0 BT 149 77 2 L AR R [ P R AT A

JTE IR A O REFE G (8] N AR A
KRB PO R B T2 """ ONFH &5
WEARFER  FRATE OB K& VEC R T R Fl &
DA TR fiEat BrdU 7R R3] OB VEC Af
REFRALER 43 A A Sop A IR R A ol f
OB 5 VEC Z[Hf#7E A B MEAERH VEC /B 48 A=
G~ 240 LR AR PR T BR A O e A R A
AL (AR IR BR8P IR T A X 9 5 1
FMERGEIYA " RS2 g i
F4n VEGF JREBZFAKKF sl E £
K4 DRk ines &4 RIeS VEC 38 7] 20 WA P J 2R -1
ET-1 W] 5K OB JERIHIMY ET-1 SZARZ5 545 = il
MMLEITIRE " Deckers % ° 5 VEC thn] p= A 45
WA KAEA BMP  WUESE T 78 B UURUE RS 57
MR AR Z MR VIR

A S S B R B A L R WA SR E B
BEESMEHESER " ASlrh Bifhgn iyl
DI ETER R E ERGRE e Fidk X aTREE R T H:
RIRBFLBR R G AR 22 IR 7508 B8 Dt i /N 2 ] i
MENERERGE AFTHMBAER KR LaiL%
OB + VEC + [5G EREAR L 2R ER F
WlE 5 OB + VEC + [a] i Z [R1AH B s 7 1]
O 22 5 RO ZE s S 157 m] WL BRI i H[R]
FhE AL R B AR ) OB + VEC + [ 4l Von
kossa JL (0% E L L E8 1 % R iR A S A s Ol B
WA THE A O T 2 0 T4 B U5 5
BN I BUE R RS AT /N R
FERRR B/NGERIFE AR R W FIR B/ NG [ R S
M E /NIRRT /N OB B B
R TERE 7 AR B ST EF S R 4R
7R OB + VEC + [F)Fi-E 4187 A4 B 5 B B T Al v
AT I S Lt

gih LR EIS K AR 45 OB + VEC &
A [RVFPB SZARAT R AT BBAE R B L ST RE 1 Ml B AT
Kl 7E ONFH B 84 2 5 h B A L8 5% ek i
YHMIIETE oL W E B RCAE DAL
S 3k
1

F A B kIR SE T . P EEIBSM R A 2005 13

10

11

12

13

14

15

16

17

4 310 -312.

GR— TR, MU PN R AN A A A DR AR A A6 A R R 4
AT BT IR IA T SRR Sk R FERY oY T . AR 2 ek
2009 87 37 2629 -2633.

W EEAE BRI S SR AN A P A B AR
Yreste T hEBEEEAMRIEE 2004 18 4 327 -330.
FOF FERE ZEEEE. AUE IS U5 0 X R T AR A
HSH S e sgmg 1. EE R E AR R 2006 20
2 125 -129.

UM RS XBAER BT T AR A R R B AR
SPRIGYE B Sk IR FESC IR 9T 1 . v E AR Tl I
2010 13 3 433 -435.

Boss J H. Experimental models of osteonecrosis of the femoral head
J . J Orthop Sei 2004 9 5 533 -534.

Parfitt A M Drezner M Glorieux F H et al. Bone histomorphometry

standardization of nomenclature symbols and units. Report of the

ASBMR Histomorphometry Nomenclature Committee J . J Bone Miner

Res 1987 2 6 595 -610.

Revell M P McBryde C W Bhatnagar S et al. Metal-on-metal hip

resurfacing in osteonecrosis of the femoral head J . J Bone Joint Surg

Am 2006 88 Suppl3 98 -103.

R FIAGE M HN TR R 1 . &

PRy lEsr TR 2006 29 6 373 -376.

FNE AR W] A R AERER R T A A E S
HSF BrdU A5ict T . P EAL TR R S IHKRFERE 2008 12
21 4131 -4135.

Linda G

P~ ML
(oS

Griffith ~ Gail Naughton. Tissue engineering--current chal-
lenges and expanding opportunities J . Science 2002 295 5557
1009 - 1014.
EUE R U S R AN I Y AN RS B
EFEIEFRAEY ARG T . PRSI R AR 2008 25
4 485 -487.
Yang D Guo T Nie C et al. Tissue-engineered blood vessel graft
produced by self-derived cells and allogenic acellular matrix a func-
tional performance and histologic study J . Ann Plast Surg 2009
62 3 297 -303.
Kanczler J M Oreffo R O. Osteogenesis and angiogenesis the poten-
tial for engineering bone J . Eur Cell Mater 2008 15 100 - 114.
Deckers M M van-Bezooijen R L van-der-Horst G et al. Bone mor-
phogenetic proteins stimulate angiogenesis through osteoblast-derived
vascular endothelial growth factor A J . Endocrinology 2002 143
4 1545 -1553.
REmBH e it SE EBRE KRR A thVEGE 55 thBMP-2
PERE AR BB MR IR T . B EEERFE
i 2007 29 5 406 -409.
A sk R TEBM 08 33 A KR R BB ST R 2
SR . REZ S E 2009 28 6 654 - 656
692.

I#s 2010-10-09 f&[E 2010-11-01

mE K

=
g0



