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Adenovirus mediated bone morphogenetic protein-2 gene transfection of bone marrow
mesenchymal stem cells combined with nano-hydroxyapatite to construct bone graft material in

vitro
Huang Jun-feng'-2, Wang Da-ping?, He Chun-lei', Yang Xin-jian?, Liu Li-jun?, Chen Hong-xian?, Peng Liang-quan?

Abstract

BACKGROUND: With advanced tissue engineering and gene engineering technologies, gene enhanced tissue engineered bone
provides prosperous application for the repair of bone deficits.

OBJECTIVE: To study the adhesion, proliferation and expression of bone marrow mesenchymal stem cells (BMSCs) on
nano-hydroxyapatite (Nano-HA) bone graft material after transfection of adenovirus-mediated human bone morphogenetic
protein-2 expression vector (Ad-BMP-2).

METHODS: BMSCs were transfected using Ad-BMP-2. Immunohistochemistry and Western blot were used to detect BMP-2
expression in transfected cells. After transfected 48 hours, cells were inoculated on Nano-HA bone graft material evenly,
scanning electron microscopy was used to observe the adhesion status of cells on material, and MTT test was used to assay the
proliferation of transfected BMSCs. Cells adhered on material were gathered on days 3, 5, 7, Western blot was used to detect the
expression of BMP-2 of the adhered cells.

RESULTS AND CONCLUSION: After transfection, BMP-2 protein was highly expressed in BMSCs; Using scanning electron
microscopy, the transfected BMSCs were seen to grow well around or in pores of the Nano-HA bone graft material, and
proliferated. MTT test assay showed that, the Nano-HA bone graft material couldn’t inhibit in vitro proliferation of BMSCs. The
transfection cells adhered on composite had a higher BMP-2 protein expression. Results demonstrated that
Ad-BMP-2-transfected BMSCs are well biocompatible to Nano-HA bone graft material, the transfected cells in material can
secrete BMP-2 stably for a long time.

Huang JF, Wang DP, He CL, Yang XJ, Liu LJ, Chen HX, Peng LQ. Adenovirus mediated bone morphogenetic protein-2 gene
transfection of bone marrow mesenchymal stem cells combined with nano-hydroxyapatite to construct bone graft material in vitro.
Zhongguo Zuzhi Gongcheng Yanijiu yu Linchuang Kangfu. 2010;14(38): 7031-7036.  [http://www.crter.cn http://en.zglckf.com]
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SR BER AN A LS, b BE N 7S R T
41 ff2 (bone marrow mesenchymal stem
cells,BMSCs)H ki) WA G5/ H%E
PO, U TR R R T .
JE 4 K 2k & [ 2(bone morphogeneticprotein-
2, BMP-2)7EH & 5 1k R o ml g 10 il 40 g 4
B R IR AL, TEARA . AR AT
AT R4, H R IRBMP-242 A AE |
T ABMP-2AEENN 5237 C MIKM AL, 2
8 SR A DA 3R A 2000 P AN A L N 52 3
PR BMP-2%% 3L DR 15 G Bl i ml SEBL— ¢ i) (]
WIHIBMP-2FF 223605, vo Il BN FH AN 2
HRT, 85 B AR 25 8 BMP-238 A #4408
B HI T BMP-2 3L A B i S el i 5T, L iR
I #E T I BMP-2%% 35 [R5 04 A ok A2 3L b iy
AR T B AR R FE N N B TR
R LR A 2548 15 Bk (AD-BMP-2) i 3¢ J5 1) 4
BMSCs & & 4K HE Mk K A1 (Nano-HA) K1 4
KB, R 0F Nano-HA B i M BHE ok B 44 )5
BMSCsZ A1 nI 471k

1 #HRFN7EE

Wit AR, RSN

A JE) Re b 25 SEER T 200910 7E R YT 26
NGB B O S 3 5 B
ZEER

TR B KA%R6H, 3~5H#E, &
JiiE2.0~2.5 kg, WEHEAFR, W AR5 ERKCS:
B . SZIG LR P B I Ak S R
E R BHERAR 20069 KA (T35 A5 5
IYFe FrERE LY ©l,

Nano-HARE E#H 4. I8 — N R Fedl
2T RS0 & 5 T K KA & TR0
BCA IR, A KRR H, 7 mmx7 mmx
15 mm, FLEREZ90%, fLKE H % K 100~
250 um, L&A1, 2.

Figure 1 Nano-hydroxyapatite artificial bone
under inverted microscope (x400)

Bl 1 Nano-HA A T 15 % 58 F (x400)

Figure 2 Nano-hydroxyapatite artificial bone
under scanning electron microscope
(20 kV, x200)
K12 Nano-HA A\ L7 T4 se (20 kV,
x200)
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FEIRFI AL KR

Ad-BMP-2 J Jli 75
056K (AD-GFP)
Trizol Reagent

PRI AR — N B B4 21
LRSS g0 5 M 5 R AT
Invitrogen 2 i)

DMEM-LG M JiA2- i Hyclon 27
Percoll 73 &5« e 1l

RYETN

HiZekms . B—H g Sigma 2 i

PURIMER . MTT W%
TR
RPTA T Pis
PR T4 IgG-HRP
S-P RO &
W ECL f g BN ik
b2 R

Santa Cruz A

ML HAE ) 2 )
GENMED 2 ]

Hif.

®BMSCshI% Eigsr: AL TKARIE S T
Gl B g AL, I BER4 mL. R
JEETof FEE B 0V IR A U B Y 4 B8 5 9 BMS C s,
10 di 4 BB 42 80% VA& I W i Jr 5 72 3,
0.25%JPa s Mg 1k, 121 © 21 LBl R 77
HCE 3404t i FH T DA T S5

FSBMSCsH LR 4HAe: HUEE3/CBMSCs
PA6x10%cm? 1) % KL F: BT J5UCE A TG B i 3
6FLES IR, M40 K3 50%~60% i, 1k
ER AR TR RS e AR R N AT )
10%J16 4~ I35 [ L-DMEMB; 753, Horb & ey
75 S W (LR I 2 50 mg/L, B H ol i 1R 4
10 mmol/L, HhJEKFA10® mollL); LLE%E2 d
Wis T, T3

Ad-BMP-2/GFP#:%BMSCs: F3fLal4 R
h80% A AT AN AL, S TG I3 PR 5 7R &
4 hJE W RE TR, A 0 2 R DLk G 15 4
(multiplicity of infection, MOI)50. 100. 200/%
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PBMSCs, H Lo ANEEFRBIB E IR TR h,
15 minf R AT, 1 hJG e S RT3 208 10% I35
MIIEH IRk S 5 . A4 N HIAD-GFPH 4L &
40 Ha, 48 hJ 9% % B 1 (18 [ Leica) T MK ¢ % G
Ad-GFP[1)BMSCsZk (7 i MR IE,  LAIR 42 & M.
BMP-2 5 IR (10K SR, e i i e i 5

B LA EE S 5 AEBMP-28 ik . FE L 40 fu v 4L
JEMC . [E5E, $%S-PHE kiRl adir 4k, DAB
B,

Western-blot# il # 2 5 4RAEBMP-2R9 %1% : 43 5 T #%
Yef524, 48, 72 hEXZ108/41 g H TRIzolF& B YL 5
AN I 140 B (4 4K 11 10%SDS-PAGE BEi% Hi k (Biorad
M YKI), 15 yL Lk, 120V, HLK60 min; 30 V
Hi [ % 130 min (Biorad SD B2 F#£ 4% ); 1%BSA
4 CHMEK: maH—dt. ZIEIH1%BSA 1 :
1 000F5F5)HEH 1 h, 0.1%Tween-PBS & UE4:31K, HEK
3min; ECLEJGHM(AWT mL: BW20 uL) =i s
1 min, FEMEE NS % A 63 min,  HRRAEECR R
L A0 L B AR R R

BMSCs & & Nano-HA # & #1 #1 . ¥ Nano-HA il 1%
7 mmx7 mmx7 mm LR, E s R R K R
PEARF 2 H0h 10% Jifs 2 137 () DMEM K 77 ¥ 2 i ok
B, AT B R4 £ H o el AR ik ok
H: YL BMSCs M 4% J5 BMSCs, il /i 5. 41 ffa 4 i (2
1x10° L"), 4338480 FNano-HAM kIR, 37 C.
PR BN 5%COE5 AR T M B 2 h 5 2212 I A A4 A
H R 10% 524 I35 1 DMEMES JR IR 4R 8215 9%, 2 dfeifi1
W

P EEANEREAEEY: ME SR G RFE
$53, 5K, /alHGHPALA R, PBSIEDE, 2%
e, PBSWVLE:, LB WEIRFIK, L8R I%HEE
B, IES A, WA S, W R s (0 A H
SEON )RR R AT . A AR,

MTT % #iNano-HA & & #1 #} 3t 4% & fF BMSCs 17 75 K 14
TERIENE . S5 Nano-HAZL AT BE4] . S 41 b i gy
Jii BMSCs/Nano-HA & & ), X 4 5 afi # 4L 5
BMSCs, 732, 4, 6, 8 dF i K5 77 3L, 100 uL MTT
(5g/L), 37 CWE4h Ja, WfLHN BiE®, A=
FEEM AT mL, PR3%15 minZfR4n i, e 780
fifts B AL IS 7 B IDE S e A A b D e e i, DU
ERK 570 nm.

Western Bloti& il € & F AEBMP-2E HEIRE: 477
TEAFERS3, 5, TR, WAMBAEGYPBSTER3
W5 > 0.25% 2 14 165 min, I ADMEM%& 11311k,
T4 BB R 2800452 500 r/min, 250010 min, 3F
i INTRIZOWEHUHALE & G Al A i, % Bk ik
HEATHK O 8 e e, B, —. Zhi A, ECLE.
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Wit S, EEE SRR NE IR, Sl
N A, VA AR .

GiitF i RHSPSS 10.040 vh 0t L5 i
BEATGEUE 200 W7 o B Dxas R, #EATt K056, P < 0.05
ANZEFA MR

2.1 BMSCs#jsnB3zi5 %% BMSCsERIL KK
TR AT e e T, HER) ik, WR3, &%
S A ) O AN AL TR B A S, K4

Figure 3 Primary cells covered the bottom of culture flask,
orderly arranged along long axis of cells body
(Inoculation 12 d, x100)

3 AR RO, IR AT RS (B
12d, x100)

Figure 4 Osteogenic induction for 21 d, alizarin red
staining of calcium nodules were red (Inverted
microscope, x100)

K4 BB 7S 21d, P85 i ge s S (5 E Wi
5%, x100)

2.2 Ad-GFP# # s Fe9#m  Ad-GFP# %448 h)5,
P BIUEENEL, MOIA 100} 4 Y (1) 40 IR AR 8 4
JUT-A o] Wag s, % gsidin 7-100%, WLIE5;
MOI 4y 50 ] i Ge ¥ 41 AR A B i, (HL 40 L P HH B 4 £
PEAD, HYRER 2 MOLK 2000} 43 (158 6 5
%, RGBT AT LS 43 I R A B A [ 4 D B
TFANL, 25 R B R e AN I (W R A O R W
BIEMOIA100. 6 JG7EX M RMEE T, hnl Wb &
LS
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BMSCs /i 1t F A - AT Rk

M: 30 000 BMP-2

{1 2 3 4

1: Standard group; 2: 1d; 3: 2d;4: 3d

Figure 8 Western blot detection of bone morphogenetic
protein-2 expression

Figure 5 Cells transfected by adenovirus-green fluorescent 8 Western blot &l BMP-2 [f134 ik
protein 48 h were almost green fluorescent
(MOI=100) .
/5 Ad-GFP ¥4t 48 h, 4 o4l iy )L T 43 ol WA 2.4 BMSCs £ 4 Nano-HA AL 4 #42 44 b 45 9L

¢6(MOI=100)

FERIIR, S AR R AN, ST

LU FLER A BB s 5605 1M He 2ENano-HA

2.3 Ad-BMP-24 45 A #)4F £BMSCst ik PERHR BB RIS BT B BLLE, SHRALIE BRI, AN
GEEWENBMP-2605%5% . AIBMP-29 8 ALK g R B, W9,

245 e 4 S BMS Cs A L 7 5 4 SR

PEGE G, LEG, TAEE RN B, 7.

Figure 9 Compound for 3 d, transfected bone marrow
mesenchymal stem cells adhere and extend
good in the lacunae and loophole of
nano-hydroxyapatite material (Scanning electron

Figure 6 Transfection 72 h, bone morphogenetic protein-2 microscopy, 20 kV, x200)
immunohistochemical staining showed positive K9 54 3d, #4511 BMSCs 71 Nano-HA # R
expression in cytoplasm (DAB coloration, x 100) AR S A R R (R B, 20 KV, x200)

K6 ##Y72h, BMP-2 Gyl by o AR b S pE v
J15(DAB G5, x100)

A HSRAMMAEA R I e H R, IO e,
bR WAL SRR TR 5 5, LI 10, i A
Zen] WUAS ER T ST, BT T AR AR S TR 40 SR A
P, EEAREK.

Figure 7 Untransfected cells were negative for bone
morphogenetic protein-2 immunohistochemical
staining (DAB coloration, x 100)
K7 R BMP-2 S fie 20 AL 3 (5 2 911 (DAB it

tf, x100)
Figure 10 Compound for 5 d, transfected bone marrow
. . . mesenchymal stem cells fully spread and extend
Western blot#: il BMP-2Z B Ry &R ik: RINELE pseudopodia on the surface of nano-
e A hydroxyapatite material, calcium deposit can be
BMSCs#1, 2, 3R H, Western-blotis il 5] seen around the cells (Scanning electron
ZJM; 30 000 K /NIBATES A, 1 % %4 5 Ad-BMP-2 microscopy, 20 kV, x500) .
M AR, BLTERIEA e 10 334 5.d, Bl i BMSCs b KI5 4l e
RAABMPEITESr,  HBEI A A Sy S s B RO AL, A0 PR T LA B TR (R s,
20 kV, x500)

T AR e Qe 2 ] WL 55 0 2ty DL 8, BT 2 e e
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2.5 Western Blot i £.4~/& 40 J BMP-2 & & 9 &4
WAk SRIUE AR 3, 5, 7 RIVN, SR,
Western-blot il 441 BMP-2 & [ f5 mi K14, LK
11, DL G 5 10 41 MU 1k 52 25y n] 4k 8253 1 BMP-2,

M. 36 000 [

M, 30 000 L SEETTE

[ g b - o,

1: Standard group; 2: 3d;3:5d;4: 7d

Figure 11 Western blot detection of bone morphogenetic
protein-2 expression in cells
Kl 11 Western blot £l 52 & J5 41l s BMP-2 [ 3%i%

2.6 MTT4#7Nano-HAf BMSCs 7 i % 3§ 74 4 % »f)
Nano-HAZH F1xE FEZH 11 W5 i JE A1 08 i s (7] 228 K 1717 328
HEn, K2, 4, 6, 8, 20 dNAWROGEZE R
BEME R

&1 MTT J3 B8 e 785t 140 o O SEE RE
Table 1 MTT analysis of bone marrow mesenchymal stem
cell proliferation (xts, n =12, A value)

Group 2d 4d
Nano-hydroxyapatite 0.135+£0.009 0.274+0.013
Control 0.133+0.011 0.269+0.015

t 0.487 0.873
B >0.05 >0.05

Group 6d 8d
Nano-hydroxyapatite 0.379+0.011 0.489+0.012
Control 0.383+0.013 0.482+0.015

t 0.975 1.262
P >0.05 >0.05

3 itit

KIIBIK, H BB KB B2 IR PR 1 AT
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PAEALITER I 52 BRG], 1 )P S A4 i S N T e
WM, FVRT RPN . SRR 2R TR
HLUTRERBE A TR KB, IR A N it ok
MR A T AR LGP0 S8 TR 2 20 4180 4F
PG — T 2 AR LG R 7, RN TR
A REA RS SOR, WHR AR, DME R e
ARG TR HH TR = KE R W7 40
VIR A TREAC A AR

BRARUR) 1 2 3 TRl 40 I AT DR J LA A
WSy, SRR RSN S BE 5 S g 7]
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SR A R A R 36 L S L I, e T e A
LT REN T B A (O BRAR RS 4l . B 6 Ie) 78 R T
0 Jf LA R ) A0 B By R, (AR AR IR IR 5 T
S ONRIIE A ¥R I 3L R Ry g iU, (R, AR
SEZG v ) 0 O A B AT AR AN Y, SRS AT
B, i Bh T 2E AR R b 14 it 5 4R K 52 4
Y, TR IR, BT R S R .

RIS LD S R PN | Sy L R NI
ARSI VEPENano-HARL B MR A Bk « 3L ACH 2 5
WL — R AE TR RE . FL Ak 2R A R £ i 45 R 2R AL
TN B, BA RIS SRR A
PR, BEMEERE AR, MERREE, LRk, Hi
KYGRFEBE KA ARSI RS e, ATl 2z,
Hopzetkaeze, MatER, k. PrdrmpBafg, A2
I AR B DR BHF R ARTE B 2 ERIN T,
Nano-HAK Kl 5 R H 518 T BN A2 1) 12
FF . Nano-HA SR RS« 5 5 5 78 H R T gl k&
P, SR N AEBRFEIRD>, R HAT R RL
N RARRRN, F 7 A A2 07 TR AR OK Bk A
NIV Sy, SRR AR ZH SR AR, 5 A
KA WA AL, AR THaHRNES, &6
K, HE AL SR RE TV AR I BE R ORI Rk I 1
WA TR AR T K ARG 4 TR O
WA TR B oK 3L o N g kL, IRt As
A (R T A8 BN LRI N T, S sl s ieir il
BBREAE100~250 um AR IR SERE A AR e BE
B 4 55 T-50~150 umA1300~500 pmfLAE A EH14-18], A
SR Y 5 I BMSCs & & Nano-HA 32 42 #4 d: BMP-2
FER AU TR, R T U5 EIBMSCs
7ENano-HASZ 28R THI FIFLBR P Jh BRI ZE K, 2 ib 4 i
HNEE T S AR T AT K AR, Bon Al i sC 48 |-
AERIEA RUF o 5 EZEA I 40 M 2t 2 G ] R85y
WBMP-2, sk b FIBMP-23L X 54k (K 4 40 TR 15
SR B T S I .

MTT LU €725 11 it B2 A1) ¥7% 40 1 2 b 4k o (1 3%
i R STt B fof A/ IR 1100 DG WA s 3 T s ol 3 P 1 R
SEITDIREAN LN, LAl R EIEIhfE . AL
TXVAT AR A0 P PR &5 ), S s el Tz R
WeE A g, O R R B s, BRETRT R, EE LT
ASEH 4R E W], fENano-HARLE #1 kL F())BMSCs 1
BERLUE, ST B 25, INano-HARL & #1 8
HA RUF A2

FERZ BB K, BMP-24 A A 2 3% 1 fe i
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@A, e+, BMP-2fE
(EHEAN IR IE . AR o dh, TEARIN . RSN AT
SBMSCs|n) il 4l k17181, {HBMP-21% 5 il & —
ANTERT ) Bt B4R (ke w4 i 4k J LA
HAFNRCR AL R, ASFIRY BT 7 BMP-23 £ A7-4E
107"® mol/L |10 mol/Lff) K 2 19, H 5 5 H BMP-2
— KRG, BMP-21R PR REFIZ A i 20, ANFF
G BMP-215 S0 1 F AR A . I F DR 4 7% B A i
TEBMP-2 {1 5E K 1 B #5 BMSCs ', g Lid ) i i
VLB HEHTIR EBRFN 50 i B AR A R LA e e
K, HINEEREZKPRIE, SRR RVAL, 22 R
Hrm AR PR I R IE PR A 7 1) B A . FRATTR
Gateway ™ A b A s # 8R R, SR RSMERA T
Hang, FFAd-BMP-2/GFP#: 4 uBMSCs. 1l il 55 &
I, BMP-2JE K AT =4 5 A\ 41 H AR IAFE K =) BMP-2,
JEYBMSCs 2 dJii it nI W s 2 SMEIE R =4 GFPKIE, 6
JE G BB R o RS M T B AARATAE H 38 PRI Rk i ()
T s (B K IA6 ), (H IR B R S — AN BebERL R,
AT H PR RK A KL, PR IS H 3
[AF ABMSCsit 3t il & EL A FEAR 2230, iy FLASDAFH L
FREE Rl B IR 5 e e ARl B, S o A s
SRR, SR B I B AN H R R R A —
Rl R U7, R g fl i (I RIA G L oE 4
EAEAS TR,

4r b Tk, %2 Ad-BMP-2 % 4 j5 [ BMSCs 5
Nano-HARH B A B A LT, ArEAsRl Eagtee &K
BT BMP-2, ARSI TR TR, A
B U ) SER AR R B A R
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