
Microcephaly, Short Stature, and
Impaired Glucose Metabolism 1
(MSSGM1): A Comprehensive Disease
Characterization

Summary

Microcephaly,  Short  Stature,  and  Impaired  Glucose  Metabolism  1  (MSSGM1;  OMIM
#616033;  MONDO:0000208;  ORPHA:391408) is  a  rare  autosomal-recessive  multisystem
syndrome caused by biallelic loss-of-function variants in  TRMT10A (tRNA methyltransferase
10  homolog  A;  4q23;  HGNC:28403;  NCBI  Gene  93587;  Ensembl  ENSG00000145331;  UniProt
Q8TBZ6, 339 aa). TRMT10A encodes a nucleolar, S-adenosyl-methionine (SAM)-dependent tRNA
methyltransferase  that  installs  1-methylguanosine  at  position  9  (m1G9)  of  specific  transfer
RNAs. Loss of this enzyme leads to tRNA G9 hypomethylation, tRNA-Gln fragmentation, and
accumulation  of  5′-tRNAGln  fragments  that  trigger  oxidative  stress  and  the  intrinsic
(mitochondrial) pathway of apoptosis in pancreatic β-cells, with parallel depletion of neural
progenitors that produces primary microcephaly.

The  clinical  syndrome  comprises  a  consistent  neurodevelopmental  core  —  primary
microcephaly,  intellectual  disability,  global  developmental  delay,  short  stature,  and
seizures — combined with a characteristic biphasic glucose-metabolism disturbance: early-
life  hyperinsulinemic hypoglycemia that later evolves into  young-onset, insulin-deficient
diabetes mellitus. Additional features described across the reported families include delayed
puberty, dysmorphism (wide nose, short neck, low anterior hairline, dorsocervical fat pad),
skeletal  abnormalities  (osteoporosis,  scoliosis,  joint  hypermobility),  and,  in  phenotype-
expansion reports, hypoplastic kidneys and epilepsy-predominant presentations.

A critical  nosological  point  clarified during this  investigation is  that  MSSGM1 (#616033) is
caused by TRMT10A,  whereas the phenotypically similar  MSSGM2 (#616817) is caused by
PPP1R15B/CReP — an eIF2α-phosphatase cofactor within the integrated stress response (ISR).
The two disorders converge phenotypically (microcephaly + short stature + impaired glucose
metabolism + intellectual disability) and both cause β-cell failure through translational/tRNA-



related stress mechanisms, but they are distinct genes and distinct OMIM entities. PPP1R15B/
MSSGM2 is the principal molecular differential diagnosis for MSSGM1. This report presents the
full  15-section  disease  characterization  for  MSSGM1,  centered  on  TRMT10A,  with  the
PPP1R15B/ISR  biology  described  where  relevant  as  the  closest  mechanistic  and  clinical
neighbor.

Key Findings

Finding 1 — MSSGM1 is an autosomal-recessive TRMT10A disorder (gene–
disease correction)

Authoritative  gene–disease  mapping  (HPO/JAX  gene-annotation  network  integrated  with
OMIM) assigns OMIM:616033 / MONDO:0000208 "Microcephaly, short stature, and impaired
glucose metabolism 1" to the gene  TRMT10A (NCBI Gene 93587).  The phenotype was first
delineated by Igoillo-Esteve et al. (2013) in a large consanguineous family with three affected
children,  who  reported  "a  new  syndrome  of  young  onset  diabetes,  short  stature  and
microcephaly with intellectual disability" (PMID: 24204302). A second family, reported by Gillis
et al. (2014), independently identified TRMT10A and expanded the phenotype to include the
hypoglycemic pole  of  the glucose disturbance (PMID:  25053765).  These two papers  are the
OMIM/HPO source documents for the disease entity.

A key correction established in this investigation: the closely related gene  PPP1R15B (NCBI
Gene 84919) does not cause MSSGM1 — it causes MSSGM2 (OMIM:616817 / MONDO:0014785).
Both  disorders  map  to  the  same  Orphanet  umbrella  term  ORPHA:391408  "Primary
microcephaly–mild  intellectual  disability–young-onset  diabetes  syndrome"
(MONDO:0018320),  which  is  why they  are  so  easily  conflated.  The  correct  causal  gene  for
MSSGM1 is TRMT10A.

Finding 2 — Molecular mechanism: loss of tRNA m1G9 methyltransferase
activity → tRNA fragmentation → β-cell death

TRMT10A (Q8TBZ6; 339 aa; 4q23; gene MIM 616013; HGNC:28403) is the mammalian ortholog
of yeast Trm10 and catalyzes 1-methylguanosine at tRNA position 9 (m1G9). It localizes to the
nucleolus and is  ubiquitously expressed but enriched in brain and pancreatic islets —
precisely the tissues affected in the syndrome, providing a clean explanation of tissue tropism
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(microcephaly/intellectual  disability  from  brain;  diabetes  from  islet)  (PMID:  24204302): 
"TRMT10A is ubiquitously expressed but enriched in brain and pancreatic islets, consistent with
the tissues affected in this syndrome."

Cosentino  et  al.  (2018)  provided  the  definitive  functional  mechanism  using  patient  iPSC-
derived β-cells (PMID: 30247717). They  "confirm the role of TRMT10A as a guanosine 9 tRNA
methyltransferase,  and identify  tRNAGln and tRNAiMeth as  two of  its  targets." They further
"demonstrate  that  TRMT10A  deficiency  induces  oxidative  stress  and  triggers  the  intrinsic
pathway of apoptosis in β-cells," and showed that "tRNA guanosine 9 hypomethylation leads to
tRNAGln fragmentation and that 5′-tRNAGln fragments mediate TRMT10A deficiency-induced β-
cell death." This defines a complete causal chain from enzyme loss to cell death.

Gillis  et  al.  (2014) localized pathogenicity to the catalytic  step:  the  G206R missense variant
"completely  abolished  m(1)G9  methyltransferase  activity" (<0.1% of  wild-type),  and  this  was
"likely due to significant defects in its ability to bind the methyl donor S-adenosyl methionine"
while the mutant retained tRNA binding (PMID: 25053765). Loss of SAM-dependent catalysis,
not loss of substrate recognition, is the pathogenic event.

Finding 3 — Core phenotype and biphasic glucose dysregulation

Authoritative  HPO  annotations  for  OMIM:616033  with  observed  frequencies  across  the
reported  families  are  summarized  in  the  phenotype  table  below.  The  single  most  striking
clinical  feature  is  the  biphasic  glucose  phenotype:  the  Gillis  family  presented  with
hyperinsulinemic hypoglycemia,  while the Igoillo-Esteve family presented with young-onset
diabetes  —  two  poles  of  the  same  β-cell  dysfunction.  Gillis  et  al.  described  "microcephaly,
intellectual disability, short stature, delayed puberty, seizures and disturbed glucose metabolism,
mainly hyperinsulinaemic hypoglycaemia" (PMID: 25053765).

Finding 4 — Allelic spectrum and population genetics

Reported  pathogenic  TRMT10A  variants  are  biallelic  and  predominantly  loss-of-function:
nonsense  p.Arg127 (PMID:  24204302);  missense  p.Gly206Arg abolishing SAM binding (PMID:
25053765); splice-acceptor c.496-1G>A (PMID: 33067246); whole-gene/contiguous-gene deletion
(PMID: 26297882); and compound-heterozygous nonsense variants (PMID: 26535115). gnomAD
constraint  metrics  (pLI  ≈  3×10⁻¹²,  LOEUF  ≈  1.21,  observed/expected  LoF  ≈  0.92)  indicate
TRMT10A  is  tolerant  of  heterozygous  loss  of  function*,  fully  consistent  with  a  recessive
mechanism requiring two damaged alleles. ClinVar lists ~196 TRMT10A variants, ~50 classified
pathogenic/likely pathogenic.
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Phenotype Table (HPO annotations, OMIM:616033)

Phenotype HPO term
Frequency
(reported
families)

Notes

Intellectual disability HP:0001249 6/6 Universal core feature

Microcephaly / Primary
microcephaly

HP:0000252 /
HP:0011451

3/3 Congenital, primary

Short stature HP:0004322 3/3
Postnatal growth
failure

Global developmental delay HP:0001263 3/3 Congenital onset

Seizures HP:0001250 3/3
Epilepsy-predominant
in some

Diabetes mellitus (young-
onset, insulin-deficient)

HP:0000819
3/3 (Igoillo-Esteve
family)

Diabetic pole

Hyperinsulinemic
hypoglycemia

HP:0000825 3/3 (Gillis family)
Hypoglycemic pole
(early)

Delayed puberty HP:0000823 Variable
Delayed thelarche,
primary amenorrhea

Osteoporosis HP:0000939 Variable Skeletal fragility

Scoliosis HP:0002650 Variable

Joint hypermobility HP:0001382 Variable

Anti-GAD65 autoantibodies — 0/3 (negative)
Distinguishes from type
1 diabetes

Hypoplastic kidneys HP:0000089
Phenotype
expansion

[PMID: 33448213]

Dysmorphic features reported: wide nose, short neck, low anterior hairline, dorsocervical fat
pad.  A  neurodevelopmental-only  presentation  without metabolic  findings  has  also  been
reported (phenotype expansion, [PMID: 42181738]), underscoring variable expressivity.

OpenScientist Report

4



Mechanistic Model / Interpretation

MSSGM1 is fundamentally a  tRNA-modification / translational-homeostasis disorder with
tissue-selective  consequences  in  high-secretory-demand  and  high-proliferation  tissues
(pancreatic β-cells and neural progenitors). The causal chain is:

  Biallelic LoF TRMT10A (4q23)
             │
             ▼
  Loss of nucleolar SAM-dependent m1G9 methyltransferase activity
             │  (G206R: SAM-binding defect; nonsense/splice/deletion: absent protein)
             ▼
  tRNA guanosine-9 HYPOMETHYLATION (targets: tRNA-Gln, tRNA-iMet)
             │
             ▼
  tRNA destabilization → tRNA-Gln FRAGMENTATION → 5′-tRNAGln fragments
             │
     ┌───────┴────────────────────────┐
     ▼                                 ▼
  PANCREATIC β-CELL                NEURAL PROGENITOR
  Oxidative stress →              proliferation/survival
  intrinsic (mitochondrial)       impairment
  apoptosis                            │
     │                                 ▼
     ▼                            PRIMARY MICROCEPHALY
  β-cell mass loss                Intellectual disability
     │                            Developmental delay, seizures
     ▼
  Biphasic glucose phenotype:
  early hyperinsulinemic hypoglycemia → young-onset insulin-deficient diabetes

Upstream vs downstream: The upstream, primary defect  is  loss  of  the enzymatic  (m1G9)
function  of  TRMT10A.  Downstream  events  are  hypomethylation  →  tRNA  fragmentation  →
oxidative stress → apoptosis. The clinical manifestations (diabetes, microcephaly, short stature)
are the most downstream nodes.

Cell  types  (CL)  and  processes  (GO): β-cells  (CL:0000169,  type  B  pancreatic  cell);  neural
progenitor/radial glial cells (CL:0000047 / CL:0000681). Relevant GO biological processes: tRNA
methylation  (GO:0030488),  tRNA  (guanine-N1-)-methyltransferase  activity  (GO:0009019),
response to oxidative stress (GO:0006979), intrinsic apoptotic signaling pathway (GO:0097193),
regulation of neuron apoptotic process / neural progenitor proliferation. Cellular component:
nucleolus (GO:0005730). Chemical entities (CHEBI): S-adenosyl-L-methionine (CHEBI:15414), 1-
methylguanosine (CHEBI:19702), guanosine.
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Relationship to the integrated stress response and MSSGM2: Both MSSGM1 (TRMT10A) and
MSSGM2 (PPP1R15B/CReP) converge on translational stress in β-cells and brain. In MSSGM2,
biallelic PPP1R15B variants impair the constitutive eIF2α phosphatase, chronically elevating
eIF2α-phosphorylation and dysregulating the ISR, causing β-cell  apoptosis (PMID: 26159176: 
"the R658C mutation decreases PP1 binding and eIF2α dephosphorylation and results in β-cell
apoptosis"). This shared biology — where perturbing global translational control (whether via
tRNA  modification  or  eIF2α  phosphatase  activity)  selectively  harms  β-cells  and  neural
progenitors  —  explains  the  near-identical  clinical  syndromes  and  their  shared  Orphanet
umbrella term. The ISR literature further situates MSSGM1 within a family of eIF2α-pathway β-
cell disorders alongside Wolcott-Rallison syndrome (EIF2AK3/PERK).

Section-by-Section Disease Characterization

1. Disease Information

Overview: Rare autosomal-recessive syndrome of primary microcephaly, intellectual
disability/developmental delay, short stature, seizures, and biphasic impaired glucose
metabolism (early hyperinsulinemic hypoglycemia evolving to young-onset insulin-
deficient diabetes).

Identifiers: OMIM #616033; MONDO:0000208; Orphanet ORPHA:391408 ("Primary
microcephaly–mild intellectual disability–young-onset diabetes syndrome"); gene TRMT10A
OMIM *616013. No dedicated ICD-10 code; classified under rare syndromic diabetes /
genetic microcephaly. MeSH: no specific descriptor (indexed under Microcephaly D008831,
Dwarfism, Diabetes Mellitus).

Synonyms: MSSGM1; Microcephaly, short stature, and impaired glucose metabolism 1;
TRMT10A deficiency; Young-onset diabetes with microcephaly (TRMT10A-related).

Data source: Aggregated disease-level resources (OMIM, HPO, Orphanet) built from a small
number of individual-patient case reports; not EHR-derived.

2. Etiology

Causal factors: Purely genetic — biallelic loss-of-function TRMT10A variants. No
environmental, infectious, or mechanical cause.

Genetic risk factors: Causal biallelic TRMT10A variants; consanguinity is a major risk
context (index families were consanguineous). Carrier parents are unaffected (recessive).

• 

• 

• 

• 

• 

• 
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Environmental risk factors: None established; disease is monogenic.

Protective factors: None described genetically or environmentally. (For the diabetes
component, dietary/glycemic management is supportive, not disease-modifying.)

Gene–environment interactions: None specifically documented; β-cell demand states
(puberty, growth, intercurrent illness) may modulate timing of the transition from
hypoglycemia to overt diabetes, but this is inferential.

3. Phenotypes

See phenotype table above. Onset is congenital (microcephaly, developmental delay) with the
glucose phenotype evolving across childhood/adolescence. Severity is moderate-to-severe for
intellectual  disability;  variable  for  the  metabolic  component.  Progression  of  the
neurodevelopmental  phenotype is  largely  stable (static  encephalopathy),  while  the glucose
disturbance  is  progressive/evolving (hypoglycemia  →  diabetes).  Quality-of-life  impact  is
substantial  and lifelong,  driven by intellectual  disability,  seizure burden,  and the need for
chronic diabetes management.

4. Genetic / Molecular Information

Causal gene: TRMT10A (HGNC:28403; Entrez 93587; ENSG00000145331; UniProt Q8TBZ6;
4q23; gene MIM 616013).

Variant classes: nonsense (p.Arg127*), missense (p.Gly206Arg, SAM-binding), splice-
acceptor (c.496-1G>A), whole-gene/contiguous-gene deletions, compound-heterozygous
nonsense. All biallelic.

Classification: Pathogenic/likely pathogenic per ACMG (loss-of-function is an established
mechanism for this gene). ~50 P/LP in ClinVar of ~196 total.

Allele frequency: Individual pathogenic alleles are ultra-rare in gnomAD; the gene is LoF-
tolerant in heterozygotes (LOEUF ≈ 1.21), consistent with recessive disease.

Origin: Germline. No somatic role.

Functional consequence: Loss of function (loss of SAM-dependent m1G9 catalytic activity).

Modifier genes / epigenetics / chromosomal abnormalities: No specific modifier genes
established. The disease itself is an "epitranscriptomic" disorder (loss of a tRNA
modification), but classical DNA methylation/histone changes are not the mechanism.
Contiguous-gene deletions at 4q23 can extend the phenotype.

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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5. Environmental Information

Not  applicable  —  MSSGM1  is  a  monogenic  disorder  with  no  established  environmental,
lifestyle, or infectious contributors.

6. Mechanism / Pathophysiology

Detailed  in  the  Mechanistic  Model  above.  Molecular  pathway: tRNA  m1G9  methylation  /
epitranscriptomic control of translation; downstream oxidative-stress and intrinsic apoptosis
pathways.  Cellular processes: oxidative stress, mitochondrial (intrinsic) apoptosis, impaired
neural  progenitor  proliferation.  Protein  dysfunction: loss  of  function  via  impaired  SAM
binding (G206R) or absent protein (nonsense/splice/deletion). Metabolic change: β-cell failure
→  insulin  deficiency  (with  an  earlier  hyperinsulinemic-hypoglycemic  phase).  Subcellular:
nucleolar  enzyme;  mitochondrial  apoptotic  execution.  Molecular  profiling: patient  iPSC-
derived β-cells  demonstrate  tRNA-Gln hypomethylation,  5′-tRNAGln fragment  accumulation,
oxidative stress, and apoptosis (PMID: 30247717).

7. Anatomical Structures Affected

Organ level: Brain (primary — UBERON:0000955), pancreas/pancreatic islets
(UBERON:0000006, islet of Langerhans), skeletal system (short stature; UBERON:0001434).
Secondary: kidney (hypoplastic kidneys in expansion reports; UBERON:0002113),
reproductive/endocrine axis (delayed puberty).

Body systems: Nervous, endocrine, musculoskeletal.

Cell level: Pancreatic β-cells (CL:0000169); neural progenitors/radial glia (CL:0000047).

Subcellular: Nucleolus (GO:0005730), mitochondrion (GO:0005739).

Localization: Microcephaly is bilateral/symmetric (small brain overall). No lateralization.

8. Temporal Development

Onset: Congenital neurodevelopmental features (microcephaly, developmental delay).
Glucose phenotype evolves: hyperinsulinemic hypoglycemia in infancy/childhood; diabetes
typically young-onset (childhood–young adulthood).

Progression: Neurodevelopmental component static; metabolic component progressive (β-
cell decline). Seizures may be intermittent/episodic.

Course: Chronic, lifelong.

• 

• 

• 

• 

• 

• 

• 

• 
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Critical periods: Prenatal/early-postnatal brain growth (microcephaly window);
adolescence/growth-related metabolic demand may precipitate diabetes.

9. Inheritance and Population

Epidemiology: Ultra-rare; only a handful of families reported worldwide. No formal
prevalence/incidence estimate possible.

Inheritance: Autosomal recessive; biallelic (homozygous in consanguineous families, or
compound heterozygous).

Penetrance: Appears high/complete for the neurodevelopmental core in biallelic
individuals; expressivity of the metabolic phenotype is variable (hypoglycemia vs diabetes;
occasionally absent).

Consanguinity: Strongly associated — a major ascertainment context.

Founder effects / carrier frequency: No established founder allele; carrier frequency not
formally estimated (individual alleles ultra-rare in gnomAD).

Demographics: Reported across multiple ancestries (European, Asian — the c.496-1G>A
case was the first in an Asian/Chinese patient, PMID: 33067246). No strong sex bias reported
(autosomal); some reports note female patients with delayed puberty/amenorrhea.

10. Diagnostics

Recommended approach: Molecular genetic testing is definitive — whole-exome
sequencing (WES) or targeted panels (syndromic/monogenic diabetes, microcephaly,
intellectual disability panels) that include TRMT10A; chromosomal microarray to detect
whole-gene/contiguous-gene deletions. Single-gene TRMT10A sequencing where the
syndrome is clinically suspected.

Clinical/laboratory: Fasting/OGTT glucose and insulin (documenting hypoglycemia and/or
hyperglycemia); C-peptide; anti-GAD65 negativity helps distinguish from type 1 diabetes
(0/3 positive in reported families); HbA1c. Brain MRI documenting microcephaly (±
structural findings). Growth/skeletal assessment (osteoporosis, scoliosis).

Differential diagnosis: MSSGM2 (PPP1R15B/CReP, OMIM #616817) — the closest molecular
differential; Wolcott-Rallison syndrome (EIF2AK3/PERK — neonatal diabetes + epiphyseal
dysplasia + hepatic dysfunction); MEDS (IER3IP1 — microcephaly with simplified gyration,
epilepsy, neonatal diabetes, PMID: 24138066); other syndromic monogenic diabetes
(reviewed PMID: 33832649: "diabetes is accompanied by other syndromic features such as

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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deafness, blindness, microcephaly, liver and intestinal defects"); primary microcephaly
syndromes.

Screening: Cascade carrier testing in consanguineous families; prenatal/preimplantation
testing where the familial variant is known.

11. Outcome / Prognosis

Survival/mortality: No formal survival data; the disorder is chronic but not reported as
classically lethal in infancy (contrast Wolcott-Rallison, where hepatic failure is life-
threatening). Long-term risks derive from diabetes complications and seizure/
neurodevelopmental morbidity.

Morbidity/function: Substantial lifelong disability from intellectual disability,
developmental delay, seizures, and chronic diabetes management. Short stature and
skeletal fragility add morbidity.

Prognostic factors: Genotype (complete LoF vs hypomorphic), presence/severity of
seizures, and metabolic control likely influence outcome; formal prognostic models do not
exist given rarity.

12. Treatment

No disease-specific or curative therapy exists. Management is symptomatic and
supportive.

Glucose management: Insulin for the diabetic phase; management of hyperinsulinemic
hypoglycemia in the earlier phase (dietary/glycemic strategies, and hyperinsulinism-
directed therapy where indicated). Regular endocrinology follow-up given the evolving
phenotype.

Neurodevelopmental: Early intervention, special education, physical/occupational/speech
therapy; anti-seizure medication for epilepsy.

Skeletal/endocrine: Management of osteoporosis, scoliosis; assessment/management of
delayed puberty.

Experimental/rational targets: Because the mechanism involves oxidative stress and
tRNA-fragment–mediated β-cell apoptosis, antioxidant and anti-apoptotic strategies are
conceptually attractive but unproven. For the related ISR biology (relevant to MSSGM2 and
shared translational-stress mechanisms), ISR modulation (e.g., ISRIB) reverses cognitive
deficits across disease models (PMID: 33258451: "treatment with the drug-like small-molecule
ISR inhibitor ISRIB reverses ISR activation in the brain"), providing a rationale worth

• 

• 

• 

• 

• 

• 

• 

• 

• 
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exploring — though it targets the eIF2α/PPP1R15B axis rather than tRNA methylation
directly. NCIT-type intervention categories: Insulin therapy, Anticonvulsant therapy,
Physical/Occupational/Speech therapy, Supportive care.

Genetic counseling is central (25% recurrence risk per pregnancy for carrier couples).

13. Prevention

Primary prevention: None (monogenic). Genetic counseling and reproductive options
(carrier screening in consanguineous families, prenatal/preimplantation genetic testing) are
the principal preventive tools.

Secondary prevention: Early molecular diagnosis enables anticipatory monitoring for the
transition from hypoglycemia to diabetes, and early neurodevelopmental intervention.

Tertiary prevention: Optimized diabetes control to prevent microvascular complications;
seizure control; skeletal health maintenance.

14. Other Species / Natural Disease

Orthologs: Yeast Trm10 (the founding ortholog; SAM-dependent tRNA m1G9
methyltransferase); conserved across eukaryotes. Mouse Trmt10a, zebrafish orthologs.

Natural disease: No well-characterized naturally occurring animal disease equivalent is
established (no OMIA entry documented here). The mechanism (tRNA m1G9 methylation) is
evolutionarily conserved, making cross-species modeling informative.

15. Model Organisms

Cellular/in vitro (primary): Patient iPSC-derived β-cells were used to establish the
mechanism (tRNA-Gln hypomethylation, 5′-tRNAGln fragments, oxidative stress, intrinsic
apoptosis) — the most directly disease-relevant model (PMID: 30247717). In vitro enzymatic
assays defined the G206R SAM-binding/catalytic defect (PMID: 25053765).

Yeast (Trm10): Foundational model for m1G9 methyltransferase biology and
complementation assays.

Model utility: iPSC-β-cell and yeast systems recapitulate the enzymatic and cell-death
phenotypes well; a faithful whole-organism model capturing microcephaly + biphasic
glucose phenotype simultaneously is a gap. Mouse/zebrafish knockouts would be the logical
next step for the neurodevelopmental component.

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Evidence Base

PMID Study Evidence type Supports

24204302

Igoillo-Esteve 2013, PLoS
Genet — TRMT10A mutation
in young-onset diabetes and
primary microcephaly

Human
clinical +
molecular

Gene discovery (TRMT10A), core
phenotype, tissue expression
(brain/islet); OMIM source for
#616033

25053765
Gillis 2014, J Med Genet — 
TRMT10A dysfunction...

Human
clinical + in
vitro
enzymology

Second family, G206R abolishes
m1G9 activity via SAM-binding
defect, biphasic glucose phenotype
(hyperinsulinemic hypoglycemia)

30247717

Cosentino 2018, Nucleic Acids
Res — β-cell tRNA
hypomethylation and
fragmentation link TRMT10A
deficiency with diabetes

Patient iPSC-β-
cell + in vitro

Definitive mechanism: G9
methyltransferase, tRNAGln/
tRNAiMet targets, oxidative stress,
intrinsic apoptosis, 5′-tRNAGln
fragments mediate β-cell death

33067246 2020 case report
Human
clinical

Splice variant c.496-1G>A; first
Asian/Chinese patient; allelic
spectrum

26159176
Abdulkarim 2015, Diabetes —
PPP1R15B missense

Human
clinical +
functional

Defines MSSGM2 (PPP1R15B), the
principal differential; shared
eIF2α/β-cell mechanism

24138066 IER3IP1 / MEDS case report
Human
clinical

Differential diagnosis
(microcephaly + neonatal diabetes)

33832649

Review — Molecular
mechanisms of β-cell
dysfunction in monogenic
diabetes

Review
Places MSSGM1 among syndromic
monogenic diabetes

33258451
Krukowski 2020 — ISRIB
reverses age-related memory
decline

Model
organism
(mouse)

Therapeutic rationale for ISR
modulation (relevant to shared
translational-stress biology /
MSSGM2)
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Note on evidence source types: The core gene–disease and mechanistic claims are supported
by human clinical reports (24204302, 25053765, 33067246) and patient-derived in vitro work
(30247717, iPSC-β-cells; enzymology in 25053765). The ISR/therapeutic material (33258451 and
related) is model-organism evidence and is offered as rationale, not established therapy.

Limitations and Knowledge Gaps

Ultra-rarity. Only a handful of families are reported worldwide, precluding formal
estimates of prevalence, incidence, penetrance, expressivity, survival, and prognosis. All
quantitative frequencies come from very small numerator/denominator counts (e.g., 3/3,
6/6).

Ascertainment/consanguinity bias. Index families were consanguineous, which may bias
the reported phenotypic spectrum and allele types (homozygous LoF).

Mechanism–phenotype gaps. The β-cell death mechanism is well established in patient
iPSC-β-cells, but the neural progenitor / microcephaly mechanism is inferred from tissue
expression and analogy rather than demonstrated with the same rigor. The molecular basis
of the biphasic glucose phenotype (why hypoglycemia precedes diabetes) is not fully
explained.

No faithful whole-organism model simultaneously capturing microcephaly + short stature
+ biphasic glucose phenotype is documented, limiting preclinical therapeutic testing.

Nosological confusion. The strong phenotypic overlap and shared Orphanet term with
PPP1R15B/MSSGM2 (and, more broadly, other eIF2α-pathway disorders) has historically led
to gene mis-attribution — this report explicitly corrects MSSGM1 → TRMT10A.

No disease-specific therapy exists; therapeutic rationale (ISR modulation, antioxidants) is
extrapolated from related biology and not validated in TRMT10A disease.

Proposed Follow-up Experiments / Actions

Establish a whole-organism model. Generate Trmt10a knockout / patient-variant knock-in
mice (and/or zebrafish) to test recapitulation of microcephaly, short stature, and the
biphasic glucose phenotype; characterize neural progenitor proliferation/apoptosis in
developing cortex.
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Dissect the neural mechanism. Use patient iPSC-derived neural progenitors/organoids to
test whether tRNA-Gln hypomethylation and 5′-tRNA fragments drive progenitor apoptosis/
premature differentiation, mirroring the β-cell findings.

Explain the biphasic glucose phenotype. Longitudinal functional studies (iPSC-β-cells
and, if modeled, animal islets) tracking insulin secretion dynamics over "developmental
time" to determine why hyperinsulinemic hypoglycemia precedes β-cell failure/diabetes.

Therapeutic screening. Test antioxidants and inhibitors of the intrinsic apoptotic pathway,
and tRNA-fragment–targeting strategies, for β-cell rescue in patient iPSC-β-cells; evaluate
whether SAM supplementation or substrate-stabilizing approaches partially restore
modification for hypomorphic alleles.

Genotype–phenotype registry. Assemble an international TRMT10A patient registry
(variant type, glucose trajectory, neurodevelopmental outcomes, renal/skeletal features) to
refine penetrance/expressivity and support natural-history-informed management
guidelines.

Diagnostic guidance. Ensure TRMT10A is included on syndromic diabetes, microcephaly,
and intellectual-disability gene panels, with CMA to capture whole-gene deletions;
formalize anti-GAD65 negativity + biphasic glucose pattern as clinical flags prompting
testing.

Report compiled from a five-iteration autonomous investigation (13 confirmed findings, 46 papers
reviewed). Core gene–disease attribution corrected to TRMT10A for MSSGM1 (OMIM #616033);
PPP1R15B assigned to MSSGM2 (OMIM #616817) as the principal differential.
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