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Construction and identification of recombinant adenovirus vector and observation of its transfecting rabbit bone
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ABSTRACT Objective:To construct and identify adenovirus vector co-expressing hBMP2 and hVEGF165 fusion protein
which labeled with green fluorescence protein,and laying the foundtion of the effect of hBMP2 and hVEGF165 gene inducing
BMMSCs differentiation to osteoblast and bone defect repaired in the body. Methods: BMP2 and VEGF165 gene was amplified
from ¢DNA library by PCR and inserted to the polyclonal site of adenovirus shuttle plasmid pAd—-MCMV -GFP. Ad-BMP2-
VEGF165 was recombinated and propagated in HEK293 cells by co-transfecting with the constructed recombinant shuttle
plasmid pAd—-MCMV-BMP2-VEGF165 and adenovirus helper plasmid pBHGloxA E1,3Cre. The recombinant adenovirus was
purified and virus titer was determined ,and then to research GFP expression and to calculate the adenovirus transfection rate in
rabbit BMMSCs. Results : The recombinant adenovirus vector Ad—BMP2-VEGF165 was successfully constructed by the meth-

ods of gene analyzing,colony PCR, Western blotting and observing GFP expression ,and the titer of the adenovirus was 1x10"

marrow mesenchymal stem cells

PFU/ml. Conclusion: Recombinant adenovirus vector containing hBMP2 and hVEGF165 gene was successfully constructed
and its high titer was obtained.
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L1 bk i)

pAd-MCMV-GFP .cDNA SCFEW H I ¥ 3UE A
PIRLE AT RS A, B2 R pBHGloxAEL,3Cre 1
Microbix Biosystems 2\ @) , B2 il £ P ¥ i (BamH | ,
Not | ,EcoR 1 ,Pst 1), T4 i 52004 W 2 5 5t ol 34k
Y8 wl L /NS VEGF165 . BMP2  B-actin i {4 I
H Abcam 2\ @], SuperSignal™ West Pico PLUS Chemi-
luminescent Substrate 2204 ] Thermo Scientific 23],
1.2 B[R] T T 20 0 o0 2 55 7 M S

BVE 22 K RATHE B o R e, K B

5 PBS 4 LR 21 i A 75 Percoll 43 55 1 125 .00 45
H1,3 000 r/min #5.0> 30 min, W HCE 5N A% 240 I 1) L
M L iE 2 45, PBS PRIk 2 Wk, R 10%
FBS DMEM/F12 ¥5 353w fp 4l fil A= K 2 80% il &
AR BUE K IR0 55 3 040 i E AT R B 5
A AL AT A CD14 .CD34 ,CD29 ,CD44 $ifk
1.3 WEdsbr Sk

1.3.1 HMERNY I heDNA SCE 5 51% H 1)
J: VEGF165 BMP2 T2A #7144 E 514 M g ¥ {57
SUULER 1K L DR SR B, BB AR A L K A AT o
1.3.2 ZE#2 i B pAd-MCMV -BMP2-T2A -VEGF
165 fy & B PCR ¥ 35 19 H 19 2£ [ VEGF165 .
BMP2 i1 T2A 5400 FR &l N VTS 2R &, Bl
AR AT Wk 1 25 52 0 B, O K 5 PN Tl
YIH AL . pAd-MCMV-GFP 1A 5T ki 28 Pstl Notl fiff
Y, AL B 7= 9 20 o Pk I I, R e vk B H Y - BE V)
T, BB D) P o R AR S AR H S R B
BA B R RAT, BLH 20 pl AR T 4 Cit ik,
1.3.3  ZE4#: Jii B pAd-MCMV -BMP2-T2A -VEGF
165 i vE 5 %0 B0 KSR B LS A
o HE K TR AR B 7 1AM DNA K DNA fif 5 39% . 1k
2T A B AR AN, e TORL Ak B K 37 25 4N
DHS5o Hr, 20 ff 25 0o US4, 36 R & R P R 72 3L
PEATPLPETRE o 1 d Ji5 W AE P9 B I P IR L5 1 v A=
T, TPk TR PR IPORS KT K80 5, BRI 75 #E 17 PCR
Y g NI R Y

1.3.4 F Y1395 7 Ad-BMP2-VEGF165 () {1 %
AR TR pAd-MCMV-BMP2-T2A-VEGF16 F14 242
ki pPBHGloxAE1,3Cre 5 Jig i1 Lipofetmiane 2000
TR AL EE Y HEK293 40, 2 BE A% Yeihi B -5 2K ot
TR A Y B H LS 20 5 300 o 2 0 B i
NOUER BER S A bR B s AH ELRE A — A LA
A RE A BRAE B JBR T AL VR 3 YK, R R O AR
30 I WED RS LA (PL) 053 Ad-BMP2-

x1 514F3!

Tab.1 Primers used in the real-time PCR

S H 4 K I (5° =3 E YIS
B-actin 1E 11 : GGGACCTGACTGACTACCTC
JZ 7] : TCATACTCCTGCTTGCTGAT
BMP2 1E1] : TCTGCAGATGGTGGAAGGGACCCGCTGTCTTC-3(Pst )
S 1] : TGGATCCCTAGCGACACCCACAACCCTCCACA-3(BamH I)
T2A 1E 1] : GATCCGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAAT (BamH 1)
S 1] : AATCCTCCCGGAAGGGCCGGGATTCTCCTCCACGTCACCGCATGTTAGAAG (EcoR 1)
VEGF165 1E 1] : TAATCCATGAACTTTCTGCTGTCTTGGGTGC (EcoRI)

S 1] : TGCGGCCGCTCACCGCCTCGGCTTGTCACATCTG (Not 1)
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VEGF165 , {# FlJs 7 & F B O B IO T80 CukFi M o
1.3.5 HE41HR% % Ad-BMP2-VEGF165 4" 1 &5
alifl, B PL IR 2508y 293 400, 24 A& A= 40 i =1
BN ISCAR A A 5 B AR L, R RR B R Uy R R
AT AL . F T L K R IS CsCL
RA 4 2 WORHE O, W AT R
BT 3, I Ho AN B4 o o ) o
T B AR AEAE-80 CLE MUK AR N

1.3.6 FE4IHEHG % Ad-BMP2-VEGF165 )% /i il
E 293 4 AP 96 FLAR N, 12 h JE AT L . HRL
10wl B 75 5 4% 10 £ Lo ARG B, W R AN (R4 2
JE YL 96 fL AR A4 i, LA 100wl 55 75 7 BRI
T RO ¢ 40 B s 8 B 4, T OA 4 B Ad -
BMP2-VEGF165 {13 B il 5 .

1.3.7 550F 4 MR9% # Ad-BMP2-VEGF165 i} 3%
IRROAE S B0 R U A R IR B (MOI=100) ,
RN IEW AR R HE O —3 b,
% F Thermo Scientific 2 ] 4 7= [ SuperSignal™
West Pico PLUS Chemiluminescent Substrate i 3% , &
EOR &V LD 11 RS A ORI B W, JEHE
AT H RO KW .

[ B, 4 O Y I 4 Mo i) 4 55 R AT E 0 2
Real—time PCR ;i1 , F7FF LightCycler 96 H %5 Fl %K
T, B S WK BB Ce B -5 128 1 i

A8 DUBUN X BUFFAE R S &, AT R R 45 DL
B AR U i VR A o £, 0 R N %) G R BT 3
S IZAE A AR LR A DURL, T S0 3 K, AL 3 A
SAL, A X AL RS AL Cofi, &5 41 H LA
MR FRR L 272C iR,

13,8 s 5 e Yy i ) 70 5T T 4 B 803 0l o
I bR ES 3 f% BM-MSCs, 41t 5 #% Ad-BMP2-
VEGF165 & Jif il 4k 3% B AS [7] MOI {E (70.90.100 #0
120) 6 4% 12 h Ji5 0 4 58 4 15 57 5 | 40 i 3% 77 46 9 4k
ZLERSE 48 h, BIE SO MEL P MRS YORE N
B IBAE DL , T I 75 5 QLR8O (B DORE B
T 4 A 250/ 4 i B %< 100% ) .

L4 Ziteehbs

K HI SPSS17.0 G it Bk ab B, 52 5 2 /b i 4
3, 8 i ORI B AR v 22 (xs ) FoO , I A B AR
KPS FEA ¢ K55, 2 DR Y8R Y F R
FHH P 2 5 22 73 #t (One—way ANOVA) , J7 25 A8 55 i}
i il Tamhane T2 #5565, J7 22550 i F§ Bonferroni ik
T2 E I, L P<0.05 N ESAGHFE X,

2 %R
2.1 BMSCs %55 R
%5 3 A% BMSCs 17 it 2 20 Mt Az 0 240 i 3% 17 43

FAR & I 25 5 R A K 1 28 CD29(99.82%),
CD44(94.14%) ik CD14(3.11%) ,CD34(0.34%) ,
Ry BB IR ARG 0 20 B AT & MSCs JEAHFAE
2.2 BMP2 fl VEGF165 3£ K /Bt PCR =¥ s ik %1
il 2F PCR £ AR M cDNA SCPE v 4 3% iy BMP2
1 VEGF165 FE[H] | iy Uk 45 3 A] i Wi i 7 1 BMP2 Al
VEGF165 1t 5 i Bt 437 4 1191bP 1 576bp, 5 A
CDS S5k AH A (B 1) .

—1000bp

—500bp

1 2 3

B 1 3508 BE BRI B UK R I BMP2 Fil VEGF165 H 19 3 A B
(1.BMP2 ;2.VEGF165; 3.Maker)

Fig.1 Agarose gel electrophoresis for detection of BMP2 and VEGF165
interesting gene (1.BMP2;2.VEGF165; 3.Maker)

2.3 BMP2 i1 VEGF165 3 A f Bt 2 pAd-MCMV -
GEFP [ 4] 7 ¥y vy Uk %5 5

JkL pAd-MCMV-GFP i fig 1] J5 1) H 1 5
VEGF165 .BMP2 JL[H K Bt 28 19% 35t JIg Ml 55 M v ik A
T, MR Mz e ik P H T DAL 21045 AR B B H B R
B AR AR R B R /N (] 2)

pHBAd-MCMV-GFP *> < 5000bp
BMP2 *»
VEGF165 *> < 1000bp

< 500bp

1 2 3 4

2 B WE EE I HL YK AS I pHBAD-MCMV -GFP \VEGF165 . BMP2
fiE vl J5 B Bt (1.BMP2;2. pHBAd-MCMV-GFP;3.VEGF165 ;4.Maker)
Fig.2 Agarose gel electrophoresis was used to detect fragments of pH-
BAd-MCMV-GFP,VEGF165 and BMP2 after enzyme digestion (1.BMP2;
2. pHBAd-MCMV-GFP;3.VEGF165 ;4.Maker)

2.4 pAd-MCMV-BMP2-T2A-VEGF165 [# % PCR
RS
BEFRAT AU LB B 57 56 I 42 P oA e e 4R IR
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PATTRETE TR, AT TE PCR Y5, 45 H R Rk 3
F1 52 9 (Clone3 Fil Clone9)PCR FH1: , 72 B 5% Th #
TR R AR BRI A (] 3) . P A5 R R W
VEGF165 .BMP2 £ [ ©0 5 5 4 A #5445 kL pAd -
MCMV-GFP, 3% 2 745 e i /R 5 35 R 450 13 vh
A VEGF165 1 BMP2 %[5 mRNA 524 —%,

Clone 1-12

BMP2-VEGF165—

1 z 3

B 3 RE AR UKL B MR 28 B B E R UK %8 2 I % PCR
(1.Maker;2.Clone 3;3.Clone9)

Fig.3 Adenovirus shuttle plasmid vector was used to identify colony PCR
by agarose gel electrophoresis (1.Maker; 2.Clone 3; 3.Clone9)

2.5 Ad-BMP2-VEGF165 i 2% & 2 14 /K °F- F1 3 A
TP Bk

Ad-BMP2-VEGF165 ¢ Hela 41 ffi 72 h J5
B4 fg 25 1, Western Blotting 56 4iF H 1) 85 FH #2818 7K
S, K I 4 2L B AE 24KD F1 13KD [ B H
{4645, M5 T i 5 BMP2 Fil VEGF165 W4,
H5 A BMAMIILER LR E I (WK 2),
KOHEA MR LS R REHWERD (B
4a,4b) ., T I[E T, W 4H 5] BMP2 fil VEGF165 & A
Fr B HA 255 (K 4e).
2.6 Ad-BMP2-VEGF165 {3 & il 2

X} P1 BRI EEHEAT IR Y s a4, KA =
A2 il e s 7 4 B S 7 Ad-BMP2-VEGF165, 45
T BE S AT E T=1x10" PFU/ml , % ¥ & 5¢ 4> ]

x2 MARFESENEENMENERELER
Tab.2 Comparison of adenovirus interesting protein and
gene between two groups

CE( K FE R K P

215 N

# BMP2 VEGF165 BMP2 VEGF165
Ad-GFP 3 0.29+£0.05 0.56+0.05 0.37+0.06 0.41+0.10
Ad-BMP2-

3 0.56+£0.07 0.84+0.11 0.56+0.09 0.60+0.04
VEGF165
tH -5.133 -10.021 -3.834 -2.848
Py <0.05 <0.05 <0.05 <0.05

VI T e S 4 M s e 5
2.7 Ad-BMP2-VEGF165 ¥4 BM-MSCs 1) %% 4t 3
e

HCEAE BB DO M T WA Ve A 7E
ATFALEF B RERIE, TR AR, JREUR H: MOL
{8 o S5 RN - R R A e 1 ) 7 o 1 400
48 h,MOL M\ 70 £I| 120 i 2 1k 5 (0 %¢ 6 3 Y 40 it
o BATHE N, 25 MOI=120 i 4 i T 4 A2 B B %
FETZ 524 MOI=100 i, e et n ik 90%Lh 1 (& 5)
3 itig

AL e A AdMax iR 5 % RS, JRUHE 2
T3 I o R S AR BORE (#EF SMIREE I R B ) R 2
JRORE (% 7 2 D HE S ) 36 4% 5 HEK293 41 i, IF
240 M PN ) G Cre/LoxP B 452 2 e AR HIEAT B 417
FE PR ORI IESE GL R, BHIF B3 AN T ZORE JBORE 28 1
b, EREMpPANEL " RN, HS Adeasy
RO, 5 B T A D) A o ARSI Y
AdMax R4E, T E 2 0R b E3 DX 2 15 7 ) 1)
SRR B TR IO A, D e EHER SN, HLA
FT2A [ 3 68 1 8 g, B 0k H AN
AP H R EE

1.04
s &R BuP2 & BMP2
3 081 EZ VEGF165 g E=3 VEGF165
Ad-GFP Ad-BMP-VEGF £ 2
£ 06 z
— BMP 2 5 %
o 044 @
= 2
s ke B
s Wm_ VEGF 165 3 02 K]
0.0-
— e— (.actin 9;3 (‘@6: ‘53 Q\(g:
v ¢ ¥ &
9"8% &
e ® ¥ g ®

B4 Ad-BMP2-VEGF165 [l 45 4 4% Y 41 i J5 7T 5 2 22 3k Sh U5k H A9 3 I % 2 F1 4a,4b. Western Blotting £l BMP2 \VEGF165 % [ it % ik
dc. Real—time PCR K] BMP2 \VEGF165 5 257K o Htk P 7 H 9 25 11 S 3k 5 SF- £ (AR X 9 2 GAPDH Rk 4 (*P<0.05)

Fig4 Ad-BMP2-VEGF165 can successfully express exogenous gene and protein  4a,4b. Western blotting was used to detect the protein overexpres-
sion of BMP2 and VEGF165  4c. Real-time PCR was used to detect the overexpression of BMP2 and VEGF165. The histogram showed that the average
value of interesting protein and gene relative to the loading control GAPDH (*P<0.05)



<678 - PG 2021 4F 7 B 34 45 7

China J Orthop Trauma,Jul.2021,Vol.34 ,No.7

B 5 Ad-BMP2-VEGF165 %% 4 BMMSCs
Ja T 35 WL I G Je s A E Sa. It
R % e 2 48 b AN R 2 K 1 OuL ¢
Sb. M 7 % e 40 i 48 h 5 B R LA
S (L FOL R A # H R ik (MOI=100 i}
M Ye R, 5 Sa Jhy AH A AL EF )

Fig.5 Morphological ~ observation and
transfection efficiency determination of Ad-
BMP2 -VEGF165 transfected BMMSCs
5a. The cell morphology was observed after
5b. The

adenovirus transfection 48 hours

expression of GFP was observed and calculated under the microscope after adenovirus transfection 48 hours (MOI=100, the same field of view as Fig. 5a)

22 TR B 1 HE IO B TR Y T R AL T — el
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RS B A A i A K R R A S TR
B3 ANFEARZERDY, VEGF165 1] M5 H 5542
0= v 8 11 0 5 S B o | K = e
BCRT BT LA 7 T o At o 2 R 2 M {88 i A8 1 1 41
SR RS FREE 2 2 E T8, M
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B M K, AT 15 5 (0] 70 0 41 M 404k b BB 400 L, A
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R AGE Y VEGF165 M3 AT X FlE A o [F#f Huang
SRS AR E S Bk £ F BMP2 5 VEGF165 # Lt ,
BMP2 1 VEGF165 [ Bk & i 1 & /s 58 4 1
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¥ i T G ) 78 5T T 200 B 2 B e AR AR S T

P RUFIRIT 8 o AR SE I A Bl A AR

Ad-BMP2-VEGF165 , %% Yt 3f 3t ik WU R 3 11, HL
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W% BMP2 Fil VEGF165 UK DA I 5 7 28 14 5% e 7

B ) FE o T 4 A8 52 B wefbl B it R4 Y B A SE G

FEfil o
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