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Abstract

Background: Neural stem cells are multipotent cells which are capable of self-replication and differentiation into neurons, astrocytes or oligodendrocytes in the central
nervous system. Therefore, one can expect that NSC transplantation can ultimately provide a better therapeutic approach in the treatment of neurodegeneration, like

Parkinson’s Disease (PD).

Aim: In order to use the therapeutic potential of neural stem cells, it is essential to fully understand the cellular and molecular mechanisms involved in the function

of Dopamine secretion by the cells.

Methods: We assayed the growth potential and DOPAmine production of hNSCs in presence of neurotropic factors. Release of neurotropic factors by hNSCs also

determined by ELISA.

Results: We found that hNSCs can secrete DOPAmine as well as some neurotropic factors, like Brain-Derived Neurotropic Factor (BDNF) and Glial cell-Derived
Neurotropic Factors (GDNF). These factors can further supports the proliferation of hNSCS and DOPAmine production ability of the neural cells.

Conclusion: That way, an Autocrine-Paracrine regulatory system have been established in the neural cells.

Introduction

Parkinson’s disease (PD) is characterized by the progressive loss
of dopaminergic neurons in the substantia nigra pars compacta (SNc)
[1-3]. Specific neurotrophic factors that are secreted from neighboring
cells, like GDNEF, a glial cell line-derived neurotrophic factor [4], and
BDNF, a brain-derived neurotrophic factor [5,6], are well known
for their role in growth, survival, and differentiation of developing
neurons [7-9]. These factors also have been found to attenuate the loss
of nigrostriatal dopaminergic neurons in animal models of Parkinson’s
Disease (PD), and also interfere with both apoptotic and necrotic forms
of cell death and promotes the survival of dopaminergic neurons in
culture [4,10].

Here we show that hNSCs can produce BDNF and GDNF along
with DOPAmine, and those neurotropic factors can stimulate the
proliferation of hNSCs in vitro, Further, these neurotropic factors
can increase DOPAmine secretion by hNSCs. DOPAmine itself, can
also induce the secretion of those neurotropic factors by neural cells,
thereby established an autocrine-paracrine loop for dopaminergic
function of hNSCs.

Materials and methods

1) Culture of hNSCs (Human Neural Stem Cells): hNSCs (H9)
derived from adult normal human of female origin were purchased
from ThermoFisher (Rockford, IL, USA). The growth and maintenance
of undifferentiated hNSCs were conducted with human neural stem
cell growth medium supplemented with human neural stem cell growth
factors (GS2) and antibiotics (GS1) from Cell Applications (San Diego,
CA, USA). In brief, hNSCs were cultured in 6-well tissue culture plates
pre-coated with cell-matrix gel (ATCC, Manassas, VA) containing 5 ml
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complete growth medium at 37°C in a 5% CO2 humidified incubation
chamber.

Sub-culturing and passaging of the hNSC spheres were done by
Accutase, a cell dissociation reagent, (ATCC, Manassas, VA), into
single cells. Single cells (1A ~ 10°) were then plated in the 6-well tissues
culture plates coated with Matrix gel (ATCC, Manassas, VA) in 4 ml
complete culture medium.

2) Proliferation assay by Cell-Glo Luminiscence reagent:
Proliferation of cells was detected using the Cell-Titer-Glo Luminescent
Cell Viability Assay kit (Promega, Madison, WI). For in vitro growth
assays, cells (1x10%/ well) were plated in 96- well plates and on the next
day ‘0 day’ reading followed by every alternate day cell growth was
measured using the Cell-Titer-Glo-kit until for 6 days. Luminescence
was read using the BioTek plate reader [11]. Results were expressed as
percentage of vehicle-control cells. Results presented are Mean + SD
from three separate experiments done in triplicate.

3) Detection of BDNF and GDNF protein concentration by
ELISA: Enzyme-linked immunosorbent assays (ELISA) was performed
todetect BDNF,and GDNF secreted byhNSCsin the culture supernatant
at different days and in different groups. Standard curve was made with
the preparations of standard compounds (2000, 1000, 500, 250, 125,
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62.5, 31.3, and 0 pg/mL) in each of 50 pL volume. Standard solutions
and test samples were added sequentially to the antibody pre-coated
wells. Samples were thoroughly incubated at 37°C for 120 minutes.
Wells were rinsed four times with wash buffer, and allowed to soak
for 1 minute each time. The reaction plate was dried with filter paper.
The biotinylated antibody working solution (50 pL/well) was added
and plates were incubated for 60 minutes at 37°C. The wells were then
washed four times with wash buffer. Enzyme-labeled antibody (rabbit
anti-human NGF polyclonal antibody; BG, Shanghai, China) working
solution (50 pL/well) was added and incubated for 30 minutes at 37°C.
Wells were washed. Subsequently, 3,3’, 5,5-tetramethyl benzidine
solution (50 uL/well) was added for 15 minutes at 37°C in the dark.
The reaction was terminated by the addition of 3,3’, 5,5 -tetramethyl
benzidine stopping solution (50 uL/well).

Absorbance values were measured at 450 nm with a microplate
reader (Labsystems, Helsinki, Finland). The mean absorbance value
for each standard sample was calculated. The mean value of the zero
standard was subtracted from all absorbance values before result
interpretation. The standard curve was generated by plotting the
average absorbance value obtained for each of the eight standard
concentrations on the vertical (Y) axis the corresponding concentration
on the horizontal (X) axis. This standard curve was used to determine
the concentration of the unknown sample.

4) DOPAmine level by ELISA: Dopamine release was quantified
using ELISA kits (Eagle Bioscience, Nashua, NH; Cat# DOP31-K01).
All samples were stabilized immediately with orthophosphoric acid
(7.5%)/metabisulfate (0.22 mg/mL) and stored at —80°C before
analysis. Dopamine extraction, acylation, and enzyme immunoassay
were performed according to the manufacturers’ instructions. Every
sample and standard was performed in duplicate. Absorbance was read
using a microplate reader set to 450 nm and a reference wavelength
set between 620 and 650 nm. Data were from three independent
experiments.

5) Protein determinations: Protein content was measured using
the Bio-Rad Protein Assay Kit (Bio-Rad, Richmond, CA) with bovine
serum albumin as the standard.

6) Cell counting: Cell count and viability measurements were done
by staining the cells with Trypan Blue and then counting the number
of viable cells with the Countess™ automated cell counter (Invitrogen).

7) Statistical analysis: The t-test and one-way analysis of variance
were used for statistically analyzing the data. All values are expressed as
the mean + SD. P values < 0.05 were considered significant. Results are
representative of at least three experiments

Results

1) Production of BDNF or GDNF by hNSCs in culture (Table 1):
The levels of BDNF or GDNF were assayed in the hNSC cell lysates by
ELISA, and the values were expressed as ng/10° Cells for BDNF, while
GDNF was expressed as pg/10° Cells. The experimental data are Mean
+ SD from three separate experiments done in duplicate. P<0.05.

Table 1. Secretion of BDNF and GDNF by hNSCs

BDNF GDNF
ng/10° Cells pg/10° Cells
0.43+0.10 18.34 +£2.12

The levels of BDNF or GDNF were assayed in the hNSC cell lysates by ELISA. BDNF
level was expressed as ng/10” Cells, while GDNF was expressed as pg/10 Cells. The
experimental data are Mean + SD from three separate experiments. P<0.05
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2) Stimulation of BDNF and GDNF secretion by DA in hNSCs
(Figure 1): The levels of BDNF or GDNF secretion in presence of
DOPAmine (DA) in culture were measured in the hNSC cell lysates
by ELISA. The level of BDNF was expressed as ng/10° Cells, while
GDNF was expressed as pg/10° Cells. The experimental data are Mean
+ SD from three separate experiments done in duplicate. P<0.05. It
is obvious from the results that both the neurotropic factors (BDNF
and GDNF) can stimulate at their physiological doses the DOPAmine
production by hNSCs.

3) Auto-stimulation of BDNF and GDNF secretion in hNSCs
(Figure 2): The levels of BDNF or GDNF, measured as above (Figure
1), were induced by BDNF and GDNF at their physiological doses (0.5
pg/mL). Effect of GDNF in this connection is much more higher than
BDNF. Level of BDNF was expressed as ng/10° Cells, while GDNF was
expressed as pg/10° Cells. The experimental data are Mean + SD from
three separate experiments done in duplicate. P<0.05.

4) Simulation of proliferation of hNSCs by BDNF and GDNF
(Figure 3): Proliferation rate (as %) of hNSCs were stimulated by BDNF
and GDNF at their sublethal doses (0.05 ug/mL) in a time dependent
manner. The experimental doses of the neurotropic factors were
chosen from some preliminary experiments (not shown), and which is
at par of the published data from elsewhere [12]. GDNF shows a little
more efficacy over BDNF in stimulating the proliferation of hNSCs.
The experimental results displayed here are from a representative
experiments done in triplicate. Values are expressed as a Mean+ SD
from triplicate data (P<0.05). This experiment was repeated three
different times with similar results. The difference in values from
experiment to experiment was less than 10%.

5) BDNF and GDNF stimulates DOPAmine secretion by hNSCs
(Figure 4): DOPAmine (DA) was measured by ELISA as described in
our previous paper [13]. The production of DA was further induced
by BDNF and GDNF treatment of the cells at their physiological doses
(0.05 pg/mL). The experimental data were taken from a representative
experiment done in triplicate. DA Values (ng/10° Cells) were expressed
as a Mean + SD (P<0.05). The difference in values from experiment to
experiment was less than 10%.

Discussion

Brain-derived neurotrophic factor (BDNF) and glial cell line-
derived neurotrophic factor (GDNF) are critical for the growth,
survival, and differentiation of developing neurons [14].

These neurotrophic factors also play important roles in the
survival and function of adult neurons, learning and memory, and
synaptic plasticity [4]. The initial trophic characterization of GDNF
was performed in midbrain dopaminergic neuronal cultures; and in
this work, GDNF not only promoted DANs survival but also soma
enlargement and neurite outgrowth [4].

GDNF promotes the expansion of dividing nestin-positive neural
precursors and increases the neurosphere diameter; however, this latter
increase may also be associated with an anti-apoptotic response, since
Bcl-2 expression is up-regulated and caspase-3 expression is down-
regulated [15]. As shown in the study by Roussa and Krieglstein (2004)
[16], GDNF does not increase TH expression in neurospheres derived
from the ventral midbrain, but increases the expression of Nurrl and
Pitx3, the latter of which is a transcriptional factor that is part of the
regulatory complex that maintains the dopaminergic phenotype.
More recently, Nurrl was reported to induce the expression of the
co-receptor for GDNF, c-Ret. Nurrl-expressing cells exposed to
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The levels of BDNF (Panel, A) and GDNF (Panel, B) secretion in presence of DOPAmine in culture were
measured in the hNSC cell lysates by ELISA. BDNF level was expressed as ng/10° Cells, while GDNF was
expressed as pg/l° Cells. The experimental data are Mean 28D from three separate experiments done in
duplicate. P<0.05. Inset is the Standard Curve of BDNF (Panel, A) and GDNF (Panel. B).

Figure 1. Stimulation of BDNF and GDNF Secretion by DA in hNSCs

BDNF Secretion
ng/10% Cells

BDNF Secretion by hNSCs

4.00
3150 2.13
.00 178
2.50
200
1.50
LOO 1 pa3
0.50
0,00} 4-«:,- Q "

» ; @

5\& n""\% @?%
bd&‘\ .@ie \}SQ‘.
& &

GDNF Secretion

GDNF Secretion by hNSCs
90,00 AR
8OO0
T0.00
@ 60.00
g 5000 44.59
"E' 40.00
o 3000
8,34
& 000 | B2
|
0.00
] N
e s NG
& & )
< 5 =
Q &

The levels of BDNF or GDNF were measured as above (Fig. 1) and found that their amounts were
induced by BDNF and GDNF at their physiological doses (0.5 mg/mL). Effect of GDNF in this
connection is much higher than BDNF, Level of BDNF was expressed as ng/10° Cells, while GDNF
was expressed as pg/10° Cells. The experimental data are Mean £5D from three separate experiments

done in duplicate. P<0.03.
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Figure 2. Auto stimulation of BDNF and GDNF Secretion in hNSCs
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Proliferation rate (as % of vehicle control) of hNSCs are stimulated by BDNF and GDNF at their sublethal doses
(0.05 ug/mL}) in a time dependent manner. The dose of the Neutropic factors was chosen from some preliminary
experiments (not shown here), and which is at par of the published data from elsewhere ( ). GDNF shows a little
more effective over BDNF in stimulating the proliferation of hNSCs. The experimental data were taken from a
representative experiment done In triplicate. Values were expressed as a Meant 5D (P<0.03). The difference

values from experiment to experiment was less than 10%.

Figure 3. Simulation of Proliferation of ANSCs by BDNF and GDNF
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DOPAmine (DA) was measured by ELISA as described in our previous paper {Chakraborty and Diwan, In press).
The production of DA was further induced by BDNF and GDNF treatment of the cells at their physiological doses
{0.05 mg/mL). The experimental data were taken from a representative experiment done in triplicate. DA Values (ng/
1P Cells) were expressed as a Meant 8D (P<0.05). The difference in values from experiment to experiment was less
than 10%.

Figure 4. Stimulation of DOPAmine Secretion by BDNF and GDNF

GDNF are eventually more responsive to GDNF, contributing to the
up-regulation of Pitx3 expression and subsequently consolidating the
dopaminergic phenotype [17]. In parallel, GDNF also increases DA
transporter (DAT) activity [18]. Microarrays have corroborated that
GDNF signaling favors the expression of genes associated with DA
biosynthesis and recapture, as well as calcineurin. Inhibitors of ERK1/2
prevented these effects [19]. Thus, GDNF participates in proliferation
and the acquisition of a dopaminergic phenotype. The mechanism by
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which GDNF interacts with other factors to promote this phenotype is
still not clear.

Treatment of a human mesencephalic cell line with GDNF
significantly increased dopaminergic differentiation and DIkl
expression; practically all TH+ neurons were positive for DIk1 as well
[20]. Thus, GDNF might direct the commitment of neurons towards
specific phenotypes in addition to increasing neuronal survival.
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In neurons, the outgrowth of the dendritic tree occurs in parallel
with electrophysiological maturation, which in turn facilitates DA
release after potassium depolarization. A GDNF or BDNF treatment
significantly increases DA release from ventral mesencephalic cultures
[21]. GDNF enhances the quantal size of DA release in postnatal
cultures [22]. Consistent with these findings, an injection of GDNF
in the susbtantia nigra of adult rats increases DA release in vivo and
promotes behavioral consequences such as an increase in spontaneous
locomotor activity and higher velocity of movement [23]. Rolletschek,
et al. (2001) showed that a cocktail including GDNF promotes the
expression of the pro-dopaminergic gene Nurrl in neural precursors
[24]. Further, it was shown that Sertoli cells secrete GDNF, and
GDNF-neutralizing antibodies block dopaminergic differentiation by
50% in them [25]. indicating that GDNF contributes in DOPAmine
release. The addition of recombinant GDNF to differentiating human
NPCs derived from ESCs promotes a higher level of dopaminergic
differentiation after 21 days in culture.

GDNF signaling indisputably possesses potential therapeutic value
for several pathologies, such as Parkinson’s disease or amyotrophic
lateral sclerosis, among other diseases, where it has been tested using
molecular and cellular approaches [26-28]. The understanding of the
entire range of properties of GDNF and other trophic molecules, like
BDNF, could provide opportunities to investigate their broad actions
and accelerate and/or improve therapies based on these factors.

In summary, the hNSCs utilized in this study exhibited an intrinsic
ability to express neurotrophins. During development GDNF and
BDNF, along with neurotrophin-3 (NT3), support the survival of
sensory neurons through their cognate trk receptors [29-31]. The
BDNF-responsive, trkB-containing population of sensory neurons is
predominantly larger diameter and mechano sensitive [32]. although
there is considerable overlap with the trkA population [33]. GDNF
receptors are more wide- spread, with as many as 60% of dorsal root
ganglion (DRG) neurons containing c-ret, while GFR components are
found throughout the c-ret population, as well as in c- ret negative
neurons [34,35].

GDNF also plays a role in modulating nociceptive processing, but
with contrasting in vitro and in vivo effects. In cultured DRG neurons,
GDNF increases CAP sensitivity and TRPV1 expression [36,37]. and
increases neuropeptide content [36]. Inflammation and nerve injury
both increase BDNF content in DRG neurons and in the spinal cord,
and this increase in BDNF is associated with the maintenance of a
hyperalgesic state [38-41]. Furthermore, BDNF is released in the spinal
cord upon noxious afferent stimulation [42,43], and peripheral CAP
application increases BDNF release at central terminals of sensory
neurons [44]. Hence, BDNF might act as a neurotransmitter in the
pain pathway in adult animals [45]. The trophic properties of BDNF on
adult sensory neurons, particularly nociceptors, are poorly understood.

In brief, our present experimental result indicates that hNSCs
produce BDNF and GDNF which can further stimulate its growth as
well as DOPAmine release in an autocrine / paracrine manner. The
understanding of the complete range of properties of this trophic
molecule will allow us to investigate its broad mechanisms of action
to accelerate and/or improve therapies for the neuro-pathological
conditions, like Parkinson’s Disease.
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