
MEGDEL / MEGD(H)EL Syndrome —
Comprehensive Disease Characterization

Disease: 3-Methylglutaconic Aciduria with Deafness, Encephalopathy, and Leigh-like syndrome
(MEGDEL); with hepatopathy = MEGD(H)EL / MEGDHEL  Causal gene: SERAC1 (serine active
site-containing  protein  1)  Category: Rare  autosomal-recessive  inborn  error  of  metabolism
(secondary 3-methylglutaconic aciduria / mitochondrial phospholipid-remodeling disorder)

Evidence base:  This report is  compiled from disease-level resources (OMIM, Orphanet)
and primary human clinical literature (case reports and small case series), the landmark
gene-discovery  study,  one  large  systematic  MRI  series,  in-vitro  fibroblast/functional
studies, and one naturally occurring animal (canine) model. No population EHR cohort or
large  registry  natural-history  dataset  was  available;  most  clinical  detail  derives  from
aggregated individual patient reports (~100 patients reported worldwide).

1. Disease Information

MEGDEL  syndrome  is  a  rare  autosomal-recessive  neurometabolic  disorder  defined  by  the
constellation  3-Methylglutaconic  aciduria,  Deafness  (sensorineural,  with  dystonia),
Encephalopathy, and Leigh-like changes on brain MRI. When infantile hepatopathy is present
(it  is  a  cardinal  feature),  the  disorder  is  termed  MEGD(H)EL /  MEGDHEL.  It  is  caused by
biallelic  pathogenic  variants  in  SERAC1 and  is  one  of  the  "secondary"  3-methylglutaconic
acidurias caused by defective mitochondrial phospholipid remodeling.

"MEGDEL syndrome is an autosomal recessive disorder, clinically characterized by 3-
methylglutaconic aciduria, psychomotor delay, muscle hypotonia, sensorineural deafness,
and Leigh-like lesions on brain magnetic resonance imaging"
(

32684373
).

"This disorder is caused by biallelic mutations in serine active site-containing protein 1
(SERAC1) gene. When these patients experience hepatopathy (H)…the syndrome is referred
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to as MEGD(H)EL"
(

39592976
).

Key  identifiers -  OMIM: #614739  (MEGDEL  syndrome)  —  confirmed  in

25642805

("MEGDEL  syndrome  …  MIM  #614739").  -  Gene: SERAC1,  HGNC:21061;  NCBI  Gene  84947;
Ensembl ENSG00000122335; UniProt Q96JX3; locus 6q25.3 (homozygosity mapping candidate
region  6q25.2–6q26,

23918762
).

-  Orphanet: ORPHA:352328 (MEGD(H)EL syndrome)  (database  identifier;  confirm in  current
Orphanet). - MONDO: MONDO:0013875 (database identifier; confirm in current MONDO release).
- MeSH: no dedicated descriptor; indexed under "3-Methylglutaconic aciduria," "Mitochondrial
Diseases,"  "Leigh  Disease."  -  ICD-11: 5C50.4-class  (disorders  of  mitochondrial/energy
metabolism) / ICD-10 E71.1-class (no specific code).

Synonyms / alternative names: MEGDEL syndrome; MEGD(H)EL / MEGDHEL syndrome; 3-
methylglutaconic  aciduria  with  deafness,  encephalopathy  and  Leigh-like  syndrome;  3-
methylglutaconic aciduria type IV with sensorineural deafness, encephalopathy and Leigh-like
syndrome
(

23918762
);

SERAC1 deficiency; "dystonia–deafness syndrome" (SERAC1-related).

MONDO  suggestion: MONDO:0013875  (3-methylglutaconic  aciduria  with  deafness,
encephalopathy, and Leigh-like syndrome).

2. Etiology

Primary cause — genetic. MEGDEL is monogenic and recessive: biallelic loss-of-function of
SERAC1 is necessary and sufficient. "Using exome sequencing, we identify SERAC1 mutations
as  the  cause  of  MEGDEL  syndrome"
(

22683713
).
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Genetic  risk  factors. -  Causal  variants:  biallelic  SERAC1 pathogenic  variants  (see  §4).  No
susceptibility loci or GWAS signals exist (Mendelian disorder). - Consanguinity is a major risk
factor  —  most  reported  families  are  consanguineous  and  homozygous  (e.g.,  Tunisia

35943861
;

Saudi  Arabia

38559521
;

Palestine 

25051967
;

Turkey 

27186703
;

Egypt 

40821445
).

Environmental risk factors. None established as causal. As in other mitochondrial disorders,
intercurrent  catabolic  stress (infection,  fasting,  fever,  surgery/anesthesia)  can  precipitate
metabolic decompensation/crises but does not cause the disease.  No toxin,  occupational,  or
infectious cause.

Protective  factors. No  genetic  or  environmental  protective  factors  identified.  Within  the
SERAC1 spectrum,  residual  protein  function (hypomorphic  missense/splice  alleles)  is
associated  with  milder  disease  (see  §4/§8),  functioning  as  an  intrinsic  genetic  modifier  of
severity rather than a protective allele per se.

Gene–environment interactions. Not formally studied. Clinically, catabolic triggers interact
with  the  underlying  energy-metabolism defect  to  provoke  crises;  avoidance  of  fasting  and
prompt treatment of infections is protective against decompensation.

3. Phenotypes

Phenotype  type  key:  Sign/symptom,  Lab  abnormality,  Imaging,  Behavioral.  Onset  is
predominantly  neonatal–infantile;  course  is  progressive for  the  neurological  features.
Frequencies  below  are  qualitative  (derived  from  aggregated  case  reports;  large-cohort
percentages are limited).
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Phenotype Type HPO term Onset Frequency Notes

3-
methylglutaconic
aciduria

Lab HP:0003535 Neonatal
Universal
(defining)

Persistent; with
3-
methylglutaric
aciduria

Sensorineural
hearing loss /
deafness

Sign HP:0000407 Infancy

Very
frequent
(near-
universal,
"D")

Often severe;
progressive;
managed with
cochlear
implants

Dystonia Sign HP:0001332
Infancy–
childhood

Very
frequent
("D")

Progressive,
often
generalized

Spasticity / spastic
tetraparesis

Sign
HP:0001257 /
HP:0001285

Childhood,
progressive

Frequent

Basis of the
cHSP-like
milder
phenotype

Severe
psychomotor/
developmental
delay & regression

Sign
HP:0011344 /
HP:0002376

Infancy
Very
frequent
("E")

Encephalopathy

Muscle hypotonia
(truncal)

Sign HP:0001252 Infancy Frequent Early feature

Leigh-like basal
ganglia lesions

Imaging
HP:0002518/
HP:0002134

Infancy
Very
frequent
("L")

"Putaminal eye"
pathognomonic

Infantile
hepatopathy /
acute liver failure

Sign/Lab
HP:0001410 /
HP:0001392

Neonatal
Cardinal
(defining
"H")

May have
normal
transaminases,
no cholestasis

Elevated lactate
(blood/CSF)

Lab
HP:0002151 /
HP:0003128

Neonatal
Frequent
(variable)

Can be normal
in some

Lab Neonatal Frequent
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Phenotype Type HPO term Onset Frequency Notes

Elevated plasma
alanine

HP:0500181-
class

Marker of lactic
acidosis

Hyperammonemia Lab HP:0001987 Neonatal
Subset
(severe
cases)

Can dominate
neonatal crisis

Hypoglycemia Lab HP:0001943 Neonatal Subset During crisis

Seizures / epilepsy
(incl. myoclonic)

Sign
HP:0001250 /
HP:0002123

Variable Subset

Microcephaly Sign HP:0000252 Infancy Subset

Optic atrophy Sign HP:0000648 Childhood
Subset
(expanding
phenotype)

Feeding
difficulties /
failure to thrive /
growth
retardation

Sign
HP:0011968 /
HP:0001508

Infancy Frequent

Dysmorphic
features

Sign HP:0001999 Congenital Subset

Intellectual
disability

Sign HP:0001249 Childhood Frequent

Autistic behavior Behavioral HP:0000729 Variable
Subset
(milder/
adult)

Scoliosis Sign HP:0002650 Childhood Subset

Supporting  quotes:  -  "microcephaly,  growth  retardation,  dysmorphic  features,  severe
sensorineural deafness, progressive spasticity, dystonia, seizures, basal ganglia involvement.
Metabolic  acidosis,  mild  hyperammonemia  and  lactic  acidemia  were  accompanied  with
clinical  findings  in  newborn  period"
(

27186703
).
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-  "sensorineural  hearing  loss,  encephalopathy,  and  Leigh-like  pattern  on  MRI  (MEGDEL
syndrome), as well as developmental delay and developmental regression, bilateral optic nerve
atrophy,  microcephaly,  and  myoclonic  epilepsy"
(

24997715
).

Quality-of-life impact. Severe: combined profound deafness, movement disorder (dystonia/
spasticity),  intellectual disability, epilepsy and feeding problems produce major dependence
for daily functioning; most severely affected children are non-ambulatory and non-verbal with
high care needs. Formal QoL instruments (EQ-5D/SF-36/PROMIS) have not been reported for
this ultra-rare disease.

4. Genetic / Molecular Information

Causal gene: SERAC1 (HGNC:21061; OMIM 614725; gene product Q96JX3), chromosome 6q25.3.
It is the  only* gene associated with MEGDEL. "Homozygosity mapping identified a candidate
locus  on  6q25.2-6q26"
(

23918762
).

Pathogenic  variant  spectrum  (germline;  predominantly  loss-of-function). Reported
biallelic  variants  include:  -  Nonsense:  c.1379G>A  (p.Trp460*) homozygous,  Tunisia
(

35943861
);

c.442C>T  (p.Arg148*)
(

24997715
).

-  Frameshift:  c.1018delT homozygous,  Palestine
(

25051967
);

c.438delC  (p.Thr147Argfs*22)
(

24997715
).

-  Splice-site:  novel  splice  variant  causing  juvenile  cHSP  in  a  large  family
(

28916646
).

-  Insertion:  rs797045105 (c...CATG  insertion),  homozygous
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(
33613893

).

-  Structural  /  exonic  deletion:  deletion  of  ≥  exons  2–4  (pathogenic)
(

35781780
);

a  homozygous  deletion  variant
(

38559521
).

-  Missense  (often  milder/hypomorphic):  c.1495A>G  (p.Met499Val) in  complicated  HSP
(

35223715
);

c.1601A>T  (p.His534Leu) likely  pathogenic
(

35781780
).

Note:  p.Phe471  (rs112780453) is  considered  benign
(

37711114
).

"Whole  exome  sequencing  revealed  two  loss-of-function  mutations  in  SERAC1  in  trans:
c.438delC  (p.T147Rfs*22)  and  c.442C>T  (p.R148X)"
(

24997715
).

Variant  classification  (ACMG/AMP): most  reported  truncating/frameshift/large-deletion
variants are Pathogenic; several missense are Likely pathogenic or VUS; rs112780453 (p.F471)
benign.  Functional consequence: loss of function — "Both mutations were found to lead to
decreased  or  absent  expression  of  SERAC1"
(

35943861
);

a  C-terminal  truncation  mislocalizes  the  protein  away  from  mitochondria
(

34751152
).

Allele frequency: individual pathogenic alleles are extremely rare in gnomAD (mostly absent
or  singleton);  no common founder allele  established,  though recurrent  homozygous alleles
occur  in  specific  consanguineous  pedigrees.  Carrier  frequency  is  not  precisely  established
(ultra-rare).
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Somatic  vs  germline: exclusively  germline.  Modifier  genes: none  defined;  the  principal
modifier  of  severity  is  the  SERAC1 genotype  itself  (LoF  vs  hypomorphic).  Epigenetic
information: none  reported.  Chromosomal  abnormalities: none  characteristic  (large
intragenic deletions detectable by CMA/CNV analysis occur, e.g., exon 2–4 deletion).

Gene/GO annotations: SERAC1 — GO:0006655 (phosphatidylglycerol  biosynthetic process)  /
GO:0032048  (cardiolipin  metabolic  process);  GO:0044233  (mitochondria-associated  ER
membrane);  GO:0030299  (intestinal  cholesterol  absorption)/cholesterol  transport;  molecular
function serine hydrolase / phospholipid remodeling (transacylase) activity.

5. Environmental Information

Environmental/toxic factors: none causal.

Lifestyle factors: not applicable (congenital genetic disease).

Infectious agents: none causal. Infections act only as non-specific catabolic triggers of
metabolic decompensation; neonates may present with a sepsis-like metabolic crisis that
mimics infection.

6. Mechanism / Pathophysiology

Ordered causal chain (initiating lesion → clinical manifestation)

Biallelic SERAC1 loss-of-function variants → absent or non-functional SERAC1 protein
(demonstrated: no protein detected in patient fibroblasts, 

34751152
;

decreased/absent expression, 

35943861
).

Loss of SERAC1 at the mitochondria-associated ER membrane (MAM)/ER–mitochondria
contact site → impaired phosphatidylglycerol (PG) remodeling (elevated PG-34:1,
decreased PG-36:1) (demonstrated in vitro, 

22683713
).
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Altered PG pool → abnormal cardiolipin subspecies composition → impaired assembly/
stability and function of OXPHOS complexes (branch A; inferred from cardiolipin's role,
with measured complex I/III/IV reduction in liver mitochondria, 

34751152
).

In parallel (branch B): reduced bis(monoacylglycerol)phosphate (BMP) → accumulation
of free/unesterified cholesterol and defective intracellular cholesterol trafficking
(demonstrated by abnormal filipin staining, 

22683713
;

34751152
).

In parallel (branch C): disrupted ER–mitochondria interplay → fragmented mitochondrial
network + abnormal (circular) cristae and deficient Ca²⁺ transfer from cytoplasm to
mitochondria (demonstrated, 

34751152
;

ultrastructure 

35781780
).

Convergence → mitochondrial energy (OXPHOS) failure / bioenergetic insufficiency →

secondary 3-methylglutaconic aciduria and lactic acidosis (biomarkers of mitochondrial
dysfunction).

Bioenergetic failure in high-energy-demand tissues → selective vulnerability: basal-
ganglia (putamen>caudate>pallidus) neurodegeneration → dystonia/spasticity/Leigh-like
MRI; cochlear/auditory neurons → sensorineural deafness; hepatocytes → infantile
hepatopathy/liver failure; brain broadly → encephalopathy/developmental delay.

(Additional/inferred) SERAC1 participates in a mitochondrial serine transporter complex
required for mtDNA maintenance, providing a further route to mitochondrial
dysfunction
(

35235340
;

some patients show hepatic mtDNA depletion, 

23918762
).
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Upstream  nodes  =  SERAC1  LoF  and  MAM  phospholipid-remodeling  defect;  downstream  =
cardiolipin/OXPHOS failure, cholesterol mistrafficking, Ca²⁺ dysregulation, and tissue-specific
neuro-/hepatodegeneration.

Detail by category

Molecular pathways / biochemistry: phosphatidylglycerol → cardiolipin remodeling
pathway (glycerophospholipid metabolism, KEGG hsa00564); intracellular cholesterol
transport (LDL/lysosomal → ER). Secondary block manifests as leucine-independent 3-MGA-
uria (distinct from primary AUH defect).

Cellular processes: disrupted ER–mitochondria contact, mitochondrial fission/fusion
imbalance (network fragmentation), impaired mitochondrial Ca²⁺ uptake, and downstream
apoptosis/neurodegeneration; bioenergetic failure.

Protein dysfunction: loss of function via truncation/degradation or mislocalization ("the
mutant protein with a 45-amino acid C-terminal truncation was distributed throughout the
cell, whereas wild-type SERAC1 partially colocalized with the mitochondrial marker MT-
CO1," 

34751152
).

Metabolic changes: impaired oxidative phosphorylation (complexes I/III/IV ↓), lactic
acidosis, elevated alanine, 3-methylglutaconic/3-methylglutaric aciduria; altered
phospholipid/cholesterol homeostasis.

Lipidomics: ↑PG-34:1, ↓PG-36:1 (increased PG34:1/PG36:1 ratio), altered cardiolipin
subspecies, ↓BMP, ↑free cholesterol.

Immune involvement: none primary.

Tissue-damage mechanisms: energy-deprivation neurodegeneration (Leigh-like),
mitochondrial hepatopathy; oxidative/bioenergetic stress inferred.

Molecular profiling: dedicated transcriptomic/proteomic/GEO datasets are limited;
mechanistic data derive from patient fibroblasts, COS-1 transfection, and one functional cell
model
(

35235340
).

GO  term  suggestions: GO:0044233  (mitochondria-associated  ER  membrane),  GO:0032048
(cardiolipin metabolic process),  GO:0006655 (phosphatidylglycerol biosynthesis),  GO:0006874
(cellular Ca²⁺ homeostasis), GO:0007005 (mitochondrion organization), GO:0006119 (oxidative
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phosphorylation),  GO:0008203  (cholesterol  metabolic  process).  Cell  types  (CL): CL:0000540
(neuron;  medium spiny/striatal  neurons),  CL:0000598 (cochlear  hair  cell)/auditory  neurons,
CL:0000182 (hepatocyte).

7. Anatomical Structures Affected

Organ  level  (primary): brain  —  especially  basal  ganglia  (putamen  UBERON:0001874  >
caudate nucleus UBERON:0001873 > globus pallidus UBERON:0002477); inner ear / cochlea
(UBERON:0001844) (auditory  system);  liver  (UBERON:0002107).  Secondary/other:  eye/optic
nerve  (UBERON:0000941/UBERON:0000941),  skeletal  muscle,  peripheral  nerves,  heart,
endocrine  organs,  skeleton  (scoliosis)  —  reflecting  the  broadening  multisystem  spectrum
(

32684373
).

Body systems: nervous (central  — extrapyramidal/basal  ganglia,  and sensory — auditory),
digestive/hepatobiliary, and (variably) ophthalmologic, musculoskeletal, cardiac, endocrine.

Tissue/cell level: nervous tissue (striatal neurons), sensory epithelium/neurons of the cochlea,
hepatic  parenchyma  (hepatocytes  with  granular  cytoplasm,  fine  lipid  droplets  —

35781780
).

Subcellular level: mitochondrion (GO:0005739),  mitochondrial  inner membrane/cristae
(GO:0005743),  ER  membrane  (GO:0005789),  and  the  mitochondria-associated  ER
membrane  (GO:0044233);  abnormal  circular  mitochondrial  cristae  and  fragmented
mitochondrial network.

Localization/lateralization: basal-ganglia  lesions  and  hearing  loss  are  bilateral  and
symmetric
(

35223715
:

"symmetric flake abnormal signal shadow in the bilateral basal ganglia").
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8. Temporal Development

Onset: typically neonatal to early-infantile; often an acute neonatal metabolic/hepatic
crisis (sepsis-like). Milder hypomorphic genotypes present later (juvenile complicated HSP;
rarely adult-onset dystonia).

Two-phase natural history (classic/severe):

Neonatal decompensation — lactic acidosis, hepatopathy ± hyperammonemia/
hypoglycemia (can be lethal; 

38445077
,

34751152
).

Chronic progressive neurodegeneration — infantile sensorineural deafness, truncal
hypotonia, severe psychomotor delay/regression, then progressive spasticity and dystonia
with basal-ganglia degeneration
(

27186703
).

MRI staging (5 stages): stage 1 pallidal T2 change → stage 2 putaminal/caudate swelling
with spared dorsal-putaminal "eye" → later progressive putaminal involvement
(

25642805
).

Progression rate/course: chronic, progressive; variable by genotype. Duration: lifelong/
chronic; often shortened by early death in severe cases.

Remission: no true remission; however, some milder patients stabilize or partially
improve ("her verbal and motor development has progressively improved…exceeding
clinical expectations," 

35781780
).

Critical period / intervention window: the neonatal metabolic crisis is the key window
where aggressive metabolic/supportive management can be life-saving.

HPO  onset  modifiers: HP:0003623  (Neonatal  onset),  HP:0011463  (Childhood  onset),
HP:0003577 (Congenital onset for some features), HP:0003676 (Progressive).
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9. Inheritance and Population

Inheritance: autosomal recessive (AR). "MEGDEL syndrome is an autosomal recessive
disorder"
(

32684373
).

Penetrance: essentially complete for biallelic LoF; expressivity variable (severity graded
by genotype/residual function).

Epidemiology: ultra-rare — "about 100 cases reported worldwide"
(

35943861
);

"at least 102 patients have been reported" since 2006
(

32684373
).

Precise prevalence/incidence are not established (Orphanet: prevalence <1/1,000,000;
unknown).

Consanguinity / founder effects: strong role of consanguinity; recurrent homozygous
variants in individual pedigrees; no single global founder allele established. Over-
representation of reported families from the Middle East/North Africa (Tunisia, Saudi
Arabia, Palestine, Turkey, Egypt, Iran) plus reports from Europe, China, and elsewhere.

Carrier frequency: not precisely defined; individual alleles are very rare in gnomAD.

Sex ratio: ~1:1 (AR; no sex predilection reported). Age distribution: predominantly infants/
children; milder cases into adolescence–adulthood.

Genetic anticipation / germline mosaicism: not applicable / not reported.

10. Diagnostics

Laboratory  (biochemical): -  Urine  organic  acids  (GC/MS): persistently  elevated  3-
methylglutaconic acid and 3-methylglutaric acid (defining) — LOINC organic acids panel. -
Plasma: elevated  lactate and  alanine (variable);  crisis:  hyperammonemia, hypoglycemia,
metabolic acidosis. "elevated urinary 3-metilglutaconic and 3-metilglutaric acids, high lactate
and  alanine  in  serum"
(

37711114
).
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Note  lactate/OXPHOS  can  be  normal in  some
(

25051967
).

-  Disease-specific cell  biomarkers (fibroblasts): increased  PG34:1/PG36:1 ratio;  abnormal
filipin  staining (free  cholesterol)
(

22683713
,

28916646
).

Imaging: brain  MRI is  central  —  staged  basal-ganglia/putaminal  pattern with  the
pathognomonic  dorsal-putaminal  "eye" enabling  pattern-recognition  diagnosis
(

25642805
);

generalized atrophy in older/advanced disease.

Biopsy/pathology: liver  — hepatocytes  with  granular  cytoplasm and fine  intracytoplasmic
lipid  droplets;  ultrastructure  with  abnormal  circular  mitochondrial  cristae
(

35781780
).

Muscle respiratory-chain findings variable.

Genetic  testing  (confirmatory): identify  biallelic  pathogenic  SERAC1 variants.
Recommended approach: WES or WGS (most reported diagnoses), gene panels (mitochondrial/
3-MGA-uria/leukodystrophy  panels  including  SERAC1),  single-gene  sequencing  when
phenotype is classic, and CMA/CNV/deletion analysis to detect intragenic deletions (e.g., exon
2–4  deletion).  mtDNA  testing  may  show  secondary  depletion  in  liver  in  some
(

23918762
).

"Diagnosis  is  confirmed  when  biallelic  pathogenic  variants  in  SERAC1  gene  are  found"
(

37711114
).

Clinical criteria / differential diagnosis: no formal consensus criteria; diagnosis rests on the
biochemical + MRI + genetic triad. Differential: other Leigh/Leigh-like syndromes and primary
mitochondrial  disorders;  other  3-methylglutaconic  acidurias  —  primary  (AUH/3-
methylglutaconyl-CoA hydratase deficiency), Barth syndrome (TAZ),  TMEM70,  ATAD3A,  OPA3
(Costeff), DNAJC19 (DCMA), CLPB, and HTRA2 defect (neonatal movement disorder + epilepsy
+  3-MGA-uria,

30114719
);
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neonatal  acute  liver  failure/urea  cycle  defects  (hyperammonemia);  dystonia–deafness
syndromes;  complicated  hereditary  spastic  paraplegias  (milder  SERAC1  phenotype).
Distinguishing feature: putaminal "eye" MRI sign + PG34:1/PG36:1 + SERAC1 genetics.

Screening: not on standard newborn-screening panels (3-MGA is not a routine NBS analyte).
Cascade/carrier  testing of  relatives  once  the  familial  variants  are  known;  prenatal/
preimplantation genetic testing feasible for known biallelic variants.

11. Outcome / Prognosis

Survival/mortality: generally poor with early death in classic severe disease; neonatal
multiorgan failure can be lethal within days
(

34751152
,

38445077
).

"Treatment is supportive, and the outcome is usually poor with early death, except for the
juvenile-onset type"
(

32684373
).

No formal 5-/10-year survival statistics exist.

Morbidity/disability: severe, lifelong — deafness, dystonia/spasticity, intellectual disability,
epilepsy, feeding difficulty; most severely affected are non-ambulatory/non-verbal.

Complications: recurrent metabolic crises, aspiration/respiratory infections, liver failure,
feeding failure, status dystonicus, epilepsy.

Recovery potential: limited in severe cases; milder (hypomorphic) patients may stabilize
or improve
(

35781780
;

28916646
).

Prognostic factors: genotype (complete LoF → severe/early death; hypomorphic missense/
splice → milder, later-onset, better survival), age/severity of neonatal crisis, degree of
hepatic and neurological involvement. Biochemical/lipid markers (3-MGA, PG34:1/PG36:1)
confirm diagnosis but are not validated quantitative prognostic biomarkers.

• 

P

P

P

• 

• 

• 

P

P

• 

OpenScientist Report

15

https://pubmed.ncbi.nlm.nih.gov/34751152/
https://pubmed.ncbi.nlm.nih.gov/34751152/
https://pubmed.ncbi.nlm.nih.gov/34751152/
https://pubmed.ncbi.nlm.nih.gov/38445077/
https://pubmed.ncbi.nlm.nih.gov/38445077/
https://pubmed.ncbi.nlm.nih.gov/38445077/
https://pubmed.ncbi.nlm.nih.gov/32684373/
https://pubmed.ncbi.nlm.nih.gov/32684373/
https://pubmed.ncbi.nlm.nih.gov/32684373/
https://pubmed.ncbi.nlm.nih.gov/35781780/
https://pubmed.ncbi.nlm.nih.gov/35781780/
https://pubmed.ncbi.nlm.nih.gov/35781780/
https://pubmed.ncbi.nlm.nih.gov/28916646/
https://pubmed.ncbi.nlm.nih.gov/28916646/
https://pubmed.ncbi.nlm.nih.gov/28916646/


12. Treatment

No  disease-modifying  or  curative  therapy  exists;  management  is  supportive,
symptomatic, and multidisciplinary (NCIT:C15277 Supportive Care).

Acute metabolic crisis (neonatal): treat as suspected inborn error of metabolism — stop
protein intake, promote anabolism with IV glucose, correct acidosis; continuous
hemodialysis/CRRT for severe hyperammonemia
(

38445077
).

(NCIT: Hemodialysis; Intravenous glucose.)

Pharmacotherapy (symptomatic): anticonvulsants for seizures; agents for dystonia/
spasticity (e.g., trihexyphenidyl, baclofen, benzodiazepines, botulinum toxin) — no
MEGDEL-specific efficacy data; "mitochondrial cocktail" supplements (coenzyme Q10,
riboflavin, thiamine, L-carnitine) are commonly used empirically without proven benefit.

Sensorineural deafness: hearing amplification and cochlear implantation
(

39592976
).

(NCIT: Cochlear Implantation.)

Nutrition/GI: feeding support, gastrostomy for failure to thrive/dysphagia.

Rehabilitation: physiotherapy, occupational and speech/communication therapy;
orthopedic management of scoliosis/contractures.

Anaesthetic considerations (mitochondrial disease): avoid triggering agents; 
dexmedetomidine (± ketamine) used as a non-triggering approach for sedation/anesthesia
(

39592976
).

Caution with prolonged fasting, propofol infusion, and mitochondrial-toxic drugs.

Advanced/experimental therapeutics: no approved gene, cell, RNA, or targeted therapies;
no MEGDEL-specific clinical trials (no NCT identifiers). Gene-replacement is a theoretical
future avenue (recessive LoF, defined single gene).

Pharmacogenomics: not applicable beyond general mitochondrial-drug avoidance (e.g.,
valproate hepatotoxicity risk, aminoglycoside ototoxicity caution).
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Treatment strategy: genotype/phenotype-guided supportive algorithm — neonatal metabolic
stabilization  →  long-term  multidisciplinary  care  (neurology,  metabolic,  audiology/ENT,
hepatology,  rehabilitation,  palliative).  Personalized  medicine  currently  limited  to  genetic
counseling and prognostication by genotype.

13. Prevention

Primary prevention: not possible for a congenital genetic disease; risk reduction via 
genetic counseling in consanguineous/carrier families and reproductive options (carrier
testing, prenatal diagnosis, preimplantation genetic testing for known familial
variants).

Secondary prevention: early recognition of the neonatal metabolic/hepatic crisis and
prompt metabolic management; early diagnosis via MRI pattern + organic acids + SERAC1
testing to enable supportive interventions and family counseling.

Tertiary prevention: prevent complications — avoid fasting/mitochondrial-toxic drugs,
treat infections promptly, manage seizures/dystonia, cochlear implantation for deafness,
nutritional support, physiotherapy to limit contractures.

Immunization / public-health / environmental interventions: routine childhood
vaccination to prevent infection-triggered crises; no vector/sanitation measures applicable.

Counseling: AR recurrence risk 25% for future offspring of carrier couples; cascade testing
of relatives (NSGC/ACMG guidance).

Screening: not part of population newborn screening; targeted testing in at-risk families.

14. Other Species / Natural Disease

Naturally occurring animal disease: Canine Multiple System Degeneration (CMSD) —
an early-onset, progressive, autosomal-recessive movement disorder of Kerry Blue
Terriers and Chinese Crested dogs with degeneration of the cerebellum, caudate
nucleus, and substantia nigra, caused by a homozygous nonsense variant in the SERAC1
ortholog (canine chromosome 1)
(

39596578
).
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"Canine multiple system degeneration (CMSD) is an early onset, progressive movement
disorder affecting Kerry Blue Terriers and Chinese Crested dogs. The associated pathologic
lesions include degeneration of the cerebellum, caudate nucleus, and substantia nigra"
(

39596578
).

Taxonomy: Canis lupus familiaris (NCBI:txid9615). Breeds (VBO): Kerry Blue Terrier,
Chinese Crested.

Orthologous gene: canine SERAC1 (NCBI Gene ortholog). Human SERAC1 NCBI Gene 84947.

Comparative biology / conservation: the shared caudate (basal-ganglia) degeneration and
movement-disorder phenotype from SERAC1 loss demonstrates evolutionary
conservation of the disease mechanism; recognized in OMIA.

Veterinary relevance: important heritable neurodegenerative disease in these breeds;
carrier testing relevant to breeding programs.

Zoonotic potential: none (genetic disease).

15. Model Organisms

In-vitro / cellular models (principal): patient-derived fibroblasts (lipidomics, filipin,
mitochondrial network/Ca²⁺ studies; 

22683713
,

34751152
);

lentiviral WT-SERAC1 complementation rescuing the PG34:1/PG36:1 ratio
(

22683713
);

COS-1 transfection for localization of mutant vs WT protein
(

34751152
);

an engineered cellular model probing SERAC1 in a mitochondrial serine-transporter
complex / mtDNA maintenance
(

35235340
).

Naturally occurring mammalian model: canine CMSD (Kerry Blue Terrier, Chinese
Crested) — SERAC1-ortholog nonsense variant
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(
39596578

);

a spontaneous large-animal model of SERAC1 neurodegeneration.

Genetically engineered rodent (mouse) models: no well-characterized published Serac1
knockout mouse recapitulating MEGDEL was identified in this review (a notable gap;
consult MGI/IMPC for current alleles).

Phenotype recapitulation: cellular models faithfully reproduce the biochemical/lipid and
mitochondrial-structural phenotype; the canine model reproduces the basal-ganglia
movement-disorder/neurodegeneration. Limitations: cellular models cannot capture
organ-level (deafness, hepatopathy) or developmental features; the canine model's full
biochemical concordance (3-MGA-uria, deafness, hepatopathy) is not fully documented.

Applications: studying phospholipid remodeling, ER–mitochondria contact biology,
cholesterol trafficking, and testing candidate therapeutics.

Resources: Cellosaurus (patient fibroblast lines), OMIA (canine CMSD), MGI/IMPC (for any
mouse alleles), Alliance of Genome Resources.

Supported vs. Refuted Hypotheses

Supported  (evidence-backed): -  SERAC1 biallelic  LoF  is  the  cause  of  MEGDEL/MEGDHEL
(

22683713
).

- Core mechanism = defective phosphatidylglycerol→cardiolipin remodeling at the MAM, with
cholesterol-trafficking  defect  and  secondary  OXPHOS  failure
(

22683713
,

34751152
).

-  MEGDEL  is  a  secondary 3-MGA-uria  (phospholipid  remodeling),  grouped  with  Barth
syndrome
(

23296368
).

-  Pathognomonic  "putaminal  eye"  MRI  sign;  staged  basal-ganglia  disease
(

25642805
).

-  Infantile  hepatopathy  is  a  cardinal  feature  (MEGDHEL)
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(
23918762

).

-  Genotype–phenotype gradient: LoF →  severe infantile MEGDHEL; hypomorphic →  juvenile
cHSP/adult  dystonia
(

28916646
,

35223715
,

37711114
).

-  Naturally  occurring  canine  SERAC1  model
(

39596578
).

Refuted / not supported: - MEGDEL is not a primary defect of leucine catabolism (that is AUH/
3-MGA  type  I)  —  the  3-MGA-uria  here  is  secondary
(

23296368
).

- 3-MGA-uria/lactate elevation is not obligate in muscle OXPHOS assays — respiratory-chain
activity  can  be  normal,  so  a  negative  muscle  biopsy  does  not  exclude  the  diagnosis
(

25051967
).

- No environmental/infectious primary etiology; catabolic stress is a trigger, not a cause.

Limitations and Future Directions

No large registry/natural-history cohort with quantitative phenotype frequencies was
available; percentages here are qualitative from aggregated case reports (~100 patients).

Precise prevalence/incidence, carrier frequency, and survival statistics are undefined.

A robust Serac1 mouse model and disease-modifying therapy (e.g., gene replacement, lipid-
targeted therapy) are key gaps.

Standardized diagnostic criteria and validated prognostic/QoL measures are lacking.
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