
Multiple Mitochondrial Dysfunctions
Syndrome 5 (MMDS5): A Comprehensive
Disease Characterization

Disease: Multiple  Mitochondrial  Dysfunctions  Syndrome  5  (MMDS5)  MONDO  ID:
MONDO:0033282  ·  OMIM: #617613  ·  Gene: ISCA1 (HGNC:16947;  OMIM  611006)  Category:*
Genetic — ultra-rare autosomal-recessive mitochondrial disorder

Summary

Multiple  Mitochondrial  Dysfunctions  Syndrome  5  (MMDS5)  is  an  ultra-rare,  autosomal-
recessive  inborn  error  of  mitochondrial  energy  metabolism  caused  by  biallelic  loss-of-
function variants in ISCA1, a gene encoding a core component of the late mitochondrial iron–
sulfur cluster (ISC) assembly machinery. ISCA1, together with its heterodimeric partner ISCA2,
receives [2Fe-2S] clusters from GLRX5/GRX5 and assembles mature [4Fe-4S] clusters, which it
then delivers—through an organizing role bridging ISCA2 and NFU1—to a broad set of client
apoproteins.  When  ISCA1  is  lost,  maturation  of  every  downstream  [4Fe-4S]  enzyme  fails
simultaneously,  producing a  combined deficiency of respiratory Complex I,  Complex II/
succinate  dehydrogenase,  aconitase,  and  lipoic  acid  synthase  (LIAS).  Because  LIAS  is
required  for  protein  lipoylation,  the  pyruvate  dehydrogenase  complex,  α-ketoglutarate
dehydrogenase, and the glycine cleavage system all lose activity, generating the biochemical
signature of lactic acidosis and hyperglycinemia on top of failed oxidative phosphorylation.

Clinically,  MMDS5  manifests  as  a  severe  infantile-onset  neurodegenerative  /
leukodystrophy syndrome: psychomotor regression with loss of gait and language, seizures,
tetrapyramidal/spastic syndrome, extensive white-matter abnormalities,  cortical  migrational
abnormalities, and early death. Fewer than ~10 patients from a handful of families have been
reported  worldwide.  A  recurrent  homozygous  c.259G>A  p.(Glu87Lys) allele  on  a  shared
haplotype behaves as a founder variant in the South Indian/Indian population; additional
pathogenic variants include  c.29T>G p.(Val10Gly) in the mitochondrial presequence and  p.
(Tyr101Cys). The disorder is phenotypically indistinguishable from the other MMDS subtypes



(MMDS1/NFU1, MMDS2/BOLA3, MMDS3/IBA57, MMDS4/ISCA2), so definitive diagnosis rests on
identifying  biallelic  ISCA1 variants  by  exome/genome sequencing  or  a  mitochondrial  gene
panel, layered on the shared biochemical fingerprint.

There is no disease-specific or curative therapy. Management is supportive (seizure control,
nutrition, physiotherapy) and often includes empiric "mitochondrial cocktails" of antioxidants
and cofactors of unproven benefit. Prognosis is poor, with rapid neurological deterioration and
death  in  infancy  or  early  childhood.  Prevention  relies  on  genetic  counseling,  carrier  and
cascade  testing,  and  prenatal/preimplantation  genetic  diagnosis.  A  neuron-specific  Isca1
knockout rat recapitulates the human neurological phenotype and, by surviving to ~8 weeks,
provides a preclinical window for therapeutic testing.

Key Findings

Finding 1 — MMDS5 is caused by biallelic ISCA1 variants disrupting
mitochondrial [4Fe-4S] cluster assembly

Multiple  independent  families  with  autosomal-recessive  MMDS5  carry  biallelic  pathogenic
variants in ISCA1 (chromosome 9; HGNC:16947; OMIM 611006). The reported allelic spectrum is
small  but  consistent:  a  homozygous  c.259G>A,  p.(Glu87Lys) founder variant  identified in  two
families and subsequently a third family; a homozygous c.29T>G, p.(Val10Gly) variant located in
the  mitochondrial  presequence;  and  a  p.(Tyr101Cys)*  variant  reported  in  the  compound/
heterozygous context. Functional studies across these reports converge on a loss-of-function
mechanism:  reduced  ISCA1  protein  level  and  stability,  decreased  [2Fe-2S]/[4Fe-4S]  cluster
stability,  impaired lipoic-acid synthesis,  and reduced respiratory Complex I  and Complex II
activities.

"revealed  a  homozygous  c.259G>A  [p.(Glu87Lys)]  variant  in  ISCA1  and  Mendelian
segregation was confirmed in both families" — PMID: 28356563

"A  homozygous  missense  mutation  in  ISCA1  (c.29T>G;  p.V10G)  identified  by  targeted
MitoExome sequencing resulted in dramatic reduction of ISCA1 protein level" —  PMID:
29767723

"a novel pathogenic variant p.(Tyr101Cys) in ISCA1 leading to MMDS type 5" —  PMID:
32092383
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"IBA57, along with ISCA1 and ISCA2, play a role in maturation of [4Fe-4S] clusters which
are  required  for  multiple  mitochondrial  enzymes  including  mitochondrial  Complex  I,
Complex II, lipoic acid synthase, and aconitase" — PMID: 37903659

Finding 2 — MMDS5 presents as an infantile-onset severe
neurodegenerative/leukodystrophy phenotype with early death

Reported  MMDS5  patients  show  early-onset  neurological  deterioration:  psychomotor
regression  with  loss  of  previously  acquired  gait  and  language,  seizures,  a  tetrapyramidal/
spastic syndrome, extensive white-matter abnormalities (leukodystrophy), cortical migrational
abnormalities, lactic acidosis, and early demise. Two independent clinical descriptions frame
the disorder as,  respectively,  "early onset  neurological  deterioration" with "extensive white
matter abnormalities" and a "severe early onset leukodystrophy." The neuron-specific  Isca1
knockout  rat  reproduces  this  constellation,  showing  developmental  retardation,  epilepsy,
memory impairment, and massive neuronal death.

"two  affected  children  each  with  early  onset  neurological  deterioration,  seizures,
extensive white matter abnormalities, cortical migrational abnormalities, lactic acidosis
and early demise" — PMID: 28356563

"a  patient  with  a  severe  early  onset  leukodystrophy,  multiple  defects  of  respiratory
complexes and a severe impairment of lipoic acid synthesis" — PMID: 29767723

"the  rats  suffered  from  developmental  retardation,  epilepsy,  memory  impairment,
massive  neuronal  death,  reduced  number  of  Nissl  bodies  and  dendritic  spines,
mitochondrial  fragmentation,  cristae  fracture,  reduced  content  of  respiratory  chain
complex protein, and reduced production of ATP" — PMID: 37140997

Suggested  HPO  terms: Developmental  regression  (HP:0002376),  Seizure  (HP:0001250),
Spasticity  (HP:0001257),  Leukodystrophy  (HP:0002415),  Lactic  acidosis  (HP:0003128),  Global
developmental  delay  (HP:0001263),  Abnormality  of  neuronal  migration  (HP:0002269),
Hyperglycinemia (HP:0002154).
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Finding 3 — Mechanistic causal chain: ISCA1 loss → failed [4Fe-4S]
maturation → lipoylation & OXPHOS failure → energy deficit

ISCA1 operates in the late mitochondrial ISC machinery (with ISCA2 and IBA57), converting
[2Fe-2S] to [4Fe-4S] clusters and inserting them into apoproteins. Its loss impairs  lipoic acid
synthase  (LIAS),  abolishing  lipoylation  of  the  pyruvate  dehydrogenase  complex,  α-
ketoglutarate dehydrogenase,  and the glycine cleavage system—explaining hyperglycinemia
and elevated organic acids—while simultaneously impairing Complex I, Complex II/SDH, and
aconitase. ISCA1 also feeds an ISCA1–NFU1 node required to insert a [4Fe-4S] cluster into the
mitoribosome  assembly  factor  METTL17,  linking  the  defect  to  attenuated  mitochondrial
translation.  The  net  result  is  a  combined  respiratory-chain  deficiency  with  reduced  ATP,
increased  reactive  oxygen  species,  lactic  acidosis,  and  neuronal  death  (oncosis),  as
demonstrated in the Isca1-knockout rat.

"lipoic  acid  synthase,  which  supports  the  Fe-S-dependent  process  of  lipoylation  of
components  of  multiple  key  enzyme  complexes,  including  pyruvate  dehydrogenase,
alpha-ketoglutarate dehydrogenase and the glycine cleavage complex" — PMID: 32776106

"the  assembly  of  the  small  subunit  depends  on  the  mitoribosome  biogenesis  factor
METTL17, recently reported containing a [4Fe-4S] cluster, which we propose is inserted
via the ISCA1-NFU1 node" — PMID: 37823603

"This machinery ensures the correct assembly of both [2Fe-2S] and [4Fe-4S] clusters and
their insertion in the mitochondrial target proteins" — PMID: 35883565

Finding 4 — ISCA1 is the central organizer of the late ISC machinery

In vitro NMR and biochemical  studies  show that  ISCA1 and ISCA2 form a  non-redundant
heterodimer that receives two [2Fe-2S] clusters from GLRX5/GRX5 and assembles a [4Fe-4S]
cluster. ISCA1 orchestrates maturation by binding both ISCA2 and NFU1—two proteins that do
not interact with each other—forming a transient ternary complex that transfers the [4Fe-4S]
cluster  to  NFU1-dependent  apoproteins.  ISCA2  additionally  partners  with  IBA57.  Disease-
associated  missense  mutations  across  these  accessory  proteins  map  to  protein/complex
interfaces and destabilize cluster binding, which explains why loss of the ISCA1 hub produces
a broad, multi-enzyme phenotype.
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"two  molecules  of  2Fe-2S GRX5  donate  their  cluster  to  a  heterodimeric  ISCA1/ISCA2
complex. This complex acts as an 'assembler' of [4Fe-4S] clusters" — PMID: 25347204

"ISCA1 is the key player of the [4Fe-4S] protein maturation process because of its ability to
interact with both NFU1 and ISCA2, which, instead do not interact each other" — PMID:
33711344

Finding 5 — No disease-specific therapy; supportive management with poor
prognosis

No  curative  or  FDA-approved  disease-specific  treatment  exists  for  MMDS5  or  any  MMDS
subtype.  Care  follows  general  primary  mitochondrial  disease  practice:  symptomatic  and
supportive  management  (seizure  control,  nutritional  support,  physiotherapy)  plus  empiric
"mitochondrial cocktails" of antioxidants and cofactors (e.g.,  riboflavin, thiamine, coenzyme
Q10, L-carnitine, N-acetylcysteine) whose efficacy is unproven. A Canadian physician survey
documented that  management  relies  on unstandardized empiric  cofactor  use.  Prognosis  is
poor,  with  rapid  neurological  deterioration  and  early  death.  The  neuron-specific
Isca1-knockout rat survives to ~8 weeks—longer than human patients—offering a therapeutic
testing window.

"Approximately half (49%) of participants would recommend 'mitochondrial cocktails' for
all or most patients, but we identified variation in responses regarding specific vitamins
and cofactors" — PMID: 31387656

"compared  with  human  MMDS5,  the  rat  model  can  survive  up  to  8  weeks  of  age,
effectively extending the window of clinical treatment research" — PMID: 37140997

Finding 6 — Ultra-rare autosomal-recessive disorder with a South Indian
founder variant and consanguinity association

MMDS5  (OMIM  #617613)  is  inherited  autosomal-recessively;  all  reported  patients  carry
biallelic  ISCA1 variants. Fewer than ~10 patients from a handful of families are described in
the literature, so precise prevalence and incidence are unknown (ultra-rare). The recurrent
homozygous  c.259G>A  p.(Glu87Lys) variant  occurs  on  a  shared  region  of  homozygosity
consistent with a founder effect in the Indian population, and affected families are typically
consanguineous. No sex predilection is reported—both sexes are affected.
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"The  ISCA1  variant  lies  in  the  only  shared  region  of  homozygosity  between  the  two
families suggesting the possibility of a founder effect" — PMID: 28356563

"Report of the Third Family with Multiple Mitochondrial Dysfunctions Syndrome 5 Caused
by the Founder Variant p.(Glu87Lys)" — PMID: 30105122

Finding 7 — Model systems recapitulate the [4Fe-4S] defect

Three complementary experimental models reproduce ISCA1 loss-of-function. (1) A  neuron-
specific  Isca1 conditional  knockout  rat (Rattus  norvegicus,  NCBI  Taxon  10116)  shows
developmental retardation, epilepsy, memory impairment, massive neuronal death (oncosis),
reduced  Nissl  bodies  and  dendritic  spines,  mitochondrial  fragmentation,  cristae  fracture,
reduced  respiratory-chain  complex  protein  and  ATP—recapitulating  the  human  phenotype
and surviving  ~8  weeks.  (2)  ISCA1 RNAi knockdown in HeLa cells impairs  biogenesis  of
mitochondrial  [4Fe-4S]  proteins  and  is  rescued  by  wild-type  but  only  partially  by  mutant
ISCA1.  (3)  Patient-derived  fibroblasts show  impaired  lipoic-acid  synthesis  and  reduced
Complex I/II activity. In vitro reconstituted human ISCA1/ISCA2 proteins model the underlying
biochemistry.

"This study established the disease model of MMDS5 in the nervous system for the first
time" — PMID: 37140997

"Down-regulation  of  ISCA1  in  HeLa  cells  by  RNAi  impaired  the  biogenesis  of
mitochondrial [4Fe-4S] proteins, yet could be complemented by expression of wild-type
ISCA1" — PMID: 29767723

Finding 8 — Phenotypically indistinguishable from other MMDS subtypes;
diagnosed by combined enzyme + lipoylation defect plus ISCA1 genotyping

MMDS5 shares its core phenotype with MMDS1 (NFU1), MMDS2 (BOLA3), MMDS3 (IBA57), and
MMDS4 (ISCA2). The shared biochemical signature—combined respiratory-chain (Complex I/II)
deficiency plus impaired lipoic-acid synthesis with elevated glycine, lactate, and organic acids
—flags the FeS-assembly disorder group, but definitive subtyping requires identifying biallelic
ISCA1 variants by WES/WGS or a mitochondrial gene panel. A genotype–function correlation is
evident:  the  presequence  variant  p.Val10Gly  severely  reduces  import/stability  and  only
partially complements in vitro, consistent with severe disease.
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"the  phenotype observed in  all  affected subjects  with  the  ISCA1 pathogenic  variant  is
similar to that previously described in all four types of MMDS" — PMID: 28356563

"the  ISCA1  p.V10G  mutant  protein  only  partially  complemented  the  defects,  closely
resembling the biochemical phenotypes observed for ISCA1 patient" — PMID: 29767723

Sectioned Disease Characterization

1. Disease Information

MMDS5 is a monogenic, autosomal-recessive mitochondrial disease characterized by combined
deficiency of multiple mitochondrial [4Fe-4S] enzymes due to a defect in iron–sulfur cluster
assembly.  Key identifiers:  MONDO:0033282,  OMIM #617613 (phenotype),  gene  ISCA1 OMIM
*611006 /  HGNC:16947.  There is no specific ICD-10 code beyond the mitochondrial disorder
umbrella (e.g., ICD-10 E88.40; ICD-11 5C53.1 for mitochondrial disease). Synonyms/alternative
names: "MMDS5," "Multiple mitochondrial dysfunctions syndrome 5," and descriptors used in
the  literature  such  as  "ISCA1-related  mitochondrial  disease"  and  "ISCA1  infantile-onset
leukodystrophy."  Information  is  derived  from  aggregated  disease-level  resources  and
individual case reports (a small number of published families), not from large EHR cohorts.

2. Etiology

Causal  factor: genetic—biallelic  (homozygous  or  compound  heterozygous)  loss-of-function
variants in  ISCA1.  Genetic risk factors: the disease-causing variants themselves (p.Glu87Lys
founder allele, p.Val10Gly, p.Tyr101Cys); consanguinity strongly increases risk of homozygosity
for recessive alleles. Environmental/protective/gene-environment factors: none established
for  this  Mendelian  disorder.  Because  MMDS5  is  fully  penetrant  Mendelian  disease,
environmental  modifiers,  lifestyle  factors,  and  protective  alleles  have  not  been  described.
Metabolic  stressors  (intercurrent  illness,  catabolic  states)  may  precipitate  acute
decompensation,  as  in mitochondrial  disease generally,  though this  is  inferred rather than
specifically documented for MMDS5.
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3. Phenotypes

Core  phenotypes  (all  clinical  signs/symptoms  and  laboratory  abnormalities):  neurological
deterioration/psychomotor  regression  (HP:0002376),  seizures  (HP:0001250),  spasticity/
tetrapyramidal  syndrome  (HP:0001257),  leukodystrophy/white-matter  abnormalities
(HP:0002415), cortical/neuronal migration abnormalities (HP:0002269), global developmental
delay (HP:0001263),  lactic  acidosis  (HP:0003128),  and hyperglycinemia (HP:0002154).  Onset:
neonatal to infantile.  Severity: severe.  Progression: rapidly progressive/neurodegenerative.
Frequency: neurological features and lactic acidosis appear in essentially all reported patients
(qualitative "very frequent"), though absolute percentages cannot be reliably derived from <10
cases. Quality-of-life impact: profound—affected children lose developmental milestones and
become fully dependent, with early death.

4. Genetic/Molecular Information

Causal  gene: ISCA1 (chromosome  9q21.33).  Pathogenic  variants: c.259G>A  p.(Glu87Lys)
(missense,  founder);  c.29T>G  p.(Val10Gly)  (missense,  presequence/import);  p.(Tyr101Cys)
(missense). All are missense LOF variants; classified pathogenic/likely pathogenic under ACMG/
AMP given functional and segregation evidence.  Allele frequency: ultra-rare/absent-to-very-
low in  gnomAD (consistent  with  a  recessive  founder  allele).  Origin: germline.  Functional
consequence: loss of function—reduced protein level/stability and impaired [4Fe-4S] cluster
assembly. Modifier/epigenetic/chromosomal: none established. This is a single-gene disorder
without reported large structural rearrangements.

5. Environmental Information

Not  applicable.  MMDS5  is  a  purely  genetic  Mendelian  disease;  no  environmental  factors,
lifestyle factors, or infectious agents are known to cause or trigger it. (Copper toxicity has been
shown in unrelated work to inhibit ISCA1/ISCA2/ISCU-mediated Fe-S biogenesis biochemically,
but this pertains to Wilson-disease pathophysiology, not to MMDS5 etiology.)

6. Mechanism / Pathophysiology

Ordered causal chain:

Biallelic ISCA1 loss-of-function variants → reduced ISCA1 protein level and stability
(demonstrated for p.Val10Gly; inferred for others).

→ Failure of the ISCA1–ISCA2 heterodimer to assemble [4Fe-4S] clusters from [2Fe-2S]
precursors donated by GLRX5/GRX5 (demonstrated in vitro).

1. 

2. 
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→ Failure of ISCA1 to bridge ISCA2 and NFU1, disrupting the transient ternary complex
that hands [4Fe-4S] clusters to client apoproteins (demonstrated in vitro).

Branch A → Loss of lipoic acid synthase (LIAS) activity → failed lipoylation of pyruvate
dehydrogenase, α-ketoglutarate dehydrogenase, and the glycine cleavage system → 

hyperglycinemia, elevated organic acids, impaired pyruvate oxidation → lactic
acidosis (demonstrated biochemically).

Branch B → Loss of Complex I, Complex II/SDH, and aconitase activity → impaired
oxidative phosphorylation and TCA-cycle flux → reduced ATP, increased ROS
(demonstrated).

Branch C → Failure of the ISCA1–NFU1 node to mature METTL17 → attenuated
mitochondrial small-subunit ribosome assembly → reduced mitochondrial translation
(proposed/inferred).

→ Bioenergetic failure in high-demand tissues (CNS) → mitochondrial fragmentation,
cristae disruption, neuronal death (oncosis), demyelination/leukodystrophy → infantile
neurodegeneration, seizures, spasticity, regression, early death (demonstrated in rat
model; consistent with human).

Molecular pathways / processes: mitochondrial iron–sulfur cluster assembly (GO:0016226),
[4Fe-4S]  cluster  assembly  (GO:0051539),  protein  lipoylation  (GO:0009249/GO:0036211),
oxidative phosphorylation, TCA cycle, mitochondrial translation. Protein dysfunction: loss of
function / reduced stability of ISCA1. Metabolic changes: impaired energy metabolism, lactic
acidosis,  glycine accumulation.  Tissue damage: oxidative  stress  and energy deficit  driving
neuronal  oncosis.  Cell  types: neurons  (CL:0000540)  and  oligodendrocytes/white  matter
(CL:0000128). Subcellular compartment: mitochondrion / mitochondrial matrix (GO:0005739,
GO:0005759).  CHEBI  entities: iron-sulfur  cluster  (CHEBI:30408  family),  lipoic  acid
(CHEBI:16494), glycine (CHEBI:15428), L-lactate (CHEBI:16651).

7. Anatomical Structures Affected

Primary organ/system: central nervous system / brain (UBERON:0000955), especially cerebral
white  matter  (UBERON:0002316)  and  cerebral  cortex  (UBERON:0000956).  Body  system:
nervous  system  (UBERON:0001016).  Secondary: systemic  metabolic  derangement  (lactic
acidosis)  affecting  multiple  organs;  skeletal  muscle  may show respiratory-chain  deficiency.
Tissue/cell: neurons  and  myelinating  glia;  subcellular: mitochondria.  Lateralization:
bilateral/diffuse (leukodystrophy is symmetric/diffuse rather than focal).

3. 

4. 

5. 

6. 

7. 
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8. Temporal Development

Onset: congenital-to-infantile,  insidious-to-subacute,  often  unmasked  or  accelerated  by
intercurrent illness. Course: progressive neurodegeneration with psychomotor regression; no
remission.  Duration: short—early death in infancy or early childhood in reported patients.
Critical period: early infancy (the therapeutic window during which brain injury is accruing).

9. Inheritance and Population

Inheritance: autosomal  recessive.  Penetrance: complete  (all  reported  biallelic  carriers
affected).  Expressivity: severe  and  relatively  consistent  within  the  small  reported  cohort.
Founder  effect: the  p.(Glu87Lys)  allele  on  a  shared  haplotype  in  the  Indian  population.
Consanguinity: commonly  associated  (homozygosity).  Carrier  frequency  /  prevalence  /
incidence: unknown; ultra-rare (<10 reported patients). Sex ratio: no predilection (both sexes
affected). Anticipation / mosaicism: not reported/not applicable.

10. Diagnostics

Biochemical: elevated blood/CSF lactate; elevated plasma glycine (hyperglycinemia); elevated
organic acids; reduced fibroblast/muscle Complex I and Complex II activities; reduced protein
lipoylation on immunoblot.  Imaging: brain MRI showing leukodystrophy/white-matter signal
abnormalities  and  cortical  migrational  abnormalities.  Genetic  testing  (definitive): whole-
exome or  whole-genome sequencing,  or  a  mitochondrial/nuclear-mitochondrial  gene  panel
including  ISCA1;  single-gene testing appropriate when the founder allele is suspected in an
Indian consanguineous family.  Differential diagnosis: other MMDS subtypes (MMDS1 NFU1,
MMDS2  BOLA3,  MMDS3  IBA57,  MMDS4  ISCA2), other leukodystrophies, PDH deficiency, and
glycine encephalopathy—distinguished by gene identification. Screening: carrier and cascade
testing in affected families; prenatal testing where the familial variant is known.

11. Outcome/Prognosis

Prognosis is poor: rapid neurological deterioration and early death in infancy/early childhood
in reported patients. Morbidity: profound neurodevelopmental disability, seizures, and loss of
motor and language function. Complications: recurrent metabolic decompensation with lactic
acidosis,  feeding  difficulties,  and  seizure-related  morbidity.  Recovery  potential: none
(progressive,  no  disease-modifying  therapy).  Prognostic  factors: genotype  severity  (e.g.,
import-disrupting  presequence  variants)  and  degree  of  enzymatic/biochemical  defect  are
plausible but not formally validated across the tiny cohort.
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12. Treatment

No disease-specific or curative therapy.  Supportive/pharmacologic: antiseizure medications;
nutritional  support;  physiotherapy/occupational/speech  therapy.  Empiric  "mitochondrial
cocktail": riboflavin,  thiamine,  coenzyme  Q10,  L-carnitine,  N-acetylcysteine—efficacy
unproven.  Experimental/preclinical: combinatorial  glucose  +  nicotinic  acid  +  N-
acetylcysteine showed synergistic rescue in C. elegans and zebrafish complex I disease models
(not  MMDS5-specific);  the  Isca1-KO rat  provides  a  platform for  testing  candidate  therapies
within  its  ~8-week  survival  window.  NCIT-type  intervention  categories: supportive  care,
anticonvulsant therapy, dietary/nutritional supplementation. No gene, cell, or RNA therapies
are approved or in trials for MMDS5.

13. Prevention

Primary  prevention: genetic  counseling  for  at-risk  (especially  consanguineous)  families;
carrier  screening.  Secondary/tertiary: cascade  testing,  prenatal  diagnosis,  and
preimplantation genetic testing where the familial variant is known; anticipatory management
of metabolic crises. No vaccine or public-health intervention is applicable (non-infectious, non-
environmental Mendelian disorder).

14. Other Species / Natural Disease

Orthologs  /  model  species: Rattus  norvegicus (NCBI  Taxon  10116;  Isca1),  Homo  sapiens
(ISCA1);  the  gene  family  is  deeply  conserved  (bacterial  IscA/SufA  homologs).  No  naturally
occurring  companion-animal  or  wildlife  MMDS5  disease  is  reported.  Evolutionary
conservation of the ISC assembly machinery underlies the utility of cross-species models.

15. Model Organisms

Neuron-specific Isca1 conditional knockout rat — first in vivo MMDS5 model;
recapitulates developmental retardation, epilepsy, memory impairment, neuronal death,
mitochondrial ultrastructural damage, reduced respiratory-chain protein and ATP; survives
~8 weeks (PMID: 37140997).

HeLa ISCA1 RNAi knockdown — impaired [4Fe-4S] protein biogenesis, rescued by WT
(fully) and mutant (partially) ISCA1 (PMID: 29767723).

Patient-derived fibroblasts — impaired lipoic-acid synthesis, reduced Complex I/II activity
(PMID: 32092383; PMID: 29767723).

• 

• 

• 
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In vitro reconstituted human ISCA1/ISCA2 proteins — biochemical model of [4Fe-4S]
assembly (PMID: 25347204; PMID: 33711344).

Limitation of  models: the  rat's  longer  survival  and the  incomplete  replication of  the  full
human leukodystrophy spectrum mean therapeutic findings require careful translation.

Mechanistic Model / Interpretation

   Biallelic ISCA1 LOF variants (p.Glu87Lys / p.Val10Gly / p.Tyr101Cys)
                              │  reduced ISCA1 protein & stability
                              ▼
        ISCA1–ISCA2 heterodimer fails to assemble [4Fe-4S] clusters
          (receives [2Fe-2S] from GLRX5; ISCA1 bridges ISCA2 & NFU1)
                              │
        ┌─────────────────────┼──────────────────────────┐
        ▼                     ▼                           ▼
  LIAS not matured     Complex I, II/SDH,          METTL17 not matured
        │              aconitase not matured        (ISCA1–NFU1 node)
        ▼                     ▼                           ▼
 Loss of lipoylation:   OXPHOS + TCA failure     Attenuated mito translation
 PDH, KGDH, GCS               │                     (proposed/inferred)
        │                     ▼
        ▼             ↓ATP, ↑ROS, ↑lactate
 Hyperglycinemia,             │
 lactic acidosis,             ▼
 organic aciduria    Bioenergetic failure in neurons & glia
        └───────────────┬─────┘
                        ▼
   Neuronal death (oncosis), leukodystrophy, cortical migration defects
                        ▼
   Infantile neurodegeneration, seizures, spasticity, regression, early death

The  unifying  concept  is  that  ISCA1 is  a  non-redundant  hub of  the  late  ISC  machinery.
Because a single upstream lesion (failed [4Fe-4S] assembly) propagates to every downstream
client enzyme, MMDS5 is fundamentally a combined enzyme-deficiency disorder rather than a
single-enzyme defect. The lipoylation branch explains the distinctive biochemical fingerprint
(hyperglycinemia + lactic acidosis + organic aciduria), while the OXPHOS branch explains the
energy deficit; the two branches together account for the severe, brain-predominant, rapidly

• 
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fatal  clinical  picture.  This same convergence explains why the five MMDS subtypes (which
affect  different  nodes  of  the  same  pathway)  are  clinically  indistinguishable  and  require
molecular genotyping to separate.

MMDS subtype Gene OMIM Pathway role

MMDS1 NFU1 #605711 [4Fe-4S] carrier / target insertion

MMDS2 BOLA3 #614299 Mitoribosome / Fe-S assembly cofactor

MMDS3 IBA57 #615330 Late ISC maturation (with ISCA2)

MMDS4 ISCA2 #616370 [4Fe-4S] assembler (ISCA1 partner)

MMDS5 ISCA1 #617613 [4Fe-4S] assembler / central organizer
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Evidence Base

PMID Title (abbrev.) Evidence type Supports

28356563
Homozygous p.(Glu87Lys) in 
ISCA1 → MMDS

Human clinical +
genetics

F1, F2, F6, F8 (founder variant;
core phenotype; MMDS overlap)

29767723
ISCA1 mutation → infantile
leukodystrophy, [4Fe-4S]
defects

Human + cellular
(HeLa RNAi)

F1, F2, F7, F8 (second variant;
leukodystrophy;
complementation)

32092383
Novel ISCA1 p.(Tyr101Cys),
cluster instability

Human + in vitro
F1, F7 (third variant; fibroblast
defect)

30105122
Third family with founder p.
(Glu87Lys)

Human clinical F6 (recurrence, ultra-rarity)

37140997 Neuron-specific Isca1 KO rat Model organism
F2, F5, F7 (in vivo phenotype;
treatment window)

32776106
NFU1 [4Fe-4S] assembly
from ISCU2/ISCA1

In vitro
biochemistry

F3 (lipoylation link, PDH/KGDH/
GCS)

37823603
BOLA3/NFU1 link
mitoribosome ISC to MMDS

In vitro /
molecular

F3 (METTL17 / mito translation
branch)

35883565
Molecular basis of [4Fe-4S]
maturation diseases

Review
F3, F4 (machinery, interface
mutations)

25347204
[4Fe-4S] formation in
mitochondrial ISC
machinery

In vitro
biochemistry

F4 (ISCA1/ISCA2 assembler)

33711344
ISCA1 orchestrates ISCA2 &
NFU1

In vitro
biochemistry

F4 (ISCA1 as central organizer)

37903659
IBA57 MMDS case; client
enzymes

Human + review F1 (client enzyme definition)

31387656
Canadian survey of
mitochondrial disease care

Clinical survey F5 (empiric cocktail practice)

33640978
Glu+NA+NAC synergy in
complex I models

Model organism
F5 (candidate therapy, non-
specific)
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All  quoted  snippets  above  were  validated  against  the  corresponding  abstracts  during  the
investigation.

Limitations and Knowledge Gaps

Extremely small evidence base: fewer than ~10 patients from a handful of families.
Phenotype frequencies, penetrance nuances, and genotype–phenotype correlations cannot
be quantified statistically; qualitative descriptors are the best available.

Allelic spectrum is narrow: only three missense variants are well described; the full
spectrum (truncating, splice, structural) and their consequences are unknown.

Epidemiology unknown: no reliable prevalence, incidence, or carrier-frequency estimates;
the founder allele's population frequency in India is not precisely quantified.

Mechanistic branches partly inferred: the METTL17/mitochondrial-translation branch is
proposed rather than demonstrated specifically in MMDS5 patient tissue; the precise driver
of selective CNS vulnerability is not resolved.

No natural-history study or validated biomarkers for progression or treatment response.

Model translation gap: the rat model survives longer and may not fully reproduce the
human leukodystrophy; no MMDS5-specific therapeutic has been tested in vivo.

Proposed Follow-up Experiments / Actions

Establish an international MMDS5 patient registry to aggregate cases, standardize
phenotyping (HPO-coded), and estimate natural history and genotype–phenotype
correlations.

Expand the variant catalog via systematic ISCA1 screening in undiagnosed
leukodystrophy/combined-OXPHOS cohorts; deposit and curate variants in ClinVar with
functional evidence.

Quantify the Indian founder allele frequency in population and carrier-screening
datasets to inform prevalence and targeted carrier screening.

• 

• 

• 

• 

• 

• 

1. 

2. 

3. 
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Test candidate therapeutics in the neuron-specific Isca1-KO rat within its ~8-week
window—e.g., the Glu+NA+NAC regimen, lipoic-acid/lipoylation-supporting strategies, and
AAV-mediated ISCA1 gene replacement.

Dissect selective neuronal vulnerability using patient iPSC-derived neurons/organoids
and single-cell transcriptomics to map which [4Fe-4S] clients are most rate-limiting in CNS
energetics.

Validate the METTL17/mitochondrial-translation branch directly in MMDS5 patient-
derived cells to confirm its contribution to pathology.

Develop diagnostic biochemical panels (lipoylation immunoblot + glycine/lactate/organic-
acid signatures) to accelerate recognition and prompt confirmatory ISCA1 genotyping.

Report  compiled  from  an  autonomous  multi-iteration  investigation  (8  confirmed  findings,  27
papers reviewed). Evidence types span human clinical/genetic reports, in vitro biochemistry, and
model-organism studies, as annotated above.
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