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Waardenburg syndrome (WS) is a neurocristopathy with an autosomal dominant mode of inheritance, and
considerable clinical and genetic heterogeneity. WS type II is the most common type of WS in many populations
presenting with sensorineural hearing impairment, heterochromia iridis, hypoplastic blue eye, and pigmentary
abnormalities of the hair and skin. To date, mutations of MITF, SOX10, and SNAI2 have been implicated in the
pathogenesis of WS2. Although different pathogenic mutations have been reported in many ethnic groups, the data
on Iranian WS2 patients is insufficient. 31 WS2 patients, including 22 men and 9 women from 14 families were
included. Waardenburg consortium guidelines were employed for WS2 diagnosis. WS2 patients underwent
screening for MITF, SOX10, and SNAI2 mutations using direct sequencing and MLPA analysis. Clinical evaluation
revealed prominent phenotypic variability in Iranian WS2 patients. Sensorineural hearing impairment and
heterochromia iridis were the most common features (67% and 45%, respectively), whereas anosmia was the least
frequent phenotype. Molecular analysis revealed a de novo heterozygous c.640C>T (p.R214X) in MITF and a de
novo heterozygous SOX10 gross deletion in the study population. Our data help illuminate the phenotypic and
genotypic spectrum of WS2 in an Iranian series of patients, and could have implications for the genetic counseling
of WS in Iran.
Key words: Waardenburg syndrome type 2, Iran, MLPA, gene deletion, mutation



Corresponding author: Department of Medical Genetics, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran.
Email: nooridaloii@tums.ac.ir

Jalilian N et al.

W

Participants

Dutch ophthalmologist Petrus Johannes

In this case series study, patients were enrolled

Waardenburg, is a neurocristopathy composed of

from the ENT and the Head and Neck Surgery

hearing

pigmentary

Research Center, Iran University of Medical

abnormalities of eyes, skin and hair (1). The

Sciences as well as several Special Education

syndrome

schools. Thorough clinical history was obtained and

aardenburg syndrome (WS), coined by

impairment
is

(HI)

clinically

and
and

genetically

heterogeneous, and follows an autosomal dominant

detailed

audiological

mode of inheritance. Clinically, WS can be

examinations were carried out. All patients were

subdivided into four major forms WS1-WS4;

diagnosed

distinguished by the presence/absence of additional

Consortium criteria (10). The peripheral blood was

features (2).

collected after obtaining informed consent and

according

and
to

ophthalmological
the

Waardenburg

WS type II (WS2; OMIM:193510) is the most

DNA was extracted using a standard salting out

common type of WS in many populations (3, 4),

method. This study was approved by the Ethics

presenting with sensorineural hearing impairment

Committee of Tehran University of Medical

(SNHI), heterochromia iridis, hypoplastic blue eyes

Sciences.

and pigmentary disorder of the hair. The clinical

Mutation screening strategy
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an ABI PRISM 3130 Genetic Analyzer (Macrogen,

Results

South Korea) and the results were analyzed using

Clinical description

the Gene Marker 2.0 Software. MLPA results were

Totally, 31 WS2 patients, including 22 men

then confirmed using the quantitative real-time

and 9 women from 14 families, and their healthy

PCR. The sequences of the primers used for real-
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time analysis are provided in Table 1. Real-time
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PCR reaction was carried out on Rotor Gene 6000
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Corbett instrument using 2X qPCR Master mix

HI was the most common clinical feature

SYBR Green detection kits (RealQ plus master

observed in our WS2 cases (67%, 21/31), followed

mix, amplicon, Denmark) with initial denaturation
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Distribution of WS2 clinical features among the
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Table 1. Oligonucleotide sequences of the primers used for real-time PCR.
Primer

Sequence 5'

3'

F SOX10-Ex2
R SOX10-Ex2
F SOX10-Ex3
R SOX10-Ex3
F HBB
R HBB

CTATCGGAGGTGGAGCTGAG
GCTGCTCCTTCTTGACCTTGC
CAGGCTGCTGAACGAAAGTGAC
CAAGTGGGCGCTCTTGTAGTG
GCTTCTGACACTACTGTGTT
CACCAACTTCATCCACGTT

Fig. 1. Distribution of WS2 associated phenotypes in the study population. Hearing impairment is the most frequent, and anosmia is the
least frequent feature among Iranian WS2 patients.
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Fig. 2. Electropherograms denoting the variant c.640C>T. a: normal father; b: proband; c: normal mother.

Fig. 3. Results of MLPA analysis. MLPA analysis depicted whole SOX10 deletion in the proband of family IR-WS-08.

Fig. 4. Relative copy number of SOX10 gene, determined by quantitative real-time PCR. Relative copy numbers represented as the fold
change compared with a normal human. Values are shown as fold change in the relative copy number normalized with HBB on the basis of
the 2- ΔΔ Ct method.
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Spectrum of mutations

heterozygous deletion of all 4 exons of SOX10 in

Molecular analysis revealed a de novo
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the protein basic domain, and has been reported
previously in WS2A (11).
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another pathogenic variant to this list. The variant

second child of an unrelated healthy parent; her

p.R214X, found in this study is located at basic

older sister was normal. At birth, he had hypotonia,

domain of the protein, and abolishes the helix-loop-

and was admitted to hospital for severe seizure at

helix domain of the protein. Phenotype- genotype
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correlation has been speculated regarding non-

presented with white forelock, white eyelashes,

truncating MITF basic domain mutations where

unilateral ptosis, and hypoplastic blue eyes while he

Leger et al. reported a high frequency of ocular
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hypo/hyperpigmented patches on the skin. He also

with MITF basic domain mutations (14); however,

showed abnormal tooth formation. Audiological
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the
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MITF mutations are mostly private and among

mental retardation. In order to detect any alteration

near

of the myelination, further imaging investigation

(http://www.hgmd.cf.ac.uk), few are known to be

was advised which was refused by the parents.

recurrent. Interestingly, we suggest p.R214X as a

50

MITF

mutations

reported

so

far

The sequences of all exons and exon-intron

recurrent MITF variant since it has been reported

boundaries of SOX10, MITF, and SNAI2 were
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normal. However, the MLPA analysis showed a
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hand, due to the mutation which has been identified

the etiology was elucidated in 2 out of the 14

in both sporadic and familial cases, and that the

studied families. Further investigations of these

familial cases did not share similar haplotypes, the

cases using novel technologies (e.g. next-generation

site should be a mutational hot spot.

sequencing) could help greatly in unraveling the

In this study, we failed to observe SNAI2

molecular mechanisms underlying WS in the

mutations in the studied cases. Contribution of

Iranian population.

SNAI2 to the pathogenesis of WS2 was first

Acknowledgment

described in 2002, where Sanchez-Martin et al.
demonstrated

two

unrelated

patients

We would like to thank our patients for their

with

participation in this study. This research was

homozygous SNAI2 deletions (7). However, other

supported by the Tehran University of Medical

studies could not confirm the involvement of SNAI2

Sciences (grant number: 27112).

mutations in the pathogenesis of WS2 (16),

Conflict of interest

suggesting a minor effect for this locus.

Hereby, the authors declare no conflict of

Deletions of the SOX10 has long been known

interest.

to cause WS. Accordingly, here we demonstrated
whole SOX10 gene deletions in a WS2 patient

References

susceptive to neurologic phenotype. Since the first

1. Waardenburg PJ. A new syndrome combining developmental

report of SOX10 haploinsufﬁency, due to gene

anomalies of the eyelids, eyebrows and nose root with

deletions in WS (16), few patients with whole

pigmentary defects of the iris and head hair and with congenital

SOX10 deletions have been presented. Siomou et al.

deafness. Am J Hum Genet 1951;3:195-253.

reported a case with whole SOX10 deletion who

2. Read AP, Newton VE. Waardenburg syndrome. J Med Genet

presented with the typical clinical features of WS2,

1997;34:656-65.

and with a severe neurologic phenotype (17), while

3. Tamayo ML, Gelvez N, Rodriguez M, et al. Screening

Wenzhi et al. showed SOX10 whole gene deletion

program for Waardenburg syndrome in Colombia: clinical

to be related to WS2 phenotypic spectrum with no

definition and phenotypic variability. Am J Med Genet A

neurological involvement (18). These lines of

2008;146A:1026-31.

evidence reinforce the hypothesis that SOX10

4. Pingault V, Ente D, Dastot-Le Moal F, et al. Review and

haploinsufﬁciency might be mainly related to HI

update of mutations causing Waardenburg syndrome. Hum

and pigmentary abnormalities. Other molecular

Mutat 2010;31:391-406.

etiologies could account for the variability observed

5. Tassabehji M, Newton VE, Read AP. Waardenburg syndrome

in the clinical and neurological presentations.

type 2 caused by mutations in the human microphthalmia

Nevertheless,

as

(MITF) gene. Nat Genet 1994;8:251-5.

documented

with

few

patients

been

deletions

6. Lalwani AK, San Agustin TB, Wilcox ER. A locus for

(http://www.hgmd.cf.ac.uk/ac/all.php), and little,

Waardenburg syndrome type II maps to chromosome 1p13.3-

molecular data is available on the deletions of other

2.11994.

candidate genes within this region, patients with

7. Sanchez-Martin M, Rodriguez-Garcia A, Perez-Losada J, et

whole gene deletions would greatly help in figuring

al. SLUG (SNAI2) deletions in patients with Waardenburg

out function and contribution of these genes to

disease. Hum Mol Genet 2002;11:3231-6.

neurologic phenotypes.

8. Bondurand N, Pingault V, Goerich DE, et al. Interaction

In

conclusion,

whole

have

this

SOX10

study

presents

a

among SOX10, PAX3 and MITF, three genes altered in

comprehensive genetic and clinical investigation of

Waardenburg syndrome. Hum Mol Genet 2000;9:1907-17.

WS2 in a group of Iranian patients. Nonetheless,

9. Jalilian N, Tabatabaiefar MA, Bahrami T, et al. A Novel

Int J Mol Cell Med Winter 2018; Vol 7 No 1 22

Genetic and Clinical Evaluation of Waardenburg Syndrome Type 2
Pathogenic Variant in the MITF Gene Segregating with a

14. Leger S, Balguerie X, Goldenberg A, et al. Novel and

Unique Spectrum of Ocular Findings in an Extended Iranian

recurrent non-truncating mutations of the MITF basic domain:

Waardenburg Syndrome Kindred. Mol Syndromol 2017;8:195-

genotypic and phenotypic variations in Waardenburg and Tietz

200.

syndromes. Eur J Hum Genet 2012;20:584-7.

10. Farrer LA, Grundfast KM, Amos J, et al. Waardenburg

15. Hao Z, Zhou Y, Li P, et al. [Mutation analysis of seven

syndrome (WS) type I is caused by defects at multiple loci, one

patients with Waardenburg syndrome]. Zhonghua Yi Xue Yi

of which is near ALPP on chromosome 2: first report of the WS

Chuan Xue Za Zhi 2016;33:312-5.

consortium. Am J Hum Genet 1992;50:902-13.

16. Bondurand N, Dastot-Le Moal F, Stanchina L, et al.

11. Nobukuni Y, Watanabe A, Takeda K, et al. Analyses of loss-

Deletions at the SOX10 gene locus cause Waardenburg

of-function mutations of the MITF gene suggest that

syndrome types 2 and 4. Am J Hum Genet 2007;81:1169-85.

haploinsufficiency is a cause of Waardenburg syndrome type

17. Siomou E, Manolakos E, Petersen M, et al. A 725 kb

2A. Am J Hum Genet 1996;59:76-83.

deletion at 22q13.1 chromosomal region including SOX10 gene

12. Liu XZ, Newton VE, Read AP. Waardenburg syndrome type

in a boy with a neurologic variant of Waardenburg syndrome

II: phenotypic findings and diagnostic criteria. Am J Med Genet

type 2. Eur J Med Genet 2012;55:641-5.

1995;55:95-100.

18. Wenzhi H, Ruijin W, Jieliang L, et al. Heterozygous deletion

13. Yang S, Dai P, Liu X, et al. Genetic and phenotypic

at the SOX10 gene locus in two patients from a Chinese family

heterogeneity in Chinese patients with Waardenburg syndrome

with

type II. PLoS One 2013;8:e77149.

Otorhinolaryngol 2015;79:1718-21.

23 Int J Mol Cell Med Winter 2018; Vol 7 No 1

Waardenburg

syndrome

type

II.

Int

J

Pediatr

