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Osteogenic Activity of MSC Infected by Recombinant Adenovirus Vector Ad-LMP-1
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Abstract: [Objective] This study was designed to construct a recombinant adenovirus vector contains LMP-1 gene , and
investigate the osteoinductive activity of MSC which were transfected recombinated adenoviral vector carrying LMP-1 gene.
[Methods] Total RNA was extracted from rat osteoblast and the LMP-1 gene was acquired by RT-PCR, the LMP-1 gene and entry
vector pENTR/D-TOPO were used to create the entry clone with the directional TOPO clone technology, then the entry clone and
the expression vector were used to create the expression clone through the LR recombination reaction. The adenovirus expression
clone was linearized by Pacl and transfected to the 293A cell line to harvest a high titer. Ad-LMP-1 was infected into the 3rd
passage MSC, the expression of LMP-1 was detected by Western blot. The osteogenic activity of MSC was evaluated by the
expression of collagen I, ALP, osteocalcin and the formation of bone nodule. [Result] The LMP-1 gene was successfully acquired
and confirmed, the entry clone and the expression clone were both verified by enzymes digestion, and the expression clone was
further confirmed by sequenced. The expression of LMP-1 was detected successfully in MSC. The increasing expression of collagen

I, osteocalcin, ALP and bone nodule were observed by comparing to the control group. [Conclusion] Gateway technology not only
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make construction of the pAd-LMP-1 recombination adenovirus vector simple and fast, but also get a high transfection efficacy in

MSC. LMP-1 gene can induce the osteoblast differention of MSCs,

reliable to be used in further gene therapy research.

and improve its osteogenic activity. The adenovirus vector is
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7 min , 293A o
DNA , D DNA PCR TAKARA MiniBEST Viral
o RNA/DNA Extraction kit DNA,
1.3 LMP-1 PCR ,
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Fig.1 Total RNA of the osteoblast and RT-PCR product
of LIMP-1
5 ’ A: The totall RNA was detected by 1% agarose gel
’ electrophoresis, which showed the 285:185=2:1, and the 55 was
. 3 ) found ahead of them. B. The RT-PCR products showed that the
. LIMP-1 target gene in the line 2 was approximately 1 300 bp,
1.10 Western-blot LMP-1 MSC which was consistent with expectation. The line 3 was an internal
product.
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PCR ik
Fig.2 The entry clone and the PCR product of the viral
DNA templates

A: The entry clone was verified by digestion, line 4 was
the entry clone, line 2 and 3 were the product digested by Notl,
Asc | respectively, which were both approximate 3 900 bp, Line §
was the digested product by both Not | and Asc 1. The LMP-1 gene
was located at about 1 300 bp as expected. B: The PCR product of
the viral DNA templates extracted from viral supernatant, the target

gene is about 1 300 bp.
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Fig.3 The 293A Cells and the viral infected 293A cells

A: 80% confluence of 293A cells,

3

irregular-shaped,  grew

adhered vigorously, (x 100); B: The infected 2937 cells appeared
100% CPE,

like floating. (x 100)

cells necrosis, and became round, small, and Grape-

EH4 MSC HEHEMSHIERBERESEEE
Fig.4 Adipocyte and osteoblaset induction of MSC

A: The adipocyte was found after the MSC were adipoinducted

the lipid droplets was stained red by oil O. (x 200); B The bone
nodule accumulated after MSC osteoinducted, which was stained red

by alizarin red. (x 200)

> 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

B35 LMP-1 %3 MSC GRIBBEY
Fig.5 Osteogenic activity of the LMP-1 transfected MSC

A:  Immunohistochemical staining showed the expression of
osteocalcin in MSC after infected,  the positive cells was that the
brown particle in its (200 x) eytoplasm; B: lmmunohistochemical
staining showed the rich expression of collagen 1 in MSC  after
infected. (200 x); C. Ilmmunochistochemical staining showed the few
expression ol collagen 1 of MSC after the pAd/CMV/V5-LacZ
infected. (200 x); D: A number of bone nodules were found 3 weeks
after infection, and the bone matrix secreted by MSC was also found,

which were stained red. (200 x)

2.7

3d , .1
MSC ,
, 2 MSC . :
1,3 MSC , :
. 3 MSC

. 3 MSC
, CD29*  96.27% ;CDA44*
99.51%;CD105*  90.38%;CD45"  96.08%
2.8

ALP, ,
F .106.19  9.92,
;SNK ,

MOI
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ELISA ,
ALP , K :114.88
193.15, P < 0.001, ;
JE - F B D
, MOI = 10
C 1,2),
1 ALP
Table 1 The ALP concentration of the culture medium Tnfecied Contral group
(U/mg)
B 6 MSC i) LMP-1 & H 4] Western-blot ik
Group 1w 2W . .
A: MOT=0.1 0.256+0.036  0.286+0.029 it bine el
B: MOI = | 0350+0.028  0.358+0.022 S MBC
Left picture showed the protein was about 52 ku as expected,
C: MOI =10 0.395 +£0.042 0.405 £ 0.035
and the obvious stronger expression in infected group compared to
D: MOI = 100 0.302 +.011 0.309 + 0.008 ; ’ ) s .
the control group. Right picture is the normalized GAPDH.
E: Ad-LacZ control 0.138 £ 0.011 0.146 £ 0.018
F: MOI =0 0.136 = 0.006 0.143 £ 0.021
ANOVA showed the difference among the groups were 3

significantly (P 0.05), SNK test showed all the difference between
each other were significantly except group E and F. The result
indicated the group C  (MOI = 10) had the highest ALP activity of

(osteoporosis, OP)

’ ’

all the groups)

2,0p
2 °

Table 2 The Oseteocalcin concentration of the culture . MsC

medium (ng/mL) ,
Group 1w 2W LMP-1
A:. MOI=0.1 3.46 +0.20 346 £0.21 s ( BMPs . TGF-
B: MOI =1 5.09 +.036 4.78 £ 0.50 Bi ) s
C: MOI =10 5.11+£0.22 5.02+0.32 . LMP-1 ,  MSsC
D: MOI = 100 4.80 = 0.26 4.88 +0.14 .LMP-1 ¢DNA MSC, MSC
E: Ad-LacZ control 3.00 £ 0.15 3.09 £0.15 ’ MSC ,
F.: MOI=0 3.04 +£0.12 3.00+0.14

LMP-1cDNA  MSC op °
op °

ANOVA showed the difference among groups were significantly
(P 0.05), SNK test showed all the difference between each other
were significantly except group B, D. The result indicated the grourp
C (MOI = 10) had the highest activity of osteocalcin of all groups)

2.10 , , .
2 ) . LMP-1 ,
,3 o
, 5 A-D, LMP-1
2.11 Western-blot ( BMP TGF-B, ),
LMP-1 MSC , ,
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