
Parkinson's Disease: Comprehensive
Disease Characteristics Report

Disease: Parkinson's Disease ·  MONDO: MONDO:0005180 ·  Category: Complex (multifactorial
neurodegenerative)  Report  type: Knowledge-base  entry  synthesized  from  5  autonomous
research iterations (9 confirmed findings, 65 papers reviewed)

Summary

Parkinson's disease (PD) is a chronic, progressive, multifactorial neurodegenerative movement
disorder — the second most common neurodegenerative disease after Alzheimer's disease. It is
defined pathologically by the selective loss of dopaminergic neurons in the substantia nigra
pars compacta (SNpc) and by intraneuronal α-synuclein aggregates (Lewy bodies and Lewy
neurites).  Nigrostriatal  degeneration  depletes  striatal  dopamine,  disrupting  basal-ganglia
motor  circuitry  and producing the  cardinal  motor  syndrome of  bradykinesia,  rigidity,  and
resting tremor, accompanied by a broad and often prodromal non-motor spectrum (hyposmia,
REM-sleep behavior disorder, constipation, autonomic and neuropsychiatric features).

Etiologically,  PD  sits  at  the  intersection  of  aging  (the  dominant  risk  factor),  genetics,  and
environment. Roughly 5–10% of cases are monogenic, caused by highly penetrant mutations in
autosomal-dominant genes (SNCA, LRRK2, VPS35) and autosomal-recessive, early-onset genes
(PRKN/Parkin, PINK1, PARK7/DJ-1). The strongest common genetic risk factors are incomplete-
penetrance variants in GBA1 and LRRK2 (e.g., G2019S), and genome-wide association studies
have identified >90 risk loci of small effect that shape sporadic disease. Environmental risk
(pesticides,  dairy,  head trauma) and protective factors (smoking,  caffeine,  physical  activity)
interact with genotype — most strikingly, occupational pesticide exposure sharply amplifies PD
odds in GBA1 carriers (adjusted OR 5.4).  Mechanistically, the monogenic genes converge on
impaired mitochondrial quality control (PINK1/Parkin mitophagy) and lysosomal/autophagic
clearance, feeding a self-reinforcing cascade of α-synuclein misfolding and prion-like spread,
oxidative stress, and neuroinflammation.



Clinically,  diagnosis  remains  primarily  clinical  (MDS-2015  criteria)  but  is  now  strongly
supported by two molecular/imaging tools:  dopamine-transporter (DaT) imaging and the  α-
synuclein  seed  amplification  assay  (SAA/RT-QuIC),  which  detects  misfolded  α-synuclein
seeds with ~93–95% sensitivity and specificity and turns positive years before motor onset in
prodromal cohorts. Treatment is symptomatic and effective for years — levodopa, dopamine
agonists, MAO-B/COMT inhibitors, and device-aided therapies (deep brain stimulation, infusion
pumps, focused ultrasound) — but  no disease-modifying therapy is approved. The leading
anti-α-synuclein  monoclonal  antibodies  (prasinezumab,  cinpanemab)  failed  their  Phase  II
primary endpoints,  underscoring gaps between target  engagement and clinical  benefit and
motivating earlier intervention, better biomarkers, and mechanistically broader (intracellular,
metabolic) strategies.

Key Findings

F001 — Core neuropathology: nigrostriatal dopaminergic degeneration plus
α-synuclein Lewy bodies

The  defining  lesion  of  PD  is  the  progressive  degeneration  of  dopaminergic  neurons
predominantly in the substantia nigra pars compacta, which reduces dopaminergic input to
the striatum and depletes striatal dopamine. This dopamine deficit disrupts the direct/indirect
basal-ganglia motor loops and produces the cardinal motor features — bradykinesia, rigidity,
and  resting  tremor.  The  neuropathological  hallmark  is  the  intraneuronal  Lewy  body,  an
inclusion composed mainly of aggregated α-synuclein (SNCA protein product). As one review
states,  "Central  to  its  pathophysiology  is  the  degeneration  of  dopaminergic  neurons  in  the
substantia  nigra,  leading  to  a  significant  decrease  in  striatal  dopamine  (DA)  levels" (PMID:
41904982),  and  another  confirms  "The  neuropathology  hallmark  of  PD  is  the  loss  of
dopaminergic neurons predominantly in the substantia nigra pars compacta and the presence of
intracellular inclusions termed Lewy bodies (LBs),  which are mainly composed of  α-synuclein
(αSyn)" (PMID:  35362115).  Additional  post-mortem  work  links  SNpc  dopaminergic  loss  to
neuromelanin  depletion  and  oxidative-stress  markers  (e.g.,  loss  of  TXNIP–neuromelanin
association in late-stage PD; PMID: 40868900).

Ontology  anchors: UBERON:0001965  (substantia  nigra  pars  compacta),  UBERON:0002435
(striatum),  CL:0000700  (dopaminergic  neuron),  GO:0005739  (mitochondrion);  CHEBI:18243
(dopamine); HP:0002067 (bradykinesia), HP:0002063 (rigidity), HP:0002322 (resting tremor).
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F002 — Genetic architecture: monogenic genes plus incomplete-penetrance
risk variants

PD genetics span a spectrum from rare high-penetrance Mendelian forms to common low-
effect  risk  alleles.  Highly  penetrant  mutations  cause  monogenic  PD  in  ~5–10%  of  cases:
autosomal-dominant SNCA, LRRK2, and VPS35, and autosomal-recessive, typically early-onset
PRKN/Parkin,  PINK1,  and  DJ-1/PARK7.  Incomplete-penetrance  variants  in  LRRK2 (e.g.,
p.G2019S) and GBA1 are the strongest common genetic risk factors, and GWAS have identified
>90 loci  that  each contribute  small  increments  to  sporadic  disease.  A  foundational  review
summarizes:  "Highly-penetrant  mutations  in  different  genes  (SNCA,  LRRK2,  VPS35,  Parkin,
PINK1, and DJ-1) are known to cause rare monogenic forms of the disease. Furthermore, different
variants with incomplete penetrance in the LRRK2 and the GBA gene are strong risk factors for
PD" (PMID: 24262182). Complementary work extends the list of loci (ATP13A2, FBXO7, PLA2G6,
EIF4G1) and confirms that Mendelian-gene polymorphisms also modestly influence "sporadic"
risk (PMID: 22806825; PMID: 22166458).

HGNC/gene anchors: SNCA (HGNC:11138,  OMIM 163890;  PD OMIM 168601/605543),  LRRK2
(HGNC:18618,  OMIM  609007;  PARK8  607060),  VPS35  (HGNC:13487;  PARK17  614203),  PRKN/
PARK2  (HGNC:8607;  PARK2  600116),  PINK1  (HGNC:14581;  PARK6  605909),  PARK7/DJ-1
(HGNC:16369; PARK7 606324), GBA1 (HGNC:4177; OMIM 606463).

F003 — Gene–environment interaction: pesticide exposure sharply raises PD
odds in GBA1 carriers

Genetic and environmental risks are not independent. In the Parkinson's Progression Markers
Initiative  (PPMI),  GBA-variant  carriers  with  occupational  pesticide  exposure  had  markedly
elevated PD odds (adjusted OR 5.4, 95% CI 1.7–18.5, p<0.01), whereas LRRK2-G2019S carriers
showed only a non-significant elevation (aOR 1.3, 95% CI 0.4–4.6):  "People with a GBA variant
and occupational pesticide exposure had much higher odds of PD (aOR: 5.4, 95% CI 1.7–18.5, p <
0.01)" (PMID: 38820021). At the population level, the modifiable-risk-factor landscape is well
characterized:  "Physical  activity,  healthy  dietary  patterns,  smoking,  and  caffeine  intake  are
protective  factors  against  PD.  Head  trauma,  consumption  of  milk  and  dairy  products,  and
pesticide  exposure  were  associated  with  a  higher  risk  of  developing  PD" (PMID:  40107260).
Prospective cohorts reinforce that only a handful of factors have both epidemiologic strength
and biological plausibility — risk: pesticides,  dairy, β2-adrenoceptor antagonists;  protective:
smoking, caffeine/tea, physical activity, uric acid/gout, NSAIDs, vitamin E, β2-agonists (PMID:
31706021; PMID: 28189372; PMID: 23055790).
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CHEBI  anchors: CHEBI:34905  (paraquat),  CHEBI:8148  (rotenone),  CHEBI:27958  (nicotine/
tobacco), CHEBI:27732 (caffeine).

F004 — Monogenic genes converge on impaired mitophagy / mitochondrial
quality control

A central unifying mechanism is defective mitochondrial quality control. The kinase  PINK1
and the E3 ubiquitin ligase PRKN/Parkin cooperate to amplify ubiquitin signals on damaged
mitochondria,  driving  their  selective  autophagic  removal  (mitophagy);  recessive  loss-of-
function mutations cause early-onset PD:  "A kinase PINK1 and an E3 ubiquitin ligase PRKN/
Parkin, both of which are mutated in familial Parkinson disease, amplify ubiquitin signals on the
damaged  mitochondria" (PMID:  42681746).  Autosomal-dominant  genes  feed  into  the  same
pathway: LRRK2 mutations disrupt PINK1/Parkin mitophagy, and the VPS35 p.D620N mutation
acts through increased LRRK2 kinase activity (a gain-of-function that impairs mitochondrial
Parkin  recruitment):  "PINK1/parkin-mediated  mitophagy  is  disrupted  by  LRRK2  mutations,
which  are  the  most  prevalent  cause  of  autosomal  dominant  Parkinson's  disease" (PMID:
41164908). Downstream effectors include the autophagy receptor OPTN and an OPTN–RAB1–
ATG9A axis (PMID: 42681746). This convergence explains how genetically distinct forms of PD
share a common cellular pathology.

GO  anchors: GO:0000422  (mitophagy),  GO:0006914  (autophagy),  GO:0006511  (ubiquitin-
dependent protein catabolic process), GO:0005739 (mitochondrion), GO:0005764 (lysosome).

F005 — α-synuclein seed amplification assay (SAA/RT-QuIC) is a high-
accuracy molecular diagnostic

Seed amplification assays  have transformed PD diagnostics.  CSF real-time quaking-induced
conversion  (RT-QuIC)  detects  misfolded  α-synuclein  seeds  with  sensitivity  93.3–94.6% and
pooled specificity 94% (95% CI 0.92–0.96) for  sporadic  PD/DLB:  "Cerebrospinal  fluid (CSF)-
based  real-time  quaking-induced  conversion  (RT-QuIC)  demonstrates  exceptional  diagnostic
accuracy  for  sporadic  Parkinson's  disease  (PD)  and  dementia  with  Lewy  bodies  (DLB),  with
sensitivity  reaching  93.3%-94.6%  and  pooled  specificity  of  94%  (95%  CI:  0.92-0.96)" (PMID:
42141805). A network meta-analysis independently ranks CSF α-syn SAA highest (sensitivity
0.91, specificity 0.95 vs controls; PMID: 41324773). Skin and intestinal-tissue assays reach up to
~94% accuracy, and in idiopathic REM-sleep behavior disorder (prodromal) cohorts positivity
exceeds 80%, detecting pathology years before diagnosis. Assay strain typing can distinguish
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PD/DLB  from  MSA.  Caveats:  inter-laboratory/protocol  variability  remains  substantial  (DLB
cross-lab sensitivity 55–100%; PMID: 41604609;  PMID: 42201636), so harmonization is needed
before universal clinical adoption.

F006 — No disease-modifying therapy exists; α-synuclein antibodies failed
Phase II

All  approved  PD  therapies  are  symptomatic  (dopaminergic  replacement,  deep  brain
stimulation);  none  halts  neurodegeneration.  The  two  leading  anti-α-synuclein  monoclonal
antibodies — prasinezumab (PASADENA) and cinpanemab (SPARK) — were generally safe but
failed primary efficacy endpoints:  "recent Phase II clinical trials, including PASADENA and
SPARK, failed to achieve their primary clinical endpoints, highlighting a substantial gap between
biological target engagement and meaningful clinical benefit" (PMID: 42227981). Specific non-
significant  p-values  were  reported:  "Phase-II  trials  failed  to  meet  their  primary  efficacy
endpoints and showed no significant slowing of disease progression (Cinpanemab 250 mg P-value
= 0.7, 1250 mg P-value = 0.78, 3500 mg P-value = 0.7; Prasinezumab 1500 mg P-value = 0.24, 4500
mg P-value = 0.72)" (PMID: 41702332). A systematic review concurs that cinpanemab showed
almost no efficacy while prasinezumab's mixed signals weakened after excluding high-risk-of-
bias studies (PMID: 42495570). Proposed reasons include late intervention timing, poor blood–
brain-barrier penetration (CSF:serum ~0.2–0.5%), pathology heterogeneity, insensitive outcome
measures (MDS-UPDRS), and possible over-emphasis on extracellular prion-like spread relative
to  intracellular  metabolic  autotoxicity  (aminochrome,  mitochondrial  dysfunction,  oxidative
stress — the "Single-Neuron Degeneration Hypothesis"; PMID: 42459575).

F007 — Neuroinflammation and adaptive immunity contribute to
dopaminergic neurodegeneration

PD  is  not  a  cell-autonomous  disease  alone;  immune  mechanisms  amplify  neuronal  loss.
Extracellular  α-synuclein  aggregates  act  as  damage-associated molecular  patterns  (DAMPs),
and  autoantibodies  against  α-synuclein  appear  in  PD  CSF  and  serum:  "Extracellular  α-syn
aggregates  act  as  a  damage-associated  molecular  pattern  (DAMP)  and  the  presence  of
autoantibodies  against  α-syn species  in  the  cerebrospinal  fluid and the  serum of  PD patients
implicate  the  involvement  of  innate  and  adaptive  immune  responses" (PMID:  31796095).  α-
synuclein-specific T-cell responses drive neurotoxicity:  "The immunization of mice with α-Syn
peptides  resulted  in  enhanced  autoimmune  responses,  such  as  the  peptide  recall  response,
polarization  toward  Th1/Th17  cells,  and  regulatory  T  cell  imbalance" (PMID:  38788538).
Microglial activation, neurotoxic A1 astrocytes, and infiltrating B, CD4+/CD8+ T, and NK cells
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accompany  α-synuclein  inclusions  in  preformed-fibril  mouse  models.  Blood–brain-barrier
breakdown forms a vicious cycle with neuroinflammation and α-synuclein deposition (PMID:
41735220),  and  cellular  senescence  with  a  pro-inflammatory  secretory  phenotype  adds  an
aging-linked inflammatory driver (PMID: 41806646).

GO/CL  anchors: GO:0006954  (inflammatory  response),  GO:0002250  (adaptive  immune
response);  CL:0000129  (microglial  cell),  CL:0000127  (astrocyte),  CL:0000624  (CD4+  T  cell),
CL:0000625 (CD8+ T cell).

F008 — Prion-like gut-to-brain α-synuclein propagation underlies
caudorostral Braak staging

α-synuclein pathology spreads cell-to-cell in a prion-like manner. In the "body-first" subtype,
gut Lewy pathology propagates via the vagus nerve to the brainstem/pons,  then substantia
nigra, then diencephalon and cortex — matching the caudorostral Braak staging scheme:  "α-
synuclein aggregates originating from the gut transmit to the brain through the vagus nerve,
employing  a  prion-like  mechanism  that  promotes  Lewy  body  pathology" (PMID:  41052745).
Colonic phosphorylated α-synuclein histopathology increases in parallel with Braak/Arizona
stage  and  correlates  with  sleep/wake  dysfunction  and  RBD:  "Colonic  PASH  frequency  also
increased in parallel to presumed PD Braak and Arizona stage classifications" (PMID: 37873268).
Clinically, prodromal symptoms tracking a shared body-first origin cluster together (e.g., RBD
closely associated with constipation in de novo PD; PMID: 36098886).

UBERON/GO  anchors: UBERON:0001759  (vagus  nerve),  UBERON:0001155  (colon),
UBERON:0000988 (pons).

F009 — GBA1-PD: age-dependent penetrance and a more aggressive
phenotype

GBA1 variants are the most common genetic risk factor for PD, yet penetrance is low and age-
dependent — most carriers never develop synucleinopathy. In biallelic Gaucher disease type 1,
age-specific PD prevalence rose from 4.0% (95% CI 2.7–5.7) at 60 years to 12.2% (8.6–17.0) at 80
years (~1 in 9; ~1 in 5 including parkinsonian signs): "The age-specific prevalence (95% CI) of PD
and  pPS  was  4.0%  (2.7-5.7)  and  6.0%  (4.5-7.9)  at  60  years  and  12.2%  (8.6-17.0)  and  22.9%
(17.1-30.1) at 80 years, respectively" (PMID: 42085646). When PD does develop, GBA1-PD is more
aggressive:  "The clinical  profile  of  GBA1-associated Parkinson's  disease  is  characterised by  a
faster rate of progression with more severe cognitive and autonomic dysfunction than idiopathic
Parkinson's disease, particularly in those carrying severe pathogenic variants" (PMID: 42127935).
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Variant  severity  stratifies  risk:  severe  (L444P/L483P),  mild  (N370S/N409S),  and  risk-only
(E326K/E365K, T369M/T408M) alleles, with ethnicity-specific distributions and earlier onset in
Asian carriers (PMID: 39927608).

Detailed Section Report

1. Disease Information

PD is a chronic, progressive neurodegenerative movement disorder, the second most common
neurodegenerative disease.  Identifiers: MONDO:0005180; OMIM 168600 (susceptibility) with
monogenic  loci  PARK1-PARK23;  Orphanet  ORPHA:2828;  ICD-10  G20;  ICD-11  8A00.0;  MeSH
D010300 (Parkinson Disease); DOID:14330. Synonyms: idiopathic Parkinson's disease, primary
parkinsonism,  paralysis  agitans,  Lewy  body  Parkinson's  disease.  Information  here  derives
from aggregated disease-level resources (OMIM, Orphanet, systematic reviews, GWAS meta-
analyses, registries such as PPMI and the ICGG Gaucher Registry) rather than individual EHR
records.

2. Etiology

Causal factors: multifactorial — aging (dominant), genetics, and environment.  Genetic risk:
monogenic SNCA/LRRK2/VPS35 (AD), PRKN/PINK1/PARK7 (AR early-onset); strong common risk
from GBA1 and LRRK2 incomplete-penetrance variants; >90 GWAS loci (F002). Environmental
risk: pesticides/herbicides (paraquat, rotenone, maneb), heavy metals (manganese, lead), head
trauma,  dairy  consumption,  well-water/rural  living  (F003;  PMID:  28189372).  Protective
factors: cigarette smoking, caffeine/tea, physical activity, higher serum urate/gout, NSAID use,
vitamin  E;  no  well-established  protective  genetic  variant  is  confirmed  here.  Gene–
environment interaction: GBA1 × pesticide OR 5.4 (F003) is the strongest documented GxE
effect; environment-genetic interplay is proposed to contribute more than either alone (PMID:
23055790).

3. Phenotypes

Motor  (cardinal): bradykinesia  (HP:0002067),  rigidity  (HP:0002063),  resting  tremor
(HP:0002322),  postural  instability/gait  impairment  (HP:0002172),  typically  asymmetric  at
onset,  adult/late-onset,  progressive.  Non-motor /  prodromal: hyposmia (HP:0000458),  REM-
sleep  behavior  disorder,  constipation  (HP:0002019),  depression  (HP:0000716),  anxiety,
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orthostatic hypotension/autonomic dysfunction (HP:0001278), cognitive impairment/dementia
(HP:0000726),  psychosis  and impulse-control  disorders  (often treatment-related).  Prodromal
markers precede motor onset by 5 to >20 years, with the strongest predictive value for RBD,
hyposmia, and constipation (PMID: 27786242; PMID: 35180132). QoL impact: PD substantially
reduces  health-related  quality  of  life  and  independence,  driving  high  direct/indirect  and
informal-care costs (mean €14,278/patient/year in Europe; PMID: 42659761).

4. Genetic / Molecular Information

Causal genes: SNCA, LRRK2, VPS35 (AD); PRKN, PINK1, PARK7/DJ-1, ATP13A2, FBXO7, PLA2G6
(AR).  Variant  examples: SNCA  A53T,  duplications/triplications  (gain-of-function/dosage);
LRRK2 p.G2019S (kinase gain-of-function, the most common single mutation); VPS35 p.D620N;
GBA1  N370S/N409S  (mild),  L444P/L483P  (severe),  E326K/T369M  (risk).  Classification: per
ACMG/AMP, LRRK2 G2019S and severe GBA1 alleles are pathogenic/likely pathogenic; E326K/
T369M are  risk  factors  of  uncertain individual  pathogenicity.  Allele  frequency: GBA1 and
LRRK2 risk-variant frequencies vary by ancestry (e.g., LRRK2 G2019S enriched in Ashkenazi
Jewish and North African Berber populations; PMID: 41735653). Origin: germline. Functional
consequences: SNCA — toxic gain-of-function aggregation; LRRK2 — kinase gain-of-function;
PRKN/PINK1/DJ-1  — loss-of-function;  VPS35 — gain-of-function via  LRRK2.  Modifier genes:
GBA1  modifies  progression/cognition;  ancestry  modifies  LRRK2  penetrance.  Epigenetics/
chromosomal: SNCA  promoter  methylation  changes  reported;  large-scale  chromosomal
abnormalities are not a defining feature.

5. Environmental Information

Toxins: pesticides/herbicides (paraquat, rotenone, maneb), metals (Mn, Pb), solvents; MPTP is
a  well-known  dopaminergic  toxin  used  experimentally.  Lifestyle: smoking,  caffeine,  and
physical  activity  lower  risk;  dairy  raises  risk;  alcohol  equivocal.  Infectious  agents: no
established causative pathogen; PD is  not an infectious disease, though the gut microbiome
and inflammation  are  implicated  in  modulating  pathology  (F008).  Air  pollution  and rural/
agricultural exposure are epidemiologically associated (PMID: 20187243).
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6. Mechanism / Pathophysiology — Ordered Causal Chain

1. INITIATING LESION (branch A: genetic — SNCA/LRRK2/VPS35/PRKN/PINK1/DJ-1/GBA1 variants;
   branch B: environmental — pesticide/toxin exposure, aging; often A×B interaction, e.g. GBA1×pesticide OR 5.4)
        │  leads to
        ▼
2. Impaired mitochondrial quality control (PINK1/Parkin mitophagy failure; LRRK2 & VPS35 D620N
   converge here) AND impaired lysosomal/autophagic clearance (GBA1 → glucocerebrosidase deficiency)
        │  results in
        ▼
3. Accumulation and misfolding of α-synuclein → oligomers and fibrils (aided by oxidative stress,
   dopamine-derived aminochrome, reduced clearance)
        │  leads to
        ▼
4. Formation of intraneuronal Lewy bodies/neurites; α-synuclein acts as a DAMP
        │  branches:
        ├─(4a) Prion-like cell-to-cell spread — gut → vagus nerve → brainstem → SNpc → cortex
        │       (caudorostral Braak staging; "body-first" subtype)   [inferred from model + tissue data]
        └─(4b) Neuroinflammation — microglial activation, A1 astrocytes, α-syn-specific Th1/Th17 T cells,
                BBB breakdown, cellular senescence (SASP)
        │  together result in
        ▼
5. Selective degeneration of SNpc dopaminergic neurons (oxidative stress, mitochondrial failure,
   iron/neuromelanin dysregulation) — upstream lesion; white-matter/oligodendrocyte involvement may precede
        │  leads to
        ▼
6. Striatal dopamine depletion → basal-ganglia circuit dysfunction (direct/indirect pathway imbalance)
        │  results in
        ▼
7. CLINICAL MANIFESTATION: cardinal motor syndrome (bradykinesia, rigidity, resting tremor,
   postural instability) + non-motor/prodromal features (hyposmia, RBD, constipation, autonomic,
   cognitive, neuropsychiatric)

Upstream vs downstream: Steps 1–3 (genetic/toxic triggers, mitophagy/lysosomal failure, α-
synuclein  misfolding)  are  upstream;  steps  5–7  (dopaminergic  death,  dopamine  depletion,
motor  signs)  are  downstream.  Neuroinflammation  (4b)  and  prion-like  spread  (4a)  are
amplifying  loops  that  are  both  consequence  and  cause.  Molecular  pathways: ubiquitin–
proteasome/autophagy–lysosome,  PINK1/Parkin  mitophagy,  LRRK2  kinase  signaling,
glucocerebrosidase/sphingolipid  metabolism,  oxidative-stress/NRF2  axis.  Cell  types:
dopaminergic  neurons  (CL:0000700),  microglia  (CL:0000129),  astrocytes  (CL:0000127),
oligodendrocyte  precursors  (PMID:  42397532).  Subcellular  compartments: mitochondria
(GO:0005739), lysosome (GO:0005764), presynaptic terminal.
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7. Anatomical Structures Affected

Primary organ: brain — substantia nigra pars compacta (UBERON:0001965) and nigrostriatal
pathway/striatum (UBERON:0002435).  Body system: central and autonomic nervous system.
Spread pattern: dorsal motor nucleus of vagus/olfactory bulb → pons/locus coeruleus → SNpc
→  limbic  →  neocortex  (Braak).  Secondary  involvement: enteric  nervous  system/colon
(UBERON:0001155),  heart  (cardiac  sympathetic  denervation),  olfactory  bulb,  white-matter
tracts.  Cell  populations: SNpc  dopaminergic  (neuromelanin-containing)  neurons,  plus
cholinergic,  noradrenergic  (locus  coeruleus),  and  serotonergic  populations.  Subcellular:
mitochondria,  lysosomes,  presynapse.  Lateralization: characteristically  asymmetric/
unilateral at onset, becoming bilateral with progression.

8. Temporal Development

Onset: typically adult/late-onset (mean ~60 years); early-onset (<50) and juvenile forms occur,
often  monogenic  (PRKN,  PINK1).  Onset  pattern: insidious  and  chronic,  preceded  by  a
prodromal phase lasting 5 to >20 years. Stages: prodromal → early clinical (Hoehn & Yahr I–II)
→  intermediate (III) →  advanced (IV–V) with motor fluctuations, dyskinesia, falls,  dementia.
Progression: slow but  relentless  and variable;  GBA1 and older  age at  onset  predict  faster
decline  and  dementia  (PMID:  42127935;  PMID:  41944089).  Course: progressive,  lifelong,
chronic;  no  spontaneous  remission.  Critical  window: the  prodromal/early  stage  is  the
presumed opportunity for disease-modifying intervention (F006).

9. Inheritance and Population

Epidemiology: one of the fastest-growing neurological disorders; prevalence rises steeply with
age  (global  burden  growing,  largely  from aging/population  growth  rather  than  rising  age-
specific  incidence;  PMID:  42689419).  Inheritance: predominantly  multifactorial/polygenic;
monogenic  subsets  are  AD (SNCA,  LRRK2,  VPS35)  or  AR (PRKN,  PINK1,  DJ-1).  Penetrance:
incomplete  and  age-dependent  (GBA1  ~4%→12%  by  age  60→80  in  Gaucher  type  1;  LRRK2
G2019S  variable  by  ancestry).  Expressivity: variable.  Founder  effects: LRRK2  G2019S  in
Ashkenazi Jewish and North African Berber populations; GBA1 N370S in Ashkenazi Jews. Sex
ratio: male predominance (~1.4–1.5:1). Geographic/ancestry variation: earlier onset in Asian
GBA1/LRRK2 carriers; rising incidence in regions such as the UAE (PMID: 42656222).
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10. Diagnostics

Clinical criteria: MDS-2015 clinical  diagnostic criteria (parkinsonism = bradykinesia + rest
tremor  and/or  rigidity;  supportive/exclusion/red-flag  features).  Imaging: dopamine-
transporter (DaT) SPECT, neuromelanin- and iron-sensitive MRI, and multiparametric MRI of
SNpc microstructure (PMID: 42691220).  Molecular biomarker: CSF α-synuclein SAA/RT-QuIC
(sens ~93–95%, spec ~94%; F005) and CSF neurofilament light (NfL) to differentiate PD from
atypical parkinsonism (PMID: 41324773); skin/gut tissue SAA. Genetic testing: targeted single-
gene or panels (GBA1, LRRK2, SNCA, PRKN, PINK1, PARK7, VPS35), with WES/WGS for early-
onset/familial  cases  (GTR,  GeneReviews).  Differential  diagnosis: essential  tremor,  drug-
induced parkinsonism, MSA, PSP,  corticobasal degeneration, DLB, vascular parkinsonism —
distinguished  by  red  flags,  imaging,  and  SAA  strain  typing.  Screening: no  population
screening; prodromal risk estimation via MDS Prodromal Criteria combining RBD, hyposmia,
constipation, DaT, and genetics.

11. Outcome / Prognosis

PD  is  not  directly  fatal  but  reduces  life  expectancy,  chiefly  via  complications  (aspiration
pneumonia,  falls/fractures,  immobility).  Mortality: annual  mortality  in  a  community  PD
cohort  ~10.5% (95% CI  8.7–12.3%),  with  older  age  at  onset  predicting  death  and dementia
(PMID:  41944089).  Dementia: incident  dementia  ~5%/year  in  community  PD.  Morbidity:
progressive  disability,  motor  fluctuations,  dyskinesia,  and  non-motor  burden  dominate.
Prognostic  factors: older  onset  age,  GBA1  severe  variants  (faster  cognitive/autonomic
decline),  postural-instability-gait-dominant  subtype,  early  cognitive  impairment/RBD;
amantadine  use  was  historically  associated  with  improved  survival  (PMID:  8649547). 
Prognostic biomarkers: CSF NfL (progression), α-syn SAA positivity/strain, and genotype.

12. Treatment

Pharmacotherapy (symptomatic; NCIT anchors): levodopa/carbidopa (dopamine precursor;
NCIT:C29159/levodopa)  —  most  effective;  dopamine  agonists  (pramipexole,  ropinirole,
rotigotine,  apomorphine;  non-ergot  preferred,  lower  dyskinesia  odds  OR  ~0.21  but  higher
impulse-control-disorder  risk;  PMID:  35527736);  MAO-B  inhibitors  (selegiline,  rasagiline,
safinamide);  COMT  inhibitors  (entacapone,  opicapone  —  sustained  motor  benefit  over  76
weeks,  PMID:  41995421);  amantadine  (NMDA  antagonist,  anti-dyskinesia);  anticholinergics
(tremor).  Device-aided/advanced therapies (advanced PD): subthalamic or GPi deep brain
stimulation (STN-DBS best-evidenced), levodopa-carbidopa intestinal gel (LCIG), subcutaneous
apomorphine/foslevodopa infusion, and MRI-guided focused ultrasound (MRgFUS) for tremor

OpenScientist Report

11

https://pubmed.ncbi.nlm.nih.gov/42691220/
https://pubmed.ncbi.nlm.nih.gov/41324773/
https://pubmed.ncbi.nlm.nih.gov/41944089/
https://pubmed.ncbi.nlm.nih.gov/8649547/
https://pubmed.ncbi.nlm.nih.gov/35527736/
https://pubmed.ncbi.nlm.nih.gov/41995421/


(PMID:  35791767;  PMID:  35791766).  Advanced-therapy referral guided by  the  5-2-1  rule  /
MANAGE-PD  tool  (PMID:  42656222).  Supportive/rehab: physiotherapy,  occupational  and
speech therapy, exercise. Neuropsychiatric management: quetiapine/clozapine for psychosis;
dopamine-agonist reduction for impulse-control disorders (PMID: 39046524).  Experimental /
disease-modifying: anti-α-synuclein antibodies (prasinezumab, cinpanemab — failed Phase II,
F006);  repurposed  candidates  (GLP-1  agonists,  ambroxol,  iron  chelators,  c-Abl  inhibitors,
statins, calcium-channel blockers; PMID: 39914809). Pharmacogenomics: COMT/dopaminergic
metabolism variants may influence response (not definitively established here). No approved
DMT exists.

13. Prevention

Primary  prevention: risk-factor  modification  —  physical  activity,  caffeine,  avoidance  of
pesticide  exposure;  no  vaccine  applies.  Secondary  prevention: prodromal  detection  (RBD
clinics, hyposmia/DaT/SAA screening) enables early intervention research, though no proven
neuroprotective agent yet exists.  Tertiary prevention: fall prevention, aspiration/pneumonia
management,  treatment  of  motor/non-motor  complications,  avoidance  of  ICD-triggering
medications.  Genetic counseling: offered for monogenic families and GBA1/LRRK2 carriers,
emphasizing  incomplete,  age-dependent  penetrance.  Public-health/environmental:
occupational pesticide-exposure reduction is the most actionable environmental lever (F003).

14. Other Species / Natural Disease

No natural, faithful spontaneous PD occurs in non-human species; naturally occurring aged
non-human primates and some rodents show partial nigral dopamine decline but not full
Lewy pathology.  Orthologous genes exist across mammals (mouse Snca, Lrrk2, Prkn, Pink1,
Park7,  Gba1)  and  invertebrates  (Drosophila  parkin/PINK1;  C.  elegans  homologs),  enabling
comparative study. Zoonotic/transmission concepts do not apply (PD is non-infectious), though
prion-like α-synuclein spread is a mechanistic — not epidemiological — parallel. Veterinary PD
as a natural disease is not established (NCBI Taxonomy; OMIA).

15. Model Organisms

Toxin-induced models: MPTP (mouse/non-human primate), 6-OHDA (rat), rotenone, paraquat
— reproduce nigrostriatal dopaminergic loss and motor deficits but incompletely model Lewy
pathology  and  are  criticized  as  poor  predictors  of  clinical  translation  (PMID:  42459575). 
Genetic models: SNCA A53T transgenics; LRRK2, Parkin, PINK1, DJ-1 knockouts/knock-ins —
often  show  mild  phenotypes.  α-synuclein  preformed-fibril  (PFF)  seeding  models
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recapitulate  templated  aggregation,  spread,  and  immune  infiltration  (PMID:  31796095). 
Enteric/gut  models demonstrate  ENS  neuropathology  and  gut-first  pathology  (PMID:
33846426).  Cellular  models: patient  iPSC-derived  dopaminergic  neurons  and  organoids.
Limitations: no  single  model  captures  the  full  slow,  age-dependent,  multi-system  human
disease;  each  addresses  specific  mechanisms  (toxicity,  aggregation,  spread,  or  genetics).
Resources: MGI, RGD, ZFIN, FlyBase, WormBase, Alliance of Genome Resources.

Mechanistic Model / Interpretation

The  nine  findings  assemble  into  a  coherent,  branching  causal  narrative.  A  converging
upstream lesion — genetic  (mitophagy/lysosomal  genes),  environmental  (toxins,  aging),  or
their interaction — cripples the two cellular systems that keep dopaminergic neurons healthy:
mitochondrial  quality  control  (PINK1/Parkin,  with  LRRK2  and  VPS35  feeding  in)  and
autophagy–lysosomal  clearance  (GBA1).  The  result  is  accumulation  and  misfolding  of  α-
synuclein, the molecular linchpin. Misfolded α-synuclein then acts in three reinforcing ways:
it seeds further aggregation and spreads prion-like from gut to brain along the vagus nerve
(explaining Braak caudorostral staging and the body-first subtype), it functions as a DAMP that
ignites neuroinflammation (microglia, A1 astrocytes, α-syn-specific T cells, BBB breakdown),
and  it  forms  Lewy  bodies that  mark  dying  neurons.  Selective  SNpc  dopaminergic  death
depletes striatal dopamine and unbalances basal-ganglia circuitry, yielding the cardinal motor
syndrome; parallel degeneration in olfactory, brainstem, enteric, and cortical systems produces
the prodromal and non-motor spectrum.
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Layer Upstream driver
Downstream
consequence

Key
evidence

Genetic
SNCA, LRRK2, VPS35, PRKN, PINK1,
DJ-1, GBA1

Mitophagy + lysosomal
failure

F002, F004

Environmental Pesticides, aging (× genotype)
Oxidative stress, α-syn
burden

F003

Molecular α-synuclein misfolding/aggregation Lewy bodies, seeds F001, F005

Propagation Prion-like gut→brain spread
Braak staging, body-first
PD

F008

Immune α-syn DAMP, Th1/Th17, microglia
Amplified neuronal
death

F007

Cellular SNpc dopaminergic death
Striatal dopamine
depletion

F001

Clinical Basal-ganglia dysfunction
Motor + non-motor
syndrome

F001, F009

This  model  directly  explains  the  therapeutic  impasse  (F006):  drugs  targeting  a  single
downstream node (extracellular α-synuclein) after most neurons are already lost, measured
with insensitive scales, cannot slow a multi-loop, largely intracellular process — arguing for
earlier, multi-target, biomarker-guided intervention.
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Evidence Base

Finding Primary PMIDs
Evidence
type

Role

F001 Neuropathology 41904982, 35362115, 40868900
Human/
review

Defines core lesion

F002 Genetics 24262182, 22806825, 22166458
Human/
review

Architecture

F003 GxE
38820021, 40107260, 31706021,
28189372, 23055790

Human epi
Risk/protective +
interaction

F004 Mitophagy 42681746, 41164908
In vitro/
model

Mechanistic
convergence

F005 SAA diagnostic
42141805, 41324773, 41604609,
42201636

Human dx
Biomarker accuracy +
caveats

F006 No DMT
42227981, 41702332, 42495570,
42459575, 39914809

Clinical
trials

Therapeutic gap

F007
Neuroinflammation

31796095, 38788538, 41735220,
41806646

Model/
human

Immune
amplification

F008 Gut-brain spread 41052745, 37873268, 36098886
Human/
model

Propagation/staging

F009 GBA1-PD 42085646, 42127935, 39927608
Human
registry

Penetrance/prognosis

All quoted snippets above are verbatim from the cited abstracts. The evidence spans human
clinical/epidemiological  studies (F001–F003,  F005,  F006,  F009),  model-organism and in vitro
mechanistic work (F004, F007, F008), and systematic reviews/meta-analyses (F003, F005, F006).
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Limitations and Knowledge Gaps

Prion-like spread (F008) rests substantially on model-organism and tissue-correlation
data; direct causal demonstration of gut-origin spread in living humans remains inferred,
not proven, and body-first vs brain-first subtyping is still being validated.

SAA (F005) shows excellent accuracy but significant inter-laboratory/protocol variability
(DLB sensitivity 55–100% across labs); harmonization is required before universal clinical
deployment, and the assay reports presence, not quantity or stage, of pathology.

Penetrance estimates (F009) derive partly from Gaucher (biallelic GBA1) registries and
may not generalize to heterozygous idiopathic-PD carriers; LRRK2 penetrance varies by
ancestry and environment.

Therapeutic failures (F006) cannot yet distinguish a wrong target from wrong timing/
insensitive endpoints; the competing "Single-Neuron Degeneration"/metabolic hypothesis is
plausible but unproven.

No molecular data were analyzed de novo in this investigation; findings are literature-
synthesized. Quantitative epidemiology (exact prevalence/incidence per 100,000) was not
fully extracted and should be sourced from GBD for the KB entry.

Sex, ancestry, and health-equity dimensions (male predominance; disparities in LGBTQ+
and minority populations, PMID: 42707080) are under-quantified here.

Proposed Follow-up Experiments / Actions

Extract quantitative epidemiology (age-specific prevalence/incidence per 100,000, DALYs,
sex ratios) from GBD 2021 and Orphanet to complete Section 9 of the KB entry.

Cross-tabulate variant-level annotations (GBA1, LRRK2, SNCA) with ClinVar/gnomAD
allele frequencies and ACMG classifications for a structured pathogenic-variant table.

Map the causal chain to explicit ontology triples (gene → GO process → CL cell type →
UBERON site → HP phenotype) for machine-readable KB ingestion.

Add a biomarker-timing analysis: compile SAA/DaT/NfL positivity as a function of
prodromal-to-clinical conversion to define intervention windows.

Systematically catalog active disease-modifying trials (GLP-1 agonists, ambroxol, LRRK2
kinase inhibitors, ASOs) with NCT identifiers for the treatment section.

• 

• 

• 

• 

• 

• 

1. 

2. 

3. 

4. 

5. 
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Formalize body-first vs brain-first subtyping evidence and its diagnostic/prognostic
implications as testable hypotheses for future iterations.

Report  compiled  from  5  research  iterations;  9  confirmed  findings;  65  papers  reviewed.  All
statistical claims and quotations are anchored to the cited PMIDs.
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