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Abstract

Introduction: The pathogenesis of COH (childhood onset hypothyroidism) has not been fully elucidated but monogenetic as well as
oligogenic causes have been shown to play a role. To investigate the molecular cause of COH using next-generation sequencing (NGS)
in children with either syndromic hypothyroidism or hypothyroidism with gland in situ. Methods : We studied 16 phenotypically
well-characterised children with either COH with gland in situ or syndromic COH using an NGS panel of 22 genes, followed by
Sanger sequencing confirmation in a population-based, single centre study of a Swiss tertiary care centre for paediatric endocrinology.
The pathogenicity of novel variants was assessed by in silico prediction tools. Results: In 13 of 16 participants (81%) we found a
total of 19 variants (10 pathogenic variants; 62.5%). From these 13 participants only three had been detected at neonatal screening
(23%). Of the remaining, five had a TSH level at neonatal screening between 6-12 mU/ml. Variants were most frequently found in
DUOX2 (4) followed by TG (3) and GNAS (2). In addition, we found variants in THRB, NKX2-1. One participant showed a ring
chromosome 18 and another a large deletion of 18q. We found oligogenic involvement in two participants affecting ALB, DUOX2,
IYD and TSHR and ALB, TG and TSHB, respectively. One of them is to our knowledge the first case of COH due to biallelic variants
in DUOX2 and ALB. In one participant no variant could be found. Conclusions: We report on the first single centre screening of COH
with NGS in a Swiss tertiary centre. We found 10 pathogenic variants (62.5%). We found oligogenic involvement in two participants.
77% of the participants carrying variants were not diagnosed by neonatal screening.

1 Volume 8; Issue 2

Arch Pediatr, an open access journal
ISSN: 2575-825X



Citation: Estoppey-Fehlmann J, Szinnai G, Heinimann K, Seebauer B, Fliick CE, et al. (2023) Molecular Basis of Childhood-onset Hypothyroidism:
Single Centre Screening by Next-Generation Sequencing in a Cohort of Swiss Children. Arch Pediatr 8: 279. DOI: 10.29011/2575-825X.100279

Keywords: Congenital hypothyroidism; Childhood-onset Hypothyroidism; Next-generation sequencing; Oligogenic

Introduction

Congenital hypothyroidism (CH) is one of the most common preventable causes of intellectual disability [1]. In 2020, the incidence
of CH in Switzerland was 1:3600 (https://www.neoscreening.ch/wp-content/uploads/2021/12/Screening JB2020 4 de.pdf, accessed
1.11.2022). CH may be caused by either thyroid dysgenesis (TD), which results from abnormal thyroid gland development and accounts
for approximately 85% of cases, or from thyroid dyshormonogenesis (DH) [1-3] TD is mostly sporadic and its clinical phenotype ranges
from athyreosis, hypoplasia, and hemiagenesis, to ectopy [1] (Figure 1). However, in approximately 2% of the cases, a genetic cause
can be identified [1]. Genes associated with TD are Paired Box Gene 8 (PAX8) [1,4] NK2 Homeobox 1 (NKX2-1) [1,4] Forkhead Box E1
(FOXEI) [1,4] NK2 Homeobox 5 (NKX2-5) [1,5] TSH-receptor (TSHR) [1,6] GLI similar 3 (GLIS3) [7,8] NETRINI [8,91 JAGI [8,10]
as well as BOREALIN [8,11] and TUBULIN Betal Class VI (TUBBI) [8,12]

Figure 1: Classification of congenital hypothyroidism; ALB albumin, DUOX2 dual oxidase 2,DUOXA2 dual oxidase maturation factor
2, FOXE]1 forkhead box E1, GNAS G protein o-subunit, /YD iodotyrosine deiodinase, NIS sodium/iodide symporter, NKX2-1 NK2
Homebox 1, NKX2-5 NK2 Homebox 5, PAXS paired box gene 8, PDS pendrin, TG thyroglobulin, THRB thyroid hormone receptor f3,

TPO thyroperoxidase, TSHR TSH receptor, TSHB TSH beta chain

DH is inherited in an autosomal recessive way, mostly due
to variants of the genes involved in any of the steps of thyroid
hormone biosynthesis [1], like Sodium/iodide symporter SLC545
(NIS), Pendrin SLC26A44 (PDS), Dual oxidase 2 DUOX2, Dual
oxidase 2 maturation factor DUOXA2, Thyroperoxidase TPO,
Thyroglobulin 7G, Dehalogenase /YD and GNAS subunit alpha
[1,2,8,13-18]. The phenotype of DH is highly variable and shows
a gland in situ with or without goitre [2,19].

We defined childhood-onset hypothyroidism (COH) as
primary hypothyroidism diagnosed in infancy and childhood after
having excluded autoimmune thyroid disease. COH is mainly due
to gene variants leading to DH and TD. However, on a biological
basis no distinction between CH and COH due to variants in genes
responsible for thyroidogenesis or thyroid hormone biosynthesis

can be made. Rather it is a question of severity of the phenotype,
more severe phenotypes being diagnosed by NBS while less
severe phenotypes are diagnosed later in life. Other causes of COH
include Down’s syndrome and iodine deficiency. In addition, in
the last years, the use of next-generation sequencing (NGS) has
shown that oligogenic inheritance may play a role in COH [19-
21]. Finally, a slight increase of TSH levels can be found as an
epiphenomenon of obesity. The detection of genetic causes of CH
and COH may improve patient care, particularly in syndromic
forms, and provide opportunities for specific genetic counselling
to affected families. Therefore, the European Society of Paediatric
Endocrinology recommends careful phenotypic characterisation
of CH and COH in cases of DH, syndromic hypothyroidism, and
in patients with a family history of COH [22].
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Our study aimed at investigating the molecular cause of CH and
COH in a clinically well-characterised group of children with
either syndromic hypothyroidism or hypothyroidism with gland in
situ or familial COH using a next-generation sequencing (NGS)
panel.

Methods
Participants

105 children who had been followed for primary
hypothyroidism between 01.09.2016 — 30.09.2017 at our
outpatient clinic for paediatric endocrinology in Bern,
Switzerland, were evaluated. All participants underwent clinical
examination, had thyroid function tests (TSH, fT4, and fT3), and
thyroid sonography. In addition, 36 participants also had 1-123
scintigraphy. Scintigraphy was performed in all participants with
athyreosis except in one, and all participants with thyroid ectopy
except in one, as the ectopic thyroid had already been seen at the
ultrasound.

Diagnosis of primary hypothyroidism was done by neonatal
screening using capillary whole blood TSH measurements from
a heel stick. The threshold value for TSH in a dried blood spot
between 4-15 days of life in Switzerland is 15 mU/L. Additionally,
in children with hypothyroidism diagnosed later in life thyroid
antibodies were measured (anti-TPO, anti-TG) to exclude
autoimmune thyroid disease. TSH, fT4, and fT3 were measured
by an electrochemiluminescence immunoassay (Roche, Basel,
Switzerland) and compared to age-dependent reference ranges.

DNA sequencing

A panel of 22 genes associated with COH (Supplementary
Table) was analysed by high throughput sequencing at the
Department of Genetics of the University Hospital Basel,
Switzerland. Variants were confirmed by Sanger sequencing of
single exons. Gene dosage was assessed with the CNV-Analyse-
Tool SeqPilot 4.4.0 JSI (Germany). Identified gene variants were
searched in the databases HGMD, LVOD, and ClinVar, and
their pathogenicity was tested with common in silico predicting
tools (SIFT, Variant Taster, PolyPhen2). The classification of the
variants as pathogenic, likely pathogenic, variants of uncertain

significance, likely benign, and benign was according to the
ACMG guidelines [23].

Genetic workup was offered to all participants with COH
and gland in situ or with COH and a dysmorphic phenotype, as
well as to children with primary hypothyroidism diagnosed later
in life with negative thyroid antibodies. In two children with
syndromic COH only a karyotype was performed to confirm the
clinical diagnosis, one had a ring chromosome 18 and the other a
deletion of 18q.

Results

105 children were followed at our clinic between September
2016 and September 2017 for primary hypothyroidism. 41 of them
had been diagnosed with COH by neonatal screening (39%), and
64 later in life (61%) Of the participants with a positive neonatal
screening, 8 (19.5%) had athyreosis, 19 (46.3%) thyroid ectopy
and 14 (34%) gland in situ and were offered genetic testing; 11
families refused genetic testing. 28 (43.8%) of the participants
diagnosed later in life had autoimmune thyroid disease and 36
(56.3%) had antibody-negative hypothyroidism. After having
excluded hypothyroidism related to Down’s syndrome or obesity,
the remaining participants (n=24), were labelled to have late-
diagnosed hypothyroidism and offered genetic evaluation. Of
those, 11 families refused genetic testing. Therefore, finally a total
of 16 children (3 with CH diagnosed by neonatal screening and 13
with COH diagnosed later in life) had genetic evaluation. There
were no consanguineous families.

Variants

The clinical characteristics and the molecular diagnosis
of the participants are summarised in Table 1. We found a total
of 19 variants in 13 participants. 10 variants were classified as
pathogenic (62.5%). Noteworthy, of these 13 participants, COH
had only been detected at neonatal screening in 3 (23%). The other
10 participants had a TSH level at neonatal screening between 6-12
mU/ml. Pathogenic variants in DUOX?2 [4] were most frequent
followed by TG [3], GNAS [2], THRB, TSHR and IYD (one each).
We found 6 novel, pathogenic variants in ALB [2], GNAS, NKX2-
I, TG and TSHB. In addition, two participants carried a ring
chromosome 18 and a large deletion of 18q, respectively (Table 1).
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Age at TSH NS
P G diagnosis Gene Variant (nt) Variant (AA) Zygosity | CADD (mU/) TSH | fT4 |fT3 |TSH T4 fT3 TG Imaging Pheno
(years)
1 F 11/12 GNAS ¢.308T>C p.Ile103Thr het 24.9 7.497 13.95 11.1 6 UsS HYPO
2 M 1 1/12 ALB c.725G>A p.Arg242His het 13.7 4.123 7.62 28.7 9.09 uUsS HYPO
DUOX2 ¢.908C>G p-Pro303Arg het 26.7
IYD c.323A>G p.Asn108Ser het 15.2
TSHR c.1047C>T p-Asn349= het 0.9
3 M 2 TG c.886C>T p.Arg296Ter het 36 2.34 10.95 15.8 6.1 26.7 [N HYPO
4 F 11 7/12 n.d. n.d. n.d. 9.85 14 5.8 16.74 UsS HYPO
5 M 2 n.d. n.d. n.d. 4.734 8.2 14.7 5.76 UsS N
6 M 1173 GNAS c.51_52dup p.Alal8GlyfsTer41 het n.a 7.955 20.05 14.9 7.24 usS HYPO
7 M 7 days DUOX2 ¢.602dup p.GIn202ThrfsTer99 | het n.a 65916 |>100 (7.4 |58 1981 Us, SC GOITER
DUOX2 ¢.2895 2898del p.Phe966SerfsTer29 | het n.a
8 M 11 5/6 DUOX2 ¢.602dup p-GIn202ThrfsTer99 | het n.a 1.041 4.02 14.7 6.38 Us N
9 F 21112 DUOX2 ¢.602dup p-GIn202ThrfsTer99 | het n.a 11.992 3.61 14.5 6.51 uUsS N
c2895 2898del p-Phe966SerfsTer29 | het n.a
10 F 111/12 ring chromosome 18 6.467 15.18 21.7 6.3 (0N} HYPO
11 M 10 days NKX2-1 ¢.527T>G p.Leul76Arg het 29.1 260.079 |>100 |6 1.92 <0.17 US,SC ATX
12 M 3/4 18q terminal deletion 11.818 19.89 134 6.45 UsS HYPO
13 F 11/3 THRB c.1357C>T p.Pro453Ser het 26.7 2.023 1.76 34.6 13.6 21.08 [N N
14 F 11/12 TG c.1958G>A p.Gly653Asp het 24.1 3.196 13.2 15.1 6.1 14.2 us HYPO
c.6619G>A p.Gly2207Ser het 24.6
15 F 6 days ALB c.382C>A p.GIn128Lys het 0.001 [20.873 [20.3 |17.7 |8.08 9.66 US,SC N
TG c.6769G>A p.Ala2257Thr het 27.1
TSHB c.99G>A p.Arg33= het 10.3
16 F 7 days no variant 25.671 7.58 12.8 6 10.1 us HYPO

Table 1: Clinical, biochemical characteristics and molecular genetics of the patients; P: participant, G: gender,

ng/ml, US: ultrasound, SC: scintigraphy, ATX: athyreosis, HYPO: hypoplasia.

Participants 7-9 with DUOX?2 variants were of the same kindred. Participants 7 and 9 were compound
heterozygous for the same known variants (c.602dupG; ¢.2895 2898delGTTC), while their brother (subject
8) was heterozygous for ¢.602dupG only [24]. Participant 14 was compound heterozygous for two different
point-variants in 7G, one classified as benign variant (c.1958G>A), while the other was a novel variant of
unknown significance (c.6619G>A). However, this participant had a slightly elevated TSH level with normal
fT4 and fT3 and a hypoplastic gland in situ indicating that the novel variant in 7G might have an impact on
thyroid function. Clinical information on the brother and the sister of participant 3, who showed a known
pathogenic variant in 7G, were both included in this study after consent of the parents although genetic testing
had been refused for patient 4 and 5.

We found oligogenic involvement in two participants. Participant 2 showed 4 combined single
nucleotide variants in one allele of ALB, DUOX2, IYD and TSHR each. Only the variant in DUOX2 was known
pathogenic, if biallelic [25]. Variants in the gene coding for albumin (4LB) cause Familial Dysalbuminaemic
Hyperthyroxinaemia (FDH). FDH is the most common cause of inherited euthyroid hyperthyroxinaemia
[26]. Although the novel variant in this participant was of unknown significance, it is noteworthy that the
child showed a thyroid hormone pattern with slightly elevated fT3 and fT4 along with an unsuppressed TSH
level compatible with FDH. Participant 15 carried monoallelic, single nucleotide variants in ALB (variant of
unknown significance), 7G (benign) and 7SHB (variant of unknown significance). Participant 13 showed a
known pathogenic variant in THRB and therefore did not have COH.

In participant 16 who had an elevated TSH level at neonatal screening and showed a hypoplastic gland,
no variant could be found. Finally, in participant 11 we found a new pathogenic variant in NKX2-1: ¢.527T>G

M: male, F: female, nt: nucleotide, AA: amino acid. fT4 and fT3 are given in pmol/l and TG (thyroglobulin) in

(p-Leu206Arg) that lies in the home box-like domain according to the predicted structure of the protein
(NM_001079668.3).

Clinical phenotype

The clinical phenotype of the participants was highly variable, thyroid hypoplasia being the most common
morphological finding (Table 1). One of the three participants (participant 7) with DUOX variants showed a
goitre and had elevated thyroglobulin levels. In contrast to his brother and sister, he had been diagnosed
with very high TSH at neonatal screening and received life-long thyroxine replacement treatment. His sister
(participant 9) shared the same genotype but did not need replacement therapy although the TSH level at
birth was slightly above 10 mU/I. Participants with GNAS variants both had hypoplastic gland and required
quite high replacement doses of thyroxine. Participants with documented variants in 7G all had hypoplastic
gland. The brother (participant 5) of participant 3, however, had normal gland morphology but needed low
dose thyroxine replacement. Only one patient had athyreosis (as shown by both ultrasound and scintigraphy,
unmeasurable thyroglobulin very high TSH at 10 days of life); he carried a novel pathogenic variant in NKX2-
1. He showed the typical clinical phenotype of neonatal respiratory distress, generalised muscle hypotonia and
gross motor development delay.

Discussion

In this single centre study, we screened infants with CH showing either a thyroid gland in situ, a
dysmorphic phenotype, or primary hypothyroidism diagnosed later in life with negative thyroid antibodies
(i.e. childhood onset hypothyroidism: COH) by a NGS panel comprised of 22 genes related to CH and COH.
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In two participants with syndromic COH, only a karyotype was
performed to confirm the clinical diagnosis of chromosome 18
related disorders because of typical dysmorphic signs. In the
remaining 14 participants, a total of 19 variants were detected,
and 10 of them were classified as pathogenic according to current
ACMG criteria. Three participants carried compound heterozygous
variants in the DUOX2 and TG genes. Two participants showed
monoallelic, oligogenic variants in ALB, DUOX2, IYD and TSHR
and ALB, TG, TSHB genes, respectively.

One participant with a well-documented thyroid agenesis
carried a novel pathogenic variant of NKX2-1: ¢.527T>G
(p-Leu206Arg), that lies in the homeobox-like domain. To our
best knowledge, this is the first case in the literature of a NKX2-1
variant leading to athyreosis.

Interestingly, only three participants had been diagnosed
with congenital hypothyroidism by neonatal screening. This low
number, however, is most likely biased by the small number of the
participants in the participants diagnosed by neonatal screening,
due to the high refusal rate of their guardians. All participants
diagnosed later in life (COH) had thyroid gland in situ.

Variants were most frequently found in DUOX2 (n=4)
followed by 7G (n=3) and GNAS (n=2). Due to the small number
of the study cohort, a comparison to prevalence data from the
literature makes little sense. The siblings of participant 3 who was
a carrier of a heterozygous, pathogenic variant in 7G (c.886C>T),
both showed slightly elevated TSH (8-11 mU/L) at diagnosis and
eventually needed thyroxine replacement treatment. In addition,
the sister had a hypoplastic gland suggesting that both children,
in whom genetic analysis had been refused, might share the
same known gene variant. Several studies have described that
monoallelic carriers of this variant show a variable phenotype of
COH like our patient [21,27-29].

Alternatively, oligogenic involvement has been discussed
as an explanation for intrafamilial variability in COH [30].
In our study two participants (2 and 15) showed oligogenic
involvement. Participant 2 showed a known pathogenic variant in
DUOX?2 [25] and a new variant in ALB (c.7725G>A) of unknown
significance. Variants in ALB result in familial dysalbuminaemic
hypothyroxinaemia (FDH). FDH is the most common cause of
inherited euthyroid hypothyroxinaemia [26] FDH is characterised
by either elevated fT4 and fT3 or elevated fT4 with normal fT3
in presence of unsuppressed TSH with or without goiter [26]
Interestingly, participant 2 had thyroid hormone levels slightly
above the upper limit of the reference range in the presence of
unsuppressed TSH. This is an unexpected finding if we only
consider the pathogenic DUOX2 variant. A possible explanation
could be that this particular oligogenic involvement causes an
intermediate phenotype between DUOX? deficiency and findings

compatible with a minor form of FDH. To our best knowledge, this
is the first case of a biallelic variant affecting DUOX2 and ALB.

Participant 15 had a normal-sized gland and showed a
variant of unknown significance in 7G and a new variant in ALB
as well as a new variant in 7SHB, both of unknown significance.
However, this girl was detected by newborn screening as having
compensated CH and needed thyroxine replacement treatment at
the usual dosage. Her thyroglobulin level was low normal and she
originated from a region of adequate iodine intake. Therefore, this
phenotype could be explained either by a pathogenic variant in 7G
[18] or by the presence of an undetected second hit.

In two siblings (7 and 9) we found two different variants in
DUOX2; their brother, participant 8, shared only the c602dupG
variant with them. While participants 8 and 9 did not show
any thyroid phenotype, participant 7 had a goitre and had been
diagnosed at birth with elevated TSH, although he needed only
transitory thyroxine replacement treatment. This high interfamilial
variability is in line with the current knowledge about DUOX2
variants [31,32].

Participant 14 showed two different variants in TG. One of
them (c.1958G>A) is likely benign, and the second (c.6619G>A)
had not been described previously. The novel variant tested
pathogenic by different prediction tools and could therefore be an
explanation for the phenotype of the child. Alternatively, additional
undetected variants or other contributing pathophysiological
factors might be considered [32] GNAS variants leading to pseudo
hypoparathyroidism la associated with TSH resistance are rare
causes of COH [33]. We found two variants in GNAS in participants
showing a typical phenotype of pseudohypoparathyroidism with
Albright’s osteodystrophy. One participant carried a new variant,
c.51 52dup p.GGhet.

This study has several limitations: Although the assessment
by using a NGS panel was done prospectively, the collection of
former laboratory data was done retrospectively. This explains why
the clinical data are partly incomplete. Second, the sample size
is small. Therefore, no statements can be done on the prevalence
of the different variants in our population. Third, the parents of
the participants were not studied. And finally, no functional
studies have been performed to further investigate the functional
consequences of the six newly identified variants.

In conclusion, we provide the first population-based genetic
data of COH in a small, single centre, Swiss cohort. We found
10 pathogenic variants (62.5%). NGS panel diagnostics allowed
us to find oligogenic involvement in two participants. One of
them is probably the first case of COH due to biallelic variants
in DUOX2 and ALB. In addition, we describe the first variant
of NKX2-1 leading to thyroid agenesis. 77% of the participants
carrying variants were not diagnosed by neonatal screening. This
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study also confirms that the genetics of COH is complex, and
that alternative approaches in basic research are needed to better
understand thyroid embryogenesis and to unravel the complex role
of genes, transcription factors and maturation factors in thyroid
development.
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Inheritance . .
Category Gene Mode Disease Association OMIM
IGSF1 XLD Centra.l hypothyroidism and 300888
testicular enlargement
Central h ] tcasing b
Hypothyroidism: TRHR AR yrotrqpm re easmg. ormone 188545
Pituitary or resistance, generalized
hypothalamic Hypothyroidism, congenital,
TSHB AR 275100
non goitrous 4
PAXS AD Hypothyrmdlsm, c.ongenltal, due- to 218700
thyroid dysgenesis or hypoplasia
Bamforth - Lazarus syndrome
Thyroidal FOXE1 AR (AD) (Hypothyroidism, thyroidal, or 241850
Hypothyroidism: athyroidal)
Dysgenesis . .
NKX2 - 1 AD Choreoathetosis, h}/pothyrgldlsm, 610978
and neonatal respiratory distress
NKX2 - 5 AD Hypothyr01d1§m, congenital non 225250
goitrous, 5
SLC5A5, NIS AR Thyroid dyshormonogenesis 1 274400
GENETIC FORMS OF
HYPOTHYROIDISM TPO AR Thyroid dyshormonogenesis 2A 274500
TG AR Thyroid dyshormonogenesis 3 274700
Thyroidal
Hypothyroidism: IYD, DEHALL1 AR Thyroid dyshormonogenesis 4 274800
Dyshormonogenesis
DUOXA2 AR Thyroid dyshormonogenesis 5 274900
DUOX2 AR Thyroid dyshormonogenesis 6 607200
SLC26A4, PDS AR Pendred syndrome 274600
AR Hypothyr01d1§m, congenital, non 275200
goitrous 1
Thyroidal TSHR
Hypothyroidism: AD Hyperthyroidism, nonautoimmune 609152
Resistance to TSH
or GNAS (Pseudo)
GNAS AD Pseudohypoparathyroidism; 103580
progressive osseous heteroplasia
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ALB AD Famhlhal (iysalb}lmm.emlc 615999
DISORDERS OF THYROID HORMONE yperthyroxinemia
TRANSPORT PROTEINS L .
SERPINA7, TBG XLD Thyroxine - binding globulin 300932
quantitative trait locus
SLC16A2, MCT8 XLD Allan - Herndon - Dudley 300523
syndrome
Thyroid hormone metabolism,
DISORDERS OF THYROID HORMONE SECISBP2 (AR) abnormal 609698
MEMBRANE TRANSPORT, METABOLISM, — -
OR ACTION THRA AD Hypothyr01d1§m, congenital, non 614450
goitrous, 6
THRB AD/AR Thyroid hormone resistance 188570
TSHR AD/AR Hyperthyroidism, non = 603373
autoimmune, sporadic, or familial
GENETIC FORMS OF HYPERTHYROIDISM -
GNAS McCune - Al'brlght syndrorne, 174800
somatic, mosaic

Supplementary Table: Gene panel for congenital disorders of the thyroid; We used a gene panel of the Labor Molekulargenetik, Institut
fiir Medizinische Genetik und Pathologie, Universistitsspital Basel, 4031 Basel, Schweiz; AD autosomal - dominant, AR autosomal -

recessive, XLD X - linked, IGSF1 immune globulin superfamily member 1, ALB albumin, DEHAL1 dehalogenase 1, IYD iodotyrosine
deiodinase, DUOX2 dual oxidase 2. DUOXA?2 dual oxidase maturation factor 2, FOXE1 forkhead box E1, GNAS G protein a-subunit,
NIS (SLC5A5) sodium/iodide symporter, NKX2-1 NK2 Home box 1, NKX2-5 NK2 Home box 5, PAXS8 paired box gene 8, PDS
(SLC26A4) pendrin, TG thyroglobulin, THRA thyroid hormone receptor, THRB thyroid hormone receptor 3, TPO Thyroperoxidase,
TRHR Thyrotropin - releasing hormone, TSHB TSH beta chain, TSHR TSH receptor, MCT8 monocarboxylic transporter 8, SECISBP2
Selenocysteine Insertion Sequence-Binding Protein 2
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