Nance-Horan Syndrome: Comprehensive
Disease Characteristics Report

Disease: Nance-Horan Syndrome (NHS) MONDO ID: MONDO:0010545 - OMIM: 302350 -
Orphanet: ORPHA:627 - Category: Mendelian (X-linked) Causal gene: NHS (Xp22.13)

Summary

Nance-Horan Syndrome (NHS) is an ultra-rare X-linked developmental disorder caused by
loss-of-function variants and deletions in the NHS gene on chromosome Xp22.13 (OMIM
302350; MONDO:0010545; Orphanet ORPHA:627). In hemizygous males it produces a
characteristic tetrad of bilateral dense congenital cataracts, dental anomalies
(screwdriver-shaped incisors, mulberry molars, supernumerary teeth), facial
dysmorphism, and — in ~30% — intellectual disability. Heterozygous female carriers show
milder, more variable features, classically posterior Y-suture lens opacities with subtle facial
and dental signs, driven by patterns of X-chromosome inactivation (XCI). The disorder is best
characterized as X-linked semidominant (X-linked dominant with milder female
expression).

Mechanistically, the NHS gene encodes a 1,630-amino-acid protein that is a founder member
of a new protein family (NHS, NHSL1, NHSL2) and functions as a regulator of actin
remodelling and cell morphology. Its N-terminus contains a functional WAVE homology
domain (WHD) that binds the WAVE regulatory complex (WRC) components Abi, HSPC300,
Nap1l (NCKAP1) and Sral (CYFIP1). The protein is strongly expressed in the cytoplasm of
elongating lens fiber cells and in a complex spatiotemporal pattern across the developing
eye, tooth, brain and craniofacial structures — explaining the pleiotropy. Loss of functional
NHS protein (haploinsufficiency in females; hemizygous loss in males) disrupts actin-
dependent cell morphology and lens fiber differentiation, producing the clinical phenotype.
The Xcat mouse recapitulates the disease by abolishing the cytoplasmic (exon-1-containing)
Nhs isoform.
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There is no disease-modifying or gene-directed therapy. Management is symptomatic: early
surgery for visually significant congenital cataracts (around 6-8 weeks for bilateral cases),
aphakic optical correction, consistent amblyopia therapy, dental/orthodontic care,
developmental support, and genetic counseling with cascade and prenatal/preimplantation
testing. NHS is frequently underdiagnosed as isolated hereditary cataract because systemic
features may take years to manifest; genetic testing of bilateral familial pediatric cataract is
therefore central to diagnosis and family counseling.

Section 1 — Disease Information

Overview. Nance-Horan Syndrome is a rare X-linked developmental disorder whose cardinal
manifestations are bilateral congenital cataracts, dental anomalies, dysmorphic facial features,
and (in a subset) intellectual disability. It is caused by deleterious loss-of-function variants or
deletions involving the NHS gene at Xp22.13 (PMID: 41236159): "It is caused by deleterious loss
of function variants or deletions involving the NHS gene at Xp22.13. Heterozygous females often
present with similar, but less severe features than affected males."

Key identifiers.
OMIM 302350
MONDO MONDO:0010545
Orphanet ORPHA:627 (prevalence < 1/1,000,000)
Gene (HGNCO) NHS
Cytoband Xp22.13
ICD-10 Q13.8 / congenital cataract with syndromic features (no dedicated code)
MeSH Nance-Horan syndrome / "Cataract" + "Tooth Abnormalities”

Synonyms / alternative names. Nance-Horan syndrome; NHS; Cataract-dental syndrome;
Mesiodens—cataract syndrome; X-linked cataract-dental syndrome. NHS is allelic with isolated
X-linked congenital cataract (CXN).


https://pubmed.ncbi.nlm.nih.gov/41236159/
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Information source. The knowledge in this report is derived from aggregated disease-level
resources (OMIM, Orphanet) and primary literature describing individual families/patients
(case reports, cohort and mutation studies), not from a single EHR dataset.

Section 2 — Etiology

Primary cause — genetic. NHS is a monogenic X-linked disorder. The disease results from
loss-of-function variants (frameshift, nonsense, splice, small insertions/deletions) and
microdeletions in the NHS gene. Haploinsufficiency of NHS accounts for the majority of
clinical symptoms (PMID: 36370055): "the haploinsufficiency of the NHS gene may account for
the majority of clinical symptoms in the affected subjects. The variability among female carriers
presumably results from nonrandom X chromosome inactivation.”

Genetic risk factors. The only established risk factor is inheritance of a pathogenic NHS
allele. Being male (hemizygous) confers full phenotypic expression; being a female carrier
confers a milder, variable phenotype. No independent susceptibility loci or modifier genes
outside the NHS locus have been established. Skewed (non-random) X-inactivation acts as a
key modifier of severity in females.

Environmental risk factors. None established. NHS is a fully penetrant Mendelian disorder in
males; there is no evidence that toxins, lifestyle, occupational exposure, or infection cause or
trigger it.

Protective factors. No genetic or environmental protective factors are reported. In female
carriers, favorably skewed XCI (preferentially silencing the mutant allele) is the nearest
analog to a "protective" modifier, reducing phenotypic severity.

Gene-environment interactions. None established. The disorder is determined by the NHS
genotype and X-inactivation, not by gene-environment interplay.

Section 3 — Phenotypes

Phenotypes are congenital/developmental in onset, predominantly stable (non-progressive)
structural anomalies, with variable severity graded by sex and mutation mechanism. Males
show the full spectrum; females are milder.


https://pubmed.ncbi.nlm.nih.gov/36370055/
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Phenotype Type Suggested HPO Frequency / notes
Bilateral congenital Clinical sign / HP:0000519 Near-universal in males;
cataract physical (congenital cataract) cardinal feature
Microcornea Physical HP:0000482 Common
Microphthalmia Physical HP:0000568 Reported
L . Common; worsens visual
Nystagmus Clinical sign HP:0000639 )
prognosis
Strabismus Clinical sign HP:0000486 Common
Congenital ptosis Physical HP:0000508 Reported
Glaucoma Clinical sign HP:0000501 ~1/3 post-cataract surgery
High myopia Physical HP:0011003 Reported
Screwdriver-shaped . HP:0006315 L
o Physical o Characteristic
incisors (abnormal dentition)
Mulberry molars Physical HP:0006479-related Characteristic
Supernumerary . L
. o Physical HP:0011069 Characteristic
maxillary incisors
Diastema Physical HP:0000699 Reported
) HP:0000276 / , )
Long narrow face Physical Craniofacial
HP:0000275
Prominent nose Physical HP:0000448 Craniofacial
. HP:0000411 / , .
Large anteverted ears Physical Craniofacial
HP:0000358
Mandibular prognathism Physical HP:0000303 Craniofacial
L Behavioral/
Intellectual disability . HP:0001249 ~30% of reported cases
cognitive
Sensorineural hearing . . Reported (esp.
Clinical sign HP:0000407 . .
loss microdeletions)
Axial hypotonia Clinical sign HP:0008936
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Phenotype Type Suggested HPO Frequency / notes
Reported (esp.
microdeletions)

. . Reported (esp.

Limb/foot contractures Physical HP:0001371 . i
microdeletions)

Posterior Y-suture lens o . HP:0000519 Characteristic female

i ] Clinical sign . .
opacity (carriers) (subtype) carrier sign

Supporting citations: male spectrum (PMID: 35122698): "congenital cataracts, vision loss,
microcornea, nystagmus, microphthalmia, glaucoma, screwdriver blade-shaped incisors,
supernumerary maxillary incisors, diastema, delays, intellectual disability, and dysmorphic
facies.” Craniofacial/dental features (PMID: 29042737): "facial dysmorphism such as long face,
prominent nose and mandibular prognathism, ocular abnormalities such as congenital cataract,
microcornea, microphthalmia and strabismus, and dental anomalies including mulberry molars
and screwdriver-shaped incisors." Intellectual disability frequency (PMID: 25091991): "Mental
retardation was present in about 30% of the reported cases."

Quality-of-life impact. The dominant QoL driver is bilateral congenital visual deprivation,
which, without early surgery and amblyopia therapy, can cause lifelong low vision/blindness
— a leading cause of preventable childhood blindness. Dental anomalies affect mastication,
speech and self-image; intellectual disability (when present) affects education, independence
and employment. Formal EQ-5D/SF-36 data specific to NHS are not available.

Section 4 — Genetic / Molecular Information

Causal gene. NHS (OMIM 302350) at Xp22.13, spanning ~650 kb of genomic DNA and encoding
a 1,630-amino-acid putative nuclear/cytoplasmic protein with vertebrate orthologs and no
homology to previously known genes at the time of discovery (PMID: 14564667): "identified
protein-truncating mutations in a novel gene, which we have called 'NHS,' in five families. The
NHS gene encompasses approximately 650 kb of genomic DNA, coding for a 1,630-amino acid
putative nuclear protein.”


https://pubmed.ncbi.nlm.nih.gov/35122698/
https://pubmed.ncbi.nlm.nih.gov/29042737/
https://pubmed.ncbi.nlm.nih.gov/25091991/
https://pubmed.ncbi.nlm.nih.gov/14564667/
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Pathogenic variants. The typical molecular lesion is a protein-truncating variant causing
premature termination (PMID: 30642278): "NHS mutations in the NHS-affected individuals
typically result in premature truncation of the protein.” Representative reported variants

include:
Variant (cDNA) Protein Type Source
c.1735delA P-R579Gfs*91 Frameshift Chinese family
c.3333del p-Phel111Leufs*9 Frameshift Reported
€.3916_3919del frameshift Frameshift Chinese family
€.2232delG p-Lys744AsnfsX15 Frameshift Carrier study
~0.92-1.83 Mb Xp22.13 deletions gene deletion Structural/CNV Contiguous-gene

* Variant classification (ACMG/AMP): truncating variants are typically pathogenic (PVS1 +
supporting criteria).

* Variant type/class: predominantly frameshift, nonsense, small indels, splice, and whole/
partial-gene microdeletions; rare structural rearrangements (translocations, duplication-
triplication).

* Allele frequency: essentially absent from population databases (gnomAD) — consistent
with a severe, rare disorder.

* Somatic vs germline: germline.

* Functional consequence: loss of function / haploinsufficiency (no gain-of-function or
dominant-negative mechanism established).

Allelic relationship and genotype-mechanism-severity correlation. NHS and isolated X-
linked congenital cataract (CXN) are allelic (PMID: 19414485): "we show that NHS and X-
linked cataract are allelic diseases" and "different mechanisms, aberrant transcription of the NHS
gene or no functional NHS protein, lead to different diseases.” Protein-truncating/deleting
variants that abolish functional NHS protein cause the full syndrome, whereas copy-number
rearrangements that alter NHS transcription (without abolishing protein) cause the milder
isolated-cataract phenotype.

Modifier genes. No separate modifier gene is established; X-inactivation pattern is the
principal modifier of female severity.


https://pubmed.ncbi.nlm.nih.gov/30642278/
https://pubmed.ncbi.nlm.nih.gov/19414485/
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Epigenetic information. The key epigenetic determinant is X-chromosome inactivation;
non-random/skewed XCI explains the variability among female carriers (PMID: 36370055). No
disease-specific DNA-methylation or histone signature at the NHS locus has been reported.

Chromosomal abnormalities. Contiguous-gene microdeletions at Xp22.2-p22.13 cause NHS
and can broaden the phenotype. A 1.83-Mb deletion encompassed NHS plus CTPS2, S100G,
TXLNG, RBBP7, REPS2, SCML1, RAIZ, SCMLZ in a male with the classic tetrad plus
sensorineural hearing loss, axial hypotonia and foot contractures (PMID: 35122698): "revealed
a 1.83-Mb interstitial microdeletion at Xp22.2p22.13 (16,604,890-18,435,836) (GRCh37/hg19) that
included NHS, CTPS2, S100G, TXLNG, RBBP7, REPS2, SCML1, RAIZ, and SCML2." A ~0.92-Mb
deletion spanning REPS2, NHS, SCML1, RAI2 was found in two brothers (PMID: 20882036). A
balanced t(X;19)(p22.13;q13.1) translocation disrupting NHS produced classic NHS in a female.

Section 5 — Environmental Information

Environmental factors: none established. NHS is purely genetic. Lifestyle factors: not
applicable. Infectious agents: not applicable — NHS is a congenital Mendelian disorder with
no infectious etiology or trigger. (Note: congenital cataract as an isolated finding can have
infectious causes such as congenital rubella, but these are differential diagnoses, not causes of
NHS.)

Section 6 — Mechanism / Pathophysiology

Ordered causal chain

1. A loss-of-function variant or deletion in NHS (Xp22.13) leads to absent or truncated NHS
protein (hemizygous loss in males; haploinsufficiency in females). (Demonstrated.)

2. Loss of the WAVE-homology-domain (WHD)-containing N-terminus of NHS-A/NHS-1A
results in failure to engage the WAVE regulatory complex (WRC) (Abi, HSPC300, Nap1/
NCKAP1, Sral/CYFIP1). (Demonstrated in vitro.)

3. Impaired WRC engagement leads to dysregulated actin remodelling — disruption of the
circumferential actin ring, altered lamellipodia/focal adhesions, and abnormal cell
spreading. (Demonstrated in cell models.)


https://pubmed.ncbi.nlm.nih.gov/36370055/
https://pubmed.ncbi.nlm.nih.gov/35122698/
https://pubmed.ncbi.nlm.nih.gov/20882036/
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4.In the lens, loss of the cytoplasmic (exon-1) NHS isoform in elongating lens fiber cells
results in defective fiber-cell differentiation/architecture - congenital cataract.
(Demonstrated in Xcat mouse.)

5. In parallel, loss of NHS's spatiotemporally regulated expression in the developing tooth,
brain and craniofacial structures leads to the dental anomalies, facial dysmorphism and
(in ~30%) intellectual disability. (Inferred from developmental expression pattern + phenotype
co-segregation.)

6. Branch (females): the severity of steps 4-5 is modulated by X-inactivation — favorable
skewing attenuates, unfavorable skewing accentuates the phenotype. (Demonstrated
epidemiologically.)

7. Branch (CNV/transcriptional): rearrangements that alter NHS transcription without
abolishing protein lead to the milder isolated X-linked cataract rather than full NHS.
(Demonstrated.)

Detail

Molecular pathways. The central pathway is WRC-mediated Arp2/3-dependent actin
polymerization (cytoskeletal signaling). NHS is a novel regulator of actin remodelling and
cell morphology (PMID: 20332100): "NHS is a novel regulator of actin remodelling and cell
morphology. NHS localizes to sites of cell-cell contact, the leading edge of lamellipodia and focal
adhesions. The N-terminus of isoforms NHS-A and NHS-1A, implicated in the pathogenesis of
NHS, have a functional WAVE homology domain that interacts with the Abi protein family,
haematopoietic stem/progenitor cell protein 300 (HSPC300), Napl and Sral.” This
mechanistically links NHS to the broader family of WRC-opathies (e.g., CYFIP2/NCKAP1
neurodevelopmental disorders).

Cellular processes. Cytoskeletal organization, cell-cell junction integrity, cell spreading/
migration, and terminal differentiation of lens fiber cells. NHS knockdown disrupts the actin
cytoskeleton and increases cell spreading; overexpression inhibits lamellipod formation
(PMID: 20332100).

Protein dysfunction. Loss of function via truncation/deletion; the WHD is required for WRC
binding. The functionally relevant isoform for cytoplasmic localization contains exon 1;
isoforms lacking exon 1 mislocalize to the nucleus.

Molecular profiling / model evidence. In the Xcat mouse, wild-type Nhs is "strongly
expressed within the cytoplasm of elongating lens fiber cells from wild-type neonate lens, but is
significantly reduced within the Xcat lens" (PMID: 16357105). Developmental expression


https://pubmed.ncbi.nlm.nih.gov/20332100/
https://pubmed.ncbi.nlm.nih.gov/20332100/
https://pubmed.ncbi.nlm.nih.gov/16357105/
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mapping shows "a complex pattern of temporally and spatially regulated expression, which,
together with the pleiotropic features of NHS, suggests that this gene has key functions in the
regulation of eye, tooth, brain, and craniofacial development" (PMID: 14564667).

Metabolic / immune / infectious involvement: none — NHS is a structural/cytoskeletal
developmental disorder, not a metabolic, autoimmune, or infectious disease.

Suggested ontology terms

* GO (biological process): actin cytoskeleton organization (GO:0030036); regulation of actin
filament polymerization (GO:0030833); lamellipodium assembly (GO:0030032); lens fiber
cell differentiation (GO:0070306); camera-type eye development (GO:0043010);
odontogenesis (G0O:0042476).

* GO (cellular component): WAVE regulatory complex (G0O:0031209); lamellipodium
(GO:0030027); focal adhesion (G0O:0005925); cell-cell adherens junction (GO:0005913);
cytoplasm (GO:0005737).

* CL (cell types): lens fiber cell (CL:0000181); lens epithelial cell (CL:0002224); odontoblast
(CL:0000060); neuron (CL:0000540).

Section 7 — Anatomical Structures Affected

Organ level — primary: the eye/lens (UBERON:0000965 lens of camera-type eye;
UBERON:0000970 eye). Secondary ocular structures: cornea (microcornea), whole globe
(microphthalmia), optic pathway (visual deprivation), and secondary glaucoma. Teeth
(UBERON:0001091) — dental anomalies. Craniofacial skeleton/face (UBERON:0001456 face;
UBERON:0004765 skeletal element) — dysmorphism, mandibular prognathism. Brain
(UBERON:0000955) — cognitive involvement in ~30%. Ear/auditory system — sensorineural
hearing loss in some (notably microdeletions).

Body systems: visual/ophthalmic, dental/orofacial, nervous (CNS), and craniofacial/
musculoskeletal; auditory in a subset.

Tissue/cell level: lens fiber cells and lens epithelial cells (cytoskeletal/differentiation defect);
odontoblasts/dental epithelium; neurons (cognitive features). Relevant CL terms: lens fiber
cell (CL:0000181), lens epithelial cell (CL:0002224), odontoblast (CL:0000060), neuron
(CL:0000540).


https://pubmed.ncbi.nlm.nih.gov/14564667/
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Subcellular level: cytoplasm and the actin cytoskeleton / cell cortex; the WAVE regulatory
complex (GO:0031209); lamellipodium (G0O:0030027); focal adhesions (G0:0005925); cell-cell
junctions (G0O:0005913).

Localization / lateralization: cataracts are characteristically bilateral in affected males;
female carrier opacities are typically bilateral and posterior Y-suture-centered.

Section 8 — Temporal Development

Onset. Congenital — cataracts and structural anomalies are present at or shortly after birth.
Onset pattern is developmental/congenital, not acute.

Progression. The structural anomalies are largely stable/non-progressive, but there is a
critical window for visual development: untreated bilateral congenital cataract causes
deprivation amblyopia that becomes irreversible if not corrected early. Secondary
complications (glaucoma, visual-axis opacification) can develop and progress after cataract
surgery (glaucoma in ~1/3). A subset of patients show reported brain developmental changes
(both prominent and regressive patterns have been described). Dental and craniofacial
features become more apparent through childhood; systemic features such as dental
anomalies and intellectual disability may take years to develop (PMID: 39858638), which
contributes to under-diagnosis.

Duration / course. Chronic, lifelong. No spontaneous remission; the critical period for
intervention is the first weeks of life (cataract surgery and amblyopia therapy).

Section 9 — Inheritance and Population

Inheritance. X-linked semidominant (X-linked dominant with milder female expression).
Affected males transmit the variant to all daughters (obligate carriers) and no sons; carrier
females transmit to 50% of offspring (affected sons; carrier/mildly affected daughters).

Penetrance / expressivity. Essentially complete penetrance in hemizygous males with
variable expressivity; variable penetrance/expressivity in heterozygous females
governed by skewed X-inactivation (PMID: 36370055). Female phenotype ranges from
asymptomatic to posterior Y-suture opacities to — unusually — severe ocular phenotypes in

10
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some kindreds. Sex-specific expressivity: "In males, it causes bilateral dense pediatric cataracts,
dental anomalies, and facial dysmorphisms. Females traditionally have a more subtle phenotype
with discrete lens opacities as an isolated feature" (PMID: 39858638).

Genetic anticipation / mosaicism / founder effects: no anticipation (not a repeat-expansion
disorder); no established germline mosaicism pattern; no reported founder effect —
mutations are private and distributed across diverse populations.

Epidemiology. Ultra-rare; Orphanet lists prevalence < 1/1,000,000 (ORPHA:627). Precise
incidence/prevalence are unestablished (PMID: 29042737): "This syndrome is very rare and the
incidence of the disease has not been established so far."

Population demographics. Reports span Australian, North American, multiple Chinese,
Taiwanese, Brazilian, Swiss, and Middle Eastern families — indicating worldwide
distribution without geographic clustering or founder variant. Sex ratio: males fully
affected, females milder; both sexes can carry/express. Age distribution: congenital onset;
diagnosed from infancy onward.

Section 10 — Diagnostics

Clinical/ophthalmic examination. Slit-lamp biomicroscopy is central — it detects dense
bilateral cataracts in males and posterior Y-suture opacities in carriers. Optical coherence
tomography and standard pediatric ophthalmic workup (for microcornea, microphthalmia,
nystagmus, strabismus, glaucoma) support the diagnosis. Dental examination documents
screwdriver incisors, mulberry molars, supernumerary teeth, diastema.

Carrier sign. Posterior Y-suture-centered lens opacities with characteristic facial features are a
sensitive and specific sign of carrier status (PMID: 22229851): "Lens opacities centered
around the posterior Y-suture in the context of certain facial features were sensitive and specific
clinical signs of carrier status for NHS mutation in asympt[omatic females]." Independently
confirmed (PMID: 29402928): "One female carrier displayed lens opacities centered on the
posterior Y-suture in both eyes, as well as mild dental abnormalities.”

Genetic testing (confirmatory). Molecular diagnosis is the gold standard: - Single-gene NHS
sequencing or targeted NGS gene panels for congenital/early-onset cataract — identify point/
frameshift/nonsense variants. - Whole-exome sequencing (WES) — effective for novel variant
discovery (used in multiple reported families). - Chromosomal microarray (CMA) / array-
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CGH — essential when sequencing is negative, to detect Xp22.13 microdeletions (PMID:
20882036, PMID: 35122698). - Karyotype + FISH — indicated in females with familial NHS and
negative single-gene analysis, to detect balanced X-autosome translocations disrupting NHS.

Genetic testing of bilateral familial pediatric cataract reveals extraocular features and enables
counseling (PMID: 39858638).

Clinical criteria / differential diagnosis. Diagnosis rests on the tetrad plus X-linked
inheritance, confirmed molecularly. Differentials include isolated X-linked congenital
cataract (CXN; allelic), other syndromic congenital cataracts (e.g., Lowe syndrome, cerebro-
oculo-facio-skeletal conditions), and other causes of supernumerary teeth (cleidocranial
dysplasia, familial adenomatous  polyposis, Rubinstein-Taybi, Opitz G/BBB,
oculofaciocardiodental, Robinow) (PMID: 30457727).

Screening. Cascade testing of at-risk relatives once the familial variant is known; slit-lamp
screening of potential carrier females; newborn red-reflex examination.

Section 11 — Outcome / Prognosis

Survival/mortality. NHS is not a life-limiting disorder per se; life expectancy is essentially
normal. No disease-specific mortality is established.

Morbidity and function. The principal morbidity is visual — bilateral congenital cataract
risks lifelong low vision/blindness without timely surgery. Additional morbidity from
secondary glaucoma (~1/3 of operated patients), visual-axis opacification, dental
dysfunction, and, in ~30%, intellectual disability affecting education and independence.

Prognostic factors (visual). Better visual outcomes correlate with early surgery and absence
of nystagmus/strabismus plus consistent amblyopia therapy (PMID: 35307324): "Better visual
outcomes in operated eyes, however, are achieved in the setting of early presentation, bilateral
infantile cataracts, absence of nystagmus or strabismus, and consistent amblyopia therapy."

Complications. Post-surgical visual-axis opacification, glaucoma, amblyopia; amenable to
surveillance and timely management.
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Section 12 — Treatment

There is no disease-modifying or gene-directed therapy for NHS. Management is entirely
symptomatic/supportive:

 Cataract surgery (primary intervention). Lens aspiration (vitrector) with posterior
capsulotomy and anterior vitrectomy. Timing is critical: "cataract surgery is recommended
at 6 weeks of age for unilateral cataract and between 6 and 8 weeks of age for bilateral cases”
(PMID: 31317088). (NCIT: Cataract Surgery.)

* Optical correction: aphakic contact lenses/glasses in infants; intraocular lens (IOL) in older
children. Cochrane evidence finds no high-level superiority of IOL vs primary aphakia for
bilateral infantile cataract (PMID: 36107778).

» Amblyopia therapy: consistent occlusion/refractive therapy — a key determinant of visual
outcome (PMID: 35307324).

* Glaucoma management: monitoring and treatment of secondary glaucoma.

* Dental/orthodontic care: management of supernumerary teeth, malocclusion, dental
anomalies.

* Developmental and educational support: for patients with intellectual disability; speech/
occupational/physical therapy as needed. (NCIT: Rehabilitation Therapy.)

» Audiology: hearing assessment and support where sensorineural hearing loss is present.
* Genetic counseling: integral to management (see Section 13).
Pharmacotherapy / advanced therapeutics / experimental trials: no NHS-specific drugs,

gene therapy, cell therapy, or RNA-based therapies are approved or in trials. No
pharmacogenomic considerations are established.

Section 13 — Prevention

NHS cannot be prevented at the individual genetic level, but transmission risk can be
managed:

* Primary prevention / reproductive options: genetic counseling following X-linked
recurrence rules; once the familial variant is identified, prenatal diagnosis and
preimplantation genetic testing (PGT) become available. Genetic diagnosis "made possible
accurate family counseling essential in all pediatric cataract cases" (PMID: 39858638).
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» Secondary prevention (early detection): newborn red-reflex screening and prompt
referral for congenital cataract; cascade testing of at-risk relatives; slit-lamp screening of
potential carrier females for Y-suture opacities.

 Tertiary prevention: early cataract surgery + amblyopia therapy to prevent irreversible
visual deprivation; glaucoma surveillance; dental and developmental support.

* Counseling emphasis: because systemic features may take years to appear (PMID:
39858638), genetic testing of bilateral familial pediatric cataract is recommended to avoid
misdiagnosis as isolated cataract.

Immunization, public-health/environmental interventions, and prophylactic medications are
not applicable.

Section 14 — Other Species / Natural Disease

Taxonomy / orthologs. NHS orthologs are conserved across vertebrates (PMID: 14564667):
"NHS orthologs were found in other vertebrates.” The mouse ortholog is Nhs (Mus musculus,
NCBI Taxon 10090). NHS defines a protein family with paralogs NHSL1 and NHSL2.

Natural disease in animals. No naturally occurring NHS-equivalent disease has been
reported in companion animals or wildlife (no established OMIA natural model). The only
robust animal model is the induced/mutant Xcat mouse (see Section 15).

Comparative biology. The WRC/actin-regulatory mechanism is evolutionarily conserved,
supporting cross-species mechanistic relevance of rodent models.

Transmission: not applicable — non-communicable genetic disorder; no zoonotic potential.

Section 15 — Model Organisms

Primary model — Xcat mouse (mammalian, X-linked cataract). The Xcat mouse carries a
large insertion between exons 1 and 2 of Nhs, inhibiting expression of the exon-1-containing
(cytoplasmic) isoform and causing exclusive expression of the exon-1A isoform with reduced
total Nhs transcript (PMID: 16357105). It recapitulates the cataract phenotype and
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demonstrates loss of cytoplasmic Nhs in elongating lens fiber cells, validating the lens-fiber-
cell differentiation mechanism. A lacZ reporter-gene insertion mouse line was used to map
developmental expression.

In vitro / cellular systems. Human lens epithelial cells (SRA 01/04) and mouse lens
epithelial cells (aTN4) have been used to study NHS/junctional biology (PMID: 23288986): "a
human lens epithelial cell line (SRA 01/04) and a mouse lens epithelial cell line (aTN4).” siRNA
knockdown in cultured cells demonstrates actin-cytoskeleton disruption (PMID: 20332100).

Model characteristics / limitations. The Xcat mouse reproduces the ocular (cataract)
phenotype well and dissects isoform-specific cytoplasmic targeting, but the dental,
craniofacial and cognitive features are less completely modeled, and the mouse does not
capture the full human tetrad. Genetically engineered knockout/conditional alleles would be
needed to study extra-ocular developmental roles.

Resources: MGI (mouse Nhs); Cellosaurus (SRA 01/04, aTN4).

Mechanistic Model / Interpretation

NHS loss-of-function variant / Xp22.13 deletion (germline, X-linked)
| (hemizygous in males; haploinsufficient in females)
%
Absent / truncated NHS protein --> loss of N-terminal WAVE homology domain (WHD)
|
%
Failure to engage WAVE Regulatory Complex (Abi, HSPC300, NCKAP1/Napl, CYFIP1/Sral)
|
v
Dysregulated actin remodelling / cell morphology (lamellipodia, focal adhesions,
cell-cell junctions, cortical actin ring)

v % %
Lens fiber-cell Tooth & craniofacial Neuronal/brain
differentiation defect development disruption development disruption
(cytoplasmic isoform) | |

v Vv v
BILATERAL CONGENITAL DENTAL ANOMALIES + INTELLECTUAL
CATARACT FACIAL DYSMORPHISM DISABILITY (~30%)

Female modifier branch: X-inactivation skewing -> attenuates or accentuates severity

Allelic branch: transcription-altering CNV (protein preserved) -> isolated X-linked cataract
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Upstream vs downstream. The mutation - loss of WHD - failed WRC binding - actin
dysregulation axis is upstream and shared; the tissue-specific developmental failures (lens,
tooth, face, brain) are downstream and account for pleiotropy. The X-inactivation and
transcription-vs-protein branches explain, respectively, female variability and the NHS-vs-
isolated-cataract dichotomy.
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PMID Title (abbrev.) Role
14564667 Mutations in a novel gene, Foundational gene identification; 1,630-aa protein;
NHS... pleiotropic developmental expression
NHS encodes a functional . . . .
20332100 " Core mechanism — WRC binding, actin regulation

Animal model; cytoplasmic isoform loss in lens fiber
16357105  Xcat, a novel mouse model...

cells

X-linked cataract and NHS are . . .
19414485 el Genotype-mechanism-severity correlation

allelic

NHS pedigree, microdeletion, . . o
36370055 Haploinsufficiency + XCI female variability

skewed XCI

Further delineation of male/ . . . .
41236159 Disease definition; gene location; female mildness

female phenotypes

Genotype-phenotype in male/ ) .. . . .
39858638 ) Sex-specific expressivity; diagnostic/counseling value
female carriers

25091991  Novel mutation by WES ~30% intellectual disability frequency

) . Male phenotype spectrum; 1.83-Mb contiguous-gene
35122698  Novel microdeletion...

deletion
29042737  NHS: A Rare Case Report Craniofacial/dental features; incidence unestablished
Microdeletion at Xp22.13 . .
20882036 . Second contiguous-gene deletion
(Taiwan)
22229851  Potential female carriers... Posterior Y-suture carrier sign (sensitive/specific)
29402928  Novel small deletion in NHS Independent confirmation of Y-suture carrier sign

Current management of : . .
35307324 | . Visual prognostic factors; amblyopia therapy
infantile cataracts

Updates on management of .
31317088 .. Cataract surgery timing
pediatric cataract

Cochrane: bilateral congenital ) .
36107778 Evidence on IOL vs aphakia
cataract surgery
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PMID Title (abbrev.) Role

Novel truncation mutation by
WES

30642278 Truncating LoF as typical lesion

23288986  Lens epithelial cell lines In vitro cellular models

Genetic entities with ) . . .
30457727 Dental differential diagnosis
supernumerary teeth

Mechanistic cross-support (WRC-opathies). Independent studies of CYFIP2 (PMID: 33149277,
PMID: 30664714) show that disrupting WRC-mediated actin dynamics causes
neurodevelopmental disorders — converging evidence that the NHS—WRC—actin axis is
pathogenic, and contextualizing the intellectual-disability component of NHS within a broader
"WRC-opathy" framework.

Limitations and Knowledge Gaps

1. No primary dataset analysis. This report synthesizes published literature and ontology
resources; no new patient-level or omics data were analyzed.

2. Epidemiology unquantified. Precise incidence/prevalence are unestablished; only
Orphanet's < 1/1,000,000 category and case-series counts exist.

3. Mechanism of extra-ocular features partly inferred. The lens mechanism is well-
demonstrated (Xcat); the causal chains to dental, craniofacial and cognitive phenotypes rest
largely on developmental expression patterns and phenotype co-segregation rather than
tissue-specific functional proof.

4. Genotype-phenotype correlation incomplete. While mechanism (truncation vs
transcriptional CNV) grades NHS vs isolated cataract, finer correlations (variant position vs
severity, predictors of intellectual disability) are not firmly established. Some reports show
atypically severe female phenotypes, challenging the "females always mild" generalization.

5. No therapeutics pipeline. There are no disease-modifying therapies, trials, or validated
biomarkers beyond the causal variant.

6. Animal models incomplete. The Xcat mouse models cataract but not the full tetrad;
dedicated knockout/conditional models of extra-ocular roles are lacking.
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Proposed Follow-up Experiments / Actions

1.

Natural-history registry. Establish a multi-center NHS registry to quantify prevalence,
penetrance/expressivity (especially female severity distribution), and long-term visual/
cognitive outcomes.

. Genotype-phenotype meta-analysis. Aggregate all reported NHS variants (point

mutations, indels, CNVs, translocations) with standardized HPO phenotyping to test variant-
position/mechanism predictors of intellectual disability and female severity.

. X-inactivation studies. Systematically correlate XCI ratios (e.g., HUMARA/allele-specific

methods) with phenotype severity in female carriers to validate skewing as the principal
modifier.

. Tissue-specific functional models. Generate conditional Nhs knockouts (dental

epithelium, neural crest, neurons) and NHS-deficient iPSC-derived organoids (lens,
neuronal, craniofacial) to directly test downstream causal steps.

. WRC-interaction mapping. Quantify how specific NHS truncations disrupt WRC binding

(Abi/HSPC300/NCKAP1/CYFIP1) and actin dynamics, linking molecular defect to cellular
phenotype gradient.

. Diagnostic optimization. Validate a tiered pediatric-cataract testing algorithm (NGS panel

— WES —» CMA - karyotype/FISH) to minimize under-diagnosis of NHS presenting as
"isolated" cataract.

Report compiled from 13 confirmed findings and 35 reviewed papers over a 5-iteration
autonomous investigation. Evidence types: human clinical (cohorts, case reports, carrier studies),
model organism (Xcat mouse), in vitro (lens epithelial cell lines, siRNA knockdown), and
ontology/database resources (OMIM, Orphanet, HPO, MONDO).

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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