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Waardenburg syndrome (WS) is a rare genetic disor-
der with developmental anomalies of tissues derived
from the neural crest and characterized by auditory
and pigmentary findings. Failure of neural crest-
derived melanocyte differentiation results in a spec-
trum of phenotypic presentations that are subdivided
into 4 clinical types. We present a case of Waarden-
burg type 2 and briefly discuss the genetic basis of
phenotypic expression of WS.

CASE REPORT An 18-year-old woman undergoing
evaluation of intercostal neuralgia was incidentally
noted to have one blue and one brown eye (figure).
Both pupils reacted equally to light and accommoda-
tion. The patient’s mother reported that at birth both
her eyes were blue but after 2 weeks the left eye changed
to brown while the right eye remained blue. At birth she
had a tuft of white hair on the frontal area. She had
profound sensorineural hearing loss since birth and
communicated via sign language. No other family
member had this condition. Her mother’s eyes were
brown and the color of her father’s eyes was unknown.
The patient was subsequently lost to follow-up.

The differential diagnosis included oculocutaneous
albinism, piebaldism, oculocerebral hypopigmentation
syndrome, congenital Horner syndrome, neuroblas-
toma, and WS. Oculocutaneous albinism is character-
ized by generalized hypopigmentation of skin, hair, and
eyes due to defective synthesis of melanin.1 Since the

underlying defect is in pigment production rather than
absence of melanocytes, these patients do not have sen-
sorineural hearing loss. Piebaldism is characterized by a
white forelock and multiple symmetric hypopigmented
or depigmented macules but without developmental
anomalies of the cochlea or interocular areas.2 The ocu-
locerebral hypopigmentation syndrome is an autosomal
recessive disorder characterized by the absence of pig-
mentation of skin and hair, microphthalmia, corneal
clouding, and spastic paraplegia.3 Congenital Horner
syndrome and neuroblastoma are rare causes of hetero-
chromia irides, but no ptosis, miosis, or anhidrosis was
observed in our patient. Moreover, neither of these con-
ditions is associated with deaf-mutism or hair or skin
hypopigmentation anomalies.

Given the presence of auditory and pigmentary
findings since birth, a congenital syndrome involving
melanocytic dysfunction was considered. The patient
met 3 major and 1 minor Waardenburg Consortium
diagnostic criteria4 (table) and a clinical diagnosis of
WS type 2 was made.

DISCUSSION WS is a rare condition occurring due
to maldevelopment of neural crest-derived tissues re-
sulting in auditory, pigmentary, interocular, limb
musculature, and enteric ganglia anomalies.

Clinical features. Four types of WS have been de-
scribed, although phenotypic presentation may differ
due to variable penetrance of the disease traits.4 WS1
and WS2 are characterized by one or more physical

Figure Heterochromia irides without dystopia canthorum in an 18-year-
old woman

Table Waardenburg Consortium
diagnostic criteria4

Major Minor

Congenital sensorineural
hearing loss

Congenital leukoderma,
synophrys, or medial
eyebrow flare

Pigmentary disturbances
of the iris

Broad high nasal root

Hair hypopigmentation Hypoplasia of alae nasi

Affected first-degree
relative

Prematurely graying hair

Dystopia canthorum
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findings of the disease (table). The distinguishing
feature between the 2 types is presence or absence of
dystopia canthorum—an unusual facial feature in
which the medial canthi of the eyes are spaced farther
apart than normal, resulting in an appearance of
widely spaced eyes. Ninety-eight percent of patients
with WS1 have dystopia canthorum but patients
with WS2 do not have this finding.4 WS3
(Waardenburg-Klein) phenotypes have hypoplasia of
limb musculature and/or contractures of elbows and
fingers,5 and WS4 (Waardenburg-Shah) phenotypes
have Hirschsprung disease in addition to the other
common features of WS.6

Etiology. Melanocyte dysfunction may be due to fail-
ure of neural crest differentiation, migration, or ter-
minal differentiation and survival in target locations.
Neural crest-derived melanocytes are essential to stria
vascularis of the cochlea,7 which explains the sensori-
neural hearing loss observed in WS and preserved
hearing in oculocutaneous albinism. Since retinal
melanocytes are not derived from the neural crest but
originate from the optic cup of the developing fore-
brain,7 they may serve as an important marker for
differentiation of melanocyte-specific disorders as
opposed to neurocristopathies. The limb muscles,
frontal bone, and enteric ganglia are derived from the
neural crest, which explains the phenotypic involve-
ment of these structures in WS1, WS3, and WS4.

WS1 and WS3 are transmitted in an autosomal
dominant fashion and nearly all cases have mutations
in PAX-3 gene belonging to paired box family of
transcription factors.7 Transcripts of PAX-3 are ex-
pressed in cells of the neural crest between day 8 and
17 of gestation.7 It is hypothesized that effective lev-
els of PAX-3 protein determine the phenotype varia-
tion. Mild reduction in these proteins results in
dystopia canthorum, 50% reduction results in mela-
nocyte defects, and severe reduction results in limb
anomalies.7 Hence WS1 and WS3 may actually rep-
resent phenotypic variations of the PAX-3 mutation
depending upon the severity of suppression of the
transcripts of PAX-3. WS2 is also transmitted in an
autosomal dominant fashion, and about 15% of
cases have a mutation in the microphthalmia gene
MITF, while the molecular basis of the remainder of
85% is still unknown.8 MITF appears to be a master
gene controlling melanocyte differentiation, and
therefore WS2 is, at least in part, melanocyte specific.

WS4 is transmitted in an autosomal recessive
manner and results from homozygous mutation of
endothelin-3 (EDN3), its receptor (EDNRB), or
SOX-10 (SRY-related HMG-box).8 Patients with
heterozygous mutation of EDN3 or EDNRB have
isolated Hirschsprung disease.8 The SOX10 gene di-
rects the activity of other genes that signal neural
crest to differentiate into melanocytes and enteric
nerves.8 This explains the presence of Hirschsprung
disease in patients with WS4.

Prognosis. Patients with WS have normal intelli-
gence and they perform well on standardized speech
tests following cochlear implantation and auditory
rehabilitation. Early auditory rehabilitation is essen-
tial for normal cognitive development and is associ-
ated with excellent prognosis.9 Given the possibility
of neural tube defects in patients with WS, folic acid
supplementation is recommended in women with in-
creased risk of having a child with WS.10

REFERENCES
1. Biswas S, Lloyd IC. Oculocutaneous albinism. Arch Dis

Child 1999;80:565–569.
2. Thomas I, Kihiczak GG, Fox MD, Janniger CK, Schwartz

RA. Piebaldism: an update. Int J Dermatol 2004;43:716–
719.

3. Tezcan I, Demir E, Asan E, Kale G, Muftuoglu SF, Kotilo-
glu E. A new case of oculocerebral hypopigmentation syn-
drome (Cross syndrome) with additional findings. Clin
Genet 1997;51:118–121.

4. Farrer LA, Grundfast KM, Amos J, et al. Waardenburg
syndrome (WS) type I is caused by defects at multiple loci,
one of which is near ALPP on chromosome 2: first report
of the WS Consortium. Am J Hum Genet 1992;50:902–
913.

5. Klein D. Historical background and evidence for domi-
nant inheritance of the Klein-Waardenburg syndrome
(type III). Am J Med Genet 1983;14:231–239.

6. Shah KN, Dalal SJ, Desai MP, Sheth PN, Joshi NC, Am-
bani LM. White forelock, pigmentary disorder of irides,
and long segment Hirschsprung disease: possible variant of
Waardenburg syndrome. J Pediatr 1981;99:432–435.

7. Read AP, Newton VE. Waardenburg syndrome. J Med
Genet 1997;34:656–665.

8. Bondurand N, Dastot-Le Moal F, Stanchina L, et al. Dele-
tions at the SOX10 gene locus cause Waardenburg
syndrome types 2 and 4. Am J Hum Genet 2007;81:
1169–1185.

9. Cullen RD, Zdanski C, Roush P, et al. Cochlear implants in
Waardenburg syndrome. Laryngoscope 2006;116:1273–
1275.

10. Fleming A, Copp AJ. Embryonic folate metabolism and
mouse neural tube defects. Science 1998;280:2107–2109.

e26 Neurology 74 February 23, 2010



DOI 10.1212/WNL.0b013e3181d0cc5f
2010;74;e25-e26 Neurology 

Chetan R. Soni and Gyanendra Kumar
Child Neurology: A patient with dissimilar eye color and deafness

This information is current as of February 22, 2010

Services
Updated Information &

 http://n.neurology.org/content/74/8/e25.full
including high resolution figures, can be found at:

References
 http://n.neurology.org/content/74/8/e25.full#ref-list-1

This article cites 10 articles, 3 of which you can access for free at: 

Citations
 http://n.neurology.org/content/74/8/e25.full##otherarticles

This article has been cited by 1 HighWire-hosted articles: 

Subspecialty Collections

 http://n.neurology.org/cgi/collection/developmental_disorders
Developmental disorders

 http://n.neurology.org/cgi/collection/all_neurotology
All Neurotology

 http://n.neurology.org/cgi/collection/all_neuroophthalmology
All Neuro-ophthalmology

 http://n.neurology.org/cgi/collection/all_clinical_neurology
All Clinical Neurology
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/about/about_the_journal#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://n.neurology.org/subscribers/advertise
Information about ordering reprints can be found online:

Online ISSN: 1526-632X.
1951, it is now a weekly with 48 issues per year. Copyright . All rights reserved. Print ISSN: 0028-3878. 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 

http://n.neurology.org/content/74/8/e25.full
http://n.neurology.org/content/74/8/e25.full#ref-list-1
http://n.neurology.org/content/74/8/e25.full##otherarticles
http://n.neurology.org/cgi/collection/all_clinical_neurology
http://n.neurology.org/cgi/collection/all_neuroophthalmology
http://n.neurology.org/cgi/collection/all_neurotology
http://n.neurology.org/cgi/collection/developmental_disorders
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

