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WE BH SRS RARD(BMP) 2 J RGN 80 500 T 400 ( BMSCs) & & QKRB KA ( nHA) /R EERE 66
( PA66) XK BB B AERIGIFIER . A% /B KB BMSCs, 34> A 44 ( sent) + BMSCs 41 .sent + BMSCs + rhBMP=2 4 .
sent + BMSCs + Ad-BMP-2 41; ¥ N\ T2 BMP2( rhBMP-=2) TR li-55 /B2 BMP2( Ad-BMP-2) #5447 Ys BMSCs F:55 4% nHA /PAG6
HHRRL . IR I BMSCs 32355 R AR EY) , 3850 MTT 2600 40 J 34 4 1% 00 , ELISA A6 D0 AH G A W0 4 R, 4
1 /MR AT AR AR K R T PDGF) (b AE K IR T-B( TGF-R) LA N Bz A= K IR T+ VEGF) 4T i 40 g A= 1 IR T-( FGF) 45 %
(OCN) VHIEHEEH(ON) BRI TERREE( ALP) o 9440 BB SEM) WA M A K ANFEMAE L . 78 SD R BRI ZE i iy A
SEREAI T % sent + BMSCs + rhBMP=2 5% sent + BMSCs + Ad-BMP-2 & 4 (R fl A Bt X 35k, 43k rhBMP2 41 2 Ad-BMP=2 41, 3%
AT X G MicroCT PPALVAITAUR . 53R nHA/PA66 SCHRFREDGHT HZFL, BMSCs RAFFLM. FA4IMIAR s 7E BMSCs
FE Rk CD29 1 CD90, K Feik CD45 F1 CD34. MTT W R 4HMrE 72 h J5 R HE 5 . 5 sent + BMSCs 2H % sent + BMSCs + rh—
BMP-2 #H#H . , sent + BMSCs + Ad-BMP-2 41 ALP 1% £ .PDGF.TGF3.VEGF.FGF.OCN.ON &k Fif( P <0.05) . ARJ5 12 J&
Ad-BMP2 KB E AW E A R B8, ARG T8 . X FHLER Ad-BMP2 IR S5YE 58 & A Bk
B, WKEFREE T rhBMP2 2. MicroCT 455 5755, 5 rhBMP2 A0, Ad-BMP2 40 AR5 12 JEIF BB R FA 8k B /N g
JEERE B/ INGRECH W S B KB T ) B i T (P <0.05) B /N R B K REAR( P <0.05) o B8R Ad-BMP-2 Fi
BMSCs & nHA/PA66 SZHEMPRL AT DL A 350 335 R Wi 1, O BMSCs $RALRFELAT R 47 (4 35 58 73 A MO B L A8 ) A i Jm)

B, BA R T E iR .
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ARG o R T AREITE LR EAT
TE SRR 5 IF RAE , B A= W) TRE 0 & R, BEDRIR T
THHMLATT S8 T AW I . GOK R E K A
R Bk 66 ( nano-hydroxyapatite /polyamide66 , nHA /
PAG66) 1E g — g BY i) A Wi AL R, A W AR 2
RAF, 7E B S E S v s B ORI 7, AT A
HAHELSH ™ o A8 & A % 112 ( bone morphoge-
netic protein2,BMP2) R K Z2HE N HFIHESH T,
C R ZWEFEIE R T T R, LA 3 B St i 1 52
R o BMP-2 S [ A6 4 B A 1) 7 1+ 40
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EAEE A BIES RN 2 BHER EBT A0: KRB KA /RN 66; IR TE: B S AR R

( bone marrow mesenchyml stem cells, BMSCs) 758
AR OCHE . BMSCs BB 7E 14K A1 41 734k o W
Y fRHERT LA . BMP2 S 5 BMSCs
T BAT YR R e S B BB S Y RE ) L (H
BMP-2 A ] 2 0 5 B A, AR 2 B XL
54 5T, HH N BMP=2( recombinant human BMP-2,
rhBMP-2) REMNTRE G (B A7 7 i USRS X
B o M RE( adenovirus, Ad) 2K RERS R BMP-
2( Ad-BMP2) ik AR ME - KL, IS B IR
if rhBMP2 B Ad-BMP-=2 J& 4 BMSCs 5 & nHA/
PA66 CHNAYT B A IRBCR , IWEH B AL S &
VRIS T

1 #RSH®

1.1 ##
1.1.1 F£%zh4p 40 B 8 b HEME Sprague-Daw—

ley( SD) R ER( A B 280 ~340 g) K A o [EFH£ B
LSRR S G SRS R IR IR IR T TR
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Bt e = e sh /e 38R D1 e bR O B4 T (e 2t
51 P-SL202204) o AHFSE BN IR 4 R (S
S sh Y4 B G ) 4T . Sh IR SR AR TOHR I
RIS rhoC il (23 £2) °C,12 h/12 h BIG
PEIR R R 50% +5% , ] H H ZRILE DI FIK o
1.1.2 Z2MH5ME  nHA/PAGO £ LT HHF
BHZFE D)1 FE GAREEAT B W HIAH L Rk i 45 01
L, BEME V£ ( methylthiazolyldiphenyl-tetrazolium bro—
mide , MTT) 71 &« it /N AT A A2 4K R 7 ( platelet—
derived growth factor, PDGF) | & fk = K A F+3
( transforming growth factor3, TGF-B) . IML45 N & 4=
£ AF( vascular endothelial growth factor, VEGF) | i{,
21 4 4 i A= 1K R T ( fibroblast growth factors, FGF) |
‘B 4% 2 ( osteocalcin, OCN) 'H 1% 27K [ ( osteonectin,
ON) ELISA i % & K& BCIP/NBT i 14 5 % i ( alka—
line phosphatase , ALP) 4& {6855 & ¥ B i3 =
RAMEARA IR A BG 3T 05 g @l &
( 525 PWLO81) Wy {4 K 3% 32 & R W) H AR A BR A 1l
rhBMP-2 334k 2 Karnovsky [& 22 W4 A il A= T A4
W TR AR S AR A anti-4) fb 5% ( cluster of
differentiation,, CD) 90+ anti-CD29. anti-CD34 J anti—
CDAS5 ¥l A 3¢5 Biolegend 23l i NI AR S
( %1-5: NovoCyte) Ity H 3£ [E Agilent 2y &]; 2% K [
A ( 5 Multiskan SkyHigh) 4 H 2£ [E Thermo
Fisher 2\ &]; 34 B 7 & §# %% ( scanning electron mi—
croscope , SEM; #l-5-: S4800-11 ) M) H H 4% Hitachi 2
) o

1.2 FHi&

1.2.1 BMSCs % & 358 ZAbml 8 ad 48 46l
BEREFRIEIG AR R B BMSCs o KB BALSE IS , JCTH B
H BRI B 25 R A o i A 20% i A i
TEREE SRR . JARAIIETE 3 d R, Y
AR A RE IR F) 70% ~80% It , FH IR 1 I 1k
P2 12 2 HBUEAR, B 10% it 4 L35 10 35 7% W
£ 3 X BMSCs J T iUH 75 204 1l FH 3 A3 R n
SRR, B 2 d T 1 YR 3 a4 B RS
M BMSCs F 2 i A5 & 9, A 4E CD90. CD29. CD34
FICDAS. peobh, i FH Bl 5016 i) £ 175 5 BMSCs
AR AR AR, I M AT O G €5 i T B WL 4¢
JIE 195 240 B I i

1.2.2 J2A & B4 nHA/PA6O % 3L X RA A4 &
B ARG TSN BMP2 A 14K
MIEEL S BB RE AR Ad-BMP2 I 1 s 75
JERIEBEIE AL [R) i, #4517 nHA 5 PAG6 J5i

HILH 6 1 4 BYZAL MR, IR T T KRR A
HRIROREEFUEE . Z )5, #4565 3 AR B BMSCs 43
W5 rhBMP=2 Fll Ad-BMP=2 L8535 24 h, 1 5% 8
Y e 2k F) nHA/PA66 ZAL 48 b i T 3 AR
[FIA2H 20 TR . 42 (sent) + BMSCs 4. sent +
BMSCs + rhBMP-2 #H 1l sent + BMSCs + Ad-BMP-2
2H.
1.2.3 MTT sxteml dm e A K H oL 4% 440 i fe
96 fLARH I F 24.48.72.96 h, SR 5 TEREAL A
10 wL MTT, 4EFLATA 100 WL — 0 BV AR 45 5
SUTHE , BRI FE 490 nm 4R OD {H.
1.2.4 ELISA #emiAg 4 A4 E R T 44100
Wz 7 K fd ] ELISA 5 &3 BB Ui B 15 5 vk
Rz i & AR 06 AR i 1 L F- ( PDGEFL TGF-3
VEGF.FGF.OCN & ON) k)i .
1.2.5 ALP FHm A4 RE5 7 K4
MIAE 4% Z2 58 W b [ 5 20 min, FZE 18 /K BE % 3
o $EFk, H BCIP/NBT ALP Z% €235 5] 45 % 2 fifd
HATY . Ry T E ALP 35, 7E 96 fLAR b HT%E
fi# 2% 0 (20 mmol /L pH 7.5 Tris-HC1, 150 mmol /L
NaCl Fl 1% Triton X-400) 2/ 418, AR 9 F1 %
T HEmy o B ARG 2 405 nm &b OD {8 LA &
ALP 35 1.
1.2.6 SEM 3.3 BMSCs £ nHA /PA66 Lt 44 5 it i
N RIS S MM R T R %
4 7 [ 2 7E Karnovsky [ W, 78 S B K,
FEBE IR T8 R 5 AR SR 21k 14 . 7€ SEM
Wi BMSCs 7F nHA/PA66 | (M & 1500 . 83
TIWRHETF AR, TAEEE R 15 ~25 mm, JilE# AL A
20 ~25 kV.
1.2.7 #aXRAEHETRERSR  ERERT
PRI (10% 7K & 588, 300 mg/kg, I JERRIE) 64T
AT BB IF D KRR T I FAR S L K
R Wi o5 U0 1 28 58 i AR G 7R I
HREEGA 125 mm 50 [QEF, ko 28 8 11, 3 [
BH2E KRG W IR AR T o i B A MU )
M, B B IR R R e 20, ATl - KB
FE S A AR BE T e IX, AR 3R K vt I 58 & 1
Mo REFRNEER, EFRSE,IFARTFAEED.
fil AR Q T8 v [ BT R e B, PR 5 360 2R i 70
T, AT SR T g

SD KN 2 4, &4 20 2, rhBMP2 4 V)
BMSCs/rhBMP=2 31 %% # nHA/PA66 7 148 & W),
Ad-BMP=2 4 1) BMSCs/Ad-BMP2 3 % # nHA/
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PA66 AR G H IR SR A B S . T
ARG 12 JixF SD REATZE T B X A e, WA
708 DX S ) A BT O o

1.2.8 MicroCT #&m  FHHE /PR K 30 pum, Mi-
croCT [y =4 H H# R 40 & MicroCT 40 #4:-9k 1>k
DA BT AR IS 12 J& SD R 28 4 M i AN i A Y
Hh A2 DX sl 4 A G B3, 43 45 7R FR 43 2 bone vol-
ume/total volume, BV/TV) | & /NZ2JE ¥ ( trabecular
thickness, Tb. Th) & /NG %L H ( trabecular number,

Tb. N) B /M43 55 ( trabecular spacing, Th. Sp) '
W W) 5% & ( bone mineral density, BMD) ‘B ¥ i
%12 ( bone mineral content, BMC) .

1.2.9 %t 342 [ SPSS 26. 0 4R 3175k
PG TR VR DL« =5 FoR, BILIA] FL R
JH student’ s ¢ K546, P <0. 05 WL RBG %2 L.

2 HR

2.1 SEM W% nHA/PA66 22 SEM [/ nHA/
PA6O KMDCHE , AN HE@ A ZALE5H . WK 1.

B 1 nHA/PA66 5722 SEM & T &
Fig.1 SEM images of nHA /PA66 stent

2.2 BMSCs AL EFER

2.2.1 BMSCs a4+ k& @mir& 4 BMSCs 4
Jifd & T HT R CD29.CD90.CD45 F1 CD34 1) 321k %4y
4 99. 60% 96. 10% 4. 92% F1 4. 87% « WLIK 2.
2.2.2 BMSCs &g 51 5 Rig W 4m BT ms O
3 LI P AT DL A e PN R BRAT LR L A i A 4
U R MARVREAE o RS0 76 240 M P9 B 2800~ R/ By
ATFELE ST oM, B e AN ) 240 B B AL R A — o
S B T L 22 R 25 K4 L B A A A 2 ke B 2 M A 35
BT

2.3 RJAMMEGEFERE MTRENZERER,
sent + BMSCs 4 . sent + BMSCs + rhBMP2 # & sent
+BMSCs + Ad-BMP-2 4141l K a5 — 3, ¥ 3R 81
72 h G A B G248, 72 h f 1 A R
e ULIE 4.
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Fig.2 BMSCs cell-specific surface markers
were detected by flow cytometry
E 3 BMSCs RS L EREA AR A IESR %200
Fig.3 The formation of adipocytes after
adipogenic differentiation of BMSCs  x 200
3[ —e—stent+BMSCs
-A- stent+tBMSCs+rhBMP-2
-- stent+BMSCs+A4d-BMP-2
s 2r
=
>
]
1 -
0 1 1 1 ]
24 48 72 96
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B4 &0 A8 T 1 £k

Fig.4 Curve of cell proliferation activity in each group

2.4 &Z4EALMHE ALP FEELEE  sent + BMSCs 41
(0.09 +0.01) 55 sent + BMSCs + rhBMP=2 41( 0. 10
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+0.02) fHIE ALP 3% ¥ W A8 4k (¢ =0. 775, P >

0.05) ; 5 sent + BMSCs #H /% sent + BMSCs + rhBMP-
2 7 #H Lk, sent + BMSCs + Ad-BMP2 41 (0. 14 =
0.02) b ALP &Pk B (¢ =3.873.3.098,# P <
0.05) . WK S.

0.20  mmmstent+BMSCs
mm stent+BMSCs+rhABMP-2
mm stent+BMSCs+A4d-BMP-2

OD45 m value

Group

5 &4 ALPEIELLE
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 FZHEWMEEERFRIEZLE 5 sent + BM-
SCs ZH#H It , sent + BMSCs + rhBMP-2 41 ON.PDGF
J VEGF Fih T (1 =14. 845.12. 041.16. 505,34 P
<0.05) ,FGF.OCN } TGF- k¥ T W E2 k(¢

=0.336.0.736.0. 115,# P >0.05) ; 5 sent + BM-
SCs #H & sent + BMSCs + rhBMP-2 #H #H It sent +

BMSCs + Ad-BMP-2 % ON (¢t = 62.423.49.436) .
PDGF( ¢t = 29.956. 34.058) . VEGF ( t = 86.419.
70.793) . FGF (¢ = 70.117. 64.463) . OCN ( t =

18. 615.18. 559) Jz TGFB( ¢ =16.767.21.731) ik
¥R P<0.05) . L1,

2.6 SEM %122 BMSCs 7£ nHA /PA66 |+ Hy 5Lt 5
R SEM 45F 3 41 BMSCs 5 nHA /PA66 37 2844k}
Ia] L nHA /PA66 =2 4R b4 ) 3R 1HI 40 i 3% H2 i R, A
LMRETHEIE A, 258 BMSCs 7F nHA/PA66 |5 AT
BRI FGR . DLE 6.

2.7 XSENBARBERE, rhBMP2 4K Ad-
BMP2 20K BT B S W W, R 5 12 J& rhBMP2
AR B AT DL B PR B 8 B, A R R R A B
BMSCs/rhBMP-2 %57 nHA /PA66 S ZEKF B}, Wit A
B S % 4 BT ] D e A6 Ad-BMP2 20 K FRR
J& 12 J& BMSCs/Ad-BMP-2 %5 7% nHA/PA66 % 485
GYC R g a8, HARm G .
T 7. $#78 Ad-BMP2 4L AE/E 8 A& 7 i 6 3
G

2.8 MicroCT #iMMME 5 rhBMP-2 HAH 1, Ad-
BMP=2 4l A J5 12 J& & B BMD.BMC.Th. Th.BV/
TV.Th. N #F}55( P <0.05) ,Th. Sp K F-PEAE( P <

0.05) . LIS K2,

F1 BAEWMEEEFRIELR(v£s)

Tab.1 Comparison of the expression of bioactive factors in each group( x +s)

Group ON ( ng/mL) PDGF ( pg/mL)

VEGF ( pg/mL)

FGF ( pg/mL) OCN ( ng/mL) TGF- ( ng/mL)

stent + BMSCs 35.20 £0.52
stent + BMSCs + rhBMP=2 47.20 £1.30"
stent + BMSCs + Ad-BMP-2 128.64 +2.54" *

107.39 +6.54
116.26 £3.73"

193.58 +2.34
229.61 +2.97"
275.36 £7.18" % 461.36 +4.83"* 312.74 +3.36" *

145.35 +2.41
144.60 +3.02

15.65 +0.72 75.26 +£5.42
15.18 +0.84 74.86 +2.63
35.69 £1.72° % 147.97 £5.20"*

* P <0.05 vs stent + BMSCs group; *P <0. 05 vs stent + BMSCs + rhBMP-2 group.

stent+BMSCs

stent+BMSCs+rhBMP-2

stenttBMSCs+A4d-BMP-2

6 SEM %2 BMSCs 7£ nHA /PA66 _FRIFHMIIER  x200
Fig.6 Adhesion of BMSCs on nHA /PA66 observed by SEM  x200

https://www.cnki.net
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R2 BEAABRAR 12 ABZERBHEMSHILE(x 25,0 =20)

Tab.2 Comparison of bone mineral density and bone structure parameters of rats in each group 12 weeks after operation ( x +s, n =20)

Group BMD ( mg/cm?) BMC ( g)

Th. Th ( mm)

BV/TV (%) Th. N (mm ") Th. Sp (' mm)

rhBMP2
Ad-BMP2

¢ value

176.39 +11.34
194.26 +12.51
4.733

<0.001

0.75 +0.09
0.84 £0.12
2.688
0.011

5.367
<0.001

P value

0.16 £0.03
0.22 +0.04

31.41 £1.85
34.67 £1.94
5.439
<0.001

3.15 £0.64
3.63 £0.75
2.177
0.036

0.52 +0.11
0.44 +0.09
2.517
0.016

Pre-operation 12 weeks after surery

rhBMP-2

Ad-BMP-2

E7 XHEURKRBEXE
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 ar—

row indicates the position after fracture recovery.

rhBMP-2 Ad-BMP-2

B8 ARARJE 12 & microCT NEFHRLEHMES
Fig.8 The bone tissue structure and morphology of rats

were observed by microCT 12 weeks after the operation
3 iFig

ARFFERT T BMP2 2 [H &M () BMSCs & &
nHA/PA66 Hifl A P& X B 22 4 M B AS 3 1Y el 38 4
Mo BAERESIT@E S, Mg H8 TR E T
TE S AR KK R T B0 40 e 434 8 B ™
nHA/PA66 & &A1 EH S A FetE T B 5 B &

SO o YRR R LB K AT ( nHA) /RSy —F 2R Y105
YRR, B B AR R AR RS AL S RERE
P AN B R A . PAG T4 T 0 B2 AL
PR P RS ) AR 2 A A BHEAE A S BE 8 7K A2
" . ARBFSE SEM % nHA/PA66 7 48 H.
A ZALEE A R T AL A=, 9F 9 BMSCs 42
PET R A R 3 5, 41 HF T 400 %) 396 A0 AR
fto BMP-2 il i3 #0% Smad {55 38 I, £ 3#E K 431k
Vi) 55 40 ) ol 40 P9 A, DT sl A
PR o R SRS AR B T B A OR,
W AT RERFAISAR S5 I & RE 1 K AR

BMP-2 R 4 F B RV & I G K
N7, E 995 = & & R 259 % B R it o Il
PR o BRI i R BMP-2 JEPR i FAE7E 9 A
7T J B 28R AR A1 JHL v e s R R 2 A FH 1 3 A
WHIF " o BMSCs S 4141 TR 9 5 B 40 ofe U5
M. ASHT5E % Chamberlain et alt i 5
25,0 DK BMSCs Shp e {2 it 4 370k 5 5 1
AR CE A . ASAIFSY MTT K il 2 7 , AN ] 41 51
() 200 B A R B AR AL, UL B rhBMP-2 5% Ad-BMP=2
AbFREY BMSCs 5 nHA/PAG6 57 48 (4 5 45 15 57 %) 4
F A KM AS Ko 378 2 AN (SRS U B 7 BMSCs %
TR E R AR A, BN R BMSCs i 3E 1 ifi 21
M. BFgE" F W], BMP2 14l BMSCs REI # 4
A ALP 355 14 41 i 33 78 A 1 , 76 4 N 8 2 B i
BAA MBI BEE. ARG RER, 510F BM-
SCs 1 sent 20 17 BMSCs + rhBMP-=2 (1) sent 20 #H
I, 2 BMSCs + Ad-BMP-2 () sent 40 ALP %49 5,
F W] Ad-BMP=2 . rhBMP-2 TE g #F BMSCs A% 4%
4. 5 sent + BMSCs #H & sent + BMSCs + rhBMP—-
2 YHAH L, sent + BMSCs + Ad-BMP-2 #H7F ALP 754
B £ A K B F ([ PDGF. TGF-B. VEGF . FGF.
OCN 1 ON) #ik ¥ B P, H mro'™ %
], PDGF 45 Bl T 4 515 1 40 B ) A 1 20tk 75 9 fie
PEH I B FRALITE RS . TGF-B A1 BMP 1EH#8 A &
R FEE R INAE" . VEGF 4k if 48 4 A MSCs
MR o« FGF 25 48 3 B RS a8 i &
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4o OCN F1 ON 445 4 L D g | B far. 3R W
BMP-2 SERE M . & 1G58 T BMSCs [ B 5E 71 -
5 AR AE S8 BMP2 B2 A N S AR
B AL A A AR T, L RE A% ) R B A M T Ak
BRI A

R B A M A E A fH A BMSCs/rh—
BMP=2 5§ BMSCs/Ad-BMP=2 %5 #% ) nHA/PA66 =%
WIS X B2 F MicroCT #: 2 .78 , Ad-BMP2 40K
BT B R A E a A AL T rhBMP2 41, 3R
] BMSCs/Ad-BMP= & 4 nHA/PA66 37 4% 41 k5%
R EAERCR T SE5EMN AERE BN,
AT LS nHA/PAG6 5 4 1 BLFII BMP2 £ [H 1&
WY BMSCs AEAIGYT I 58, AMGES T A 1B HUbE
(R 15 FN 5 KA L 140 R ok 6 PR A B8 o A 5 1
R HHANRYT 7 A L, iU rhBMP2 5%
G iy Wb KL Ad-BMP-2 3[R &1 ) BMSCs &
4 nHA/PA66 S AR 7E A i By A & 77 T 3R 30 4 o 4
R . BFFE' W, rhBMP=2 1T RERS 10 2 41
o B A RN A T (U A AS [R] 26 A
() AN BBAFAEZE 5 ASHESE 1Y 5 S8l il 2%
BRI RIS AT, S8 T — P A RO
AN FEIRTT W o

g5 LR, DR B N AR E M BMP2 T2 1 1
Ad-BMP=2 %% 3¢ BMSCs & 4 nHA/PA66 37 42 41
A A A IR A Y YE , Of BMSCs $RAERFELFI R
S B BGFE ST AR BT, A F) T 32 J) 3 B 1 A
HERES .
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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) mod-
ified 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 BMP2 ( rh—
BMP-2) or adenovirus-infected BMP2 ( Ad-BMP-2) vector was transfected into BMSCs and loaded onto nHA/
PAG66 stent materials. Flow cytometry was used to detect that BMSCs expressed specific surface markers. Cell pro—
liferation was detected by MTT assay, related bioactive factors [platelet-derived growth factor ( PDGF) , transfor—
ming growth factor§ ( TGF-3) , vascular endothelial growth factor ( VEGF) , fibroblast growth factor ( FGF) , os—
teocalcin ( OCN) , osteonectin ( ON) ] were detected by ELISA, alkaline phosphatase ( ALP) activity was detec—
ted, and cell growth and adhesion were observed by scanning electron microscopy ( SEM) . In the atrophic nonun—
ion 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 e—
valuated by X—ray and MicroCT. Results The surface of the nHA /PA66 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, TGF3, VEGF, FGF, OCN, and
ON in the stent + BMSCs + Ad-BMP-2 group were significantly up—egulated ( 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 num—
ber, 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-ransfected BM—
SCs combined with nHA/PA66 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 os—
teogenic activity and bone defect repair.

Key words atrophic nonunion of bone; bone morphogenetic protein2; bone marrow mesenchymal stem cells;

nano-hydroxyapatite / polyamide 66; adenovirus; bone stent material
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