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ABSTRACT Objective: Using a simple and efficient method to construct a bi-cistronic eukaryotic expression vector
pIRES2-GDNF-NT-3. Methods: GDNF and NT-3 genes were obtained from the genomic DNA of human peripheral blood mononuclear
cells by PCR. The GDNF cDNA fragment was inserted into the multiple cloning sites of pIRES2-EGFP to generate the bi-cistronic
eukaryotic expression plasmid pIRES2-GDNF-EGFP. Then NT-3 ¢cDNA fragment was cloned into the pIRES2-GDNF-EGFP instead of
EGFP creating plasmid pIRES2-GDNF-NT-3. Results: GDNF and NT-3 genes were cloned; the DNA sequencing analysis demonstrated

that the GDNF and NT-3 were exactly consistent with the sequence recorded in GenBank. Restriction analysis indicated that GDNF and

NT-3 genes were inserted expression vector pIRES2-EGFP correctly. Conclusions: The GDNF and NT-3 co-expression plasmid is successfully

constructed. It provides a novel expression system, which makes it possible to further study on the functions of GDNF and NT-3 genes.
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Injury to the adult mammalian spinal cord results in extensive
axonal degeneration, variable amounts of neuronal loss, and often
severe functional deficits . Restoration of controlled function de-
pends on regeneration of these axons through an injury site and the
formation of functional synaptic connections . One strategy that
has emerged for promoting axonal regeneration after spinal cord
injury is the implantation of stem cells into sites of spinal cord in-
jury to support and guide axonal growth. Further, more recent ex-
periments have shown that neurotrophic factors can also promote
axonal growth, and, when combined with stem cell grafts, can fur-
ther amplify axonal extension after injury . Continued preclinical
development of these approaches to neural repair may ultimately
generate strategies that could be tested in human injury.

Mesenchymal stem cells (MSCs) have been considered as a
good source of stem cells due to tremendous self-renewal and mul-
ti-lineage differentiation potential ®!, Some curative effects have
been made in animal experiments using MSCs to treat ischemic
brain injury. Human bone marrow cells have a long history in the
treatment of hematologic diseases ”. Moreover, non-hematopoietic
stem cells, such as mesenchymal stem cells (MSCs), can differen-
tiate into mature osteocytes, chondrocytes, and adipocytes®. Some
have found that bone marrow cells (BMCs) differentiate into ma-
ture neurons or glial cells when induced under experimental condi-
tions ). These findings raised the possibility of applying BMCs
therapeutically in patients with neurological diseases, which would
also obviate ethical problems in the use of embryonic stem cells.

To enhance the proliferation and orientational differentiation
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ability of stem cells by gene modification is hot in tissue engineer-
ing. Glial cell line-derived neurotrophic factor, neurotrophin-3,
nerve growth factor and brain derived neurophic factor or the de-
rived scaffolds or vectors constructed based on these factors have
been widely used in experiment U and gradually applied in the
clinic. This study was to construct a bi-cistronic eukaryotic expres-
sion vector pIRES2-GDNF-NT-3 in a simple and and efficient
method which enable to further study on the functions of BDNF
and NT-3 genes.

1 Materials and Methods

1.1 Materials

pIRES2-EGFP (The Beijing Tian ENZE Gene Technology
Co., Ltd), Human peripheral blood mononuclear cells (Healthy
donors), Lipofectamine™ 2000(Invitrogen), T4 DNA ligase, Prime
STAR Max DNA Polymerase, Bglll, Small, Nofl, BstXI, restric-
tion enzyme, Total RNA extraction kit, Reverse transcription Kkit,
High-purity gel extraction kit, DNA marker(Takara Biotechnology
(Dalian)CO., LTD.)

1.2 Design of the primers

GDNF (NM _000514.3) and NT-3 gene sequence (GenBank
no.NM_002527) in Gene Bank served as the template was used to
design the primers.

Overlap-PCR, an efficient and rapid method, was used to
clone human glial cell derived neurotrophic factor (GDNF) gene
CDS (coding sequence) from genomic DNA. The procedure in-
cluded four primers and three-step PCRs. The Coding Sequence of
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human glial cell derived neurotrophic factor (GDNF) gene frag-
ment includes two exons (exonl+exon2). Two primer pairs were
desigedned to amplify GDNF-1 (exonl) Forward-primer is
5'-GAAGATCTATGAAGTTATGGGATGTCGTG-3' Bglll re-
striction enzyme cut site was added in this primer which is the out-
ermost primers in the upstream and the primer reverse is 5'-
TCTGGCATATTTGAGTCACTGCTCAG-3', Other two primer
pairs were designed to amplify the exon2 (GDNF-2). For-
ward-primer is 5-GAGCAGTGACTCAAATATGCCAGA-3' and
the primer reverse is 5-TTCCCGGGTCAGATACATCCACAC-
CTTT-3'; Small

primer which is the outermost primers in the downstream. The

restriction enzyme cut site was added in this

length of amplified fragment was 636 bp.

Two primer pairs were designed to amplify the human Neu-
rotrophin3  (NT-3). Forward-long primer (5'-AACCATGTC-
CATCTTGTTTTATGTGATATTTC-3") was 4 bases longer than
forward-short (5'-ATGTCCATCTTGTTTTATGTGATATTTCT
CGC-3") at the 5' end. So did primer reverse-long (5'-GGCCGCT-
CATGTTCTTCCGATTT-3') than reverse-short (5'-GCTCAT-
GTTCTTCCGATTTTTCTCGAC-3"). The underlined bases in
forward primers were introduced parts of sequence of BstXI site,
and in reverse primers of Nod site, which will be used to assemble
the BstXI and Nofl sticky ends, the length of amplified fragment
was 774 bp.

1.3 Construction of pIRES2—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 glial cell derived neu-
rotrophic factor gene CDS (coding sequence) from genomic DNA.
The procedure included four primers and three-step PCRs. human
glial cell derived neurotrophic factor gene consists of two exons
and the CDS contains 636 bps.

In the first step three PCRs were performed to generate ex-
(GDNF-1), exon2 (GDNF-2) that contained over-
lapped nucleotides and were used as the templates for second liga-
tion PCR.
(GDNF-1). Other two primer pairs were designed to amplify the
(GDNEF-2). Secondly, exonl ((GDNF-1) and exon2
(GDNF-2) were spliced together. Lastly, the two exons (GDNF-1

tended exonl

[Two primer pairs were desigedned to amplify exonl

exon2

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 ge-
nomic DNA. 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 WL PCR re-
action system was added, including the genomic DNA 0.5 pL
(10ng). 2 x Prime STAR Max DNA Polymerase 10pL,
RNase-Free Water 7.5 L, upstream primer and downstream
primer 2 pL. The reaction conditions were: 95 C for 5min, 98 C
for 10 seconds, 55 ‘C for 5 seconds, and 72 C for 5 seconds,

30cycles, finally, 72 ‘C maintained for 5 minutes. PCR product

was purified by the PCR Purification Kit, then the PCR product
and plasmid pIRES2-EGFP was cut by Bglll and Small. After di-
gested, 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, and including pIRES2-EGFP 2 pL, cD-
NA (GDNF) 8 pL, T4 DNA ligase 0.2 wL was added at 22 C for
30 minutes. The DNA fragment was translated into FE.coli
DH5a and placed on LB plate (kanr) at 37 C in incubator for 16
h. Monoclonal colony was picked up and shaken for 12-16 hours
at 37 'C with a speed of 225r/minutes. The plasmid was extracted
and identified by using Bg/ll and BamHI double enzyme diges-
tion. The recombinant plasmid pIRES2-GDNF-EGFP was ob-
tained.
1.4 Construction of pIRES2/ GDNF-NT-3

A simple and efficient method was developed for directional
cloning of PCR products without any restriction enzyme digestion
of the amplified sequence. Two pairs of primers were designed in
which parts of two restriction enzyme recognition sequences were
integrated, and the primers were used for two parallel PCRs. The
PCR products were mixed, heat denatured and re-annealed to gen-
erate hybridized DNA fragments bearing sticky ends compatible
with restriction enzymes. This method is particularly useful when
it is necessary to use a restriction enzyme but there is an additional
internal restriction site within the amplified sequence, or when
there are problems caused by end sensitivity of restriction en-
zymes.
1.4.1 PCR amplification of NT—3 Two paralle]l PCRs were
set up using either forward- long / reverse-long or for-
ward-short/reverse-short primer pairs, with the genomic DNA of
human peripheral blood mononuclear cells as templates. Both am-
plifications were subjected to 30 cycles of 94 C for 30's, 54 C for
30 s and 72 'C for Imin, followed by a 5 min extension at 72 C
using 2% Prime STAR Max DNA Polymerase. Another two paral-
lel PCRs were performed using EXTaq DNA polymerase. The ex-
pected DNA fragments in the four PCR products were purified
separately using DNA gel extraction kit and quantified by Nano
Drop 2000UV Vis Spectrophotometers.
1.4.2 Cloning of PCR products pIRES2-GDNF-EGFP was
digested with BstXI and Notl, followed by phenol: chloroform ex-
traction and ethanol precipitation. Meanwhile, each pooled NT-3
PCR products amplified with 2 x Prime STAR Max DNA Poly-
merase were mixed, denatured at 94 ‘C for 4 min and re-annealed
at 65 'C for 2 min. For a ligation reaction, the annealed NT-3 and
linearized pIRES2-GDNF-EGFP (molar ratio equal to 4:1) were
incubated with T4 DNA ligase at 16 C for 3 h. For TA cloning,
the two PCR products amplified by using EXTaq polymerase were
mixed equimolarly and used to ligate with pMD18-T according to
the manufacturer's instructions. The two ligation products were
used to transform Escherichia coli DH5a CaCl, competent cells
following standard method. Screening of the transformants was per
formed by BstXI plus Nod digestion following alkalinelysis plas-

mid preparation, and the recombinants were confirmed by DNA
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sequencing(Fig. 1).
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Fig. I Outline of twin PCR

Two parallel PCRs are performed, one with the forward-long
and reverse-short primers. The other with the forward-short and re-
verse-long primers. The two PCR products, molecule I and II, are
only different at the very ends as indicated. Equimolar of the two
PCR products are mixed, heat-denatured and re-annealed. Four
types of double-stranded DNA molecules with equal proportions
are generated via random complementary pairing. Two of them, I
and II, are blunt-ended and another two are sticky-ended. The
molecule III possess a 5' BstXI sticky end and a 3' Nol sticky end,
which allow the fragment to be cloned directionally into
pIRES2-GDNF-EGFP digested with BstXI and Nod.

1.5 In vitro transduction of HEK293 Cells

HEK?293 cells were maintained in Dulbecco's modified Essen-
tial Medium (DMEM) containing 10% newborn bovine serum and
100 wg/ml penicillin/streptomycin. Cells were maintained in a hu-
midified 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%
10°cells/well in a 6-well tissue culture plate and cultured for 24 h
to 60-80% confluence. HEK293 Cells were either mock infected or
infected with the pIRES2-EGFP, pIRES2-GDNF/EGFP, and
PIRES2-GDNF/NT-3 three vectors using Lipofectamine™ 2000 re-
spectively for 2 h at 37 'C at 5 ug per well. Two hours later the
transfection medium was removed, and fresh complete growth
medium was added. Twenty-four hours post-transfection, Then
they were observed under the inverted fluorescent microscope.
Analysis of expression of the GDNF and NT-3 gene by RT-PCR.
To detect the GDNF and NT-3 mRNA expression levels in
HEK?293 cells which either mock infected or infected with the
pIRES2-EGFP, pIRES2-GDNF/EGFP, and pIRES2-GDNEF/NT-3
three vectors respectively 3 days later, the GDNF and NT-3 ex-
pression was primarily assessed by means of RT-PCR. The meth-
ods of extracting total RNA and reverse transcription were same as
the above. PCR amplification of these sequences from harvested
cDNAs used these primers: GDNF, primerl (forward), 5'-GAA-
GATCTATGAAGTTATGGGATGTCGTG-3' and pri- mer2 (e-

verse), 5'-TTCCCGGGTCAGATACATCCACACCTTT-3'. NT-3
(forward), 5'-AACCATGTCCATCTTGTTTTATGT-
GATATTTC-3'and primer4  (reverse), 5'-GGCCGCTCAT-
GTTCTTCCGATTT-3". B-Actin primer 5 (forward), 5'-AGC-
GGG AAATCGTGCGTGAC-3" and primer6 (reverse), 5'-CAA-
GAAA GGGTGTAACGCAACTA-3".

1.6 Statistical analysis

primer3

Results expressed as meant SD were recorded from the five
experiments. The significance of differences was determined by

one-way analysis of variance(ANOVA).

2 Results

2.1 Amplification of GDNF and NT-3 genes

GDNF and NT-3 genes were obtained from the genomic
DNA of human peripheral blood mononuclear cells by PCR. The
size of GDNF gene was 636 bp, the size of NT-3 gene was 774 bp

(Fig. 2).
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Fig. 2 The amplification of NT-3 and GDNF

M is Marker, Number 1 is NT-3 (forward-short/reverse-long
primer pairs)gene, Number 2 is NT-3 (forward-long/reverse-short
primer pairs)gene. Number 3 is GDNF-1(exon 1) gene. Number 3
is GDNF-2 (exon 2) gene. Number 5 is GDNF (exonl+exon 2)
gene.

2.2 Identification of plasmid pIRES2—GDNF—-EGFP

The plasmid pIRES2-GDNF-EGFP was cut by Bglll and
BamHI double enzyme. A gene fragment with 744 bp was ob-
tained, which was in full agreed with GDNF gene(Fig. 3A).

2.3 Identification of plasmid pIRES2—GDNF-NT-3

The plasmid pIRES2-GDNF-NT-3 was cut by Bglll and
BamHI double enzyme. And a fragment about 744 bp would be
obtained. This indicated GDNF gene inserted into the plasmid
pIRES2-GDNF-NT-3. The sequence of the plasmid pIRES2-
GDNF-NT-3 was in accordance with gene sequence in Gene Bank
(Fig. 3B).

2.4 RT-PCR analysis the expression of GDNF and NT-3

To illustrate mRNA expression by pIRES2-EGFP,
pIRES2-GDNF/EGFP, and pIRES2-GDNF/NT-3 transduced
HEK293 cells; we evaluated the expression of GDNF and NT-3
by RT-PCR RT-PCR  was

GDNF-specific primers and the B-actin sequence as an internal

analysis. performed using



REYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol14 NO.31 NOV.2014

+ 6059 -

5000 bp —

1500 bp
1500 bp 3600 be
750 bp

1000 bp s

750 bp
500 bp

250 bp

250 bp 100 bp

100 bp

Fig. 3 A The identification of plasmid pIRES2-GDNF-EGFP. M is
Marker, Number 1 is pIRES2-GDNF-EGFP cut by Bglll and BamHI
double Enzyme
Fig. 3B The identification of plasmid pIRES2-GDNF-NT-3. M is Marker,
Number 1 is pIRES2-GDNF-NT-3 cut by Bglll and Nofl, Number 2 is
pIRES2-GDNF-NT-3 cut by Bglll and BamHI, Number 3 is
pIRES2-GDNF -NT-3 cut by BamHI and Nofl

»
=

1 2 3 4

o

C

Rolutive band intensi ty

ol g
CREOWHIE®®

=)
—
o
o
£

NT-3

Relative band intensity

B-Actin

Fig.4 A,B RT-PCR analysis of GDNF expression. GDNF (636bp),
B-actin (551bp). A Lanel, NO transduced HEK293 cells; lane2, GFP
Transduced HEK293 cells; lane 3, GDNF transduced HEK293 cells; lane
4, GDNF/NT-3 transduced HEK293 cells. B The mRNA expression level.
The correspondence OD ratio of GDNF/B-actin. Data are mean + SD
(n=3). Compared with NO transduced or transduced by pIRES2-EGFP,
*P<0.01.

C, D RT-PCR analysis of NT-3 expression. NT-3 (774bp), B-actin
(551bp)

C Lane 1, NO transduced HEK293 cells; lane 2, GFP transduced HEK293
cells; Lane 3, GDNF transduced HEK293 cells; lane 4,
GDNF/NT-3 transduced HEK293 cells. D The mRNA expression level.
The correspondence OD ratio of NT-3/@-actin. Data are mean = SD(n=3).
Compared with NO transduced HEK293 cells or transduced by
pIRES2-EGFP.*P<0.01

standard. GFP expression was monitored in pIRES2-EGFP and
pIRES2-GDNF/ EGFP transduced HEK293 cells by inverted
fluorescence microscopy. Expression of GDNF mRNA was higher
in either pIRES2-GDNF/EGFP or pIRES2-GDNF/NT-3 transduc-
ed HEK293 cells than that pIRES2-EGFP transduced HEK293
cells or negative control (Figd. A, B). As shown above. Expression
of NT-3 mRNA was higher in pIRES2-GDNF/NT-3- transduced
HEK293 cells than the other three (Fig. 4 C, D). These results
demonstrated that the GDNF and NT-3 had been introduced
successfully into HEK293 cells by pIRES2-GDNF/ EGFP and
pIRES2-GDNF/NT-3. After the HEK293 cells were transduced by

pIRES2-GDNF/EGFP, we passaged them continually and then
monitored the mean percentage of expression of GFP under
in GFP

fluorescence, illustrating the maintenance of transgenic expression

fluorescence microscopy, there was no decrease

in the transduced cells.

Table I Summary of cloning efficiencies using twin PCR and TA cloning

percent
Vector * Insert Colonies® =~
with insertc
Linear PrimeSTARMax-am-
149 85
pIRES2-GDNF-EGFP plified NT-3
pMD18-T ExTaq-amplified NT-3 76 99
Circular
pIRES2-GDNF-EGFP —_— 428 —_—
(1 ng)

Note: a Equimolar pMD18-T and BstX/Not I cleaved pIRES2-GDNF-
EGFP; b Only white colonies were recorded in TA cloning; ¢ 20 colonies

from each transformation were randomly selected for analysis.

3 Discussion

To improve the cloning efficiency and simplify the cloning
procedure, we developed twin PCR to create insert DNA with sin-
gle-stranded overhangs at the ends which were complimentary to
restriction enzyme digested vector . As shown in Fig.1, PCR
products reassembled via complimentary pairing after heat-dena-
turing and re-annealing. Four types of molecules with equal pro-
portions were created, two of which were blunt-ended and another
two were sticky-ended. Theoretically, half of the sticky-ended
products are suitable for a certain ligation. In practice, when the
re-annealed mixture was used to ligate with prelinearized
PIRES2-GDNF-EGFP and transform DH5a, 149 colonies were ob-
tained with 85% of the screened colonies containing the correct
NT-3 insert (Table.1). Admittedly, only 25% re-annealed products
could be inserted into linear vector, which means more PCR prod-
ucts will be needed for the twin PCR approach than TA cloning.
But the absolute quantity of the insert required for a twin PCR is
easy to get by standard PCR, and the cloning efficiency for those
joinable DNA fragments is higher than that of TA cloning. If PEG
was used in the ligation reaction like TA cloning, the cloning effi-
ciency is likely to be improved. Using twin PCR strategy, hy-
bridized PCR products flanked with all kinds of sticky ends that
are compatible with almost all restriction enzymes can be generat-
ed based solely on primer designing and PCR amplification. For
example, if the introduced deoxynucleotides dC and dGGCCGC at
the 5' end of two reverse primers were replaced by dG and dAAC-
CATG separately, and the two parallel PCRs were performed us-
ing either forward-long/reverse-long or forward-short/reverse-short

primer sets. After heat-denaturing and re-annealing treatment, 25%
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products would be 5' over hanged at the upstream and 3’ over
hanged at the downstream, which could be inserted into
pIRES2-GDNF-EGFP at the BstXI and Not I sites. Since no re-
striction enzyme digestion is required for the PCR products, twin
PCR overcomes the problems caused by end sensitivity of restric-
tion enzymes, and the internal restriction sites within the amplified
sequences will not limit the selection of cloning sites. This is par-
ticularly useful for cloning long PCR products, which have more
opportunities to contain kinds of restriction enzymes sites.

In this NT-3 was
pIRES2-GDNF- EGFP at the BstXI and Not]I sites, despite the ex-

iting BstXI site within its coding sequence (Data not shown).

article, directly inserted into

Moreover, those more efficient and economical enzymes, such as
BstXI and Notl, could always be chosen for vector digestion. It is
not any longer necessary to buy so many Kinds of restriction en-
zymes for cloning. Meanwhile, our cloning method has other ad-
vantages. It is so simple that the whole procedure, including PCR,
enzyme digestion, ligation and transformation could be completed
in 8h, leading to the substantial saving in time, cost and labor. In
addition, interested inserts are amplified using proof-reading DNA
polymerases, which provide a faithful guarantee for the PCR prod-
ucts. These advantages make it a universal technique for the direc-
tional cloning of PCR products.

Mesenchymal stem cells (MSCs) are a population of self-re-
newing, multipotent cells that are able to differentiate along sever-
al committed phenotypes including osteogenic, chrondogenic, adi-
pogenic lineages in response to stimulation by multiple environ-
mental factor. Many cytokines and transcription factors play an
important role in this procedure 2.

The present study investigated neuroprotective effects of glial
cell line-derived neurotrophic factor (GDNF), a distant member of
the transforming growth factor-beta (TGF-beta) superfamily, fol-
lowing moderate contusive spinal cord injury (SCI) in adult rats!".
Glial cell line-derived neurotrophic factor (GDNF), which has
been demonstrated to be the most potent neurotrophic factor for
the proliferation, differentiation, and survival of spinal motoneu-
rons, exhibits very good therapeutic potential for ALS!™., Systemic
administration of GDNF as are combinant protein to ALS patients,
however, is not beneficial, because of its short plasma half-life and
poor access to motoneurons on the one hand, and, on the other
hand, because of its severe side effects that prevent its administra-
tion at an adequate dose ™. If ways that make continuous and mo-
toneuron-confined delivery of GDNF possible are established, the
disadvantages of its systemic administration will be overcome.
Gene therapy involving the injection of a vector encoding a gene
for GDNF into skeletal muscles will be a good candidate for such
a method ¥ Following dorsal root injury, GDNF proved to be the
most effective neurotrophic factor in stimulating axonal growth

across the dorsal root entry zone into the spinal cord white matter

7 GDNF-transduced mesenchymal stem cells, grafted into a
spinal cord dorsal hemi-lesion site, also greatly enhanced sensory
axon growth 18,

To date, NT-3 is the only neurotrophic factor that has been i-
dentified to promote the growth of corticospinal axons after spinal
cord injury . When delivered as a single injection into the le-
sioned spinal cord, NT-3 promoted sprouting of corticospinal ax-
ons !, When delivered to the spinal cord using a continuous ex vi-
vo gene delivery approach, NT-3 promoted the growth of corti-
cospinal axons and achieved partial functional recovery P'. In an-
other study, a continuous infusion of NT-3 into the dorsal spinal
cord was reported to promote the growth of sensory axons from a
peripheral nerve graft into the dorsal column white matter . Also,
infusion of NT-3 into the intrathecal space promoted regeneration
of dorsal column sensory axons into and beyond a site of spinal
cord injury . Thus, a variety of axonal populations of the spinal
cord respond to neurotrophic factors. The elucidation of specific
patterns of sensitivity will allow the design of rational strategies
for promoting more extensive axonal growth in the context of in-
jury and degeneration.

In this study, the GDNF and NT-3 genes were inserted into a
bicistronic eukaryotic expression vector. The plasmid pIRES2-
GDNF-NT-3 was constructed successfully. The plasmid would be
transfected into Mesenchymal stem cells in the next experiment
and the GDNF and NT-3 genes would express in the cells, it is
possible that combined gene therapy of both genes might have
more significant effects on neuron regeneration than single gene
alone.
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