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Abstract

BACKGROUND: Human glial cell line-derived neurotrophic factor (GDNF) and vascular endothelial growth
factor 165 (VEGF¢5) are essential genes for cell differentiation.

OBJECTIVE: To construct and identify pIRES,-GDNF-VEGF 445 bicistronic eukaryotic expression vector.
METHODS: Human GDNF genes were obtained from the genomic DNA of human peripheral blood
mononuclear cells by PCR. Then the GDNF cDNA fragment was inserted into the multiple cloning sites of
pIRES,-EGFP, to generate the bicistronic eukaryotic expression plasmid pIRES,-GDNF-EGFP. The VEGF g5
gene was obtained from pIRES,-VEGF55-EGFP plasmid by twin PCR. Then VEGF 65 cDNA fragment was
cloned into the pIRES,-GDNF-EGFP, instead of EGFP, to create a double gene co-expressing vector plasmid
pIRES,-GDNF-VEGF g5 containing internal ribosome entry sites. Then pIRES,-GDNF-VEGF 5 was used to
transfect HEK293 cells. RT-PCR and western blot analysis were performed to test the co-expression of double

genes.

RESULTS AND CONCLUSION: DNA sequencing analysis demonstrated that the GDNF and VEGF 55 were
exactly consistent with the sequence recorded in the GenBank. The size of GDNF gene was 636 bp and the
size of VEGF g5 gene was 576 bp. Enzyme digestion analysis indicated that, pIRES,-GDNF-VEGF 445 bicistronic
eukaryotic expression vector inserted GDNF band by Bg/ Il/Bam Hl, inserted IRES-VEGF 15 fragment by Bam
HI/Not |, and inserted GDNF-IRES-VEGF 65 fragment by Bg/ Il/Not |. RT-PCR and western blot analysis showed
that, after HEK293 cells were transfected with pIRES,-GDNF-VEGF 65, double genes were expressed at the
mRNA and protein levels. The pIRES,-GDNF-VEGF g5 bicistronic eukaryotic expression vector is successfully

constructed.

Subject headings: glial cell line-derived neurotrophic factor; vascular endothelial growth factor; carrier proteins;

tissue engineering
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INTRODUCTION

Spinal cord injury can cause severe spinal
nerve dysfunction'™. With the development of
molecular therapy, gene therapy is considered
to be a new choice for treatment of spinal cord
injury®. Vascular endothelial growth factor
(VEGF) has the effect of promoting
angiogenesis[3]. Increasing evidence of recent
studies showed that, VEGF also can promote
the growth of nerve cells™. On the one hand,
VEGF can stimulate the regeneration nerve
and its nutrient vessels to repair spinal cord
injury[5]; on the other hand, VEGF can increase
the activity of peripheral nervous system nerve
cells through vegetative nerve and mitogen
activation'.

Glial cell line derived neurotrophic factor
(GDNF) is a novel neurotrophic factor, belongs
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to TGF-p superfamily, which was isolated and
purified from the supernatant from rat B49 cells
in 1993 by Lin et a/”"®. GDNF is one of the
most effective neurotrophic factors for
supporting the growth of motor neurons in vitro,
it can not only save the programmed death of
motor neurons during the development
process, but also promote the survival of
cortical neurons after spinal cord injury!™"?. In
addition to nutritional and protective effect on
the midbrain dopaminergic neurons, GDNF
also has nutritional and protective effect to
different degree on the sensory and motor
neurons!'®"®,

In this study, we constructed the co-expression
plasmid of GDNF and VEGF, and then
transfected HEK293 cells and detect the
expression. This provides the experimental
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basis for the following experiment of co-transfecting
mesenchymal stem cells, improving the internal
environment of spinal cord injury, regulating the
differentiation of mesenchymal stem cells, increasing the
number of newborn neurons, and promoting functional
recovery of spinal cord.

MATERIALS AND METHODS
Design
A gene experiment.

Time and setting

The experiment was completed in the Life Science
College of Xinxiang Medical University, China from
November 2011 to August 2013.

Materials

Escherichia coli DH5a are kept in Stem Cells and
Biological Treatment Center at Xinxiang Medical
University, China. Fresh anticoagulant blood samples are
donated from a volunteer in this project group. This
volunteer is a 30-year-old male, with no disease previously.
There was no disease detected by physical examination.
We have informed the donor of the purpose, significance
and possible discomfort of this experiment, and have got
the permission of this volunteer, who signed the informed
consent.

Vector

pIRES;-EGFP plasmid was purchased from Beijing
TianDz Inc. pIRES2-VEGF165-EGFP plasmid are
preserved in Stem Cells and Biological Treatment Center
at Xinxiang Medical University in China.

Cells

HEK293 cells are kept in Stem Cells and Biological
Treatment Center at Xinxiang Medical University in
China.

Related reagents and instruments on construction experiment of
eukaryotic expression vector on double gene consist of GDNF and
VEGF 165:

Reagents and instruments Source

T4 DNA ligase Takara Biotechnology

(Dalian) Co., Ltd.

Prime STAR Max DNA polymerase, Bam  Invitrogen
HI, Bst XI, Bgl ll, Not I, Total RNA extraction

kit, High-purity gel extraction kit, DNA

marker, Lipofectamine™ 2000

Nano Drop2000 UV-Vis Thermo Fisher Scientific

Spectrophotometers

NBS Hangzhou Sijiging Biological
Products

Methods

Design of the primers

GDNF (NM_000514.3) and VEGF 165 gene sequence
(NM-001025368.2) in Gene Bank served as the template
and was used to design the primers. Overlap-PCR, an
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efficient and rapid method, was used to clone human
GDNF gene CDS (coding sequence) from genomic DNA.
The procedure included four primers and three-step PCRs.
The Coding Sequence of human GDNF gene fragment
includes two exons (exon1 + exon2). Two primer pairs
(forward-primer and reverse-primer) were designed to
amplify GDNF-1 (exon1), Bgl | restriction enzyme cut site
was added in forward-primer which is the outermost
primers in the upstream. Other two primer pairs
(forward-primer and reverse-primer) were designed to
amplify the exon2 (GDNF-2). Small restriction enzyme cut
site was added in reverse-primer which is the outermost
primers in the downstream. The length of amplified
fragment was 636 bp.

Two primer pairs were designed to amplify the human
VEGF 165 from the pIRES,-VEGF 165-EGFP. Forward-long
primer was 4 bases longer than forward-short at the 5’ end,
so did primer reverse-long than reverse-short. The
forward primers were introduced parts of sequence of Bst
Xl site, and in reverse primers of Not | site, which will be
used to assemble the Bst XI and Not | sticky ends. The
length of amplified fragment was 576 bp.

Primers of GDNF and VEGF;¢5:

Gene Primer sequence (5'-3')

GDNF-1 Forward: GAA GAT CTATGAAGT TAT GGG ATG TCG TG
(exon1) Reverse: TCT GGC ATATTT GAG TCACTG CTC AG

GDNF-2 Forward: GAG CAG TGA CTC AAA TAT GCC AGA
(exon2) Reverse: TTC CCG GGT CAG ATACAT CCACACCTTT

VEGF 45 (1) Forward: ATGAAC TTT CTG CTG TCTTGG GTG C
Reverse: GCT CAC CGC CTC GGC TTG TCA

VEGF 165 (2) Forward: AAC CAT GAACTT TCT GCT GTC TTG GGT GCATT

Reverse: GGC CGC TCA CCG CCT CGG CTT G

Construction of pIRES,-GDNF-EGFP

The genomic DNA of human peripheral blood
mononuclear cells severed as the template and the
primer of GDNF was used to amplify GDNF gene. In this
study, Overlap-PCR, an efficient and rapid method, was
used to clone human GDNF gene CDS (coding
sequence) from genomic DNA. The procedure included
four primers and three-step PCRs. Human GDNF gene
consists of two exons and the CDS contains 636 bp. In
the first step three PCRs were performed to generate
extended exon1 (GDNF-1), exon2 (GDNF-2) that
contained overlapped nucleotides and were used as the
templates for second ligation PCR. Two primer pairs
were designed to amplify exon1 (GDNF-1). Other two
primer pairs were designed to amplify the exon2
(GDNF-2). Secondly, exon1 (GDNF-1) and exon2
(GDNF-2) were spliced together. Lastly, the two exons
(GDNF-1 and GDNF-2) were linked together with
outermost primers and the templates from the second
step. As an efficient and rapid method, overlap-PCR is
feasible and acceptable for gene cloning from genomic
DNA.
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The genomic DNA of human peripheral blood
mononuclear cells severed as the template and the primer
of GDNF was used to amplify GDNF gene. A total of 20 uL
PCR reaction system was added, including genomic DNA
0.5 uL (10 ng), 2 x Prime STAR Max DNA Polymerase

10 uL, RNase-Free Water 7.5 pL, upstream primer and
downstream primer 2 pL. The reaction conditions were:
95°C for 5 minutes, 98 °C for 10 seconds, 55 C for

5 seconds, and 72 °C for 55 seconds, 30 cycles; finally,
maintained at 72 °‘C for 5 minutes. PCR product was
purified by the PCR Purification Kit, then the PCR product
and plasmid pIRES,-EGFP was cut by Bg/ Il and Sma I.
After digestion, PCR product was purified by the PCR
Purification Kit. The DNA fragment was inserted into the
plasmid by T4 DNA ligase, 20 pL system was added,
including pIRES,-EGFP 2 uL, cDNA (GDNF) 8 uL, T4
DNA ligase 0.2 yL, at 22 “C for 30 minutes. The DNA
fragment was translated into Escherichia coli DH5a and
placed on LB plate (kanr) at 37 “C incubator for 16 hours.
Monoclonal colony was picked up and shaken for 12-16
hours at 37 ‘C with a speed of 225 r/minute. The plasmid
was extracted and identified by using Bg/ Il and Bam HI
double enzyme digestion. The recombinant plasmid
pIRES,-GDNF-EGFP was obtained.

PCR amplification of VEGF1¢s

Two parallel PCRs were set up using forward-long/
forward-short or reverse-long/reverse-short primer pairs,
with the pIRES,-VEGF165-EGFP plasmid by as templates.
Both amplifications were subjected to 30 cycles of 94 C
for 30 seconds, 54 ‘C for 30 seconds and 72 °C for

1 minute, followed by a 5 minute extension at 72 °‘C using
Prime STAR Max DNA Polymerase. Another two parallel
PCRs were performed using EXTaq DNA polymerase. The
expected DNA fragments in the four PCR products were
purified separately using DNA gel extraction kit and
quantified by Nano Drop 2000 UV-Vis
Spectrophotometers.

Construction of pIRES,-GDNF/VEGF¢5s
PIRES,-GDNF-EGFP was digested with Bst XI and Not |,
followed by phenol: chloroform extraction and ethanol
precipitation. Meanwhile, each pooled VEGF 165 PCR
products amplified with Prime STAR Max DNA
Polymerase were mixed, denatured at 94 °C for

4 minutes and re-annealed at 65 ‘C for 2 minutes. For a
ligation reaction, the annealed VEGF1¢5 and linearized
pIRES,-GDNF-EGFP (molar ratio equal to 4:1) were
incubated with T4 DNA ligase at 16 ‘C for 3 hours. The
two ligation products were used to transform Escherichia
coli DH5a CaCl, competent cells following standard
method. Screening of the transformants was performed by
Bst XI plus Not | digestion following alkalinelysis plasmid
preparation, and the recombinants were confirmed by
DNA sequencing.

Two parallel PCRs were set up using either
forward-long/reverse-long (PCR products A) or

forward-short/reverse-short primer pairs (PCR products B),
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with the pIRES2-VEGF165-EGFP plasmid (double ring
means this plasmid in this figure) by as templates.
Equimolar of the two PCR products A and B were mixed,
heat denatured and re-annealed to generate hybridized
DNA fragments. Four types of double-stranded DNA
molecules with equal proportions are generated via
random complementary pairing. They are molecule |, II, 11l
and IV. Two of them, | and Il, are blunt-ended and another
two are sticky-ended. The molecule Ill possess a 5’ Bst X
sticky end and a 3’ Not | sticky end, which allow the
fragment to be cloned directionally into
pIRES,-BDNF-EGFP digested with Bst XI and Not I.

In vitro transduction of HEK293 cells

HEK293 cells were maintained in Dulbecco’s modified
Essential Medium (DMEM) containing 10% newborn
bovine serum and 100 mg/L penicillin/streptomycin. Cells
were maintained in a humidified environment at 37 C
and 5% CO,. Cell viability was monitored with trypan blue
exclusion method. The viability was over 95% in all
experiments. Cells were seeded at a density of 5 x 10°
cells/well in a six-well tissue culture plate and cultured for
24 hours to 60%-80% confluence. HEK293 cells were
either mock infected or infected with the pIRES2-EGFP,
pIRES,-GDNF/EGFP and pIRES,-GDNF/VEGF 165 three
vectors using Lipofectamine™ 2000 respectively for

2 hours at 37 °‘C at 5 pg per well. Two hours later, the
transfection medium was removed, and fresh complete
growth medium was added. Twenty-four hours
post-transfection, they were observed under the inverted
fluorescent microscope. The expression of the BDNF and
NT-3 gene was detected by RT-PCR and western blot
analysis 3 days later.

RT-PCR detection of the expression of GDNF and
VEGF 65 in HEK293 cells

To detect the GDNF and VEGF 165 mMRNA expression
levels in HEK293 cells which were either mock infected or
infected with the pIRES,-EGFP, pIRES,-GDNF/EGFP and
pIRES,-GDNF/VEGF 5 respectively, the GDNF and
VEGF 165 expression was primarily assessed by means of
RT-PCR. The collected cells were added per 1 mL
TRIZOL reagent and pipetting repeatedly, total cellular
RNA was extracted in accordance with the instruction of
manual steps. Then the extracted total RNA was
transcribed and reversed into cDNA. Then the reverse
transcription of the cDNA was amplified with the PCR, and
the reaction conditions were pre-denaturation under 94 °C
for 5 minutes; 94 ‘C for 30 seconds, 55 C for

30 seconds, 72 C for 30 seconds, 35 cycles, followed by
72 C extension for 10 minutes. 5 pL of PCR amplification
product was added with 1 pL loading buffer, placed in

20 g/L agarose gel electrophoresis at 100 V. Subsequently
the cells were observed with gel imaging system, and the
absorbance value of each band was analyzed.

Western blot analysis of the expression of GDNF and
VEGF 65 in HEK293 cells
A standard western blot protocol was used to detect BDNF
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and NT-3 protein expression in HEK293 cells which were
either mock infected or infected with the pIRES,-EGFP,
pIRES,-GDNF/EGFP and pIRES,-GDNF/VEGF 65 vectors
respectively. We collected the culture supernatants of
infected HEK293 cells without serums for western blot
analysis, which was assayed using an anti-GDNF and
anti-NT-3 antibody. The 20 ug protein extracted from the
culture supernatants of transduced HEK293 cells was
separated on SDS-PAGE under reducing and denaturing
conditions, and transferred to polyvinylidene difluo-ride
(PVDF) membrane. The membranes were incubated in a
1:500 dilution of polyclonal rabbit anti-GDNF antibody
(Santa Cruz Biotechnology, USA) or 1:250 dilution of
polyclonal rabbit anti-VEGF 165 antibody (Santa Cruz
Biotechnology), polyclonal rabbit anti-B-actin (1:500,
Santa-Cruz Biotechnology) was used as the loading
control. After washing with TBS for three times (10
minutes per time), cells were incubated with horseradish
peroxidase conjugated goat anti-rabbit IgG (1:5 000) at
room temperature for 2 hours. After TBS washing (3 times,
for 15 minutes each), X-ray film was performed to observe
the final results. The amount of signal was quantified with
Gel-Pro analyzer software.

Main outcome measures
Expressions of GDNF and VEGF16s mMRNA and protein
were detected by RT-PCR and western blot assay.

Statistical analysis

We using SPSS 13.0 statistical software on experimental
data for statistical processing, the data are described in
mean+SD, data comparisons between groups were tested
by one-way analysis of variance. A P < 0.05 was
considered statistically significant difference.

RESULTS

Amplification of GDNF and VEGF 165 genes

GDNF gene was obtained from the genomic DNA of
human peripheral blood mononuclear cells by overlap
PCR. The size of GDNF gene was 636 bp. The VEGF g5
gene was obtained from pIRES,-VEGF165-EGFP plasmid
by twin PCR, and the size of VEGF 15 gene was 576 bp
(Figure 1).

Identification of plasmid pIRES,-GDNF-EGFP

The plasmid pIRES,-GDNF-EGFP was cut by Bg/ Il and
Bam HI double enzyme. A gene fragment with 636 bp was
obtained, which was in full agreed with GDNF gene (Figure
2A).

Identification of plasmid pIRES,-GDNF-VEGF1¢5

The plasmid pIRES,;-GDNF-VEGF g5 was cut by Bg/ Il and
Bam HI double enzyme. And a fragment about 636 bp would
be obtained. This indicated GDNF gene inserted into the
plasmid pIRES,;-GDNF-VEGF16s. The sequence of the
plasmid pIRES,;-GDNF-VEGF 165 was in accordance with
gene sequence in Gene Bank. The plasmid
pIRES,-GDNF-VEGF+¢5 was cut by Bam HI and Not | double
enzyme. And a fragment about 1 183 bp would be obtained.
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This indicated IRES-VEGF 165 gene inserted into the plasmid
pIRES,-GDNF-VEGF16s5. The plasmid pIRES2-GDNF-

VEGF 165 was cut by Bgl Il and Not | double enzyme. And a
fragment about 1 825 bp would be obtained. This indicated
BDNF-IRES-VEGF1e5 gene inserted into the plasmid
pIRES2-GDNF-VEGF165. The sequence of the plasmid
pIRES,-BDNF-VEGF 165 was in accordance with gene
sequence in Gene Bank (Figure 2B).

RT-PCR analysis of the expression of GDNF and

VEGF 165 in HEK293 cells

To illustrate mRNA expression by pIRES;-EGFP,
pIRES,-GDNF/EGFP, and pIRES,-GDNF/VEGF 165
transduced HEK293 cells, we evaluated the expression of
GDNF and VEGF g5 by RT-PCR analysis. RT-PCR was
performed using GDNF-specific primers and the -actin
sequence as an internal standard. GFP expression was
monitored in pIRES2-EGFP and pIRES,-GDNF/EGFP
transduced HEK293 cells by inverted fluorescence
microscopy. Expression of GDNF mRNA was higher in
either pIRES,-GDNF/EGFP or pIRES,-GDNF/VEGF 165
transduced HEK293 cells than that pIRES,-EGFP
transduced HEK293 cells or negative control (Figure 3A, B).
As shown above, expression of VEGF1ss MRNA was higher
in pIRES,-GDNF/VEGFg5-transduced HEK293 cells than
the other three (Figure 3C, D). These results demonstrated
that the GDNF and VEGF1¢5 had been introduced
successfully into HEK293 cells by pIRES,-GDNF/EGFP and
pIRES,-GDNF/VEGF 1g5. After the HEK293 cells were
transduced by pIRES,-GDNF/EGFP, we passaged them
continually and then monitored the mean percentage of
expression of GFP under fluorescence microscopy. There
was no decrease in GFP fluorescence, illustrating the
maintenance of transgenic expression in the transduced
cells.

Western blot analysis of the expression of GDNF and
VEGF 165 in HEK293 cells

To illustrate protein expression by pIRES,-EGFP,
pIRES,-GDNF/EGFP, and pIRES,-GDNF/VEGF 165
transduced HEK293 cells, we evaluated the expression of
GDNF and VEGF 65 by western blot assay. After 72 hours of
transfection, we collected the culture supernatants of
infected HEK293 cells without serums which were
processed for western blot analysis using an anti-GDNF and
anti-VEGF+g5 antibody. B-actin served as an internal
standard. The results suggested that exogenous GDNF
protein was strongly expressed in pIRES,-GDNF/EGFP and
pIRES,-GDNF/VEGF1e5 transduced HEK293 cells, but the
pIRES,-EGFP transduced HEK293 cells and no transduced
cells, the expression of endogenous GDNF was very low
(Figures 4A, B). As shown above, western blot analysis
also revealed that exogenous VEGF 65 protein was strongly
expressed in pIRES,-GDNF/VEGF 165 transduced HEK293
cells, and expression of endogenous VEGF 165 was very low
in the pIRES,-EGFP, pIRES,-GDNF/EGFP transduced
HEK293 cells (Figures 4C, D). These results also
demonstrated that GDNF and VEGF 165 had been introduced

successfully into HEK293 cells by pIRES,-GDNF/VEGF 165.
110180
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Figure 1 The amplification of GDNF and VEGF g5

Note: M: Marker; Number 1: VEGF g5 (forward-short/reverse-short) gene (578 bp); Number 2: VEGF 145 (forward-long/reverse-long primer
pairs) gene (586 bp); Number 3: GDNF-1 (exon 1) gene (151 bp); Number 4: GDNF-2 (exon 2) gene (485 bp); Number 5: GDNF (exon1 +
exon 2) gene (636 bp). GDNF: Glial cell line derived neurotrophic factor; VEGF: vascular endothelial growth factor.

A B
5300 bp—p 5000 bp 5000 bp
3000 bp 3000 bp
1825 bp 15006
1500 bp P
1183 bp
1000 bp 1 ggg Ep
750 bp P
636 bp —p 636 bp 500 bp
500 bp
250 bp
250 bp 100 bp
100 bp

Figure 2 The identification of plasmid pIRES,-GDNF-EGFP and pIRES,-GDNF-VEGF 145

Note: (A) M: Marker; Number 1: pIRES,-GDNF-EGFP cut by Bg/ Il and Bam HI double Enzyme. (B) M: Marker; Number 1:
pIRES,-GDNF-VEGF 5 cut by Bgl Il and Not I; Number 2: pIRES,. GDNF-VEGF g5 cut by Bam HI and Not |; Number 3:
pIRES,-GDNF-VEGF g5 cut by Bgl Il and Bam HI. GDNF: Glial cell line derived neurotrophic factor; VEGF: vascular endothelial growth factor.

DISCUSSION

In this article, VEGF 165 was directly inserted into
pIRES,-GDNF-EGFP at the Bst XI and Not | sites. Those
more efficient and economical enzymes, such as Bst XI and
Not |, could always be chosen for vector digestion. It is not
any longer necessary to buy so many kinds of restriction
enzymes for cloning. In addition, interested inserts are
amplified using proof-reading DNA polymerase, which
provides a faithful guarantee for the PCR products. These
advantages make it a universal technique for the directional
cloning of PCR products.

GDNF is a protein found in recent years and has been
cloned its gene, originally isolated from mouse glial cell line
B49 cells, in vitro can activate the uptake of lateral
dopamine neurons in ventral embryonic rats, and can
promote neuronal survival®®. This factor is composed of two
monomers by glycosylation two sulfur bond into two body,
monomer is composed of 134 amino acids®®". The seven
cysteine residues in the molecule conformation and
transforming growth factor superfamily, and its sequence

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

homology near 20%, belongs to the TGF superfamily distant
from the structure®. The experimental study indicated that
GDNF is a neurotrophic factor with multi effect, which
function on the sensory neurons of nutrition, exercise and
dopamine, and its effect is the change in the different period
of individual development®’!. Because GDNF is a protein,
not through the blood brain barrier and spinal cord barrier,
also cannot be administered through the digestive tract, it
must be through the effective methods to make it into the
spinal cord or the surrounding, thus playing the best
biological effect®. The current administration methods are:
(1) direct or indirect perfusion: concrete ways is
intraventricular, cerebellomedullary cistern and a margin of
administration, because this method in the operation is
complicated and can increase the infection, aggravate the
injury of spinal cord, so its application is limited®.. (2) The
method of gene therapy for spinal cord injury is to cell
transplantation of genetically modified GDNF such as glial
cells, fibroblasts, thus providing micro-environment to
promote neuronal growth, the method is obviously better
than that of perfusion method®®,
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Figure 3 Expression of GDNF and VEGF16s MRNA in HEK293 cells by RT-RCR

Note: (A, B) RT-PCR analysis of GDNF mRNA expression. (A) Lane 1: No transduced HEK293 cells; Lane 2: GFP Transduced HEK293 cells;
Lane 3: GDNF transduced HEK293 cells; Lane 4: GDNF/VEGF g5 transduced HEK293 cells. (B) The mRNA expression level. The
correspondence absorbance ratio of GDNF/B-actin mRNA. Data are expressed as mean+SD (n=3). °P < 0.01, vs. no transduced or
transduced by pIRES,-EGFP. (C, D) RT-PCR analysis of VEGF1ss MRNA expression. (C) Lane 1: No transduced HEK293 cells; Lane 2: GFP
transduced HEK293 cells; Lane 3: GDNF transduced HEK293 cells; Lane 4: GDNF/VEGF g5 transduced HEK293 cells. (D) The mRNA
expression level. The correspondence absorbance ratio of VEGFes/B-actin mRNA. Data are expressed as mean+SD (n=3). °P < 0.01, vs. no
transduced or transduced by pIRES,-EGFP. GDNF: Glial cell line derived neurotrophic factor; VEGF: vascular endothelial growth factor.

1 2 3 4 M (x10%) 1 2 3 4 M, (x10°)

m:'!

GDNF
38.2
42

B-actin

8 r _ 60
_ a 4]
s ol g _ o
o = @ <
& £ a o © 40
¢ 2 5r a <
£a T 3 <
° T 4 + <§30
< 2 X
x5 x o

o 3t e w

£ 2 2 = 20
L 2 L W
a O
°© 1 w 10

E >

0 L L L ! 0 | | |

1 2 3 4 1 2 3 4

Figure 4 Expression of GDNF and VEGF g5 protein in HEK293 cells by western blot analysis

Note: (A, B) Western blot analysis of GDNF protein expression. (A) Lane 1: No transduced HEK293 cells; Lane 2: GFP transduced HEK293
cells; Lane 3: GDNF transduced HEK293 cells; Lane 4: GDNF/VEGF 165 transduced HEK293 cells. (B) The correspondence absorbance ratio
of GDNF/B-actin protein. Data are expressed as mean+SD (n=3). °P < 0.01, vs. no transduced or transduced by pIRES,-EGFP.

(C, D) Western blot analysis of VEGF g5 protein expression. (C) Lane 1: No transduced HEK293 cells; Lane 2: GFP transduced HEK293 cells;
Lane 3: GDNF transduced HEK293 cells; Lane 4: GDNF/VEGF g5 transduced HEK293 cells.

(D) The protein expression level. The correspondence absorbance ratio of VEGF s5/3-actin protein. Data are expressed as mean+SD (n=3).
4P < 0.01, vs. no transduced or transduced by pIRES,-EGFP. GDNF: Glial cell line derived neurotrophic factor; VEGF: vascular endothelial
growth factor.
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In recent years, VEGF has a direct effect on the growth of
nerve cells, it can effectively reduce the spinal cord blood
flow occlusion occurred after spinal cord injury[27]. Neural
stem cells can effectively enhance the angiogenesis in vivo
and blood-brain barrier density, improve the neurological
function score and spinal cord tissue necrosis in vitro
through the transfer of VEGF gene'®®. VEGF also can
influence the apoptosis of neurons in spinal cord after
injury[zgl. Application of VEGF in treating diabetes, ischemic
neuropathy, nerve regeneration, Parkinson’s disease,
Alzheimer’s disease and multiple sclerosis, also show its
neuroprotective effect’>”.

In this study, we used the eukaryotic expression vector
co-expressing GDNF and VEGF 15, and then transfect
HEK293 cells with it. The results showed that HEK293 cells
can highly express GDNF and VEGF 15, which provided the
basis for the use of cells as a vector to transfer GDNF and
VEGF 65 to spinal cord injury site.

In addition, GDNF and VEGF1e5 genes were successfully
inserted into a bicistronic eukaryotic expression vector and a
plasmid pIRES,-GDNF-VEGF 65 was constructed
successfully. We plan to transfect this plasmid expressed by
double genes into mesenchymal stem cells in the next
experiment, in order to achieve the stable transfected cell
lines. We surmised that double genes modified
mesenchymal stem cells are better than single gene
modified cells in promoting neuronal regeneration.

By gene recombination we successfully constructed
eukaryotic expression vector of GDNF and VEGF+¢5, and
these two genes can be co-expressed in HEK293 cells.
Checking and analyzing the relative literatures, there is no
study about gene therapy by using GDNF and VEGF g5 to
promote differentiation of mesenchymal stem cells for spinal
cord injury, so this experiment will provide new methods for
the following animal experiments.

REFERENCES

[11  Zurita M, Aguayo C, Bonilla C, et al. The pig model of
chronic paraplegia: a challenge for experimental studies in
spinal cord injury. Prog Neurobiol. 2012;97(3):288-303.

[2] Shah AM, Mann DL. In search of new therapeutic targets
and strategies for heart failure: recent advances in basic
science. Lancet. 2011;378(9792):704-712.

[3] Potente M, Gerhardt H, Carmeliet P. Basic and therapeutic
aspects of angiogenesis. Cell. 2011;146(6):873-887.

[4]  Fournier NM1, Duman RS. Role of vascular endothelial
growth factor in adult hippocampal neurogenesis:
implications for thepathophysiology and treatment of
depression. Behav Brain Res. 2012;227(2):440-449.

[5] Gu X, Ding F, Yang Y, et al. Construction of tissue
engineered nerve grafts and their application in peripheral
nerve regeneration. Prog Neurobiol. 2011;93(2):204-230.

[6] Warner-Schmidt JL, Duman RS. VEGF as a potential target
for therapeutic intervention in depression. Curr Opin
Pharmacol. 2008;8(1):14-19.

[71 Kubota H, Wu X, Goodyear SM, et al. Glial cell line-derived
neurotrophic factor and endothelial cells promote
self-renewal of rabbit germ cells withspermatogonial stem
cell properties. FASEB J. 2011;25(8):2604-2614.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

(8]

E]

(10]

(1]

(2]

[13]

[14]

(18]

(6]

(7]

(18]

[19]

[20]

(21]

[22]

(23]

Savitt J, Singh D, Zhang C, et al. The in vivo response of
stem and other undifferentiated spermatogonia to the
reversible inhibition of glial cell line-derived neurotrophic
factor signaling in the adult. Stem Cells. 2012;30(4):
732-740.

May F, Buchner A, Schlenker B, et al. Schwann
cell-mediated delivery of glial cell line-derived neurotrophic
factor restores erectile function aftercavernous nerve injury.
Int J Urol. 2013;20(3):344-348.

Rodrigues DM, Li AY, Nair DG, et al. Glial cell line-derived
neurotrophic factor is a key neurotrophin in the postnatal
enteric nervous system. Neurogastroenterol Motil. 2011;
23(2):e44-56.

Stahl K, Mylonakou MN, Skare O, et al. Cytoprotective
effects of growth factors: BDNF more potent than GDNF in
an organotypic culture model of Parkinson's disease. Brain
Res. 2011;1378(1):105-118.

Madduri S1, Feldman K, Tervoort T, et al. Collagen nerve
conduits releasing the neurotrophic factors GDNF and NGF.
J Control Release. 2010;143(2):168-174.

Lin W, Li M, Li Y, et al. Bone marrow stromal cells promote
neurite outgrowth of spinal motor neurons by means of
neurotrophic factorsin vitro. Neurol Sci. 2014;35(3):
449-457.

Deng LX, Deng P, Ruan Y, et al. A novel growth-promoting
pathway formed by GDNF-overexpressing Schwann cells
promotes propriospinalaxonal regeneration, synapse
formation, and partial recovery of function after spinal cord
injury. J Neurosci. 2013;33(13):5655-5667.

Gyorkos AM, McCullough MJ, Spitsbergen JM. Glial cell
line derived neurotrophic factor (GDNF) expression and
NMJ plasticity in skeletal muscle followingendurance
exercise. Neuroscience. 2014;257(1):111-118.

Newland B, Abu-Rub M, Naughton M, et al. GDNF gene
delivery via a 2-(dimethylamino) ethyl methacrylate based
cyclized knot polymer for neuronal cellapplications. ACS
Chem Neurosci. 2013;4(4):540-546.

Nikkhah G. Restorative strategies for the dopaminergic
nigrostriatal projection pathway. Acta Neurochir Suppl.
2013;117:79-85.

Yu ZQ, Zhang BL, Ren QX, Changes in transcriptional
factor binding capacity resulting from promoter region
methylation induce aberrantlyhigh GDNF expression in
human glioma. Mol Neurobiol. 2013;48(3):571-580.

Xie BH, Xie YF. Twin PCRs: a simple and efficient method
for directional cloning of PCR products. World J Microbiol
Biotechnol. 2011;27(9):2223-2225.

Chou AK, Yang MC, Tsai HP, et al. Adenoviral-mediated
glial cell line-derived neurotrophic factor gene transfer has
a protective effect on sciatic nerve following
constriction-induced spinal cord injury. PLoS One. 2014;
9(3): €92264.

Kubota H, Wu X, Goodyear SM, et al. Glial cell line-derived
neurotrophic factor and endothelial cells promote
self-renewal of rabbit germ cells with spermatogonial stem
cell properties. FASEB J. 2011;25(8):2604-2614.

Savitt J, Singh D, Zhang C, et al. The in vivo response of
stem and other undifferentiated spermatogonia to the
reversible inhibition of glial cell line-derived neurotrophic
factor signaling in the adult. Stem Cells. 2012;30(4):
732-740.

May F, Buchner A, Schlenker B, et al. Schwann
cell-mediated delivery of glial cell line-derived neurotrophic
factor restores erectile function after cavernous nerve injury.
Int J Urol. 2013;20(3):344-348.

4681



Li BN, et al. Construction and identification of pIRES,-GDNF-VEGF g5 bicistronic eukaryotic expression vector

% www.CRTER.0rg

[24] Fletcher AM, Kowalczyk TH, Padegimas L, et al. Transgene
expression in the striatum following intracerebral injections
of DNA nanoparticles encoding for human glial cell
line-derived neurotrophic factor. Neuroscience. 2011; 194:

220-226.

1-10.

[27] Nowacka MM, Obuchowicz E. Vascular endothelial growth
factor (VEGF) and its role in the central nervous system: a
new element in the neurotrophic hypothesis of
antidepressant drug action. Neuropeptides. 2012; 46(1):

[25] Rodrigues DM, Li AY, Nair DG, et al. Glial cell line-derived [28] Luo H, Zhang Y, Zhang Z, et al. The protection of MSCs

neurotrophic factor is a key neurotrophin in the postnatal
enteric nervous system. Neurogastroenterol Motil. 2011;

23(2):e44-56.

glial cell line-derived neurotrophic factor (GDNF)

from apoptosis in nerve regeneration by TGF@1 through
reducing inflammation andpromoting VEGF-dependent

angiogenesis. Biomaterials. 2012;33(17):4277-4287.
[26] Xu P, Rosen KM, Hedstrom K, et al. Nerve injury induces [29] Mackenzie F, Ruhrberg C. Diverse roles for VEGF-A in the

nervous system. Development. 2012;139(8):1371-1380.

expression in Schwann cells throughpurinergic signaling [30] LiZ, Burns AR, Han L, et al. IL-17 and VEGF are necessary

and the PKC-PKD pathway. Glia. 2013;61(7):1029-1040.

for efficient corneal nerve regeneration. Am J Pathol. 2011;
178(3):1106-1116.

ARBREARIRIEHEERETFHME A RERET 165 WERE ERRIEH KR

HWESEE

HNE, DR, W, FERGES EFRAGHFRASER, Tha¥# T  453003)

Fhak, F, 1983 F4, ThAhH YT
A, Bk, 2011 B dRFRIEEFR
B, ¥, #HF, B EZNENZR
oIk IR 6 E A 58 9T 7 @R .

HHG—H: FIR, HYEFRAS
HEHRARFER, 445 F 453003
WAL RIad, 4 EFRAGHS
BARFER, ThEH ST 453003

XERR:

1 ERERNAYT H, BEE N 2 A BAT Y A
5 (3R 77 SE DRI 3 o) 77 AR i R N T
S AR R

2 SEBe N Al P pp 78 R R 1 R
M P A IR T 165 WU A s shd A
BT RN T IR B H A pIRES(A
A MAEE AV 1) R 5 SR R R A v R
M) J7 35k B # # T pIRES,-GDNF-
VEGF 165 M R LR IE A

FKHEiR:

HRREE: NN TR T4
HRKT: MBS ATF166; A%
TGN LR ETIANT 1T FE 53
X PCR

B

JSENIR PR B TR AT 75 P 1% 2
KT #EEFEZE: R TR

E& &8

VN A A
(ZD2011-16); /B H BT FI 1A
Gy I H(13A180850)

B NI I A 28 R A T (glial

cell line - derived neurotrophic factor,
GDNF) #1 1. % P & & K I+ 165
(vascular endothelial growth factor 165,
VEGF 165)7E 40 f oAb ik Fit v S 24
B Ry . Mg W E IR Bk
PIRES,;-GDNF-VEGF 1g5 I HAEAT 4 5E o
Fik: KA PCR M ASE A% 4
JRLFFIBELAIZH DNA H 3RO IS 5t 4 it i e
PR TR IR AR, AR5 R Ao 4t e st
M2 E RN 7 cDNA i Bisi A
PIRES,-EGFP £ Wi [% i s 14 £ Jil b
pIRES,-GDNF-EGFP. AL A 24K
K7 165 cDNA Ji Boidid X PCR 177
M pIRES,-VEGF6s-EGFP J3 i H 3k
I, BB P B A KR 165 cDNA
OB LB # EGFP 7 X A
pIRES,-BDNF-EGFP 1, fJattnkh
T H R X B A BB N AL A (IRES) 1
PIRES;-GDNF-VEGF 165 XU AL IR 1k %
Ao FBREXUEELIAT DNA I 7 ot Hi
SE % T A IR U DA 3 SRk o s
HEK293 4 iu , # H RT-PCR 5
Western-blot /7 VA5 I XU K [ R TE
HER54518: DNA WT TR, 1RHUM AR
JTUAN M5 1 P 2 38 % DS R A P R AR
KN 165 2 5 BN FEAR I 7P 51— 2,
o1 U 51 636 bp Fl1 576 bp. 1
7] plRES,-GDNF-VEGF 165 S I L 32
ik #ik 2 Bgl l/Bam HI V) GDNF %35,
% Bam HI/Not | W B Y] J5 ¥l
IRES-VEGF 165 J1Bt, £ Bgl Il/Not | XU
YIJa ) GDNF-IRES-VEGF1e5 H B .
RT-PCR 5 Western-blot J7 4l i 7,
WG JS, HEK293 4 iuly e kil A

P.O. Box 10002, Shenyang

& S5 A0 a8 4 Aot 227 % TR 7 R ML A P 0
KR T 165 mRNA FIEE 1o 60 5256 15k
RS T B3Rk N AN R PR Ik ph 278
FER TR P B A KR T 165 XL
N B AZ R B A

1EE T % —FSdaEH i
AT, FIe FE. HIELRIT LT
LS 5FE, HetEH B i ey 52
A BB AT

FzsiHSE RAR I BAEAT)” KBAAR
REZREMZFEEEBERNENZ
FRAN BB,

PRHEESR: (B AR SRS B 3k
PULFEH R B AL E LR &P,

FAAKE hERNEEKET 165-
Ry ART EME G, AR T od
R 4m e B ) R 4mRIE AE, 38 e
F il E .

TEEFERG: 3 & HhRAMESR, RAVE
215, LBRELFEFF, NEK
HIEEE, XTAA.

5SS R318 Uk RIG: B
L HE G 2095-4344(2014)29-04675-08

Wi, TR, MR, FER. AR
U Y5 A 25 SR TR TR A 7 AR R T
165 XUHER FLAZ R IR BAR (M 5 % ],
oo 4l T OREWE 5, 2014, 18(29):
4675-4682.

(Edited by Wang J, Yang Y)

110180 www.CRTER.org



