SIN3A-Related Intellectual Disability
Syndrome (Witteveen-Kolk Syndrome,
WITKOS): Comprehensive Disease
Characterization

Disease: SIN3A-Related Intellectual Disability Syndrome / Witteveen-Kolk syndrome (WITKOS)
Causal gene: SIN3A (SIN3 transcription regulator family member A; HGNC:19353; NCBI Gene
25942; chromosome 15q24.2) MONDO ID: MONDO:0044699 - OMIM: 613406 - Synonyms:
Witteveen-Kolk syndrome, WITKOS, SIN3A-related intellectual disability Category: Mendelian,
autosomal dominant

Summary

Witteveen-Kolk syndrome (WITKOS) is a rare autosomal dominant neurodevelopmental
disorder caused by haploinsufficiency of SIN3A, the gene encoding the eponymous scaffold
protein of the SIN3-HDAC transcriptional corepressor complex on chromosome 15¢24.2. The
disease was defined by Witteveen and colleagues in 2016, who identified dominant
heterozygous loss-of-function mutations in SIN3A in individuals with mild intellectual
disability (ID) and autism spectrum disorder (ASD) who also shared facial dysmorphism,
microcephaly, and short stature. Because the same phenotype arises from atypical 15q24
microdeletions that span SIN3A, the gene is recognized as the critical driver of that contiguous-
gene microdeletion syndrome (PMID: 27399968).

Mechanistically, SIN3A is a ~2 MDa corepressor hub that uses four paired-amphipathic-helix
(PAH1-4) domains to dock sequence-specific transcription factors — including the neuronal
factor MytlL and the DNA demethylase TET1 — and link them to the histone deacetylase
activity of HDAC1/2. Reducing SIN3A dosage by half degrades this chromatin-repression
machinery. In the developing mouse brain, Sin3a knockdown reduces cortical neurogenesis,
alters neuronal identity, and produces aberrant corticocortical projections, providing a direct
developmental explanation for the human phenotype. Complete loss of Sin3a is embryonic
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lethal, confirming the gene is essential and consistent with a strict haploinsufficiency (loss-of-
function) disease mechanism. Patient missense variants (e.g., A126V, K155E) have been shown
biophysically to destabilize the PAH1 aa-hub domain, confirming that even non-truncating
variants act by loss of function.

Clinically, WITKOS is mild and multisystem but variable. In the largest cohort (28 patients),
cognitive impairment ranged from absent (25%) to mild (50%), moderate (22%), or severe (6%);
hypotonia (43%) and seizures (14%) were common, and the phenotype has since expanded to
include hypogonadotropic hypogonadism, cardiac defects, gastroesophageal reflux/motility
disorder, cleft palate, movement disorders (dystonia, ataxia), and, in one family, ectodermal
dysplasia with progeroid features and early-onset diabetes. The disorder is ultra-rare (a few
cases per million; fewer than ~100 reported), mostly de novo, diagnosed by trio exome/genome
sequencing or chromosomal microarray, and managed supportively through a
multidisciplinary team. There is no disease-modifying or gene-targeted therapy.

Key Findings

Finding 1 — SIN3A haploinsufficiency causes Witteveen-Kolk syndrome

Witteveen et al. (2016) established the disease by identifying dominant heterozygous loss-of-
function mutations in SIN3A (chromosome 15¢q24.2) in individuals with mild ID and ASD who
shared a recognizable constellation of facial dysmorphism, microcephaly, and short stature.
Critically, this phenotype is "highly related to that of individuals with atypical 1524
microdeletions,” establishing SIN3A as the critical gene in the 15q24 microdeletion region
(OMIM 613406).

"we identified dominant mutations in the gene encoding the transcriptional repressor and
MeCP2 interactor switch-insensitive 3 family member A (SIN3A; chromosome 15g24.2) in
individuals who, in addition to mild intellectual disability and ASD, share striking
features, including facial dysmorphisms, microcephaly and short stature" — PMID:
27399968

"This phenotype is highly related to that of individuals with atypical 15qg24
microdeletions, linking SIN3A to this microdeletion syndrome" — PMID: 27399968



https://pubmed.ncbi.nlm.nih.gov/27399968/
https://pubmed.ncbi.nlm.nih.gov/27399968/
https://pubmed.ncbi.nlm.nih.gov/27399968/

OpenScientist Report

This dual origin — single-gene point mutations and whole-gene deletions producing the same
disorder — is the clearest genetic signature of a haploinsufficiency mechanism.

Finding 2 — Core clinical phenotype: mild ID, distinctive facies, growth/
feeding difficulties

Balasubramanian et al. (2021) comprehensively characterized 28 patients (17 male / 11 female;
mean age 8.2 years). Among the 16 patients aged =8 years, cognitive severity broke down as
50% mild ID, 22% moderate ID, 6% severe ID, and 25% with no cognitive impairment —
underscoring both the overall mildness and the marked variability of the syndrome. Other
neurological features were common: hypotonia in 12/28 (43%) and seizures in 4/28 (14%); ASD
and ADHD were each present in a minority of patients. The molecular spectrum comprised 24
truncating variants, 3 missense variants, and one large in-frame gain (exons 10-12); 27 of 28
were novel, indicating that nearly all variants are private.

"Out of 16 patients = 8 years old assessed, eight (50%) had mild intellectual disability (ID),
four had moderate ID (22%), and one had severe ID (6%). Four (25%) did not have any
cognitive impairment." — PMID: 33437032

"Other neurological symptoms such as seizures (4/28) and hypotonia (12/28) were
common." — PMID: 33437032

Finding 3 — Mechanism: SIN3A is a corepressor scaffold regulating cortical
neurogenesis

SIN3A is the eponymous scaffold of the SIN3-HDAC corepressor complex (with HDAC1/2,
RBBP4/7, SAP30, SDS3), which deacetylates histones to repress transcription (PMID: 33130996).
SIN3 is an essential gene in metazoans; its loss impairs cell proliferation, and in Drosophila it
downregulates the cell-cycle gene String/CDC25 (PMID: 19825413). Most directly relevant to the
human disease, in vivo knockdown of Sin3a in the developing mouse brain reduced cortical
neurogenesis, altered neuronal identity, and produced aberrant corticocortical projections
(PMID: 27399968).

"in vivo functional knockdown of Sin3a led to reduced cortical neurogenesis, altered
neuronal identity and aberrant corticocortical projections in the developing mouse brain"
— PMID: 27399968
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"The transcriptional corepressor SIN3 is an essential gene in metazoans. In cell culture
experiments, loss of SIN3 leads to defects in cell proliferation.” — PMID: 19825413

Suggested ontology terms: GO:0006355 (regulation of DNA-templated transcription),
GO0:0016575 (histone deacetylation), GO:0021895 (cerebral cortex neuron differentiation),
G0:0021987 (cerebral cortex development); CL:0000540 (neuron), CL:0000047 (neural
progenitor cell), CL:0000679 (glutamatergic neuron).

Finding 4 — Sin3a is essential for genome integrity and viability; constitutive
knockout is embryonic lethal

McDonel et al. (2012) showed that Sin3a-null mouse embryos die peri-implantation: they
suffer unresolved DNA damage and acute p53-independent apoptosis specifically in the E3.5-
4.5 epiblast. Sin3a-deleted ES cells mount a DNA damage response with double-strand breaks,
arrest at G2, and undergo apoptosis; Myc and E2F targets are downregulated in Sin3a-null
inner cell masses. This confirms that SIN3A is an essential, dosage-sensitive gene — the
biological basis for why only heterozygous loss (haploinsufficiency), not biallelic loss, is
compatible with human life.

"embryos lacking Sin3a suffer unresolved DNA damage and acute p53-independent
apoptosis specifically in the E3.5-4.5 epiblast" — PMID: 22206758

"The Sin3a/HDAC co-repressor complex is a critical regulator of transcription networks
that govern cell cycle control and apoptosis throughout development.”" — PMID: 22206758

Finding 5 — Expanding phenotype: hypogonadotropic hypogonadism /
pubertal delay

Correa Brito et al. (2024) reported a novel SIN3A loss-of-function variant causative for
hypogonadotropic hypogonadism (HH) in a WITKOS patient, extending the phenotype into
the neuroendocrine/reproductive axis. HH overlaps with WITKOS (OMIM 613406) and with
1524 microdeletions, paralleling Kallmann-type presentations (pubertal delay with or without
anosmia/hyposmia).
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"hypogonadotropic hypogonadism has been suggested to overlap with Witteveen-Kolk
syndrome (WITKOS, OMIM #613406) associated with 15g24 microdeletions" — PMID:
38528912

Suggested HPO terms: HP:0000044 (hypogonadotropic hypogonadism), HP:0000823 (delayed
puberty).

Finding 6 — Molecular architecture: four PAH domains serve as a
transcription-factor docking hub

SIN3A sits at the center of the ~2 MDa Sin3L/Rpd3L HDAC complex, mediating simultaneous
protein—protein interactions via four paired-amphipathic-helix (PAH1-4) domains, each a
four-helix bundle with a hydrophobic cleft binding a single-helix Sin3-interaction domain (SID)
with high affinity (PMID: 30279502, PMID: 21676866). PAH1 recruits the neuronal transcription
factor Myt1lL (neuronal differentiation/identity maintenance; PMID: 32391601) and the DNA
demethylase TET1 (PMID: 30279502); PAH2 binds Mad1/Mxd1 and HBP1; PAH3 binds SAP30
(PMID: 21676866). SIN3A thereby couples sequence-specific DNA-binding factors to HDAC1/2
enzymatic activity.

"The Sin3A protein sits at the centre of the complex, mediating multiple simultaneous
protein-protein interactions via its four paired-amphipathic helix (PAH) domains
(PAH1-4)." — PMID: 30279502

"MytlL, through a highly conserved segment shared with its paralogs, interacts directly
and specifically with the Sin3 PAH1 domain" — PMID: 32391601

The recruitment of a neuronal identity transcription factor (MytlL) specifically by PAH1
provides a mechanistic bridge between SIN3A dosage and neurodevelopmental consequences.

Finding 7 — Epidemiology: ultra-rare, autosomal dominant, mostly de novo
loss-of-function
Tang et al. (2025) state WITKOS incidence is extremely low — only a few cases per million

population reported globally, with most presenting in childhood/adolescence. The disorder is
autosomal dominant, caused by heterozygous loss-of-function SIN3A variants or 15q24.1-q24.2
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microdeletions encompassing SIN3A. Fewer than ~100 patients have been reported in the
literature (Witteveen 2016; Balasubramanian 2021 28-patient cohort). No formal Orphanet
prevalence estimate exists.

"Its incidence rate is extremely low. According to the current limited global data statistics,
only a few cases occur per million population." — PMID: 40336075

"WITKOS is a rare neurodevelopmental disorder caused by heterozygous loss-of-function
variants in the 15q24.1 - q24.2 region, includeing switch-insensitive 3 transcription
regulator family member A (SIN3 A)." — PMID: 40336075

Finding 8 — WITKOS is a multisystem disorder beyond core
neurodevelopmental features

Case reports have broadened the spectrum well beyond ID/facies/microcephaly/short stature: -
Cardiac defects with gastroesophageal reflux and esophageal motility disorder (Uctepe et al.
2024, PMID: 38841330); - Cleft palate (Boynuyogun et al.,, PMID: 39828923); - Progressive
generalized dystonia and cerebellar ataxia (Mustafa et al. 2025, PMID: 39576496; variant
c.1051C>T p.Pro351Ser); - A familial form with ectodermal dysplasia, progeroid appearance,
and early-onset diabetes mellitus (Chan et al. 2025, PMID: 40586236).

"Our findings showed that cardiac defects are not uncommon findings in WITKOS.
Physicians should also be aware of reflux disease and motility disorder in patients with
feeding difficulty" — PMID: 38841330

"a chronic, progressively worsening symmetric cerebellar ataxia, along with generalized
dystonia. Notably, dystonia has not been previously associated with this syndrome." —
PMID: 39576496

Finding 9 — Management is supportive/multidisciplinary; first personalized
behavioral treatment reported

There is no disease-modifying or gene-targeted therapy for WITKOS; management is
supportive and multidisciplinary (geneticist, pediatrician, neurologist), addressing
developmental delay, feeding/growth, seizures, cardiac and GI issues, and behavior
(Balasubramanian 2021). Janssen et al. (2026) reported the first documented treatment of


https://pubmed.ncbi.nlm.nih.gov/40336075/
https://pubmed.ncbi.nlm.nih.gov/40336075/
https://pubmed.ncbi.nlm.nih.gov/38841330/
https://pubmed.ncbi.nlm.nih.gov/39828923/
https://pubmed.ncbi.nlm.nih.gov/39576496/
https://pubmed.ncbi.nlm.nih.gov/40586236/
https://pubmed.ncbi.nlm.nih.gov/38841330/
https://pubmed.ncbi.nlm.nih.gov/39576496/

OpenScientist Report

behavioral problems in WITKOS — a personalized 12-session psychological intervention in a
27-year-old woman that reduced anxiety, fatigue, and cognitive overload with positive short-
term functional gains but limited maintenance at 3-month follow-up.

"we present a case study of the first documented treatment of behavioral problems in
WITKOS" — PMID: 41245232

"Involvement of a multidisciplinary team including a geneticist, paediatrician and
neurologist should be considered in managing these patients." — PMID: 33437032

Finding 10 — Missense variants destabilize the SIN3A PAH1 aa-hub,
confirming loss-of-function

Due et al. (2026) performed structural/thermodynamic studies of the Sin3A PAH1 aa-hub
domain and two WITKOS patient missense variants (A126V and K155E), demonstrating
stability and interaction defects. This provides molecular-level confirmation that pathogenic
SIN3A missense variants act by destabilizing PAH domains and disrupting recruitment of
interacting transcription factors — a loss-of-function mechanism consistent with

haploinsufficiency.

"we relate aa-hub stability to function by structural and thermodynamic studies of the
Sin3A-paired amphipathic helix 1 (PAH1) wt hub domain and two predicted loss-of-
function variants (A126V and K155E) found in patients with the neurodevelopmental
Witteveen-Kolk syndrome" — PMID: 41759735

Finding 11 — The SIN3/HDAC corepressor is conserved from yeast to
humans; multiple model organisms exist

The SIN3-RPD3 histone deacetylase corepressor is conserved from Saccharomyces cerevisiae
(Sin3/Rpd3/Ume6; PMID: 25957495) through Drosophila (SIN3 essential for proliferation and
wing development via String/CDC25; PMID: 19825413) to mouse (Sin3a essential, embryonic-
lethal knockout; PMID: 22206758) and human SIN3A.
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"Ume6 interacts with the upstream repressor site 1 (URS1) and represses transcription by
recruiting both the conserved histone deacetylase Rpd3 (through the co-repressor Sin3)
and the chromatin-remodeling factor Isw2." — PMID: 25957495

Orthologs: S. cerevisiae SIN3 (NCBI Gene YOL004W); Drosophila Sin3A; Mus musculus Sin3a
(NCBI Gene 20466); Homo sapiens SIN3A (NCBI Gene 25942; HGNC:19353). No naturally
occurring companion-animal disease is catalogued in OMIA for SIN3A.

Finding 12 — Diagnosis relies on molecular genetics; SIN3A is LOF-
constrained with an emerging chromatinopathy episignature

WITKOS has no pathognomonic biochemical biomarker; diagnosis requires detecting a
heterozygous pathogenic SIN3A variant (trio WES/WGS — most variants are private/novel,
27/28 novel in Balasubramanian 2021) or a 15q24.1-q24.2 microdeletion by chromosomal
microarray (e.g., a de novo 1.6 Mb deletion, PMID: 38841330). SIN3A is strongly constrained
against loss of function in gnomAD. As a chromatin/HDAC-complex ("chromatinopathy") gene,
SIN3A is a candidate for DNA-methylation episignature-based variant classification
increasingly used for these disorders (PMID: 41957673, PMID: 41952182).

"We report 27 novel variants and one previously reported variant." — PMID: 33437032

"Affymetrix CytoScan 750K microarray showed a de novo 1.6-Mb deletion at 15q24.1q24.2"
— PMID: 38841330

Full Section-by-Section Report

1. Disease Information

WITKOS is a rare autosomal dominant neurodevelopmental disorder caused by
haploinsufficiency of SIN3A. Core features are mild intellectual disability, developmental
delay, distinctive craniofacial dysmorphism, microcephaly, and short stature, with variable
multisystem involvement.
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Key identifiers: MONDO:0044699 - OMIM 613406 - Gene: SIN3A (HGNC:19353; NCBI Gene
25942; Ensembl ENSG00000169375; UniProt Q96ST3) - Chromosome 15q24.2. Orphanet lists the
SIN3A-related intellectual disability/Witteveen-Kolk entity but without a formal prevalence
estimate. No specific ICD-10/ICD-11 code is dedicated to WITKOS; it maps to generic categories
for intellectual disability/congenital malformation syndromes.

Synonyms: Witteveen-Kolk syndrome, WITKOS, SIN3A-related intellectual disability
syndrome, SIN3A haploinsufficiency.

Information source: The knowledge base is derived primarily from aggregated disease-level
resources (OMIM, published case series, and cohort studies) rather than individual EHR
records. The largest evidence source is a 28-patient international cohort (PMID: 33437032) plus
the defining discovery paper (PMID: 27399968) and numerous single-case reports.

2. Etiology

Primary cause: Genetic — heterozygous loss-of-function of SIN3A, by (a) intragenic point/indel
variants (nonsense, frameshift, splice-site, and destabilizing missense) or (b) 15q24.1-q24.2
microdeletions encompassing SIN3A. There is no infectious, environmental, or metabolic
cause.

Genetic risk factors: The only established causal factor is the SIN3A variant itself. Most cases
are de novo; there is no known susceptibility locus or polygenic contribution. Modifier genes
are not defined, though a contiguous-gene deletion (removing neighboring 15q24 genes) may
modify expressivity.

Environmental risk / protective factors: None identified. There are no documented dietary,
lifestyle, occupational, or toxic exposures that cause, raise, or lower the risk; because the
disorder is Mendelian and usually de novo, environmental contributions are not expected.
Gene-environment interactions: None documented.
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3. Phenotypes

Phenotype

Intellectual disability (mild
predominant)

Global developmental delay

Autism spectrum disorder
ADHD

Muscular hypotonia
Seizures

Microcephaly

Short stature

Facial dysmorphism

Feeding difficulties / growth

failure

Hypogonadotropic
hypogonadism / delayed
puberty

Congenital heart defects

GERD / esophageal motility
disorder

Cleft palate

Dystonia / cerebellar ataxia

Ectodermal dysplasia /
progeroid / early diabetes

Type

Cognitive/
behavioral

Cognitive
Behavioral
Behavioral
Clinical sign
Clinical sign
Physical
Physical

Physical

Clinical

Endocrine

Clinical

Clinical

Physical

Neurological

Multisystem

Frequency

~75% impaired (50% mild,
22% mod, 6% severe); 25%

unaffected
Common
Minority
Minority
12/28 (43%)
4/28 (14%)
Characteristic
Characteristic

Characteristic/recognizable

Common

Reported

"Not uncommon"

Reported

Rare

Rare (expanding)

Single family
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HPO term

HP:0001249 /
HP:0001256

HP:0001263
HP:0000729
HP:0007018
HP:0001252
HP:0001250
HP:0000252
HP:0004322

HP:0001999

HP:0011968

HP:0000044 /
HP:0000823

HP:0001627

HP:0002020

HP:0000175

HP:0001332 /
HP:0001251

HP:0000968 /
HP:0000006
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Characteristics: Onset is congenital/neonatal to early childhood (developmental features).
Severity is predominantly mild but variable (mild—severe ID; 25% cognitively normal). Most
features are stable rather than progressive, though a reported movement disorder was
progressive. Quality-of-life impact is driven by cognitive/behavioral impairment, feeding/
growth issues, and comorbidities requiring lifelong support; one documented behavioral
intervention produced short-term gains (PMID: 41245232).

4. Genetic / Molecular Information
Causal gene: SIN3A (OMIM 607776; HGNC:19353; NCBI Gene 25942). Disease OMIM:* 613406.

Pathogenic variants: Predominantly truncating (nonsense, frameshift, splice-site) consistent
with loss of function; a minority are missense that destabilize PAH domains, plus whole-gene
15g24 deletions. In the 28-patient cohort: 24 truncating, 3 missense, 1 large in-frame gain; 27/28
novel/private (PMID: 33437032). Specific examples: ¢.1051C>T (p.Pro351Ser) with dystonia/
ataxia (PMID: 39576496); p.A126V and p.K155E destabilizing PAH1 (PMID: 41759735).

Classification & allele frequency: Variants are classified pathogenic/likely pathogenic per
ACMG; they are private and absent from population databases. SIN3A is strongly LOF-
constrained in gnomAD (high pLI), supporting haploinsufficiency intolerance. Origin:
germline, usually de novo. Functional consequence: loss of function / haploinsufficiency;
missense variants act via protein destabilization (also loss of function). No gain-of-function or
dominant-negative mechanism is established.

Modifier genes: Not formally defined; deletion size in 15g24 CNVs may modulate severity.
Epigenetic information: As a chromatinopathy gene, SIN3A disruption is expected to alter
genome-wide histone acetylation/DNA methylation; a specific DNA-methylation episignature is
an active area of development (PMID: 41957673). Chromosomal abnormalities: 15q24.1-q24.2
microdeletions (e.g., de novo 1.6 Mb; PMID: 38841330); the region's segmental-duplication
architecture mediates recurrent rearrangements (PMID: 22180641, PMID: 19557438).

5. Environmental Information

No environmental, lifestyle, or infectious factors contribute to WITKOS. It is a monogenic
disorder; not applicable across toxins, radiation, occupational exposure, diet, smoking/
alcohol, and pathogens.
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6. Mechanism / Pathophysiology
Ordered causal chain (initiating lesion - clinical manifestation):

1. A heterozygous loss-of-function lesion in SIN3A (truncating variant, destabilizing
missense, or 15q24 microdeletion) reduces functional SIN3A protein to ~50%
(haploinsufficiency). Demonstrated genetically.

2. Reduced SIN3A results in a deficit of the scaffold at the center of the ~2 MDa SIN3-HDAC
corepressor complex, because SIN3A docks transcription factors and HDAC1/2 via its four

PAH domains. Demonstrated biochemically/structurally

(

@ 30279502 ]

| @ 21676866 ]

3. For missense variants, the lesion specifically destabilizes the PAH1 aa-hub, which leads
to impaired binding of SID-containing partners (e.g., Myt1L, TET1). Demonstrated
thermodynamically

( ).
(@ 41759735 ]

4. Loss of scaffold results in failure to recruit HDAC1/2 to target promoters, leading to
inappropriate histone hyperacetylation and derepression/dysregulation of SIN3-
controlled gene networks (cell-cycle, Myc/E2F targets). Inferred from complex biology +
Sin3a-null ICM data

( ).
(@ 22206758 ]

5. In neural progenitors, dysregulation impairs the balance of proliferation vs
differentiation, which in the developing cortex results in reduced cortical neurogenesis,
altered neuronal identity, and aberrant corticocortical projections. Demonstrated in
mouse knockdown

( ).
(@ 27399968 ]

6. Branch A (brain): altered cortical wiring leads to intellectual disability, ASD, microcephaly,
seizures, hypotonia.

7. Branch B (growth/endocrine): dysregulated developmental programs lead to short stature
and, via hypothalamic-pituitary effects, hypogonadotropic hypogonadism

( ).
(@ 38528912 ]

Inferred.
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8. Branch C (other systems): disrupted transcriptional programs in cardiac, craniofacial, GI,
and ectodermal tissues contribute to heart defects, cleft palate, reflux/motility disorder,
and ectodermal/progeroid features

(

(@ 38841330 ]
@ 39828923 ]
B 40586236 |

Inferred from case reports.

Molecular pathways: Chromatin-mediated transcriptional repression (SIN3-HDAC/Rpd3L);
downstream Myc and E2F target networks; Myt1L/TET1-dependent neuronal gene regulation.
Cellular processes: cell-cycle control, neural progenitor proliferation/differentiation,
apoptosis, DNA-damage response (GO:0006974). Protein dysfunction: loss of scaffold function
via truncation or PAH-domain destabilization. Metabolic/immune/biochemical: no specific
enzyme deficiency, immune involvement, or metabolic defect is characteristic. Epigenetic:
global histone-acetylation/DNA-methylation dysregulation (chromatinopathy).

Suggested ontology terms: GO:0016575 (histone deacetylation), GO:0000122 (negative
regulation of transcription by RNA Pol II), GO:0021987 (cerebral cortex development),
G0:0007399 (nervous system development); CL:0000540 (neuron), CL:0000047 (neural
progenitor cell); GO:0005634 (nucleus).

7. Anatomical Structures Affected

* Primary organ/system: Central nervous system — cerebral cortex (UBERON:0000956),
brain (UBERON:0000955); nervous system (UBERON:0001016). Neurodevelopmental impact
is the defining feature.

* Secondary involvement: Craniofacial skeleton (dysmorphism, cleft palate —
UBERON:0001716 secondary palate); heart (UBERON:0000948); gastrointestinal/esophagus
(UBERON:0001043); endocrine axis (hypothalamic-pituitary-gonadal; UBERON:0000007
pituitary); skin/ectodermal derivatives (UBERON:0000014) in the familial progeroid form,;
musculoskeletal (short stature, hypotonia).

* Tissue/cell level: Nervous tissue; cortical neurons and neural progenitors (CL:0000540,
CL:0000047). Subcellular: nucleus (GO:0005634) — SIN3A is a nuclear corepressor.

* Lateralization: Bilateral/symmetric (microcephaly, cortical involvement, symmetric
movement features).
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8. Temporal Development

* Onset: Congenital/neonatal to early childhood; most present in childhood or adolescence

(

@ 40336075 ] ‘

Pattern is chronic/developmental rather than acute.

* Progression: Generally stable, non-progressive developmental disorder; cognitive and
physical features are lifelong. Exceptions include a progressive movement disorder
(dystonia/ataxia) in one report (PMID: 39576496).

* Duration: Chronic/lifelong. Remission: None (not a remitting condition). Critical periods:
Cortical neurogenesis in fetal development is the mechanistically critical window; there is
no established postnatal intervention window.

9. Inheritance and Population

» Epidemiology: Ultra-rare — a few cases per million population; <~100 reported patients; no
formal Orphanet prevalence/incidence estimate (PMID: 40336075).

* Inheritance: Autosomal dominant; mostly de novo heterozygous LOF (or 15q24 CNV).
Penetrance: Appears high but expressivity is highly variable (25% of cohort members =8 y
had no cognitive impairment). Expressivity: Variable, including within families.
Anticipation: Not applicable (not a repeat-expansion disorder). Germline mosaicism:
Possible in principle (not specifically documented). Founder effects/consanguinity: None
(variants are private, de novo). Carrier frequency: Not applicable to a dominant de novo
disorder.

* Demographics: No ethnic predilection, geographic clustering, or strong sex bias established
(cohort 17M/11F). Age distribution skews pediatric due to recent recognition.

10. Diagnostics

* No biochemical biomarker exists; diagnosis is molecular.

* Genetic testing (primary): Trio whole-exome (WES) or whole-genome sequencing (WGS)
detects intragenic SIN3A variants (most are private/novel). Chromosomal microarray
(CMA) detects 15q24.1-q24.2 microdeletions. Gene panels for ID/ASD that include SIN3A are
also used. Single-gene testing is low-yield given phenotype nonspecificity; karyotype is
insufficient for microdeletions. Mitochondrial and repeat-expansion testing are not
indicated.
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* Emerging: DNA-methylation episignature classification (EpiSign) for chromatinopathies
may aid reclassification of SIN3A VUS (PMID: 41957673, PMID: 41952182).

* Imaging: Brain MRI may show nonspecific findings; used to evaluate microcephaly/
seizures. Clinical criteria: No formal diagnostic criteria; diagnosis rests on a compatible
phenotype plus a pathogenic SIN3A variant/deletion. Differential diagnosis: 15q24
microdeletion syndrome (same spectrum), other chromatinopathies/ID syndromes
(ANKRD11/KBG, SETD5, KMT2A, CHD3/CHD8, ADNP), and other causes of mild syndromic ID
with microcephaly and short stature. Screening: Not amenable to population/newborn
screening; cascade testing is generally unnecessary given de novo origin, but parental
testing informs recurrence risk.

11. Outcome / Prognosis

* Survival/mortality: No evidence of reduced life expectancy or disease-specific mortality;
WITKOS is not life-limiting in itself. The disorder is compatible with adult life (behavioral
treatment reported in a 27-year-old; PMID: 41245232).

» Morbidity/function: Driven by (usually mild) intellectual disability, behavioral issues,
feeding/growth difficulties, and variable multisystem complications. Functional outcomes
range widely given variable expressivity.

» Complications: Seizures, cardiac defects, GERD/motility disorder, cleft palate, movement
disorder, endocrine (hypogonadism, early diabetes in one family). Recovery potential:
Developmental features are stable; supportive therapy improves function.

* Prognostic factors: Severity of ID and presence of multisystem complications; no validated
molecular prognostic biomarker, though deletion vs point-variant and variant location/type
may influence phenotype.

12. Treatment

* No disease-modifying or gene-targeted therapy exists. Management is supportive and
multidisciplinary (NCIT: Supportive Care; Multidisciplinary Care) — geneticist,
pediatrician, neurologist (PMID: 33437032).

* Symptom-directed: Antiseizure medication for epilepsy; nutritional support/anti-reflux
management for feeding difficulties and GERD; cardiology management and surgical repair
for cardiac defects; surgical cleft palate repair after neurodevelopmental maturation
(PMID: 39828923); endocrine therapy for hypogonadism; movement-disorder management
for dystonia/ataxia.
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* Rehabilitative/behavioral: Physical, occupational, and speech therapy; special education;
a first personalized 12-session psychological intervention reduced anxiety/fatigue/cognitive
overload with short-term gains (PMID: 41245232).

* Pharmacogenomics, gene/cell/RNA therapy, targeted/immunotherapy, experimental
trials: None specific to WITKOS at this time. No NCT-registered disease-specific trials
identified.

13. Prevention

* Primary prevention: Not applicable (de novo genetic origin). Secondary prevention:
Early developmental assessment and intervention improve functional outcomes; screening
for known complications (cardiac, GI/reflux, cleft palate, endocrine) is recommended once
diagnosed

(

(@ 38841330 |

@ 39828923 ] .

* Genetic counseling: Essential — recurrence risk for parents of a de novo case is low
(germline mosaicism caveat); an affected individual has a 50% transmission risk. Prenatal/
preimplantation genetic testing is feasible for a known familial variant. Public health/
immunization/environmental: Not applicable.

14. Other Species / Natural Disease

* Taxonomy / orthologs: SIN3A/Sin3 is deeply conserved. Homo sapiens SIN3A (NCBI Gene
25942); Mus musculus Sin3a (NCBI Gene 20466); Drosophila melanogaster Sin3A;
Saccharomyces cerevisiae SIN3 (YOL004W). Function conserved from yeast through
metazoans (PMID: 25957495, PMID: 19825413, PMID: 22206758).

» Natural disease: No naturally occurring companion-animal or wildlife SIN3A disease is
catalogued in OMIA. Comparative biology: The corepressor mechanism and its essentiality
are evolutionarily conserved, supporting cross-species mechanistic inference. Zoonotic
potential: Not applicable.
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15. Model Organisms

Model Type Key finding Reference
) . Embryonic lethal (peri-implantation); DNA
Mouse (Sin3a Mammalian, . L. PMID:
L damage + p53-independent apoptosis in
knockout) constitutive KO . 22206758
epiblast
. . Reduced cortical neurogenesis, altered
Mouse (in vivo Mammalian, i . . .
) neuronal identity, aberrant corticocortical PMID:
Sin3a knockdown, focal o .
projections — recapitulates core human 27399968

developing brain) knockdown i
neurodevelopmental mechanism

Essential gene; regulates proliferation/wing ~ PMID:

Drosophila SIN3 Invertebrate . .
development via String/CDC25 19825413
S. cerevisiae Sin3/ S Conserved corepressor mechanism; PMID:
eas
Rpd3/Ume6 transcriptional repression 25957495

Phenotype recapitulation: The mouse brain knockdown is the most disease-relevant model,
directly reproducing the neurogenesis defect proposed to underlie human ID. Limitations:
Constitutive KO is embryonic lethal, so the human haploinsufficiency state requires
heterozygous/conditional models; no published heterozygous mouse phenotype fully modeling
WITKOS is in the knowledge base. Invertebrate/yeast models illuminate conserved molecular
function but not the syndromic phenotype. Resources: MGI (Sin3a), FlyBase (Sin3A), SGD
(SIN3).
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Mechanistic Model / Interpretation

SIN3A heterozygous LOF (truncating / destabilizing missense / 15924 deletion)
| reduces functional SIN3A protein to ~50% (haploinsufficiency)
v
Deficient SIN3-HDAC corepressor scaffold
(4 PAH domains can no longer dock TFs + HDAC1/2 at full capacity)
e missense A126V/K155E - PAH1 aa-hub destabilized - lost MytlL/TET1 binding (<a href="https:,
| leads to
v
Failure to recruit HDAC1/2 - histone hyperacetylation - derepression/dysregulation
of SIN3-controlled gene networks (Myc, E2F, cell-cycle) (<a href="https://pubmed.ncbi.nlm.n:
| results in
v
Imbalanced neural progenitor proliferation vs differentiation
| in developing cortex - reduced neurogenesis, altered identity,
| aberrant corticocortical projections (<a href="https://pubmed.ncbi.nlm.nih.gov/27399¢

v
| BRANCH A (brain) 1 — BRANCH B (growth/endocrine) —  — BRANCH
| ID, ASD, microcephaly, seizures, hypotonia | | short stature; HH / pubertal | | heart «
| | | delay (<a href="https://pubmed.ncbi.nlm.nil
| | ] | | ectode
| |

Upstream vs downstream: The mutation and corepressor-scaffold deficit are upstream
(demonstrated genetically/structurally); gene-network dysregulation is intermediate
(demonstrated in cells/embryos); the cortical neurogenesis defect is the proximal cause of the
neurodevelopmental phenotype (demonstrated in mouse); multisystem branches are largely
inferred from case reports. The essentiality of SIN3A (embryonic-lethal null) explains why only
partial (50%) loss is compatible with life and produces a comparatively mild, dosage-
dependent syndrome.
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PMID

27399968

33437032

22206758

30279502
32391601

21676866

41759735

40336075

38528912

38841330

39828923

39576496

40586236

41245232
19825413
25957495
33130996

41957673,
41952182

Title (abbrev.)

SIN3A haploinsufficiency
causes mild ID...

28-individual SIN3A cohort
Sin3a essential for genome
integrity

Sin3A recruits Tet1 via PAH1
Myt1L-Sin3 PAH1 interaction
SAP30-Sin3A structure

PAH1 aa-hub stability/
variants

15q24 deletion WITKOS
review

SIN3A + hypogonadotropic
hypogonadism

WITKOS reflux + SIN3A
deletion

WITKOS with cleft palate
WITKOS dystonia/ataxia

Familial WITKOS progeroid/
diabetes

Personalized treatment case
Drosophila SIN3/String
Yeast Sin3/Rpd3/Ume6
REST/NRSF-SIN3 complex

Chromatinopathy
episignatures
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Role

Defining paper; establishes gene, phenotype,
mouse neurogenesis mechanism

Largest cohort; severity frequencies, variant
spectrum, management

Embryonic lethality; essentiality supporting
haploinsufficiency

PAH-domain scaffold architecture
Links PAH1 to neuronal identity TF

~2 MDa complex; PAH3 interaction

Functional proof missense = LOF

Epidemiology; AD/CNV etiology

Endocrine phenotype expansion

Cardiac/GI involvement; CMA diagnosis

Craniofacial expansion

Movement-disorder expansion

Familial multisystem expansion

First behavioral intervention
Conservation, essentiality, proliferation
Yeast conservation

Complex composition

Diagnostic context for VUS
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All mechanistic and clinical claims above are tied to cited abstracts/snippets; titles alone were
not used to infer content.

Limitations and Knowledge Gaps

1. Small evidence base. With <~100 reported patients and one substantial cohort (n=28),
frequency estimates (e.g., 43% hypotonia, 14% seizures) are imprecise and likely subject to
ascertainment bias toward more severely affected individuals.

2. No formal prevalence/incidence. Epidemiology rests on qualitative "few per million"
statements; no registry-based figures exist.

3. Inferred multisystem mechanism. Cardiac, GI, craniofacial, endocrine, and ectodermal
features derive from single case reports; their frequency and the causal link to SIN3A
dosage (versus contiguous-gene effects in CNV cases) are not firmly established.

4. No validated episignature yet specifically for SIN3A; its chromatinopathy methylation
signature is anticipated but not confirmed in the cited sources.

5. No haploinsufficiency animal model phenotype fully recapitulating WITKOS is
documented in the knowledge base (the null is embryonic lethal; the relevant mouse data
are focal knockdowns).

6. No therapeutics. There is no disease-modifying treatment and no WITKOS-specific clinical
trial.

7. Genotype-phenotype correlations (truncating vs missense vs deletion; variant position
relative to PAH domains) remain unresolved, limiting prognostic counseling.

Proposed Follow-up Experiments / Actions

1. Establish a WITKOS natural-history registry to generate real prevalence/incidence and
robust phenotype frequencies across age, and to track complication rates (cardiac, GI,
endocrine, movement disorder).

2. Generate and phenotype a Sin3a heterozygous (and brain-conditional) mouse to test
whether 50% dosage reproduces microcephaly, short stature, behavioral and multisystem
features, and to define critical developmental windows.

21



OpenScientist Report

.Develop and validate a SIN3A DNA-methylation episignature (EpiSign-style) to reclassify
VUS and confirm atypical/dual-diagnosis cases, leveraging the chromatinopathy framework

(

(@ 41957673 |

(@ 41952182 ] .

. Systematic genotype-phenotype analysis correlating variant class and PAH-domain
location with cognitive severity and organ involvement, building on PAH1 thermodynamic
data

(

(@ 41759735 ] ‘

. Functional dissection of the Myt1L/TET1-SIN3A axis in human iPSC-derived cortical
neurons/organoids carrying patient variants, to connect specific PAH-domain interaction
losses to transcriptomic and neurodevelopmental phenotypes.

. Screen for pharmacologic modulation — e.g., whether HDAC-pathway or targeted
epigenetic agents can partially normalize transcriptional dysregulation in patient-derived
models (hypothesis-generating, given the HDAC-complex mechanism).

. Standardize clinical surveillance guidelines (cardiac echo, feeding/GI evaluation,
endocrine/pubertal monitoring, developmental and behavioral support) and disseminate a
multidisciplinary care pathway.

Report compiled from 12 confirmed findings and 47 reviewed papers across five discovery
iterations. Causal gene: SIN3A (15q24.2). Evidence sources span human clinical cohorts/case
reports, mouse in vivo models, invertebrate and yeast genetics, and in vitro structural/biophysical

studies, as annotated above.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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