EXPERIMENTAL AND THERAPEUTIC MEDICINE 14: 1253-1259, 2017

Glutamine promotes Hsp70 and inhibits o-Synuclein
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Abstract. Hsp70 regulates a-Synuclein (a-Syn) degeneration
in Parkinson's disease (PD), indicating that Hsp70 promotion
may be able to prevent or reverse a-Syn-induced toxicity in PD.
Additionally, it has been demonstrated that glutamine (Gln)
enhances Hsp70 expression. In the present study, Gln-induced
Hsp70 promotion in pheochromocytoma was investigated with
reverse transcription- quantitative polymerase chain reaction
and western blotting methods. Then it was observed whether
heat shock factor (HSF)-1 was required for this phenomenon
with an RNA interference strategy. The regulatory role
of Gln on a-Syn degeneration was also determined in the
a-Syn-overexpressed PC12 [PC12 (a-Syn+)] cells, which were
treated with or without the proteasomal inhibitor lactacystin
(Lac). The results demonstrated that treatment with =10 mM
Gln significantly increased Hsp70 mRNA and protein levels
(P<0.05) and that this promotion was HSF-1-dependent,
as HSF-1 knockout with HSF-1-specific small interfering
RNA abrogated Hsp70 promotion in PC12 (a-Syn+) cells.
Furthermore, Gln treatment markedly upregulated a-Syn
degeneration in PC12 (a-Syn+) cells, which was significantly
reduced (P<0.05) in the presence of Lac. Therefore, the
present study suggests that Gln is able to induce the promo-
tion of Hsp70 expression in PC12 cells in an HSF-1-dependent
manner and that Gln-mediated Hsp70 promotion may increase
a-Syn degradation even in the presence of proteasomal inhib-
itor. Thus, glutamine may be a potential therapeutic agent to
prevent o-Syn aggregation in PD.
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Introduction

Parkinson's disease (PD) is a neurodegenerative disorder (1)
characterized by the degradation of dopaminergic cells within
the substantia nigra pars compacta (2) and by the aberrant
aggregation of a-Synuclein (a-Syn) in the dorsal motor nucleus
of the vagus (3-5). a-Syn belongs to a family of structurally
associated proteins in the brain (6,7), which serve an important
role in neurotransmitter release (8) by promoting the assembly
of the soluble N-ethylmaleimide-sensitive fusion attachment
protein machinery (9). Impaired a-Syn degeneration has been
widely accepted to be the key pathological course of patho-
genic protein accumulation (10). However, the mechanism
that impairs the degeneration of a-Syn in PD remains to be
determined (11,12).

Besides the increased a-Syn synthesis in PD (13), aber-
rant a-Syn aggregation in PD may predominantly be caused
by impaired a-Syn degradation (14-16). Molecular chaper-
ones, most of which are heat shock proteins (Hsps), are the
primary defense against protein misfolding and aggregation,
as they bind to unfolded proteins and maintain them in a
folding-competent state. In addition, they may be associated
with dissolving aggregates and targeting misfolded proteins
for degradation (17). It has also been demonstrated that Hsp
overexpression may refold and ameliorate aberrantly aggra-
vated a-Syn (18,19), suggesting that this may be the key role
of Hsp70 in PD (19,20). The negative regulation of a-Syn
aggregation and of a-Syn-induced cellular toxicity by Hsp70
has been previously demonstrated (20,21). Therefore, Hsp70
may be a potential therapeutic agent for the treatment of PD, as
it may block and reverse a-Syn-induced toxicity.

The ubiquitin-proteasome system is the principal degra-
dation system for short-lived and misfolded proteins in
eukaryotic cells. The ubiquitinated target protein containing
the serially-activated Elubiquitin-activating enzyme, E2
ubiquitin-conjugating enzyme and the E3 ligase is recognized
by and degraded in the proteasome by the 26S proteasome
complex (22,23). Recently, it has been determined that
the dysfunction of the lysosome and ubiquitin-proteasome
system is associated with the abnormal aggregation of a-Syn
in neuroblastoma PC12 cells (22). Furthermore, enhanced
ubiquitin-dependent degradation of a-Syn by neural precursor
cell expressed developmentally down-regulated protein 4
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was confirmed in an animal model of PD (24). However, the
association between the molecular chaperone- and the ubig-
uitin/proteasome system-mediated degradation of a-Syn in
neuroblastoma cells remains to be elucidated.

In the present study, the regulatory role of glutamine on
Hsp70 expression in neuroblastoma PC12 cells was inves-
tigated. Subsequently, the regulatory role of glutamine on
a-Syn degradation in a-Syn-overexpressed PC12 cells with or
without treatment with the proteasomal inhibitor lactacystin
(Lac) was also investigated. The present study indicates that
glutamine may be effective at preventing a-Syn aggregation
in PD.

Materials and methods

Reagents, cell culture and treatments. L-glutamine (Gln;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) and
Lac (Santa Cruz Biotechnology, Inc., Dallas, TX, USA) were
dissolved in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 2% FBS (both from Invitrogen; Thermo
Fisher Scientific, Inc.). Cells from the pheochromocytoma cell
line PC12 were purchased from the American Type Culture
Collection (Manassas, VA, USA) and were cultured for 2 days
to ~85% confluencu in the DMEM supplemented with 10%
(for growth) or 2% (for maintenance) FBS and 100 U/ml
penicillin/streptomycin (CSPC Pharmaceutical Group, Ltd.,
Shijiazhuang, China) at 37°C in a humid (100% humidity)
incubator. For Gln treatment, PC12 cells at 85%-confluence
were incubated at 37°C with DMEM supplemented with 2%
FBS and with 0, 5, 10 or 20 mM Gln for 0, 4, 8, 12, 24 or
48 h. For Lac treatment, PC12 cells at 85% confluence were
incubated at 37°C with 0,2, 5 or 10 uM Lac for 0, 6, 12 or 24 h.
To knockdown expression of heat shock factor (HSF), 20 or
40 nM HSF-1-specific short interfering (si)RNA (5'-UGAUGU
CGGAGAUGAUGGGTT-3") or control siRNA (siRNA-con,
scramble; Sangon Biotech Co., Ltd., Shanghai, China) was
transfected into PC12 (a-Syn+) cells using Lipofectamine
RNAiMax transfection reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) to abrogate HSF-1 expression.

To induce overexpression of a-Syn in PC12 cells, the
a-Syn coding sequence was amplified with Pfu DNA poly-
merase (Promega Corporation, Madison, WI, USA) and was
cloned into the pcDNA3. 1(+) eukaryotic expression vector
(Invitrogen; Thermo Fisher Scientific, Inc.). a-Syn cDNA was
synthesized via reverse transcription (95°C for 2 min followed
by 42°C for 60 min) with poly-dT primer (5"-"TTTTTTTTT
TTT-3") (Invitrogen; Thermo Fisher Scientific, Inc.). The
polymerase chain reaction (PCR) was performed under the
conditions of an initial denaturation for 1 min at 95°C followed
by 40 cycles of denaturation for 40 sec at 94°C, annealing for
1 min at 55°C and extension for 5 min at 72°C, and a final
extension for 10 min at 72°C. The a-Syn-specific primer pairs
were as follows: Forward, 5'-CTC CTC GAG AGG AGA AGG
AGA AGG-3"; and reverse, 5'-CGC AAG CTT TAT TTT CAT
ATA TGT-3". The recombinant a-Syn-pcDNA3. 1(+) plasmid
was subsequently transfected using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) into PC12 cells.
The coding sequence for chloramphenicol acetyl transferase
(CAT) was also cloned into pcDNA3. 1(+) to construct
CAT-pcDNA3. 1(+) plasmids, which were also transfected into
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PC12 cells as a control with Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). PC12 cells following transfec-
tion were cultured at 37°C (medium was replaced every 48 h)
in the presence of 200 ug/ml G418 (Thermo Fisher Scientific,
Inc.) to select the positive clone, PC12 (a-Syn+). PC12 (con)
cells were maintained in the presence of 80 pg/ml G418.

mRNA preparation and quantitative analysis with reverse
transcription-quantitative PCR (RT-gPCR). Cellular mRNA
was prepared using an mRNA Isolation and Purification
kit (Clontech Laboratories, Inc., Mountainview, CA, USA)
according to the manufacturer's protocol. The mRNA expres-
sion of Hsp70, HSF-1, or a-Syn was quantified using RT-qPCR.
cDNA for each marker was synthesized using the Quantitect
Reverse Transcription kit (Qiagen, Inc., Valencia, CA, USA)
under the conditions of 95°C for 30 sec followed by 42°C for
60 min with poly-dT primer (5-TTTTTTTTTTTT-3'). gPCR
was performed using a SYBR-Green-based Quantitative PCR
kit (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) with
a Lightcycler 480 II (Roche Diagnostics GmbH, Mannheim,
Germany) under the following conditions: 95°C for 1 min
(1 cycle), followed by 40 cycles of 94°C for 15 sec,55°C for 15 sec
and 70°C for 20 sec. The primer sequences were as follows:
a-Syn forward, 5'-~AGGACTTTCAAAGGCCAAGG-3';
a-Syn reverse, 5'-TCCTCCAACATTTGTCACTTGC-3';
HSP70 forward, 5'"TGTGTCTGCTTGGTAGGAATGGTG
GTA-3', HSP70 reverse, 5-TTACCCGTCCCCGATTTGAAG
AAC-3'; HSF-1 forward, 5-CGACAGTGGCTCAGCACA
TTCC-3', HSF-1 reverse, 5'-CAGCTCGGTGATGTCGGA
GATG-3"; B-actin forward, 5"TGTCCACCTTCCAGCAGA
TGT-3', B-actin reverse, 5" AGCTCAGTAACAGTCCGCCTA
GA-3'. The 2°2%°4 method was used to relatively determine
the mRNA level for each marker, with f-actin as an internal
control (25). This experiment was repeated three times.

Western blotting. Following treatment, PC12 (con) or PC12
(a-Syn+) cells were washed with cold phosphate-buffered
saline, and cytoplasmic proteins were isolated using the
NE-PER Nuclear and Cytoplasmic Extraction kit (Thermo
Fisher Scientific,Inc.) and a protease inhibitor cocktail (Abcam,
Cambridge, UK). Protein concentration was quantified with
bicinchoninic acid protein assay reagent (Sigma-Aldrich;
Merck KGaA). Proteins were then subjected to sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
electrophoresis with 10% gradient gel. Separated proteins
were subsequently transferred to PVDF membranes (EMD
Millipore, Billerica, MA, USA), which were blocked with
2% bovine serum albumin (Sigma-Aldrich; Merck KGaA) at
4°C overnight. Primary rabbit polyclone antibodies against
Hsp70 (1:1,000; ab2787; Abcam, Cambridge, UK), HSF-1
(1:500; sc-17756; Santa Cruz Biotechnology, Santa Cruz, CA,
USA), a-Syn (1:1,000; #2642; Cell Signaling Technology,
Inc., Danvers, MA, USA) or f-actin (1:2,000; A2066;
Sigma-Aldrich; Merck KGaA) were incubated to allow specific
binding for 2 h at 4°C. The horseradish peroxidase-conjugated
secondary anti-rabbit antibody (1:5,000; 111-035-003; Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA, USA)
was used to detect the specific antigen-antibody binding for
1 h at room temperature. Finally, each target protein was
visualized using an enhanced chemiluminescence detection
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Figure 1. Gln upregulates Hsp70 expression in PC12 cells HSF-1-dependently. (A) Levels of Hsp70 mRNA in PCI12 cells following treatment with 0, 5, 10, or
20 mM Gln for 8 h. (B) Levels of Hsp70 mRNA in PC12 cells following 20 mM Gln treatment for 0, 4, 8 or 12 h. (C) Western blot analysis of Hsp70 protein
levels in PC12 cells following treatment with 0, 5, 10, or 20 mM Gln for 24 h, with 3-actin as an internal control. (D) Levels of HSF-1 mRNA in PC12 cells 12 h
following transfection with 20 or 40 nM siRNA-HSF-1 or siRNA-con. Levels of Hsp70 mRNA in PC12 cells (E) with or (F) without the treatment with 20 mM
Gln, following transfection with 20 or 40 nM siRNA-HSF-1 or siRNA-Con. (G and H) Hsp70 and HSF-1 protein levels measured via western blot analysis in
PCI2 cells transfected with 20 or 40 nM siRNA-HSF-1, or siRNA-con, in the presence of 20 mM Gln. All experiments were performed in triplicate and data
are presented as the mean + standard deviation. "P<0.05, “P<0.01 vs. control (0 h, 0 mM GlIn or siRNA Con as indicated). Gln, glutamine; Hsp, heat shock
protein; HSF, heat shock factor; siRNA, short interfering RNA; siRNA-HSF-1, HSF-1-targeted siRNA; con, control; H. P. T., h post-transfection.

kit (GE Healthcare Life Sciences, Chalfont, UK) according to
the manufacturer's protocol.

Proteasomal activity assay. Proteasome activity in PC12 (con)
or PC12 (a-Syn+) cells was assayed, following cell lysis, by
measuring the release of 7-amino-4-methylcoumarin (AMC)
from the fluorogenic peptides Suc-Leu-Leu-Val-Tyr-AMC
and Z-Leu-Leu-Glu-AMC. Cells were lysed in 20 mM
Tris-HCI, 1 mM EDTA buffer (pH 7.5) and were centrifuged
at 12,000 x g for 30 min at 4°C to remove cellular debris. The
supernatant was collected and was diluted to a concentra-
tion of 100 pg/ul. Protein sample (1-3 ul) was added to the
assay mixture in a total volume of 300 pl containing 50 xM
Z-Leu-Leu-Glu-AMC, 50 uM Suc-Leu-Leu-Val-Tyr-AMC,
5 mM adenosine triphosphate and 5 mM Mg acetate in
Tris-EDTA buffer with or without Lac (0, 2, 5 or 10 uM).
The mixture was incubated at 37°C for 30 min followed by
the fluorescence measurement at Aex 360 nm and Aem 465 nm
with a fluorescence spectrophotometer (Hitachi Fluorescence
Spectrophotometer F-2000; Hitachi Ltd., Tokyo, Japan). The
assay produced proportional responses up to 300 pg protein.
Proteasomal activity was presented as a relative level to the

control group (0 #uM Lac or 0 mM Gln). Five replicates were
performed for each experiment.

Statistical analysis. Quantitative results were presented as
the mean + standard deviation. The difference between the
experimental and control groups was analyzed using Student's
two-tailed t-test, with SPSS 13.0 (SPSS, Inc., Chicago, IL,
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Gln upregulates Hsp70 expression in PCI2 neuroblastoma
cells HSF-1-dependently. Previous studies have demonstrated
that GIn enhances the expression of Hsp (26-29), which serves
a key regulatory role in a-Syn degradation. Therefore, the
regulation by Gln on Hsp70 expression in PC12 neuroblas-
toma cells was investigated. Hsp70 mRNA expression was
significantly increased in PC12 cells following Gln treatment
for 8 h (P<0.05 for 10 mM; P<0.01 for 20 mM) and there was a
significant increase in Hsp70 mRNA expression in the 20 mM
group compared with the 10 mM group (P<0.05; Fig. 1A).
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Figure 2. Gln treatment promotes a-Syn degradation in PC12 (a-Syn+) cells. (A) Levels of a-Syn mRNA in PCI12 (a-Syn+) cells or in PC12 (con) cells,
following an incubation for 6, 12 or 24 h. (B) Western blot analysis of a-Syn and Hsp70 protein levels in PC12 (a-Syn+) or PC12 (Con) cells, following an
incubation time for 12, 24 or 48 h. Relative levels of (C) a-Syn or (D) Hsp70 in PC12 (a-Syn+) or PC12 (Con) cells, following an incubation time for 12, 24 or
48 h. (E) Relative levels of a-Syn mRNA in the PC12 (a-Syn+) cells with or without 10 mM Gln treatment for 6, 12 or 24 h. (F) Western blot analysis of a-Syn
protein levels in the PC12 (a-Syn+) cells, following the treatment with 0, 5, 10 or 20 mM Gln for 24 h. All results are presented as mean + standard deviation

for triple experiments. ‘P<0.05, “P<0.01,
Hsp, heat shock protein; H. P. T., h post transfection; H, h.

Such promotion was also time-dependent, as significant Hsp70
mRNA upregulation was observed at 8 h following the treat-
ment with 20 mM GlIn (P<0.05) and at 12 h post treatment
(P<0.01) compared with cells that were not treated with Gln;
with a significant increase in Hsp70 mRNA levels at 12 h
compared with 8 h (P<0.05; Fig. 1B). Furthermore, promo-
tion of Hsp70 protein expression by Gln was also confirmed
in PCI12 cells, as significantly increased levels of Hsp70 were
detected in the 24 h Gln-treated PC12 cells compared with
those that were not treated with Gln (P<0.05 for 10 mM; P<0.01
for 20 mM; Fig. 1C), with a significant increase observed in
the 20 mM group compared with the 10 mM group (P<0.05).

Given the key role of HSF in the expression of Hsps,
including Hsp70 (30), the association of HSF-1 knockdown
on Gln-promoted Hsp70 expression was investigated.
Transfection with the HSF-1-specific siRNA, siRNA-HSF-1,
significantly downregulated levels of HSF-1 mRNA (P<0.01
for 20 and 40 nM) in PC12 cells (Fig. 1D) and significantly
reduced Hsp70 mRNA levels in PC12 cells treated with
20 nM Gln (P<0.05 for 20 nM and P<0.01 for 40 nM; Fig. 1E),

P<0.001 vs. control. Gln, glutamine; a-Syn, a-Synuclein; PC12 (a-Syn+), a-Syn-overexpressed PC12; con, control;

compared with siRNA-con. Notably, downregulation of Hsp70
mRNA was not significant in PC12 cells transfected with
siRNA-HSF1 that did not receive Gln treatment (Fig. 1F). In
addition, western blotting demonstrated that HSF-1 and Hsp70
were significantly downregulated following siRNA-HSF-1
transfection (Hsp70, P<0.05 for 20 nM, P<0.01 for 40 nM;
HSF-1, P<0.05 for both; Fig. 1G and H). These results suggest
that Gln promotes Hsp70 expression HSF-1-dependently in
PCI2 cells.

Upregulation of Hsp70 by Gln increases a-Syn degrada-
tion in PCI2 (a-Syn+) cells. To investigate the regulation of
Gln-promoted Hsp70 on a-Syn degradation in PC12 cells,
wild-type a-Syn was overexpressed in PC12. Significantly
increased levels of a-Syn mRNA were observed in PC12
(a-Syn+) cells following incubation with a-Syn for 6, 12 or
24 h (P<0.001 for all; Fig. 2A). Levels of a-Syn protein were
also significantly higher in PC12 (a-Syn+) cells than in the
control PC12 (con) cells following incubation for 12, 24 or
48 h (P<0.001 for all; Fig. 2B and C). Subsequently, it was
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Figure 3. Proteasomal activities in PC12 (a-Syn+) cells treated with Lac and/or Gln. Proteasomal activity in (A) PC12 (a-Syn+) or (B) PC12 (con) cells treated
with 0, 2,5 or 10 M Lac for 24 h. Proteasomal activity in (C) PCI12 (a-Syn+) or (D) PCI12 (con) cells treated with 0, 5, 10 or 20 mM Gln for 24 h. Each value
was relative to the proteasomal activity in PC12 (a-Syn+) cells treated without Lac or Gln for 24 h. Data was presented as mean + standard deviation of four
independent results "P<0.05, “P<0.01, ""P<0.001, ““P<0.0001 vs. 0 uM Lac. PC12 (a-Syn+), a-Syn-overexpressed PC12; a-Syn, a-Synuclein; Lac, lactacystin;

Gln, glutamine; con, control.

investigated whether overexpressed a-Syn regulated Hsp70
expression and it was determined that there was no significant
difference in Hsp70 mRNA levels between PC12 (a-Syn+)
and PC12 (con) cells (Fig. 2D). Gln was also demonstrated to
serve a regulatory role on a-Syn degradation in PC12 (a-Syn+)
cells. Treatment with 10 mM Gln treatment had no significant
influence on the a-Syn mRNA levels in the PC12 (a-Syn+)
cells, at 6, 12 or 24 h following treatment (Fig. 2E). However,
levels of a-Syn protein were significantly downregulated in
PC12 (a-Syn+) cells treated with 10 or 20 mM Gln (P<0.01
and P<0.001, respectively; Fig. 2F), with a significant decrease
in a-Syn levels in the 20 nM GlIn group compared with the
10 nM group (P<0.05). These results suggest that Gln treat-
ment promotes a-Syn degradation in PC12 (a-Syn+) cells.

Upregulation of Hsp70 by Gln inhibits proteasomal inhib-
itor-induced a-Syn accumulation in PCI2 (a-Syn+) cells.
Proteasomal impairment has been suggested as another
mechanism associated with abnormal a-Syn accumulation
in PD (31,32). To investigate the regulation of proteasomal
activity on a-Syn degradation, the proteasomal activity and
a-Syn protein levels in PC12 (a-Syn+) cells and normal PC12
cells, which were treated with Lac, were investigated. It was
determined that treatment with 5 or 10 xM Lac significantly
reduced proteasomal activity in normal PC12 cells (P<0.01
and P<0.001, respectively; Fig. 3A), and in PC12 (a-Syn+)
cells (P<0.001 and P<0.0001, respectively; Fig. 3B). This
reduction was greater in cells treated with 10 M Lac than in
those treated with 5 uM Lac in both groups [P<0.05 in PC12
cells; P<0.01 in PC12 (a-Syn+) cells]. In addition, proteasomal

activity in both types of PC12 cells was investigated following
treatment with Gln. It was demonstrated that treatment with 5,
10 or 20 mM Gln did not result in significant upregulation or
downregulation of the proteasomal activity in PC12 (con) cells
or in PC12 (a-Syn+) cells (Fig. 3C and D).

a-Syn degradation in PC12 (a-Syn+) cells, which were
treated with Gln and/or Lac, was subsequently evaluated. It
was indicated that a-Syn mRNA was not significantly altered
following treatment with 10 mM Gln, 5 M Lac or both agents
(10 mM Gln and 5 uM Lac; Fig. 4A). However, western blot-
ting demonstrated that proteasomal activity inhibition by 2, 5
and 10 yM Lac significantly upregulated a-Syn accumulation
in the PC12 (a-Syn+) cells (P<0.05 for 2 uM; P<0.01 for 5 and
10 M), in a dose-dependent manner (P<0.05 between 2 and
5 uM; Fig. 4B and C). However, Lac treatment for 24 h did
not significantly regulate Hsp70 expression in PC12 (a-Syn+)
cells (Fig. 4C). Furthermore, it was demonstrated that there
is a reduction in Lac-induced a-Syn accumulation following
Gln treatment. As presented in Fig. 4D and E, 5 mM GIn
significantly reduced 2 yM Lac-induced a-Syn accumula-
tion (P<0.05) and 10 mM Gln significantly reduced the 5 yM
Lac-induced a-Syn accumulation (P<0.01; Fig. 4E). These
findings suggest that the upregulation of Hsp70 by Gln may
inhibit the proteasomal inhibitor-induced a-Syn accumulation
in PC12 (a-Syn+) cells.

Discussion

It has been recognized that hypofunction of molecular
chaperones is associated with aberrant a-Syn aggregation in
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Figure 4. Gln reduces the proteasome inhibitor-promoted a-Syn accumulation in neuroblastoma PC12 cells. (A) Levels of a-Syn mRNA in PCI12 (a-Syn+)
cells treated with 10 mM Gln and/or 5 uM Lac for 6, 12 or 24 h. (B and C) Western blot analysis of a-Syn and Hsp70 in PC12 (a-Syn+) cells treated with 0,
2,5 or 10 uM Lac for 24 h. (D and E) Western blot analysis of a-Syn in PC12 (a-Syn+) cells treated with 2 or 5 M Lac and/or 5 or 10 mM Gln for 24 h. All
experiments were performed in triplicate and data are presented as the mean + standard deviation. "P<0.05, “P<0.01 vs. 0 uM Lac. Gln, glutamine; a-Syn,
a-Synuclein; PC12 (a-Syn+), a-Syn-overexpressed PC12; Lac, lactacystin; Hsp, heat shock protein.

PD (19,20) and that Hsp promotion is effective at promoting
a-Syn degradation; Hsp70, in particular, has been confirmed
to prevent a-Syn aggregation in PD (20,21). Previous studies
have demonstrated that Hsp70 is subjected to transcriptional
regulation upon different stresses and is regulated by a variety
of molecules (32-34). It has previously been demonstrated
that GIn enhances Hsp70 expression (26,27,35). Gln mediates
cellular protection against heat-stress injury to the lungs by
promoting HSF-1 expression (26) or enhancing HSF-1 phos-
phorylation/activation (36). In the present study, Gln-regulated
upregulation of Hsp70 expression was observed in PC12
cells at both the mRNA and protein levels in a dose- and
time-dependent manner. The Gln-regulation of Hsp70 expres-
sion was demonstrated to be HSF-1-dependent via HSF-1
knockdown. HSF-1-specific siRNA was able to block HIF-1
expression and blunt Gln-promoted Hsp70 upregulation. These
findings suggest that the Gln-promoted Hsp70 upregulation is
HSF-1-dependent.

It has been suggested that in both sporadic and familial
PD, proteasomal impairment is associated with the abnormal
accumulation of a-Syn in PD pathogenesis (30,31). The a-Syn
accumulation and the proteasomal inactivation may be asso-
ciated with either the oxidative or the nonoxidative mode of
dopamine toxicity (37) and accumulated a-Syn subsequently
induces toxicity in different cell lines or on isolated brain

mitochondria (38,39). The present study demonstrated that
Gln treatment facilitated o-Syn degradation but did not signifi-
cantly regulate a-Syn mRNA expression in PC12 (a-Syn+)
cells, which overexpressed o-Syn. This suggests that Gln
may be a promising agent to ameliorate a-Syn accumulation
in PC12 (a-Syn+) cells. In addition, it was determined that
although the regulatory role of Gln on a-Syn accumulation
was independent of proteasomal activity, it was able to reverse
the inhibition of a-Syn degradation, which was mediated by
the proteasomal inhibitor Lac.

In conclusion, the present study demonstrated that Gln is
able to promote Hsp70 in pheochromocytoma PC12 cells in
an HSF-1-dependent manner and that Gln-promoted Hsp70
facilitates a-Syn degradation proteasome-independently.
These findings suggest that Gln may be a promising reagent to
prevent a-Syn aggregation in PD.
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