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Context: Abnormality in interactions between N-methyl-d-aspartate (NMDA) receptor and its
signaling molecules occurs in the lesioned striatum in Parkinson’s disease (PD) and levodopa-
induced dyskinesia (LID). It was reported that Fyn-mediated NR2B tyrosine phosphorylation, can
enhance NMDA receptor function. Postsynaptic density protein 95 (PSD-95), one of the synapse-
associated proteins, regulates interactions between receptor and downstream-signaling molecules.
In light of the relationship between PSD-95, NR2B, and Fyn kinases, does PSD-95 contribute to
the overactivity of NMDA receptor function induced by dopaminergic treatment? To further prove
the possibility, the effects of regulating the PSD-95 expression on the augmented NR2B tyrosine
phosphorylation and on the interactions of Fyn and NR2B in LID rat models were evaluated.
Methods: In the present study, parkinsonian rat models were established by injecting
6-hydroxydopamine. Subsequently, valid PD rats were treated with levodopa (50 mg/kg/day
with benserazide 12.5 mg/kg/day, twice daily) intraperitoneally for 22 days to create LID rat
models. Then, the effect of pretreatment with an intrastriatal injection of the PSD-95SmRNA
antisense oligonucleotides (PSD-95 ASO) on the rotational response to levodopa challenge
was assessed. The effects of pretreatment with an intrastriatal injection of PSD-95 ASO on the
augmented NR2B tyrosine phosphorylation and interactions of Fyn with NR2B in the LID rat
models were detected by immunoblotting and immunoprecipitation.

Results: Levodopa administration twice daily for 22 days to parkinsonian rats shortened the
rotational duration and increased the peak turning responses. The altered rotational responses
were attenuated by PSD-95 ASO pretreatment. Meanwhile, PSD-95 ASO pretreatment decreased
the level of PSD-95 protein expression and reduced both the augmented NR2B tyrosine phos-
phorylation and interactions of Fyn with NR2B triggered during the levodopa administration
in the lesioned striatum of PD rats. However, the protein levels of Fyn and NR2B showed no
difference under the above conditions.

Conclusion: The data demonstrate that the inhibition of PSD-95 protein expression suppressed
the interactions of Fyn with NR2B and NR2B tyrosine phosphorylation and subsequently
downregulated NMDA receptor overactivation, thus providing benefit for the therapy of LID.
Therefore, PSD-95 is important for overactivity of NMDA receptor function due to facilitating
NR2B tyrosine phosphorylation dependent on Fyn kinase by regulating interactions of Fyn with
NR2B under the pathological conditions of LID.

Keywords: PSD-95 ASO, NMDA, rotational response

Introduction
Postsynaptic density protein 95 (PSD-95) is one member of the membrane-associated
guanylate kinase family. PSD-95 can anchor and cluster postsynaptic glutamate receptors
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and play a critical role in synaptic plasticity and neural
development.! Recent research shows that the motor response
alterations related to chronic levodopa treatment involve the
aberrant alterations of glutamatergic postsynaptic density due
to the pulsatile dopaminergic receptors activating on striatal
neural cells.*” Abnormality in interactions between N-methyl-
D-aspartate (NMDA) glutamate receptor and its signaling
molecules occur in the lesioned striatum in Parkinson’s disease
(PD) and levodopa-induced dyskinesia (LID).® PSD-95 regu-
lates interactions between receptor and downstream-signaling
molecules,”'® but the mechanisms are not fully understood
under the pathological circumstances of LID.

Via the SH3, GK, and PDZ domains, PSD-95 can bind to
NR2 subunits and numerous signal molecules, including the
Src family kinases, such as Src and Fyn,'® which mediate the
regulation of NMDA receptor functions and the activation of
downstream-specific signaling cascades.!'! It has been reported
that Fyn-mediated NR2B tyrosine phosphorylation, can
enhance NMDA receptor response'® and that PSD-95 coexpres-
sion can raise NR2B tyrosine phosphorylation by Fyn kinases.
This finding suggests that PSD-95 is related to the upregulation
of NMDA receptor function under normal circumstances.

The overactivity of NMDA receptor function results in the
expression of LID. Recent evidence also shows that the basis
for the effect is that chronic dopaminergic treatment leads to
the persistent augment of striatal NMDA receptor response
by enhanced NR2B tyrosine phosphorylation dependent on
Fyn kinase.'>'* In light of the above relationship between
PSD-95, NR2B, and Fyn kinases, does PSD-95 contribute
to the overactivity of NMDA receptor function induced by
dopaminergic treatment? To further prove the possibility, the
effects of regulating the PSD-95 expression on the augmented
NR2B tyrosine phosphorylation and on the interactions of
Fyn and NR2B in LID rat models were evaluated.

Subjects and methods

Subjects

Sixty female Sprague Dawley rats (weight range, 190-260 g)
were used in the study. The experiments were in accordance
with the Animals Research: Reporting In Vivo Experiments
(ARRIVE) guidelines and the National Institutes of Health
care and use of laboratory animals guidelines (NIH publication
number 80-23). All protocols involving animals were approved
by the Institutional Ethics Committee of Shanghai Jiaotong Uni-
versity School of Medicine (Shanghai City, People’s Republic
of China; number of approval 2012-02-25). All surgery was
performed under pentobarbital anesthesia, and an effort was
made to minimize the number of rats used and their suffering.

Reagents

Mouse monoclonal anti-PSD-95 and rabbit polyclonal
anti-NR2B antibody were obtained from Sigma-Al-
drich Co. (St Louis, MO, USA). Mouse monoclonal
anti-phosphotyrosine and mouse monoclonal anti-Fyn
antibodies were ordered from Santa Cruz Biotechnol-
ogy Inc. (Dallas, TX, USA). Horseradish peroxidase-
conjugated goat anti-mouse IgG secondary antibody and
horseradish peroxidase-conjugated goat anti-rabbit IgG
secondary antibody were ordered from Vector Labora-
tory (Burlingame, CA, USA). The sequences of PSD-95
missense (5'-GAATGGGTCACCTCC-3’) and antisense
(5’-GAATGGGTCACCTCC-3") oligonucleotides were
synthesized by Shanghai Sangon (Shanghai City, People’s
Republic of China).

Parkinsonian rat model creation

and rotational screening

The rats were anesthetized with pentobarbital (50 mg/kg
body weight, intraperitoneally [ip]). The rats were injected
with 8 png 6-hydroxydopamine ([6-OHDA] a concentra-
tion of 2 ug/uL, dissolved in 0.9% physiological saline
containing 0.02% ascorbic acid) (Sigma-Aldrich Co.); The
coordinate of the right medial forebrain bundle was in line
with a rat brain atlas (bregma: 4.5 mm; lateral: 0.9 mm;
dura: 7.5 mm)."® The stereotactic apparatus with the incisor
bar was from Narishige (Tokyo, Japan). Three weeks after
6-OHDA lesion, the rats showing apomorphine-induced
rotational response (>100 total turns) were considered
successful parkinsonian rat models and were chosen for the
next study.'® The control rats received sham-lesion (saline
injection) surgery.

Drug treatment and behavioral

observations

We set up five groups (eight rats per group), including control
rats, PD rats (hemi-6-OHDA lesion), PD rats with chronic
levodopa treatment, and PD rats with chronic levodopa
treatment plus the PSD-95mRNA antisense oligonucleotides
(PSD-95 ASO) or scrambled missense oligonucleotides
(PSD-95 MSO) (10 nmol/5 UL per intrastriatal injection). The
control rats and PD rats were treated ip with physiological
saline twice daily for 22 days.

Rotational responses to acute levodopa challenge
(50 mg/kg/day plus 12.5 mg/kg/day benserazide ip, twice
daily) (Sigma-Aldrich Co.) in PD rats treated with levodopa
for 22 days were assessed at the beginning (treatment day 1)
and end (treatment day 22) of levodopa therapy. During the
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levodopa treatment period, PD rats developed increasingly
severe contralateral rotation and/or abnormal involuntary
movements affecting cranial, trunk, and limb muscles on
the side of the body contralateral to the lesion, as described
previously.!” Motor response changes that develop in par-
kinsonian rats during twice-daily levodopa treatment have
features that resemble those appearing in similarly treated
parkinsonian patients.'®'® These include shortened rotational
response duration and increased peak turning, resembling
human wearing-off fluctuations and dyskinesia.'”"* We
used the rotational response because it is a well-established
paradigm for studying the wearing-off and dyskinesia
response'®?* without interference from abnormal involuntary
movements that are known to disrupt and even replace the
rat’s motor repertoire.'® The rotational duration was measured
as the time between the first S-minute interval when turning
exceeded 20% of the peak rate and the first interval when
turning fell below 20% of the peak rate. The peak turning
intensity was measured as the peak number of contralateral
turns in any S-minute interval. All of the rats that sustained
chronic levodopa treatment had developed dyskinesia by the
end of the treatment period.

Oligonucleotide sequences were subjected to a Basic
Local Alignment Search Tool (BLAST) search on the
National Center for Biotechnology Information BLAST
server using the GenBank database. PSD-95 ASO are specific
for rat PSD-95 mRNA. The effect of pretreatment with the
PSD-95 ASO or PSD-95 MSO (10 nmol/5 UL per intrastriatal
injection) on the rotational response to levodopa challenge
was assessed 3 days after withdrawal of chronic levodopa
treatment. The dose (10 nmol) of PSD-95 ASO or MSO
was chosen for the study according to previous research as
that,?® which could effectively downregulate the expression
of PSD-95. In our preliminary experiment, we tried different
doses (5 nmol and 10 nmol) of PSD-95 ASO or MSO. The
data indicated that the 10 nmol dose of PSD-95 ASO had
obvious effects on rotational behavioral alterations. PSD-95
ASO or PSD-95 MSO was infused into the striatum ipsilat-
eral to the lesioned nigrostriatal pathway every 24 hours for
3 days under pentobarbital anesthesia by means of a syringe at
coordinates (bregma +0.5 mm; lateral 2.5 mm; dura 4.6 mm).
Following recovery, rats were returned to their home cage.
Each was placed in the rotometer and given a single challenge
dose of levodopa after 12 hours.

Protein extract
Protein extract and Western blot were carried out accord-
ing to our methods described in a previous paper.> After

sacrifice, rat striatum was dissected and frozen at —80°C
for immunoblotting. Striatal tissue was immersed in ice-
cold TEVP buffer (10 mM Tris-HCI, 5 mM NaF, 1 mM
Na,VO,, I mM ethylenediaminetetraacetic acid, 1 mM
ethylene glycol tetraacetic acid, pH 7.4). The tissue was
homogenized by sonication. The homogenate was centri-
fuged at 800X g for 10 minutes at 4°C. The supernatant was
again centrifuged at 10,000x g at 4°C for 30 minutes. After
centrifugation, the pellet was used as total striatal protein
homogenate (membrane and cytoplasmic compartments).
The total striatal protein homogenate pellet was suspended
in ice-cold sample buffer. Protein concentrations were
detected with a bicinchoninic acid (BCA) assay kit (Pierce,
Rockford, IL, USA).

Immunoblotting

A 15 pg denatured protein sample from the group of control,
PD, chronic levodopa treatment rats, and levodopa treat-
ment + PSD-95 ASO or PSD-95 MSO (n=5) was loaded
onto a 7.5% sodium dodecyl sulfate polyacrylamide elec-
trophoresis gel. After electrophoresis, the proteins were
electrotransferred onto PVDF membrane by way of 250 mA
current for 90 minutes at 4°C. The membrane was blocked
with 5% skimmed milk for 2 hours and then incubated at
4°C overnight with the indicated antibodies, including
mouse monoclonal anti-PSD-95 antibody (1:500), rabbit
polyclonal anti-NR2B antibody (1:1,000), mouse mono-
clonal anti-Fyn antibody (1:1,000), or beta-actin (1:1,000;
Abcam plc, Cambridge, UK). The membrane was washed in
1x Tris-buffered saline with 0.1% Tween 20 and incubated
with horseradish peroxidase-conjugated anti-rabbit or anti-
mouse IgG secondary antibody diluted 1:2,000 for 1 hour.
Blotting protein was detected by chemiluminescent work-
ing solution (Cell Signaling Technology, Boston, USA)
and exposed to Kodak BioMax® MS-1 films. Quantitative
analysis of immunoblotting was performed by calculating
the relative density of the immunoreactive bands after
acquisition of the blot image with a Nikon charge-coupled
device video camera module and analysis with NIH Image
software (v 1.34). The band density is expressed as the mean
percent of sham-lesioned striatum for every immunoblot.
All of these experiments for biochemical assessments
were carried out five times and were repeatable on striatal
extracts from five rats. Omission of the primary antibodies
served as negative controls. The omission of the primary
antibodies against PSD-95, NR2B, or Fyn in immunoblot-
ting procedures provided no visible immunoreactivity in
immunoblotting.
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Immunoprecipitation

After fourfold dilution with immunoprecipitation buffer
containing 50 mM 4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid (HEPES) (pH 7.1), 1% Triton X-100, 10%
glycerol, 0.5% Nonidet P-40, 1.5 mM MgCl, 1 mM ZnCl,
150 mM NaCl, and inhibitors of phosphatase and protease, a
400 pg protein sample was preincubated with 25 UL protein A
Sepharose CL-4B (Amersham, Bucks, UK) for 1 hour at 4°C
to remove protein nonspecifically adhered to protein A beads.
After centrifugation, the supernatant was incubated with 2 ug
antibody overnight at 4°C. Twenty-five microliters of protein
A Sepharose CL-4B was added, and the incubation continued
for 2 hours at 4°C. The immune complex was isolated by
centrifugation and the pellet was washed three times with
immunoprecipitation buffer. Bound proteins were eluted by
boiling for 5 minutes in Laemmli sample buffer. Then, the
sample was centrifuged and supernatant was used for protein
analysis by immunoblotting as described above.

Statistical analysis

Data, expressed as mean = standard error of the mean (SEM),
were analyzed by analysis of variance (ANOVA) tests; sta-
tistical significance was defined as P<<0.05. Statistical tests
were calculated using SPSS software (v 13.0).

Results
PSD-95 ASO effects on motor response
alterations induced by levodopa

treatment
In our previous study,? chronic levodopa treatment short-
ened the rotational duration and increased the peak turning
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responses. In the present study, PSD-95 ASO (10 nmol/5 uL)
administration into the striatum ipsilateral to the 6-OHDA
lesion 3 days after withdrawal of chronic levodopa treatment
prolonged the shortened rotational duration and produced
a 38.5%%5.1% reduction of peak turning in response to an
acute levodopa challenge. Levodopa-treated rats given a
PSD-95 MSO intrastriated infusion showed no evidence
of change in their rotational duration and peak turning in
response to levodopa (Figure 1).

Effect of PSD-95 ASO on the expression
of PSD-95 in the lesioned striatum

Immunoblotting analysis of striatal total protein extracts
indicated the change of PSD-95 expression. The abundance
of PSD-95 in striatal total protein extracts was reduced by
6-OHDA lesion. There were 40.7%%6.5% reductions of
PSD-95 in 6-OHDA-lesioned rats (P<<0.05, compared with
control group). Chronic levodopa treatment increased PSD-95
expression significantly. The abundance of PSD-95 on levodopa
treatment day 22 increased to 150.2%19.7% of control (P<<0.05,
compared with 6-OHDA lesion group). Treatment of rats with
PSD-95 ASO every 24 hours for 3 days reduced the PSD-95
protein level by 91.8%26.7%, while the same dosage of PSD-95
MSO did not affect the PSD-95 expression (Figure 2).

Effect of PSD-95 ASO on the augmented
tyrosine phosphorylation of NR2B

induced by chronic levodopa treatment

To detect the tyrosine phosphorylation level of NR2B,
striatal samples (400 pwg) were immunoprecipitated
with rabbit polyclonal anti-NR2B antibody, then the
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Figure | Effect of intrastriatally administered PSD-95 ASO on rotational duration (A) and peak rotations (B) of rotational response to levodopa.
Notes: Rotational duration and peak rotations were compared on days | and 22 of levodopa treatment and 3 days after withdrawal of levodopa treatment + PSD-95 ASO or
PSD-95 MSO. At 3 days after levodopa withdrawal, either PSD-95 ASO or PSD-95 MSO was administered before acute levodopa challenge. *P<<0.05 versus day |; “P<0.05

versus day 22; %P<<0.05 versus PSD-95 ASO group on day 22.

Abbreviations: PSD-95 ASO, PSD-95mRNA antisense oligonucleotides; PSD-95 MSO, PSD-95mRNA scrambled missense oligonucleotides.
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Figure 2 Effects of PSD-95 ASO on the expression of PSD-95 in lesioned rat
striatum.

Notes: Samples were from the group of control, PD, and chronic L-dopa treatment
rats and after withdrawal of L-dopa treatment + PSD-95 ASO or PSD-95 MSO
(n=5). (A) IB analysis of the protein levels of PSD-95 with anti-PSD-95 antibody. (B)
Quantitative representation of the protein levels of PSD-95. *P<<0.05 versus control;
#P<0.05 versus PD; #P<<0.05 versus chronic L-dopa (day 22) group; *P<<0.05 versus
PSD-95 ASO group. A significant attenuation of PSD-95 levels was observed in the
PSD-95 ASO-injected striatum. The results were repeatable on striatal extracts from
five rats.

Abbreviations: |IB, immunoblotting; L-dopa, levodopa; PD, Parkinson’s disease;
PSD-95 ASO, PSD-95mRNA antisense oligonucleotides; PSD-95 MSO, PSD-
95mRNA scrambled missense oligonucleotides.

immunoprecipitates were separated by 7.5% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to a PVDF membrane. The membrane was
blotted with mouse monoclonal anti-phosphotyrosine anti-
body. Chronic levodopa treatment increased the tyrosine
phosphorylation of NR2B significantly. The abundance
of tyrosine-phosphorylated NR2B on levodopa treatment
day 22 increased to 1.6-fold that of control (P<<0.05, com-
pared with 6-OHDA lesion group). PSD-95 ASO pretreat-
ment reduced the elevation from 1.6- to 1.3-fold relative
to control, while the NR2B protein level was not affected.
PSD-95 MSO pretreatment had no effect on either tyrosine-
phosphorylated NR2B or NR2B protein level. The data
indicate that PSD-95 participates in the chronic levodopa
treatment-induced alteration in the tyrosine phosphorylation
of NR2B (Figure 3).

Effect of PSD-95 ASO on the altered
interactions of Fyn with NR2B induced

by chronic levodopa treatment

The interactions of Fyn with NR2B was detected under non-
denatured conditions by co-immunoprecipitation. The co-
immunoprecipitation was performed by immunoprecipitation
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Figure 3 Effects of pretreatment with PSD-95 ASO or MSO on the augmented
tyrosine phosphorylation of NR2B induced by chronic L-dopa treatment in lesioned
rat striatum.

Notes: Samples were from the group of control, PD, and chronic L-dopa treatment
rats and L-dopa treatment + PSD-95 ASO or PSD-95 MSO (n=5). (A) Tyrosine
phosphorylation of NR2B examined by IP with anti-NR2B antibody followed by 1B
with anti-pY. (B) IB analysis of the protein levels of NR2B with anti-NR2B antibody.
(€) Quantitative representation of NR2B tyrosine phosphorylation (p-NR2B) and
the protein levels of NR2B. #P<<0.05 versus PD; P<<0.05 versus chronic L-dopa
(day 22) group; *P<<0.05 versus PSD-95 ASO group. The results were repeatable on
striatal extracts from five rats.

Abbreviations: anti-pY, antibody against phosphotyrosine; 1B, immunoblotting;
IP, immunoprecipitation; L-dopa, levodopa; PD, Parkinson’s disease; PSD-95 ASO,
PSD-95mRNA antisense oligonucleotides; PSD-95 MSO, PSD-95mRNA scrambled
missense oligonucleotides.

of the striatal samples with antibody of mouse monoclonal
anti-Fyn followed by probing the blots with the antibody
against NR2B.

The interactions of Fyn with NR2B in the 6-OHDA-
lesioned striatum was significantly reduced to 70.1%+5.3%
(P<0.05, compared with control group). After chronic
levodopa treatment, the interactions of Fyn with NR2B
increased up to 1.8-fold relative to control (P<<0.05,
compared with the 6-OHDA lesion group). The elevation
decreased to 1.4-fold relative to control in rats pretreated with
PSD-95 ASO, but not in the PSD-95 MSO-treated groups.
Immunoblotting analysis demonstrated that the Fyn expres-
sion had no differences in control, PD, levodopa treatment,
and drug-pretreated rats (Figure 4).

Discussion

Our previous studies found that levodopa treatment adminis-
tered twice daily for 22 days to 6-OHDA-lesioned rats short-
ened the rotational duration and increased the peak turning
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Figure 4 Effects of pretreatment with PSD-95 ASO or MSO on the augmented
interactions of Fyn with NR2B induced by chronic L-dopa treatment in lesioned
rat striatum.

Notes: Samples were from the group of control, PD, chronic L-dopa treatment rats
and after withdrawal of L-dopa treatment + PSD-95 ASO or PSD-95 MSO (n=5). (A)
Co-immunoprecipitation analysis of interactions of Fyn with NR2B. Sample proteins
were immunoprecipitated with anti-Fyn antibodies and then blotted (IB) with anti-
NR2B antibody. (B) IB analysis of the protein levels of Fyn with anti-Fyn antibodies. (C)
Quantitative representation of interactions of Fyn with NR2B. *P<<0.05 versus control;
#P<<0.05 versus PD; 4P<<0.05 versus chronic L-dopa (day 22) group; *P<<0.05 versus
PSD-95 ASO group. The results were repeatable on striatal extracts from five rats.
Abbreviations: |B, immunoblotting; IP, immunoprecipitation; L-dopa, levodopa;
PD, Parkinson’s disease; PSD-95 ASO, PSD-95mRNA antisense oligonucleotides;
PSD-95 MSO, PSD-95mRNA scrambled missense oligonucleotides.

responses.> 2’ The expression of motor response alterations
persisted after withdrawal of levodopa treatment.”® The striatal
synaptic plasticity changes modified motor behavior. Earlier
study connected PSD-95 to various forms of behavioral and
synaptic plasticity.>*# PSD-95 can anchor and cluster postsyn-
aptic glutamate receptors and play a critical role in synaptic
plasticity and neural development.®!*!? It is well known that
synaptic plastic responses, such as long-term potentiation, are
critical for behavioral alterations, and these are thought to be
mechanisms for the consolidation of information storage in the
brain. Long-term potentiation can be mediated by the modula-
tion of PSD-95. For example, others utilizing antisense oligo-
nucleotides, antisense-induced disruption of rat hippocampal
PSD-95 reportedly impairs the consolidation of memory.?
In the present study, parkinsonism seems to be related to
decreased PSD-95 protein levels. In contrast, LID can be
related to increased PSD-95 protein levels. It has also been
demonstrated that the expression and subcellular distribution

of PSD-95 are altered in the striatum of levodopa-treated
unilateral 6-OHDA-lesioned rats with increased expression
and enrichment in the synaptic compartment.® Thus, part of
our results confirm previous findings. In addition, based on
these findings, pretreatment with PSD-95SmRNA antisense
oligodeoxynucleotide s (PSD-95 ASO) not only significantly
reduced the PSD-95 protein level but also attenuated the
rotational response alterations, including peak rotations and
response duration to levodopa. Porras et al have also shown
that PSD-95 downregulation interferes with behavioral sen-
sitization known as the abnormal involuntary movements
to levodopa in 6-OHDA-lesioned rats.® Thus, the present
evidence suggests a close functional relationship between
PSD-95 protein levels in the striatum and the expression of
levodopa-induced rotational response alterations.

PSD-95 regulates interaction between receptor and
downstream-signaling molecules. Given the many functions
of PSD-95, in the present study, we define precisely what role
the changes observed here might play in PD and LID.

Abnormality in the assembly of receptor with other pro-
teins might result in synaptic dysfunctional signaling. The
interaction between receptor and scaffolding proteins allows
the formation of subsynaptic rafts of multiple signaling and
regulatory molecules at the postsynaptic density. These can
be assembled to form an integrated processing unit.'* An
appreciation of the functioning of a receptor cannot be made
in isolation from its interactions with other components of the
signalosome. For example, the altered levels of PSD-95 can
result in enhanced NMDA receptor signaling, as described
in both parkinsonism and LID, because of abnormal interac-
tion between NMDA receptor and scaffolding proteins. As
such, interaction subserves indirect interactions with regula-
tory proteins such as phosphatases and kinases.>**! This can
underlie abnormal NMDA receptor phosphorylation.®

The results of the present study show that chronic
levodopa treatment elevates NR2B tyrosine phosphorylation
levels and increases association between Fyn and NR2B,
which contributes to overactivity of NMDA receptor func-
tion. Pretreatment with PSD-95mRNA antisense oligode-
oxynucleotide (PSD-95 ASO) reduced the elevated NR2B
tyrosine phosphorylation and interaction of Fyn with NR2B
triggered during the levodopa administration in the 6-OHDA-
lesioned striatum. The data demonstrate that PSD-95 is
important for facilitating NR2B tyrosine phosphorylation by
Fyn kinase. Functioning as a scaffold, PSD-95 brings Fyn
kinases in the proximity of its substrate—NR2B subunits.'®!"
Therefore, PSD-95 can control the upregulation of NMDA
receptor function by Fyn kinase. The overactivation of
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NMDA receptors can increase their synaptic strength and
striatal output changes in ways that characteristically affect
motor responses to dopaminergic stimulation. The inhibition
of PSD-95 protein expression suppressed the interactions
of Fyn with NR2B and NR2B tyrosine phosphorylation and
subsequently downregulated NMDA receptor overactivation,
thus provides benefit for the therapy of LID.

In addition to tyrosine phosphorylation of NR2 subunits
mediated by Fyn kinases, many of the PSD-95-associated
downstream signaling modules of NMDA receptors have
been implicated in PD and LID. Elucidating the roles and
regulation mechanisms of these signaling pathways is impor-
tant for further understanding the molecular mechanisms of
PD and LID and may provide some practical therapeutic
approaches for neurodegenerative diseases.

Conclusion

The results of this study provide evidence that PSD-95 is
important for overactivation of NMDA receptor function due
to facilitating NR2B tyrosine phosphorylation by Fyn kinase
under the pathological conditions of LID, which is likely to
be achieved by modulating interactions of Fyn with NR2B.
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