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Abstract

Background: Introduction of therapeutic genes into the injured site of nervous system can be achieved using transplantation
of cellular vehicles containing desired gene. To transfer exogenous genes into the cellular vehicles, lentiviral vectors are one of
interested vectors because of advantages such high transduction efficiency of dividing and non-dividing cells. Unrestricted somatic
stem cells are subclasses of umbilical cord blood derived stem cells which are appreciate candidates to use as cellular vehicles for
ex vivo gene therapy of nervous system.
Objectives: In current study we investigated the effect of lentiviral vector transduction on the neuronal related features of unre-
stricted somatic stem cells to indicate the probable and unwanted changes related to transduction procedure.
Materials andMethods: In this experimental study, lentiviral vector containing green fluorescent protein (GFP) were transduced
into unrestricted somatic stem cells and its effect was investigated with using MTT assay, qPCR and immunohistochemistry tech-
niques. For statistical comparison of real time PCR results, REST software (2009, Qiagen) was used.
Results: Obtained results showed lentiviral vector transduction did not have cytotoxic effects on unrestricted somatic stem cells
and did not change neuronal differentiation capacity of them as well the expression of some neuronal related genes and preserved
them in multilineage situation.
Conclusions: In conclusion, we suggested that lentiviral vectors could be proper vectors to transfer therapeutic gene into unre-
stricted somatic stem cells to provide a cellular vehicle for ex vivo gene therapy of nervous system disorders.
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1. Background

Systematically delivery of pharmacologic agents into
central nervous system, not only often have transient effi-
cacy and produce undesirable side effects but also blood
barrier is a major limitation for it [1]. In recent years,
gene therapy has been one of promising therapeutic pro-
cedures that has resolved some of challenges related to the
treatment of neurological injuries and several pre-clinical
and clinical attempts have been done in different neuro-
logical disorders [2]. The most significant problem for in
vivo gene therapy of nervous system is the introduction of
exogenous nucleic acid into the targeted cells. In neurode-
generative conditions the expression of cell receptors or
other factors required for gene delivery into the cell may
be affected by disorder that may lead to decrease the effi-
ciency of gene delivery; also damaged cells will have high
rate of death after genetically manipulation procedures [3,

4].

To overcome such problems, ex vivo gene therapy and
grafting of genetically modified, may be preferable to in
vivo gene therapy [5]. Ex vivo manipulation of cells can
provide opportunity to control different biological char-
acters such viability or immunogenicity of genetically en-
gineered cells to select more appreciate vehicle cells tis-
sue [6], as well as, to resolve problems related to unwanted
infection of host cells. For these purposes, different pri-
mary or stem cells could be used as cellular vehicles for
gene delivery [7]. For using in nervous system, selected
cells should have characters such compatibility, differen-
tiation potency into neural or glial cells or stability after
transplantation which lead to prevention of any interrup-
tion of structure or function of host tissue [5]; moreover,
transplanted cells should not stimulate immune system
and also not be tumorogenic in host tissue.

To transfer exogenous gene into such cellular vehicles,
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different vectors can be desired. Although non-viral vec-
tors are safer than viral vectors in the regard of immuno-
genicity, they cannot introduce exogenous gene into cells
permanently and they are not proper candidates for long-
term purposes [8]. Virus based vectors are potent vehicles
for gene transduction and easily penetrate cell and nucleus
membranes, leading to temporal or permanent gene in-
corporation in host genome depended on the kind of viral
vector [9]. Vectors derived from LV (Lentivirus), are capable
to integrate into both dividing and non-dividing cells that
is one of the most important features of them for gene de-
livery purposes and some clinical trials using them are un-
derway [10, 11]. Although their ability to integrate packaged
gene in host genome can lead to long-term expression of
desired gene, and resolve problems related for multiple
gene deliveries, their random insertion in host genome
may lead to changes in cell structure [12].

Recent study in our lab showed that USSCs (Unre-
stricted somatic stem cells) are appreciate candidate to use
as cellular vehicle for ex vivo gene therapy in nervous sys-
tem [13]. These multipotent stem cells, isolated and char-
acterized with Kogler et al. [14], have shown promising re-
sults to use in nervous system cell and gene therapy; they
have neuronal differentiation capacity [15] and have been
suggested to use as cellular vehicles for gene therapy with
different groups [16].

2. Objectives

One of challenges regarding use of lentiviral vectors
for gene manipulation purposes is their random inser-
tion that can lead to changes in host cell; considering this
subject, in current study we investigated the influence of
lentiviral transduction on the neuronal related characters
of USSCs as candidate to use as cellular vehicles for indicat-
ing the probable and unwanted changes related to trans-
duction procedure.

3. Materials andMethods

3.1. USSCs Isolation and Culture

In this experimental study, USSCs were isolated from
HUCB (human umbilical cord blood) and characterized
as described previously [17]. Briefly, the mononuclear
cell fraction of HUCB was separated by density centrifu-
gation over a Ficoll-Hypaque gradient (d = 1.077 g/mL,
Pharmacia-Amersham, Piscataway, USA). The mononuclear
cell suspension was plated in initiation medium con-
taining low-glucose Dulbecco’s Modified Eagle’s Medium
(DMEM), (Gibco, UK) supplemented with 30% fetal calf

serum (FCS) (Gibco, UK) , 10 - 7 M dexamethasone (Sigma-
Aldrich, USA) and 1% streptomycine-penicilin (Gibco, USA).
After 15 - 20 days, USSC colonies were detached with 0.25%
Trypsin-EDTA (Gibco, UK) and cultured in DMEM medium
supplemented with 15% fetal bovine serum (FBS) (Gibco,
UK) and 1% streptomycine-peniciline in a humidified atmo-
sphere of 95% air and 5% CO2 at 37ºC. Isolated USSCs were
characterized using flow cytometry and multilineage ca-
pacity for differentiation into cells of the three germ line
layers.

3.2. Construction of Transfer Vector and Virus Production

The lentiviral vector containing GFP expression cas-
sette was kindly gifted by Jalali et al. from Stony Brook uni-
versity [13], USA and lentiviral packaging plasmids, psPAX2
and pMD2.G, were obtained from Addgene company. Virus
production was done using transfection reagent lipofec-
tamin 2000 (Invitrogen, UK). Briefly, 4 × 106 293T cells
(Pasteur, Iran) were plated in 10 cm2 plate in 10 mL of the
DMEM medium and transfected following day with 20 µg
transgene plasmid, 6 µg pMD2G plasmid, 15 µg psPAX2
plasmid and 800 µL lipofectamin 2000 (Invitrogen, UK).
Medium was removed around 6 - 7 hours post-transfection
and 10 mL of fresh pre-heated medium was replaced. The
virus contained supernatants were collected at 24, 36 and
48 hours post transfection and lentiviral stocks, filtered
through 0.45 mm filters and concentrated by ultracen-
trifuge (Sigma 3-30 K, USA) in 40000 rpm for 2.5 hours. The
titers of different lentiviral stocks generated in this study
were determined by FACS and the percentage of green flu-
orescent cells was determined by Win MDI 2.8 software.

3.3. Cell Transduction

For cell infection, USSCs were plated in 24 well plates
and 24 hours after plating, cell medium was harvested and
300 µL medium containing adequate virus particles and
8 µg/mL polybrene (Sigma-Aldrich, USA) was replaced; 16
hours after cell transduction, supernant medium was col-
lected and replaced by ordinary culture medium; the effi-
ciency of transduction was measured after 72 hours on the
basis of the percentage of GPF expressing cells under the
fluorescent microscopy observation.

3.4. Cell Viability Assay

To assay the viability of transduced USSCs, the (3-(4,
5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide)
MTT assay was performed as described by ATCC protocol.
Briefly, 105/mL cells were plated in each well of 96 well and
24 hour after incubation 10 µL MTT reagent (Sigma, USA)
was added to each well. Four hours after incubation in
darkness, 100 µL DMSO (Dimethyl sulfoxide) (Sigma, USA)
was added to each well and absorbance was red at 570 nm.
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3.5. Real-Time PCR

Total RNA was extracted using Qiazol (Qiagen, USA) ac-
cording manufactory’s protocol and cDNA was synthesized
from 2 µL of RNA using Mu-MLV reverse transcriptase (Fer-
mentas, Germany). Real-time PCR was performed using
SYBR Green Premix Ex Taq II (TaKaRa, Bio Inc. Japan) on a
Rotor Gene 6000 instrument (Corbett) and Rotor-gene Q
software (Corbett) was used for data analysis. All reactions
were run duplicate and housekeeping gene β2M was used
for normalization of gene expression. Forward and reveres
primers for analyzed genes have been listed in Table 1.

Table 1. List of Primers Used for Real Time PCR Reaction [Sense (Up) and Antisense
(Down)]

Genes Primers

Nestin

F: 5’GAAGGTGAAGGGCAAATCTG3’

R: 5’CCTCTTCTTCCCATATTTCCTG3’

BDNF

F: 5’GTGAATTGATAATAAACTGTCCTC3’

R: 5’TAATTCCAACGCTATCAGAAG3’

GDNF

F: 5’GAAATAGAAGGCTGGTGAGTG3’

R: 5’ACGACAGGTCATCAT CAA AG3’

NGF

F: 5’GGACCCAATAACAGTTTTACC3’

R: 5’GAACAACATGGACAT TACGC3’

β-tubulin

F: 5’GATCGGAGCCAAGTTCTG3’

R: 5’GTCCATCGTCCCAGGTTC3’

γ-enolase

F: 5’GGTCAAATGGGTCCTCAATG3’

R: 5’GGAGAACAGTGAAGCCTTGG3’

3.6. Neural Differentiation

Neural differentiation of USSCs was performed as de-
scribed previously [18]. Briefly, untransfected and trans-
fected USSCs incubated with 50 ng/mL NGF, 20 ng/mL bFGF,
1 mM dibutyryl-cAMP, 0.5 mM IBMX (3-Isobutyl-methyl-
xanthine) and 1 - 7 M ATRA (all-trans retinoic acid), (all from
Sigma-Aldrich, USA) up to 14 days and neuronal differenti-
ation was verified according neural specific β-tubulin III,
γ-enolase and MAP-2 expression.

3.7. Immunocytochemistry Analysis

Cells were fixed with 4% paraformaldehyde for 30 min-
utes, permeabilized with Triton X-100 (0.4%) for 10 min-
utes, blocked with 5% goat serum and processed for im-
munocytochemistry using mouse anti-human β-tubulin
III (Santa-Cruz, 1:200, USA), mouse anti-human γ-enolase
(Santa Cruz; 1:300, USA), mouse anti-human MAP2 (Ab-
cam, 1:500, USA) antibodies. Donkey anti mouse IgG-
PE (eBioscience, 1:400, USA) was used as secondary anti-
body and cell nuclei were labeled with 4,6-diamidino-2-
phenylindole (DAPI) (Sigma-Aldrich, USA).

One-way ANOVA test was performed for statically anal-
ysis of data. Values were expressed as the mean ± SEM and
differences were considered significant at P < 0.05. For sta-
tistical comparison of real time PCR results, REST software
(2009, Qiagen) was used.

4. Results

4.1. Transductin of USSCs With GFP-Lentiviral Vector

Human USSCs were transduced with lentivirus derived
vector containing GFP gene under the control of EFα pro-
moter for stable integration of exogenous plasmid in their
genome and GFP served as control by marking all cells that
received the target plasmid. Observation of GFP express-
ing cells under the fluorescent microscopy showed almost
100% of USSCs were infected successfully when exposed to
a multiplicity of infection (MOI) of 10 of produced viruses
(Figure 1).

4.2. Effect of Lentiviral Transduction on the Viability of USSCs

Followed by lentiviral transduction, MTT analysis was
performed to investigate the effect of virus infection and
gene transduction on the viability and proliferation of
USSCs. Obtained data indicated that 94% of transduced
cells were viable after lentiviral transduction and no signif-
icant adverse effect on cell viability and proliferation ob-
served when compared to non-transduced control cells at
P < 0.05 (Figure 2).

4.3. Effect of Lentiviral Transduction on the Neuronal Differenti-
ation of USSCs

Native and lentiviral transduced USSCs were induced
toward neuronal lineage differentiation in the presence of
inducing factors to compare their abilities and to investi-
gate the effect of viral transduction on the differentiation
potency of USSCs. Following 14 days neuronal induction,
results showed both groups started to get neural-like phe-
notypes with condensed nucleus and thin and long den-
drite or axonal like branches. Immunostaining against
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Figure 1. Transduction of Unrestricted Somatic Stem Cells (USSCs) Using Lentiviral Vector

Efficiency of transduction was confirmed by visualizing GFP expression. A, light microscope; B, invert fluorescent microscope. Scale bar is 100 µm.

Figure 2. The MTT Assay Showing the Viability Percentage of Lentivirus Transduced
Unrestricted Somatic Stem Cells
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neuron specific β-tubulin III and γ-enolase showed signif-
icant expression of these markers in both groups of differ-
entiated cells but no expression of MAP-2 marker neither
in transduced nor in untransduced USSCs induced toward
neural differentiation (Figure 3).

4.4. Effect of Lentiviral Transduction on the Expression of Neu-
ronal Genes

The expression of the Nestin, as an early neuronal gene,
γ-enolase andβ-tubulin III, as late neuronal genes, and also
NGF, GDNF and BDNF, as neurotrophic factors, were com-
pared before and after viral transduction of USSCs using
real time PCR. Comparison of CT values indicated that ex-

pression of these genes changed after transduction from
1.42 times in NGF to 4.36 times in γ-enolase (Figure 4).

5. Discussion

In this study we investigated the effect of GFP contain-
ing LV transduction on the viability, differentiation po-
tency and neural gene expression of USSCs. Obtained re-
sults showed transduction of LV did not have cytotoxic
effects on USSCs and transduced USSCs had high rate of
viability and they proliferated and expanded like native
USSCs; this result could be helpful to provide sufficient ma-
nipulated cells for transplantation purposes [19].

In the presence of neuronal inducing factors, lentiviral
transduced USSCs differentiated into neural like cells com-
parable to untransduced USSCs and differentiated cells ex-
pressed neuronal specific β-tubulin III and γ-enolase pro-
teins. These results indicated that lentivirus transduction
did not affect neural differentiation potency of USSCs and
preserved them in multilineage situation; these indicated
that engineered USSCs could be used as cellular vehicle and
can be transplanted to host tissue after neuronal differenti-
ation that leads to higher compatibility of these cells with
nervous system and may help to efficient regeneration of
damaged tissue [5].

Analysis of lentiviral transduction on the gene expres-
sion profile of transduced USSCs showed the expression of
early and late neural genes and also some neurotrophic
factors related genes, changed few in comparison with
untransduced USSC and lentiviral transduction did not
changed the expression of studied genes so strongly and
kept their expression comparable to innate condition.

The most notable advantage of ex vivo gene therapy
may be the possibility for special controls before trans-
plantation of modified cells and also prevention of un-

4 Zahedan J Res Med Sci. 2016; 18(2):e5991.



Jalali H et al.

Figure 3. Immunohistochemical Analysis of Neural Differentiation of Lentiviral Transduced USSCs in Presence of Inducing Factors

Visualizing under invert fluorescent microscope; A and B, β-tubulin III marker and DAPI; C and D, γ-enolase marker and DAPI; E and F, MAP-2 and DAPI. Scale bar is 100 µm.

desired side effects of direct delivery of vector especially
in the case of viral vectors [20]. Beside to that engi-
neered stem cells can transfer exogenous gene and can

restore the expression of damaged factor, such cells can
be a rich source of different growth factors or cytokines
providing trophic support of the injured nervous system

Zahedan J Res Med Sci. 2016; 18(2):e5991. 5
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Figure 4. Comparison of Neural Related Genes Expression in Lentiviral Transduced
USSCs vs. Untransduced USSCs Using Real Time PCR

Ex
p

re
ss

io
n

 R
at

io 4

2

1

0.5

Relative Exprewwion

Nestin      β-Tubulin     Eno2           GDNF          BDNF           NGF

Gene

Integration of lentiviral vector into the genome of USSCs led to slight increase in
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[6]. There is evidence suggesting that human neural stem
cells, human umbilical cord blood stem cells and murine
mesenchymal stem cells secrete GDNF and BDNF (glial
cell- and brain-derived neurotrophic factors), IGF-1 (insulin
like growth factor) and VEGF (vascular endothelial growth
factor), which may protect dysfunctional motor neurons
and prolongs the lifespan animal models of neurode-
generative diseases [21]. Primary astrocytes were geneti-
cally modified ex vivo to express recombinant GDNF (glial
cell line-derived neurotrophic factor) and subsequently
were tested for their ability to provide neuroprotection to
dopaminergic neurons in a 6-OHDA (6-hydroxydopamine)
mouse model of Parkinson’s disease which indicated that
continuous exposure to GDNF provided by transgenic as-
trocytes caused marked protection of nigral dopaminergic
neurons [22].

Unrestricted somatic stem cells as a subtype of UCB-
SCs show appreciate properties for using in neurodegen-
erative disorders; they produce vast variety of cytokines
and they are able to differentiate to neuronal cells [23,
24]. Transplantation of human USSCs into the rat model of
acute spinal cord injury reduced the lesion size and pro-
moted the regeneration of damaged axons [25]. Grafted
USSCs showed the high tropism into the lesion sites, espe-
cially apoptotic neurons, which was related to expression
of c-MET receptors and interaction with HGF secreted by
apoptotic neurons [26]. In vitro and in vivo models showed
that USSCs when injected into uninjured site strongly mi-
grated toward lesion center and did not attract by unin-
jured site [25]; this character of USSCs can help the targeted
transfer of gene toward the site of damage, especially to-
ward apoptotic neurons, and makes them appreciate bio-
logical vehicles for gene transferring. For genetically mod-
ification of USSCs and creation of exogenous gene contain-
ing USSCs, different kind of vectors can be used, however,
for stable transduction, vector should be able to incorpo-
rate exogenous gene in genome of these cells and lead to

constant gene transfer [27]. Retroviral and lentiviral vec-
tors both integrate into host genome permanently but be-
cause of ability to transduce non-dividing cells, lentiviral
vectors have special advantage in compare to retroviral
vectors and they are able to carry close to 10 kb of exoge-
nous gene [28].

Ideally for gene therapy purposes vector should in-
tegrate to host genome without disturbing host cell ge-
nomic profile [9]. In the case of LV, random integration of
them may lead to some changes in gene expressions and
it is critical to check such changes before using modified
cells [29].

In summary, results from current study showed that
neural related properties of lentiviral transduced USSCs
were comparable with native USSCs regarding the survival,
neural differentiation potency and the expression of neu-
ronal related genes and engineered USSCs did not undergo
significant changes during the transduction procedure.
On the basis of these results, we suggest that lentiviral vec-
tors could be suitable vectors to transfer desirable thera-
peutic gene into USSCs to create one cellular vehicle for us-
ing in nervous system ex vivo gene therapy.
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