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Abstract Parkinson’s disease (PD) is the most common
movement disorder disease, and its pathological feature is
the degenerative loss of dopaminergic neurons in the
substantia nigra compacta (SNc). In this study, we investigat-
ed whether distinct stress conditions target F-box protein
Fbw7f3 via converging mechanisms. Our results showed that
the 6-hyroxydopamine (6-OHDA), which causes PD in ani-
mals’ models, led to decreased stability of Fbw7f3 in DA
neuronal SN4741 cells. Further experiments suggested that
oxidized Fbw7[3 bound to heat-shock cognate protein
70 kDa, the key regulator for chaperone-mediated autophagy
(CMA), at a higher affinity. Oxidative stress also increased the
level of lysosomal-associated membrane protein 2A
(LAMP2A), the rate-limiting receptor for CMA substrate flux,
and stimulated CMA activity. These changes resulted in ac-
celerated degradation of Fbw7f3. 6-OHDA induced Fbw7f3
oxidation and increased LAMP2A in the SNc region of the
mouse models. Consistently, the levels of oxidized Fow7[3
were higher in postmortem PD brains compared with the con-
trols. These findings for the first time revealed the specific
mechanism of ubiquitin ligases, oxidative stress, and CMA-
mediated protein degradation, to provide a new theoretical
basis for further clarifying the mechanism of PD.
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Introduction

Parkinson’s disease (PD) is the most common movement dis-
order disease [1]. The incidence of PD rises progressively with
the increase of age, mainly characterized by limb movement
disorder such as resting tremor, postural dysfunction, and bra-
dykinesia [2]. Some patients are also accompanied with cog-
nitive impairment, which seriously affects their quality of life
and social work [3]. Histopathologically, the disease is char-
acterized by relatively selective loss of dopaminergic neurons
in the substantia nigra compacta (SNc) in the midbrain and
their terminals in the striatum [2]. The cause of continuous
loss of dopamine neurons in PD is still unclear until now.
Due to the increased population aging, neurodegenerative dis-
eases, typically represented by PD, have become the major
cause of death and have brought heavy burden to patients [1].

Autophagy refers to the process that cells disassemble cel-
lular components by lysosome, which includes
macroautophagy, microautophagy, and chaperone-mediated
autophagy (CMA) according to the delivery mode of the sub-
strate to the lysosome [4]. It is very important to maintain the
normal and stable autophagy function for the steady state of
intracellular environment. The imbalance of autophagic path-
way plays an important role in pathogenic mechanisms of
different diseases, including cancer [5], aging diseases [6],
infectious diseases [7], cardiovascular diseases [8], and neu-
rological diseases [9]. Neurons are particularly vulnerable to
the autophagy [10]. Existing studies have shown that autoph-
agy disorder may cause chronic neurodegenerative diseases
such as Alzheimer’s disease [11], PD [12], Huntington’s dis-
ease [13], amyotrophic lateral sclerosis [14], and neuron
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injuries by ischemia [15] and trauma [16]. The deletion of
macroautophagy-related genes in the central nervous system
can lead to neurodegenerative damage [17, 18]. Two major
regulatory factors to adjust CMA are heat-shock cognate pro-
tein 70 (Hsc70) and lysosome-associated membrane protein
2A (LAMP2A) [19]. Several PD-related proteins, such as mu-
tated a-synuclein and ubiquitin C-terminal hydrolase L1
(UCH-L1), disrupt the CMA process [20, 21], suggesting that
CMA may underlie PD pathogenesis [22].

Neurotoxins mainly induce neuronal death of DA by
oxidative stress [23], and 6-OHDA induces oxidative
stress by damaging mitochondria [24]. Fbw7f3 is a mem-
ber of F-box proteins that provide substrate specificity for
SCF (Skp, Cullin, F-box containing complex) ubiquitin
ligases. Fbw7f has been reported to collaborate with
parkin for proteasomal degradation and promotes neuro-
nal survival in response to oxidative stress [25]. In order
to observe the influences of 6-OHDA on Fbw7f degra-
dation and whether oxidative stress participates in the
regulation of function and metabolism of Fbw7(3 by oxi-
dative modification of Fbw7(3, we used 6-OHDA to treat
SN4741 cells and detected the changes of expression in
the nucleus and cytoplasm and degree of Fbw7(3 oxida-
tion and its correlation with 6-OHDA. Our results showed
that the oxidative stress caused oxidation modifications of
Fbw7f in vitro and in the SNc areas of mice and post-
mortem PD brain tissues. Oxidized Fbw7f3 is preferential-
ly removed by CMA, and failure to remove damaged
Fbw7p by CMA is correlated with an increase injury to
oxidative stress. Research has also shown that dysfunction
of the CMA is closely related to the onset of Parkinson’s
disease [26]. This research for the first time elaborated the
pathogenesis of Parkinson’s from the angle of oxidative
stress, CMA, and metabolism of key factor of ubiquitin
ligase.

Methods and Materials
Animals

All animal studies were performed according to the protocols
and guidelines of the institutional care and use committee of
Huazhong University of Science and Technology. Adult male
C57BL/6 mice were purchased and housed in standard
enriched environment cages in a temperature-controlled room
with a 12-h light/dark cycle and free access to food. The an-
imals were given at least a week acclimation period to the
facility before the administration of 6-OHDA (Sigma, St.
Louis, MO).

The 6-OHDA mouse model of PD was created as pre-
viously described [27, 28]. Mice were randomly assigned
to two groups. The group of PD model mice (n = 9)
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received injections of 6-OHDA (3 pg in 2 ul) into the
left SNc of midbrain at the following coordinates: AP,
-3.16; ML, —3.85; and DV, —2.64 mm. The group of
control animals (n = 9) received only saline at the same
coordinates.

Patient Cases

Brain tissue was collected from Tongji Medical College,
Huazhong University of Science and Technology. A clinical
diagnosis was established according to the Chinese Neurology
Society clinical diagnostic criteria for PD [29], which was
drawn up referring to the United Kingdom Brain Bank
criteria. The diagnostic criteria for PD include a slow disease
onset with at least two of the following manifestations: (1)
resting tremor or bradykinesia responsive to levodopa, (2)
rigidity, or (3) abnormal gait/posture [29]. Healthy controls
were selected based on age and no history of neuropatholog-
ical diagnosis of neurologic or psychiatric disease. The study
population consisted of ten control subjects (five male and
five female; mean age 80.2 & 2.13 years, range 74—89 years)
and ten patients with PD (six male and four female; mean age
81.2 = 2.44 years, range 71-90 years). The Ethics Committee
of Tongji Medical College approved all procedures, and all
subjects provided written informed consents. The postmortem
samples were snap-frozen and stored in liquid nitrogen until
further processing. The delay in tissue processing was be-
tween 2.25 and 5.5 h (control group 3.60 + 1.0 h; PD group
3.21 £ 1.2 h). The storage duration in liquid nitrogen was
between 7 and 26 weeks (control group 17.6 + 12.4 weeks;
PD group 19.1 £ 10.6 weeks).

Antibodies and Chemicals

Antibodies were purchased from the following vendors: anti-
Fbw7f from Bethyl Laboratories (Montgomery, TX); anti-
Hsc70, anti-LAMP2A, and anti-HMGB1 from Abcam
(Cambridge, MA); and horseradish peroxidase (HRP)-
streptavidin from Amersham Bioscience (Arlington Heights,
IL). The OxyBlot protein oxidation detection kit was purchased
from Chemicon International (Tamecula, CA), 6-OHDA,
iodoacetamide (IAM), and «-tocopherol from Sigma, and
biotin-iodoacetamide from Invitrogen (Carlsbad, CA).

Cell Culture and Transfection

Mouse embryonic substantia nigra-derived cell line SN4741
was purchased from American Type Culture Collection
(Manassas, VA, USA). Cells were cultured with DMEM me-
dium containing 5% fetal bovine serum (GIBCO, Carlsbad,
CA) in the incubator (95% air and 5% CO,) at 37 °C. SN4741
cells were inoculated into 6-well plate with 3 x 10° cells per
well to culture till 80% fusion and the medium was changed
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by serum-free DMEM for further 6-h cultivation, and then the
cells were stimulated with 6-OHDA (5 ng/ml) according to the
experimental requirement and then collected for detection. For
cell transfection, the pGCSIL vector encoding the mouse
Fbw-7 was purchased from GenePharma (Shanghai,
China). Cell transfection was introduced by Lipofectamin
2000 (Invitrogen) in accordance with the manufacturer’s pro-
tocol. The overexpression was confirmed by western blot.

Immunofluorescence Staining

Cells were seeded onto coverslips in 6-well culture plates.
Cells were washed with PBS and fixed by 4% paraformalde-
hyde for 15 min at room temperature. Cells were then washed
three times with PBS and permeabilized with 1% BSA in PBS
solution with 0.1% Triton X-100 at 4 °C for 5 min. Cells were
blocked with 1% BSA in PBS for 30 min. Thereafter, incu-
bated with anti-LAMP2A antibody (1:200) overnight, washed
thrice with PBS, incubated with anti-rabbit antibody at room
temperature, and washed thrice with PBS. The nuclei were
stained with DAPI. Cells were mounted with anti-fade solu-
tion and visualized using confocal microscopy with LAS AF
software (Leica, Wetzlar, Germany).

Immunoprecipitation of BIAM-Labeled Fbw73

The cells were treated with 6-OHDA as indicated and lysed in
oxygen-free lysis buffer (50-mM Bis-Tris-HCI (pH 6.5), 0.5%
Triton X-100, 0.5% deoxycholate, 0.1% sodium dodecyl sul-
fate (SDS), 150-mM NaCl, 1-mM EDTA, protease inhibitor,
and 20-uM BIAM). After incubation at 37 °C in darkness for
30 min, the labeling reaction was stopped by adding IAM to
5 mM. Fbw7[3 was precipitated and immunoblotted with anti-
streptavidin HRP.

Protein Oxidation Detection

The SN4741 cells were allowed to reach 70-80% conflu-
ence. After treatment with 6-OHDA for 18 h, the cells
were lysed in a buffer containing 50-mM DTT. A small
amount of lysate (30 pug) was applied for western blot
assay to determine the relative expression of Fbw7f3
(quantified by ImagelJ software). The volume of each
sample was calculated according to the Fbw7{ protein
expression level. Precleared lysates were incubated with
the Fbw73 primary antibody (Bethyl) and protein A/G
agarose at 4 °C overnight. The complexes were washed
three times with lysis buffer and then twice with low-salt
buffer (0.1% SDS, 1% Triton, 2-mM Tris-HCl pH 7.8,
150-mM NaCl) and twice with high-salt buffer (0.1%
SDS, 1% Triton, 2-mM Tris-HC1 pH 7.8, 500-mM
NaCl). The levels of oxidized Fbw7f in purified protein
were detected using the OxyBlot protein oxidation

detection kit. The DNPH derivatization was carried out
on 6 pg of protein for 15 min according to the manufac-
turer’s instructions. One-dimensional electrophoresis was
carried out on 12% SDS/polyacrylamide gel after DNPH
derivatization. Proteins were transferred to nitrocellulose
membranes which were then incubated in the primary an-
tibody solution (anti-DNP 1:150) for 2 h, followed by
incubation in second antibody solution (1:300) for 1 h at
room temperature. The washing procedure was repeated
eight times within 40 min. Immunoreactive bands were
visualized by enhanced chemiluminescence (ECL;
Amersham Biosciences) which was then exposed to
Biomax L film (Kodak, Rochester, NY). For quantifica-
tion, ECL signals were digitized using ImageJ software.

GST Pull-down Assay

The SN4741 cells were washed in PBS, lysed in a lysis buffer
(20-mM Tris pH 7.4, 40-mM NaCl, 1-mM EDTA, 1-mM
EGTA, 1-mM Na3zVO,, 10-mM NaF, 10-mM sodium pyro-
phosphate, 10-mM sodium (3-glycerophosphate, and 1%
Triton X-100), and centrifuged. The supernatant was incubat-
ed with purified GST fusion proteins on Sepharose beads (GE,
Boston, MA) for 2 h at 4 °C.

Western Blot Assay

The cells were resuspended in the Laemmli sample buffer (pH
6.8, 62.5-mM Tris-Cl, 0.01% bromphenol blue, 2% SDS, 2%
[3-mercaptoethanol, and 10% glycerol), separated by SDS-
PAGE, and transferred to a nitrocellulose membrane
(Amersham Biosciences). The membranes were blocked with
10% low-fat milk in TBS and probed with primary antibodies.
Followed by chemiluminescence (ECL; Amersham
Biosciences), the HRP-conjugated secondary antibodies
(Amersham Bioscience) were utilized to visualize the bands
of protein. The ImageJ was used to quantify the intensities of
band. More than three independent experiments were carried
out.

Statistics

Results are expressed as the means =+ standard error of the
mean (SEM). Differences between multiple groups were com-
pared using one-way ANOVA with post hoc Bonferroni cor-
rection. Differences between two groups were evaluated using
a two-tailed unpaired Student’s ¢ test. The significance level
was set at P < 0.05 which indicated a strongly significant
difference. All statistical analyses were performed using
SPSS 10.0 software (SPSS Inc., Chicago, IL).
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Results

Oxidative Modification by Neurotoxin 6-OHDA
on Fbw7(3 of SN4741 Cells

Results showed that after 6-OHDA exposure, expression of
Fbw73 in SN4741 cells was reduced with increasing dose
(Fig. 1a, P < 0.05). We further detected the changes of oxida-
tive modification level in SN4741 cells by different methods.
After treatment with 6-OHDA, Fbw7p was
immunoprecipitated from lysates of SN4741 cells and ana-
lyzed for carbonyl oxidation using the OxyBlot protocol
[30]. Exposure to 6-OHDA caused a marked increase in the
level of carbonyl oxidation of Fbw7f in a time-dependent
manner in SN4741 cells (Fig. 1b, P < 0.05). In order to con-
firm the oxidative modification of oxidative stress on Fbw7f3,
we used BIAM to further detect and determine the above
research results [30]. Specifically, SN4741 cells treated with
6-OHDA were lysed in a buffer containing BIAM. Fbw7f3
was then isolated from the cell lysate by immunoprecipitation
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Fig. 1 6-OHDA induced Fbw7f oxidation increasing. a Altered
expression of Fbw7f3 protein after 6-OHDA treatment (20 or 40 uM,
24 h) by western blot. b 6-OHDA induced altered levels of oxidized
Fbw7fdetected by DNP immunoblotting. Cell lysates treated with 20-
or 40-uM 6-OHDA for 24 h were immunoprecipitated with anti-Fbw7(3
antibody. The precipitates were immunoblotted for DNP and Fow7f3. ¢ 6-
OHDA induced altered levels of BIAM-labeled Fbw7f3. Cell lysates
treated with 20- or 40-uM 6-OHDA for 24 h were immunoprecipitated
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and was subsequently labeled with BIAM. The result indicat-
ed that 6-OHDA decreased the BIAM labeling of Fbw7(3
protein to a great extent, revealing increased oxidation of cys-
teine residues (Fig. lc, P < 0.05). Furthermore, we tested the
anti-oxidant vitamin E and showed that it protected Fbw7f3
from 6-OHDA-induced reduction (Fig. 1d, P < 0.05).
Together, these findings clearly demonstrate that Fbw7(3 is
readily oxidized under 6-OHDA exposure.

Influences of Neurotoxin 6-OHDA on CMA Degradation
Pathway in SN4741 Cells

Our studies in Fig. 1 showed that levels of Fow7( are oxida-
tively modified after 6-OHDA treatment. We further investi-
gated whether the neurotoxin-induced loss of Fow73 proteins
was mediated by a lysosomal pathway. We used lysosomal
inhibitor NH4Cl and then exposed SN4741 cells to 6-OHDA
with or without NH4CI. The results showed that 6-OHDA
significantly reduced Fbw7f3 levels in SN4741 cells, and the
inhibition of lysosomal function with NH,4Cl significantly
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with anti-Fbw73 antibody. The precipitates were immunoblotted for
streptavidin-HRP and Fbw7f3. d Anti-oxidants vitamin E blocked 6-
OHDA induced Fbw7f oxidation. Cells were treated with vitamin E
and 6-OHDA for 24 h. Fbw7f3 expression was analyzed by western
blot. The photographs are representative of three independent
experiments. The bar graphs show the quantification of protein
expression (mean = SEM, *P < 0.05)
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blocked the 6-OHDA-induced loss of Fbw7f3 (Fig. 2a,
P < 0.05). Also, the reduction of Fbw7[3 expression by 6-
OHDA was not significantly inhibited when using
macroautophagy inhibitor 3-MA (Fig. 2b, P > 0.05).
Inhibition of the proteasome through MG132 also failed to
attenuate 6-OHDA-induced loss of Fbw733 (Fig. 2c,
P > 0.05). These findings suggest that proteasomes do not
play a major role in 6-OHDA-induced degradation of
Fbw7(. Furthermore, the inhibition of caspase-3 activity by
z-DEVD-fimk did not reverse the 6-OHDA-induced Fbw7f3
reduction (Fig. 2d, P > 0.05). Together, these results support
CMA as the primary mechanism by which 6-OHDA promotes
Fbw7f3 degradation.

Previous study showed that neurotoxin 6-OHDA can acti-
vate CMA of dopaminergic SN4741 cell [30]. We further
observed the regulation of 6-OHDA on expression level of
LAMP2A—the key rate-limiting factor of CMA. Changes
of LAMP2A were detected through immunofluorescence
and western blot assays. Results showed that after treated with
6-OHDA, LAMP2A expression in SN4741 cells was obvi-
ously increased (Fig. 3a, P < 0.05). Western blot results were
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consistent with the fluorescence results (Fig. 3b, P < 0.05).
Through transfection with anti-sense-LAMP2A to interfere
with LAMP2A expression, Fbw7f loss induced by 6-
OHDA was prevented (Fig. 3¢, P < 0.05). However, western
blot assay at the same time showed that SN cells treated by 6-
OHDA did not obviously change the expression of another
key CMA regulator HSC70 (Fig. 3d, P > 0.05). These find-
ings suggest that 6-OHDA may significantly enhance CMA
activity via LAMP2A in the SN4741 cells and the degradation
of Fbw7f3 induced by 6-OHDA was mainly through CMA
pathway.

Oxidative Stress Produced by Neurotoxin 6-OHDA Can
Enhance the Combination of Fbw73 and Hsc70
and Promote Its Degradation in Lysosome

To confirm the influences of oxidative modification effect of
neurotoxin on CMA and metabolic degradation of Fbw7[3, we
first tested whether 6-OHDA affects the interaction between
Fbw7( and Hsc70. We transfected overexpressed Fbw7( to
SN4741 cells and then treated the cells with 6-OHDA for
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Fig. 2 6-OHDA induced Fbw7f degradation through lysosome-
mediated pathway. a NH4Cl blocked 6-OHDA-induced Fbw7f3
degradation. Cells were exposed to 6-OHDA with or without NH4Cl
for 18 h and Fbw7{3 protein expression was analyzed by western blot. b
3-MA did not block 6-OHDA-induced Fbw7[3 degradation. Cells were
exposed to 6-OHDA with or without 3-MA for 12 h and analyzed Fbw7f3
protein expression by western blot. ¢ Proteasome inhibitor MG132 did
not block 6-OHDA-induced Fbw7(3 degradation. Cells were exposed to

6-OHDA with or without MG132 for 12 h and analyzed Fbw7{3 protein
expression. d Caspase-3 inhibitor z-DEVD-fmk did not block 6-OHDA-
induced Fbw7(3 degradation. Cells were exposed to 6-OHDA with or
without z-DEVD-fmk for 12 h and Fbw7f3 protein expression was
analyzed. The photographs are representative of three independent
experiments. The bar graphs show the quantification of protein
expression (mean = SEM, *P < 0.05)
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Fig. 3 6-OHDA-induced Fbw7f degradation through LAMP2A-
mediated pathway. a 6-OHDA induced LAMP2A expression. Cells
were treated with 6-OHDA for 6 h and LAMP2A expression was
analyzed by immunofluorescent staining (scale bar 100 um). The bar
graph shows the quantification results (*P < 0.05). b LAMP2A
expression after 6-OHDA treatment was determined by western blot. ¢
LAMP2A knockdown blocked 6-OHDA induced Fbw7[3 degradation.

12 h. The overexpression was confirmed by western blot in
Supplementary Fig. S1. After that, cellular lysate and gluta-
thione-S-transferase (GST)-Hsc70 were co-incubated to detect
the combination ability of Fbw7 and GST-Hsc70. Results
showed that exposure to 6-OHDA enhanced the interaction
between Fbw7[3 and GST-Hsc70 in a pull-down assay (Fig.
4a, P <0.05). In addition, 6-OHDA significantly increased the
interaction between endogenous Fbw7[3 and Hsc70 in a co-
immunoprecipitation assay (Fig. 4b, P < 0.05). These results
strongly support the fact that 6-OHDAinduced oxidization of
Fbw7{ significantly enhances its interaction with Hsc70 and
promotes its degradation by CMA.

Fbw7 Oxidation Level and CMA Changes in 6-OHDA
Parkinson’s Disease in Mice as well as in Postmortem PD
Patient Brain Samples

To corroborate the findings made in a DA neuronal cell line,
we determined Fbw7[3 oxidation in brain tissues in vivo. We
employed 6-OHDA injection in mice through a well-
established rodent PD model [27, 28], and the impaired motor
activity confirmed that the PD phenotype was successfully
induced (Supplementary Fig. S2). Brains of mice were taken
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Cells were transfected with LAMP2A siRNA and treated with 6-
OHDA (40 uM) for 12 h. The protein levels were determined by
western blot. d Hsc70 expression after 6-OHDA treatment did not
change. The photographs are representative of three independent
experiments. The bar graphs show the quantification of protein
expression (mean = SEM, * P < 0.05)

3 days after stereotactic positioned injection of 6-OHDA to
mice’s SNc. DNP assay found oxidation level of Fbow7f3 was
obviously increased compared with the control group
(injected with saline) (Fig. 5a, P < 0.05). Consistent with our
cellular studies, 6-OHDA also caused a decrease in the level
of Fbw7f in the mouse SNc¢ (Supplementary Fig. S3A,
P <0.05).

To strengthen these findings, we tested the level of Fbow7[3
carbonyl oxidation in postmortem PD brain tissues. We
immunoprecipitated Fbw7f from control and PD postmortem
brain lysates and blotted for carbonyl formation. This analysis
showed that the level of Fbw7[3 carbonyl formation in PD
patients was obviously increased compared with the control
group (Fig. 5b, P < 0.05). To confirm that the oxidation of
Fbw7( was not the result of handling process of the postmor-
tem samples, we test the oxidation level of HMGBI in the PD
and control group. By searching PubMed database, there were
no studies showing that the oxidation of HMGBI changed in
PD. The result showed that there was not difference of oxida-
tion level of HMGB1 between these two groups
(Supplemental Fig. S4). However, the total level of Fbw7f3
protein did not change in postmortem PD brains compared
with the controls (Supplementary Fig. S3B, P > 0.05). This
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Fig. 4 6-OHDA induced increased binding of oxidized Fbw7f3 to

Hsc70. a 6-OHDA induced increased binding of Fbw7f3 to endogenous

Hsc70. After 18 h of 6-OHDA treatment, Fbw7f co-

immunoprecipitation with Hsc70 was conducted. b 6-OHDA induced
increased binding of Fbw7f3 to GST-Hsc70. Cells were transfected with

result indicated that additional mediators were involved in the
regulation of Fbw7f3 expression in PD status and the mecha-
nisms need further investigation. Overall, these studies indi-
cate that Fbow7 is oxidized in vivo in the condition of PD.

Discussions

Oxidative stress is considered a major cause of death and
missing of DA neurons, but researchers mainly focused on
regulation on damage of mitochondrial function and lacked
of studies on regulation mechanism of other organelles [31,
32]. Our study found that the oxidative modification and
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Fbw73 was blotted after GST pull-down assay. The photographs are
representative of three independent experiments. The bar graphs show
the quantification of protein expression (mean = SEM, *P < 0.05)

regulation of neurotoxin-induced oxidative modification on
ubiquitin ligase Fbw7f3 reveal the new mechanism of oxida-
tive stress in regulating cell function.

F-box protein Fbw7{3 has been shown to regulate the sur-
vival of neuron in the nerve cells [25]. Previous study has
shown that Fbw7(3 would produce different forms of changes
under a variety of environmental conditions, including oxida-
tive stress [25]. The bulk accumulation of deactivated Fbw73
could induce cell death, and the cells were more sensitive to
toxin when mitochondrion Fbw7f3 level or function was de-
creased [25]. Our experimental results showed that the 6-
OHDA was involved in regulating Fbw7f protein stability.
6-OHDA treatment can lead to decreased Fbw7f3 expression
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Fig. 5 6-OHDA induced oxidation of Fbw7f3 in mice and oxidation
level of Fbw7( in PD patients. a 6-OHDA induced Fbw7f3 oxidation
in the SNc region of mice. The lysates which were prepared from SNc
region of 6-OHDA model mice were immunoprecipitated with Fbw7[3
antibody and blotted for oxidation of Fbw7f3. The bar graph was
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quantitative analysis of density of bands (mean + SEM, n = 4,
*P < 0.05). b Oxidation of Fbw7f3 increased in the striata of human PD
patients. The lysates were prepared from striata of postmortem PD
patients and controls. The bar graph was quantitative analysis of the
density of bands (mean = SEM, n = 5 patients and 4 controls, *P < 0.05)
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in SN cells. Further experiments suggested that Fow73 with
oxidative modification induced by 6-OHDA was increased.
Our study demonstrated that the neurotoxins-induced oxida-
tive stress led to degradation and dysfunction of Fbw7f3.

Previous research found that in the non-neuron cells, a
certain degree of oxidative stress can stimulate the production
of CMA [33]. Oxidative stress can damage and interfere with
many cellular and molecular processes and affect the CMA
pathway. In this study, we established cell model of PD with
neurotoxin 6-OHDA in dopaminergic neuron SN4741 cells as
previously described [34, 35]. Experimental results showed
that neurotoxin would also upregulate CMA function in the
neurons and increase the LAMP2A expressions—key regula-
tory factor of CMA. Therefore, 6-OHDA may enhance the
function of CMA via up-regulating LAMP2A. The latest
study showed that Fbw7[3 played an important role in neuron
survival [25]. In addition to increasing the expression level of
LAMP2A to improve the overall activity of CMA, our data
showed that 6-OHDA also enhances the combination of
Fbw7 with Hsc70, another key regulatory factor of CMA,
enabling the delivery of Fbw7f3 to LAMP2A. On the whole,
6-OHDA improves the CMA-mediated degradation of
Fbw7( through two ways: increasing the combination with
Hsc70 and increasing the expression of LAMP2A.

We also found that oxidative modification of Fbw7[3 was
increased in brain tissues of PD mice model and PD patients.
PD mouse model was successfully established by unilateral
stereotactic targeted injection of 6-OHDA to mouse SNc. 6-
OHDA induced Fbw7(3 oxidation in the SNc region of the
mouse brain. We also obtained the brain striatum tissue sam-
ples from postmortem PD patients and normal control. The
levels of oxidized Fbw73 were higher in postmortem PD
brains compared with the controls. These results suggest that
oxidation-mediated inhibition of Fbw73 may underlic the
pathogenic process in PD.

In conclusion, our present study shows that Fow7f3 is ox-
idized and degraded through CMA special pathway. These
findings for the first time reveal the specific mechanism of
F-box protein ubiquitin ligases, oxidative stress, and CMA-
mediated protein degradation, which provides a new theoret-
ical basis for further clarifying the mechanism of PD diseases.
Thus, it provides a new thought for the prevention and treat-
ment of PD disease to promote the research on treatment of
PD and other neurodegenerative diseases.

6-OHDA, 6-hydroxydopamine; ANOVA, analysis of vari-
ance; BIAM, biotinylated iodoacetamide; CMA, chaperone-
mediated autophagy; DA, dopamine; DAPI, 4',6-diamidino-
2-phenylindole; DMEM, Dulbecco’s modified Eagle’s medi-
um; DNP, dinitrophenol; Fbw7(3, F-box/WD repeat-
containing protein 7(3; GST, glutathione-S-transferase; HRP,
horseradish peroxidase; Hsc70, heat-shock cognate protein
70 kDa; LAMP2A, lysosomal-associated membrane protein
2A; PBS, phosphate-buffered saline; PD, Parkinson’s disease;
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SCEF, Skp, Cullin, F-box containing complex; SDS, sodium
dodecyl sulfate; SNc¢, substantia nigra compacta
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