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ABSTRACT. Pendred syndrome is an autosomal
recessive disorder characterized by congenital
sensorineural deafness, goiter, and impaired iodide organification. It is caused by mutations in
the PDS gene. Most published mutation studies
of Pendred syndrome have dealt with Western
populations. In this study, we examined clinical
and molecular characteristics of 16 affected individuals in 6 unrelated Thai families. Of all the
affected, 100% (16/16) had bilateral deafness,
68.8% (11/16) goiters, and 25% (4/16) hypothyroidism. Follicular thyroid carcinoma and
Hürthle cell adenoma were found in affected
members of a family, raising the possibility of
an increased risk of thyroid carcinoma in
Pendred syndrome patients. Sequence analysis
of the entire coding region of the PDS gene suc-

cessfully identified all 12 mutant alleles in these
6 families. The 12 identified mutant alleles constituted 6 distinct mutations including 3 splice
site mutations (IVS4-1G>A, IVS7-2A>G, IVS91G>A), one frame shift mutation (1548insC) and
2 missense mutations (T67S, H723R). Eight mutations out of 12 were constituted by IVS72A>G and 1548insC, each one being present in
4 distinct alleles in our studied group. The identification of these two frequent PDS mutations
will facilitate the molecular diagnosis of Pendred
syndrome in Thai populations. In addition, three
newly identified mutations, T67S, IVS4-1G>A,
and IVS9-1G>A, were not observed in 50 unrelated healthy Thai controls.
(J. Endocrinol. Invest. 30: 907-913, 2007)

INTRODUCTION

phy (CT) or magnetic resonance imaging (MRI). The
basic defect in thyroid function is defective organification of iodide, which can be demonstrated by
the perchlorate discharge test. While most patients
are euthyroid, some present with subclinical or overt
hypothyroidism. Thyromegaly, present in 50% of reported cases, typically develops during puberty (2).
The molecular basis of Pendred syndrome is a mutation of the PDS or SLC26A4 gene, located on the
long arm of chromosome 7 (7q31.1). The PDS complementary DNA (cDNA) contains an open reading
frame of 2343 bp and encompasses 21 exons (4).
The protein encoded by the PDS gene, pendrin, is
a member of the Solute Carrier Family 26. It consists of 780 amino-acids (molecular weight 86 kDa)
and it is speculated to contain 12 transmembrane
domains, and intracellular N- and C-termini.
Functionally, pendrin is an anion transporter, expressed in non-sensory and sensory epithelia of the
inner ear (5, 6), thyroid follicular cells (7), renal cortical collecting ducts (8), placental trophoblasts (9),
uterine endometrium (10), and mammary gland (11).
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Pendred syndrome (OMIM 274600), the most common syndromal form of deafness, is an autosomal
recessive disorder associated with sensorineural
hearing loss, developmental abnormalities of the inner ear, and goiter (1). The hearing loss, an obligatory sign, is bilateral and mostly at the prelingual
stage. Usually, anomalies of the inner ear, such as
malformation of the membranous labyrinth with an
enlarged vestibular aqueduct (EVA) or a malformation of cochlea referred to as Mondini defect (2, 3),
can be identified by either computerized tomogra-
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In vivo, pendrin is likely to mediate iodide transport
across the apical membrane of thyroid follicular cells
and bicarbonate secretion by intercalated cells of
renal cortical collecting ducts (7, 12-14)
Nearly 100 mutations of the PDS gene have now
been identified (www.medicine.uiowa.edu/pendredandbor/slcMutations.htm) and they are scattered throughout the encoding region. Most of
these mutations have been found in single families,
however some are recurrent. This may, in part, be
the consequence of a founder effect, or of independently recurrent mutations. Most published mutation studies of Pendred syndrome have been performed in the Western population. There are only a
few reported cases in East and South Asians (15,
16). In this study, we examined clinical and molecular characteristics of 6 families of Thai ethnic origins with Pendred syndrome.

They all had sensorineural hearing loss, goiter and positive perchlorate discharge test. We also studied 31 of their family members; 10 (8 males and 2 females, age range 30-62 yr) were found
to be affected with clinical features of bilateral sensorineural
hearing loss with or without goiter (Table 1). The other 21 who
were unaffected were 10 males and 11 females, aged between
9-70 yr. History of consanguineous marriage was denied by all
families. An additional 50 unrelated Thai controls were recruited to help determine whether any sequence changes might be
a common polymorphism. The study was approved and in compliance with the guidelines set forth by the Ethics Committee of
the Faculty of Medicine, Chulalongkorn University.

Clinical study
All 16 affected individuals were evaluated for onset of hearing
loss (or the age at which hearing loss was first noted), the presence of vertigo and the average hearing level using an audiometer (Beltone Model 2000, Chicago, IL, USA) in the same
sound-insulated chamber for all pure-tone audiometry. Average
hearing level was expressed as the average of air conductive
threshold at 3 frequencies (500 Hz, 1 kHz, and 2 kHz). The severity of hearing loss was defined as mild (<40 db), moderate (4070 db), severe (70-90 db), and profound (>90 db). The thyroid
function tests (free T3, free T4 and 4th generation TSH), were carried out by electrochemiluminescent assay (Elecsys 2010, RoChe
Diagnostics GmBH, USA). Thyroid ultrasonography was per-

SUBJECTS AND METHODS
Subjects
Six unrelated probands, 1 male and 5 females (age 25-52 yr old),
with a clinical diagnosis of Pendred syndrome were identified.
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Table 1 - Phenotypic and genotypic findings in 6 Thai families with Pendred syndrome.
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No. Sex Age

Thyroid function status
FT3
FT4
TSH

(1.6-4.0 pg/ml) (0.8-1.8 ng/dl) (0.3-4.1 µu/ml)

Goiter Perchlorate Deafness
discharge
test

Genotype

Others

I-1

M

62

2.53

0.41

23.54

MNG

+ (40%)

Severe

IVS7-2A>G, IVS4-1G>A

Follicular thyroid
carcinoma

I-2

M

55

3.81

0.99

3.78

No

– (5%)

Severe

IVS7-2A>G, IVS4-1G>A

-

I-3* M

52

1.94

0.25

35.75

MNG

+ (50%)

Severe

IVS7-2A>G, IVS4-1G>A

Hurthle cell
adenoma

II-1* F

52

3.77

1.12

2.56

MNG

+ (30%)

Profound

IVS7-2A>G, 200C>G

Diabetes mellitus

II-2 M

50

3.12

1.43

3.25

No

N/A

Profound

IVS7-2A>G, 200C>G

Diabetes mellitus

III-1* F

43

3.11

1.55

2.21

MNG

+ (25%)

Severe

1548insC, IVS9-1G>A

-

IV-1* F

38

1.96

0.21

22.75

MNG

+ (50%)

Severe

IVS7-2A>G, 2168A>G

-

IV-2 M

37

2.44

1.62

1.95

Diffuse

– (5%)

Profound

IVS7-2A>G, 2168A>G

-

IV-3 V

33

1.99

1.14

2.65

Diffuse

N/A

Profound

IVS7-2A>G, 2168A>G

Ovarian carcinoma

IV-4 F

33

2.18

1.24

3.22

Diffuse

N/A

Profound

IVS7-2A>G, 2168A>G

-

IV-5 M

31

2.22

0.92

3.45

No

N/A

Profound

IVS7-2A>G, 2168A>G

-

V-1* F

33

2.75

1.32

2.66

Diffuse

+ (20%)

Profound

IVS7-2A>G, 1548InsC

-

VI-1 M

35

3.27

1.64

2.55

Diffuse

N/A

Profound

1548insC, 1548insC

-

VI-2 M

33

2.55

1.42

2.44

No

+ (40%)

Severe

1548insC, 1548insC

-

VI-3 M

30

3.15

1.55

1.98

No

N/A

Severe

1548insC, 1548insC

-

VI-4* F

25

2.22

0.44

1.45

Diffuse

+ (50%)

Severe

1548insC, 1548insC

-

*: proband; +: positive; –: negative; FT3: free T3; FT4: free T4; N/A: not available; MNG: multinodular goiter; M: male; F: female.
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noma were noted in family I. Both twins of family
IV were affected with clinical Pendred syndrome,
while one of them had ovarian cancer. Imaging
(high resolution CT) of the inner ear, available only
in 2 patients (probands of the families II and IV), re-

formed with the ALOKA SSD1000 instrument and a
39mm7.5MHz probe (Aloka Instruments, Tokyo, Japan) to confirm the presence of thyroid goiter or nodule. The potassium
perchlorate discharge test was performed in all probands. Three
h after the oral administration of iodine-131 (30 µCi), thyroid uptake was performed with Atomlab 950, Biodex Medical System,
after which 1 g potassium perchlorate was administered orally.
The discharge was determined every hour for 3 h and the test
was defined as positive, if exceeding 10%.

1A

I

Molecular genetic analysis

II

Informed consent was obtained from the probands and their
family members. Genomic DNA was extracted from peripheral blood leukocytes by the phenol-chloroform method. Each
of the exons (2-21) of the PDS gene was amplified by PCR using primers and conditions as previously described (4). The genomic novel missense mutation 200C>G in exon 3 was confirmed with a modified sense primer (F3E: 5’-GT TTT CTT GCT
TTT TGA CAG TTG TTC AAG AAA GAG AGC CTT TGG TGT
GCT GAA G-3’) and antisense primer (R3E: 5’-CTA CAG GAA
AGA TAC AGG CC-3’). For restriction enzyme analysis of the
IVS7-2A>G mutation, a modified sense primer (F8E: 5’-TTG
ACA AAC AAG GAA TTA TTA AAA CCA ATG GAG TTT TTA
ACA TCT TTT GTT TTA TCT C-3’) and antisense primer of exon 8 (R8E: 5’-AGG ACT CTG GTG TTA ACC GT-3’) were designed. Sequencing reactions were performed in a MJ
Research PTC-225 Peltier Thermal Cycler using an ABI PRISM
Big Dye TM Terminator Cycle Sequencing Kits with AmpliTaq
DNA polymerase (FS enzyme) (Applied Biosystems), following
the protocols supplied by the manufacturer. All mutations have
been classified according to the nomenclature recommendations, with the A of the ATG of the initiator Met codon denoted as +1 (17).
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1D

A AG GT C T T G G
C

A AG G T C C T G G

Mutation confirmation

We used restriction analysis to confirm the presence of mutations in the PDS gene. Restriction endonucleases (Fermentas,
Vilnius, Lithuania) were selected on the basis of whether a mutation created or abolished a restriction site. If it did not, we
used modified PCR primers to introduce base substitutions adjacent to a codon of interest thereby creating an artificial restriction site on only one alleic form (wild type or mutant).
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1E

6

7

8

9

– 249 bp
– 161 bp
– 105 bp

T T TCGGACGA
A

T T T C AG ACG A

Fig. 1 - Family I. 1A) Pedigree of family I: Affected patients are
indicated by solid symbols. Heterozygous individuals are indicated by half-filled symbols. Normal individuals are indicated
by empty symbols. The arrow indicates the proband. 1B)
Restriction enzyme analysis of the IVS4-1G>A mutation. Each
lane represents the individual in the above pedigree. M represents the 100-bp marker. The size of the PCR products of exon
5 is 515 bp (–). After Eco47I treatment, two restriction products
of 376 and 139 bp of the wild type were found in controls (+)
and in all tested individuals while the undigested 515 bp fragments of the mutant allele were found in lanes 1, 2, 3, 5, 6, and
9. 1C) Restriction enzyme analysis of IVS7-2A>G mutation. Each
lane represents the individual in the above pedigree. With modified sense primer (F8E) and antisense primer of exon 8 (R8E),
the size of PCR product is 410 bp (not shown). After DdeI treatment, three restriction products of 249, 105, and 56 bp of the
wild-type allele (all lanes) and 249 and 161 bp (lanes 1, 3, and
5) of the IVS7-2A>G mutants were produced. The 56-bp bands
were not shown. 1D) The antisense sequence of the PDS gene,
exon 5, of the proband showing the heterozygous IVS4-1G>A
change (upper panel), compared to that of a control (lower panel). 1E) The sense sequence of PDS exon 8 of proband showing
the IVS7-2A>G change (upper panel), compared to that of a
control (lower panel).

RESULTS
Clinical manifestations
The main clinical and biochemical findings of all 16
affected individuals are summarized in Table 1. All
had bilateral sensorineural hearing loss during childhood. The degree of deafness was either severe or
profound. No vestibular symptom was identified in
our patients. Thyroid goiter was found in 11 cases
while only 4 developed clinical hypothyroidism. Five
cases had deafness without thyroid abnormalities.
Thyroid autoantibodies (thyroid microsomal antibody and thyroglobulin antibody) were not found in
any of the affected patients. Interestingly, metastatic follicular thyroid carcinoma and Hürthle cell ade-
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2D

2A
I

1

2

500 bp -280 bp
-220 bp

Fig. 2 - Family II. 2A) Pedigree. 2B) The
sense sequence of exon 8 of the
proband showing the IVS7-2A>G mutation (upper panel), compared to a control (lower panel). 2C) The sense sequence of exon 3 of the PDS gene of
the proband showing the heterozygous
200C>G mutation (upper panel), compared to that of a control (lower panel).
2D) With a modified sense primer (F3E)
to detect a 200C>G mutation and a reverse primer of exon 3 (R3E), the size of
PCR product is 280 bp. After BpiI treatment, two restriction products of 220
and 60 bp in the wild-type and undigested 280 bp in the 200C>G mutant
were produced in lane 1 of the proband,
while only the 220- and 60-bp bands
were seen in controls (lane 2). The 60bp band was not shown. M represents
the 100-bp marker.

II

2B

IVS7-2A>G

+

+

+

-

-

200C>G

+

+

-

-

-

T T T CG G ACG A
A

T T T CA G AC G A

2C

C T AA AG A G T C T TG
C
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vealed enlarged vestibular aqueducts, 2.5 and 2.7
mm in diameters at the midpoint between the common crus and the external aperture (18).
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sulting in a stop codon 29 amino acids downstream
(15) and a transition of G to A in the splice site of intron 9 (IVS9-1G>A). This novel IVS9-1A>G mutation created a new restriction site for the enzyme
BspTI which facilitated an independent confirmation of this splice site mutation (Fig. 3). Her non-affected sisters and daughter were found to be heterozygous for this mutation.
In family IV, all the 5 affected siblings were compound heterozygous for the mutations IVS7-2A>G
and a transversion 2392A>G in exon 19 resulting
in substitution of histidine to arginine (H723R) (20).
Specifically, the IVS7-2A>G was from their father,
while the H723R was from their mother (Fig. 4).
The proband of family V was compound heterozygous for the mutations IVS7-2A>G and the
1548insC in exon 14 (Fig. 4). All 4 affected siblings of family VI were either homozygous or hemizygous for a frame shift mutation, 1548insC, in
exon 14. Their mother and the daughter of a
brother of the proband were heterozygous for the
mutation (Fig. 4).

Molecular genetic results
Sequence analyses of the entire coding regions of
the PDS gene encompassing exons 2-20 and a portion of exon 21 successfully identified all of the 12
mutations in our 6 families.
Affected members of family I were compound heterozygous for a previously reported transition A to
G in the splice acceptor site of intron 7 (IVS7-2A>G)
(19) and a novel splice site mutation in intron 4
(IVS4-1G>A). This novel mutation, which created
an additional restriction site in the amplicon, was
confirmed by restriction analysis using an Eco47I
enzyme (Fig. 1).
In family II, the index patient was a compound heterozygote for the IVS7-2A>G mutation and a novel
transversion 200C>G in exon 3 of the PDS gene resulting in substitution of threonine to serine (T67S).
This mutation was confirmed by a restriction enzyme
analysis using an amplicon generated with a modified sense primer (F3E), an antisense primer for exon 3 (R3E) and a restriction site for enzyme BpiI (Fig.
2). It was not found in 50 unrelated Thai controls.
Her affected brother had both the mutant alleles
while her non-affected brother carried only one.
The proband of family III was found to be compound heterozygote for a 1548insC in exon 14 re-

DISCUSSION
We report the clinical and molecular features of 16
Thai patients in 6 families with Pendred syndrome.
All 6 probands manifested the triad clinical symptoms of classical Pendred syndrome: bilateral sensorineural hearing loss, goiter, and a positive per-
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I

II

3D
1548insC IVS9-1G>A +

3B

-

+
-

-

+ +
+ -

-

Fig. 3 - Family III. 3A) Pedigree. 3B) The
sense sequence of exon 14 of the
proband showing the 1548insC mutation
(upper panel), compared to that of a
control (lower panel). 3C) The sense sequence of exon 10 of the PDS gene of
the proband showing the IVS9-1G>A
mutation (upper panel), compared to
that of a control (lower panel). 3D) The
size of PCR product of exon 10 is 350 bp.
After BspTI treatment, the undigested
350 bp in wild-type and two restriction
products of 205 and 145 bp of the IVS91G>A mutant allele were produced in
lane 1, while only the 350-bp band was
seen in lane 2 of control. M represents
the 100-bp marker.

3C
TCC

C T T C TT GGA A - Mutant
T TC T TGGAA T - Wild type

C T TA

A
GAA
G

3D
M

1

2

500 bp –
T C C T T C T T G GA A T

– 350 bp
– 205 bp

C T TA G G A A

– 145 bp
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chlorate discharge test (21). Concordant with previous published series, most of our affected patients
were euthyroid and about 2/3 had goiters (1, 3).
False negative results of the perchlorate discharge
test were noted in subjects, I-2 and IV-2 (Table 1).
Intra-familial phenotypic variations especially in the
thyroid manifestation were identified in affected patients in family I, II, IV, and VI. Modifier genes or
environmental factors such as iodine supplementation may modulate the phenotypic effect of PDS
mutations, especially the thyroid gland affection
(22). Even though inner ear imaging study was not
obtained on all of our patients, EVA was found in
both of our cases who underwent the study. No data were available about the progressive nature of
the hearing defect in our affected patients. Of note
is the presence of follicular thyroid carcinoma and
Hürthle cell adenoma in affected patients in family
I. There are only few studies investigating an association between thyroid carcinoma and Pendred
syndrome (23, 24). This may be in line with an increased incidence of thyroid carcinomas in patients
with untreated congenital hypothyroidism caused
by dyshormonogenesis (25). Long-standing stimulation of the thyroid gland by TSH may result in multistep progression from polyclonal hyperplasia to
an increasingly aggressive carcinoma (26, 27).
Interestingly, ovarian carcinoma was found in an affected member of family IV. An association be-
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tween ovarian cancer and Pendred syndrome, however, has never been reported.

I
Family IV
II

IVS7-2A>G

+

-

+

+

+

+

+

H723R

-

+

+

+

+

+

+

I
Family V
II
IVS7-2A>G

+

+

1548insC

-

+

I
Family VI
II

1548insC

+/– +/+

+/+

–/– +/– +/+

+/+

Fig. 4 - Pedigree and molecular analysis of families IV, V and
VI. “+” and “–” indicate presence and absence of the mutant allele, respectively.
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Sequencing of the entire coding region of the PDS
gene successfully identified all 12 mutant alleles of
these 6 families. The 12 identified mutant alleles
constituted 6 distinct mutations including 3 splice
site mutations (IVS4-1G>A, IVS7-2A>G, IVS91G>A), 1 frame shift mutation (1548insC) and 2 missense mutations (T67S, H723R). IVS7-2A>G and
1548insC were each composed of 4 mutant alleles
comprising 8 out of 12 mutants. Therefore, mutational analysis directed at these 2 common mutations may identify the majority mutant alleles in the
Thai population. IVS7-2A>G and H723R have previously been found in East Asian populations as the
prevalent alleles accounting for a majority of observed PDS mutations (15, 21, 28). 1548insC was
also reported in deaf probands from Mongolia (15).
In Japan, most of the patients were either homozygous or compound heterozygous for H723R,
a mutation which accounts for 75% of the mutations
in Japanese families with EVA with and without classical Pendred syndrome (16, 29, 30), while the incidence of this mutation is low in Western countries.
The detection of these mutations in multiple
probands from different Asian populations suggested that it might have arisen on a common ancestral founder chromosome. Haplotype analyses
of these mutations are required to verify this hypothesis. We did not detect any of the eight mutations (G209V, L236, IVS8+1G>A, E384G, T416P,
L445W, Y530H, T721M) most commonly reported
among Western patients (21, 31-34).
Three novel mutations were identified in our study.
Two of them were splice site mutations, IVS4-1G>A
and IVS9-1G>A. The third one was a missense mutation, 200C>G (T67S). The fact that it was not
found in 50 unrelated Thai controls (100 alleles) and
that it segregated with the Pendred phenotype
within family II supports its etiologic role.
In conclusion, we reported 3 novel mutations, T67S,
IVS4-1G>A, and IVS9-1G>A, extending the total
number of confirmed PDS mutations to more than
100. In addition, this study suggests that IVS7-2 A>G
and 1548insC seem to be particularly prevalent in
the Thai population. The spectrum of the PDS mutations revealed in this study will constitute a significant and relevant tool for an effective molecular diagnosis of a category of disease caused by this gene
in the Thai population. However, if these particularly frequent mutations are not detected, sequencing
of the whole coding regions will be required.
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