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ABSTRACT

The cause of the L-dopacinduced dyskinesia(LID) has been ascribedto G-protein coupled receptor (GPCF
supersensitivity and uncontrolled downstream signaling. It is now supposedthat i -arrestin2 affects GPC
signalingthrough its ability to scaffold various intracellular molecules.We usedthe rAAV (recombinant adeno
associatedvirus) vectors to overexpressand ablation of i -arrestin2. L-dopainduced changesin expressionof
signaling molecules and other proteins in the striatum were examined by western blot and
immunohistochemically Our data demonstratedthat via AA\Vmediated overexpressiorof i -arrestin2 attenuated
LIDperformancein 6-OHDAlesionedrodent models.i -arrestin2 suppressed_IDbehavior without compromising
the antiparkinsonianeffects of L-dopa. Moreover, we alsofound that the anti-dyskineticeffect of i -arrestin2was
reversedby SKF38393a D1Ragonist. On the contrary, the rat knockdown study demonstrated that reducec
availability of | -arrestin2 deteriorated LIDperformance,which was counteractedby SCH2339( D1Rantagonist
Thesedata not only demonstratea central role for i -arrestin2/ GPCRignalingin LID,but alsoshowthe D1Rsigna
pathway changesccurringin responseto dopaminergicdenervationand pulsatile administration of L-dopa.

INTRODUCTION that occurs in more than 50% BD patients afterigl0

years Ldopa administration [4]. However, the
Parkinsonds disease (PB) i gndelyihgacellalar and molezugatkegiepts thahresults e r i
dopaminergic neurons deficiency in the substanitiaa in LID remains uclear right now.
(SN) of the midbrain, leading to bradykinesia, muscular
rigidity and rest tremor et al [1]. The gold standard of LID is closely correlated with pathological changes in

drug therapy for PD is oral administration othe dopaminergic transmissions in the striatum [5]. A large
dopamine precursor,-8,4-dihydroxyphenylalanine (L body of evidence showed thacreased activity of
dopa) [2]. However,after prolonged and pulsatile dopamine DZreceptors (D1R) was imperatifer LID
exposureto L-dopa, PD patients eventually develop a  development [6]. Théncreased density of DIR that was
variety of abnormal involuntary movements, ternhed found in the striatum of MPTRreated primates that
dopainduced dyskinesia (LID), which represent a  displayed LID was thought to bring abouelevated
major treatment limitation and reck thequality of life secondmessenger expression and changedeceptor

of PD patients [3]. LID is a type afiotor complication trafficking [7], suggesting that D1R have a specific role
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in LID expression.Sensitized D1R generated multiple 6-OHDA-induced dopamine neurons alterations in

molecular events, such as persistent amdrmittent striatum was evaluated 21 days after surgery by western
hyperactivation of the cAMP signaling cascade, the bl otting and i mmuue® pithcan e s ¢ e
induction of immediate early genasad the activation of antibody raised against TH. We found the TH levels were
extracellular signategulatedkinases (ERK) eal [8, 9]. decreased by more than 908cthe lesioned hemisphere
Darmopilet aldemonstrated that the D1R was critical for ~ of 6-OHDA-lesioned rats treated or netith L-dopa

the development of LID irmice and the underlying when compared with the sham group (n=4 for each

molecular changes in the denervated striatum while the group, P<0.0001 Figure 1B and 1Chnd meanwhile
D2R had little or no involvement [9]. Shenoy et al there was no difference in the nl@sioned between three
displayed that LID was reducdxy promotingG-protein groups (Supplementary Figure 1). The severity of
coupled receptor (GPCR) desensitization by GPCR dopamine depletion was evaluated by measuring the
kinases (GRKs), followed by binding to arrestins and  contralateral rotation response to apomorphine (0.5
receptor internalization [10]. Therefore, pharmacological mg/kg, i.p., Figure 1D). There wa striking reduction in

or genetic interventions aimed at reducing abnormal b-arrestin2 proteins and immunostaining in the
sensitizing D1R mayba potential alternative approach dopaminedepleted striatum of rats treated witkdbpa.

to control the LID. We constructed AAV encoeding
arrestin2 tagged with EGFP for easy detection and found

The arr estarm efsdarnesitlRy xar@shin, AAV -b-arrestin2EGHP can completely changeover the

and sarrestin), are cytosolic proteins that increase GPCR  b-arrestin2 proteins and immunostaining byddpa

internalization and trafficking in GRKependent administration (n=4P > 0.05vs sham or PD groups,

manners [11]JAmo n g t-drresim? is dne of two Figure 1E and 1F). We tested whether overexpression of

arrestin isoforms in the brain can transduce GPCR signals b-arrestin2 would influencpreexisting dyskinesia. While
by forming protein complexes with signaling molecules  in AAV -b-arrestin2ZEGFP injected rats dyskinesiaores
downstream of G protein to mediate GPCR (Total AIMs) dropped significantly from week 3 until
desensitization or recycling et al [12]. One previous week 4 postsurgery, when compaveth LID and LID +
research showed that-eapressdi n  eafrestifi2 and AAV -EGFP groups (n=8 for each group, tmied
GRK3 wasessentialfor rapid desensitization of CB1 unpaired t test: p < 0.0001, Figure 2A). The results
receptormediated potassium currents following exposure  showed that PD rats treated with pulsatileddpa

to WIN55,2122 in Xenopus Oocytes [L3Bimilarly, devel oped signiycant axi al (
i nact i wmaestin2o attenuated desensitization of  and orolingual AIMs (Figure 2D) compared with sham or
WIN55,2122-mediated inhibition of glutamatergic PD rats receiving saline. Moreover, it is noteworthy that
neurotransmission in  hippocampaheurons [14]. animals receiving intrastriatal AAY-arrestin2ZEGFP

Al t h o-argdtin2 Ban transduce multiple signals in infusion in combinatiomwith L-dopa treatment exhibited

cells, little is known about their participation in PD or signiycantly | ower axi al (p
LID. Onl y one study -arrestind r t e<d0.00Q1 hFaydre 2Ch and orolingual AIMs (p < 0.0001,
overexpression redude LID performance while Figure 2D) compared withID+EGFP group. We also
maintaining the therapeutic effect ofdopa in knockout confirmed that cenjectad AAV-b-arrestin2EGFP and

PD mice [15]. In the present study, therefore, we aim to L-dopa, did not alter thdbeney ci al motor

investigate the effect of genetic overexpression/deletion effect of L-dopa treatment by the means of FFT test (p >
o f -arestin2 in the striatum influence the occurrence of  0.05, Figure 2E).
abnormal involuntary movements (AIM) score and the
motor function. Meanwhile, we also further inspect the Theanti-dy s ki net i -arredifi2f ect of b
e f f e eatrestioZ on BID via lower D1R activity using overexpression is overcome by D1R agonist
selective D1R agonist/antagonist.

Repeated pulsatile L-dopa injection to #HDA-

RESULTS lesioned rats leads # progressive increase in the total
AlMs. The total AIM score was markedheduced in

AAV-Me d i a4aresstin2fmverexpression alters ani mal s e-armestin ns= 4nfor edeh group,

AlMs induced by L-dopa in hemi-parkinsonian rats total 4*4=16, Figure 3A). Thus, the increased

availabilt y -arfestirf2 alleviates already established
To build the generation of abnormal movements in PD by dyskinesia. Ad t hen we found-that

repeated tdopa administration, we utilized a weéttled arrestin2 overexpression was obviously reversed by
hemiparkinsonian rat model in which rats were first ~ SKF38393 (1.5mg/kg), a D1R agonist, in terms of total
rendered herparkinsonian by unilaterahjection of 6 Al Ms (p < 0.05 -arrestin?'f;Bguand L
OHDA into the MFB. Figure 1A showed the 3A). Analogously, we found this seemed to be the same
experimental design of first sectigm=56). The extent of tendencyin axial AIM (p < 0.05,Figure3B), limb AIM
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(p < 0. 05,Figure3C) as well as orolingual AIM (p < 0. animals (n = 4 for each group, p < 0.05 vs LID and

05,Figure3 D) . Me a-arnestin2 loverexpréssion L | D +-arreBtin2™*; Figure 3E). We have also
associated decreases in D1RelevFosB expression, investigated the D2R expression and lineel of DR2
DARPPR32 and ERK1/2 phosphorylation were also  was decreased in LID rats but not changed by AAV
prevented by SKF38393 in thstriatum of dyskinetic arrestin2 or AAVEGF (Supplementarlyigure?2).
A Day  -21 0 +21 +42 +56
AIM ratings and forelimb AAV-f-arrestin2 AIM ratings and WB
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Figure 1 Recombinant adenessociated virus (AAV) Y R dz& SNNBIa G A Yy H 2 GBresBnE/HINGha dntaierdl 6 O |
OHDAlesioned striatum of SD rat§A0 { OK S Rdz S 2 FRrreSiE2IIRtBIALHS Pedinnikg/of the studies, the rats (n=56) was
injected unilaterally with HDA in the right medial forebrain bundle (MFB). After three wdek®n efficacy was assessed by the rotations
after the use of apomorphine for the following induction efldpar y RdzOS R R & & | A-gh®siirR loveréxpresSian ¢at ndolle$ on

the base of LID were constructed immediately and followed by intregreal injection of D1R agonist (SKF38393) once a day. All groups of
rats except PD and sham were injected wittidpa (15 mg/kg, i.p.) plus benserazide (3.75 mg/kg, i.p.). Additionally, rats in the PD group and
sham group were treated physiological salirdter the last drug administration, all rats were sacrificed in two hours and fetched the
lesioned corpustriatum for the following WB, IHC and IFB). Tyrosine hydroxylase (TH) protein levels was markedly decreased by nearly
90% in the PD or LID ratempared with sham group by western blot (n=4 for each groW)Fluorescence slice of coronal plane from
striatum of rats between sham and PD groups stained with TH (n=4 for each group). Scale bar represents)08tillnméges showing L
dopainduced dyskinesia in a parkinsonian rdf) AAV -k NNB & (i A Y 1 -afrdstinXF rélative 20yGARBDH level in five groups by WB in
the lesioned striatum (n=4 for each group). The experiments for Figure 1B and Figure 1E were performed together witk ®ieasa, PD

and LID tissues for western bloE) AAVi - NNB & (i A Y H -aBréstidki® ia fiva grolips @y IHC in the lesioned striatum (n=4 for each
group). Scale bar represents 100 um. The experiments for Figure 1C and Figure 1F were perforiedwithethe same Sham and PD for

immunohistochemistry. @ P < 0.0001 vs sham group; * p < 0.05, ## P > 0.05 vs sham group; ***p<0.001 vs LID+EGFP fmoepaqim = 4
group, ANOVA followed by LSD pbst comparisons).
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AAV -mediatedb-arrestin2 ablation deteriorates knockdown exacerbated the progressive increase in total
AlMs induced by L-dopa AlMs (n = 8 for each group, $0.0001 vs ID and LID +

sh. EGFP, Figure 5A). malogously, we found this
To assess the raodstm2, weftestedn d osgeemedaaibe théd same trend in axial AIM (p < 0.05 vs

whether knockdowro f -armestin2 with AA\fdelivered LID and LID + sh. EGFP, Figure 5B), limb AIM (p <
shRNA wouldinfluence the behavioral effects ofdopa 0.05 vs LID and LID + sh. EGFP, Figure 5C) as well as

and a luciferase shRNA as a negattontrol. Figure 4A orolingual AIM (p < 0.05 vs LID andlID + sh. EGFP,

showed the experimental design of second section. 6 Figure 5D)by AAV-s h -arreétin2 injection. Meanwhile,
OHDA-lesioned rats were treated witkdbpa for 14 days p-arrestin2 knockdown did not change thee neyci al

after virus injection (incubation three weeks). Similarly, motor movement effect of-dopa treatment in terms of
there was a stri ki narestthz c| iFRTeest{FiguretbE).e f i el d of b
proteins ad immunostaining in the striatum of LID rats

treatedconpared with PD and sham groups (p < 0.05, Thee f f e catrest2 ablation is counteract by

Figure 4Band4 C) . N a marresjin2 cohcbngratidn D1R antagonist

wasdi stinctly dearesénd st iRMA asy t he b

comparedo the control adenovirusind we foundAAYV - Figure6 s h o-arestin2 fknockdown augment the
sh-arb est i narestin),rdiher+thanblLID + sh. dyskinesia behavior was apparently reversed by

EGFP, <can f ur tafestin2 poteinsine=a s e SCHR83900(0.25ng/kg), a D1R antagonist, in terms of

for each group, g 0.05, Figure 4B) and immunopositive total AIMs (n =4 for each group, total 4*4=16, p < 0.
neurons (n = 4 for each group,<0.0001, Figure 4C) 05 v s HarrefinZ+ Fighre 6A), axial AIM (p <
compared withLID group. Next, we tested whether 0. 05 v s-arrkstin®, Figure6B), limb AIM (p <

abl at i-aoestindirfi thefesionestriatum influence 0. 05 v -arredtin2DFigtre6C) and orolingual

t he dyskinesi a per-arestmancAl Man(dp &Ko wnd -ar@esting sFigurtel6D). + b
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Figure 2.AA\-Mediated b-arrestin2 overexpressiorreduces AlMs induced by-dopa in 6OHDAlesioned rats.Rats were
rated for AIMs on days B, 5,7,11,13,15,17,19and21 and carried on testing on days4,6 and 8 after the striatuntargeted injection
of b-arrestin2’+ (n=8 for each group, total n=40 rat¢}\) Total AIM score measured aftet-dopaor saline injection in all group$B) axial
AIM score; © limb AIM score;[§) orolingual AIM scoreH Fordimb functional test Data aredisplayedas averaget standard error;,@
P<0.0001vs LID ## P > 0.05 (n = 8 for each group, Kruskal Wallis followed by [@sirtest for multiple comparisons or twailed
unpaired t test).
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Postmortem examination of the infected striatum
r eveal eadrestinh kamackddwn was significantly
increased the level of D1R, FosB expression, DARPP
32 and ERK1/2 phosphorylation compared with LID
group Figure 6E). As expected, all these signal

pathwg molecular markers were changeover by
SCH23390 (n = 4 for each grougigure6E), indicating
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b-arrestin2 impacted LID performance maybe via D1R
signal.

DISCUSSION

The primary of PD motor symptom treatment since the
1960s is théA precursor Edopa and will likelystill so
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Figure 3 AAV b-arrestin2 overexpressionand LID groups respectively followed by intraperitoneal injection of D1R agonist

(SKF38393) or salinBats were rated for AlMsn days 13,5, 7,9,

11 and 13 aftr the injection of SKF38393ollecting the striatums of

the following four groupso preparetissuehomogenate for VB: LID, LID plusarrestin2’-, LID pluSCH23390and LID plub-arrestin2’- plus
SCH23390A) Total AIM scorg (B) axial AlMscore; ©) limb limb; D) orolingual AIM score (n = 4 for each group, total 4*4={H)The
protein level of D1R, phosph&@RK1/2phosphorDARPP32and FosB by WRata aredisplayedas meant standard error of meart; P<0.05
vs LID #€Arrt"* + SKF38393rgup (n = 4 for each group, Kruskal Wallis followed by Batest for multiple comparisonis AIM scores,

ANOVA followed by LSD pd&ic comparisons in proteins detectipn
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Figure4. RecombinantAAV-mediated b-arrestin2 knock-down (b-arrestin2’-) in 6-OHDAlesioned rats treated with tdopa.
(A) Thewhole processof the secondpart experimental design (n=56B)(AAVb-arrestin2knockdown (b-arrestin2’-) relative to GAPDHevel
in five groupsby WB in the lesioned striatuifm = 4 fo each group, total n=4*5=20JC AAVb-arrestin2knockdown (b-arrestin2) in five
groupsby IHC in the lesioned striatum. Scale bar represents 100 um. @ P<0.q8a1.05vs LID+ sh.EGFRyroup (n = 4 for each group,
total 4*5=20, ANOVA followed BySD poshoc comparisons).
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functional test @ P<0.0001, p < 0.05vs LID+ sh.EGFRroup, ** P<0.01vs PDgroup (n = 8 for each group, Kruskal Wallis followed by

Dunnds test for multiple comparisons).
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for a while untilbetter compounds are developed [15].
Our data demonstrated that via AAvediated
overexpression o f -arfestin2  attenuated LID
perfomance i n
LID in dyskinetic rats without compromising the
antiparkinsoniareffects of l-dopa. Moreover, we also
found that theanttkd y s ki net i -@rresifi2fwasc t
reversed by SKF38393, a D1R agonist. On the contrary,
the rat knockdown study demonstrated that reduced
availabilityo f -arfestin2 promoted LID performance in
term of AIM scores, which was counteracted by
SCH2339, a D1R antagonist. Collectively, thedata

di spl ayed i nc-aregin2evia decreagee |
D1R activity helps to controLID without sacrificing

the antiparkinsonian benefits ofdopa.

r o eheestin2 sopprdsseld s .

Lack of dopamine in PD results inuftiple changes in
the dopamine mediatedignaling [16]. Thepremier
dysregulation of signaling pathways is further
exdggerated by chronic/pulsatile-dopa treatment,
eventuallyleading to dyskinesia [17]. The causetioé
dyskinesia, at least in part, hiasen ascribed to GPCR
sufersemsitivityand uncontrolled downstream signaling
and neuronal activity [18, 19].éthce,the challenge is
to cut down the supersensitivity and signaling that
relieves LID while retaining the anparkinsonian
activity of the drg, which is alsomediated by
dopamine receptors would be ideal. It is newpposed

t & B-arréstn2 adjust GPCR signaling through their
ability to scaffoldvarious intracellular molecules such
as kinases anghosphatases [20]. Nikhil and colleague

Figure6. AAV b-arrestin2 knockdown (b-arrestin2’-) and LID groups respectively followed by intraperitoneal injection of
D1R antagonist§CH23390or saline.Rats were rated for AlMsn days 13,5, 7,9, 11 and 13 after the injection 8CH2339@nd L
dopa Samples from the striatum of LID, LID ferestin2/-, LID plusSCH23390and LID plug-arrestin2’- plus SCH2339Were collected
and different downstream markers of the D$Rnalpathway were measured By/B (A) Total AIM scorg (B) axial AIM score,d) limb AIM
score; D) orolingual AIM score (n = 4 for each group, total 4*4=[)The protein level of phosphdtRK1/2phosphorDARPP32and FosB
by WB.Data aredisplayedas meant standard error;* P < 0.05vs LID #HArr’-+ SCH23 group (n = 4 for each group, Kruskal Wallis
followed by Dungs test for multiple comparisoria AIM scores, ANOVA followed by LSD-hastcomparisons in proteins detectipn
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