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ABSTRACT Growth arrest-specific 1 (Gasl) protein
acts as an inhibitor of cell growth and a mediator of cell
death in nervous system during development and is also re-
expressed in adult neurons during excitotoxic insult. Due to
its structural similarity to the glial cell-derived neu-
rotrophic factor family receptors oo (GFRa), Gasl is likely
to interfere with the neuroprotective effect of GDNF. In the
present study, we investigated the expression profile of
Gasl during glutamate insults in human SH-SYS5Y neu-
roblastoma cells as well as the influence of Gasl inhibition
on the protective effect of GDNF against glutamate-in-
duced cell injury. Our data showed that Gasl expression
was significantly increased with the treatment of glutamate
in SH-SYSY cells. The silencing of Gasl by small inter-
fering RNA promoted the protective effect of GDNF
against glutamate-induced cytotoxicity as well as cell
apoptosis, which effect was likely mediated through acti-
vating Akt/PI3 K-dependent cell survival signaling path-
way and inhibiting mitochondrial-dependent cell apoptosis
signaling pathway via Bad dephosphorylation blockade. In
summary, this study showed the synergistic effect of Gasl
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inhibition and GDNF against glutamate-induced cell injury
in human SH-SY5Y neuroblastoma cells, which informa-
tion might significantly contribute to better understanding
the function of Gasl in neuronal cells and form the basis of
the therapeutic development of GDNF in treating human
neurodegenerative diseases in the future.
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Introduction

With an increasing aging population, neurodegenerative
diseases such as Alzheimer’s disease (AD), Parkinson’s
disease (PD), and Huntingson’s disease (HD) are
becoming more prevalent world widely (Pizza et al.
2011). Most neurodegenerative diseases are resulted
from the loss of structure or function of neurons in the
brain and spinal cord (Gibson et al. 2010; Saxena and
Caroni 2011). In neurodegenerative disorders, the pri-
mary causes of neuronal cell death include excitotoxic-
ity, oxidative stress, apoptosis, and protein deposition
(e.g., a-synuclein, B-amyloid) (Beal 1992; Ueda et al.
1994, Yuan et al. 2003). Glutamate, a major excitatory
amino acid neurotransmitter naturally occurring in the
central nervous system (CNS), mediates several essential
physiological processes (Greenamyre and Porter 1994).
However, the excess release of glutamate in the CNS
significantly contributes to these neurological disorders
(Coyle and Puttfarcken 1993). A few studies have elu-
cidated that glutamate induces excitotoxicity in primary
cultured neurons through both oxidative damage and
over-stimulation of N methyl-p-aspartate (NMDA)
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receptors, the latter of which would lead to calcium
homeostasis destruction (Ankarcrona et al. 1995).
Moreover, a second wave of gene expression alternation
followed by glutamate injury was reported to be
involved in excitotoxic neuronal death (Wang and Qin
2010). Growth arrest-specific gene 1 (Gasl), a glyco-
sylphosphatidylinositol =~ (GPI)-anchored protein, is
widely expressed in the nervous system and plays an
important role in growth inhibition and cell death
induction during development (Del Sal et al. 1992; Zarco
et al. 2012, 2013). Aberrant Gasl expression was found
in adult neurons during excitotoxicity, which is poten-
tially associated with pro-apoptotic effects (Mellstrom
et al. 2002).

Several regimens targeting at the neurodegenerative
diseases have provided new options for the prevention and
treatment of such diseases (Chalak and Rouse 2011).
Neuronal growth factors have been widely taken into
consideration, given their roles in promoting neuronal
survival in the developing nervous system (Edgar and
Barde 1983). Glial cell line-derived neurotrophic factor
(GDNF), a classic member of neurotrophic factors (NTFs)
identified in conditioned media from a glial cell line, is
prioritized as one of neuroprotective factors due to its
ability in promoting the survival of mesencephalic
dopaminergic neurons (Lin et al. 1993; Yan et al. 1995). In
the adult brain, target-derived GDNF is required for the
maintenance of dopaminergic neurons and protection
against injury (Choi-Lundberg et al. 1997). Arising in vitro
and in vivo evidence has indicated that GDNF has the
protective effect against the excitotoxic damage in neurons
(Bonde et al. 2000; Gratacos et al. 2001); however, clinical
trails with application of GDNF to neurodegenerative dis-
eases such as PD show inconsistent results (Lang et al.
2006). Several explanations for this difference have been
proposed, but until now, the detailed molecular and cellular
mechanism underpinning such effect still remains unclear.
It has been postulated that GDNF binds to its cognate co-
receptor glial cell-derived neurotrophic factor family
receptors o (GFRa), specifically activates Ret kinase and
thus, prevents neuronal injury (Treanor et al. 1996).
Interestingly, Gas1 exhibits significant structural homology
with GFRa and acts as an negative modulator of GDNF
signaling (Schueler-Furman et al. 2006; Lopez-Ramirez
et al. 2008).

In this study, we investigated the expression profile of
Gasl during glutamate insults and evaluated the influence
of Gasl1 inhibition on the protective effect of GDNF against
glutamate-induced cell injury in human SH-SYS5Y neu-
roblastoma cells, which cell line was reported to express
GFRol and Ret. Furthermore, we also explored the
molecular events during such cellular process.
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Materials and Methods
Materials

Recombinant human GDNF was purchased from Pepro-
Tech (NJ, USA). Growth medium components were pur-
chased from Gibco (NY, USA). L-glutamate, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) and Dimethyl sulfoxide (DMSO) were purchased
from Sigma-Aldrich (MO, USA). Annexin V-FITC and PI
double staining kit was obtained from BD Biosciences
(CA, USA). Antibodies used in this study were purchased
from Santa Cruz Biotechnology (CA, USA) and Cell Sig-
naling Technology (MA, USA). Caspase-3,9 fluorometric
assay kits were obtained from BioVision (SF, USA). All
chemicals and reagents were of analytical grade.

Cell Culture

Human SH-SY5Y neuroblastoma cells were obtained from
Shanghai Institute of Cell Biology, Chinese Academy of
Sciences (Shanghai, China). Cells were maintained in
Minimum Essential Medium (MEM)/F12 medium, sup-
plemented with 1 % non-essential amino acids, 10 % fetal
bovine serum (FBS), 100 U/mL penicillin, and 100 U/mL
streptomycin at 37 °C in 5 % CO,. The cells were pas-
saged once every 3 days.

Gasl Silencing

Gene silencing of Gasl using small interfering RNA (siRNA)
was achieved as described previously (Lopez-Ramirez et al.
2008). The Gasl-specific siRNA (siRNA-Gasl) was pur-
chased from Santa Cruz Biotechnology (Cat. No: sc-37435,
CA, USA). A non-targeting scrambled siRNA served as non-
specific control (siRNA-C, Cat. No: sc-37007). Cells were
transfected with siRNA (50 nM) in serum-free medium for
5 husing Metafectene reagent (Biontex, Miinchen, Germany)
according to the manufacturer’s protocol. The depletion of
target gene was determined by real-time polymerase chain
reaction (RT-PCR) and Western blot analysis.

Real-Time PCR Analysis

After treatment, total RNA was extracted using Trizol
reagent from cells according to the manufacturer’s instruc-
tions. First-strand cDNA was synthesized using Prime-
Script™ RT reagents Kit (Takara, Shiga, Japan). RT-PCR
was performed with the cDNA using SYBR green PCR
Master Mix (Takara, Shiga, Japan). Each amplification
reaction underwent denaturation at 95 °C for 30 s, amplifi-
cation for 40 cycles at 95 °C for 5 s, annealing and extension
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at 60 °C for 20 s using ABI7500 sequence detection system
(Life Technologies, ON, USA). In all experiments, -actin
was used as the housekeeping gene for gene expression
normalization.

Western Blot Analysis

After treatment, cells were collected and lysed in lysis buffer
(10 mM Tris, 150 mM NaCl, 1 mM EDTA, 0.1 % sodium
dodecyl sulfate, 1 % Triton X-100, that contained the pro-
tease inhibitors phenylmethylsulfonyl fluoride, 200 mg/mL,
and leupeptin, 3 mg/mL, pH 7.4). Bradford assay was used
to measure protein concentration (Kruger 1994). Then pro-
tein samples were electrophoresed on 12 % SDS-polyacry-
lamide gel (SDS-PAGE) and transferred to polyvinylidene
fluoride (PVDF) membranes. Each membrane was incubated
for 1 h with 5 % bovine serum albumin (BSA) in PBS-
Tween at room temperature and then probed with primary
antibody at 4 °C overnight. On the next day, the membrane
was washed with PBS-Tween, incubated with secondary
antibody for one hour at room temperature. The membrane
was washed with PBS-Tween and then visualized using the
enhanced chemiluminescence (ECL) assay kit (Beyotime,
Nantong, China). In all experiments, membranes were re-
probed for B-actin and the density of each band was nor-
malized to the expression of B-actin.

MTT Assay

Cell viability was measured using MTT assay as previously
reported (van Meerloo et al. 2011). Briefly, after treatment,
10 uL MTT (1 mg/mL) was added to each well and
incubated for 4 h at 37 °C. After incubation, the culture
medium was removed and DMSO (100 pL) was added to
each well to dissolve the formazan crystals. The absor-
bance was read with a microplate reader (Molecular
Devices, CA, USA) at 570 nm.

Flow Cytometric Analysis

The presence of apoptotic cells was determined by flow
cytometric analysis using Annexin V-FITC and PI apoptosis
kit. Briefly, after treatment, cells were re-suspended in
300-pL binding buffer containing 10 pL of Annexin V-FITC
stock and 10 pL of PI, and then incubated at room tempera-
ture for 15 min in the dark. The samples were analyzed by a
flow cytometer (Becton—Dickinson, CA, USA). The per-
centages of apoptotic cells were estimated for each sample.

Cytochrome ¢ Release Measurement

For measurement of cytochrome c release, the cytosol and
mitochondrial fractions were prepared as described

previously (Zhu et al. 2014). After treatment, mitochon-
drial and cytosolic fractions were extracted from the cells
using Apo Alert Cell Fractionation Kit (Clontech, CA,
USA) according to the manufacturer’s instructions. The
expression of cytochrome ¢ was determined using a mon-
oclonal antibody through Western blot analysis as descri-
bed before.

Caspase Activity Assay

After treatment, cells were collected and lysed in caspase
assay buffer containing 50 mM HEPES (4-(2-hydrox-
yethyl)-1-piperazineethanesulfonic acid) (pH 7.5), 100 mM
NaCl, 2 mM EDTA (ethylene diamine tetraacetic acid),
0.1 % CHAPS, 10 % sucrose, and 5 mM DTT (dithiothre-
itol). Aliquots of crude cell lysate were incubated with
caspase-3 substrate DEVD-AFC or caspase-9 substrate
LEHD-AFC at 37 °C for 30 min. The caspase activity was
determined by measuring the relative fluorescence intensity
at 505 nM following excitation at 400 nm using a spec-
trofluorometer (Molecular Devices, CA, USA).

Statistical Analysis

Biostatistical analyses were conducted with the Prism 5.0
and SPSS 16.0 software packages. All experiments were
repeated three times. Results of multiple experiments were
expressed as mean & SD. Comparisons between experi-
mental and control groups were performed by Student’s
t test and one-way ANOVA and differences were consid-
ered to be statistically significant when p value was less
than 0.05.

Results

Expression of Gasl in SH-SY5Y Cells
with Glutamate Treatment

As reported previously, SH-SYSY cells expressed high
levels of GFRal and Ret, but very low or undetectable
level of Gasl when cultured in serum. However, after
serum withdrawal, the expression of Gasl was detectable
in cells (Cabrera et al. 2006). In the current study, cells
were treated with glutamate (10 mM) for different time
periods and then the levels of related receptors were ana-
lyzed. Our results showed that exposure to glutamate had
no effect on the expression of GFRal and Ret (data not
shown), but resulted in a rapid accumulation of Gasl
protein in cells that was detectable as early as 6 h and then
reached a plateau between 12 and 16 h (Fig. 1). This
finding suggested Gasl was involved in glutamate-induced
excitotoxic death in human SH-SY5Y neuroblastoma cells.
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Gasl Silencing Increases the Protective Effect
of GDNF Against Glutamate-Induced Cytotoxicity

GDNF was reported to selectively attenuate excitotoxin-
induced neuronal death; however, this effect was not pro-
nounced (Bonde et al. 2000). Since Gasl acted as a neg-
ative modulator of GDNF signaling, we then investigated
whether Gasl blockade could promote the protective effect
of GDNF against glutamate-induced cytotoxicity. We first
confirmed that GDNF treatment could not induce the
expression of Gasl in SH-SYSY cells (data not shown).
Taking advantage of the small interfering RNA technology,
Gasl silencing was achieved at both mRNA and protein
levels under glutamate treatment (Fig. 2). Cell viability of
SH-SYS5Y cells treated with or without indicated drugs was
assessed with MTT assay. As shown in Fig. 3, GDNF
(50 ng/mL) exhibited a moderately protective effect on the
growth of SH-SY5Y cells against glutamate-induced neu-
rotoxicity. Such effect was pronouncedly increased in Gasl
knockdown cells compared to that in control. Our results
indicated that Gasl silencing could markedly enhance
GDNF’s protective effect against glutamate-induced cyto-
toxicity in human SH-SY5Y neuroblastoma cells.

Gasl Silencing Increases the Protective Effect
of GDNF Against Glutamate-Induced Apoptosis

The previous study showed that GDNF attenuated excito-
toxin-induced neuronal death, primarily through reducing
cell apoptosis (Ghribi et al. 2001). Gas1 is known to be an
inhibitor of cell growth and a mediator of cell death in many
different types of cells (Del Sal et al. 1992; Evdokiou and
Cowled 1998). Apoptosis of SH-SYSY cells treated with or
without indicated drugs was evaluated by dual-staining with
Annexin V-FITC/PI. As shown in Fig. 4, treatment with
glutamate (10 mM) remarkably increased the percentage of
early apoptotic cells, while co-treatment with GDNF (50 ng/

A
Glutamate (10 mM)
Time(h) 0 6 9 12 16
Gasl = " e — 45 kDa

B-actin e ———— — — — 43 kDa

Fig. 1 Gasl expression in SH-SY5Y cells with the treatment of
glutamate (10 mM) for different time periods. a A representative
experiment of the expression of Gasl protein in SH-SYS5Y cells treated
with glutamate (10 mM) at different times. b The densitometric
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mL) resulted in a decreased cell apoptosis from 52.35 % =+
3.47 % to 43.26 £ 2.28 %. Furthermore, Gasl silencing
increased the protective effect of GDNF with a decreased
apoptosis from 52.35 % =+ 3.47 % to 22.18 % + 4.82 %.
Our data suggested that the synergistic protective effect of
Gasl silencing and GDNF was also mediated through
inhibiting glutamate-induced cell apoptosis in human SH-
SYS5Y neuroblastoma cells.

Gasl Silencing Promotes the Protective Effect
of GDNF via the Activation of PI3 K/Akt-Dependent
Cell Survival Signaling Pathway

Previous report showed that Gasl could inhibit cell sur-
vival by blocking the GDNF-mediated signaling pathway
(Lopez-Ramirez et al. 2008). In this study, we found that
GDNF exerted its protective effect against glutamate injury
by inducing Ret phosphorylation in SH-SYSY cells; fur-
thermore, this effect was more pronounced in SH-SYS5Y
cells with Gasl knockdown (Fig. 5). By following the
downstream intracellular signaling cascade, we observed
that the phosphorylations of Akt and Bad, two downstream
targeted genes of Ret, were significantly decreased with the
treatment of glutamate; however, those were increased by
the co-treatment of GDNF. The up-regulated expression of
p-Akt and p-Bad was more pronounced in Gasl knock-
down cells. Our results suggested Gasl silencing promoted
GDNF’s protective effect via activating PI3 K/Akt-de-
pendent cell survival signaling pathway.

Gasl Silencing Promotes the Protective Effect

of GDNF via Inhibition of Mitochondrial-Dependent
Cell Apoptosis Signaling Pathway

One of the prominent events of cell apoptosis is mito-

chondrial dysfunction (Lemasters et al. 1999). Literature
indicated that Gasl could induce cell apoptosis through
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analysis of the expression of Gasl protein in SH-SYS5Y cells treated
with glutamate (10 mM) at different times. The results were shown as
mean + SD of three experiments with triplicate sets in each exper-
iment. **p < 0.01 versus treatment with glutamate at 6 h
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Fig. 2 Gasl silencing in SH-SYSY cells with glutamate treatment.
SH-SY5Y cells with or without Gasl knockdown were treated with
glutamate (10 mM) for 16 h and the relative mRNA and protein
expressions of Gasl were assessed by RT-PCR (a) and Western blot
analysis (b). A non-targeting scrambled siRNA was used as the

mediating mitochondrial dysfunction (Zarco et al. 2012). In
this study, the expression of cytochrome c¢ (Cyt-c) and
activity of caspases were assessed. As shown in Figs. 6 and
7, glutamate treatment significantly down-regulated the
expression of Cyt-c in mitochondria and up-regulated the
activities of initiator caspase-9 and effector caspase-3;
however, this effect was moderately reversed by GDNF co-
treatment. Furthermore, Gasl silencing significantly
enhanced this effect of GDNF against mitochondrial dys-
function. Our results suggested Gasl silencing promoted
GDNF’s protective effect via inhibiting the mitochondrial-
dependent cell apoptosis signaling pathway.

Discussion

GDNF, a distant member of the TGF- family, is a key
factor to maintain several cell populations in the CNS
including dopaminergic and motor neurons. It also partici-
pates in the survival and differentiation of peripheral neu-
rons such as enteric, sympathetic, and parasympathetic
(Saarma 2000; Hansford and Marshall 2005). GDNF was
found to have survival-promoting and restorative effects for
midbrain dopaminergic neurons in vitro and in animal
models of PD (Lin et al. 1993). This discovery raised great
expectations to develop GDNF into a potent drug to cure or
ameliorate the pathological symptoms of neurodegenerative
disease such as PD. However, despite the positive outcome
of small open-label clinical trials, other studies failed to
demonstrate the prominent therapeutic efficacy of GDNF
(Nutt et al. 2003; Patel et al. 2005; Sherer et al. 2006).
GDNF exerts it effect through a unique multicomponent
receptor system consisting of glycosylphosphatidylinositol-
anchored co-receptor (GFRa1-4) and RET tyrosine kinase
(Treanor et al. 1996). Gasl, an apparently unrelated pro-
tein, has recently been found to exhibit structural homology
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with glutamate alone in SH-SYS5Y cells
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Fig. 3 Gasl silencing promoted the protective effect of GDNF
against glutamate-induced cytotoxicity. SH-SYSY cells with or
without Gasl knockdown were treated with glutamate (10 mM) in
the absence or presence of GDNF (50 ng/mL) for 24 h and cell
viability was then assessed with MTT assay. The results were shown
as mean £+ SD of three experiments with triplicate sets in each
experiment. *p < 0.05 versus control, #p < 0.05 versus treatment
with glutamate alone in SH-SYS5Y cells, Ap < 0.05 versus treatment
with glutamate and GDNF in SH-SYSY cells

to GFRo, which suggests the potential role of Gasl in
modulating the biological responses induced by GDNF.
Gasl is involved in cell growth arrest and able to induce
apoptosis when over-expressed in different cell lines
including those with neuronal and glial origins (Martinelli
and Fan 2007). The potential effect of Gasl is due to its
capacity in inhibiting the GDNF-mediated survival path-
way. Britt et al. reported that Gasl could be induced in
cultured corticohippocampal neurons committed to die
after a brief exposure to NMDA, suggesting Gasl is pos-
sibly a potent modulator in excitotoxin-induced cell injury
(Mellstrom et al. 2002). The demonstration of previous
reports provided us with a rational basis to test our
hypothesis that Gasl expression induced by excitotoxin in
neuronal cells may interfere with the protective effect of
GDNF.
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Fig. 4 Gasl silencing increases the protective effect of GDNF
against glutamate-induced apoptosis. SH-SYSY cells with or without
Gas1 knockdown were treated with glutamate (10 mM) in the absence
or presence of GDNF (50 ng/mL) for 24 h. a Flow cytometry analysis
of cell apoptosis using Annexin V-FITC/PI dual-staining. b The
densitometric analysis of the percentage distribution of apoptotic

Human SH-SYSY neuroblastoma cells is a dopaminergic
neuronal cell line which has been widely used as a suitable
in vitro model for a chronic, progressive neuronal disease
compared to primary neurons. In our study, SH-SY5Y cells
were used to determine the expression profile of Gasl with
or without the treatment of glutamate (10 mM) (Maruyama
et al. 2004). Our findings showed that treatment of glutamate
induced a rapid accumulation of Gasl protein in cells, which
indicated Gasl was likely involved in glutamate-induced
neuronal death. It has been reported that GDNF could
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cells. The results were shown as mean & SD of three experiments
with triplicate sets in each experiment. **p < 0.01 versus control,
#1 < 0.01 versus treatment with glutamate alone in SH-SY5Y cells,
"p < 0.01 versus treatment with glutamate and GDNF in SH-SY5Y
cells

attenuate excitotoxin-induced neuronal death; however, this
effect was not pronounced to be clinically important. In
order to determine whether Gasl silencing influenced the
protective effect of GDNF, we performed experiments in the
Gasl knockdown cells. We found that Gasl silencing could
markedly enhance GDNF’s protective effect against gluta-
mate-induced cytotoxicity as well as apoptosis in human
SH-SY5Y neuroblastoma cells.

To further investigate the molecular mechanisms
underlying the synergistic effect of Gasl silencing and
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Fig. 5 Gasl silencing promotes the protective effect of GDNF
against glutamate-induced cytotoxicity through modulating the
PI3 K/Akt-dependent survival signaling pathways. SH-SYS5Y cells
with or without Gasl knockdown were treated with glutamate
(10 mM) in the absence or presence of GDNF (50 ng/mL) for 24 h.
a The expression of related proteins was assessed by Western blot

analysis. b The densitometric analysis of the expression of related
proteins. The results were shown as mean + SD of three experiments
with triplicate sets in each experiment. **p < 0.01 versus control,
#1 < 0.01 versus treatment with glutamate alone in SH-SY5Y cells,
"p < 0.01 versus treatment with glutamate and GDNF in SH-SY5Y
cells
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Fig. 6 Gasl silencing promotes the protective effect of GDNF
against glutamate-induced cytotoxicity through modulating the
apoptotic signaling pathways. SH-SY5Y cells with or without Gasl
knockdown were treated with glutamate (10 mM) in the absence or
presence of GDNF (50 ng/mL) for 24 h. a The expression of
cytochrome ¢ in mitochondria (Cyt-c Mit) and in cytosol (Cyt-c Cyt)

GDNF, we investigated the relevant survival and apop-
totic signaling pathways. Previous reports demonstrated
that Gasl disrupted GDNF signaling through interfering
the downstream Akt phosphorylation (Mellstrom et al.
2002). In our present study, GDNF induced the phos-
phorylation of Ret and thus activated Akt/PI3 K survival
signaling pathway in SH-SYS5Y cells, and this effect was

was assessed by Western blot analysis. b The densitometric analysis
of the expression of Cyt-c Mit and Cyt-c Cyt. The results were shown
as mean £ SD of three experiments with triplicate sets in each
experiment. **p < 0.01 versus control, **p < 0.01 versus treatment
with glutamate alone in SH-SY5Y cells, “'p < 0.01 versus treatment
with glutamate and GDNF in SH-SYS5Y cells

more pronounced in Gasl knockdown cells. Moreover,
Akt could enhance the survival of cells by blocking the
function of pro-apoptotic factors and processes (Gottlieb
et al. 2002). For instance, Akt directly phosphorylates and
inhibits the BH3-only protein Bad (Datta et al. 1997;
Zundel and Giaccia 1998). The phosphorylation of S136
residue of Bad is important for the Akt-induced survival
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Fig. 7 The activities of caspase-3 and -9 were determined by
fluorometric assay. SH-SY5Y cells with or without Gasl knockdown
were treated with glutamate (10 mM) in the absence or presence of
GDNF (50 ng/mL) for 24 h and the activities of caspases were
determined. The results were shown as mean + SD of three
experiments with triplicate sets in each experiment. **p < 0.01
versus control, ##p < 0.01 versus treatment with glutamate alone in
SH-SYS5Y cells, Mp < 0.01 versus treatment with glutamate and
GDNF in SH-SYSY cells

of neurons (Yu et al. 2005). In this study, we observed
that the treatment of GDNF significantly attenuated the
glutamate-induced dephosphorylation of Bad in the Gasl
knockdown cells, which effect was accompanied with the
inhibited release of Cyt-c to the cytosol and the activation
of caspases (caspase 3 and caspase 9). Our observation
suggested that Gasl silencing enhanced GDNF’s protec-
tive effect via activating PI3 K/Akt survival signaling
pathway as well as inhibiting mitochondrial-dependent
apoptotic signaling pathway via Bad dephosphorylation
blockade.

In conclusion, these data extensively suggested the
hypothesis that Gasl silencing could significantly promote
the neuroprotective effect of GDNF against glutamate-in-
duced neurotoxicity in human SH-SY5Y neuroblastoma
cells. Till now, there is limited progress of therapeutic
development of GDNF in preventing and treating neu-
rodegenerative diseases due to the unsatisfied outcome of
clinical trials, but there is still reason to hope that trophic
factor therapy may become a reality for patients with
neurodegenerative diseases. The novel information gained
in this study significantly contributes to elucidating the
limited beneficial effect of GDNF in these clinical trials;
however, this study is still at an early stage. Further in vivo
studies are necessary to confirm the negative effect of Gasl
on GDNF therapy in the neurodegenerative diseases.
Finally, our study may provide a novel therapeutic
approach in the optimization of GDNF therapies targeting
at neurodegenerative diseases.
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