Fountain Syndrome — Comprehensive
Disease Characteristics Report

Disease: Fountain Syndrome (classic) OMIM: 229120 - Orphanet: ORPHA:2001 - MONDO:
MONDO:0008788 Category: Mendelian (autosomal recessive) Report date: 2026-07-31

Summary

Classic Fountain syndrome (OMIM 229120; MONDO:0008788; Orphanet ORPHA:2001) is an
ultra-rare autosomal recessive multiple-congenital-anomaly/intellectual-disability syndrome
first delineated by Fountain in 1974 (4 affected siblings) and confirmed by Fryns et al. in 1987
and Van Buggenhout et al. in 1996. It is defined by a clinical tetrad: (1) moderate-to-severe
intellectual disability, (2) congenital sensorineural deafness arising from an anatomical inner-
ear anomaly, (3) skeletal abnormalities (broad, stubby hands and feet; hyperkyphosis), and (4)
a coarse face with subcutaneous soft-tissue swelling of the cheeks and lips (PMID: 3565469;
PMID: 8897038). Accessory features that become more evident with advancing age include
early-onset generalized epilepsy, short stature, macrocephaly (large head circumference),
broad plump hands, and remarkable behavior.

Critically, the molecular basis of classic Fountain syndrome remains unknown. Fewer than
~10 patients have been reported worldwide across three publications, all pre-dating the
genomic era; no causal gene, locus, chromosomal abnormality, biomarker, animal model, or
targeted therapy has ever been identified. Diagnosis is therefore purely clinical, and
management is entirely symptomatic/supportive (hearing rehabilitation, antiepileptic drugs,
special education, orthopedic and behavioral support). The disorder is chronic and lifelong but
non-degenerative, with survival into adulthood documented.

A central and recurring point of confusion is that classic Fountain syndrome must not be
conflated with Hao-Fountain syndrome (HAFOUS, OMIM #616863) — a distinct, autosomal
dominant neurodevelopmental disorder caused by heterozygous pathogenic variants in USP7.
The two share only the eponym "Fountain” and are etiologically, genetically, and
mechanistically separate entities. Nearly all modern molecular literature bearing the
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"Fountain" name refers to HAFOUS/USP7, not to the classic recessive syndrome that is the
subject of this report. This report characterizes classic Fountain syndrome and explicitly
demarcates it from HAFOUS throughout.

Key Findings

Finding 1 — Classic Fountain syndrome is an autosomal recessive clinical
tetrad

Classic Fountain syndrome is defined by four cardinal features segregating as an autosomal
recessive trait. Fryns et al. (1987) described 3 males (2 brothers plus 1 isolated patient) who
replicated the phenotype of the 4 siblings in Fountain's original 1974 report, and Van
Buggenhout et al. (1996) reviewed all reported cases and formalized the diagnostic definition.
Across all reports the consistent cardinal features are: moderate-to-severe intellectual
disability, congenital sensorineural deafness due to an inner-ear anomaly, skeletal
abnormalities (broad, stubby hands and feet; hyperkyphosis), and a coarse face with
subcutaneous swelling of the cheeks and lips. Segregation in affected sibships with unaffected
parents is consistent with recessive inheritance.

"the same manifestations that were present in the 4 sibs reported by Fountain [1974]:
skeletal abnormalities with broad, stubby hands and feet and hyperkyphosis, and a peculiar
‘coarse’ face with swelling of the subcutaneous tissue, particularly of cheeks and lips" —
Fryns et al. 1987 (PMID: 3565469)

"an autosomal recessive entity with mental retardation, deafness, skeletal abnormalities and
coarse face with full lips as cardinal features" — Van Buggenhout et al. 1996 (PMID:
8897038)

The deafness is specifically noted to be "congenital deafness due to an anatomical inner ear
anomaly" (PMID: 3565469), establishing it as sensorineural and structural (cochlear/
labyrinthine) in origin rather than conductive.
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Finding 2 — Accessory features and age-dependent expressivity

Van Buggenhout et al. (1996) followed 5 patients (including 3 previously reported) and
proposed a set of accessory findings that broaden the phenotype beyond the cardinal tetrad:
epilepsy (early-onset generalized seizures), short stature, large head circumference
(macrocephaly), broad plump hands, and remarkable behavior. Importantly, they
emphasized that the phenotype becomes more evident with advancing age, i.e., the
syndrome shows age-dependent expressivity.

"We propose that epilepsy, short stature, large head circumference, broad, plump hands and
the remarkable behavior are important accessory findings of this syndrome. The clinical
features of this syndrome become more evident with advancing age." — Van Buggenhout et
al. 1996 (PMID: 8897038)

The epilepsy component was independently corroborated by Fryns et al. (1987):

"early-onset, generalized seizures can be added to the symptom complex of this autosomal
recessive trait" — (PMID: 3565469)

Finding 3 — Distinction from Hao-Fountain syndrome (HAFOUS, USP7)

Hao-Fountain syndrome (HAFOUS, OMIM #616863) is a separate, autosomal DOMINANT
neurodevelopmental disorder caused by heterozygous pathogenic variants or deletions in
USP7 (ubiquitin-specific protease 7). HAFOUS features developmental delay, intellectual
disability, speech delay, autism/behavioral abnormalities, seizures, hypogonadism, and mild
dysmorphism — but it does not feature the coarse face with subcutaneous soft-tissue swelling,
the structural inner-ear sensorineural deafness, or the recessive inheritance that define classic
Fountain syndrome (OMIM 229120). The two disorders share the eponym "Fountain" but are
etiologically and mechanistically distinct.

"Hao-Fountain syndrome (HAFOUS, OMIM: #616863) is a neurodevelopmental disorder
caused by pathogenic variants in the gene USP7" — Wimmer et al. 2024 (PMID: 38221796)
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"Mutation or deletion of the deubiquitinase USP7 causes Hao-Fountain syndrome (HAFOUS),
which is characterized by speech delay, intellectual disability, and aggressive behavior" —
(PMID: 39862434)

This distinction is the single most important interpretive caveat for any knowledge-base entry:
modern molecular papers naming "Fountain" almost universally refer to HAFOUS/USP7, not to
the classic recessive syndrome.

Finding 4 — Ultra-rare with unknown molecular etiology and no identified
causal gene

Fewer than ~10 patients have been reported worldwide since Fountain's original 1974 report (4
affected sibs): Fryns et al. 1987 (3 patients) and Van Buggenhout et al. 1996 (5 patients,
including 3 previously reported). Segregation in multiple affected sibs of unaffected parents
indicates autosomal recessive inheritance, but no causal gene, locus, or chromosomal
abnormality has ever been mapped or published for classic Fountain syndrome. It is
catalogued as OMIM 229120, Orphanet ORPHA:2001, and MONDO:0008788. Orphanet lists
prevalence as <1/1,000,000 ("prevalence unknown").

"We present five patients with the clinical diagnosis of Fountain's syndrome"”" — Van
Buggenhout et al. 1996 (PMID: 8897038)

The tiny total number of reported patients, all characterized before routine exome/genome
sequencing, explains why the syndrome remains molecularly unsolved and why the
knowledge base must rely on aggregated case reports rather than molecular data.

Finding 5 — Anatomical involvement: inner ear, craniofacial soft tissue, and
axial/appendicular skeleton

Fryns et al. (1987) attributed the congenital deafness to "an anatomical inner ear anomaly"
(sensorineural, at the cochlear/labyrinthine level) and described craniofacial soft-tissue
swelling (subcutaneous tissue of cheeks and lips) plus skeletal involvement (broad stubby
hands/feet and hyperkyphosis). Van Buggenhout (1996) added macrocephaly and short stature,
indicating involvement of both the axial skeleton (spine, skull) and the appendicular skeleton
(hands, feet), together with CNS involvement (intellectual disability, seizures).
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"congenital deafness due to an anatomical inner ear anomaly"” — (PMID: 3565469)

"swelling of the subcutaneous tissue, particularly of cheeks and lips" — (PMID: 3565469)

Finding 6 — Management is symptomatic/supportive; prognosis is chronic,
non-degenerative, lifelong, with normal-range survival

No disease-specific or disease-modifying therapy exists because no causal molecular target is
known. Follow-up of patients into adulthood (Van Buggenhout et al. 1996 provide follow-up on
3 previously reported patients) documents survival into adulthood with stable intellectual
disability and progressive accentuation of dysmorphic/behavioral features rather than
neurodegeneration. Management is therefore supportive: hearing rehabilitation (hearing aids/
cochlear implantation) for congenital sensorineural deafness, antiepileptic drugs for seizures,
special education for intellectual disability, orthopedic care for kyphosis, and behavioral
support.

"present follow-up data on three previously reported patients” — (PMID: 8897038)

"The clinical features of this syndrome become more evident with advancing age" — (PMID:
8897038)

Section-by-Section Report

1. Disease Information

Overview. Classic Fountain syndrome is an ultra-rare autosomal recessive multiple-congenital-
anomaly / intellectual-disability syndrome characterized by a tetrad of intellectual disability,
congenital sensorineural deafness (inner-ear anomaly), skeletal abnormalities, and a coarse
face with full lips/subcutaneous soft-tissue swelling.

Key identifiers:
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Resource Identifier

OMIM 229120
Orphanet =~ ORPHA:2001

MONDO MONDO:0008788

ICD-10 Q87.8 (other specified congenital malformation syndromes, mapping)
ICD-11 LD2F.1Y / other specified syndromes with multiple malformations (mapping)
MeSH No dedicated descriptor; indexed under Intellectual Disability /| Abnormalities, Multiple

Synonyms / alternative names: "Fountain's syndrome"; "Mental retardation-deafness—skeletal
abnormalities—coarse face with full lips" (descriptive). Note: "Hao-Fountain syndrome" is a
different disorder (see Section 4) and should not be listed as a synonym.

Data source type: Information is derived from aggregated disease-level case reports (three
publications, <10 patients total), not from individual EHR mining or large disease registries.

2. Etiology

Causal factors. Genetic — autosomal recessive segregation in affected sibships born to
unaffected (often presumed consanguineous) parents. The specific causative gene is
unknown; no locus has been mapped. There is no evidence for environmental, infectious, or
mechanistic (non-genetic) causation.

Genetic risk factors. Presumed biallelic pathogenic variants in an unidentified gene. No
susceptibility loci or modifier genes have been reported. Consanguinity is a plausible risk
factor consistent with recessive inheritance, though not systematically documented.

Environmental risk factors / protective factors / gene-environment interactions. Not
applicable / not reported. As a monogenic Mendelian disorder with unknown gene, no
environmental risk factors, protective factors, or gene-environment interactions have been
described.
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3. Phenotypes



Phenotype

Intellectual
disability

Congenital
sensorineural
deafness
(inner-ear
anomaly)

Coarse facies
with
subcutaneous
swelling of
cheeks/lips
(full lips)

Broad stubby
hands/feet

Hyperkyphosis

Epilepsy
(early-onset
generalized
seizures)

Short stature

Type

Clinical sign /

neurodevelopmental

Physical/structural +

laboratory
(audiometry)

Physical
manifestation

Physical
manifestation

Clinical sign (axial

skeleton)

Clinical sign

Physical

Physical

Onset

Congenital/
childhood

Congenital

Childhood,
age-
progressive

Congenital/
childhood

Childhood

Early
childhood

Childhood

Childhood

Severity

Moderate—
severe

Severe

Variable,
progressive

Moderate

Moderate

Variable

Mild-
moderate

Frequency

Cardinal
(all cases)

Cardinal
(all cases)

Cardinal

Cardinal

Frequent

Accessory
(frequent)

Accessory

Accessory
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Suggested HPO

HP:0001249
(Intellectual
disability)

HP:0000407
(Sensorineural
hearing
impairment);
HP:0011389
(Functional
abnormality of
inner ear)

HP:0000280
(Coarse facial
features);
HP:0000215
(Thick lower lip
vermilion)

HP:0001156
(Brachydactyly);
HP:0001172
(Abnormality of
the hand)

HP:0002808
(Kyphosis)

HP:0001250
(Seizure);
HP:0002197
(Generalized-
onset seizure)

HP:0004322
(Short stature)

HP:0000256
(Macrocephaly)
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Phenotype Type Onset Severity Frequency Suggested HPO
Macrocephaly
(large head
circumference)
HP:0000708
Remarkable . . . .
) Behavioral Childhood Variable Accessory (Behavioral
behavior _
abnormality)

Phenotype characteristics. Onset is congenital-to-childhood; expressivity is age-progressive
(features become more evident with age; PMID: 8897038). The disease course is stable/non-
degenerative for cognition but with progressive accentuation of dysmorphism.

Quality-of-life impact. No formal QoL instruments (EQ-5D, SF-36, PROMIS) have been applied.
Qualitatively, the combination of moderate-to-severe intellectual disability, congenital
deafness, and epilepsy implies substantial lifelong dependency and impact on communication,
education, and daily functioning.

4. Genetic / Molecular Information

Causal genes: Unknown for classic Fountain syndrome (OMIM 229120). No causal gene,
pathogenic variant, HGNC-annotated locus, allele-frequency data, or somatic/germline analysis
is available because the disorder has never been molecularly solved.

Modifier genes / epigenetics / chromosomal abnormalities: None identified.

Important contrast — HAFOUS (USP7), a different disorder: The molecularly well-
characterized "Fountain"-named entity is Hao-Fountain syndrome (HAFOUS, OMIM
#616863), caused by heterozygous (autosomal dominant) pathogenic variants or deletions in
USP7 (ubiquitin-specific protease 7). HAFOUS has a validated DNA-methylation episignature,
patient-derived iPSC and conditional-knockout mouse models, and an emerging pharmacology
of allosteric USP7 activators. None of this applies to classic Fountain syndrome (OMIM
229120). The USP7 data are summarized here only to prevent misattribution:

» USP7 pathogenic variants show a spectrum from complete inactivation to hyperactivation
(PMID: 40982686, PMID: 40166258).

* USP7 controls neuronal differentiation via BCOR-ncPRC1.1 and regulates neuronal
connectivity via a p53-independent pathway involving Ppil4 (PMID: 39919828; PMID:
37961719).

* A specific, sensitive DNAm episignature exists for HAFOUS (PMID: 38126281).
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5. Environmental Information

Not applicable. Classic Fountain syndrome is a monogenic recessive disorder. No
environmental factors, lifestyle factors, or infectious agents have been implicated.

6. Mechanism / Pathophysiology

For classic Fountain syndrome, the molecular pathophysiology is unknown. No signaling
pathway, cellular process, protein dysfunction, metabolic change, immune involvement, or
omics profile has been established. The phenotype implicates developmental processes in
three domains — inner-ear morphogenesis (structural cochlear/labyrinthine anomaly -
sensorineural deafness), craniofacial soft-tissue/connective-tissue biology (subcutaneous
swelling of cheeks/lips), and neurodevelopment (intellectual disability, epilepsy) — but no
causal chain can be specified without a gene.

Suggested (hypothesis-level only) ontology anchors given the phenotype: - GO biological
process candidates: GO0:0042471 (ear morphogenesis), GO0:0007399 (nervous system
development), GO:0060021 (roof of mouth/orofacial development). - CL cell types plausibly
involved: cochlear hair cell (CL:0000202), neuron (CL:0000540), fibroblast/adipocyte of facial
subcutis.

These are inferential placeholders only, not established mechanisms.

HAFOUS mechanism (distinct disorder, for contrast): "disruption of ubiquitin signaling
networks can lead to neurological disorders ... USP7 deletion in the brain perturbs the
synaptic proteome and dendritic spine morphogenesis independently of p53" — (PMID:
37961719).

10
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7. Anatomical Structures Affected

Level Structure Suggested UBERON/ontology
Organ . .

i Inner ear (cochlea/labyrinth) UBERON:0001846 (internal ear)
(primary)
Organ ) .

, Brain / CNS UBERON:0000955 (brain)
(primary)
Organ . UBERON:0002091 (skeleton);

i Skeleton — hands & feet (appendicular)
(primary) UBERON:0002398 (manus)
Organ . ) UBERON:0001130 (vertebral

i Vertebral column (axial) — kyphosis
(primary) column)
T Facial subcutaneous connective/adipose UBERON:0002072 (skin of face) /

issue
tissue (cheeks, lips) subcutis

Body Nervous, sensory (auditory),
systems musculoskeletal, integumentary/soft tissue

Lateralization: Bilateral (deafness, hands/feet, facial features are symmetric). No asymmetric
involvement reported.

8. Temporal Development
* Onset: Congenital (deafness, skeletal features) with childhood emergence/accentuation of
coarse facies and behavioral features; onset pattern is chronic/insidious.

* Progression: Non-degenerative for cognition; dysmorphic and behavioral features show
progressive accentuation with age. No discrete disease stages defined.

* Course: Chronic, lifelong, stable-to-slowly-accentuating. Not episodic or relapsing-remitting
(except seizures, which are episodic events).

* Critical periods: Prenatal/early-childhood windows for inner-ear and craniofacial
development; no defined therapeutic window.

9. Inheritance and Population

* Prevalence: <1/1,000,000 (Orphanet; "prevalence unknown"). Fewer than ~10 patients
reported worldwide.

* Incidence: Unknown (too few cases).

11
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» Inheritance pattern: Autosomal recessive (AR), based on affected sibships of unaffected
parents (PMID: 3565469; PMID: 8897038).

* Penetrance / expressivity: Presumed complete penetrance in biallelic carriers;
expressivity is variable and age-dependent.

» Anticipation / germline mosaicism / founder effects / carrier frequency: Not applicable /
unknown (no gene identified).

» Consanguinity: Plausible contributor consistent with AR inheritance; not systematically
documented.

* Population demographics: No ethnic predilection established. Reported patients include
European (Belgian) cohorts. Sex ratio: reported patients were predominantly male, but the
cohort is too small to establish a true sex ratio; AR inheritance predicts no sex bias.

10. Diagnostics

» Diagnostic approach: Clinical, based on recognition of the cardinal tetrad plus accessory
features. There is no molecular confirmatory test.

* Clinical tests: Audiometry / auditory brainstem response (sensorineural hearing loss);
temporal-bone imaging (CT/MRI) to demonstrate the inner-ear anomaly; skeletal
radiographs (broad stubby hands/feet, hyperkyphosis); EEG (generalized epilepsy);
developmental/cognitive assessment.

* Genetic testing: No single-gene test exists. Chromosomal microarray and trio whole-
exome/whole-genome sequencing are appropriate to exclude known mimics and to
attempt gene discovery, but there is no established Fountain-syndrome panel or diagnostic
variant. WES/WGS is the recommended research route to eventually identify the causal
gene.

* Differential diagnosis: Coffin-Lowry syndrome, mucopolysaccharidoses (coarse facies +
skeletal + ID), Williams and other ID-with-deafness syndromes, and — importantly — Hao-
Fountain syndrome (USP7), which is distinguished by autosomal dominant inheritance,
absence of the structural inner-ear deafness and subcutaneous facial swelling, and a
positive USP7 finding with a specific DNAm episignature (PMID: 38126281).

* Screening: No newborn or carrier screening exists (gene unknown).

11. Outcome / Prognosis

* Survival / life expectancy: Survival into adulthood is documented (PMID: 8897038); no
evidence of markedly reduced life expectancy. No disease-specific mortality data.

12
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» Morbidity / disability: Substantial lifelong disability from moderate-to-severe intellectual
disability, congenital deafness, and epilepsy; requires long-term support.

* Disease course: Chronic, non-degenerative, with age-progressive dysmorphism.
Complications relate to seizures, hearing loss, orthopedic issues (kyphosis).

* Prognostic factors: Severity of intellectual disability and seizure control are the primary
determinants of functional outcome. No molecular prognostic biomarkers exist.

12. Treatment

No disease-modifying or gene-targeted therapy exists. Management is entirely
symptomatic and supportive:

Intervention Target phenotype Suggested MAXO
Hearing aids / cochlear Congenital sensorineural =~ MAXO (hearing assistance / cochlear
implantation deafness implantation)

MAXO0:0000058 (pharmacotherapy);

Antiepileptic drugs Seizures )
anticonvulsant therapy

Special education / . . . .
Intellectual disability MAXO (educational intervention)
developmental support

Orthopedic management / . .
Hyperkyphosis, skeletal MAXO0:0000506 (physiotherapy)

physiotherapy
) Behavioral . . .
Behavioral therapy o MAXO (behavioral intervention)
abnormalities
Speech/language & sign- Communication
MAXO (speech therapy)
language support (deafness + ID)

Pharmacogenomics, gene therapy, cell therapy, RNA therapy, targeted/immunotherapy,
experimental trials: None applicable — there are no Fountain-syndrome-specific clinical
trials (no NCT identifiers). (For HAFOUS, USP7 allosteric activators such as MS-8, sertraline and
astemizole are under preclinical investigation — PMID: 41086218, PMID: 39999290 — but these
are irrelevant to classic Fountain syndrome.)

13
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13. Prevention

* Primary prevention: None available (gene unknown). Genetic counseling for families with
an affected child is appropriate given autosomal recessive inheritance (25% recurrence risk
in siblings).

» Secondary/tertiary prevention: Early audiologic intervention, seizure control, and
developmental support to prevent secondary complications.

* Genetic screening / prenatal / carrier testing: Not possible without an identified gene.

Recurrence-risk counseling can be offered empirically (AR, ~25%).

* Genetic counseling is the principal preventive tool.

14. Other Species / Natural Disease

Not applicable / none reported. No orthologous gene (gene unknown), no naturally occurring
animal disease (no OMIA entry), no comparative pathology, and no zoonotic relevance. Classic
Fountain syndrome is described only in humans (Homo sapiens, NCBI Taxon 9606).

15. Model Organisms

None exist for classic Fountain syndrome, because the causal gene is unknown — no
knockout, knock-in, transgenic, cellular, or organoid model can be constructed. (Model systems
in the literature — conditional Usp7 knockout mice and HAFOUS patient-derived iPSCs, PMID:
37961719, PMID: 41713382 — model HAFOUS/USP7, a different disorder.)

Mechanistic Model / Interpretation

Because classic Fountain syndrome is molecularly unsolved, the "mechanism" can only be
framed as a phenotype-anchored developmental model with an unknown recessive gene at
its apex:

14
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Biallelic loss-of-function in UNKNOWN gene (AR)

v v v v
Inner-ear Craniofacial Skeletal CNS/neuro-
morphogenesis soft-tissue / development development
defect connective tissue (hands/feet, |

| | spine) |

v v v v
Structural Subcutaneous Broad stubby Intellectual
cochlear/ swelling of hands/feet; disability +
labyrinth cheeks & lips; hyperkyphosis early-onset
anomaly coarse facies generalized

| | epilepsy

v A v v
Congenital Age-progressive Orthopedic Lifelong,
sensorineural coarsening morbidity non-degenerative
deafness disability

The unifying feature — simultaneous involvement of ectodermally/mesenchymally derived
structures (inner ear, facial soft tissue, skeleton, CNS) — suggests a gene acting broadly in
embryonic development, but this is inference, not evidence. The two most important
interpretive anchors are: (1) age-dependent expressivity (features accentuate over time), and
(2) the imperative to separate this entity from USP7-related HAFOUS.

15
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Fountain syndrome vs. Hao-Fountain syndrome — comparison

Feat Classic Fountain syndrome Hao-Fountain syndrome / HAFOUS (OMIM
eature
(OMIM 229120) (3 [3:{%))
Gene Unknown Usp7
Inheritance Autosomal recessive Autosomal dominant (heterozygous)

Congenital sensorineural, inner- .
Deafness Not a defining feature
ear anomaly

Coarse, subcutaneous cheek/lip

Facies i Mild dysmorphism only
swelling
Broad stubby hands/feet, )
Skeletal ) Not defining
hyperkyphosis
ID, epilepsy, "remarkable DD, ID, speech delay, ASD, aggression,
Core neuro p' P . 2 y‘ =
behavior" seizures, hypogonadism
Molecular N DNAm episignature, iPSC/mouse models,
one
tools USP7 activators
Patients . . .
<10 50+ (incl. 32-patient series)
reported

16



Evidence Base

PMID

3565469

8897038

38221796

39862434

38126281

37961719

39919828

40982686 /
40166258

41086218 /
39999290

41713382

Title (abbrev.)

Confirmation of the Fountain
syndrome (Fryns et al. 1987)

Fountain syndrome: further
delineation and follow-up (Van
Buggenhout et al. 1996)

Hao-Fountain syndrome: 32 novel
patients (Wimmer et al. 2024)

HAFOUS / USP7 mechanism

HAFOUS DNAm episignature

USP7 regulates neuronal connectivity

USP7 controls neuronal
differentiation (BCOR-ncPRC1.1)

Functional spectrum of USP7 variants

USP7 allosteric activators (MS-8;
sertraline/astemizole)

HAFOUS iPSC lines
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Role in this report

Primary. Establishes cardinal tetrad, AR
inheritance, inner-ear anomaly, epilepsy.

Primary. Defines cardinal + accessory
features, age-progressive expressivity,
adult follow-up.

Establishes HAFOUS as distinct USP7
entity (differential).

Defines HAFOUS phenotype & gene
(differential).

Diagnostic biomarker for HAFOUS
(differential).

HAFOUS mechanism/model
(differential).

HAFOUS mechanism (differential).

HAFOUS variant biology (differential).

HAFOUS-directed therapeutics
(differential).

HAFOUS model system (differential).

Evidence source types: Findings for classic Fountain syndrome derive entirely from human
clinical case reports (Level: low-to-moderate; small N, pre-genomic). All molecular/model-
organism/in-vitro evidence in the literature pertains to HAFOUS, not to the classic syndrome.
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Limitations and Knowledge Gaps

1.

No molecular diagnosis. The causal gene, locus, and variant spectrum of classic Fountain
syndrome are entirely unknown. Sections 4-6, 14-15 are effectively empty of established
data.

. Extremely small evidence base. Fewer than ~10 patients across three publications, the

most recent from 1996 — all pre-dating routine next-generation sequencing.

. Nosological ambiguity. Because "Fountain" appears in both OMIM 229120 (classic) and

OMIM 616863 (HAFOUS/USP7), the literature is heavily contaminated by USP7 papers that
are irrelevant to the classic recessive disorder. Automated knowledge-base ingestion is at
high risk of conflating the two.

. No quantitative phenotype frequencies, QoL, epidemiology, or natural-history registry

data. Frequencies are qualitative ("cardinal” vs "accessory") only.

. Possible under-/mis-diagnosis. With modern genomics, some historically "Fountain

syndrome" patients might be reclassified into defined molecular diagnoses; the entity's
continued validity as a distinct disorder has not been re-examined in the genomic era.

Proposed Follow-up Experiments / Actions

1.

Gene discovery. Perform trio/quad whole-genome sequencing and homozygosity mapping
on any surviving reported families or newly ascertained patients matching the cardinal
tetrad; deposit candidates in GeneMatcher to aggregate the ultra-rare cohort.

. Reanalysis / reclassification. Systematically re-evaluate the historical ~10 patients (or their

banked DNA) against current OMIM/ClinVar to determine whether any resolve into known
syndromes (e.g., mucopolysaccharidoses, Coffin-Lowry) — establishing whether classic
Fountain syndrome remains a valid distinct entity.

. Deep phenotyping with temporal-bone imaging. Characterize the specific inner-ear

malformation (e.g., Mondini vs cochlear hypoplasia) by high-resolution CT/MRI to sharpen
the differential and guide candidate-gene selection (inner-ear developmental genes).

. Knowledge-base disambiguation safeguard. Explicitly tag OMIM 229120 (classic, AR,

gene-unknown) vs OMIM 616863 (HAFOUS, AD, USP7) and add a hard exclusion rule so
USP7 literature is not auto-annotated to the classic entity.
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5. Registry / natural-history capture. Establish a minimal case registry (Orphanet-linked) to
collect prevalence, sex ratio, seizure trajectory, hearing outcomes, and survival for the few
identifiable patients.

End of report.
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