
CAGSSS Syndrome (IARS2-related):
Comprehensive Disease Characteristics
Report

Disease: CAGSSS syndrome — Cataract, growth hormone deficiency (G),  Sensory neuropathy,
Sensorineural  hearing  loss,  and  Skeletal  dysplasia  MONDO  ID: MONDO:0014455  ·  OMIM:
616007 · Orphanet: ORPHA:436174 · Category: Mendelian (autosomal recessive mitochondrial
disorder)  Causal  gene: IARS2 (HGNC:29685;  NCBI  Gene  55699;  UniProt  Q9NSE4;  chr  1q41;
OMIM 612801)

Summary

CAGSSS  syndrome  is  an  ultra-rare  autosomal-recessive  multisystem  mitochondrial
disorder caused by biallelic  (predominantly missense)  variants in  IARS2,  the nuclear gene
encoding  mitochondrial  isoleucyl-tRNA  synthetase.  It  was  first  delineated  in  2014  by
Schwartzentruber and colleagues in three adult patients from a French-Canadian family, who
presented  with  the  constellation  of  cataracts,  short  stature  secondary  to  growth-hormone
deficiency, sensorineural hearing loss, peripheral sensory neuropathy, and skeletal dysplasia —
the five features that give the syndrome its acronym (PMID: 25130867). The gene, its protein
product,  and  the  biochemical  logic  of  the  disease  place  it  firmly  within  the  family  of
mitochondrial aminoacyl-tRNA synthetase (mt-ARS) disorders.

Mechanistically, loss of IARS2 function impairs the aminoacylation (charging) of mitochondrial
tRNA-Ile with isoleucine, which is required for translation of the 13 mtDNA-encoded subunits
of the oxidative-phosphorylation (OXPHOS) machinery. The downstream result is a combined
respiratory-chain deficiency with reduced ATP synthesis, lowered oxygen consumption and
mitochondrial membrane potential, and increased mitochondrial reactive oxygen species —
an energy-failure phenotype that most severely affects high-demand, post-mitotic tissues (lens,
cochlea,  sensory  neurons,  pituitary  somatotrophs,  growth-plate  chondrocytes,  and,  at  the
severe end of the spectrum, the basal ganglia) (PMID: 39169373). Importantly,  IARS2 variants
produce a  broad clinical continuum:  from isolated cataract and adult-onset CAGSSS at the
mild end to infantile Leigh syndrome and West syndrome at the severe end (PMID: 30419932).

https://pubmed.ncbi.nlm.nih.gov/25130867/
https://pubmed.ncbi.nlm.nih.gov/39169373/
https://pubmed.ncbi.nlm.nih.gov/30419932/


Diagnosis rests on  whole-exome or whole-genome sequencing (historically combined with
SNP  genotyping  /  homozygosity  mapping  in  consanguineous  families),  because  standard
respiratory-chain biochemistry is unreliable — combined OXPHOS deficiency is demonstrable
in patient lymphocytes and knockdown cell models but can be normal in patient fibroblasts.
No  disease-modifying  therapy  exists;  management  is  entirely  supportive  and
multidisciplinary (cataract  surgery,  recombinant  growth-hormone  replacement,  hearing
rehabilitation,  orthopedic  and neuropathy care,  corneal  protection,  and genetic  counseling
with  cascade/prenatal  testing).  Fewer  than  a  handful  of  families  have  been  reported
worldwide, and consanguinity/founder homozygosity is a key risk factor.

1. Disease Information

CAGSSS  syndrome  is  a  Mendelian,  autosomal-recessive,  mitochondrial  multisystem
disorder defined by five core  features  encoded in  its  acronym:  Cataract,  growth-hormone
deficiency,  Sensory  neuropathy,  Sensorineural  hearing  loss,  and  Skeletal  dysplasia.  The
disorder  was  newly  delineated  in  2014  in  three  adult  patients  and  is  caused  by  biallelic
variants in IARS2 (PMID: 25130867):  "we report a novel disorder in three adult patients with a
phenotype  including  cataracts,  short-stature  secondary  to  growth  hormone  deficiency,
sensorineural hearing deficit, peripheral sensory neuropathy, and skeletal dysplasia."

Key identifiers (verified via EBI OLS4 cross-references to MONDO:0014455; Finding F008):

Resource Identifier

MONDO MONDO:0014455

OMIM 616007

Orphanet ORPHA:436174

GARD 0017727

MedGen 863379

UMLS C4014942

Gene (OMIM) IARS2 612801
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Synonyms / alternative names: "cataract–growth hormone deficiency–sensory neuropathy–
sensorineural  hearing  loss–skeletal  dysplasia  syndrome";  CAGSSS;  IARS2-related
mitochondrial disease (as part of a broader phenotypic spectrum). Note: an earlier working
note  listing  the  Orphanet  ID  as  ~468631  was  corrected  —  the  verified  Orphanet  ID  is
ORPHA:436174.

Source of information: Aggregated from individual clinical case reports and small family
series (French-Canadian,  Danish,  Iranian,  Japanese,  and  Chinese  ancestry)  combined  with
disease-level ontology resources (OMIM, Orphanet, MONDO, HPO). There is no EHR-scale or
registry-scale dataset for this ultra-rare disorder.

2. Etiology

Primary  cause  —  genetic. CAGSSS  is  caused  by  biallelic  (homozygous  or  compound-
heterozygous)  variants  in  IARS2,  a  nuclear  gene  encoding  mitochondrial  isoleucyl-tRNA
synthetase. In the founding cohort the causal variant was "homozygous in the affected patients,
heterozygous  in  carriers,  and  absent  in  control  chromosomes" —  the  classic  signature  of
autosomal-recessive inheritance (PMID: 25130867). IARS2 protein level was reduced in patient-
derived skin cells,  providing functional  support  for pathogenicity:  "IARS2 protein level  was
reduced in skin cells cultured from one of the patients, consistent with a pathogenic effect of the
mutation" (Finding F001).

Genetic risk factors. The disease requires two pathogenic IARS2 alleles.  Consanguinity and
founder homozygosity are the dominant risk mechanisms: homozygous variants in reported
families arise within large runs of homozygosity (e.g., a 14.3 Mb and an ~8 Mb ROH in two
consanguineous probands) (PMID: 30419932, Finding F006). Population constraint metrics (pLI
≈ 0.0018) indicate IARS2 is not haploinsufficient, consistent with a recessive loss-of-function
mechanism (Finding F011).

Environmental risk factors. None established. As a fully penetrant Mendelian disorder, there
are no known toxin, lifestyle, occupational, or infectious contributors. Age and sex are not risk
factors (autosomal recessive; no sex predilection expected). Family history / consanguinity is
the only meaningful non-molecular risk indicator.

Protective factors. None identified — no protective IARS2 alleles or modifier alleles have been
described, and no dietary or lifestyle protective exposures are known. This is expected for a
rare monogenic disorder.
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Gene–environment  interactions. No  specific  G×E  interaction  has  been  documented.  On
mechanistic grounds, tissue energy demand and metabolic stress could theoretically modulate
the  phenotype  (energy-failure  disorders  often  worsen  under  catabolic  stress),  but  this  is
inferred, not demonstrated, for CAGSSS.

3. Phenotypes

The five acronymic features are consistent core phenotypes, but the official HPO annotation
for  OMIM:616007  comprises  69  terms,  showing  the  phenotype  extends  well  beyond  the
acronym  (Finding  F009).  Observed  frequencies  below  are  drawn  from  the  HPO/OMIM
annotation, derived from PMID: 25130867 and PMID: 28328135.
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Phenotype HPO term Type
Observed
frequency

Onset / course

Cataract HP:0000518
Physical/
ocular sign

4/4

Congenital/
infantile; often
earliest;
progressive

Sensorineural hearing
impairment

HP:0000407 Clinical sign 4/4
Childhood;
progressive

Distal sensory impairment HP:0002936 Clinical sign 3/3
Childhood/adult;
progressive

Growth delay / short
stature

HP:0001510 Physical 3/3 Childhood

Decreased response to GH
stimulation

HP:0000824
Lab
abnormality

3/3
Childhood
(endocrine)

Hypoglycemia HP:0001943
Lab
abnormality

3/3 Childhood

Scoliosis HP:0002650 Skeletal sign 3/3
Childhood;
progressive

Hip dislocation HP:0002827 Skeletal sign 2/2
Congenital
(present at birth)

Genu valgum HP:0002857 Skeletal sign 2/4 Childhood

Achalasia HP:0002571 Clinical sign 1/3 Variable

Spondyloepimetaphyseal
dysplasia

HP:0002651 Skeletal — Congenital

Keratoconjunctivitis sicca
(dry eye)

HP:0001097 Ocular sign — Variable

Central adrenal
insufficiency

HP:0011734 Endocrine — Variable
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Additional  HPO-annotated  features  include  skeletal (coronal  cleft  vertebrae,  delayed
epiphyseal  ossification,  odontoid  hypoplasia,  cervical  spinal  canal  stenosis,  osteopenia),
neurologic (cerebral  cortical  atrophy,  global  developmental  delay,  hyporeflexia,
hypsarrhythmia  —  the  latter  at  the  severe/West-syndrome  end),  and  dysmorphic  facial
features.

Expanded  ocular  phenotype. Beyond  cataract,  a  33-year-old  CAGSSS  woman  developed
neurotrophic keratitis, corneal opacification, multiple failed corneal grafts, severe dry
eye,  and  orbital  myopathy (PMID:  27078007,  Finding  F004):  "Patients  with  this  very  rare
mutation present  with  a  myriad of  ocular  findings,  including infantile  cataract,  neurotrophic
keratitis, corneal opacification, and orbital myopathy."

Severity and progression. Highly variable and largely  progressive. The acronymic features
tend to accumulate and worsen over time. At the severe extreme, the phenotype becomes an
early-onset, life-threatening encephalopathy (Leigh/West syndrome).

Quality-of-life impact. No formal EQ-5D/SF-36/PROMIS data exist for this ultra-rare disease.
Qualitatively,  the  combination  of  visual  impairment  (cataract/keratitis),  deafness,  sensory
neuropathy, short stature, and skeletal deformity implies substantial multisystem disability
affecting  mobility,  communication,  and  independent  function;  the  severe  Leigh/West  end
carries profound neurodevelopmental disability.

4. Genetic / Molecular Information

Causal  gene: IARS2 —  HGNC:29685;  NCBI  Gene  55699;  UniProt  Q9NSE4;  Ensembl
ENSG00000067704;  chromosome  1q41;  OMIM  612801.  Encodes  isoleucine–tRNA  ligase,
mitochondrial, a class-I aminoacyl-tRNA synthetase.

Protein  architecture  (UniProt  Q9NSE4;  Finding  F010): 1012  amino  acids;  N-terminal
mitochondrial  transit  peptide (residues  1–48);  class-I  aaRS  Rossmann-fold catalytic  core
with the signature  HIGH motif (residues 116–126) and KMSKS motif (residues 664–668, ATP-
contacting binding-site residues at 664 and 667); localizes to the mitochondrial matrix.

Reported pathogenic / likely-pathogenic variants (NM_018060.3; Finding F003):
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Variant (protein) cDNA Zygosity Ancestry Phenotype Reference

p.Pro909Ser c.2625C>T Homozygous Iranian CAGSSS
PMID:
30419932

p.His761Arg c.2282A>G Homozygous Iranian CAGSSS
PMID:
30419932

p.Gly874Arg — Homozygous Danish CAGSSS / SEMD
PMID:
28328135

p.Phe227Ser;
p.Arg817His

—
Compound
het

Japanese
CAGSSS/Leigh/
West overlap

PMID:
30041933

c.1_390del;
c.2090G>A;
c.2450G>A;
c.2122G>A

multiple Biallelic Chinese
Leigh
syndrome

PMID:
39169373

The Danish patient "presented at birth with bilateral hip dislocation and short stature" and "her
radiographic skeletal  abnormalities were suggestive of  an underlying spondyloepimetaphyseal
dysplasia (SEMD)" (PMID: 28328135).  The Japanese siblings carried  "compound heterozygous
missense mutations in IARS2, p.[(Phe227Ser)];[(Arg817His)]" (PMID: 30041933).

Variant  classification  &  type. Predominantly  missense (with  at  least  one  deletion,
c.1_390del). Reported pathogenic missense changes map C-terminal to the catalytic core (e.g.,
p.His761Arg,  p.Arg817His,  p.Gly874Arg,  p.Pro909Ser  in  the  C-terminal/anticodon-binding
region; p.Phe227Ser near the catalytic domain), consistent with  destabilizing/hypomorphic
effects rather than complete null (Finding F010).

ClinVar / population landscape (Finding F011): ClinVar lists ~688  IARS2 variant records —
approximately 121 pathogenic and 21 likely pathogenic, alongside a large VUS burden (~635
records)  and  many  benign/likely-benign  entries.  gnomAD  constraint:  pLI  =  0.0018 (not
haploinsufficient),  LoF  observed/expected  =  0.44 (90%  CI  0.36–0.55;  56  observed  vs  126
expected), missense Z = 1.44, LoF Z = 5.31. These metrics indicate IARS2 tolerates heterozygous
LoF (consistent with recessive disease) while being under moderate selection against biallelic
loss.

Functional consequence: Loss of function /  hypomorphic.  IARS2 protein was reduced in
patient  skin  cells  (PMID:  25130867);  knockdown  reproduces  the  OXPHOS  defect  (PMID:
39169373).
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Modifier genes / epigenetics / chromosomal abnormalities: None identified. No large-scale
chromosomal  abnormalities  are  associated  with  CAGSSS  (Finding  F011).  No  epigenetic
mechanism has been described.

5. Environmental Information

CAGSSS  is  a  monogenic  disorder  with  no  established  environmental,  lifestyle,  or
infectious  contribution. No  toxin,  radiation,  pollution,  occupational  exposure,  dietary,  or
behavioral factor has been linked to disease onset or severity. There are no infectious agents
involved.  The  only  relevant  "environmental"  consideration  is  consanguinity/population
structure, which increases the probability of biallelic IARS2 variants (a genetic-demographic,
not toxicologic, factor).

6. Mechanism / Pathophysiology

Ordered causal chain

A biallelic hypomorphic IARS2 variant (most often missense) results in a destabilized or
partially inactive mitochondrial isoleucyl-tRNA synthetase, with reduced steady-state IARS2
protein in some tissues (demonstrated in patient skin cells, PMID: 25130867).

Reduced IARS2 aminoacylation activity leads to impaired charging of mitochondrial
tRNA-Ile with isoleucine (inferred from the enzyme's known function — "ARSs attach
amino acids to their cognate tRNA molecules in the cytoplasm and mitochondria", PMID:
18767960; direct patient aminoacylation assays not reported).

Deficient charged mt-tRNA-Ile leads to defective mitochondrial translation of the 13
mtDNA-encoded OXPHOS subunits (inferred mechanistically; supported by downstream
OXPHOS readouts).

Impaired synthesis of OXPHOS subunits results in combined respiratory-chain (complex
I/III/IV) deficiency, with reduced oxygen consumption rate, reduced complex activity,
decreased ATP production, decreased mitochondrial membrane potential, and increased
mitochondrial ROS (demonstrated in patient lymphocytes and IARS2-knockdown HEK293T
cells, PMID: 39169373).

1. 

2. 

3. 

4. 
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Bioenergetic failure plus oxidative stress leads to dysfunction/degeneration of high-
demand, post-mitotic tissues — and here the mechanism branches by tissue:

Lens epithelium → cataract

Cochlear hair / spiral-ganglion cells → sensorineural hearing loss

Peripheral sensory neurons → sensory neuropathy

Pituitary somatotrophs / GH axis → growth-hormone deficiency, short stature,
hypoglycemia

Growth-plate chondrocytes / bone → spondyloepimetaphyseal skeletal dysplasia

(Severe end) Basal ganglia and brainstem neurons → Leigh/West syndrome with bilateral
basal-ganglia lesions and diffuse brain atrophy

Accumulated multisystem tissue injury results in the clinical CAGSSS phenotype (or the
more severe encephalopathic phenotypes).

Threshold  /  tissue-specificity  caveat  (branch  qualifier): The  biochemical  defect  is  not
uniform.  Patient  fibroblasts  from  one  proband  showed  "normal  respiratory  chain  enzyme
activity,  as  well  as  unchanged  oxidative  phosphorylation  protein  subunits  and  IARS2  levels"
(PMID:  30419932),  whereas  lymphocytes/knockdown  cells  show  clear  deficits  (PMID:
39169373). This indicates a  tissue-specific / threshold effect:  cells with high mitochondrial
demand cross the pathogenic threshold while others compensate (Finding F005).

Mechanistic detail

Molecular pathway: Mitochondrial gene expression / mitochondrial translation
(aminoacyl-tRNA biosynthesis → OXPHOS).

Cellular processes: Energy failure, oxidative stress, and (inferred) apoptosis/degeneration
of post-mitotic cells.

Protein dysfunction: Loss-of-function/hypomorphic destabilization of a class-I aaRS;
missense variants cluster C-terminal to the catalytic core.

Metabolic changes: Impaired oxidative phosphorylation / ATP synthesis; combined
complex I/III/IV deficiency; elevated mitochondrial ROS.

Tissue-damage mechanism: Oxidative stress + chronic bioenergetic insufficiency in
neurons, sensory epithelia, endocrine cells, and chondrocytes.

Immune involvement: None described.

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 
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Suggested ontology terms: GO:0032543 (mitochondrial  translation),  GO:0006428 (isoleucyl-
tRNA  aminoacylation),  GO:0006119  (oxidative  phosphorylation),  GO:0006979  (response  to
oxidative  stress);  GO  cellular  component  GO:0005759  (mitochondrial  matrix),  GO:0005743
(inner mitochondrial membrane). Cell types (CL): CL:0000540 (neuron), CL:0000101 (sensory
neuron), CL:0000138 (chondrocyte), lens fiber cell, cochlear hair cell, somatotroph.

7. Anatomical Structures Affected

Organ level  (primary): eye/lens  (UBERON:0000965  lens;  UBERON:0000970  eye),  inner  ear/
cochlea (UBERON:0001844), peripheral nerves (UBERON:0000010 peripheral nervous system),
pituitary  gland  (UBERON:0000007),  skeletal  system/vertebrae/long  bones  (UBERON:0004288
skeleton;  UBERON:0001130  vertebral  column).  Severe  end: brain  —  basal  ganglia
(UBERON:0002420) and cerebral cortex (UBERON:0000956).

Secondary  organ  involvement: cornea  (neurotrophic  keratitis,  opacification),  lacrimal
function (dry eye), esophagus (achalasia), adrenal axis (central adrenal insufficiency), cervical
spinal cord (canal stenosis / odontoid hypoplasia risk).

Body systems: ocular/visual,  auditory,  peripheral  nervous,  central  nervous,  endocrine (GH/
adrenal axes), musculoskeletal, and (occasionally) gastrointestinal (achalasia).

Tissue /  cell  level: lens  epithelial  and fiber  cells;  cochlear  sensory  epithelium and spiral-
ganglion  neurons;  peripheral  sensory  neurons  (large-fiber  sensory  loss);  pituitary
somatotrophs;  growth-plate  chondrocytes;  central  neurons  of  basal  ganglia  (severe
phenotypes).

Subcellular level: the  mitochondrion,  specifically the  mitochondrial matrix (GO:0005759)
where  IARS2  charges  mt-tRNA-Ile,  and  the  inner  mitochondrial  membrane OXPHOS
complexes  (GO:0005743).  This  is  a  canonical  mitochondrial-matrix  /  respiratory-chain
disorder.

Localization /  laterality: manifestations  are  characteristically  bilateral (cataracts,  hearing
loss, symmetric distal sensory neuropathy, bilateral hip dislocation, and — when present —
bilateral basal-ganglia signal abnormality).
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8. Temporal Development

Onset: Ranges  from  congenital (bilateral  hip  dislocation and skeletal  dysplasia  present  at
birth;  congenital/infantile  cataract)  through  childhood (hearing  loss,  short  stature/GH
deficiency, sensory neuropathy) to adult recognition of the full syndrome. The Danish patient
presented at birth with bilateral hip dislocation and short stature, with cataracts, neuropathy,
and  hearing  loss  emerging  over  time  (PMID:  28328135,  Finding  F003).  At  the  severe  end,
infantile onset produces Leigh/West syndrome.

Onset  pattern: Chronic/insidious  and  cumulative  for  CAGSSS;  more  acute/subacute
neurodegenerative decline in infantile Leigh/West presentations.

Progression: Progressive across  the  spectrum.  Individual  features  (cataract,  hearing  loss,
neuropathy, scoliosis) accumulate and worsen. Disease course is chronic and lifelong. There is
no known remission (spontaneous or treatment-induced).

Critical  periods /  windows for intervention: early infancy/childhood for cataract  surgery
(visual development), GH replacement (linear growth), and hearing rehabilitation (language
acquisition) — these are the practical windows in which supportive care most alters outcomes.

9. Inheritance and Population

Inheritance: Autosomal  recessive —  biallelic  IARS2 variants;  homozygous  in  affected,
heterozygous in carriers, absent in controls (PMID: 25130867).

Epidemiology: Ultra-rare. Fewer than a handful of families reported worldwide; as of 2018
only  ~3  families with  IARS2-related  disease  had  been  described  —  "IARS2  mutations  and
diseases related to it have only been reported in three families" (PMID: 30041933, Finding F006).
Precise prevalence/incidence figures are not established (too few cases). Orphanet lists it under
ORPHA:436174.

Penetrance / expressivity: Penetrance appears  complete for biallelic pathogenic genotypes,
but expressivity is highly variable — the same gene yields anything from isolated cataract to
full CAGSSS to Leigh/West syndrome, and even siblings can differ.

Genetic  anticipation: Not  applicable  (no  repeat-expansion  mechanism).  Germline
mosaicism: not reported.
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Founder effects / consanguinity: Consanguinity and founder homozygosity are prominent.
Homozygous variants sit  "within a 14.3 Mb run of homozygosity in proband 1" and an ~8 Mb
ROH in a second proband in consanguineous Iranian families  (PMID:  30419932).  No broad
founder haplotype in an outbred population is documented.

Carrier frequency: Not formally established; given ultra-rarity, carrier frequency is very low
in the general population but elevated within affected consanguineous kindreds.

Population  demographics: Reported  ancestries  span  French-Canadian,  Danish,  Iranian,
Japanese, and Chinese — i.e., no single ethnic clustering beyond the enrichment expected in
consanguineous  populations.  Sex  ratio: ~1:1  (autosomal  recessive;  no  sex  predilection
expected). Age distribution: birth through adulthood, depending on severity.

IARS2 is one of 19 identified mt-ARS genes strongly associated with mitochondrial disorders,
7 of which cause hereditary sensorineural hearing loss — "To date, 19 mt-ARS genes have
been  identified  and  found  to  be  strongly  associated  with  the  development  of  mitochondrial
disorders" (PMID: 41059449, Finding F006).

10. Diagnostics

Molecular diagnosis is definitive. CAGSSS was discovered — and is diagnosed — via whole-
exome sequencing,  historically combined with SNP genotyping / homozygosity mapping in
consanguineous families:  "Using SNP genotyping and whole-exome sequencing, we identified a
single likely causal variant" (PMID: 25130867, Finding F007).

Recommended genetic testing approach: -  WES or WGS — first-line and highest yield for
this multisystem, phenotypically variable disorder. -  Multigene mitochondrial-disease / mt-
ARS panels including  IARS2. -  Targeted single-gene / variant testing for cascade testing of
relatives  once  a  familial  variant  is  known.  -  Homozygosity  mapping valuable  in
consanguineous  pedigrees.  -  Chromosomal  microarray  /  karyotype  /  FISH:  low  yield (no
chromosomal abnormalities associated). -  mtDNA testing: not diagnostic (disease is nuclear-
encoded), though useful to exclude primary mtDNA mitochondrial disorders.

Biochemical  /  functional  tests  (adjunctive,  not  reliable  alone): Combined  OXPHOS
deficiency can be shown in patient lymphocytes and knockdown cells (reduced OCR, complex
activity, ATP, MMP; raised ROS —  PMID: 39169373), but  respiratory-chain enzyme activity
may be normal in fibroblasts (PMID: 30419932). Thus normal biochemistry does not exclude
the diagnosis.
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Phenotype-directed workup: ophthalmologic  exam (cataract,  corneal/keratitis  assessment);
audiometry (SNHL);  nerve conduction studies (sensory neuropathy);  GH stimulation testing
and  IGF-1  (GH  deficiency),  fasting  glucose  (hypoglycemia);  skeletal  survey/spine  imaging
(SEMD,  scoliosis,  odontoid  hypoplasia,  cervical  canal  stenosis);  brain  MRI  in  infantile
presentations (bilateral basal-ganglia hyperintensity, atrophy — Leigh/West).

Clinical criteria: No formal consensus diagnostic criteria; diagnosis rests on the characteristic
multisystem phenotype plus biallelic IARS2 variants.

Differential  diagnosis: Other  mitochondrial-related  disorders  with  skeletal  dysplasia  —
CODAS, EVEN-PLUS, and X-linked SEMD-MR — plus SEMD of other causes: "a growing list of
mitochondrial-related disorders including CAGSSS, CODAS, EVEN-PLUS, and X-linked SEMD-MR
syndromes" (PMID: 28328135, Finding F007).

Screening: Carrier and prenatal/preimplantation testing are feasible once a familial variant is
identified (cascade testing). No population newborn-screening program exists.

11. Outcome / Prognosis

Survival / life expectancy: Data are sparse. The CAGSSS end is compatible with survival into
adulthood (the founding cohort were adults; a 33-year-old patient is reported). The Leigh/West
end carries the poor prognosis typical of infantile mitochondrial encephalopathy, with early
morbidity and mortality. No formal survival statistics exist for this ultra-rare disorder.

Morbidity / disability: High cumulative multisystem disability — visual impairment (cataract,
keratitis), deafness, sensory neuropathy, short stature, and skeletal deformity, with profound
neurodevelopmental disability in severe cases. No formal ICF or QoL-instrument data.

Complications: Recurrent  corneal  graft  failure  and  neurotrophic  keratitis  with  corneal
opacification  (PMID:  27078007);  cervical  spinal  canal  stenosis  /  odontoid  hypoplasia
(myelopathy  risk);  scoliosis;  hypoglycemia  and  possible  central  adrenal  insufficiency;
achalasia.

Recovery  potential: No  spontaneous  recovery;  disease  is  progressive.  Supportive
interventions improve function (vision after cataract surgery, growth with GH, communication
with hearing rehabilitation) but do not reverse the underlying mitochondrial defect.
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Prognostic  factors: Age  of  onset  and  severity  of  the  presenting  phenotype  are  the  main
prognostic indicators —  infantile onset (Leigh/West) predicts a worse course than adult-
recognized  CAGSSS.  No  validated  molecular  prognostic  biomarkers  exist,  though  genotype
broadly correlates with position on the mild-to-severe spectrum.

12. Treatment

No  disease-modifying  therapy  exists. Management  is  entirely  supportive,  symptom-
directed, and multidisciplinary (Finding F007). There are no approved pharmacotherapies,
gene therapies,  cell  therapies,  or  RNA-based therapies  for  CAGSSS,  and no CAGSSS-specific
clinical trials.

Manifestation Supportive intervention Suggested NCIT concept

Cataract Cataract extraction / lens surgery
NCIT:C15277 (cataract
surgery)

GH deficiency / short stature
Recombinant human growth-
hormone replacement

NCIT:C1878 (recombinant
human GH)

Sensorineural hearing loss
Hearing aids / cochlear
implantation

NCIT:C99280 (cochlear
implant)

Sensory neuropathy
Neuropathic-pain management,
protective foot/skin care

NCIT (supportive care)

Skeletal dysplasia / hip
dislocation / scoliosis

Orthopedic surgery, bracing, spinal
monitoring

NCIT:C15329 (orthopedic
surgery)

Neurotrophic keratitis / dry
eye

Corneal protection, lubrication,
keratoplasty as needed

NCIT (ophthalmic
supportive care)

Hypoglycemia / adrenal
insufficiency

Endocrine monitoring / hormone
replacement

—

Genetic risk
Genetic counseling, cascade &
prenatal testing

NCIT:C15194 (genetic
counseling)
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Pharmacogenomics  /  personalized  medicine: No  genotype-guided  pharmacotherapy  is
established.  General  mitochondrial-disease  supportive  "cocktails"  (e.g.,  antioxidants)  are
sometimes used empirically but have no proven efficacy in CAGSSS.

Treatment outcomes / adverse events: Not systematically reported given the small number
of  cases.  Recurrent  corneal  graft  failure  is  a  documented  poor-outcome  scenario  (PMID:
27078007).

13. Prevention

Primary  prevention is  limited  to  reproductive  genetic  strategies,  since  the  disease  is
monogenic and non-environmental: -  Genetic counseling for at-risk families, particularly in
consanguineous kindreds where the recurrence risk is  25% per pregnancy for  two carrier
parents.  -  Carrier  screening of  relatives  once  a  familial  IARS2 variant  is  known (cascade
testing). - Prenatal diagnosis and preimplantation genetic testing (PGT-M) for couples with
a known biallelic risk.

Secondary  prevention: early  detection  and  management  of  complications  —  routine
audiometry,  ophthalmologic  surveillance  (including  corneal  health),  growth/endocrine
monitoring, and spine imaging to pre-empt cervical myelopathy and progressive scoliosis.

Tertiary prevention: proactive orthopedic, ophthalmologic (corneal protection to avoid graft
loss), and endocrine management to limit disability.

Immunization / public-health / environmental interventions: Not applicable (no infectious
or environmental component).

14. Other Species / Natural Disease

Taxonomy affected: Homo sapiens (NCBI:txid9606). No naturally occurring CAGSSS-
equivalent disease has been described in companion animals or wildlife (no OMIA entry
documented for this specific phenotype).

Orthologous gene: mouse Iars2 (MGI:1919586). The gene and its mitochondrial-translation
function are evolutionarily conserved across eukaryotes, consistent with the essential
housekeeping role of aminoacyl-tRNA synthetases.

• 

• 
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Comparative biology: Because IARS2 is essential for mitochondrial translation, complete
loss is expected to be embryonic-lethal in model organisms; disease-relevant biology
requires hypomorphic alleles.

Zoonotic potential / transmission: None (genetic disorder).

15. Model Organisms

Existing genetic model: A KOMP mouse allele of Iars2 exists — ES cells and mice have
been produced — but the phenotyping status is null: there is no published knockout
phenotype (IMPC/MGI; MGI:1919586) (Finding F010). This is a significant gap.

Cellular / in vitro models: IARS2-knockdown HEK293T cells recapitulate the combined
OXPHOS defect (reduced OCR, complex activity, ATP, MMP; elevated ROS), providing a
validated in vitro system for mechanism (PMID: 39169373). Patient-derived fibroblasts
and lymphocytes are used, though fibroblasts may show normal biochemistry (PMID:
30419932).

Model types needed: conditional/tissue-specific knock-in of patient missense variants (e.g.,
lens, cochlea, sensory neuron, chondrocyte, or pituitary-targeted), and patient iPSC-derived
organoids, would be informative but are not yet reported.

Phenotype recapitulation: No whole-animal model currently reproduces the CAGSSS
phenotype; only cellular models capture the bioenergetic defect. Model limitation: current
systems do not model the tissue-specific selectivity that defines the clinical picture.

Resources: MGI (mouse), IMPC/KOMP (targeted alleles), Cellosaurus/ATCC (cell lines), plus
patient-derived primary cells.

• 

• 

• 

• 

• 

• 

• 
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Mechanistic Model / Interpretation

 Biallelic hypomorphic IARS2 missense variant  (chr 1q41)
        │  results in
        ▼
 Destabilized / partially inactive mitochondrial isoleucyl-tRNA synthetase
 (reduced protein in some tissues)                         [demonstrated: skin cells]
        │  leads to
        ▼
 Impaired charging of mt-tRNA-Ile with isoleucine          [inferred from enzyme function]
        │  leads to
        ▼
 Defective mitochondrial translation of 13 mtDNA OXPHOS subunits
        │  results in
        ▼
 Combined respiratory-chain deficiency (CI/CIII/CIV)
 ↓ATP  ↓OCR  ↓membrane potential  ↑mitochondrial ROS       [demonstrated: lymphocytes,
        │  leads to (TISSUE-SPECIFIC / THRESHOLD)            IARS2-knockdown HEK293T]
        ▼
 Energy failure + oxidative stress in high-demand post-mitotic tissues
        ├── lens epithelium ............... Cataract (HP:0000518)
        ├── cochlea ....................... SN hearing loss (HP:0000407)
        ├── sensory neurons ............... Sensory neuropathy (HP:0002936)
        ├── pituitary somatotrophs ........ GH deficiency / short stature (HP:0000824/0001510)
        ├── growth-plate chondrocytes ..... Skeletal dysplasia / SEMD (HP:0002651)
        └── basal ganglia/brainstem ....... Leigh / West syndrome  [SEVERE END]

The  unifying  interpretation  is  that  CAGSSS  is  a  mitochondrial-translation  /  combined-
OXPHOS-deficiency  disorder in  which  a  single  class  of  molecular  lesion  (loss  of  IARS2
aminoacylation capacity) produces a graded, tissue-selective phenotype. The severity gradient
(isolated cataract → CAGSSS → Leigh/West) most plausibly reflects  residual enzyme activity
and  tissue-specific  energetic  thresholds,  explaining  why  fibroblasts  can  appear
biochemically normal while neurons, sensory epithelia, endocrine cells, and chondrocytes fail.
This  threshold  logic  also  explains  the  diagnostic  pitfall  that  normal  respiratory-chain
biochemistry does not exclude the disease, and argues for genetics-first diagnosis.
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Evidence Base

PMID Title (abbreviated) Role in this report

25130867

Mutation in IARS2 …
cataracts, GH deficiency,
deafness, neuropathy / Leigh
syndrome

Founding paper. Defines CAGSSS; establishes AR 
IARS2 cause; reduced IARS2 protein; WES-based
diagnosis

30419932
Expanding the clinical
phenotype of IARS2-related
mitochondrial disease

Defines phenotypic spectrum (Leigh/
West↔CAGSSS↔isolated cataract); ROH/
consanguinity; normal fibroblast biochemistry
(threshold effect); variant nomenclature

39169373
IARS2 mutations lead to Leigh
syndrome with combined
OXPHOS deficiency

Core mechanistic evidence: ↓OCR, ↓complex activity,
↓ATP, ↓MMP, ↑ROS in lymphocytes and knockdown
cells

28328135
Confirmation of CAGSSS in a
Danish patient with novel
homozygous IARS2 mutation

Confirms entity; p.Gly874Arg; neonatal skeletal
(SEMD, hip dislocation); differential diagnoses

30041933

Novel IARS2 mutations in
Japanese siblings with
CAGSSS, Leigh, West
syndrome

Compound-het genotype; establishes ultra-rarity (~3
families by 2018)

27078007

Recessive IARS2 mutation
with infantile cataract,
neurotrophic keratitis, orbital
myopathy

Expanded ocular phenotype beyond cataract

18767960
The role of aminoacyl-tRNA
synthetases in genetic diseases

Establishes enzymatic function underlying the
mechanism

41059449
Genetics of mitochondrial
aaRS associated with SNHL

Places IARS2 among 19 mt-ARS disease genes; 7 cause
SNHL

39062673
Mechanisms … isoleucyl-tRNA
synthetase mutations

Review context: IARS1 (cytoplasmic) vs IARS2
(mitochondrial) phenotypes

30832756
IARS2 knockdown … AML
p53/p21/PCNA/eIF4E

Non-disease functional context (IARS2 in
proliferation)
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Evidence-type distribution: human clinical case reports/family series (majority), in vitro/cell-
based  functional  studies  (knockdown  HEK293T,  patient  cells),  and  computational/database
resources (UniProt Q9NSE4, gnomAD, ClinVar, HPO, MONDO/OLS4). No model-organism disease
data and no large-cohort epidemiology.

Limitations and Knowledge Gaps

Ultra-small evidence base. Only a handful of families are reported; prevalence, incidence,
penetrance precision, survival, and QoL are all essentially unquantified.

No genotype–phenotype map. The determinants of position on the mild→severe spectrum
(residual activity, modifiers, tissue thresholds) are inferred, not measured. Direct
aminoacylation assays on patient variants are lacking.

Diagnostic biochemistry is unreliable. Combined OXPHOS deficiency is tissue-dependent
(positive in lymphocytes/knockdown, negative in some fibroblasts), complicating functional
confirmation.

No animal model phenotype. A KOMP Iars2 mouse exists but is unphenotyped; no in vivo
system recapitulates CAGSSS.

Large VUS burden. ~635 uncertain-significance IARS2 records in ClinVar hamper clinical
variant interpretation.

No therapeutics. Management is purely supportive; no trials, biomarkers of response, or
targeted therapy exist.

Ontology curation caveat. The Orphanet ID required correction (ORPHA:436174, not
~468631) — cross-reference hygiene matters for KB population.

Proposed Follow-up Experiments / Actions

Phenotype the KOMP Iars2 mouse and generate conditional / knock-in models of
specific patient missense alleles (e.g., p.Gly874Arg, p.Pro909Ser) in lens, cochlea, sensory
neuron, chondrocyte, and pituitary lineages to test the tissue-threshold hypothesis directly.

Patient iPSC-derived organoids (lens, inner-ear, cortical/basal-ganglia, and cartilage) to
model tissue-selective bioenergetic failure and screen candidate mitochondrial
therapeutics.

1. 

2. 

3. 

4. 

5. 

6. 

7. 

1. 

2. 
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Direct mt-tRNA-Ile aminoacylation assays for each reported variant to build a
quantitative activity–severity relationship (fills the step-2/step-3 "inferred" gaps in the
causal chain).

International registry / GeneMatcher-driven cohort to aggregate cases, estimate
prevalence, define natural history, and formalize genotype–phenotype correlations.

Deep phenotyping of the pituitary/GH axis to clarify whether GH deficiency is
hypothalamic, pituitary (somatotroph energy failure), or combined — informing endocrine
management.

Functional reclassification of IARS2 VUS using standardized cell-based aminoacylation/
OXPHOS assays, feeding back into ClinVar to reduce diagnostic uncertainty.

Ophthalmology-focused study on why corneal grafts fail (neurotrophic mechanism) to
develop protective protocols for the recurrent keratitis complication.

Report  compiled  from  11  confirmed  findings  and  14  reviewed  papers  over  a  five-iteration
autonomous  investigation.  Evidence  sources:  human  clinical  case  series,  in  vitro  functional
studies,  and  curated  molecular/ontology  databases  (UniProt  Q9NSE4,  gnomAD,  ClinVar,  HPO/
OMIM:616007, MONDO:0014455 via EBI OLS4).
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