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ABSTRACT. The aim of this study was to construct an adenoviral
expression vector for vascular endothelium growth factor 121
(VEGF , )-FLAG and humanized Renilla reniformis green fluorescent
protein (hrGFP-1) genes, and to observe their expressions in bone
marrow mesenchymal stem cells. Using pTG19T-VEGF , as a template,
polymerase chain reaction technology was adopted to mutate the
VEGF ,, gene by removing the stop codon and inserting Nozl and Xhol
restriction sites both before and after the gene sequences. The resultant
gene was then subcloned into a pMDI19-T plasmid, the pMD19-T-
VEGF , and pShuttle-CMV-IRES-hrGFP-1 plasmids were double-
digested, and small and large fragments were linked after gel recovery to
complete the construction of recombinant adenovirus vectors. After titer

determination, the recombinant adenovirus vectors were used to affect
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rabbit bone marrow mesenchymal stem cells, and fluorescence intensity
was observed under fluorescence microscopy. Enzyme digestion
identification and sequencing confirmed that the recombinant plasmids
were successfully constructed, and observations under fluorescence
microscopy showed significant expression of green fluorescent protein
in recombinant adenovirus-infected bone marrow mesenchymal stem
cells. The constructed adenoviral gene expression vectors carrying
VEGF | -FLAG and hrGFP-1 can be expressed in eukaryotic cells,

121
which may be used for gene therapy of ischemic disorders.
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INTRODUCTION

The formation and growth of blood vessels in the treatment of diseases of bone de-
fects are important steps for the bone tissue regeneration process (Holstein et al., 2011; Levi
et al., 2012; Nakagaki and Camilli, 2012). The factors promoting angiogenesis can be divided
into direct-inducing and indirect-inducing factors, in which vascular endothelial growth factor
(VEGF) is a strong direct vascular-inducing factor, and VEGF | and VEGF,, play the most sig-
nificant roles. VEGF , is expressed as a half soluble and half insoluble protein in vivo, and can
be secreted extracellularly, with part of the protein binding to the cell membrane or substrate. By
contrast, VEGF , is entirely soluble, does not bind to heparin weak acid, is completely secreted
into the extracellular matrix, and is separated from the intercellular substance; thus, it plays a
better paracrine role and promotes angiogenesis (He et al., 2010; Kinoshita et al., 2010).

VEGF is the most important growth factor promoting blood vessel growth in the body.
It binds to vascular endothelial cell surface receptors through autocrine or paracrine activity
to induce the establishment of new blood vessels (Simons et al., 2000; Li et al., 2009; Burger,
2010), supplies oxygen for bone defects, provides nutrients, and transports metabolic wastes,
thus providing strong protection for local bone regeneration and metabolism. In addition, Flt-
1 receptors of VEGF are present on osteoblasts, and by acting on the strong expression Flt-1
receptor of osteoblasts, VEGF recruits chemokines, so that osteoblasts gather at the defect
sites and differentiate into bone tissue under the action of VEGF (Mayr-Wohlfart et al., 2002;
Singh et al., 2007; Kanczler et al., 2008; Kumar et al., 2010).

In the present study, to determine the specific angiogenesis and osteoblast bone differ-
entiation promoting effects of VEGF, humanized Renilla reniformis green fluorescent protein
(hrGFP-1) was used as a reporter gene in order to construct a recombinant adenovirus contain-
ing the VEGF , -FLAG and hrGFP-1 gene expression system. The expression of bone marrow
mesenchymal stem cells was then observed in vitro. Results of this study should provide an
experimental basis for developing orthopedic gene therapy of ischemic disease.

MATERIAL AND METHODS

Animals

A clean-grade Japanese male rabbit weighing 1.2 kg was provided by the Experimental
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Animal Center, Liaoning Medical College (License No. SCXK, Liaoning, 2003-2007). This
study was carried out in strict accordance with recommendations in the Guide for the Care and
Use of Laboratory Animals of the National Institute of Health. The animal use protocol was
reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of the
First Affiliated Hospital of Liaoning Medical University.

Cloning of VEGF

Using pTGI9T-VEGF ,, as a template, polymerase chain reaction (PCR) technology
was adopted to mutate the VEGF ,, gene by removing its stop codon TAG sequence and
inserting Notl and Xhol restriction sites both before and after the gene sequences. Primer
sequences were as follows: F: 5-GCGGCCGCATGAACTTTCTGCTGTCTTG-3"; R:
5'-CTCGAGCCGCCTCGGCTTGTCACATT-3". pTG19T-VEGF | was used as a template to
carry out PCR, and the reaction conditions were as follows: 98°C, 10 s, 30 cycles; 55°C, 5
s, 30 cycles; 72°C, 30 s, 30 cycles; 72°C, 5 min, 1 cycle, and products were visualized with
agarose gel electrophoresis.

PCR products were recycled after gel cutting. PCR products were linked with the
pMD19-T plasmid using Solution I from TaKaRa DNA Ligation Kit Ver.2.0. Competent cells
was transformed, and plates were smeared and cultured at 37°C overnight. The plasmid was
then extracted and sequenced.

Plasmid construction and identification

Double digestion with Notl and Xhol was conducted on plasmid pMD19-T-"VEGF
and shuttle vector pShuttle-CM V-IRES-hrGFP-1, respectively. After recycling by cutting, they
were mixed at a ratio of 10:1, T4 DNA ligase and buffer were then added, reacted at 16°C
overnight, transformed into DH5a bacteria, and plasmids were then extracted and cloned.

Recombination of adenovirus and identification

After Pmel digestion linearization, the adenovirus backbone plasmid pAdeasy-1 was
transformed into BJ5183 bacteria to obtain BJ5183 bacteria containing pAdeasy-1, and the
correctly identified shuttle vector pShuttle-CMV-"VEGF121-IRES-hrGFP-1 was transformed
into the BJ5183 bacteria containing pAdeasy-1, and added to a cuvette after mixing well.
Kanamycin-containing medium was then quickly added to the cuvette after electric shock,
uniformly pipetted, and then inoculated into culture plates containing Kanamycin, and cul-
tured overnight. Smaller colonies were picked out and amplified, the plasmid was extracted,
and after the recombinant plasmid was digested with Pacl, agarose gel electrophoresis was
performed. The spectral shape was compared with that of the standard digestion spectral shape
of the recombinant adenovirus to identify whether the obtained recombinant virus was correct.

Packaging and amplification of the recombinant adenovirus

To package the adenovirus, 293 A cells were cultured, and 4 x 10° cells were inoculated
on 6-well plates. The recombinant adenovirus plasmid was digested with Pacl and linearized,
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and was then purified by gel recycling. The linearized plasmid DNA was then transfected into
293T cells using liposome Lipofectamine 2000. The medium was changed on day 4, cells were
collected on day 11, and the virus was collected by repeated freezing and thawing. To amplify
the adenovirus, 1/3 of the obtained virus was used for infection of 293T cells, and cells were
collected after 48 h. Amplification was repeated as such for a total of four times, all cells were
collected, and were then frozen and thawed repeatedly to obtain the recombinant adenovirus.

Determination of physical titer of recombinant viruses

A large amount of the recombinant adenovirus was amplified and then gradiently cen-
trifuged with CsCl, twice, dialyzed to remove the CsCl,, and then stored in adenovirus storage
buffer (10 mM Tris, 4% sucrose, 2 mM MgCl,, pH 8.0). Plaque analysis revealed that the titer
of Ad-"VEGF , -IRES-hrGFP-1 was 6.50 x 10° pfu/mL.

Bone marrow extraction and identification

A 2-month-old Japanese white rabbit was anaesthetized by intramuscular injection
with 0.2 mL/kg SU-MIAN-XIN II. The inner flank of the dual distal femur was selected as the
puncture site, cropped, disinfected with iodophor, and then covered with a sterile towel. A total
of 4.0 mL bone marrow was drawn with a No. 16 medullo-puncture needle by puncture. Under
sterilized conditions, 4.0 mL bone marrow was injected into a 20-mL sterile glass bottle, 4.0
mL Dulbecco’s modified Eagle’s medium (DMEM) containing 10% fetal bovine serum was
added, fully pipetted, and poured into eight 30-cm? culture flasks (1.0 mL per flask) supple-
mented with 3.0 mL DMEM. Flasks were then placed into a constant temperature incubator at
37°C with 5% CO,. The medium was changed after 5 days of culture, and then changed every
3 days thereafter. Cell growth was observed under an inverted microscope, and bone marrow
mesenchymal stem cells, identified as visible cell spindle adherent cells, were subcultured 5
days later. When the third generation of cultured bone marrow mesenchymal stem cells was
obtained, Ad-"VEGF , -IRES-hrGFP-1 was used to transfect the bone, and gene expression
was observed under a fluorescence microscope.

RESULTS

VEGFm clone

Two bands were observed after the pMD19-T-"VEGF ,, vector fragment was double-
digested with Notl and X%ol. One fragment, between 250-500 bp, was identified as the target
gene (Figure 1A). Gene sequencing results showed that the stop codon of the VEGF ,, gene
fragment, GTA, was replaced by CTCGAG at the Xhol site after gene mutation, confirming
that the stop codon was successfully removed (Figure 1B and C).

Vector construction

The shuttle vector, pShuttle-CMV-IRES-hrGFP-1, was identified after double-diges-
tion with Nofl and Xhol. Linear fragments were observed between 6557 and 9416 bp (Fig-
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ure 2A). At this point, as pShuttle-CMV-IRES-hrGFP-1 was an empty shuttle vector, there
was still a fragment after double-digestion. For the linked shuttle vector pShuttle-CMV- of
VEGF , -IRES-hrGFP-1, agarose gel electrophoresis revealed the target band between 7500
and 10,000 bp on the gel (Figure 2B). Sequencing results showed that the target gene with
stop codon removed was from site 71 to site 511, and was inserted into the shuttle vector in
the correct reading frame. Bands were observed both at 3000 and 30,000 bp on the agarose
gel after the recombinant adenovirus vector was digested with Pacl, indicating that the shuttle
vector had been successfully linked with the adenovirus genome, and that pAd-"VEGF , -
IRES-hrGFP-1 had been successfully constructed (Figure 2C).

520 530 520 530
AGGCGGTGAATCTTGGAT ( GAGGCGGCTCGAG

500 bp

250 bp

. \J\ |‘ Ullv'J,miL“ L‘; jL'

Figure 1. A. Result of pMD19-T-*VEGF , digested by Notl and Xhol. Lane M1 = DL2000 DNA marker; lane 1 =

121

pMDI19-T-*VEGF ,, Notl/Xhol. B. Partial sequencing map before mutation. C. Partial sequencing map after mutation.
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Figure 2. A. Electrophoresis result of pShuttle-CMV-IRES-hrGFP-1 after digestion by Notl and Xhol. Lane M1
= A-Hindlll digest DNA marker; lane I = pShuttle-CMV-IRES-hrGFP-1 Notl/Xhol. B. Electrophoresis result of
pShuttle CMV-*VEGF , -IRES-hrGFP-1. Lane M1 = DL15000 DNA marker; lane I = pShuttle-CMV-"VEGF , -
IRES-hrGFP-1. C. Electrophoresis result of recombinant pAd-*“VEGF , -hrGFP-1 cleaved by Pacl. Lane M1 =
1-kbp DNA Ladder marker; /ane 1 =3000- and 30000-bp DNA fragment.
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Packaging of the recombinant adenovirus

When Ad-"VEGF , -IRES-hrGFP-1 Lipofectamine 2000 was completely transfected
into 293 A cells for approximately 2 weeks, the vast majority of cells showed a cytopathic effect
(CPE). The 293 cells were repeatedly infected, and on the third day after the 3rd infection, most

of the 293T cells showed CPE, and fluorescence intensity was significantly enhanced (Figure 3).

Figure 3. Fluorescence and cell changes effect after 2 weeks of post-transfection under fluorescence microscope.
Gene expression

When the third generation of bone marrow mesenchymal stem cells was transfected
with Ad-"VEGF , -IRES-hrGFP-1 for 48 h, a strong green fluorescence effect was observed
in the cells under a fluorescence microscope, indicating that the transfection effect was very

good (Figure 4).

Figure 4. Fluorescence of bone marrow stromal stem cells 48 h after transfection.
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DISCUSSION

The green fluorescent protein gene is a reporter gene commonly used to study the in-
tensity and duration of the in vivo expression of foreign genes during the process of gene ther-
apy. A GFP variant, enhanced green fluorescent protein (EGFP), is most often used for reporter
gene monitoring of in vivo gene expression and intracellular protein localization (Chen et al.,
2009; Salunkhe et al., 2010; Kim et al., 2012). In the present study, we used the hrGFP-1, due
to its advantages of being two times brighter than EGFP, more likely to be detected, and of
smaller toxicity to mammalian cells.

After bone marrow mesenchymal stem cells were transfected with Ad-"VEGF , , the
IRES-hrGFP-1, the target gene, and hrGFP-1 were transcribed on the same mRNA. The
internal ribosome entered the site of the IRES sequence and combined with the ribosomal
body, and the translation of the target gene was simultaneously completed (Fernandez-Mi-
ragall et al., 2009; Fitzgerald and Semler, 2009; Filbin and Kieft, 2009; Orru et al., 2012).
In this study, the stop codon of the VEGF ,, gene was removed by mutation using the PCR
technique, and then the Nozl and Xhol digestion sites were added before and after the gene
sequence, respectively. This allowed for the gene to be directionally linked at the location
between Notl and Xhol in the polyclonal sites of the pShuttle, CMV-IRES-hrGFP-1. Before
the internal ribosome of the shuttle vector entered the site of the IRES sequence, it contained
a FLAG antigen label sequence. After the translation termination codon was removed, both
the translation start codon of the VEGF , gene sequence and the base sequence of FLAG
epitope genes would not lead to a frameshift mutation of the FLAG antigen epitope gene,
resulting in a read-through of the two genes, so that the fusion expression occurred for the
two proteins, VEGF , and FLAG.

As VEGF has six isomers, and there are no specific antibodies for VEGF , , the intro-
duction of the FLAG epitope tag in this experiment was particularly important for the subsequent
specificity testing of VEGF . Since the application of recombinant adenovirus for human trials,
there have been no reports of tumors or other genetic diseases caused by recombinant adenovi-
ruses. Therefore, it can be used as a suitable vector of the VEGF gene and be introduced into host
cells to meet the needs of VEGF during treatment for orthopedic ischemic disorders.

In the present study, we successfully constructed a recombinant adenovirus vector
containing the VEGF , and hrGFP-1 genes, which could express the target genes in eukary-
otic cells. This result was highly consistent with the expected experimental results of our
research group, which has laid a foundation for in vivo topical applications of VEGF = gene
therapy for the treatment of bone ischemic disease.

As the successfully constructed adenovirus vector has not been transfected into the
body for further in vivo experiments, the effect of the growth factor on blood vessels in or-
thopedic diseases remains unknown. Therefore, our future study will focus on such effects in
further animal experiments.
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