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A Novel Pathogenic Variant in PAX8 Leads
to Familial Congenital Hypothyroidism

Monica Malheiros França,1 Lucy Reeve,2 Alexandra M. Dumitrescu,1,3

Martin de Bock,2,4 and Samuel Refetoff1,5,6

We report a 10-month-old girl with familial congenital hypothyroidism harboring a novel heterozygous path-
ogenic variant in the paired DNA-binding domain of PAX8 (NM_003466:c.110T>C:p.Leu37Pro). Genotype–
phenotype correlation revealed complete penetrance of this PAX8 defect in this family, in which the affected
father and half-brother carry the same mutation. This deleterious variant has not been reported in any of the
available databases [MAFgnomAD = 0, dbSNP (-)], and the amino acid leucine at position 37 is highly con-
served across species. Establishing the molecular diagnosis expands our knowledge on the cause of thyroid dys-
genesis and provides a guide for counseling and early treatment.
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Introduction

Primary congenital hypothyroidism (CH) is char-
acterized by elevated levels of thyrotropin (TSH) and

reduced levels of thyroid hormones, which, if untreated, lead to
intellectual and developmental delay (1). In the majority of
cases, the cause is thyroid dysgenesis (TD). Known genetic TD
defects are mutations in TSHR, NKX2-1, FOXE1, and PAX8
(1). We report a girl with familial CH caused by an undescribed
pathogenic variant in PAX8 found by Sanger sequencing.

Case Report

A 10-month-old girl (Fig. 1A: III-3) of European ancestry
living in New Zealand was found to have CH on the second day
of life, when serum TSH was >100 mU/L (normal value <20).
On the fourth day of life, her TSH level was >300 mU/L, total
thyroxine (TT4) and free thyroxine index (fT4I) were low at
5.4 lg/dL (6.1–12.2) and 4.1 (5.8–13.2), respectively. In addi-
tion, 99m pertechnetate scan revealed low uptake in two small
eutopic lobes (Fig. 1B). Thyroid ultrasonography performed at
17 days of life showed 2 small lobes (right: 5.5 · 3.4 mm and
left: 4.9 · 4.5 mm). Ultrasonography of the urinary tract of the
proband at the age of one year showed no abnormalities.

Treatment with levothyroxine (LT4) was started with
35 lg/day that was adjusted over time to maintain her thyroid
function tests within normal range. Her paternal half-brother
(Fig. 1A: III-2) was found to be hypothyroid at 14 days of life
when his serum TSH was elevated >100 mU/L, and thyroid
hormones were in the lower reference range [TT4 of
6.9 lg/dL (5–19.1) and fT4I of 5.3 (5.8–17.9)]. Radionuclide
scan showed two normal eutopic thyroid lobes. At the age of
17 years, he is on 200 lg LT4 daily.

The proposita’s father (Fig. 1A: II-3) was found to be hypo-
thyroid at the age of 6 years and was started on LT4 replacement,
currently on 230lg daily average dose. Currently, at the age of
48 years, he shows no obvious intellectual or physical con-
straints. He completed secondary education and works in real
estate. Results of serum thyroid tests obtained at the time of the
evaluation are shown in Figure 1A. Familial history revealed that
the paternal grandfather (Fig. 1A: I-2) developed autoimmune
thyroid disease in later life and has been on LT4 replacement.
The paternal grandmother (I-1) has no thyroid abnormalities.

Genetic Analysis

Written informed consents were obtained from all family
members before undertaking this investigation and blood
sampling. Sanger sequencing of genomic DNA, extracted
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from circulating leukocytes, was performed using primers
flanking all exons of the PAX8 gene. All polymerase chain
reaction products were sequenced using BigDye termina-
tor cycle sequencing kit followed by automated sequencing.
We identified a heterozygous PAX8 missense variant in
PAX8 (ENST00000429538.3/NM_003466/Exon3:c.110T>C:
p.Leu37Pro) in the proposita.

Her affected half-brother and father also harbor the vari-
ant, whereas all other members of the family, including the
paternal grandparents I-1 and I-2, do not carry it. This
genotype–phenotype correlation indicates complete penetrance
of the PAX8 defect in this family (Fig. 1C). This variant has not
been reported in any available database (MAFgnomAD = 0;
dbSNP = absent) and it is shown to be deleterious by at least 12

FIG. 1. Pedigree of the family with clinical and genetic information. (A) Pedigree with results of thyroid function tests
aligned below each symbol representing a family member. Generations are indicated with Roman numerals and individuals
with Arabic numbers above each symbol. The arrow indicates the proband (III-2). High values are in bold and red. (B) 99m
pertechnetate scan shows small eutopic thyroid gland. (C) Electropherograms showing the region containing the heterozygous
nucleotide substitution (c.110T>C) of PAX8 indicated by black arrow (subjects: III-2, II-3, III-3) or no mutation (subjects: I-1,
III-1, II-2, II-4, I-2). (D) Pathogenicity scores in 12 in silico tools show functional prediction of the variant as damaging and/or
disease causing. (E) Sequence alignment of PAX8 amino acids among orthologs shows highly conserved sequence across
species. (F) Clinical interpretation of genetic variants by ACMG/AMP 2015 guideline (Ref. 2). According to this standard
assessment, the PAX8 variant is classified likely pathogenic by applying PM1+PM2+PP1+PP2+PP3 criteria. PM1 = located in
a mutational hot spot and/or critical and well-established functional domain (e.g., active site of an enzyme) without benign
variation; PM2 = absent from controls (or at extremely low frequency if recessive) in Exome Sequencing Project, 1000
Genomes Project, or Exome Aggregation Consortium; PP1 = cosegregation with disease in multiple affected family members
in a gene definitively known to cause the disease; PP2 = missense variant in a gene that has a low rate of benign missense
variation and in which missense variants are a common mechanism of disease; PP3 = multiple lines of computational evidence
support a deleterious effect on the gene or gene product (conservation, evolutionary, splicing impact, etc.). ACMG/AMP, The
American College of Medical Genetics and Genomics and the Association for Molecular Pathology; NA, not available.
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in silico pathogenicity scores (Fig. 1D). In addition, the p.Leu at
position 37, located in the paired DNA-binding domain, is
highly conserved across species (Fig. 1E). Taken all together,
this variant is predicted to be pathogenic according to the
American College of Medical Genetics and Genomics and
the Association for Molecular Pathology classification (2)
(Fig. 1F).

Discussion

The first report of loss-of-function PAX8 variants showed 3
heterozygous point mutations located in its paired domain in
2 sporadic patients and 1 familial case of TD (3). Over the
years, at least 29 heterozygous mutations in PAX8 have been
described in patients presenting predominantly with thyroid
hypoplasia (1). The majority of variants are missense located
in the paired DNA-binding domain, and inherited among
familial cases in an autosomal dominant mode with incom-
plete penetrance and variable expressivity (1,3). Incomplete
penetrance and expressivity could be explained by different
mechanisms, such as modifier genes, the influence of the
allele in trans, sex, genetic (dominant negative effect or
haploinsufficiency), and environmental factors (4).

For instance, seven members of a family harboring the
heterozygous PAX8-S48F mutation presented with striking
variability in the clinical presentation of CH (5). One of the
patients was found to be hypothyroid on neonatal screening
and had no thyroidal uptake, whereas her affected brother had
normal TSH level upon neonatal screening and was found to
have increased TSH value at the age of five years (5). Further
evaluation of this mutation showed no loss in DNA binding
affinity, but rather a specific defect in transactivation medi-
ated by the coactivator p300. This abnormal cofactor inter-
action revealed that PAX8-S48F mutant allele competes with
PAX8 wild type for DNA binding in the heterozygous state
showing that a dominant negative effect could be responsible
for the phenotypic expression of the mutated allele (5).

Guided by clinical and genetic analyses, the family herein
reported was found to harbor a novel heterozygous missense
variant in the paired DNA-binding domain of PAX8, which
produced hypoplastic glands leading to congenital nongoi-
trous hypothyroidism in all affected family members har-
boring the pathogenic variant. Such dominant pattern of
inheritance of full penetrance in familial cases has not been
shown by other articles (1,3). Establishing the molecular
diagnosis expands our knowledge on the cause of TD and
provides counseling regarding early diagnosis and treatment.
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