
Craniofacial-Deafness-Hand Syndrome
(CDHS): Comprehensive Disease
Characteristics Report

Disease: Craniofacial-Deafness-Hand Syndrome (CDHS)  MONDO ID: MONDO:0007395 OMIM:
#122880  |  Orphanet: ORPHA:1529  |  Category: Mendelian  (autosomal  dominant
neurocristopathy) Causal gene: PAX3 (2q36.1)

Summary

Craniofacial-Deafness-Hand  Syndrome  (CDHS;  OMIM  #122880;  MONDO:0007395)  is  an
extremely  rare  autosomal  dominant  congenital  malformation  syndrome caused  by
heterozygous missense mutations  in  the  paired domain of  the  PAX3 gene on chromosome
2q36.1.  The disorder is  defined by a characteristic  triad:  (1)  craniofacial  dysmorphism —
absent or hypoplastic nasal bones, a small short nose with slit-like nares, hypertelorism, and
short  (blepharophimotic)  palpebral  fissures;  (2)  profound  congenital  sensorineural
deafness; and (3)  hand anomalies — ulnar deviation of the fingers, flexion contractures of
digits  3–5,  and  limited  wrist  movement  with  hypoplastic  wrist  bones.  The  prototypical
mutation is p.Asn47Lys (N47K) at codon 47 of the PAX3 paired domain, first identified by Asher
and colleagues in 1996 [PMID: 8664898].

CDHS  belongs  to  the  PAX3  allelic  disorder  spectrum,  which  also  includes  Waardenburg
syndrome types 1 and 3 (WS1, WS3). Notably, the allelic mutation p.Asn47His (N47H) at the
identical codon causes Waardenburg syndrome type 3, demonstrating that different amino-
acid  substitutions  at  a  single  conserved  residue  produce  distinct  phenotypes.  Unlike
Waardenburg  syndrome,  CDHS  characteristically  lacks  the  pigmentary  anomalies
(heterochromia iridis, white forelock) and dystopia canthorum that define the Waardenburg
phenotype,  while  uniquely  featuring absent/hypoplastic  nasal  and wrist  bones  with  digital
contractures.



Mechanistically, CDHS is a neurocristopathy: PAX3 is a master transcription factor governing
the  development,  survival,  migration,  and  differentiation  of  neural-crest  derivatives  and
myogenic  progenitors.  Codon-47  paired-domain  mutations  disrupt  PAX3  DNA  binding  and
subnuclear  dynamics,  impairing  the  development  of  neural-crest-derived  structures  —
including  the  melanocytes  of  the  cochlear  stria  vascularis  (explaining  the  sensorineural
deafness), the craniofacial skeleton and mesenchyme, and, as reported in a 2024 case, cardiac
outflow-tract  derivatives.  The  murine  Splotch (Pax3 mutant)  provides  the  disease  model,
recapitulating neural-crest,  inner-ear,  and cardiac defects.  Fewer than ~10 individuals  with
CDHS  have  been  reported  worldwide;  management  is  entirely  multidisciplinary  and
supportive (cochlear implantation,  hand surgery and therapy,  genetic counseling),  with no
cure or disease-modifying therapy.

Key Findings

Finding 1 — CDHS is caused by heterozygous PAX3 paired-domain missense
mutations at codon 47

CDHS  is  an  autosomal  dominant  disorder  caused  by  heterozygous  missense  mutations
affecting  codon 47 of  the PAX3 paired (DNA-binding)  domain.  In  the original  molecular
characterization,  Asher  et  al.  (1996)  studied  a  three-member  family  —  a  mother  and  two
affected children — and identified a p.Asn47Lys (N47K) substitution. As stated in the abstract:
"In  a  family  of  three  affected  individuals  with  this  syndrome,  a  mother  and  two children,  a
missense  mutation  (Asn47Lys)  in  the  paired  domain  of  PAX3  was  initially  detected  by  SSCP
analysis" [PMID: 8664898].

Critically,  this  substitution appears  to  have  a  more  profound functional  consequence  than
typical loss-of-function alleles: "Substitution of a basic amino acid for asparagine at residue 47,
conserved in all known murine Pax and human PAX genes, appears to have a more drastic effect
on  the  phenotype  than  missense,  frameshift  and  deletion  mutations  of  PAX3  that  cause
Waardenburg syndrome type 1" [PMID: 8664898]. This suggests the N47K allele is not a simple
haploinsufficiency but may alter PAX3 function in a manner beyond dosage reduction.
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The causal mutation was independently confirmed in a 20-year longitudinal follow-up of the
same phenotype by Sommer & Bartholomew (2003): "A missense mutation in the paired domain
of  PAX3 (Asn47Lys)  was detected" [PMID:  14556253].  A more recent  2024 case confirmed a
pathogenic  PAX3  missense  variant  by  whole-exome  sequencing  [PMID:  39850491],
corroborating the genetic basis across nearly three decades of reporting.

Ontology/annotation: Gene  PAX3  —  HGNC:8617,  NCBI  Gene  5077,  UniProt  P23760,  OMIM
*606597,  locus  2q36.1.  Variant  nomenclature:  PAX3 p.Asn47Lys  (N47K);  allelic  WS3 variant
p.Asn47His (N47H).

Finding 2 — The clinical phenotype is a triad of craniofacial dysmorphism,
profound sensorineural deafness, and hand anomalies

Asher et  al.  (1996)  define CDHS by  "the absence or hypoplasia of  the nasal  bones,  profound
sensorineural deafness, a small and short nose with slitlike nares, hypertelorism, short palpebral
fissures, and limited movement at the wrist and ulnar deviations of the fingers" [PMID: 8664898].
The long-term follow-up study added further craniofacial and limb detail:  "a depressed nasal
bridge with a button tip and slitlike nares and a small 'pursed' mouth. Profound sensorineural
hearing loss and ulnar deviation of the hands with flexion contractures of digits three, four and
five" [PMID: 14556253], along with a flat facial profile and an antimongoloid (downslanting)
slant of the palpebral fissures.

The  original  description  was  in  a  mother  and  two  children  across  two  generations,
consistent with autosomal dominant inheritance. The phenotype is congenital and appears to
be relatively stable rather than progressive (see Temporal Development, below).

Finding 3 — PAX3 is a neural-crest/myogenic transcription factor; codon-47
mutations disrupt DNA binding and subnuclear dynamics

PAX3 encodes a transcription factor with an N-terminal DNA-binding region (a paired box plus
a homeodomain) and a C-terminal transactivation domain. It is "expressed during development
of skeletal muscle, central nervous system and neural crest derivatives, and regulates expression
of  target  genes  that  impact  on  proliferation,  survival,  differentiation  and  motility  in  these
lineages" [PMID: 29730428]. This developmental role in neural-crest lineages directly underlies
the multi-system CDHS phenotype.
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PAX  transcription  factors  are  essential  for  neural-crest  induction  and  the  formation  of
derivatives  including  "the  craniofacial  skeleton  and  mesenchyme,  the  heart  outflow  tract,
endocrine and pigment cells" [PMID: 26410165] — precisely the structures affected in CDHS
(craniofacial bones, and, in a recent case, cardiac outflow-tract anomalies).

Codon 47 lies within the paired domain. Corry et al. (2010) demonstrated that the PAX3 paired
domain and homeodomain function interdependently as a single DNA-binding module and
that "disease-causing missense mutations in PAX3 has established the interdependence of its two
DNA-binding domains, the paired domain (PD) and the homeodomain (HD), as well as defects in
localization and mobility" [PMID: 20643146].  This provides the mechanistic  basis  for how a
single-residue substitution at codon 47 impairs PAX3's ability to bind DNA and regulate its
target-gene network with proper subnuclear localization and mobility.

An additional, transcription-independent PAX3 function is relevant: Pax3 stabilizes neural-tube
and neural-crest development by promoting Mdm2-mediated ubiquitination and degradation
of  p53,  using  its  paired  domain  and  homeodomain  independent  of  DNA  binding  [PMID:
22216266]. Loss of this p53-suppressing activity in Splotch Pax3 mutants underlies neural-tube
and cardiac neural-crest defects.

Ontology suggestions — GO biological processes: neural crest cell migration (GO:0001755),
neural crest cell differentiation (GO:0014033), regulation of transcription by RNA polymerase II
(GO:0006357),  skeletal  muscle  tissue  development  (GO:0007519).  GO  cellular  component:
nucleus (GO:0005634), transcription regulator complex (GO:0005667).  Cell types (CL): neural
crest cell (CL:0000333), melanocyte (CL:0000148).

Finding 4 — The Splotch (Pax3 mutant) mouse is the disease model,
recapitulating neural-crest, inner-ear, and cardiac defects

The murine  Splotch allele series carries  Pax3 mutations and provides the canonical model
organism for  PAX3 disorders.  Splotch mice  "develop neural  tube  defects  (NTDs),  comprising
exencephaly and/or spina bifida, as well as neural crest-related defects and abnormalities of limb
musculature" [PMID: 19180568].

Most directly relevant to the CDHS deafness phenotype, Kim et al. (2014) showed that Pax3 is
required for inner-ear structures with melanogenic fates: "In the absence of Pax3 in Pax3(Cre/
Cre); R26R inner ears, β-gal-positive cells disappeared from regions with melanocytes such as the
stria vascularis of the cochlea and dark cells in the vestibule" [PMID: 24565836]. Pax3-lineage
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melanogenic cells migrate to the inner ear but fail to differentiate and survive without Pax3 —
providing the cellular mechanism linking PAX3 dysfunction to sensorineural deafness (the
stria vascularis is essential for generating the endocochlear potential).

For the cardiovascular associations, Chan et al. (2004) demonstrated that homozygous Sp2H
embryos  "show delayed onset  of  cardiac neural  crest  emigration" with significantly reduced
neural-crest  cell  numbers  along  the  cardiac  outflow migratory  pathway [PMID:  15226254].
Mansouri et  al.  (2001) established that Pax3 acts cell-autonomously in the neural tube and
somites by controlling cell-surface properties [PMID: 11493522].

Ontology/annotation: NCBI Taxon  Mus musculus (10090); ortholog  Pax3 (NCBI Gene 18505).
Splotch also serves as the model for folic-acid-preventable neural tube defects.

Finding 5 — CDHS is extremely rare (<10 reported individuals); diagnosis is
molecular; a 2024 case links it to cardiovascular anomalies

CDHS is described as "an extremely rare autosomal dominant condition" [PMID: 39850491]. Only
a handful of individuals have been reported since the original 1983 clinical description:

Report Year PMID Contribution

Asher et al. 1996 8664898 Family of 3; identified N47K mutation

Sommer &
Bartholomew

2003 14556253 20-year follow-up; confirmed N47K

Gad et al. 2008 18553554
Possible variant case; no PAX3 change found —
suggests heterogeneity

Drozniewska & Haus 2014 24839464
~862 kb 2q36.1 deletion including PAX3; overlapping
features

Saenz Hinojosa et al. 2024 39850491 Novel PAX3 missense; cardiovascular anomalies

Diagnosis  is  confirmed  by  molecular  genetic  testing.  The  2024  case  used  whole-exome
sequencing (Illumina NextSeq) to identify a novel pathogenic PAX3 missense variant in "a 21-
year-old  Ecuadorian  male  with  facial  and  hand  dysmorphias,  cardiomegaly,  pulmonary
hypertension,  and  patent  ductus  arteriosus  (PDA)" [PMID:  39850491],  newly  expanding  the
CDHS phenotype to include cardiovascular involvement — biologically plausible given PAX3's
role in cardiac neural crest. In an overlapping-phenotype patient, chromosomal microarray
detected  a  "~862  kb  de  novo  deletion  at  2q36.1  including  PAX3" [PMID:  24839464],
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demonstrating  CMA  as  an  alternative  diagnostic  modality.  No  population  prevalence  or
incidence  figures  exist  given  the  extreme  rarity,  and  there  is  no  established  newborn
screening.

Finding 6 — CDHS sits within the PAX3 allelic disorder spectrum; differential
diagnosis centers on Waardenburg syndromes

PAX3  mutations  produce  a  spectrum  of  allelic  auditory/neurocristopathy  disorders:
Waardenburg  syndrome  type  1 (WS1;  heterozygous  loss-of-function;  auditory-pigmentary
with  dystopia  canthorum),  Waardenburg  syndrome  type  3  /  Klein-Waardenburg (WS3;
extreme WS1 with musculoskeletal/upper-limb defects), and CDHS. Wollnik et al. (2003) noted
that "Klein-Waardenburg syndrome (WS-III) is a very rare condition and represents an extreme
presentation  of  WS-I,  additionally  associated  with  musculoskeletal  abnormalities" and
demonstrated  that  homozygous  paired-domain  missense  variants  can  cause  WS3  while
heterozygous  carriers  show  WS1  —  establishing  dosage/allele-specific  severity  within  the
paired box [PMID: 12949970].

The genotype-phenotype relationship at codon 47 is the sharpest illustration of allele-specific
effects:  "A previously described missense mutation in this same codon (Asn47His) is associated
with Waardenburg syndrome type 3 (Hoth et al., 1993)" [PMID: 8664898]. Thus  N47K → CDHS
and N47H → WS3 at the identical conserved residue. CDHS is distinguished from Waardenburg
by  uniquely  featuring  absent/hypoplastic  nasal  and  wrist  bones  and  characteristic  hand
contractures,  without the pigmentary anomalies (heterochromia, white forelock) or dystopia
canthorum that typify Waardenburg. Gad et al. (2008) reported a patient sharing some but not
all features, in whom no PAX3 sequence alteration was found, and concluded  there may be
genetic heterogeneity even within the CDHS subtype [PMID: 18553554].

Finding 7 — Verified ontology and database identifiers

Cross-references retrieved from the MONDO term MONDO:0007395 via EBI OLS4:
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Resource Identifier

MONDO MONDO:0007395

OMIM 122880

Orphanet ORPHA:1529

Disease Ontology DOID:0111336

GARD 0001571

ICD-9 759.89

ICD-11 (foundation) 1355682887

MeSH C536453

UMLS C1852510

MedGen 377694

SNOMED CT 702362004

Synonyms  (MONDO): CDHS;  "Sommer-Young-Wee-Frye  syndrome";  "craniofacial  deafness
hand  syndrome";  descriptive  synonym  "features  of  flat  facial  profile,  hypertelorism,
hypoplastic  nose with slitlike nares,  and a sensorineural  hearing loss."  Causal gene PAX3:
HGNC:8617, NCBI Gene 5077, UniProt P23760, OMIM *606597, locus 2q36.1.

Finding 8 — Official HPO phenotype profile (28 annotations) with frequency
qualifiers

The curated Human Phenotype Ontology disease annotation for CDHS (MONDO:0007395; via
Monarch  Initiative,  28  disease–phenotype  associations)  provides  frequency-qualified
phenotypes:

Very frequent:
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Phenotype HPO term

Sensorineural hearing impairment HP:0000407

Hypertelorism HP:0000316

Downslanted palpebral fissures HP:0000494

Blepharophimosis HP:0000581

Hypoplasia of the maxilla HP:0000327

Short nose HP:0003196

Depressed nasal bridge HP:0005280

Narrow mouth HP:0000160

Flat face HP:0012368

Narrow face HP:0000275

Aplasia/Hypoplasia involving the nose HP:0009924

Lacrimal duct atresia HP:0000564

Abnormality of the wrist HP:0003019

Ulnar deviation of the wrist HP:0003049

Ulnar deviation of finger HP:0009465

Frequent: Camptodactyly of finger (HP:0100490).

Additional  annotations: Telecanthus  (HP:0000506),  Malar  flattening  (HP:0000272),  Narrow
naris (HP:0009933), Ulnar deviation of the hand (HP:0009487).
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Section-by-Section Report

1. Disease Information

CDHS is a congenital autosomal dominant malformation syndrome characterized by the triad
of distinctive craniofacial features (absent/hypoplastic nasal bones, hypertelorism, short slit-
like  nares,  blepharophimosis),  profound  congenital  sensorineural  deafness,  and  hand
anomalies (ulnar deviation, flexion contractures of digits 3–5, hypoplastic wrist bones).  Key
identifiers  are  listed  in  Finding  7  (OMIM  #122880,  ORPHA:1529,  MONDO:0007395,  MeSH
C536453,  ICD-9  759.89,  ICD-11  foundation  1355682887,  SNOMED  CT  702362004).  Synonyms
include  CDHS  and  "Sommer-Young-Wee-Frye  syndrome."  Information  is  derived  from
aggregated disease-level resources (OMIM, Orphanet, MONDO, HPO) and a small number of
individual case reports — the entire literature comprises fewer than ~10 patients.

2. Etiology

Causal  factor: Genetic  —  heterozygous  missense  mutations  in  the  PAX3  paired  domain,
prototypically p.Asn47Lys (N47K) [PMID: 8664898]. A ~862 kb 2q36.1 deletion encompassing
PAX3 has produced an overlapping phenotype [PMID: 24839464].  Genetic risk factors: The
causal  PAX3  variant  is  the  sole  established  genetic  determinant;  no  modifier  genes  or
susceptibility  loci  are  defined  for  this  ultra-rare  disorder.  Environmental  risk  factors  /
protective  factors  /  gene-environment  interactions: None  are  established  for  CDHS
specifically.  (In the related  Splotch mouse model,  folic acid prevents Pax3-associated neural
tube defects [PMID: 19180568],  but this is not documented as relevant to the human CDHS
phenotype.)  Given  the  dominant,  highly  penetrant  Mendelian  mechanism,  environmental
contribution is not applicable.

3. Phenotypes

Phenotypes  are  physical  manifestations/clinical  signs,  all  congenital  in  onset.  The  HPO
frequency-qualified profile (Finding 8) provides the authoritative catalog. The core features —
sensorineural  hearing  impairment  (HP:0000407),  hypertelorism  (HP:0000316),  nasal
hypoplasia  (HP:0009924),  and wrist/finger ulnar deviation (HP:0003049,  HP:0009465)  — are
annotated  as  "Very  frequent."  Severity is  typically  severe  for  the  hearing  loss  (profound
sensorineural  deafness)  and  moderate-to-severe  for  the  structural  anomalies;  progression
appears  stable  rather  than  progressive.  Quality-of-life  impact is  dominated  by  profound
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congenital deafness (affecting communication/language acquisition) and by hand contractures
limiting manual dexterity; formal QoL instrument data (EQ-5D, SF-36) are not available for this
rare disorder.

4. Genetic/Molecular Information

Causal gene: PAX3 (OMIM 606597; HGNC:8617; NCBI Gene 5077; 2q36.1).  Variant: p.Asn47Lys
(N47K),  a  missense substitution  in  the  paired  domain,  classified  pathogenic;  allelic  to  WS3-
causing  N47H.  Allele  frequency: Absent  from  population  databases  (de  novo/private  familial
variants; not in gnomAD as a common allele).  Origin: Germline; inherited autosomal dominant
within families and arising de novo in sporadic cases. Functional consequence: Disruption of DNA
binding and subnuclear localization/mobility of the paired domain–homeodomain module [PMID:
20643146];  the N47K substitution appears more deleterious than typical  WS1 loss-of-function
alleles [PMID: 8664898], consistent with an altered-function/dominant effect rather than simple
haploinsufficiency. Chromosomal abnormality: A ~862 kb de novo 2q36.1 deletion including PAX3
detected by microarray [PMID: 24839464]. Modifier genes / epigenetics:* Not established.

5. Environmental Information

Not  applicable. CDHS  is  a  monogenic  Mendelian  disorder  with  no  documented
environmental, lifestyle, or infectious contributions.

6. Mechanism / Pathophysiology

CDHS is a neurocristopathy. The causal chain is:
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PAX3 paired-domain mutation (N47K, codon 47)
        │
        ▼
Impaired DNA binding + altered subnuclear localization/mobility  [PMID:20643146]
        │
        ▼
Dysregulated PAX3 transcriptional network + loss of p53 suppression  [PMID:22216266]
        │
        ▼
Defective development/survival/migration of NEURAL CREST derivatives + myogenic progenitors  [PMID:29730428, 26410165]
        │
        ├──► Cochlear stria vascularis melanocytes fail to differentiate/survive ──► loss of endocochlear potential ──► PROFOUND SENSORINEURAL DEAFNESS  [PMID:24565836]
        │
        ├──► Craniofacial skeleton/mesenchyme maldevelopment ──► absent/hypoplastic nasal bones, hypertelorism, flat face  [PMID:26410165]
        │
        ├──► Cardiac neural crest migration defect ──► outflow-tract anomalies (PDA, pulmonary hypertension)  [PMID:15226254, 39850491]
        │
        └──► Limb/somitic musculoskeletal patterning defect ──► ulnar deviation, digit contractures, hypoplastic wrist bones

Molecular  pathways: PAX3  transcriptional  regulation  of  neural-crest  and  myogenic  gene
networks (e.g., MET, MYF5, DCT). Cellular processes: neural crest cell migration (GO:0001755),
differentiation  (GO:0014033),  survival  (regulation  of  apoptosis).  Protein  dysfunction: loss/
alteration of paired-domain DNA-binding function; altered nuclear mobility.  Cell types (CL):
neural  crest  cell  (CL:0000333),  melanocyte  (CL:0000148).  Upstream:  the  PAX3  mutation;
downstream: tissue-specific malformations. No metabolomic, proteomic, or single-cell profiling
exists for human CDHS.

7. Anatomical Structures Affected

Organ/system  level: ear  (inner  ear/cochlea  —  UBERON:0001846/UBERON:0001844),
craniofacial skeleton/skull and nasal bones (UBERON:0001684 nasal bone), face, hands/wrists
(UBERON:0002398  manus;  UBERON:0001445  wrist),  and  —  per  the  2024  case  —  the
cardiovascular system (heart outflow tract, ductus arteriosus).  Tissue/cell level: neural-crest-
derived  melanocytes  of  the  cochlear  stria  vascularis  (UBERON:0002240  stria  vascularis),
craniofacial mesenchyme, cartilage/bone.  Subcellular: nucleus (GO:0005634).  Lateralization:
bilateral and largely symmetric.
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8. Temporal Development

Onset: Congenital  (present  at  birth);  features  are  developmental  in  origin.  Onset  pattern:
Chronic/static. Progression: The malformations and deafness are stable and non-progressive;
there are no defined disease stages.  Duration: Lifelong.  Critical period: Embryonic neural-
crest  migration  and  organogenesis  (the  window  during  which  PAX3  acts);  no  postnatal
intervention window exists to alter the developmental malformations. The 20-year follow-up
confirmed a stable phenotype over time [PMID: 14556253].

9. Inheritance and Population

Inheritance: Autosomal dominant [PMID: 8664898, 39850491]. Epidemiology: Extremely rare
(<10 reported individuals);  no prevalence/incidence figures  available.  Penetrance: Appears
high/complete in reported families (mother and both children affected).  Expressivity: Likely
variable, and possible genetic heterogeneity within the CDHS phenotype has been proposed
[PMID: 18553554].  Sex ratio: No sex predilection documented (reported cases include both
sexes).  Founder effects /  consanguinity /  carrier frequency: Not  applicable — dominant,
private/de  novo  mutations.  Geographic  distribution: No  specific  geographic  clustering;
reported  cases  from  multiple  populations  including  a  2024  Ecuadorian  patient  [PMID:
39850491].

10. Diagnostics

Molecular  genetic  testing  is  the  diagnostic  gold  standard. Recommended  approaches:
single-gene  PAX3  sequencing  or  whole-exome  sequencing  (WES)  —  WES  identified  the
pathogenic  PAX3  missense  variant  in  the  2024  case  [PMID:  39850491];  chromosomal
microarray  (CMA)  detects  PAX3-encompassing  deletions  [PMID:  24839464].  Clinical
evaluation: Audiometry/ABR confirms profound sensorineural hearing loss; craniofacial and
skeletal  (hand/wrist)  radiography documents  absent/hypoplastic  nasal  and wrist  bones;  the
2024  case  underscores  the  value  of  echocardiography  given  cardiovascular  involvement.
Differential diagnosis: Waardenburg syndrome types 1 and 3 / Klein-Waardenburg syndrome
—  distinguished  by  the  presence  of  pigmentary  anomalies  and  dystopia  canthorum  in
Waardenburg  versus  the  nasal/wrist  bone  hypoplasia  and  digit  contractures  without
pigmentary  features  in  CDHS  [PMID:  8664898,  12949970].  Screening: No  newborn  or
population screening exists; cascade genetic testing of at-risk relatives is appropriate once a
familial variant is known.
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11. Outcome / Prognosis

Survival/mortality: CDHS is not intrinsically life-limiting; life expectancy is generally normal,
though the newly reported cardiovascular anomalies (cardiomegaly, pulmonary hypertension,
PDA) could carry morbidity/mortality risk in some individuals [PMID: 39850491].  Morbidity/
disability: Dominated  by  profound  congenital  deafness  (communication,  language,
educational  impact)  and  hand  contractures  (reduced  manual  function).  Recovery: The
structural  malformations  are  permanent;  hearing  can  be  functionally  rehabilitated  (see
Treatment).  Prognostic factors: Severity of  hand/facial  anomalies and presence/absence of
cardiac involvement. No molecular prognostic biomarkers are defined.

12. Treatment

There is  no cure or disease-modifying therapy;  management is  entirely multidisciplinary
and supportive:

Hearing (NCIT — cochlear implantation): Hearing amplification and cochlear
implantation for profound sensorineural deafness; early intervention supports language
development. Speech/language therapy.

Hand anomalies (NCIT — orthopedic surgery, occupational therapy): Orthopedic/hand
surgery and occupational/physical therapy for ulnar deviation and digit contractures to
improve function.

Craniofacial: Reconstructive/craniofacial surgery as indicated for nasal and facial
anomalies.

Cardiovascular: Cardiology evaluation and management of PDA/pulmonary hypertension
when present [PMID: 39850491].

Genetic counseling: For affected individuals and families regarding the 50% autosomal
dominant recurrence risk.

No pharmacotherapy, gene therapy, RNA-based, or targeted therapies exist or are in trials for
CDHS.  The  2024  report  also  highlighted  a  lack  of  holistic,  coordinated care as  a  gap  in
current management.

13. Prevention

No  primary  prevention exists  for  this  de  novo/dominantly  inherited  Mendelian  disorder.
Secondary prevention consists of early audiologic detection and intervention to mitigate the
developmental  impact  of  deafness.  Genetic  counseling and,  for  families  with  a  known

• 

• 

• 

• 

• 
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pathogenic  PAX3 variant,  options  for  prenatal  diagnosis  or  preimplantation genetic  testing
constitute the principal preventive measures. No immunization, behavioral, or public-health
interventions are applicable.

14. Other Species / Natural Disease

The murine ortholog Pax3 (NCBI Gene 18505; Mus musculus, NCBI Taxon 10090) underlies the
naturally  occurring/spontaneous  Splotch mutant,  historically  important  in  developmental
genetics  [PMID:  19180568].  PAX3/Pax3  is  highly  evolutionarily  conserved  (residue  47  is
"conserved in all known murine Pax and human PAX genes" [PMID: 8664898]), and the gene's
neural-crest function is conserved across vertebrates including zebrafish and Xenopus [PMID:
21687713].  No  naturally  occurring  CDHS-equivalent  disease  is  documented  in  companion
animals or wildlife; there is no zoonotic dimension.

15. Model Organisms

The  mouse is the principal model. The  Splotch Pax3 allelic series (Sp, Sp2H, Sp2G, Splotch-
delayed) includes spontaneous and engineered (lacZ knock-in, Cre) alleles [PMID: 11493522,
24565836].  Phenotype  recapitulation: Splotch  reproduces  neural-crest  defects,  inner-ear
melanocyte  loss  (stria  vascularis  —  modeling  the  deafness  mechanism)  [PMID:  24565836],
cardiac  neural-crest  migration  defects  (modeling  cardiovascular  involvement)  [PMID:
15226254],  and  limb-muscle  abnormalities  [PMID:  19180568].  Limitations: Homozygous
Splotch  mice  die  from  severe  neural  tube  defects  (exencephaly/spina  bifida)  not  seen  in
heterozygous human CDHS, and no mouse carries the specific human N47K allele — so the
model captures PAX3 loss-of-function biology and the neural-crest mechanism rather than the
precise CDHS genotype. Resources: MGI (Mouse Genome Informatics), IMSR.

Mechanistic Model / Interpretation

CDHS  is  best  understood  as  a  paired-domain-specific  PAX3  neurocristopathy.  A  single
conserved residue — asparagine 47 — sits at the heart of the genotype–phenotype logic of the
entire PAX3 disorder spectrum:
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PAX3
codon-47
allele

Substitution Disorder Distinguishing features

N47H Asn→His
Waardenburg
syndrome type 3

Pigmentary anomalies, dystopia
canthorum, limb defects

N47K Asn→Lys CDHS
Nasal/wrist bone hypoplasia, digit
contractures; no pigmentary anomalies

That  two different  substitutions at  the  same residue yield  distinct syndromes indicates  the
phenotype is governed not merely by loss of PAX3 dosage but by the  specific biochemical
consequence of each substitution on the paired-domain–homeodomain DNA-binding module
and its downstream target selection [PMID: 20643146, 8664898].

The unifying downstream mechanism is impaired development of  neural-crest derivatives.
PAX3  controls  proliferation,  survival,  migration,  and  differentiation  across  these  lineages
[PMID: 29730428,  26410165].  The most  mechanistically resolved link is  the deafness:  PAX3-
dependent melanocytes populate the cochlear  stria vascularis,  and in the absence of Pax3
these  cells  vanish  [PMID:  24565836].  Because  strial  melanocytes  (intermediate  cells)  are
required to generate the endocochlear potential that powers hair-cell transduction, their loss
produces  profound  sensorineural  deafness  —  a  mechanism  shared  with  the  pigmentary-
deafness of Waardenburg but manifesting here without overt skin/hair pigmentary signs. The
craniofacial  and  (newly  appreciated)  cardiac  features  similarly  map  onto  PAX3-dependent
craniofacial mesenchyme and cardiac neural-crest populations [PMID: 26410165, 15226254],
while  the  hand/wrist  and  muscle  anomalies  reflect  PAX3's  role  in  somitic/limb  myogenic
progenitors [PMID: 21143873].
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Evidence Base

PMID Title (abbrev.) Role in this report

8664898
Missense mutation in the paired
domain of PAX3 causes CDHS

Primary genetic + phenotypic source (N47K;
codon-47 N47H→WS3 distinction)

14556253
Craniofacial-deafness-hand syndrome
revisited

20-year follow-up; confirms N47K, expands
phenotype

39850491
CDHS with unusual cardiovascular
symptoms

2024 WES-confirmed case; adds
cardiovascular phenotype; rarity

24839464 PAX3 deletion detected by microarray
CMA diagnosis; 2q36.1 deletion; overlapping
phenotype

18553554
New variant of Waardenburg
syndrome?

Possible CDHS heterogeneity; differential
diagnosis

12949970
Homozygous/heterozygous PAX3 →
different WS

Defines WS3; allele-dosage severity

20643146 PAX3 PD+HD single binding module
Mechanism: how missense mutations impair
DNA binding/mobility

29730428 Expression and function of PAX3 PAX3 role in neural crest/muscle lineages

26410165 PAX in neural crest development
Links NC to craniofacial skeleton + heart
outflow tract

24565836 Pax3 for inner ear melanogenic fates
Cellular mechanism of deafness (strial
melanocyte loss)

19180568 Splotch mouse / NTDs Disease model; neural-crest + limb phenotypes

15226254 Cardiac neural crest in splotch
Cardiac NC migration defect (cardiovascular
link)

22216266 Pax3 stimulates p53 degradation Transcription-independent PAX3 function

11493522 Pax3 acts cell autonomously Cell-autonomous role in neural tube/somites

All quoted snippets in the Key Findings section are verbatim from the cited abstracts and were
validated during the investigation.
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Limitations and Knowledge Gaps

Ultra-rarity: Fewer than ~10 individuals have ever been reported, so nearly all clinical and
genetic conclusions rest on isolated case reports and one multi-generational family.
Frequency estimates, penetrance, expressivity, and prognosis are correspondingly
uncertain.

Genotype breadth: Only one recurrent mutation (N47K) is firmly established plus a
deletion and one novel missense variant; the full spectrum of CDHS-causing PAX3 alleles is
unknown. Possible genetic heterogeneity was raised by a PAX3-negative case [PMID:
18553554].

No functional studies of N47K specifically: Mechanistic inference relies on general PAX3
biology and other paired-domain mutations; the precise molecular consequence of N47K
(versus N47H) has not been directly characterized in cellular assays.

Cardiovascular association is preliminary: Based on a single 2024 case [PMID: 39850491];
whether cardiac anomalies are a consistent CDHS feature requires confirmation.

No model of the human allele: The Splotch mouse models PAX3 loss-of-function, not the
CDHS N47K substitution, and homozygotes have a lethal NTD phenotype not seen in human
heterozygotes.

No omics/QoL data: No transcriptomic, proteomic, metabolomic, or formal quality-of-life
data exist for CDHS.

Proposed Follow-up Experiments / Actions

Functional characterization of N47K vs N47H: In vitro DNA-binding, transactivation,
subnuclear-mobility (FRAP), and target-gene (ChIP-seq) assays comparing the CDHS N47K
and WS3 N47H alleles to explain the divergent phenotypes at codon 47.

Knock-in mouse model: Generate a Pax3 p.N47K knock-in mouse to test whether it
recapitulates CDHS-specific craniofacial, hand, inner-ear, and cardiac features, avoiding the
homozygous-lethal NTD confound.

Systematic phenotyping including echocardiography: Prospectively evaluate all known/
newly identified CDHS patients with cardiac imaging to determine whether cardiovascular
anomalies are a core feature.

1. 

2. 

3. 

4. 

5. 

6. 

1. 

2. 

3. 
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International registry / GeneMatcher outreach: Aggregate cases to define penetrance,
expressivity, natural history, and the mutational spectrum.

Cochlear/inner-ear mechanism validation: Single-cell/lineage analysis of strial
melanocytes in the N47K model to confirm the endocochlear-potential mechanism of
deafness.

Standardized multidisciplinary care pathway: Develop coordinated (audiology, hand
surgery, craniofacial, cardiology, genetics) management guidance, directly addressing the
"lack of holistic care" flagged in the 2024 report [PMID: 39850491].

Report compiled from a 5-iteration autonomous investigation; 8 findings confirmed across 23
reviewed papers. All primary claims are supported by verified PMID-linked abstract quotations.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery 
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