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BRIEF REPORT

DUOXZ2 Gene Mutation Manifesting as Resistance
to Thyrotropin Phenotype

Panudda Srichomkwun"* Junta Takamatsu? University of Washington Center for Mendelian Genomics,
Deborah A. Nickerson® Michael J. Bamshad>* Jessica X. Chong? and Samuel Refetoff'>°

Resistance to thyrotropin (TSH) (RTSH; defined by elevated TSH and a normal or hypoplastic thyroid gland)
can be caused by mutations in genes encoding the TSH receptor and PAXS, and it has been linked to a locus on
chromosome 15. In two nonconsanguineous families with nongoitrous euthyroid hyperthyrotropinemia, typical
of the RTSH phenotype, exome analysis identified five rare DUOX2 gene variants (p.A649E, p.P1391A,
p-R885L, p.G488R, and p.SF965-6SfsX29) found to be pathogenic. This form of nongoitrous dyshormono-
genesis masquerades both clinically and biochemically as RTSH. Accordingly, mutations in DUOX?2 should be

added to those of SLC26A4 as causes of RTSH.

Keywords: DUOX2, RTSH, elevated TSH, hyperthyrotropinemia

Introduction

RESISTANCE 1O TSH (RTSH) DENOTES reduced sensitiv-
ity to a biologically active thyrotropin (TSH). Affected
individuals have elevated TSH levels but no goiter (normal
or hypoplastic thyroid glands) and normal or low serum thy-
roid hormone concentrations (depending on the degree of
hyposensitivity to TSH). This is common in newborns with
congenital hypothyroidism based on blood TSH. RTSH is
commonly caused by mutations in the TSH receptor (TSHR) (1).
Over the last 11 years we identified 77 families with
RTSH. Loss of function mutations in 7SHR were found in 11
families, mutations in PAXS8 in 4 families and dominantly
inherited RTSH was linked to a locus on chromosome 15 in
11 families (1). To identify genetic causes of RTSH, we
conducted whole exome (WES) or whole genome sequencing
(WGS) on 12 families in which Sanger sequencing failed to
identify TSHR and PAXS8 mutations. Herein, we describe two
families that were found to harbor DUOX2 mutations.

Patients
Family 1

The proband and his sister had congenital hypothyroidism
based on elevated neonatally determined blood TSH of 58
and 89 mu/L, respectively. Both had small, eutrophic thyroid
glands as determined by ultrasound. Their father was hypo-
thyroid, and their mother had not undergone thyroid testing.

Both parents self-identified as Japanese. The siblings and
father were placed on levothyroxine (LT4). When tested at 55
years of age, the mother had mild hypothyroidism, with free
thyroxine index 5.9 (6-10.5), TSH 39 mU/L (0.4-3.6 mU/L),
and thyroglobulin 79 ng/mL (2-38 ng/mL) (Fig. 1), and was
placed on LT4. Testing 13 years later, after LT4 replacement
was discontinued in all family members for 6 weeks, showed
that everyone except the mother had mildly elevated TSH but
normal iodothyronine levels (Fig. 1A).

Family 2

The 2-year-old male proband had elevated TSH on neo-
natal screening. At 1 week, TSH was 64 and 70 mU/L (0.7-
18 mU/L). No thyroid hormone treatment was initiated be-
cause four follow-up serum TSH values ranged from 5.2 to
11.0mU/L with free T4 and T3 concentrations above the
mid normal range. At 2 years of age iodothyronine levels
continued to be normal and thyroglobulin mildly elevated.
Radioiodide scan showed a thyroid gland in situ. His par-
ents had normal thyroid function tests (Fig. 1B). At 2.5 years,
treatment with 25 ug levothyroxine daily was started. Parents
self-identified as English and were nonconsanguineous.

Results

Informed consent was obtained from all individuals prior to
testing. We performed WGS of family 1 and WES of family 2
and analyzed the data under models of inheritance consistent
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with segregation of RTSH. Five different rare variants (i.e.,
global allele frequency <1%) in DUOX2 were identified in the
two families and the presence of each variant was confirmed
by Sanger sequencing. The siblings of family 1 were com-
pound heterozygous for three missense DUOXZ2 mutations in
exons 17, 20, and 31, resulting in p.A649E, p.R885L, and
p.P1391A (Fig. 1A) (RefSeq transcript NM_014080). Each of
these variants is predicted by PolyPhen-2, CADD, and SIFT
scores (Supplementary Table S1; Supplementary Data are
available online at www liebertpub.com/thy) to be deleterious
and has been previously reported to be associated with con-
genital hypothyroidism (2,3). The father was heterozygous
for one of the mutations (p.R885L), while the mother had two
(p-A649E and p.P1391A) (Fig. 1A). The mother was also
heterozygous for a common polymorphism (p.H678R) in exon
17 (mean allele frequency of ~42% in individuals sampled
from sub-Saharan African populations) (Fig. 1A).

The proband of family 2 was compound heterozygous,
inheriting a missense mutation, p.G488R, in exon 13 from the
mother and a four nucleotide frameshift deletion (c.2895-
2898delGTTC) in exon 22 from the father (Fig. 1B) that is
predicted to result in a premature stop codon at amino acid

position 994 (p.SF965-6SfsX29). Both variants have been
reported in patients with high TSH levels and they are pre-
dicted to be deleterious based on CADD, PolyPhen-2, and
SIFT scores (Supplementary Table S1).

Discussion

Families 1 and 2 share both pathogenic DUOX2 variants
and an elevated serum TSH with normal thyroid hormone
concentrations without goiter, consistent with RTSH, rather
than dyshormonogenesis. DUOX2 is a nicotinamide ade-
nine dinucleotide phosphate oxidase (NADPH oxidase)
expressed at the apical membrane of follicular thyroid cells.
It generates H,O,, the essential electron acceptor for the
thyroperoxidase (TPO)-catalyzed iodination and coupling
reactions (4). Despite its involvement in hormonogenesis,
DUOX2 gene mutations cause variable phenotypes, with
most persons having no goiter and 5% having a small thy-
roid gland (5). The hypothyroidism is not permanent and
can fluctuate over time, especially in individuals with a
monoallelic pathogenic variant, as in patient I-2 of family 1
described in this study.



DUOX2 MUTATION AND RTSH PHENOTYPE

The findings in family 1 were unanticipated as, based on
the apparent dominant mode of inheritance, we originally
predicted that RTSH was caused by a variant in non-coding
sequences that regulate TSH receptor expression (1). How-
ever, the presence of a pathogenic noncoding variant was
excluded by WGS. Family 2 was part of a cohort on which we
performed WES looking explicitly for novel genes underly-
ing RTSH. Together, the finding of pathogenic variants in
DUOX2 in both families with RTSH suggests that mutations
in DUOX2 can cause at least two different phenotypes,
RTSH and dyshormonogenesis, as recently shown for mu-
tations in the SLC26A4 gene (6).

Acknowledgments

This work was supported in part by grant R37DK15070
from the National Institutes of Health to S.R. The content is
solely the responsibility of the authors and does not neces-
sarily represent the official views of the National Institute of
Diabetes and Digestive and Kidney Diseases or the National
Institutes of Health. Sequencing was provided by the Uni-
versity of Washington Center for Mendelian Genomics (UW-
CMG) and was funded by the National Human Genome
Research Institute and the National Heart, Lung, and Blood
Institute grant 2UM1HG006493 to Drs. Debbie Nickerson,
Michael Bamshad, and Suzanne Leal. We are grateful to
Dr. Charles G.D. Brook from the The Middlesex and Great
Ormond Street Hospital, London, UK, for referral of family 2.

Author Disclosure Statement

No competing financial interests exist.

Web Resources
The URLs for data presented herein are as follows:

Exome Variant Server, NHLBI Exome Sequencing Pro-
ject (ESP6500), Seattle, WA: http://evs.gs.washington
.edu/EVS (accessed August 2016).
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ExAC Browser (Beta), Exome Aggregation Consortium,
Cambridge, MA: http://exac.broadinstitute.org (ac-
cessed April 2015).
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