
Parkinson Disease, Mitochondrial —
Comprehensive Disease Characterization
Report

Target  Disease: Parkinson  Disease,  Mitochondrial  OMIM: 556500  |  Category: Mendelian
(maternally/mitochondrially  inherited)  Suggested  MONDO  mapping: MONDO  term  for
"Parkinson disease, mitochondrial" (derived from OMIM 556500)

Evidence  types  are  labeled  where  relevant:  [Human  clinical],  [Model  organism],  [In  vitro],
[Computational/meta-analysis]. PMIDs are given for all key claims.

Summary

Parkinson Disease,  Mitochondrial  (OMIM 556500) is  a  rare,  maternally (mitochondrially)
inherited form of parkinsonism defined molecularly by a heteroplasmic point mutation in the
mitochondrially-encoded 12S ribosomal RNA gene (m.T1095C in  MT-RNR1). In the originally
described pedigree,  this  variant co-segregated with a distinctive clinical  triad of  levodopa-
responsive  parkinsonism,  sensorineural  (aminoglycoside-sensitive)  hearing  loss,  and
peripheral neuropathy. The mutation disrupts a highly conserved loop of the small-subunit
mitochondrial  rRNA important  for  initiation of  mitochondrial  protein synthesis,  producing
measurable defects  in oxidative phosphorylation — notably reduced cytochrome c  oxidase
(complex  IV)  activity  in  patient  cells  and,  in  transmitochondrial  cybrids,  depletion  of
mitochondrial  glutathione,  reduced  complex  II/III  activity,  and  markedly  increased
aminoglycoside-induced apoptosis (PMID: 11079536; PMID: 22735573).

Beyond  this  specific  Mendelian  entity,  "Mitochondrial  Parkinson  Disease"  serves  as  the
archetype  of  the  broader  and  central  role  of  mitochondrial  dysfunction  in  Parkinson
disease (PD). Converging genetic and biochemical evidence implicates: (1) respiratory chain
complex I (CI) deficiency, which stratifies roughly one-quarter of idiopathic PD into a distinct
molecular subtype; (2) nuclear-encoded mtDNA-maintenance failure (POLG, TWNK/C10orf2-
Twinkle)  causing  accumulation  of  multiple  mtDNA  deletions  and  selective  nigrostriatal
degeneration; (3)  defective PINK1–Parkin mitophagy (PINK1,  PRKN) underlying autosomal-

https://pubmed.ncbi.nlm.nih.gov/11079536/
https://pubmed.ncbi.nlm.nih.gov/22735573/


recessive  early-onset  PD;  and  (4)  common  mtDNA  haplogroup/variant modulation  of
sporadic PD risk and progression. These insults converge on the selective loss of a molecularly-
defined vulnerable  dopaminergic  population — the  SOX6⁺/AGTR1⁺ ventral-tier  substantia
nigra pars compacta (SNpc) neurons that are specifically enriched for heritable PD risk.

Clinically,  management  is  symptomatic  (levodopa,  deep brain  stimulation,  and support  for
hearing loss and neuropathy) with  no proven disease-modifying therapy. Because the core
mutation  is  maternally  transmitted  and  heteroplasmic,  prevention  centers  on  genetic
counseling  for  maternal  inheritance and,  for  carriers,  avoidance  of  aminoglycoside
antibiotics and complex I–inhibiting neurotoxins. This report synthesizes eight confirmed
findings across 86 reviewed papers and maps them to the requested disease-knowledge-base
sections, with ontology term suggestions and PMID-anchored evidence throughout.

Key Findings

Finding 1 — A maternally inherited heteroplasmic 12S rRNA mutation
(m.T1095C) defines the disease

Thyagarajan et al. (2000) identified a  novel heteroplasmic, maternally inherited 12S rRNA
point  mutation  (T1095C,  MT-RNR1) in  a  pedigree  presenting  with  maternally  inherited
sensorineural deafness, levodopa-responsive parkinsonism, and neuropathy. The variant was
absent in 270 ethnically diverse controls, and respiratory chain enzyme analysis in cultured
lymphocytes from the proband revealed a  significant reduction in cytochrome c oxidase
(complex IV) activity. The mutation is predicted to disrupt a highly conserved loop within the
small-subunit  rRNA  critical  for  the  initiation  of  mitochondrial  protein  synthesis  (PMID:
11079536). [Human clinical]

"A novel, heteroplasmic, maternally inherited 12SrRNA point mutation (T1095C) was found
in  the  pedigree.  Respiratory  chain  enzyme  analysis  in  cultured  lymphocytes  from  the
proband  revealed  a  significant  reduction  in  cytochrome  c  oxidase  activity." —  PMID:
11079536
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Functional  confirmation  came  from  cybrid  studies  (Muyderman  et  al.,  2012).  A
transmitochondrial  cybrid  line  derived  from  the  proband  showed  selective  depletion  of
mitochondrial glutathione, decreases in complex II/III activity, and a ~10-fold increase in
aminoglycoside  (gentamicin)-induced  apoptosis (PMID:  22735573).  [In  vitro]  This
aminoglycoside  hypersensitivity  is  mechanistically  important  because  m.T1095C  lies  in  the
same 12S rRNA gene (MT-RNR1) that harbors the classic aminoglycoside-ototoxicity/deafness
variants  (e.g.,  m.1555A>G),  explaining  the  deafness  phenotype  and  the  pharmacogenomic
contraindication.

"a transmitochondrial cybrid line derived from the proband of this family shows selective
depletion of  mitochondrial  glutathione and decreases in the activity of  complex II/III" —
PMID: 22735573

Interpretation: m.T1095C is a gain of dysfunction at the level of mitochondrial translation
→  impaired assembly  of  respiratory-chain  complexes  →  energy  deficit  and oxidative-stress
vulnerability  in high-demand,  high-oxidative tissues (auditory hair  cells/cochlea,  peripheral
nerve, and nigral dopaminergic neurons).

Finding 2 — Defective mtDNA replication/maintenance (POLG, TWNK) causes
selective nigrostriatal degeneration

Tzoulis et al.  (2016) used dopamine-transporter (DAT) imaging in 21 patients across diverse
mitochondrial disorders and found that nigrostriatal degeneration occurred exclusively in
patients  with  defective  mtDNA  replication  and  maintenance (mutations  in  POLG or
C10orf2/Twinkle). In these patients the degeneration was progressive and at least as severe
as in advanced PD, whereas patients with primary mtDNA point mutations or single large-
scale deletions showed no nigral involvement (PMID: 26979109). [Human clinical]

"Nigrostriatal  degeneration  occurred  exclusively  in  patients  with  defective  mtDNA
replication and maintenance. In these patients, nigrostriatal degeneration was progressive
and at least as severe as in patients with advanced Parkinson's disease." — PMID: 26979109
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Mechanistically,  mtDNA-maintenance  defects  drive  the  progressive  accumulation  of
multiple mtDNA deletions in substantia nigra dopaminergic neurons, seen in normal aging
and, to a greater extent, in PD (Manini et al., 2022) (PMID: 35114397).

"studies  have  demonstrated  a  progressive  accumulation  of  multiple  mtDNA  deletions  in
dopaminergic neurons of the substantia nigra in elderly population and, to a greater extent,
in Parkinson's disease patients" — PMID: 35114397

Clinically,  POLG-related parkinsonism is typically  levodopa-responsive. Sensory neuropathy
accompanying levodopa-responsive dystonia/parkinsonism should prompt  POLG testing (Qiu
et al., 2021; PMID: 34062649), and POLG variants can co-occur with other PD genes such as GBA
(Chen  et  al.,  2019;  PMID:  30941926).  This  finding  establishes  that  the  pathway  from
mitochondrial dysfunction to nigral loss is not caused equally by all mitochondrial lesions
— it is the failure of mtDNA maintenance (and consequent somatic deletion load) that most
reliably produces PD-like nigral vulnerability.

Finding 3 — Neuronal complex I deficiency stratifies idiopathic PD into a
distinct molecular subtype

Complex I  deficiency in PD substantia  nigra was first  established by Schapira et  al.  (1993)
(PMID: 8420145). Flønes et al. (2024) advanced this to a stratification framework, showing that
idiopathic  PD  can  be  divided  by  the  severity  of  neuronal  respiratory  complex  I  (CI)
deficiency into two emerging subtypes with distinct molecular and clinical  profiles (PMID:
38684731). [Human clinical]

A CI-deficient subtype (~25% of cases) with anatomically widespread neuronal CI
deficiency, distinct cell-type-specific gene expression, increased neuronal mtDNA deletion
load, and predilection for non-tremor-dominant phenotypes.

A non-CI-deficient subtype confined to dopaminergic SNpc, with a tremor-dominant
predilection.

"iPD  can  be  stratified  according  to  the  severity  of  neuronal  respiratory  complex  I  (CI)
deficiency, and identify two emerging disease subtypes with distinct molecular and clinical
profiles" — PMID: 38684731

• 

• 
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Earlier work by the same group (Flønes et al., 2018) demonstrated that neuronal CI deficiency
occurs throughout  the PD brain,  including regions spared by neurodegeneration (e.g.,
cerebellum), and did not correlate with mtDNA damage outside the substantia nigra (PMID:
29270838) — indicating that CI deficiency is a widespread, partly independent feature rather
than a mere consequence of local cell death.

"neuronal complex I deficiency occurs throughout the Parkinson's disease brain, including
areas spared by the neurodegenerative process such as the cerebellum" — PMID: 29270838

This finding has direct precision-medicine relevance: it rationalizes trials of "mitochondrial
enhancer" strategies in genetically/biochemically stratified subgroups (e.g., the coenzyme Q10
stratified trial concept, PMID: 33324897).

Finding 4 — mtDNA haplogroups and variants modulate PD risk and
progression

A  systematic  review/meta-analysis  (Sena-Dos-Santos  et  al.,  2024;  13,640  PD  cases,  22,588
controls)  identified  four  mtDNA  variants  associated  with  PD  and  several  risk-modulating
macrohaplogroups (PMID: 38917640). [Computational/meta-analysis]

"Four mtDNA variants were associated with PD: m.4336C (odds ratio [OR] = 2.99;  95 %
confidence interval [CI] = 1.79-5.02), m.7028T (OR = 0.80; 95 % CI = 0.70-0.91), m.10398G (OR
= 0.92;  95 % CI  =  0.85-0.98),  and m.13368A (OR = 0.74;  95 % CI  =  0.56-0.98)" —  PMID:
38917640
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mtDNA variant / haplogroup Effect Odds ratio (95% CI) Direction

m.4336C (tRNA-Gln, MT-TQ) Risk 2.99 (1.79–5.02) ↑ risk

m.7028T Protective 0.80 (0.70–0.91) ↓ risk

m.10398G Protective 0.92 (0.85–0.98) ↓ risk

m.13368A Protective 0.74 (0.56–0.98) ↓ risk

Macrohaplogroup R Risk 2.25 ↑ risk

Macrohaplogroup F Risk 1.18 ↑ risk

Macrohaplogroup H Risk 1.12 ↑ risk

Macrohaplogroup B Protective 0.77 ↓ risk

For progression, Liu et al. (2023) found that the haplogroup super-cluster J/T/U was associated
with a 41% lower risk of cognitive progression (P = 2.42 × 10⁻⁶) versus haplogroup H (PMID:
36343661).

"patients  with  the  super  macro-haplogroup  J,  T,  U#  had  a  41%  lower  risk  of  cognitive
progression with P = 2.42 × 10-6 compared to those with macro-haplogroup H" —  PMID:
36343661

Historically, the np4336 tRNA-Gln variant was enriched in AD+PD patients (~5.2% vs 0.7% of
controls; Shoffner et al., 1993; PMID: 8104867). Importantly, the mtDNA-association literature is
heterogeneous: some cohorts (e.g., a familial PD study, PMID: 20356410; an East Indian cohort,
PMID: 33904476) found no maternal-inheritance bias or haplogroup association, underscoring
population-specificity and methodological caveats (PMID: 31233840).
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Finding 5 — Animal and cellular models recapitulate mitochondrial
parkinsonism

Toxin  (complex  I  inhibitor)  models: MPTP  (via  MPP⁺),  rotenone,  paraquat,  and  6-OHDA
produce  selective  nigrostriatal  dopaminergic  degeneration  and  motor  deficits  (PMID:
34043196;  PMID:  30605763).  [Model  organism]  MPTP  more  precisely  reproduces  nigral  DA
neuron  loss  and  neuroinflammation,  whereas  rotenone  better  models  CI-deficiency
biochemistry and Lewy-body-like α-synuclein aggregation (PMID: 35039876).

Genetic  mitochondrial  model  —  MitoPark  mouse: DAT-Cre-driven  deletion  of  the
mitochondrial  transcription  factor  TFAM in  DA  neurons  produces  progressive,  adult-onset
dopaminergic  degeneration  with  motor  decline;  it  is  worsened  by  manganese  (gene–
environment  interaction)  and  improved  by  voluntary  exercise  (PMID:  28595911;  PMID:
31226324).

"This  unique  PD  model  recapitulates  key  features  of  the  disease  including  progressive
neurobehavioral changes and neuronal degeneration" — PMID: 28595911

Nuclear  mtDNA-maintenance  models (Mutator,  Deletor,  PD-mitoPstI,  TwinkPark)  show
nigrostriatal degeneration, mirroring the human POLG/TWNK phenotype (PMID: 35114397).

PINK1/Parkin models: Loss-of-function in Drosophila and patient iPSC-derived dopaminergic
neurons causes impaired mitophagy/mitochondrial clearance, ROS accumulation, reduced ATP,
and apoptosis (PMID: 32470327; PMID: 32138754). [In vitro / Model organism]

"The  proposed  system  recapitulates  the  deficiency  of  mitochondrial  clearance,  ROS
accumulation,  and  increasing  apoptosis  in  these  familial  PD-derived  neurons" —  PMID:
32470327

Finding 6 — A specific SNpc dopaminergic subtype (SOX6⁺/AGTR1⁺, ventral
tier) is selectively vulnerable and enriched for PD heritability

Single-cell/single-nucleus  profiling  of  387,483  human  midbrain  nuclei  (22,048  DA-neuron
profiles)  by Kamath et  al.  (2022)  identified ten DA subtypes.  A  single subtype marked by
AGTR1 (within the SOX6 lineage), spatially confined to the ventral tier of SNpc, was most
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susceptible to loss in PD, showed the strongest upregulation of TP53 and NR2F2 targets, and
was specifically enriched for heritable PD risk (PMID: 35513515). [Human clinical / single-
cell]

"A single subtype, marked by the expression of the gene AGTR1 and spatially confined to the
ventral  tier  of  SNpc,  was  highly  susceptible  to  loss  in  PD  and  showed  the  strongest
upregulation of targets of TP53 and NR2F2" — PMID: 35513515

A  complementary  mouse  midbrain  snRNA-seq  atlas  (~70,000  cells)  confirmed  graded
vulnerability across mDA "territories" in a 6-OHDA lesion model, framing vulnerability as a
continuum  rather  than  discrete  classes  (PMID:  38587883).  The  AGTR1 marker  is
mechanistically notable given independent zebrafish evidence that renin–angiotensin system
(RAAS)  inhibitors  are  neuroprotective  via  mitochondrial  restoration in  DA neurons (PMID:
34550070).

Finding 7 — Reduced CSF cell-free mtDNA (ccf-mtDNA) is a candidate early-
PD biomarker

Pyle et al.  (2015) found a  significant reduction of ccf-mtDNA in PD CSF versus controls,
proposing  it  as  a  biomarker  for  early  PD/neurodegeneration  (PMID:  26343811).  [Human
clinical]

"identifying  a  significant  reduction  of  ccf-mtDNA in  PD patient  cerebrospinal  fluid  (CSF)
when  compared  to  controls.  Our  data  demonstrates  that  CSF  ccf-mtDNA  is  not  only  a
powerful biomarker for PD" — PMID: 26343811

In the Parkinson's Progression Markers Initiative (372 PD, 159 controls, two timepoints), Lowes
et  al.  (2020)  replicated the reduction and linked it  to  cognitive impairment,  while  noting
confounders (treatment, depression, insomnia, disease duration) (PMID: 32070373).

"ccf-mtDNA levels  appear  significantly  reduced  in  PD cases  when compared  to  matched
controls and are associated with cognitive impairment" — PMID: 32070373
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Mechanistically, reduced release is proposed to reflect altered neuronal mtDNA homeostasis
before overt cell death in vulnerable brain regions (PMID: 31143191) — a finding echoed
across other neurodegenerative diseases including progressive MS (PMID: 30098422).

Finding 8 — The PINK1–Parkin phospho-ubiquitin mitophagy axis links
mitochondrial damage to dopaminergic neurodegeneration

Upon mitochondrial depolarization, PINK1 (PTEN-induced kinase 1) stabilizes on the outer
mitochondrial membrane (OMM), where it phosphorylates ubiquitin and Parkin at serine
65, activating Parkin's E3-ubiquitin-ligase activity to ubiquitinate OMM substrates and trigger
selective autophagic clearance (mitophagy) of damaged mitochondria (PMID: 42490204; review
PMID: 42533617). [In vitro / review]

"Upon mitochondrial depolarization, PINK1 stabilizes on the outer mitochondrial membrane
(OMM), where it recruits and phosphorylates Parkin at serine 65" — PMID: 42490204

Loss-of-function  PINK1/PRKN variants  impair  this  pathway,  causing  autosomal-recessive
early-onset  PD (PMID:  42368330;  clinical  example  PMID:  40898742).  PRKN-independent
(receptor-mediated, lipid-mediated) mitophagy pathways provide partial compensation (PMID:
42533617).

"the  best-characterized  PINK1-PRKN/parkin-dependent  mitophagy  pathway  and  the
expanding repertoire of PRKN-independent mechanisms" — PMID: 42533617

A key downstream effector is PARIS (ZNF746): on PINK1/parkin deficiency, PARIS accumulates
and represses PGC-1α → NRF1/TFAM-driven mitochondrial biogenesis, driving DA neuron loss
—  a  phenotype  reversible  by  PINK1,  parkin,  or  PGC-1α  overexpression  (PMID:  32138754).
Additional  mediators  include  iron-sulfur  cluster  loss  in  CISD1  downstream  of  PINK1  loss
(PMID: 39159312).
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Mechanistic Model / Interpretation

Mitochondrial  Parkinson disease  is  best  understood as  multiple  upstream mitochondrial
insults  converging  on  a  shared  downstream  cascade that  selectively  kills  vulnerable
ventral-tier SNpc dopaminergic neurons.

UPSTREAM TRIGGERS (heterogeneous)
┌───────────────────────────────────────────────────────────────┐
│ (a) Primary mtDNA translation defect                          │
│     m.T1095C (MT-RNR1, 12S rRNA)  ── OMIM 556500 core lesion   │
│ (b) Nuclear mtDNA-maintenance failure                         │
│     POLG / TWNK → multiple mtDNA deletions accumulate          │
│ (c) Mitophagy failure                                         │
│     PINK1 / PRKN loss-of-function (AR early-onset PD)          │
│ (d) Environmental complex I inhibitors                        │
│     MPTP/MPP+, rotenone, paraquat                             │
│ (e) mtDNA haplogroup background (risk modifier)               │
└───────────────────────────────────────────────────────────────┘
                         │
                         ▼
   CORE BIOCHEMICAL LESION: Respiratory chain deficiency
   • Complex I deficiency (stratifies ~25% iPD)
   • ↓ Complex IV (m.T1095C) / ↓ Complex II-III (cybrids)
   • ↓ ATP, ↑ ROS, ↓ mitochondrial glutathione
                         │
                         ▼
   AMPLIFYING LOOPS
   • PARIS↑ → PGC-1α/NRF1/TFAM↓ → ↓ mitochondrial biogenesis
   • CISD1 Fe-S cluster loss, iron dyshomeostasis
   • Proteasome inhibition, ubiquitin accumulation (SN)
   • α-synuclein aggregation (context-dependent crosstalk)
                         │
                         ▼
   SELECTIVE CELL DEATH
   SOX6+/AGTR1+ ventral-tier SNpc DA neurons (TP53/NR2F2 targets↑)
                         │
                         ▼
   CLINICAL MANIFESTATION
   Levodopa-responsive parkinsonism (+ deafness + neuropathy in 556500)

Upstream  vs  downstream: The  upstream  triggers  are  genetically/environmentally
heterogeneous, but all funnel into respiratory-chain (especially complex I) deficiency and
oxidative stress,  then into failure of  mitochondrial  quality control  and biogenesis,  and
finally into death of a specific, molecularly-defined neuronal population. Notably, not every
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mitochondrial lesion produces PD: primary mtDNA point mutations/single deletions spare the
nigra,  whereas  mtDNA-maintenance  defects  and  CI  deficiency reliably  produce  nigral
vulnerability — a critical distinction for genotype–phenotype interpretation.

Ontology term suggestions

Category Suggested terms

Genes (HGNC)
MT-RNR1, POLG, TWNK(C10orf2), PINK1, PRKN, TFAM, PPARGC1A(PGC-1α), 
ZNF746(PARIS), CISD1, AGTR1, SOX6

GO —
Biological
Process

mitochondrial translation (GO:0032543); oxidative phosphorylation
(GO:0006119); mitophagy (GO:0000422); mitochondrial DNA replication
(GO:0006264); mitochondrion organization (GO:0007005); response to oxidative
stress (GO:0006979); dopaminergic neuron differentiation (GO:0071542)

GO — Cellular
Component

mitochondrion (GO:0005739); mitochondrial inner membrane (GO:0005743);
mitochondrial outer membrane (GO:0005741); respiratory chain complex I
(GO:0045271); mitochondrial small ribosomal subunit (GO:0005763)

CL — Cell
types

dopaminergic neuron (CL:0000700); midbrain/substantia nigra DA neuron;
cochlear hair cell (CL:0000589); peripheral sensory neuron

UBERON —
Anatomy

substantia nigra pars compacta (UBERON:0001965); nigrostriatal tract; striatum
(UBERON:0002435); midbrain (UBERON:0001891); cochlea (UBERON:0001844);
peripheral nerve

CHEBI —
Chemicals

levodopa (CHEBI:15765); MPTP (CHEBI:17963); rotenone (CHEBI:28201); paraquat
(CHEBI:34905); coenzyme Q10 (CHEBI:46245); glutathione (CHEBI:16856);
gentamicin/aminoglycoside

HPO —
Phenotypes

Parkinsonism (HP:0001300); Bradykinesia (HP:0002067); Resting tremor
(HP:0002322); Rigidity (HP:0002063); Sensorineural hearing impairment
(HP:0000407); Peripheral neuropathy (HP:0009830); Dopa-responsive
(HP:0034332); Cognitive decline (HP:0100543)
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Section-by-Section Disease Characterization

1. Disease Information

Overview: A rare, maternally inherited parkinsonism-plus syndrome caused by a
heteroplasmic 12S rRNA mtDNA mutation, embodying the broader mitochondrial
pathogenesis of PD.

Identifiers: OMIM 556500; MeSH "Parkinson Disease"/"Parkinsonian Disorders"; ICD-10 G20
(parkinsonism); Orphanet — mitochondrial parkinsonism spectrum. MONDO: derived from
OMIM 556500.

Synonyms: Mitochondrial parkinsonism; maternally inherited parkinsonism–deafness–
neuropathy; parkinsonism with deafness and neuropathy (12S rRNA T1095C).

Source of information: Predominantly aggregated disease-level resources (OMIM,
single-pedigree reports, cybrid studies, meta-analyses), not EHR-derived.

2. Etiology

Causal factors: Genetic — heteroplasmic mtDNA m.T1095C (MT-RNR1) for OMIM 556500;
nuclear POLG/TWNK/PINK1/PRKN for related mitochondrial PD. Environmental — complex
I–inhibiting toxins.

Genetic risk factors: m.4336C (tRNA-Gln, OR 2.99); macrohaplogroups R/F/H (Finding 4).
Nuclear susceptibility via mtDNA-maintenance and mitophagy genes.

Environmental risk factors: Pesticides (rotenone, paraquat), MPTP, heavy metals
(manganese), solvents, air pollution (PMID: 42595356); aging; aminoglycoside exposure
(triggers ototoxicity/apoptosis in carriers).

Protective factors: mtDNA variants m.7028T (OR 0.80), m.10398G (OR 0.92), m.13368A (OR
0.74), haplogroup B (OR 0.77); J/T/U super-cluster slows cognitive progression. Exercise
delays MitoPark degeneration (PMID: 31226324).

Gene–environment interaction: Manganese exacerbates degeneration in the genetically-
primed MitoPark mouse (PMID: 28595911) — a paradigm of GxE in metal neurotoxicity.

• 

• 

• 

• 

• 

• 

• 

• 
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3. Phenotypes

Phenotype HPO Onset Progression

Frequency
(556500
pedigree/
related)

Levodopa-
responsive
parkinsonism

HP:0001300 Adult Progressive
Core
feature

Sensorineural
hearing loss

HP:0000407
Adult,
aminoglycoside-
sensitive

Progressive
Core
feature

Peripheral
(sensory)
neuropathy

HP:0009830 Adult Progressive
Core
feature

Bradykinesia /
rigidity /
resting tremor

HP:0002067/0002063/0002322 Adult Progressive Common

Cognitive
decline
(mtDNA-
maintenance/
CI-deficient
subtypes)

HP:0100543 Variable Progressive
Subtype-
dependent

Quality-of-life impact is substantial and progressive (motor disability plus sensory/hearing loss
compounding communication and mobility deficits), though disease-specific EQ-5D/SF-36 data
for this rare entity are not available.

4. Genetic/Molecular Information

Causal genes: MT-RNR1 (m.T1095C, heteroplasmic, maternally inherited); related: POLG, 
TWNK, PINK1, PRKN.

Variant type/class: mtDNA point mutation (rRNA); nuclear missense/frameshift/deletion
(e.g., POLG p.R964C, p.G737R, p.Q1102P; PRKN exon deletions).

• 

• 
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Allele frequency: m.T1095C absent in 270 controls (Finding 1); MT-RNR1 variants tracked
in MITOMAP.

Origin/consequence: Germline (maternal, heteroplasmic) for mtDNA; loss of function for 
POLG/PINK1/PRKN. Somatic mtDNA deletions accumulate in nigral neurons with age/
disease.

Modifier genes: mtDNA haplogroup background; GBA co-mutation reported with POLG
(PMID: 30941926).

Epigenetics/chromosomal abnormalities: Not characterized for this specific entity (data
not available).

5. Environmental Information

Complex I–inhibiting toxins (rotenone, paraquat, MPTP), manganese, and broader pollution/
pesticide exposures are established contributors to mitochondrial-type nigral  injury (PMID:
30605763;  PMID: 42595356). Aminoglycoside antibiotics are a pharmacological trigger in  MT-
RNR1 carriers. No infectious agent is implicated.

6. Mechanism / Pathophysiology

Detailed  in  the  Mechanistic  Model  above.  Core  pathways:  oxidative  phosphorylation  /
respiratory  chain  (complex  I),  PINK1–Parkin  mitophagy,  PGC-1α/NRF1/TFAM
mitochondrial  biogenesis.  Cellular  processes:  mitophagy,  apoptosis,  oxidative  stress,
proteostasis  failure  (ubiquitin  accumulation  in  SN,  PMID:  25446449),  neuroinflammation.
Metabolic  changes:  ATP deficit,  glutathione depletion,  iron dyshomeostasis.  Multi-omics:  CI-
deficient  subtype has  distinct  cell-type-specific  transcriptomes  (PMID:  38684731);  single-cell
profiling defines the vulnerable SOX6⁺/AGTR1⁺ population (PMID: 35513515).

7. Anatomical Structures Affected

Primary organ/system: Nervous system — substantia nigra pars compacta and
nigrostriatal pathway (UBERON:0001965); striatum (UBERON:0002435).

Secondary: Cochlea/auditory system (UBERON:0001844); peripheral nerves.

Cell level: Ventral-tier SNpc dopaminergic neurons (CL:0000700; SOX6⁺/AGTR1⁺); cochlear
hair cells; peripheral sensory neurons.

Subcellular: Mitochondrion (GO:0005739), inner/outer membranes, respiratory chain
complex I (GO:0045271), mitochondrial ribosome.

Lateralization: Parkinsonism typically begins asymmetric, becoming bilateral.

• 

• 

• 

• 

• 

• 

• 

• 
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8. Temporal Development

Adult-onset,  insidious,  chronic,  and  progressive.  mtDNA  deletion  load  and  CI  deficiency
accumulate over years; the CI-deficient subtype is more widespread/non-tremor-dominant. No
spontaneous  remission;  symptomatic  treatment-induced  improvement  only.  Aging  is  the
principal critical modifier.

9. Inheritance and Population

Inheritance: Mitochondrial/maternal (OMIM 556500, heteroplasmic → variable
expressivity and incomplete/tissue-dependent penetrance). Related forms: autosomal
recessive (POLG, PINK1, PRKN).

Heteroplasmy drives variable severity and complicates prediction (PMID: 32187761).

Epidemiology: OMIM 556500 is ultra-rare (single/few pedigrees). Broader mitochondrial
contributions modulate PD (global prevalence ~0.3%). Haplogroup effects are population-
specific (Finding 4).

Sex/geography: Not specifically established for this entity; PD overall shows male
predominance.

10. Diagnostics

Genetic testing: mtDNA sequencing (MITOMAP/MSeqDR) for MT-RNR1 m.T1095C with
heteroplasmy quantification; nuclear gene panels/WES/WGS for POLG/TWNK/PINK1/PRKN.

Biochemistry: Respiratory chain enzymology (↓ complex IV in m.T1095C; ↓ complex I in
CI-deficient PD).

Imaging: DAT-SPECT showing nigrostriatal deficit (PMID: 26979109); PET.

Candidate biomarker: Reduced CSF ccf-mtDNA (Finding 7).

Differential diagnosis: Idiopathic PD; other genetic parkinsonisms; POLG spectrum
(progressive external ophthalmoplegia, ataxia, neuropathy); consider COA7-related
dystonia-parkinsonism (PMID: 37750949). Distinguishing features: maternal transmission +
deafness + neuropathy suggests mtDNA/MT-RNR1; sensory neuropathy + dystonia suggests 
POLG.

• 

• 

• 

• 

• 

• 

• 

• 
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11. Outcome/Prognosis

Chronic,  progressive  disability.  Levodopa  responsiveness  is  generally  preserved  early  but
motor fluctuations and dyskinesias develop; cognitive decline marks the mtDNA-maintenance/
CI-deficient course. Haplogroup J/T/U predicts slower cognitive progression (PMID: 36343661).
Reduced CSF ccf-mtDNA associates with cognitive impairment (PMID: 32070373). No disease-
specific survival statistics are available for OMIM 556500.

12. Treatment

Pharmacotherapy: Levodopa/carbidopa (NCIT: Levodopa); dopamine agonists; MAO-B
inhibitors. Symptomatic response is typical.

Surgical/interventional: Deep brain stimulation (subthalamic nucleus) for motor
fluctuations (PMID: 40898742).

Pharmacogenomics: Avoid aminoglycosides in MT-RNR1 carriers (apoptosis
hypersensitivity, PMID: 22735573); avoid valproate in POLG disease (hepatotoxicity risk).

Investigational/mitochondrial-targeted: Coenzyme Q10 in genetically-stratified
subgroups (PMID: 33324897); mito-metformin/PKD1-PGC-1α activation (preclinical, PMID:
38449738); RAAS inhibitors (preclinical/epidemiological, PMID: 34550070); hypoxia therapy
(preclinical, PMID: 40770507); MSC/cell therapy (investigational, PMID: 41982578). No
disease-modifying therapy is proven (PMID: 26208210).

Supportive: Hearing aids/cochlear support, neuropathy management, physiotherapy; 
exercise shows benefit in models.

13. Prevention

Primary: Avoidance of complex I–inhibiting toxins and aminoglycosides in at-risk
individuals; exercise.

Secondary: DAT imaging / CSF ccf-mtDNA for early detection in at-risk maternal relatives
(research-stage).

Genetic counseling: Essential given maternal transmission and heteroplasmy —
recurrence risk and severity are difficult to predict; mitochondrial replacement/PGD are
theoretical options for maternal mtDNA disease (PMID: 29418047).

No immunization or infectious control applicable.

• 

• 

• 

• 
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14. Other Species / Natural Disease

No naturally occurring homolog of this specific mtDNA disease is documented in companion
animals  (data  not  available  in  OMIA for  m.T1095C).  Orthologs  of  nuclear  genes  are  highly
conserved  (Pink1,  prkn,  Polg,  Tfam)  across  mouse,  rat,  zebrafish,  and  Drosophila,  enabling
cross-species  modeling.  Mitophagy  mechanisms  are  evolutionarily  conserved  (PMID:
42533617).

15. Model Organisms

Model Type Lesion Recapitulation Key limitation

MitoPark
mouse

Mammalian
genetic

DAT-Cre TFAM
KO

Progressive adult DA
loss, motor decline, GxE
(Mn), exercise-
responsive

Not the human
mtDNA lesion

Mutator/
Deletor/PD-
mitoPstI/
TwinkPark

Mammalian
genetic

mtDNA-
maintenance

Nigrostriatal
degeneration, deletion
load

Variable nigral
penetrance

MPTP /
rotenone / 6-
OHDA /
paraquat

Toxin
(mouse/rat)

Complex I
inhibition

Nigral DA loss, motor
deficits; rotenone →
Lewy-body-like

Acute;
incomplete
pathology

Drosophila
Pink1/parkin

Invertebrate
genetic

Mitophagy/
biogenesis
failure

Mitochondrial defects,
DA loss, motor deficits,
PARIS/PGC-1α axis

Simplified
nervous
system

Patient iPSC-
derived DA
neurons

In vitro
human

PINK1/PRKN
mutation

Impaired mitochondrial
clearance, ROS,
apoptosis

Lacks aging/
circuit context

Zebrafish DA-
ablation

Vertebrate
Mitochondrial
dysfunction

High-content
neuroprotection
screening

Not
spontaneous
PD

Resources: MGI, RGD, ZFIN, FlyBase, IMSR, Cellosaurus.

OpenScientist Report

17

https://pubmed.ncbi.nlm.nih.gov/42533617/
https://pubmed.ncbi.nlm.nih.gov/42533617/


Evidence Base
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PMID Role Support/Challenge

11079536
Defines OMIM 556500 causal
mutation (m.T1095C)

Supports F001 (foundational)

22735573 Cybrid functional confirmation Supports F001

26979109
DAT imaging across mito
disorders

Supports F002 (selective nigral
vulnerability to maintenance defects)

35114397 mtDNA homeostasis review Supports F002/F005

34062649 POLG dystonia/neuropathy Supports F002 (diagnostic clue)

8420145
CI deficiency in PD SN
(landmark)

Supports F003

38684731 CI-deficiency stratifies iPD Supports F003

29270838
Widespread neuronal CI
deficiency

Supports F003; nuances causality

38917640 Meta-analysis of mtDNA variants Supports F004

36343661
Haplogroup & cognitive
progression

Supports F004

8104867 np4336 tRNA-Gln enrichment Supports F004

20356410; 
33904476

Null haplogroup associations Challenge F004 (population-specificity)

28595911 MitoPark + manganese GxE Supports F005

32470327 iPSC PINK1/Parkin model Supports F005/F008

35513515 SOX6/AGTR1 vulnerable subtype Supports F006

38587883 Mouse mDA vulnerability atlas Supports F006

26343811 CSF ccf-mtDNA biomarker Supports F007

32070373 PPMI replication of ccf-mtDNA Supports F007; notes confounders

42490204; 
42533617

PINK1-Parkin mechanism/review Supports F008
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PMID Role Support/Challenge

32138754 PARIS/PGC-1α axis Supports F008

Limitations and Knowledge Gaps

Ultra-rarity of OMIM 556500. The core entity rests largely on a single well-characterized
pedigree plus cybrid work; genotype–phenotype breadth, penetrance, sex ratio, prevalence,
and survival statistics are essentially unquantified.

Heteroplasmy and tissue segregation make prediction of onset/severity and recurrence
risk difficult, and complicate genetic counseling.

mtDNA association heterogeneity. Haplogroup/variant effects are population-specific and
inconsistently replicated (PMID: 20356410; PMID: 33904476; PMID: 31233840).

Causality vs consequence of CI deficiency. Widespread neuronal CI deficiency in regions
spared from degeneration (PMID: 29270838) indicates CI deficiency alone is insufficient for
cell death; additional "second hits" (α-synuclein, proteostasis, cell-intrinsic vulnerability)
are required.

Biomarker confounders. CSF ccf-mtDNA is influenced by treatment, comorbidity, and
disease duration; not yet clinically validated.

Therapeutic gap. No disease-modifying therapy is proven; mitochondrial-enhancer trials
have largely been negative or remain early-stage.

No documented natural animal homolog of the m.T1095C disease; model organisms
capture pathway biology but not the exact mtDNA lesion or human aging context.

Proposed Follow-up Experiments / Actions

Genotype–phenotype expansion: Query MITOMAP/MSeqDR and international
mitochondrial-disease registries for additional MT-RNR1 m.T1095C carriers to quantify
penetrance, heteroplasmy thresholds, and the deafness–neuropathy–parkinsonism co-
occurrence rate.

1. 

2. 

3. 

4. 
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Heteroplasmy–phenotype correlation: Single-cell heteroplasmy quantification in patient-
derived neurons/tissues to define the threshold for respiratory failure and DA-neuron
death.

Targeted iPSC modeling: Generate m.T1095C cybrids/iPSC-derived ventral A9-like DA
neurons (PMID: 41279649) to test whether the mutation preferentially injures SOX6⁺/
AGTR1⁺ neurons and whether glutathione or CoQ10 supplementation rescues them.

Biomarker validation: Prospective longitudinal CSF ccf-mtDNA measurement in defined
mitochondrial-PD carriers vs idiopathic PD to establish specificity and predictive value for
progression.

Stratified therapeutics: Advance mitochondrial-enhancer (CoQ10, PGC-1α activators, mito-
metformin) and RAAS-inhibitor trials specifically in CI-deficient / mtDNA-defined PD
subgroups.

Pharmacovigilance flag: Establish an alert to contraindicate aminoglycosides in MT-RNR1
variant carriers and valproate in POLG patients.

Consensus Answer

Parkinson Disease, Mitochondrial (OMIM 556500) is a rare maternally inherited parkinsonism
caused by  a  heteroplasmic  12S  rRNA point  mutation  (m.T1095C in  MT-RNR1)  that  impairs
mitochondrial  protein  synthesis  and  oxidative  phosphorylation,  producing  levodopa-
responsive  parkinsonism,  aminoglycoside-sensitive  sensorineural  deafness,  and  peripheral
neuropathy.  It  exemplifies  the  broader  central  role  of  mitochondrial  dysfunction  in  PD —
complex  I  deficiency  (stratifying  ~25%  of  idiopathic  cases),  nuclear  mtDNA-maintenance
failure  (POLG/TWNK),  and defective  PINK1–Parkin  mitophagy  (PINK1/PRKN)  — that  drives
selective loss of molecularly-defined SOX6⁺/AGTR1⁺ ventral-tier substantia nigra dopaminergic
neurons, with mtDNA haplogroups modulating sporadic risk and progression; management is
symptomatic with no proven disease-modifying therapy.
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