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BMP-2 ZRIB 1 ) B Bl H] 78 R T 4UM R S KR E B A R B % 66 BEAF
EBRREREENE
oK BEX F OE OREHR K K FKI
(FlRFMBER G ER 76y 810001)

BE B HABESEREERA (BMP) -2 JERBIHINEBE7E R T4 (BMSCs) &
BYKEIERRA (nHA) IRB 66 (PA66) Xt K RIBECE B AEREITIEM. HiE H5
KL BMSCs, 748 A HE+BMSCs 41, X 42+BMSCs+rhBMP-2 4. 3 42+BMSCs+Ad-BMP-2
H; ¥ NHEL BMP-2 (rhBMP-2) Bl # /&4 BMP-2 (Ad-BMP-2) #fA %4t BMSCs Jf-%¢
3 NHA/PAGG SCZEATRL. AN AR BMSCs ik 45w R AR EY), Bt MTT LA
ARG TENE O, ELISA KA SRS TR 7, S I/MRATAEAEK 7 (PDGF) « #1k
AKREF-B (TGF-P) « MENEAEKRKF (VEGF) . AF4EAMmAKE T (FGF) . &4
% (OCN) . Hi&EHEH (ON) , BRIEREREE (ALP) JHTEA A H H 1 28 (SEMD
WA A KA F P15 L. 7E SD KRB AR, K3 42+BMSCs+rhBMP-2
B3 42 +BMSCs+Ad-BMP-2 & & AR N 8451 X 35, 737y rhBMP-2 44 & Ad-BMP-2 41, Jfiliid
X HHZEFT Micro CT A5 AITRCR . &R nHA/PAGG 2R HZ 7L, BMSCs K174
Bt o WA A BoR1E BMSCs H1E#i5 CD29 Al CD90, fik#ik CD45 Al CD34. MTT &
IRYNMILE 72 h R . 50 HE+BMSCs 41 K S 42 +BMSCs+rhBMP-2 41AH L, 742
+BMSCs+Ad-BMP-2 41 ALP i%itt. PDGF. TGF-B. VEGF. FGF. OCN. ON Fit#E¥ I
P (P<0.05) . ARJF 12 Ji Ad-BMP-2 2K SCRE S8 o/ L L ma O, HERm
TG e X SRR Ad-BMP-2 212 &) B 58 R A B T B 0 3, IR AR AR T rhBMP-2
. Micro CT 45 527R, 5 rhBMP-2 Z1AHEL, Ad-BMP-2 AR5 12 FI KRB AR S, &
ANGEELRE . CB/NREEE L ETR R R ET R SRR R (P<0.05) , H/NRES BIKSE
B (P<0.05) . & Ad-BMP-2 %% BMSCs & & nHAIPAG6 7444 RE Al LATE A Rl &
BT, BMSCs SR RFEEAN [ UF A IE  (UROR B8, AR TRt R e vs , B
AF T BB E .
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BMP-2 gene-modified bone marrow mesenchymal stem cells combined with
nano-hydroxyapatite/polyamide 66 implants improve atrophic nonunion of bone in rats
Huang Yong, Ma Jianwen, Li Yu, Jing Qingling, Zhang Qin, Li Changshuai
(Dept of Trauma Orthopedics, Affiliated Hospital of Qinghai University Xining 810001)
Abstract Objective To investigate the therapeutic effect of bone marrow mesenchymal stem
cells (BMSCs) modified by bone morphogenetic protein (BMP)-2 gene combined with
nano-hydroxyapatite (nHA)/polyamide 66 (PA66) on femoral nonunion in rats. Methods Rat
BMSCs were isolated and divided into the stent+BMSCs group, stent+BMSCs+rhBMP-2 group,
and stent+BMSCs+Ad-BMP-2  group; human recombinant BMP-2 (rhBMP-2) or
adenovirus-infected BMP-2 (Ad-BMP-2) vector was transfected into BMSCs and loaded onto
nHA/PAG6 stent materials. Flow cytometry was used to detect that BMSCs expressed specific
surface markers. Cell proliferation was detected by MTT assay, related bioactive factors
[platelet-derived growth factor (PDGF), transforming growth factor-f (TGF-B), vascular
endothelial growth factor (VEGF), fibroblast growth factor (FGF), osteocalcin (OCN), osteonectin
(ON)] were detected by ELISA, alkaline phosphatase (ALP) activity was detected, and cell growth
and adhesion were observed by scanning electron microscopy (SEM). In the atrophic nonunion
model of SD rats, the stent+BMSCs+rhBMP-2 or stent+BMSCs+Ad-BMP-2 complex was
implanted into the defect area, which was divided into the rhBMP-2 group and the Ad-BMP-2
group, and the therapeutic effect was evaluated by X-ray and Micro CT. Results  The surface
of the nHA/PAG6 stent was smooth and porous, and BMSCs adhered well. Flow cytometry
showed high expression of CD29 and CD90 and low expression of CD45 and CD34 in BMSCs.
MTT showed that the cells proliferated rapidly after 72 h. Compared with the stent+BMSCs group
and the stent+BMSCs+rhBMP-2 group, the ALP activity, the expressions of PDGF, TGF-B, VEGF,
FGF, OCN, and ON in the stent+BMSCs+Ad-BMP-2 group were significantly up-regulated
(P<0.05). 12 weeks after surgery, the stent complex in the Ad-BMP-2 group of rats was
completely wrapped by newly formed cortical bone, and the surface was smooth and intact. X-ray

showed that the complex in the Ad-BMP-2 group was completely wrapped by newly formed



cortical bone, and the recovery degree was better than that in the rhBMP-2 group. Micro CT
results showed that compared with the rhBMP-2 group, the bone volume fraction, trabecular
thickness, trabecular number, bone mineral density, and bone mineral content in the Ad-BMP-2
group all increased 12 weeks after surgery (P<0.05), and the trabecular separation level decreased
(P<0.05). Conclusion Ad-BMP-2-transfected BMSCs combined with nHA/PAG6 stent material
can express bioactivity more effectively, provide a continuous and good microenvironment for the
proliferation and differentiation of BMSCs, which is beneficial to promoting local osteogenic
activity and bone defect repair.

Key words atrophic nonunion of bone; bone morphogenetic protein-2; bone marrow
mesenchymal stem cells; nano-hydroxyapatite/polyamide 66; adenovirus; bone stent material
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HAERIRE G 6 MAVRES, KAEFEN 1.9%~10%, i 5 0w AR
AR R G0 SR e ST R T B N BRI S I RO, A LR,
REIT . FHMMBIGIT SR 7B A Wm I . oK R A K A /R Wik 66

(nano-hydroxyapatite/polyamide, nHA/PAG6) 1F N—Fp i AL A VTG A RE,  AEVIAH 2 1
RIF, FEHSIUEE PR E RIS 71, AT RCE @A M4 . B K48 H-2 (bone
morphogenetic protein, BMP-2) J:[R 2 BEZ &3 2 H 1, S 2N H TR, P
(RT3 AR (4 S R A2 BB BMIP-2 JEE DR & 4f ) i 1) 7 53 1411 2 Cbone marrow mesenchyml
stem cell, BMSCs) 7E-H FA4: 1 FH G4k . BMSCs BESELEAR A Zh A0 A B A, 58T
HIERM. BMP-2 3R Yy 22 BMSCs H B A B s s 704k, IR Eshitiz S ey, =
BMP-2 BB FH 32 A% 5 AR, miA s B RSB, 20\ BMP-2 (recombinant human
BMP-2, rhBMP-2) fEINTRE &5, (HAALEBUR ARG, IR 2 (adenovirus, Ad)
HikaEniEm BMP-2 (Ad-BMP-2) Rik, {edfmery. Mk, WS AR rhBMP-2 5k
Ad-BMP-2 & #t BMSCs 4t nHA/IPABE S AUIGITH MERIRCR, HEHEESE. BES
PEFIRC BT T 6
1 HRETTE
1.1 #E
1.1.1 sL3shYn 40 2 8 R HENE: Sprague-Dawley (SD) AR (45 & 280~340 g) K H



R B b HE SIS bt o SIS SRR R H AR B s A B2 R e b e 7 S8 kAT (18
AL : P-SL-202204) . AWFFENYILIG AR LI (SLInsh i BANE AT FR ) AT .
B AFEAE TOR E AR I B o, LR (2342) °C, 12h/12h BHEEIERE, 18 % 50%45%,
"] H H SRR

112 FEMBSMEE nHAPAGE 2 fLC A RIS N E R A BR 2 =) 4 A #e4%
VR, BEMEES (methylthiazolyldiphenyl-tetrazolium bromide, MTT) iRX7ll&. ML/
W74 AR KK 7 (platelet-derived growth factor, PDGF) . # 4k 4= & [X-1--B (transforming growth
factor-p, TGF-B) . I W 4K KT (vascular endothelial growth factor, VEGF) . m4F
e E K A7 (fibroblast growth factors, FGF) . ‘&45% (osteocalcin, OCN) . ‘Hi%$
£ H (osteonectin, ON) ELISA 77 & & BCIP/NBT P2 & (alkaline phosphatase, ALP)
P X S B L3R RAEDIH ARG IR A F s rhBMP-2 #4Ak & Karnovsky [# & W H -
WA A TRHEARMRSGRAH: anti-CDI0. anti-CD29. anti-CD34 % anti-CD45 ¥4 [
2 [E Biolegend A d . MMM RS (A5 : NovoCyte) THEERE Agilent AF]; 4K
fEbRAX (15 : Multiskan SkyHigh) 4 H 32 & ThermoFisher 722w ; $14 HLF 258t (scanning
electron microscope, SEM; #!5: S4800-11) I H HA Hitachi 2 &,

1.2 ik

1.2.1 BMSCs 70, B7r il - I8 e E B EER IRIER 7R KB BMSCs. KA Ab4E
e, TR BCE AR, LB E R, HEH 20%)6 4 S R B IR B e . JRAR
YHARLE 3 d fE#iti, 440G Ik F] 70%~80%Hf, FH R FIEEH fh It % 12 tBlRt, ok
& 10% 84 M 7. 28 3 £ BMSCs HI T- B 5 34k, 8 & A R i s 5
W B 2d S 1 IR A SR BMSCs 1R TH bR 44, L4 CD90. CD29. CD34
1 CDA5. BbAh, 8RR IR TR &5 5 BMSCs 2 A AR AIA, @it ylisr O Yt
S IR WL MR s 4 P D TR o

1.2.2 FRIRREEAR NHA/PABE £ fLSC AP KL 4 S gy ABEFUfl# 15 A BMP-2 ZE A
35 1AM RS 5 TR B4R Ad-BMP-2, FFINZE 105 B B AT E TR B SAA o [RJIS S i) 2%
T nHA 5 PAG66 il LN 6:4 (2 SLSCZEM L, X BT TR BAL BRI S5 M SR - 2
J&, ¥ 5 3 K BMSCs 434l 5 rhBMP-2 Fil Ad-BMP-2 31537 24 h, JEKe X Se 4 g he 4 5
NHA/PAGE % AL b, WET 3 FAFKAL TER: LH+BMSCs H. L4
+BMSCs+rhBMP-2 4113 28 +BMSCs+Ad-BMP-2 41.

1.2.3 MTT dEfE g A Kl il 20l fufE 96 FLHCFiF A 24, 48, 72, 96h, SRAJETE



FEFLHFIIN 10 uL MTT, BEFLIIA 100 pL — FF EAROR 345 fife &5 d S 00 0E , B bR DU IAE 490
nm #: ) OD 1H..
1.2.4 ELISA RMIAHRAEYNEER T SAHMMEEEFRESE 7 K, (EH ELISA X7 & i
B 7 VA R VR R A e A= s E R T (PDGF, TGF-B, VEGF, FGF. OCN 2 ON)
W
125 ALPVEMERI SRR 7 R, IETE 4% R H BT E E 20 min, FIZETH
IR 3 K. B2 Rk, FH BCIPINBT ALP 4yt Gxt 40 Ml AT G . O 7 IIE ALP V&1,
£ 96 FLAR b FH 243 22 b3 ( 20 mmol/L pH 7.5 Tris-HCI, 150 mmol/L NaCl #1 1% Triton X-100)
ZRAN, IANJERVIAS IRy . A BEAR I E 405 nm 4k OD {E AN E ALP i1,
1.2.6 SEM M %2 BMSCs £ nHA/PA66 IR BN IRYE S SRl 4L R 2 5
7R, K& AN E ELE Karnovsky [EE b, 1EZREPBUK, TEBEERITH, K5 HK
SRR B4, ERHE T E5EE LM% BMSCs 7F nHA/PAGG L [t % 1fi. @id — Ik H
THU%, TAEEEE N 15~25 mm, I R4 20~25 KV,
1.2.7 FSLKREGMEE AERR R RIIRIES (10%/K& %8, 300 mg/kg, MEJE
RIED HEAT UL Bl BBIFEE KR FIAFAREG b, WHE RIS, s 0) 0 25 5
WAMUER. FHRARE BB BRIEES N 1.25 mm 5o [REF, W thREIE, o IREH 28 H B2 I 4
Wi N o FERCE ThBOOMUTI L, B EE R IR ORY ) B, BT . RRE G
FAMEFT o0 X, AR SRS IFEE 0. RGENERER, EHEERFE, JFRiriE
WA PR Qs IREMRRE IR, ORFFUR S 43 9T, DA 2 3B T ahdii b

SD KEsrh 2 H, #4120 R, rhBMP-2 41LL BMSCs/rhBMP-2 J:3% % nHA/PAGE S 4¢
LAY, Ad-BMP-2 41 LA BMSCs/Ad-BMP-2 F:35 % nHA/PAG6 L 38 &4, # ik &kl
NN E . FARJG 12 FF SD KRAT A N X S8R 7, W05 78 DSl - 90 A= A 100 o
1.2.8 MicroCT #&:ll  H$4> #2430 um, Micro CT H il =4 H & £ 4 J2 Micro CT 40
BT RIS TR 12 J SD R RUE AR o 28 X Bk A G HUE 8 (A FR 43
4 (bone volume/total volume, BV/TV) . ‘H/NZEJEREE (trabecular thickness, Th.Th) . H/h
¥ H (trabecular number, Th.N) . /N2 (trabecular spacing, Th.Sp) . HH i
% (bone mineral density, BMD) . HH #))ii & & (bone mineral content, BMC) .
1.2.9 Gith 43 RiF SPSS 26.0 HAHHATHAR G 04T, THERTTRILL xds FoR, WAL
bR H student’s t #5546, P<0.05 NZE T4 40 Lo

2 &%



2.1 SEM W2Z nHA/PA66 XZ2  SEM &7~ nHA/PAGS KM HEHS, SAHEEEMZILE .

WK 1.

B 1 nHA/PAGG 742 SEM & T &

Fig.1 SEM images of nHA/PA66 stent

2.2 BMSCs 40 i 25 s 15
2.2.1 BMSCs 4l iy St R 1 As EW) BMSCs 4 il & [ $1 . CD29. CD90. CD45 #1 CD34

RIZ2IA 25 55 99.60%. 96.10%. 4.92%7F1 4.87%. UL 2.

B 2 HAMMALIN BMSCs 41fsr R R IrE
Fig.2 BMSCs cell-specific surface markers were detected by flow cytometry

2.2.2 BMSCs Rl 710 e g i 4R I 1 et 0 K 3 WLEF A RT ILAHA BRAL G R, ok



DR 7 20 T RSP S PR AR o AR CE AR N OB . R/ B A AP AE SR i s I R AN R 4
P SRE 7 REEAN— o AR BIA) P] W22 RS54, ORI SRS S 4R A JE Jo f 7«

B3 BMSCs il Ji 14 i s 20 M T R s 1L
Fig.3 The formation of adipocytes after adipogenic differentiation of BMSCs
2.3 %% ZH 4 e 38 5 9 1k HLR X +BMSCs 41, X ZE+BMSCs+rhBMP-2 41 3 %2
+BMSCs+Ad-BMP-2 ZH AR A= Kol — 30, ¥R 72 h AT AE 2218, 72 h JRHgbHE

FEREIG . WA 4.

B 4 &-2H 20 o A 5 1 b %
Fig.4 Curve of cell proliferation activity in each group
24 ZHMM ALP 3EHEHE 7 44+4BMSCs 41 (0.09+0.01) 5% ZE+BMSCs+rhBMP-2
1 (0.10+0.02) Lk ALP J& 1L B EA1E (1=0.775, P>0.05) ; 53 4+BMSCs 41 K& 42
+BMSCs+rhBMP-2 AL, Z4E+BMSCs+Ad-BMP-2 41 (0.14+0.02) tt ALP jif % i

(t=3.873. 3.098, 1 P<0.05) . WK 5.



Bl 5 &4 ALP JEME: B
Fig.5 Comparison of ALP activity in each group
“P<0.05 vs stent+BMSCs group; “P<0.05 vs stent+BMSCs+rhBMP-2 group.

2.5 ZEAYEHERTREAERE 53 2+BMSCs 41HI L, 37 42+BMSCs+rhBMP-2 21 ON.
PDGF }¢ VEGF %38 .7t (1=14.845. 12.041. 16.505, ¥J P<0.05) , FGF. OCN }2 TGF-B
FiL¥ T EZE AL (t=0.336. 0.736. 0.115, # P>0.05) ; 53 41+BMSCs 4H K 3 42
+BMSCs+rhBMP-2 AL, 7 Z2+BMSCs+Ad-BMP-2 41 ON (t=62.423. 49.436) . PDGF

(t=29.956. 34.058) . VEGF (t=86.419. 70.793) . FGF (t=70.117. 64.463) . OCN (t=18.615.
18.559) K TGF-p (t=16.767. 21.731) Fir¥) L (¥ P<0.05) . W% 1.

1 FHEAEYEERTRELE ( x19)

Tab.1 Comparison of the expression of bioactive factors in each group

PDGF VEGF OCN TGF-B
Group ON (ng/mL) FGF (pg/mL)
(pg/mL) (pg/mL) (ng/mL) (ng/mL)
stent+BMSCs 35.2040.52 107.3946.54 193.58+2.34 145.35+2.41 15.6540.72 75.2645.42

stent+BMSCs+rhBMP-2 47.20+1.30" 116.2643.73" 229.6142.97" 144.6043.02 15.1840.84 74.8642.63

stent+BMSCs+Ad-BMP-2 128.64+2.54"%  275.3647.18"  461.3644.83"%  312.7443.36™  35.69+.72"  147.9745.20"%

“P<0.05 vs stent+BMSCs group; “P<0.05 vs stent+BMSCs+rhBMP-2 group.
2.6 FHHEEME BMSCs £ nHA/PA66 EIFMHER  SEM £ 3 4l BMSCs &5
NHA/PAGE SZZEFA KL AT WL nHA/PAGE SCAM BRI IEL M, A R LET R, R W



BMSCs 7& nHA/PAG6 kA4 T i IFIA k. WK 6.

& 6 s MEE BMSCs ££ nHA/PAG6 - FIBEHHE I
Fig.6 Adhesion of BMSCs on nHA/PA66 observed by SEM
2.7 X SHEMEARRERIE, ~ rhBMP-2 41 % Ad-BMP-2 41K RAHT B B &, ARJF 12
JE thBMP-2 2K Bl i) B P 0 W 1k, A e % 2 B2 J5 B 0. 5% BMSCs/rhBMP-2 34 nHA/PAG6
CHEMRL, WG OB, (HA W WAL Ad-BMP-2 KR ARE 12 A
BMSCs/Ad-BMP-2 %4 nHAIPAGE SC 28 G 8 b L e i B 88,  HARHDG 2.
W 7. #2278 Ad-BMP-2 ZHAE(R k& & 77 TH R I AR

B 7 XSHERMERRRZEX

Fig.7 X-ray observation of the lesion area in rats



The two groups of rats were the same rat before and 12 weeks after surgery; The red arrow
indicates the molding position, and the yellow arrow indicates the position after fracture recovery.
2.8 MicroCT flifi%z 5 rhBMP-2 414, Ad-BMP-2 AR5 12 Ji K BMD. BMC.

Th.Th. BV/TV. Th.N ¥t (P<0.05) , Tb.Sp /K P& (P<0.05) . WK 8 K&k 2.

B8 KRAJE 12 A microCT ME-FHREHMHS
Fig.8 The bone tissue structure and morphology of rats were observed by microCT 12 weeks
after the operation
#2 FHKXRRE 12 BEEERBEMSHELE ( xas, n=20)
Tab.2 Comparison of bone mineral density and bone structure parameters of rats in each

group 12 weeks after operation ( xs, n=20)

Group BMD BMC (g) Th.Th BV/ITV Th.N Th.Sp

(mg/cm?) (mm) (%) (mm) (mm)

rhBMP-2 176.39+11.34 0.7540.09 0.16#0.03 31.41#1.85 3.15#4).64 0.5240.11
Ad-BMP-2 194261251 0.8440.12 0.2234.04 34.67+.94 3.63#.75 0.4440.09
t value 4.733 2.688 5.367 5.439 2.177 2.517

P value <0.001 0.011 <0.001 <0.001 0.036 0.016

3 W



KBRS T BMP-2 ZERME ) BMSCs 545 nHA/PAGG 1A A K B ZE 48 B AN IE Y
AR BRI A, TR A TR AR SR N A K R T B A R
BSRE TR, nHAIPAGS & R ES KR X B & B . nHA (GRS
WA VERN—F DGR R, B RAF I AR TR 15 Sk, e fe B i ) 36
BEFIIGE . PAGE MISRAL T 0B HUARR B AN S % Ty, (15 5 &M RHER N R85 K 5241
Fgrtl. AWFFE SEM R nHAIPABS S HA % fLE M, HHI T8 1ML E FE4E, I3 BMSCs
PRAL T AT REEET, (TR T A0 G A B k. BMP-2 S I Smad 15 5 i %,
{3k oA 43P0 1) 70 5~ 0 1) i A 24, AT I 8 A PR S e 2 45 Sl AN 3
T EBAENE, B RS I RIEN R,

BMP-2 A ikE R E K B AR 7, Cb5e E i A2 SR e I
PRI, SRT, w7 BMP-2 25 S FHARTE I RRE, 1T s 7 30k PR HL we e e AR AN 22 4 1k
W F R A, BMSCs & B 21 21 TRE M 32 AN K . BMSCs /& i 44 TR & F i
AU, A5 R A Chamberlain et allfff) 5%, @K MSCs HRpE (b # MR LR 2 K i 5
HAoW N E . MTT fllE7s, ASEH A KEH AL, 3] rhBMP-2 B4
Ad-BMP-2 4bF ] BMSCs 5 nHA/PAG6 SZALIE G35 77 X A M AL KR M AN K. It Q4 A
Hril 27 BMSCs ik € 1 b 54, # A HJy BMSCs 1 3tk L 40 . i 72312 Y, BMP-2
&M BMSCs Bt At ALP 351, dUMIBEE R 1L, 784 A Sk i B & R
BE. AR, 510 BMSCs AR BMSCs+rhBMP-2 IS AALMEL, &
BMSCs+Ad-BMP-2 [{]5C 284 ALP W& iy, &) Ad-BMP-2 LE rhBMP-2 TERE{EE BMSCs
BE M. 53 28+BMSCs 41 J 37 48 +BMSCs+rhBMP-2 ZHAf L, 37 ZE+BMSCs+Ad-BMP-2
HAE ALP W ME K Z R AE K7 (B PDGF. TGF-B. VEGF. FGF. OCN £l ON) #ik E &
% L. b, BRI, PDGF A Bl T4 REB 40 M A AEGTR A FR R 1k 3 453 45 38 1r
iL#%. TGF-B fll BMP 7EB 5 K & th R #E E Z D) REM . VEGF {2k I A4 Bifl MSCs B 45
I8, FGF 2 54 RN E RS AE Y @4 . OCN HT ON i 51 4 i 3 e Al i & . K HA
BMP-2 JEREM R 2158 T BMSCs IR ST, X 5 HARBTFLEs R —, BMP-2
ZINA AR B A WA AT, H e IS 4 M 7 AR 2R BT R

ERRBHEHAERA S, HA BMSCs/rhBMP-2 5 BMSCs/Ad-BMP-2 %5 # 1)
NHA/PABGE 4L J5, X HH£EF1 MicroCT f 2 bR, Ad-BMP-2 27K BB B A &
THHALT rhBMP-2 4, KB BMSCs/Ad-BMP-2 5 & nHA/PA66 S ALM LA E T B AN AR

ik, SESNEREREMLIL, APTFEFE nHAPAGS R &KL BMP-2 kK& 11



BMSCs 1 RVRYT 77 %, ARG 1 B AAE BOM B FISEARE, It Reld R B i

AR, SHAMGIT T ZME, miUEH rhBMP-2 B G A Yk4 kL, Ad-BMP-2 2[4

EM BMSCs 24 nHA/PAGG S ALTE(LHEF & U7 R I T MBCR . BTk,

rhBMP-2 ()8 F 56 8 32 25 4 v B 18 & SR M o IS 1), (EL L RAORAE AN [ 2R Y - AN b ]

REAFIEZE T o TASHIE JE T SEIE I 45 & A AR EE R R Y, e ft 7 —Fh 3 9 R A

BT RN o
LR LR, DUBR S N A2 1 BMP-2 2 Ad-BMP-2, $24t BMSCs R & nHA/PAG6

SCEPRETT LA SR IA IS I, S BMSCs $E L RFART R AT 1 3 A A ROA 35, AR

T JR) S A SRR E R

SE IR
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