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Psychosis in Parkinson’s disease (PDP) represents a common and debilitating condition that complicates
Parkinson’s disease (PD), mainly in the later stages. The spectrum of psychotic symptoms are heterogeneous,
ranging from minor phenomena of mild illusions, passage hallucinations and sense of presence to severe
psychosis consisting of visual hallucinations (and rarely, auditory and tactile or gustatory) and paranoid delusions.
PDP is associated with increased caregiver stress, poorer quality of life for patients and carers, reduced survival
and risk of institutionalization with a significant burden on the healthcare system. The pathophysiology of psychosis

in PD is complex and still insufficiently clarified.

psychosis Parkinson’s disease genetics

| 1. Introduction

Parkinson’s disease (PD) is a chronic and progressive neurodegenerative movement disorder associated with
progressive disability and characterized by both motor and non-motor symptoms . PD represents the second
most common age-associated neurodegenerative disorder after Alzheimer’s disease (AD) [2. Patients experience
motor features, including resting tremor, bradykinesia and muscular rigidity with postural instability, often appearing
as the disease progresses 2. Pathologically, these symptoms are mostly attributed to the extensive degeneration
of striatal dopaminergic neurons in the substantia nigra pars compacta (SNpc) projecting to the dorsal striatum &,
resulting in a loss of dopamine transmission throughout the brain. At the histological level, the progressive SNpc
degeneration correlates with the accumulation of large intra-cytoplasmic inclusions, namely Lewy bodies (LBs)
containing misfolded a-synuclein (a-syn), neurofilaments and ubiquitin &, although a-syn deposition occurs years
before motor presentations begin. PD patients also suffer from non-motor symptoms, such as autonomic
dysfunction, pain, olfactory deficits, sleep disorders, cognitive impairment and psychiatric disturbances €. The
underlying mechanisms of PD-related non-motor manifestations are far less clear than motor features and still very

difficult to treat.

Among the different non-motor symptoms of PD, psychosis in PD (PDP) is one of the most common, complex and
disabling non-motor features, with an estimated prevalence of 43-63% in later stages of the disorder [LEIR! ppp
prevalence increases with disease progression and it is associated with poorer quality of life, disability and
caregiver stress, as well as accelerated cognitive decline, hospitalization or institutionalization, morbidity and
mortality 29, Importantly, the clinical features observed in PDP have a different pattern as compared to other

psychotic diseases such as schizophrenia or mood disorders associated with psychotic phenomena, so the current
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diagnostic criteria applied to other psychiatric illnesses may be unsatisfactory when describing the diversity of PDP
(11 The spectrum of psychotic symptoms experienced by PD patients consist of hallucinations (mainly visual, but
also auditory, tactile or gustatory) and delusions, which simplistically define psychosis. Additionally, there are also
minor psychotic phenomena, which include passage hallucinations, sense of presence and illusions 2. Once
psychotic features develop, they tend to become progressive and persistent. Although PDP has some common
mechanisms to other psychotic disorders, the neurobiology is different, complex and still insufficiently known 111,
Neuroimaging and neuropathological studies have implicated executive function and visual processing deficits in
neocortex and limbic structures, with an imbalance between dopamine, acetylcholine and serotonin
neurotransmission 28I, Moreover, PDP therapeutic strategies still continue to be a challenge as dopaminergic
treatment for PD motor symptoms, such as levodopa or dopaminergic agonists, exacerbates the condition & and
the administration of antipsychotic drugs in vivo have revealed a high rate of mortality and morbidity 24!, Apart from
exogenous factors, including dopaminergic treatment, several intrinsic factors have been associated with PDP
development, including ageing, a more advanced stage of the disease, depression, cognitive impairment, female
sex and REM sleep behavior disorder and daytime sleepiness 1315 However, not all PD patients develop
psychosis, and dopaminergic drugs only partially contribute to the PDP risk. PDP has also been observed in drug
naive PD patients 18, Although an increasing number of studies has investigated the relationship between several

genetic factors and psychotic symptoms in PD, their role in PDP is still unclear.

| 2. The Genetic Landscape of Parkinson’s Disease

The vast majority of PD cases are idiopathic (also defined as sporadic or sometimes “non-genetic”) with a
multifactorial etiology, whereas only approximately 5-10% are the so-called monogenic forms (sometimes called
Mendelian, familial or genetic), caused by pathogenic variants in single genes inherited with Mendelian

transmission pattern 1118 (summarized in Table 1).

Table 1. Established Parkinson’s disease-causing genes and risk factors.

Gene Function Main Types of Mutations/Variants

Autosomal
dominant

Synaptic vesicle
SNCA trafficking and
neurotransmitter release

Genomic multiplications (duplications,
triplications) and missense mutations

Neuronal vesicular
trafficking and
autophagic protein
degradation

LRRK2 Missense mutations

VPS35 Retromer ar_1d . Missense mutations
endosomal trafficking
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Gene Function Main Types of Mutations/Variants
Autosomal
recessive
. . Structural variants (genomic multiplications and deletions in
Mitochondrial . . .
PRKN . exons or gene promoter), missense, nonsense, splice-site and
homeostasis . .
frameshift mutations
PINK1 Mitochondrial Structural variants, missense, nonsense and frameshift

homeostasis mutations

Mitochondrial

DJ-1 . Deletions, missense and frameshift mutations
homeostasis

Risk factors

Synaptic vesicle Polymorphic variants
SNCA trafficking and ymorphic \ .’
. often in non-coding regions
neurotransmitter release
Neuronal vesicular
LRRK2 traﬁlcklpg and . Polymorphic variants
autophagic protein
degradation
MAPT Mlcrotubule§ .ass.embly Polymorphic variants
and stabilization
- 1son’s
Biallelic (homozygous or compound
GBA Lysosomal .
heterozygous) mutations
X-linked d
Whol deleti i lici nation
RAB39B Vesicular trafficking Sela s SR L

and frameshift variants

3. DeMaagd, G.; Philip, A. Parkinson’s Disease and Its Management: Part 1: Disease Entity, Risk
Factors, Pathophysiology, Clinical Presentation, and Diagnosis. Pharm. Ther. 2015, 40, 504-532.

B3 RIS Ry BAUKESRNAHRGRIAALEAHERSQRIRRY NEKIARALAAGA KRALSPIg SafRicrotubule-

asSoERRE BroMRdag 0B R, 3L RRIuced putative kinase 1: PRKN, parkin: RAB39B, Ras Analogue in Brain

DR KA H- SHRICIR B ICE 385 Ras AR SN LIMEM 3Jansen Steur, E.N.; Braak, E. Staging of brain
pathology related to sporadic Parkinson’s disease. Neurobiol. Aging 2003, 24, 197-211.

L 3.Geostic Architecture of Psyshosis.in.Rarkinsenis.Disease

021,13,e13275. . ..
3.12. Igotentlea{l Kssomatlon between APOE Genotype and PDP
7. Levin, J.; Hasan, A.; Hoglinger, G.U. Psychosis in Parkinson’s disease: Identification, prevention
ApiRaiIsttn EnfAR Qg Upap ﬁ%ﬁ@fﬁiQmPQ%!M@—@d. in the brain, being implicated in several cellular

processes including the metabolism and clearance of 3-amyloid (191, APOE gene has three alleles, named €2, €3
SiMNABYER: A8 mast Nalem Al A S e A RS A o S NS 0 SRS B YRS SIS A,
IeaoFI?rqlgnlb%ﬁreear |(e)rm nggtl%?tgeNtﬁsQallgg rads' %Q&@?&UHQ%B%;@POE €4 has been linked to hallucinations and
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& IGiendin, ADFahieritsM2 Gadinhay Ge ssircm Sigadektdr. rSke\facian toB tusaydtse iae bfoddiisidenand
hal\cirzgitnesra, Jadie ighifireaheopyirehipsyEhmpsizDinthet &R0 e4Palktinsa b alis edse a&linidRarkvRetatrlier
dis@isohs2022235 an@@kt8ater risk of dementia 24, although there is also evidence that does not confirm these
G R R S dP TR SANE PR Lo P8 M AR PRI B vt
B3R Sl Shoycriatit SoElore N DA dRssA At P AUAS R AL S ESR P = >
el R SN R RS ASHETSTL e AR R LR e W B 15, 5
suggested that APOE €4 may increase the risk of PDP.
11. Taddei, R.N.; Cankaya, S.; Dhaliwal, S.; Chaudhuri, K.R. Management of Psychosis in

3. 2 Dopamingskranspopters(DAT) GenessPalyrrorphisms @med dRDRdD e lopurtent| the

Condition. Parkinsons Dis. 2017, 2017, 3256542.
Dopamine transporter (DAT) modulates the reuptake of dopamine in the presynaptic dopaminergic neurons, being
TR YNAN By MHLSE S emP IS bl BRSO AR s M EBRRA Y- NHEP Y R- HRrslBnsth Ry
stubtEP B Psh ST MRS A 6 el iGOed 1nShE n FHAGARRNS GREGNGRIPRYRICEISURRAESINSANS of 40
bas%lsp%ﬁg ?b[l)% ’e \%’i%ogr%nreNpENag§ Trlalr%M ré’g%ke%r\(/)eu t'irlr\1/|e%\./'IJR(|eSr?1rods't %ggﬁo%zalﬂé?e%]‘a_r%qg?s'e with nine and
18N Chigrds AnhereasSiiv. Rgpbhosis repPeiskingbn’eDikdagenE pidpiessioy prdatirshiyseolayy, @trebval of
domahmgemerwramg;élﬁbm,mlmgmgm&ave been linked to neuropsychiatric diseases, including bipolar
disarder and attention deficit hyperactivitg disorder [28, |n addition, the A9 allele of the DAT gene increases the risk
Sadek, B.; Saad, A.; Schwed, J.S.; Welzel, L.; Walter, M.; Stark, H. iconvulSant effects of
of visual hallucinations in’ alcohol-dependent women during alcohol withdrawal 3. The 40-bp VNTR of the DAT
Isomeric nonimidazole histamine H(3) rece_Ptor an M Drug Des. Devel. Ther. 2016, 10,

gene has been associated with increased susceptibility to PD
3633-3651.

1BAMegieus? I YmarpitisiKs; iMegraes rCasgaaislethdith 2 geratkiltequendyRiSRIBdtosenfertwd natredtstudies. More
spesyfitgitorie inreatkitysalttle distastd-bantetMeltnd. 2O 8cng vEGEIn8&3commonly identified in levodopa-
treated PD gatients of Caucasian descent with psychosis compsared to those without psychosis 4. Preclinical
16. Factor, S.A.; Steenland, N.K.; Higgins, D.S:; Molho, E.S.; Ka M.; Montimurro, J.; Rosen, A.R.;

evidence has demonstrated that compared to the ten-copy allele of the DAT gene, the nlne-copy allele could

Zabetian, C.P.; Payami, H. Disease-related and genetic correlates of psy@]otlc symptoms in
promote the transcription of the geng, even thOLff]h it is located jn a non-coding region

Parkinson’s disease. Mov. Disord. Off. J. Mov. Disord. Soc. 2011, 26, 2190-2195.
1urBandhes-8%§aC S ; TDadeld-airtne, Y Kanof Ihe. LAhglener)ak. Beeberrstickief Petikinsoal aiseiastomsnin
levidtrpaireetishRiT instientanés). tohas thegirepisivlataretiities NelvrshitisDig1aCHECcl BAT LRAg8Xpression,
although its exact functional consequences are unclear 38, Concerning DAT1 rs28363170, a recent study in

18. LeSage, S.; Brice, A. Parkinson’s disease: From monogenic forms to genetic susceptibility factors.

Brazilian PD patients showed that cargina the 10/11, 10/8 and 10/9 genotypes was more frequently associated
~Hum. Mol. Genet. 2009, 18, R46—R59. - _
with visual hallucinations, but no association was found for DAT1 rs28363170 7. In addition, a recent study in

1900ee pasietates; tRaudeh Nty Ragrage IuimAsSéns RiresksociABOREeRAUNNIE HATA BNRITdEDEa-
indlRis@agsial halflhanee of InfesixieapdBEnviRIMepéahdraaiersolAGh SAre e uRoPoP 2@ Liekdains
0bsRGAD—2764.

20. Chan/g), J.B.; Wang, P. .L; Liu, C.Y.; Hong, C.J.; Lin, KN_ Liy, T.Y.; Chi_ C.W.; Liu,

3 opamine eel\%';rclglu-\‘D Gene Palymorphisms and the Risk for PDP
?f—'|8 pok epsilon aﬁef)ei assoCiated Witholr1¥:l en hnaﬁ'l]ginartllons and (felfus?ons In patients

Do;‘ﬁﬁimﬁ%%ié\ltﬁw%99¥ 899%1 Qﬁ’e %?Egg%gi%ant risk factors for PDP; hence, dopaminergic receptor-related
2athwaws Mighidie @stapPrepripe far geb EMtARINFND. B DR @Aty SR RIns tPePATKNCTIE AL TH IS Pet IR iredly
stinBygHRettTe. DOSIYRAPRLIR dARATNEpRIRAP - BbRoF HaiiBlaMi Fedliia ecsalassAnoop Sy Heteaym BibHfe
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recépiate aduliingobR SZhbRPH arRkREREO 12068 B-88amine D1-like ones, including DRD1 and DRD5 [,
2R 1NBRE e AEo L e epse o K A EDE BT PRARGY e Wil hes
PaRer, BILERY 01 B SIRBIReL 10, PELAAIEDRO o sp s el alumen el el e cecaptde
g e R AL B1sRR02. S RRESH SR TRER. 5y iy sggociated wih halluchnatons
(401 Therefore, the tendency of dopaminergic agonists to induce psychotic symptoms may be DRD2- and DRD3-
23 ehafldrak abhitBy dedutole bR 8 b= LB IRIPthe treRiMEER: & AhiZomitRalImdnY iaFgionshidst Nighglsn
PDVWHE rBIRSEReR QhRARADRIEA fligls feaUisEhRIBinantuaRfHesansliof RariRes srigeRasARsS
beh RiGMBAiRKNITR JeBreatia Mo Vs i fhriduY BMiPISeEd: ROGARGARe ZhidtBmAghd limbic system,

MhergABARPAANE QRDA ARG ISRt Ane limkincsiers B fdiasvearasHaecaisryihay ypersensitivity
of B ARSAINEr AP BHESAFRITOPAPTHA RY KRBeRHIE POVt Sale i ARVEIRRsaRRbRIgCAHS edRRPHE D!
especialindise 1918eadhe epyRte RIdDFHTissEsq Ngbosgfallygelated to cognitive decline (9.

ZBRb: deink UsbiyrdrhismsFHal?:: dfRay Loddie B68giiaRESRHAIMNHFNARN ARCIGNRIAIEN Fs@18is. In
parRQNANABIBRD AEE- BalldRseA: diserasssr ReBrn YA AbkHoP YIS YRR AbEy D thetd 288Ke
2196488, 10t SIERIRY. iSHRYBReSIRIEhel) 80 BRY BIRISaPY IO TSaAIHLARKESRUR AN A At PaeN
SRR MBONBRFYESTINE T BRPERfcdinereate SiAtyibtcdll HAMMRRRAESIHARGHRES AR TRy

to develop. @}g:@ﬂj;jsz%%jpsagggieﬂﬂft@_e risk for psychotic manifestations was higher in the case of co-presence of

DRD1 and DRD3 polymorphisms compared to these gene polymorphisms alone in this study, suggesting a
o3 QuSaciSTNARGE3s Hdd: SHISA HAARBIRMANE RS SYRE QIR &N HINSIMRPIREF 2R bkiated
withpt%cshe'%rr}fy%?égr%%gvé %yng”ngtoms in PD patients [44],

28. Vaughan, R.A.; Foster, J.D. Mechanisms of dopamine transporter regulation in normal and

3.4 GeneticRolrmpeiismsof the Shalecystokinin System and PDP

20nbletystodnirAtON) @ ame PoPeptiduigigpheritital BRY.iPdop&rrinetificsnbatiation, afmey @esisdih both the
gashatieedsraitaridackinspmerdise asetdhCNg) raview. aleNRUrglo&Chf208 R, Bedptdr—(ICKRs), A and B

G UMBAR? €T, TP BRI S FERATL PPIASISAURIES FESERISES BIMGREINY B SBoL Perpigs
InclAngGfek e FUfRRiRReARBeE: iR (K Seulala PRRABY IR A DRSS iR g ey
the R A PR A SRR SRRt SRR S ORERH BL EPRARI FEn 49" 1= dopamine can

stimulate CCK gene expression 48, In addition, decreased CCK8 immunoreactivity has been demonstrated in the

3§N %W&pﬂed&m%k{ﬁ% rﬁamii/ %ﬁicgtéj f?ﬁﬁ@ @%WJH&I |£|ﬂ§i ‘&BB&WH&%T@%%PW% ggﬁgriWri%cleus
accaﬁﬂgﬂéo\m%@ﬁ?%ﬁé@%@r%ﬁﬂﬂﬁgtﬁr the@@%%‘?ﬂe@mh%qgg’Jf%o%%ﬁﬁ@ﬂelease in the anterior
3%%@€@9@éﬂ}?®‘§3%ewﬁt&§’p.\ﬁ§ \recafi! Ignoppadias. hessoSat el pdly iR His R npkents
COrpRsafTIMA0R AN bR FYINS WithathpKEshisdicidunies Mobepnserfirosd in aihwy. idisrd>Soc. 1997,

12, 760-763.
Given the fact that CCK is majorly implicated in dopamine-related behavior, it has been hypothesized that CCK

3389 mbrphitng < Saltf R ARSAGIGHPBREN SR HRRRICRAMERS RNIRD RLIRPARIRELBASAGNE that
ccReNf FEGHERRIINE? HaykinsQsAiReaRRn HRRRARLAL X rdtigh £ 308 BOn3HEm3a8  vipolar
HisuassanRschietahr G feigRetisemalecdaisdéerancrujisBR AN R B-IZ PN BRI RATBAEENgSIE - 0P dbe
majfly aeslioay ateirdienss i P zapdr ebpahfpe finsigsorie gt AEgsBY PREPHRNE. WELF&1BgYeogare. it
60, 1750-1755.
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sevdapamiiies thans podsiggencsiafidatioapdpier gene expression. Mol. Psychiatry 2002, 7, 44-55.
5, RARERSRiP Befiedn HOMERE cefiaaRa pifs'e: T Callegari-Jacques, S,
Rieder, C.R.; Hutz, M.H. Polymorphisms in the dopamine transporter gene are associated with
Apdtistahhabarptionsanddrvedpraraparivalsnifese dbBiariinns edth Rakinsaopp shaas gay A mhjor
roldN§ WiOPSYahaERaGak A Sortéxtteianbisfic glutamate receptors (mGIuRs) critically regulate synaptic

PN BRY 85 fuagtiers, 0 they AR BIS8. Beenitelales, 0. ve-Indusad newEoriaskdinly, Mavnycleus
acciRpef T O P& eBe ik ENcefied X dAgMEat FNE ahEaPRs 08 QPO PORipMaptic density
ProjgiRKISAAIRG ifiB AHEr G0RIHED SRR FAIRASH:s BRieREeotItg. BayarRhigaing Batgyays B2

HOMEL sdyghly expressed in the brain, and they are implicated in glutamatergic neurotransmission and synaptic
plasticity 4. Homerla isoform is implicated in several neurological and psychiatric disorders, such as epilepsy,
3B R0 S sl S Ria ROV 1 RESALG K AN DRgeh: M BERIHRA Re hIRRE ey dlidRling
caldllinPOIA8 s P PR A A G el WY SRS A M RE G YS RIS BRI Y IR0 RS,
braﬂ;\rgﬁ‘%m%%ri\no?%rg iglﬂﬂé%a%i%e&j%%ul;r%ts. %@%E@%%O%i%oéo%vn]fggﬁaﬂon of HOMER1, potentially leading
30. Keizahsad s8NsBYiltnthglntanSte Do pasalrganglie Hiors it Fankivisevitediscbae rdvealkd\vizd . O a is
oveP@re@t1 a® 3089 use of dopaminergic agonists 8, suggesting its possible role in treatment-related

symptoms in PD. . — .
4(3/. Makoff, A.J.; Graham, J.M.; Arranz, M.J.; Forsyth, J.; Li, T.; Aitchison, K.J.; Shaikh, S.; Grunewald,

3,63 CASES MLt I RATEPS L& RN BRAY BB P HeAnt B8P
hallucinations in patients with idiopathic Parkinson’s disease. Pharmacogenetics 2000, 10, 43-48.
ATEHR, BoTRR SR, (SRARD BlRYs ER! e ARstiy, REIANRHERCTORSRIAS; 1t Rafh DRPD dfiise
tha g ﬁ%’}f’g a@éggpat%er?%é?\fle'énagsﬁ'ﬁ@fb W'tﬂoﬂ/‘?‘%ﬂﬁ\ﬁnﬂ'ﬂqﬂ’i@bﬁo%}mﬁ?& D r&RMbr RS Met
POMRETRRRISHIAIE HYRM it Rsucipsic Ay RIS =

430 pdalinetia,pholfucézole ihanddparR ki asurBhlViidroRNEYo Y. b tif® BnAyind aspiditaciitidxyBERIGDBC).
IntdrackagD corerdopergie R recrriat{BREX3) Keer SHyoomakhigs apd schizeppeniauddd visual
halloeplaiyReiretatipatidats $38dy po dsassasiatignbeih shodans tespanseniale Beiatiatossif9Bestiting
in Idder/dopamine levels 8L, Therefore, the effects of COMT-DDC interaction with PDP risk might explained by the

4%?%%8%?}'ﬂ?gﬂ\f)f"mfﬁ?g%’éﬁﬁﬂ}fé\tmf %ll'mboh, M.l.; Lopez, O.L.; Zhang, F.; DeKosky, S.T. Dopamine
enetjc variation, psychasis, and ag%rgssion in Alzheimer disease. Arch. Neurol. 1998,
PDP

37;?§§r§’%f§‘fd" I-Conve?tmg Enzyme

AZmgwing evidepteviabiiahis verye M. 2SHIANST WaRGINZRaWge ACENaICK ISTHe masvenaitle of the
renfedidels DR DS SErJtiy PHIJIRAYARIANGAE DéstEsoRCRVE AR GAPEFIdNSEIFS Disedselele of ACE
haspRgrihassrsifesl wih ®syondic1gaag@ns in bipolar disorder, whereas the | allele may protect against the

4(15evglopmlent 3stchicz:ophr_eniaRand bipolar disorder 62, ]Icn PDI, dopamki_ne_rgicptreatgentlréaésdqu\lesn %réolwr]?t505affect
.Cr g n, R. nin. —795.

ACE Ig\%gyi’n the ’cerg[)vr\gsbina}‘fltﬁcljogggllg)a@?ggg Spgrigcs]o%r?lf:-%ﬁtgclEl inhib?op- t?esatment: may improve motor
4&nipednielah, fehGiloha-trdacstlBtio paitensubdnal viglesystokindy. Rapiide OO 122, ahhy@Teds?00. receptor

blockers with blood—»brain barrier penetrating capacity reduce the risk for PD among patients with ischemic heart
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polyhisiriihigio A manbeemine Getycibse daerase implsisubsiaotidisoige frdD paiikins&dian patients.
Brain Res. 1982, 243, 176-179.
3.8. ANKK1 Gene Polymorphisms and PDP

48. Crawley, J.N. Cholecystokinin-dopamine interactions. Trends Pharmacol. Sci. 1991, 12, 232-236.
A, "epeptapidakigaseHiasan IqoNRjagH:, (AKELhig80rR, PRY TSHRAIRES havqaRafRupssciated with
alcoelis A9 PSR H I BRIGRIRSTB ISRIAST hid AHYRSE PR SKINTI G G 'SR ESHABP ANIE B Qe Rstygorphism

hasdge@gs§s€ﬁﬁ.te@é/Hg}.tli@ggyggP@gﬂt_ alggDP in levodopa-treated PD patients in another recent study [69],

rs2734849 polymorphism is in the coding region of ANKK1 gene and it is able to regulate DRD2 density by

5C 'a%?ﬁggN&:kgié%MésHHIe%élrs';ﬁy’ L. Cholecystokinin, cholecystokinin-A receptor and

cholecystokinin-B receptor gene polymorphisms in Parkinson’s disease. Pharmacogenetics 2003,
3.9.35évetéhinergic System Genes and PDP

51. Wilson, J.; Markie, D.; Fitches, A. Cholecgstoklnln system genes: Associations with panic and
Serotoninergic dysfunction plays a critical role in PD patho h{Slologes. A sgmflcant serotoninergic neuronal loss is
other ps%chlatnc disorders. J. Affect. Disord. 2012, 136, 902-908. . .
observed In the raphe nucleus of the brainstem, accompanied by reduced serotoninergic terminals in the putamen,

Hortaans @&mborki EakeIZD. A rebaisplyiorpiiertey: (Rd-priiabvasefiolY.oReReaietbaPCRREporter (5-HTT)
gerRdBumSt a0 madtessiates @iatda Winetrpaisepic gldtamaly iecepinitenediaiathel utamaie: eleaseies
2zt b ehad@thaciMataniedpaie ddakrplyiabidnee. Y atiescis§dtiateSath Meysasei sy@Pbnalin
schMpBredb275] and psychotic manifestations in AD 8. Pimavanserin, a 5-HT2AR inverse agonist and

SYIRYRI.: 19500 AP B S ERRo 18" pFRBir BT E SRR O RPRIBERBI OB aFSIRiaRbeLge
SYSIGRL TSRy iR KPR 38,

3. 10Micoribide Associated Proteie Tal/(MART GeneePalyMorghismS aitdPDP

Jacques, S.M.; Medeiros, M.S.; Rieder, C.R.; Hutz, M.H. Association of common genetic variants

AS FTHONTERDYEnE Rt BT GEOP £ BV PSRRI 8a FRar kilsdh S a5 aard Jadiils ATSaIO B2 Gluly

shoywedAgat PO ases with the H1/H1 genotype had significantly more frequently hallucinations compared to non-
carriers, independent of the disease stage 8. However, no link was revealed between MAPT gene poIKmorphisms

55. Szumlinski, K.K.; Kalivas, P.W.: Worley, P.F. Homer.proteins: Implications for neuropsychiatric
and psychotic mani estatlonsal’n PD patients !n%notﬁer stLrogly ﬂ P sy

disorders. Curr. Opin. Neurobiol. 2006, 16, 251-257.
53.I3h SNCA Lsgne Polyimprphismscand PDPheng, X.R.; Fei, Z.; Jiang, X.F. Homer1l

knockdown protects dopamine neurons through regulating calcium homeostasis in an in vitro

N iation has.b d bet hoti t ' I hi in the SNCA (18] |
© RS PRI SR P SN A S helghymorprisms in the SNCA gene . I
particular, the SNCA-REP1 261 allele, which has been shown to increase the risk for PD 2, was not associated

SitisdyRitE c TnaKiRet b in Plapaiéniaropka, T.; Pahnke, J.; Rolfs, A.; Benecke, R.; Gimsa, U.
Deep brain stimulation in a rat model modulates TH, CaMKlla and Homerl gene expression. Eur.

3.1 Nt®GenePoynioephisms and PDP
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mortality in PD patients [l |In addition, elevated plasma CRP levels were associated with the occurrence of

https://encyclopedia.pub/entry/49643 7/10



Genetic Architecture of Psychosis in Parkinson’s Disease | Encyclopedia.pub

Salikeiyations; &t stusiohs;ib @MNi@tieis; kingeatind ivht dtoelkdiddasiiste Gic Exfpeneati@s roigathmicease the risk
for giseriination and COMT rs4680 polymorphism are associated with depressive symptoms in

Latinx adults at risk for cardiovascular disease. Heart Lung J. Crit. Care 2022, 55, 77-81.

3.13. GPX1 Gene Polymorphlsms and PD
60. Aytac, H.M.; Oyaci, Y.;”Aydin, P.C.; Pehlivan, M ; Pehlivan, S. COMTVal158Met polymorphism is

oxiaasacatesWith £astagya (MM PN PaFBHHYSHIIRTIGRY BRIG TSR hiey kiR PRRRHR -1 (GPX1),
an NEeHFASCIRIRCESiZOddant bctdity3Bave been shown in the SNpc of PD patients 83, GPX-1 polymorphisms
6B18RAA38, 199 [F{RUNROBD AR RTR REROGIFEFEWED ?%tﬂﬁ‘i’?kﬁ‘?rtﬁrti‘rﬂ?f‘n%P—%@ﬁ?ﬁél?@?ﬁ%uéfﬂ@%ﬁ“”g a
POIEHRLTNEICNC b RIS ETESEENBEhnet, A.M.; Bonnet, C.; et al. Dopa-decarboxylase gene
:Eolymo§hlsms affect the motor response to L- dopa in Parkinson’s disease. Parkinsonism Relat.

404 (ﬁfﬁgell}’é)lﬁgorphlsms and PDP

6RAREGC ok, OlymAgptiamiv ha®e KuserEre Bitgetothe? davpiopme @ aKisdbizaparanin RAGRHISMER rs1799836
polyoakEitmghenZyaee Puiyim by shisectingsthsr G151 eleiee| bipwlar idisoreters, sindy tHéirifirstsdepreeroposed
thatrdietieféest PeydhdatneGetinet @I O)rR0yerpE dopamine in carriers of the G allele (e8],

6§ fgnﬁiﬁJBA’GAH@P% h%n"é/lgﬁ(ar%bD P.; Paxinos, G.; Mendelsohn, F.A. Interactions
of angiotensin Il with centr aI opamine. Adv. Exp. Med. Biol. 1996, 396, 93-103.
64.1R3MG8H, KA Mbﬁﬁd%’@gﬁnr%()f?’%ﬁai’oé/w%?ﬂ“e MAKIOHE foibte il iERRERLyFhesua
hallyg @ ophIB iR, AR pril R BB A ARG PRRIERE B 118 SHARRHPL! AIGBEL EXARRR I OF Syvinin.
whrmerahlg%ét)%es@_ neyroinflammation and oxidative stress (891,

63.16. BDNF.Gene Polyrmotphisins’ahdPDPive Effect of Renin-Angiotensin System Inhibitors
on Parkinson’s Disease: A Nationwide Cohort Study. Front. Pharmacol. 2022, 13, 837890.
A recent grecllnlcal study demonstrated that chronic methamphetamine use may mteract Wrth brarn derived

neurotrophrc factor (BD%F‘)Q/Q%&Aet fo rem de?ps Soss?scr%}a?gdbpeat v?/g)ps r? %ur% SOXOI’IIC(ﬁIm%IC circuitr

The S rlr%epn?wr]ngrcr))rr]t\l/s%q“hgs% ass %Q?eﬁ‘ with "’Hg Igrstgert %gesc%as?uzoplr\tlreelrltrm C'Il'hzeol\(/l)gt gfl??e %as %een

6assbeidrsowah AoghitvedmajrekaivegtiéntShipileral2N . THakuhistayton Kdimeduke (Beretiaddlmtkersiasse

of BRIsIF Palctess fing tindtDadameézpmentadfibiti litsitre- Gampalsigis Behaviors in Patients with Parkinson’s
Disease Receiving Dopaminergic Therapy. J. Pers. Med. 2021, 11, 1321.

68. Perez-Santamarina, E.; Garcia-Ruiz, P.; Martinez-Rubio, D.; Ezquerra, M.; Pla-Navatrro, I.;
Puente, J.; Marti, M.J.; Palau, F.; Hoenicka, J. Regulatory rare variants of the dopaminergic gene
ANKK1 as potential risk factors for Parkinson’s disease. Sci. Rep. 2021, 11, 9879.

69. Radojevic, B.; Dragasevic-Miskovic, N.T.; Marjanovic, A.; Brankovic, M.; Dobricic, V.; Milovanovic,
A.; Tomic, A.; Svetel, M.; Petrovic, I.; Jancic, |.; et al. Clinical and Genetic Analysis of Psychosis in
Parkinson’s Disease. J. Parkinson’s Dis. 2021, 11, 1973-1980.

70. Drozdzik, M.; Bialecka, M.; Kurzawski, M. Pharmacogenetics of Parkinson’s disease—Through
mechanisms of drug actions. Curr. Genom. 2013, 14, 568-577.

https://encyclopedia.pub/entry/49643 8/10



Genetic Architecture of Psychosis in Parkinson’s Disease | Encyclopedia.pub

71.

72.

73.

74.

75.

76.

17.

78.

79.

80.

81.

82.

D’Amato, R.J.; Zweig, R.M.; Whitehouse, P.J.; Wenk, G.L.; Singer, H.S.; Mayeux, R.; Price, D.L.;
Snyder, S.H. Aminergic systems in Alzheimer’s disease and Parkinson’s disease. Ann. Neurol.
1987, 22, 229-236.

Burn, D.J.; Tiangyou, W.; Allcock, L.M.; Davison, J.; Chinnery, P.F. Allelic variation of a functional
polymorphism in the serotonin transporter gene and depression in Parkinson’s disease.
Parkinsonism Relat. Disord. 2006, 12, 139-141.

Menza, M.A.; Palermo, B.; DiPaola, R.; Sage, J.l.; Ricketts, M.H. Depression and anxiety in
Parkinson’s disease: Possible effect of genetic variation in the serotonin transporter. J. Geriatr.
Psychiatry Neurol. 1999, 12, 49-52.

Mossner, R.; Henneberg, A.; Schmitt, A.; Syagailo, Y.V.; Grassle, M.; Hennig, T.; Simantov, R.;
Gerlach, M.; Riederer, P.; Lesch, K.P. Allelic variation of serotonin transporter expression is
associated with depression in Parkinson’s disease. Mol. Psychiatry 2001, 6, 350—352.

Wang, Y.H.; Li, W.Q.; Huang, Z.; Shi, Y.Z.; Wang, X.Y.; Huang, J.S.; Zhou, X.H.; Chen, H.X.; Hao,
W. 5-HT2A receptor gene polymorphism and negative symptoms in first episode (drug-naive)
Chinese Han nationality individuals with schizophrenia. Zhong Nan Da Xue Xue Bao Yi Xue Ban
= J. Cent. South Univ. Med. Sci. 2008, 33, 293-298.

Rocchi, A.; Micheli, D.; Ceravolo, R.; Manca, M.L.; Tognoni, G.; Siciliano, G.; Murri, L.
Serotoninergic polymorphisms (5-HTTLPR and 5-HT2A): Association studies with psychosis in
Alzheimer disease. Genet. Test. 2003, 7, 309-314.

Weintraub, D.; Aarsland, D.; Chaudhuri, K.R.; Dobkin, R.D.; Leentjens, A.F.; Rodriguez-Violante,
M.; Schrag, A. The neuropsychiatry of Parkinson’s disease: Advances and challenges. Lancet
Neurol. 2022, 21, 89-102.

Papapetropoulos, S.; Farrer, M.J.; Stone, J.T.; Milkovic, N.M.; Ross, O.A.; Calvo, L.;
McQuorquodale, D.; Mash, D.C. Phenotypic associations of tau and ApoE in Parkinson’s disease.
Neurosci. Lett. 2007, 414, 141-144.

Kay, D.M.; Factor, S.A.; Samii, A.; Higgins, D.S.; Griffith, A.; Roberts, J.W.; Leis, B.C.; Nutt, J.G.;
Montimurro, J.S.; Keefe, R.G.; et al. Genetic association between a-synuclein and idiopathic
Parkinson’s disease. Am. J. Med. Genetics. Part B Neuropsychiatr. Genet. Off. Publ. Int. Soc.
Psychiatr. Genet. 2008, 147B, 1222-1230.

Barnum, C.J.; Tansey, M.G. Neuroinflammation and non-motor symptoms: The dark passenger of
Parkinson’s disease? Curr. Neurol. Neurosci. Rep. 2012, 12, 350-358.

Dufek, M.; Rektorova, I.; Thon, V.; Lokaj, J.; Rektor, I. Interleukin-6 May Contribute to Mortality in
Parkinson’s Disease Patients: A 4-Year Prospective Study. Parkinson’s Dis. 2015, 2015, 898192.

Sawada, H.; Oeda, T.; Umemura, A.; Tomita, S.; Hayashi, R.; Kohsaka, M.; Yamamoto, K.; Sudoh,
S.; Sugiyama, H. Subclinical elevation of plasma C-reactive protein and illusions/hallucinations in

https://encyclopedia.pub/entry/49643 9/10



Genetic Architecture of Psychosis in Parkinson’s Disease | Encyclopedia.pub

subjects with Parkinson’s disease: Case-control study. PLoS ONE 2014, 9, e85886.

83. Bai, X.; Wey, M.C.; Martinez, P.A.; Shi, C.; Fernandez, E.; Strong, R. Neurochemical and motor
changes in mice with combined mutations linked to Parkinson’s disease. Pathobiol. Aging Age
Relat. Dis. 2017, 7, 1267855.

84. Shao, X.; Yan, C.; Sun, D.; Fu, C.; Tian, C.; Duan, L.; Zhu, G. Association Between Glutathione
Peroxidase-1 (GPx-1) Polymorphisms and Schizophrenia in the Chinese Han Population.
Neuropsychiatr. Dis. Treat. 2020, 16, 2297-2305.

85. Wei, Y.L.; Li, C.X.; Li, S.B.; Liu, Y.; Hu, L. Association study of monoamine oxidase A/B genes and
schizophrenia in Han Chinese. Behav. Brain Funct. BBF 2011, 7, 42.

86. Nursal, A.F.; Aydin, P.C.; Pehlivan, M.; Sever, U.; Pehlivan, S. UCP2 and CFH Gene Variants with
Genetic Susceptibility to Schizophrenia in Turkish Population. Endocr. Metab. Immune Disord.
Drug Targets 2021, 21, 2084—-2089.

87. Redensek, S.; Jenko Bizjan, B.; Trost, M.; Dolzan, V. Clinical and Clinical-Pharmacogenetic
Models for Prediction of the Most Common Psychiatric Complications Due to Dopaminergic
Treatment in Parkinson’s Disease. Int. J. Neuropsychopharmacol. 2020, 23, 496-504.

88. Lohle, M.; Mangone, G.; Wolz, M.; Beuthien-Baumann, B.; Oehme, L.; van den Hoff, J.; Kotzerke,
J.; Reichmann, H.; Corvol, J.C.; Storch, A. Functional monoamine oxidase B gene intron 13
polymorphism predicts putaminal dopamine turnover in de novo Parkinson’s disease. Mov.
Disord. Off. J. Mov. Disord. Soc. 2018, 33, 1496-1501.

89. Jenko, B.; Praprotnik, S.; Cucnik, S.; Rotar, Z.; Tomsic, M.; Dolzan, V. Survivin polymorphism is
associated with disease activity in rheumatoid arthritis patients. Pharmacogenomics 2016, 17,
45-49.

90. Greening, D.W.; Notaras, M.; Chen, M.; Xu, R.; Smith, J.D.; Cheng, L.; Simpson, R.J.; Hill, A.F;
van den Buuse, M. Chronic methamphetamine interacts with BDNF Val66Met to remodel
psychosis pathways in the mesocorticolimbic proteome. Mol. Psychiatry 2021, 26, 4431-4447.

91. Numata, S.; Ueno, S.; Iga, J.; Yamauchi, K.; Hongwei, S.; Ohta, K.; Kinouchi, S.; Shibuya-
Tayoshi, S.; Tayoshi, S.; Aono, M.; et al. Brain-derived neurotrophic factor (BDNF) Val66Met
polymorphism in schizophrenia is associated with age at onset and symptoms. Neurosci. Lett.
2006, 401, 1-5.

92. Wang, Q.; Liu, J.; Guo, Y.; Dong, G.; Zou, W.; Chen, Z. Association between BDNF G196A
(Val66Met) polymorphism and cognitive impairment in patients with Parkinson’s disease: A meta-
analysis. Braz. J. Med. Biol. Res. = Rev. Bras. Pesqui. Med. Biol. 2019, 52, e8443.

93. Hempstead, B.L. Brain-Derived Neurotrophic Factor: Three Ligands, Many Actions. Trans. Am.
Clin. Climatol. Assoc. 2015, 126, 9-19.

Retrieved from https://encyclopedia.pub/entry/history/show/112504

https://encyclopedia.pub/entry/49643 10/10



