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Abstract: Parkinson’s disease (PD) is a degenerative disorder of the central nervous system and is characterized
by motor system disorders resulting in loss of dopamine producing brain cells. Acidic fibroblast growth factor, also
called FGF1, promotes the survival of neurons. The aims of the present study were to confirm FGF1 could protect
neurons cultures from 6-hydroxydopamine (6-OHDA) toxicity in vitro and in vivo. Our results demonstrated FGF1
administration improved the motor function recovery, increased the TH-positive neurons survival and up-regulated
the levels of neurotransmitters in PD rats. Meanwhile, FGF1 prevents the death of DA neuron at least in part by re-
ducing the levels of a-synuclein and ER stress. The administration of FGF1 activated downstream signals PI3K/Akt
and ERK1/2. In conclusion, FGF1 diminished a-synuclein neurotoxicity by down regulating ER stress mediators and
the level of apoptosis, and these effects may underlying the activation of the PI3K/Akt and ERK1/2 signal pathway.
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Introduction

Parkinson’s disease (PD) as the second most
common neurodegenerative disorder, is char-
acterized by selective neuronal death affecting
the locus coeruleus, dorsal motor nucleus of
vagus, nucleus basalis of Meynert and patho-
logically by marked dopaminergic (DA) neurons
loss in the substantia nigra pars compacta
(SNpc) and intracytoplasmic proteinaceous
inclusion bodies formation [1]. Currently, the
pathogenesis of PD is still unclear, accumulat-
ing evidence has suggested that both environ-
mental and genetic factors collaborate and
cause dopaminergic cell death. Aging, expo-
sure to pesticides, and endogenous toxic
agents, such as dopamine derivatives, mighty
induce oxidative stress and lead to neurode-
generation.

Recently, studies showed that endoplasmic
reticulum (ER) stress, in conjunction with abnor-
mal protein degradation, plays a crucial role in
the development of PD. Misfolded protein
aggregation and disrupt calcium homeostasis
in ER lead to ER stress and unfolded protein
response (UPR) [2, 3]. ER stress signaling path-
ways have been unraveled: the first step in the
UPR is the recognition of unfolded proteins by
the HSP70-class chaperone glucose regulated
protein 78 (GRP78). The titration of GRP78 by
unfolded proteins leads to its dissociation from
and activation of the three ER stress receptors:
pancreatic ER kinase-like ER kinase (PERK),
activating transcription factor (ATF6), and inosi-
tol-requiring enzyme 1 (IRE1), the PERK path-
way is activated first, followed rapidly by ATF6,
while IRE1 is activated last. Persistent and
severe ER stress leads to activation of the
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PERK-eukaryotic initiation factor 2 (elF2)-acti-
vating transcription factor 4 (ATF4) pathway,
and culminates in the induction of the CCAAT-
enhancer-binding protein (C/EBP) homologous
protein (CHOP), which up-regulates apoptosis-
related genes including caspase-12, caspase-3
to promote cell death [3]. ER stress markers
are known to be induced by 6-hydroxydopa-
mine (6-OHDA), 1-methyl-4-phenylpyridinium
(MPP+), rotenone and paraquat, which cause
degeneration of dopaminergic neurons in the
SN and are used to model PD [2, 4]. The sus-
tained increase of a-synuclein (a-syn) has also
been shown to be involved in ER stress [5].
Elevated o-syn levels have been found to block
ER to Golgi membrane trafficking and cause ER
stress [6]. Thus modulation of ER Stress and
a-syn constitutes an important therapeutic tar-
get for PD.

Neurotrophic factors have the ability to protect
dopaminergic neurons or enhance their regen-
eration through activation of multiple intracel-
lular pathways that oppose neurons apoptosis
in PD [7]. For example, intrastriatal administra-
tion of glial cell-derived neurotrophic factor
(GDNF), cerebral dopamine neurotrophic factor
(CDNF) and neurturin (NTN) have all been
shown to protect against 6-OHDA rat model of
PD [8]. Acidic fibroblast growth factor (FGF1 or
aFGF) and basic fibroblast growth factor (FGF2
or bFGF) are members of FGF-1 sub-family of
FGFs that, in the adult, shows preferential
expression in the brain, has proven to be highly
efficient at the regeneration of neurons in mul-
tiple experimental animal models, including
those of optic nerve injury and excitotoxic cell
death [9]. Several groups have accordingly
shown that FGF2 regulates dopaminergic neu-
ron and nigrostriatal pathway development
[10], enhances neuronal survivability and pro-
tects from 6-OHDA-induced cell death in the
substantia nigra of PD mouse models [11].
However, the effect of FGF1 in PD received less
attention. Only one study showed treatment of
MPTP-depleted young mice with FGF1 results in
partial recovery in the nigrostriatal DA system
[12].

The aims of the present study were two-fold;
firstly to confirm the single published study to
date showing that FGF1 could protect neurons
cultures from 6-OHDA toxicity in vitro and in
vivo and, secondly, to examine for the first time
whether FGF1 could inhibit ER stress and atten-
uate a-syn aggregation in PD rat model.
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Materials and methods
Animals protocols

Young adult male SD rats (280-320 g) were pur-
chased from the Animal Center of the Chinese
Academy of Sciences, in accordance with the
National Institutes for Health Guide for the Care
and Use of Laboratory Animals. All procedures
were approved by the Animal Care and Use
Committee of Wenzhou Medical University. The
rats were maintained in a temperature/humidi-
ty-controlled environment under a 12 h light/
dark cycle with ad libitum access to food and
water. The animals were anesthetized with 5%
chloral hydrate, shaven and the back of their
heads were disinfected. Then, at the middle of
the back of the head, longitudinal cuts were
made, and the fascia were cut off by means of
30% hydrogen peroxide etching, thereby expos-
ing the bregma on the skull and the word point.
Then the rats were fixed to a stereotaxic appa-
ratus (KOPF Company, Germany). The rat model
of PD was reproduced by injecting 6-OHDA (10
pl, 1.5 pg/ul, dissolved in 0.2% ascorbic acid
saline solution) unilaterally into the striatum on
the right at a constant rate (coordinates: A:
+0.7 mm from bregma, L: +2.8 mm from mid-
line and H: +5.5 mm). 6-OHDA was purchased
from Sigma (Sigma-Aldrich, St. Louis, MO, USA).
The injection rate was 10 nl/sec and the needle
was kept in place for 5 min after the injection.
The sham operation model was injected with
0.9% saline and 0.2 mg/ml ascorbic acid at the
same cerebral intervention as the physical
damage.

Behavioral test

One week after right striatum stereotaxic injec-
tion of 6-OHDA, animals were subjected to rota-
tional behavior testing. Rats were injection sub-
cutaneously with apomorphine hydrochloride
(0.5 mg/kg), placed in a round kettle (40 cm in
diameter), and recorded contralateral turns in a
30 min period by a kind of equipment used to
detect rotational behavior of rats, the rats with
contralateral turns more than 7 cycles/min
were used as valid pathology model [13]. The
valid Parkinson’s disease rats were randomly
divided into two groups, FGF1 (80 ug/kg/day)
group or vehicle (model group). The sham-
lesion control was also included. FGF1 (Grostre
Biotech Co., Wenzhou, China) in distilled water
was injected by cauda vein for 2 weeks. The
turns of rats were performed at 1, 2, and 3
weeks after the first FGF1 administration.
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Cell culture and viability assay

PC12 cells were purchased from the Type
Culture Collection of the Chinese Academy of
Sciences, Shanghai, China. Cells grown in
DMEM medium were supplemented with 10%
fetal bovine serum and 1% antibiotics and incu-
bated in a humidified atmosphere containing
5% CO, at 37°C. PC12 cells were seeded on
96-well plates and treated with 6-OHDA (50,
100, 150, 200 and 400 uyM) for 24 h with or
without FGF1 (10, 20, 40, 80 ng/mL).
Thapsigargin (TG, 1 nm), a specific ER stress
activator, was added as a positive control to
compare with 6-OHDA. Cell viability was mea-
sured by 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diph-
enyltetrazolium Bromide (MTT) assay. During
the last 4 h, MTT (600 mM) was added to the
media. Cells were then washed with PBS (pH
7.4), and DMSO was added to solubilize the
formazan crystals. The absorbance was mea-
sured at 570 nm. Optimal conditions of 150 uM
6-OHDA and 20 ng/ml FGF1 were used for the
subsequent experiments.

Flow cytometry analysis

To quantify the apoptotic cells of each group,
PC12 cells and medium were harvested after
treatment. The concentration was adjusted to
1 x 10° cells/ml. After triple centrifugation and
washing in cold PBS, cells were re-suspended
in 1x binding buffer, double-stained with Pl/
Annexin V-FITC kit (Invitrogen, Carlsbad, CA,
USA) for 15 min at room temperature in the
dark, and the apoptotic rate was analyzed by a
FACScan flow cytometer (Becton Dickinson,
Franklin Lakes, NJ, USA).

HPLC-ECD analysis

The standard curve was constructed with puri-
fied samples. DA, 3, 4-dihydroxyphenyl acetic
acid (DOPAC), homovanillic acid (HA), 5-hydroxy-
indole acetic acid (5-HIAA), 5-hydroxytrypta-
mine (5-HT), epinephrine (E), norepinephrine
(NE), were purchased from Sigma-Aldrich Ltd.
(St. Louis, MO, USA). Liquid chromatographic
experiments were an Agilent 1100 liquid chro-
matography (Agilent Technologies, Santa Clara,
CA, USA), and the column was Agilent Eclipse
XDB-C18 (2.4 mm x 150 mm, 5 ym particle,
Agilent Technologies, Santa Clara, CA, USA).
The working electrode was a glassy carbon disc
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electrode (3 mm in diameter) or ABNs modified
electrode. The rats’ corpus striatum was accu-
rately weighed and placed in a 2-mL centrifuge
tube, added at a concentration of 0.1 M per-
chloric acid solution 10 ml/g and homogenized
on ice. The soluble fraction was obtained by
centrifugation at 4°C, 12,000 rpm for 10 min,
1-2 times. Before HPLC-ED analysis, the sam-
ple was unfrozen at 4°C prior to injection. The
standard curve into software Clarity v.2.6.4.402
calculated for each sample in various concen-
trations of neurotransmitters, and then
Graphpad Prism 5.0 was used for analysis.

Histology and immunohistochemistry

The rats were anesthetized with 4% choral
hydrate (10 ml/kg IP) and then perfused with
4% paraformaldehyde in a 0.1 M phosphate
buffer. Brains were dissected and post-fixed in
the same fixative overnight at 4°C. The sub-
stantia nigra were embedded in paraffin and
sliced. After the tissue hydration dewaxing and
antigen retrieval at high temperature and pres-
sure, sections were incubated with 3% hydro-
gen peroxide for 30 min and 1% BSA for 30 min
at room temperature. Soon afterwards, we
added the primary antibody against CHOP
(1:150), GRP78 (1:200), caspase-12 (1:600)
and TH (1:300) at 4°C overnight. Next, the sec-
tions were washed with PBS three times, and
incubated with horseradish peroxidase-conju-
gated secondary antibodies for 2 h at 37°C.
The treated sections were incubated with 3,
3-diaminobenzidine (DAB, 5% diluted with PBS)
for 5 min. The saline injection group was con-
sidered to be the negative control. The results
were analyzed by counting the number of posi-
tive cells at x400 magnification using a Nikon
ECLPSE 80i (Nikon, Tokyo, Japan). The optical
density of CHOP, GRP78, caspase-12 and TH in
the substantia nigra were counted at 5 random-
ly selected fields per sample.

Western blot analysis

The rats were perfusion with ice-cold 0.9%
NaCl and decapitated. Total proteins were iso-
lated from the striatum of the rats with mam-
malian tissue extraction reagent according to
the manufacturer’s protocol. The PC12 cells
were lysed in protein extraction reagent with
protease and phosphatase inhibitors. a-synu-
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Figure 1. Effects of FGF1 infusions on amphetamine-induced rotation and neurotransmitters levels in the striatum
of PD model rats. A. Effects of FGF1 administration on the apomorphine (APO)-induced ipsilateral rotations mea-
sured at 1, 2 and 3 weeks after lesion. B-D. The levels of monoamine neurotransmitters in the striatum detected
by HPLC-ECD at 3 weeks post-lesion. “P < 0.05, **P < 0.01 vs. Sham group; #P < 0.05, #P < 0.01, ##P < 0.001 vs.

PD group, n = 10.

clein was isolated like before describing [14].
All protein samples were separated on 10%-
12% gradient SDS-PAGE and transferred to
PVDF membranes (Bio-Rad, Hercules, CA). The
membranes were blocked in 5% skim milk for 1
h, and processed for immunolabeling for pro-
teins of interest. Membranes were incubated
with the following antibodies: Phospho-Akt
(1:300), Akt (1:300), phospho-ERK (1:300),
ERK (1:300), XBP-1 (1:300), ATF6 (1:300),
CHOP (1:300), GRP78 (1:300), caspase-12
(1:1000), a-synuclein (1:300) and TH (1:800)
(Santa Cruz Biotech, Santa Cruz, CA, USA) over-
night at 4°C. Follow day, membranes were
washed with Triton X-100 in TBS 3 times for 5
min, and incubated for 1 h with appropriate
HRP-conjugated secondary antibodies at room
temperature. Blots were washed and exposed
by using a ChemiDocTM XRS+ Imaging System
(Bio-Rad, Hercules, CA). Densitometry analysis
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band intensity was performed using Multi
Gauge Software of Science Lab 2006 (FUJIFILM
Corporation, Tokyo, Japan).

Statistical analysis

All values are expressed as the mean + SEM.
Data from at least 3 sets of independent exper-
iments were analyzed by one-way analysis-of-
variance (ANOVA), followed by a Dunnett’s post
hoc test. Values of P < 0.05 were considered
significant.

Results

FGF1 ameliorated the behavioral of 6-OHDA-
induced PD rats

To evaluate the protective effects of FGF1 on
6-OHDA-induced PD animal model, PD rats
were injected with exogenous FGF1 through the
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Figure 2. FGF1 inhibited a-synuclein protein and increased the level of TH in PD rats. A. The HE staining, immuno-
histochemistry of TH and a-synuclein in nigrostriatal. B. The optical density of a-synuclein-positive and TH-positive
cells. C. The protein expressions of TH in nigrostriatal. D. The protein expressions of a-synuclein in nigrostriatal. **P
<0.01, ***P < 0.001 vs. Sham group, #P < 0.05 vs. PD group, n = 8.

tail vein for 14 days continuously. In regard to
rats’ ability to rotate in response to apomor-
phine was measured, as shown in Figure 1A,
PD group and FGF1-treated rats rotated from
the contralateral to the affected side, while the
sham group showed no rotational behavior. As
expected, the number of turns of FGF1 adminis-
trate remarkably decreased by 3.12 + 0.54 ver-
sus of PD model rats (P < 0.05).
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Effect of FGF1 on the striatal extracellular level
of neurotransmitters

In addition, to rule out the possibility that FGF1
exert beneficial effect by improvement the
monoamine neurotransmitters in the corpus
striatum, HPLC-ECD was performed for detect-
ing the neurotransmitters levels. Compared
with sham group, the levels of neurotransmit-
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ters in the PD group, including DA, DOPAC, HVA,
NE, E and 5-HIAA, decreased remarkably. After
the dose of 80 pg/kg/day FGF1 treatment, the
levels of DA, DOPAC, HVA, NE and 5-HIAA mark-
edly increased. It should be noted another two
neurotransmitters, E and 5-HT, not be reversed
by FGF1 significantly, implying FGF1 did not
improve all of the neurotransmitters (Figure
1B-D). Taken together, these findings indicated
that FGF1 alleviates 6-OHDA-induced motor
dysfunction and increase some neurotransmit-
ters secretion.

FGF1 attenuated the decrease of TH-positive
neurons and suppressed the expression of
a-synuclein

TH staining was performed to evaluate the sur-
vival of dopaminergic neurons. Morphological
observations are shown in Figure 2A, in sham
group, the cytoplasm and fibers of dopaminer-
gic neurons were intensely stained and the cel-
lular processes were evident. In contrast, rats
in the model group showed a marked loss of
DA-containing SN neurons in the right side, as
few TH-positive cells were detected and the cel-
lular processes were absent for most cells.
FGF1 administration resulted in an increase by
80% fold in TH-positive cells with similar cell
morphology to the model group (Figure 2B).
Consistent with the immunohistochemical
results, the protein levels of TH were signifi-
cantly decreased in the right nigra region in PD
rats, while treatment with FGF1 inhibited the
activation of TH when compared with the sham
group, indicating FGF1 could protect dopami-
nergic neurons from 6-OHDA neurotoxicity in
rats (Figure 2C).

Alpha-synuclein is a protein with a natural ten-
dency to aggregate into oligomers and is con-
sidered to be a key player in the pathophysiol-
ogy of PD. As shown in Figure 2A, lots of posi-
tive neurons dense mesh and the fibrous pro-
tein exist in substantia nigra in PD group, and a
small amount of expression of a-synuclein in
sham group. After FGF1 treatment, the level of
a-synuclein was decreased significantly (Figure
2A, 2B). Western blot results also showed the
same trend of the expression of a-synuclein
(Figure 2D). Taken together, our data suggest-
ed that inhibiting a-synuclein aggregation and
stimulating TH expression, might contribute to
the neuroprotective activity of FGF1 in PD.
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FGF1 inhibited ER stress-related protein and
activated P13K/Akt and ERK1/2 in PD rats

To determine whether the neuroprotective
effect of FGF1 is related to ER stress, we mea-
sured the expression of ER stress-related pro-
teins. Our immunohistochemical results indi-
cated that few ER stress-related proteins CHOP,
GRP78 and cleaved caspase-12 were found in
the cells of right nigra and corpus striatum
region of the sham group. However, in the PD
rat, cells positive for CHOP, GRP78 and cleaved
caspase-12 were significantly increased in the
same region when compared with the sham
group. Moreover, FGF1 treatment suppressed
by approximate 50% the activation of these ER
stress-related proteins of PD rats (Figure 3A,
3B). The expression of CHOP, GRP78 and
cleaved caspase-12 were also determined by
western blot analysis. Consistent with the
immunohistochemical results, the protein lev-
els of CHOP, GRP78 and cleaved caspase-12
were significantly upregulated in the right nigra
region in PD rats, while treatment with FGF1
inhibited the activation of ER stress-related
proteins when compared with the respective
control group (Figure 3C, 3D).

To further understand the underlying mecha-
nism behind the effect of FGF1 on PD model
rats, the activation of PI3K/Akt and ERK1/2
downstream signals was also analyzed by west-
ern blot. As expected, FGF1l treatment
increased the phosphorylation of Akt and
ER1/2 when compared with controls (Figure
3E, 3F). Taken together, these results demon-
strate that the protective role of FGF1 in PD is
related to the inhibition of ER stress through
activation of the PI3K/Akt and ERK1/2 signal-
ing pathways.

FGF1 inhibits 6-OHDA-induced apoptosis in
PC12 cells

PC12 cells were treated with 6-OHDA to mimic
the PD model in vitro. There was a dose-depen-
dent decrease in cell viability following 6-OHDA
exposures to PC12 cells (Figure 4A). Cell viabil-
ity significant decreased by approximately 40%
after PC12 cells were treated with 150 uM
6-OHDA for 24 h. Conversely, cells treated with
various concentration of FGF1 for the addition
of 6-OHDA (150 uM) for 24 h showed that cell
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Figure 3. FGF1 inhibited the ER stress proteins and activates PI3K/Akt and ERK1/2 signals in PD rats. A. The results
of immunohistochemistry for Caspase-12, GRP78 and CHOP. B. Analysis of the positive cells and optical density. C.
The tissue lysates from striatum were analyzed by western blotting for the expression of GRP78, Caspase-12 and
CHOP. D. The optical density analysis of GRP78, Cleaved-caspase 12 and CHOP protein. E. Western blotting for the
expression of phospho-Akt, Akt, phospho-ERK and ERK. F. Bar diagram of phospho-Akt/Akt and phospho-ERK/ERK
levels from three western blot analyses. **P < 0.01, ***P < 0.001 vs. Sham group, ##P < 0.01 vs. PD group, n = 8.

viability increased significantly (Figure 4B). To
confirm the effect of FGF1 on the 6-OHDA-
induced apoptosis in PC12 cells, flow cytome-
try were performed. After 24 h of incubation
with 150 yM 6-OHDA, the percentage of early
apoptosis increased significantly, while 6-OHDA
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-induced apoptosis was inhibited by treatment
of exogenous FGF1 (20 ng/ml) by approximate-
ly 50%, FGF1 alone did not display any obvious
effect (Figure 4C, 4D). Collectively, these data
indicated FGF1 inhibits 6-OHDA-induced apop-
tosis in PC12 cells.
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Figure 4. FGF1 inhibited 6-OHDA-induced apoptosis in PC12 cells. A. PC12 cells were treated with different con-
centrations of 6-OHDA for 24 h, cell viability was assessed by MTT assay. B. PC12 cells were treated with FGF1 and
6-OHDA for 24 h, cell viability was assessed by MTT assay. C. PC12 cells were treated with FGF1 and 6-OHDA for
24 h, cells were then stained with annexin V-FITC/propidium iodide and detected by flow cytometry; the lower right
panel indicates the apoptotic cells. D. Bar diagram of the apoptotic cell rates. *P < 0.05 compared with control

group, #P < 0.05 compared with 6-OHDA group, n = 3.

FGF1 attenuated the accumulation of
a-synuclein and stimulated TH expression in
PC12 cells

To determine if FGF1 attenuates a-synuclein
aggregate and subsequent fibrillogenesis,
immunocytochemistry and western blot with
a-synuclein antibody were performed. After
6-OHDA treatment, PC12 cells showed marked
a-synuclein accumulation compare with control
group. However, FGF1 incubation remarkably
reduced the expression of a-synuclein (Figure
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5A). Western blot results also confirmed FGF1
significantly decreased the accumulation of
a-synuclein and increased TH levels in 6-OHDA
induced PC12 cells (Figure 5B, 5C).

FGF1 inhibited 6-OHDA-induced ER stress and
activated PI3K/Akt and ERK1/2 pathways in
PC12 cells

To illustrate whether the molecular mechanism

of FGF1 is related to the regular of ER stress in
PC12 cells, the protein expression of ER stress-
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Figure 5. FGF1 increased the level of TH and inhibited a-synuclein protein accumulation induced by 6-OHDA in PC12
cell. A. The immunofluorescence staining of a-synuclein in control, 6-OHDA and FGF1 group. B. The protein expres-
sions of a-synuclein in control, FGF1, 6-OHDA and FGF1 group. C. The protein expressions and optical density analy-
sis of TH in control, FGF1, 6-OHDA and FGF1 group. **P < 0.001 vs. control group; #P < 0.05 vs. PD group, n = 3.

A c§<\ mm Cleaved caspase
4_
x N s CHOP
N \ o ‘sl L %
& o Y o"o & ** mm XBP-1
¢ A o A < . == GRP-78
== ATF6

GRP78 -—-—---—
KBP-1 s e I — ———

ATFE wme i SE— S —  —

Pro-caspase-12 i m— S—
Cleaved caspase-12 =

The level of protein expression @
(% of control)

N
3 > (<) N N N
CHOP s (D R @ewm o - & ¥ . & Qcﬁ‘ (‘6‘
P ¥
)
GAPDH WS GEES GNES GEED WEES G &
C
& 4
‘Qc, & mm phospho-ERK/ERK
3 A8 o)
& Y QQ & N Bl phospho-Akt/Akt
000 Q’-o ,\C? Q{O ,\C’) <<Q€(

R
s e S S
cocr: S D D S S S

S s S D e e

phospho-Akt
Akt

The level of protein expression =
(% of control)

Figure 6. FGF1 activated PI3K/Akt and ERK1/2 signals and inhibited ER stress proteins induced by 6-OHDA and TG
in PC12 cells. A. The results of western blot for XBP-1, ATF-6, Caspase-12, GRP78 and CHOP. B. The optical density
analysis of XBP-1, ATF-6, Caspase-12, GRP78 and CHOP. C. Western blotting for the expression of phospho-Akt, Akt,
phospho-ERK and ERK in PC12 cells. D. Bar diagram of phospho-Akt/Akt and phospho-ERK/ERK levels from three
western blot analyses. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control group, #P < 0.05, ##P < 0.01 vs. 6-OHDA

group, $P < 0.05 vs. TG group, n = 3.

induced apoptosis were detected by western
blot. As shown in Figure 6A, the expression of
GRP78, XBP-1, ATF-6, cleaved caspase-12 and
CHOP was significantly increased in the 6-OHDA
incubated cells when compared with the con-
trol group, which was consistent with ER stress
activator TG. FGF1 treatment alone had no
effect on the level of the ER stress response
proteins. However, GRP78, CHOP, cleaved cas-
pase-12, XBP-1 and ATF-6 was down regulated
in the group exposed to 6-OHDA/TG plus FGF1
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(Figure 6A-C), indicating that the protective role
of FGF1 may involve the inhibition of ER stress-
induced proteins.

PI3K/Akt and ERK1/2 pathways are the main
downstream signals of FGF1, we hypothesized
that the PISK/Akt and ERK1/2 pathways may
be involved in the downstream of FGF1 down-
stream effects of FGF1-induced inhibition of ER
stress in 6-OHDA-induced PD model. As shown
in Figure 6D, an increase in p-Aktand p-ERK1/2
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was observed in the PC12 cells exposed to
6-OHDA when compared with control cells. The
treatment of FGF1 significantly increased the
activation of the PI3K/Akt and ERK1/2 path-
ways in the PC12 cells exposed to 6-OHDA
(Figure 6D). These data suggest that both the
PI3K/Akt and ERK1/2 pathways may involve in
the protective effect of FGF1.

Discussion

FGF1 was first found as a mitogen in the mam-
malian brain in 1990s [15]. The bioactivities of
FGF1 include stimulating neuron survival, dif-
ferentiation, growth and response to injury of
DA neurons [16-18]. FGF1 have been shown to
support survival of embryonic dopaminergic
neurons with varying degrees of potency and
specificity [19]. FGF1 improve akinesia and stri-
atal uptake of F-DOPA measured by positron
emission tomography (PET) [20]. In this study,
we observed treatment with FGF1 produced a
protective effect by increasing TH-positive neu-
ron cells and improving locomotor activity of
the PD rats. That is, consistent with the single
published study about FGF1 and PD [12], our
data proved FGF1 exist neuroprotection in
6-OHDA-indcued PD model rats.

HPLC with a new acetylene black nanoparticles
modified electrode (HPLC-ED) were performed
on the monoamine neurotransmitters and their
metabolites change in this study. Acetylene
black nanoparticles (ABNs) modified electrode
had excellent catalytic activity for the oxidation
of monoamine neurotransmitters and their
metabolites with relatively high sensitivity, sta-
bility and long life [21]. Our results showed
6-OHDA reduced the neurotransmitters in PD
rats. However, bFGF reversed the decreasing
neurotransmitters by 6-OHDA, such as DA,
DOPAC, HVA, NE and 5-HIAA, suggested bFGF
exerts neuroprotective activity in PD animal
model. This study is valuable for neurochemical
measurements, because of the level of mono-
amine neurotransmitters and their metabolites
in rat striatum of conscious and freely moving
PD rats could be easily assessed when com-
bined with in vivo microdialysis.

Growing evidence from studies in human PD,
genetic or toxicological models, indicates that
ER Stress is a common feature of the disease
and contributes to neurodegeneration [22, 23].
The brains of PD patients were detected by
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higher levels of phosphorylated PERK and
downstream elF2a [24]. 6-OHDA and MPP+
were found to increase the phosphorylation of
UPR proteins, XBP-1, PERK and elF2a in a
MNOD cell line [25], Grp78 and CHOP are well-
known indicators of ER stress, and an increase
in levels signals ER stress induction; moreover,
CHOP pathway is a major regulator of ER stress-
induced apoptosis, as CHOP”~ cells exhibit less
programmed cell death [26]. CHOP is the initial
signal to trigger the apoptosis pathway, and it
represses the promoter of bcl-2 gene and ren-
ders cells sensitive to the proapoptotic effects
[27, 28]. In this study, we investigated the ER
stress induced by 6-OHDA in vivo and in vitro.
As has been reported in previous research [29,
30], we found that exposure to 6-OHDA
decreased TH express, cell viability with
increased expression of GRP78, CHOP and cas-
pase-12, suggesting that ER stress plays a
potential role in 6-OHDA-induced neuron death
in PD models.

Given the verified relationship between ER
Stress and PD, researchers are constantly
searching for new targets for the treatment of
PD based on ER Stress-related mechanisms. In
organotypic hippocampal slice cultures, mithra-
mycin were found to confer resistance to ER
Stress-induced neurotoxicity [31]. Our pervious
study showed neurotrophic factors, such as
FGF2, protect oxidative injury or ischemia and
reperfusion injury in stroke and spinal cord inju-
ry is related to the inhibition of ER stress-
induced neurocyte apoptosis [32, 33]. In this
study, the levels of these ER stress-induced
apoptosis proteins after dopaminergic neuro-
nal injury were detected to investigate the
molecular mechanism of FGF1 in PD. We found
FGF1 decrease in the ER stress response pro-
tein GRP78, CHOP, caspase-12 in the cyto-
plasm and fibers of dopaminergic neurons in
PD rats. Moreover, a suitable concentration of
FGF1 could also suppress the upregulation of
ER stress response proteins and significantly
decrease 6-OHDA-induced apoptotic cell rate.
These results indicate that ER stress was
involved in PD and could be inhibited by exoge-
nous FGF1 administration.

PD is characterized by the accumulation of
Lewy bodies, which are mainly composed by
aggregated o-synuclein. The pathological
aggregation of a-synuclein within dopaminergic
cells induced cell death and a-synuclein over-
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expression triggers apoptotic mechanism.
Recent evidence showed a-synuclein may act
as a neuronal sensor, whose misfolding, aggre-
gation and accumulation, induced as a conse-
quence of cell stress, then in turn activate ER
stress-related responses [34]. Treating the
a-synuclein-transgenesis mouse model the rat
AAV2/6 model of a-synucleinopathy with
Salubrinal, a pharmacological inhibitor of
ER-stress toxicity, dramatically delays the onset
of motoric symptoms and decreases accumula-
tion of a-synuclein oligomers [6, 35]. Thus, we
hypothesis that FGF1 modulates the UPR,
blocks apoptosis, and promotes the survival of
nigral dopamine neurons in a rat model of PD
induced by elevated level of a-synucleinopathy.
In 6-OHDA-induced PD model rats, we found
FGF1 diminished a-synuclein neurotoxicity by
down regulating ER stress mediators and the
level of apoptosis, prompted survival of nigral
tyrosin TH-positive cells and resulted in higher
levels of striatal DA. In vitro PD model, aggrega-
tion of a-synuclein was also observed both in
6-OHDA and TG, a specifically ER stress induc-
er, induced PC12 cells. At the same time, FGF1
attenuated the accumulation of a-synuclein,
inhibited ER stress signal pathway, decreased
apoptosis rates in 6-OHDA and TG induced
PC12 cells. Collectively, FGF1 prevents the
death of DA neuron at least in part by reducing
the levels of a-synuclein and ER stress. It
should be note, our study did not figure out the
relationship of ER stress and a-synuclein by
FGF1 treatment, which need to further
research.

The PI3K/Akt and ERK1/2 pathways are two
main downstream signals activated by bFGF.
The PI3K/Akt pathway is necessary for mediat-
ing neuronal survival under a variety of circum-
stances and for the trophic factor-induced cell
survival of several neuronal cell types [36].
Activated ERK kinase was also found to induce
the neuronal transdifferentiation of dopamine
neuron cells [37]. For instance, Akt and Erk
phosphorylate the pro-apoptotic Bcl-2 family
member Bax and thereby inhibit Bax's pro-
apoptotic functions [38]. Although the PI3K/Akt
and ERK1/2 signals activation is generally con-
sidered a prosurvival signal, the role of the
PI3K/Akt and MAPK/ERK cascade in the pro-
tective effects of bFGF and ER stress in
6-OHDA-induced PD models needs to be char-
acterized. In our study, FGF1 also shows a neu-
ronal protective effect in a PD rat model and in
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6-OHDA-induced PC12 cell model via the acti-
vation of both the PI3K/Akt and ERK1/2 sig-
nals. Further studies are needed to demon-
strate whether the protective effect of FGF1
and activation of the PIBK/Akt pathway are
mediated by the reduction the aggregation of
a-synuclein to the ER.

Over the past 20 years, FGF1 have generated
considerable excitement for the potential as
therapy for neurodegenerative disease includ-
ing PD [11]. FGF1 appeared to be efficacious in
phase Il and phase I clinical trials in spinal cord
injury [39, 40], to explore the appropriate thera-
peutic time window and special drug delivery
system combined with factors still need long-
term study. It also need to be addressed that
FGF1 is not stable enough which is easy to be
degraded by various enzymes in vitro, resulting
in the loss of biological activity. So the combi-
nation with other drugs or delivery systems to
increase its stability and smoothly through the
blood-brain-barrier may contribute to the func-
tions of FGF1. Moreover, the mechanism of PD
also undefined clearly, this study lays the
groundwork for future translational confidence
of FGF1 in neurodegenerative disease, espe-
cially the relations to ER stress. Collectively, the
translational application study of FGF1 may not
only focus on the effect in the neurogenesis,
the combination with special biomaterials
which can improves the efficiency and prolongs
the effective time should also be addressed.

Conclusion

In summary, the present study demonstrated
that FGF1 significant ameliorates 6-OHDA-
induced PD, as evidenced by improved rotation-
al test, diminished a-synuclein neurotoxicity by
down regulating ER stress mediators and the
level of apoptosis, prompted survival of nigral
tyrosin TH-positive cells. FGF1 inhibits ER
stress-induced apoptosis may via activation of
the PIBK/Akt and ERK1/2 pathways. Our study
demonstrates that FGF1 therapy may be bene-
fit for recoveries in neurodegenerative diseases
include PD, while the underlying mechanism is
necessary in the further studies.
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