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Transfer and Expression of VEGF Gene in Neural
Stem Cells
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Abstract: Objective. To construct retroviral vector containing vascular endothelial growth factor (VEGF) and ob-
serve its expre.'Ssionin rat neural stem cells. Methods. The recombinant retroviral vector pLXSN- VEGF containing
VEGF gene was established and transferred to packaging cellline-pA317 to acquair virus. The titer was calculated
by infection of NIH3T3 cells, then the recombinant virus was to infect neural stem cells (NSCs) isolated from the
whole brain of embryonic day 14 (E14) SD rats. Transduced cells were cloned in G418 and expanded for analysis of
VEGF transgene expression, VEGF mRNA, VEGF expression and its expression curve were detected and worked
by using RT-PCR, immunocytochemistry and enzyme-linked immunosorbent assay (ELISA), respectively. Re-
sults. Retroviral vector pLXSN-VEGF was successfully established and it was proved by enzyme cutting and se-

quence analysis. The titer of retrovirus was determined to be 6.5 X 105 CFU/ml. RT-PCR and immunochemistry
verified the expression of VEGF in neural stem cells. The peak of VEGF expre.'SSionwas showed 6-8 days after
transfection by ELISA. Conclusion. Retroviral vector containing VEGF were successfully constructed. VEGF gene
can be stably expressed in rat neural stem cells. [Life Science Journal. 2006; 3 (2): 50 - 54] (ISSN: 1097-
8135) .
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Abbreviations: NSC: neural stem cell; VEGF: vascular endothelial growth factor
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1 Introduction

~

Neural stem cells (NSCs) are the primary cell
element for generation and maintenance of nervous
system. Their essential biologic characteristics are:
undifferentiation, deficiency of differentiation sig-
nal, self-renewal, potency to differentiate into neu-

rons, oligodendrocyte and astrocyte[l]. NSCs may
provide for cell replacement or gene delivery vehi-

cles in neurodegenerative disease therapies[2], and
target delivery and expression of growth factor
transgenes such as vascular endothelial growth fac-

tor (VEGF) in NSCs to construct genetic engineer-

ing[3]. NSCs is an important direction in gene ther-
apy of nervous system disease. The secreted glyco-
protein VEGF is a potent and specific mitogen for
vascular endothelial cells that is capable of stimulat-
ing angiogenesis during embryonic development and

adult neurogenesis in vivo[4]. It has been reported
that VEGF stimulated the expansion of neural stem
cells. VEGF also acts as a trophic factor for neural
stem cells in vitro and for sustained neurogenesis in

the adult nervous system[5]. This experiment plans

to construct a retroviral vector containing VEGF
gene, transfer the gene into NSCs and detect the
expression of it; and to provide experimental evi-
dence for transgenic neural stem cell transplantation
therapy of neurodegenerative diseases.
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2 Materials and Methods
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2. 1 Materials
The plasmid pcDNA3. 1-VEGF containsa cDNA

copy ofthe human VEGF gene, constructedin our lab-
oratory using a pcDNA3.1 plasmid backbone (Invitro-
gen, Carlsbad, CA, USA). Pregnant SD rats were of-
fered by Experimental Animal Center of Henan
Province of China (Zhengzhou, China) . Main
reagents: restrictionendonucleaseEcoRI and Xfw I, T4
DNA Ligase (TaKaRa); retroviral vector pLXSN
(clontech); E. coli JM109 ( TaKaRa); plasmid
miniprep kit, Agarose Gel DNA fragment recovery
kit, DNA extraction kit (Watson Biotechnologies,
INC); Lipofecti:lmine2000 Liposome, B27, bFGF
( Invitrogen ); DMEM/F12, FBS (Hyclone);
Nestin antibody, VEGF antibody (Boster).
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2.2 Methods

2.2.1 Constuction of recombinant V!ectorpLXSN-
VEGF: According to compatible restriction sites in
pcDNA 3. 1-VEGF and pLXSN, EcoR I and Xho I
were to digest the plasmid pcDNA 3. 1-VEGF and
pLXSN. Agarose electrophoresis and gel extraction
were performed to acquire VEGF cDNA fragment
and digeste pLXSN, then T4 DNA ligase was used
to connect cDNA and plasmid (ratio: 3: 1). After
16 h reaction, ligation mixture was transformed in-
to E. coli ]M109, and 6 separate colonies were
harvested next day. After propagation plasmids
were extracted to perform restriction analysis to i-
dentify the construction.
2. 2. 2 Packaging virus and determining viral
titer: The procedures were performed following the

User Manual[6]. Briefly, 5 xI05 PA317 packaging
cells>lwere seeded on 35 mm culture dish and cul-

tured in 37"C, 5 % C(h incubator for 18 h. When

cells grew to 75% confluence, removed the cul-
ture, rinsed the cells with serum-free medium,
used Lipofectamin to mediate recombinant plasmid
transfecting pA317 packaging cells: 2 [J-g plasmid
and 10 [J-L Lipofectamin diluted to 100 [J-L with
serum-free and antibody-free DMEM, and slightly
mixed together. The mixture were tiled to the lay-
er of pA317 cells, placed in 37"C , 5 % CO2 incuba-
tor for 15 h. Next added 1 mL DMEM containing
20% FBS into it, and next day replaced the culture
with normal solution. After 48 h, began screening
using culture solution containing 800 mg/L G418.
This process lasted for 3 weeks. Placed NIH 3T3

cells in 6-well plates at a density ,of O. 5 ~ 1 X 105
cells per well. Add 2 mL medium per well. Prepare
20 mL of complete medium and added 60 [J-lof 4
mg/ml polybrene. Collect virus-containing medium
from packaging cells. Prepare six 10-fold serial di-
lutions. Infected NIH 3T3 cells by adding 1 mL of
the diluted virus medium to the wells. Final poly-
brene cC)llcentration will be 4 [J-g/ml. The viral titer
correspo~ded to the number of colonies present at
the highest dilution that contains colonies, multi-
plied by the dilution factor.
2.2. 3 Rat embryonic NSCs isolating culture and
identification: NSCs were isolated from embryonic

mice (day 16 ~ 18) essentially as described[7].
Briefly, embryonic brain was cleared of meninges,
then separated the whole brain, rinsed with HESS
solution and sheared to small tissue pieces, digested
with O. 125 % pancreatic enzyme at 37 "C water
bath. Filtered and centrifuged, removed super-
natant, cultured by DMEM/F12 containing 2 %
Bn, EGF (20 ng/ml), bFGF (20 ng/ml).
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Changed the liquid every 3 to 4 days and proliferat-
ed every 7 days. Limiting dilution assay was used
to prepare monoclonal cell, immunocytochemistry
was used to identify Nestin expression in NSCs.
DMEM/F12 with 5 % FBS was to induce NSCs
differentiation. Immunocytochemistry was used to
identify MAP2, GFAP expression in differentiated
cells.
2. 2. 4 Infecting NSCs: Secondary generation neu-
rospheres were separated into two sets: one was
added with virus, and the other was treated with
an insert-free virus as control cells. All were infect-
ed at a multiplicity of infection and cultured for
20 h. Transduced cells were cloned in G418 (200
[J-g/ml) and expand~d for analysis of VEGF trans-
gene expression. Immunocytochemistry was used to
identify Nestin expression in transgenic NSCs;
DMEM/F12 containing 5% FBS was used to in-
duce NSCs differentiation and immunocytoche-
mistry was used to identify MAP2, GFAP expres-
sion in differentiated cells.
2.2.5 RT-PCR: Total RNA was isolated from
transgenic NSCs according to the protocol recom-
mended by the manufacturer (TRI reagent; Sig-
ma, USA), then a One-Step RT-PCR kit was used
to amplify VEGF cDNA fragment. Samples were
treated for 30 min at 56'C, then 5 min at 94 'c and
then 30 cycles of amplification were performed as
follows: 45 sec at 94'C, followed by 45 sec at the
annealing temperature, and 90 sec at 72'C, with
final extension at 72'C for 10 min. Forward primer
( 5' -GCAAATGGGCGGT AGGCGTG-3') and the
reverse primer (5' -ATA GGA TCC TCA CCG
CCT CGGCTT-3') amplified a 570-bp pLXSN:
VEGF specific gene transcript. ~-actin transcripts
were amplified from each RNA sample with ~-
actin-specific primers (upstream: 5' - TACAA
CCTCC TTGCA GCTCC-3', downstream: 5'-
GGATC TTCAT GAGGT AGTCA GTC-3') used
as an internal control (620 bp). The RT-PCR am-
plification products were gel electrophoresed,
stained with ethidium bromide.
2.2. 6 Immunocytochemistry: Transgenic NSCs
were fixed in 4 % formaldehyde and the membrane
was ruptured with 0.1 % Triton for 10 min. After
blocking cells for 30 min in diluent containing 10%
goat serum, samples were incubated with primary
antibodies overnight at 4' C. After rewarmed and
rinsed biotinylated goat anti-mouse IgG was added,
rinsed with PBS, added with SABC, rinsed with
PBS again and stained with DAB. After stained
with hematoxylin and alcoholic dehydrating and
mounting, the samples were observed by light mi-
croscope. NSCs treated with an insert-free virus
were as control cells.
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MAP-2 positive expression and GFAP positive cells
(Figures 3, 4 ) .
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2. 2. 7 Enzyme- Linked Immunosorbent Assay
(ELISA) :The supernatant of transgenic NSCs was
collected and ELISA was performed as User Man-
nal described. According to the experimental data,
curve of VEGF secretion state at different time was
drawn.

3 Results

3.1 Restriction analysis and ~uencing of pLXSN-
VEGF

pLXSN-VEGF was digested by EcoR I and
Xho I, then Agarose electrophoresis was per-
formed. The results showed a 570 bp product and a
6, 000 bp product, corresponding to VEGF and
pLXSN. Linker region and VEGF cDNA were se-
quenced. There were no mutations generated from
the plasmid construction, and the VEGF gene re-
mained in frame.
3.2 Viral titer

After infected by retroviral, NIH 3T3 cells
formed resistant cell colony after 3 weeks under the
selective medium. The average viral titer was 6. 5
X 105 cfu/ml, the highest was 1. 8 X 106 cfu/ml.
3.3 Rat embryonic NSCs identification

Cells obtained from embryonic rats grew in
suspension in DMEM/F12 and showed propagation
manifest (Figure 1). The third generation of NSCs
were fixed 2 hours after adherence, and most ex-
pressed the neuron specific protein Nestin. After.
differentiation the astrocyte marker GFAP and neu-
ron marker MAP2 were expressed.

Figure 1. Neural stem cell globe ( x 400)
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3.4 Infection of NSCs

Transgenic NSCs still remained in undifferen-
tiated state. Immunocytochemistry results showed
that the transgenic NSCs expressed the neuron spe-
cific protein Nestin (Figure 2). 7 days after adher-
ence, most cell colonies differentiated into neurons,
astrocytes and oligodendrocyte of typical shape.
Immunocytochemistry showed that there were
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Figure 2. The positive expression of nestin antigen ( x 400)
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Figure 3. Identification of the expression of MAP-2 in glial cells
by immunohistochemistry method ( x 400 ),.
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Figure 4. Identification of the expression of GFAP in neurons by
immunohistochemistry method ( x 400 )

3.5 RT-PeR and immunocytochemistry
RT-PCR studies verified transgenic VEGF

mRNA in transduced clones (Figure 5), immuno-
cytochemistry showed that the transgenic NSCs ex-
pressed VEGF protein (Figure 6), and NSCs treat-
ed with an insert-free virus were VEGF negtive.
3.6 ELISA

After transfection, concentration of VEGF in
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supernatant gradually increased, and achieved peak
in 6 - 8 days, then graduallydescendeduntil stabi-
lization (Figure 7). The expression was maintained
for at least 1 month (the last time point tested).
After freeze-thaw, the transgenic NSCs were still
able to stably secrete VEGF. In contrast, normal
NSCs 'kept to secrete VEGF at a lower level.
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Figure 5. Identification of the expression of VEGF gene in trans-
genic neural stem cells by immunohistochernistry( X 400 )
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Figure 6. RT-PCR result of transgenic neural stem cells.
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Figure 7. VEGF expression curve determined by ELISA

4 Discussion

NSCs are considered a heterogeneous popula-

tion of mitotically active, self-renewing, multipo-

tent, immature progenitor cells[4], making them u-
niquely situated to restore nervous system and ther-
apy of nervous degenerating diseases. They may al-
so present an ideal route for cell-mediated gene
therapy as well as offer new possibilities for the re-

placement of neurons lost by injury or disease[8].
VEGF is a potent and specific mitogen for vas-

cular endothelial cells. Anne has reported that hy-

poxia induced VEGF expression in clonally-derived
adult rat neural stem cells in vitro, and low dosage
of VEGF (2.4 ng/d) could stimulate adult neuro- .
genesis in vivo[5]. He observed that VEGF could
r.educe neural stem cells apoptosis without altering
its proliferation. This suggests that VEGF has sur-

vival promoting effect in neural progenitor cells[9] .
We propose that VEGF acts as a trophic factor for
neural stem cells in vitro and for sustained neuro-

genesis in the adult nervous system. The long-term
and stable expression of VEGF by NSCs through
retrovirus mediated gene transfer would enhance
the concentration of VEGF maybe useful for the
therapy of neurodegenerative diseases.

Retroviral gene transfer can efficiently intro-
duce stable, heritable genetic material into the
genome of any dividing cell type. pLXSN contains
elements derived from Moloney murine leukemia
virus (MoMuL V) and Moloney murine sarcoma
virus (MoM uS V), and is designed for retroviral

gene delivery and expression[lO]. Upon transfe~tion
into a packaging cell line, pLXSN can transiently
express, or integrate and stably express, a tran-
script containing viral packaging signal, the gene of
interest, and a selectable marker. The 5' viral LTR
in this vector contains promoter/enhancer se-

quences that control expression of the gene of inter-
est in the multiple cloning site. The SV40 early
promoter (PSV40e) controls the expression of the

neomycin resistance gene (Neor), which allows an-
tibiotic selection in eukaryotic cells. pLXSN also
includes the Col E1 origin of replication and E.

coli Ampr gene for propagation and antibiotic selec-
tion in bacteria.

pLXSN does not contain the structural genes
(gag, pol, and en v) necessary for particle forma-
tion and replication. However, these genes are sta-
bly integrated into pA317 packaging cells. Subse-
quent introduction of pLXSN, containing the ex-
tended viral packaging signal (psi), transcription
and processing elements, and the gene of interest

. 53 .
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produces high-titer, replication incompetent infec-
tious virus. That is, these retroviral particles can
infect target cells and transmit the gene of interest
(which is cloned between the viral LTR se-

quences), but cannot replicate within these cells
since the cells lack the viral structural genes. Trans-
fonning NIH3T3 cells showed the average viral

titer was 6. 5 X 105 du/ml, in which the highest
was 1.8 X 106 du/ml.

After transfection of NSCs, we detected the

VEGF concentration every 3 days. The data
showed peak of VEGF concentration was on the
6th - 8th day, then descended slightly, and
reached its stabilization. After freeze-thaw, the

transgenic NSCs were still able to stably secrete
VEGF.

In this experiment, VEGF gene stably ex-
pressed in NSCs and the transfected NSCs still
maintained its multi potency and self-renewal.
These results hold promise for the use of genetically
manipulated stem cells for CNS therapies.
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