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Abstract. Most patients with resistance to thyroid hormone (RTH) test negative in newborn screening (NBS) for 
congenital hypothyroidism (CH). Here, we present a case of RTH diagnosed through NBS. The patient presented 
to us after her NBS for CH revealed high TSH (23.4 µIU/mL) and free T4 (FT4) (5.40 ng/dL) levels. Apart from 
tachycardia, she exhibited no other manifestations related to excess or deficiency of thyroid hormones. A confirmatory 
test replicated the findings, showing elevated serum TSH levels (35.7 µIU/mL) along with high FT4 levels (5.84 ng/
dL). Ultrasonography showed marked thyroid gland enlargement (> +4 SD). Targeted next-generation sequencing 
of genes associated with genetic thyroid disorders revealed a previously reported THRB variant, p.Gly345Cys. 
Unexpectedly, two biallelic DUOX2 variants (p.His678Arg and p.Arg1334Trp) were also detected. At her last visit, 
no significant issues were observed with neurological development, growth, bone maturation, or gastrointestinal 
symptoms related to thyroid function at the age of 1 year, without treatment for RTH and CH. During follow-up, the 
TSH and FT4 levels gradually decreased. In conclusion, we report a patient with simultaneous RTH and DUOX2 
defects, demonstrating the value of conducting a comprehensive analysis of multiple genes associated with thyroid 
diseases to better comprehend the pathogenesis in patients with atypical thyroid-related phenotypes.
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Highlights

● We report a molecularly confirmed case of RTH complicated by DUOX2 defect.
● Our patient exhibited normal development without treatment.
● Comprehensive genetic analysis is valuable in patients with RTH with an atypical presentation.
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Introduction

Resistance to thyroid hormone (RTH), initially 
described in 1967, is a rare genetic disorder characterized 
by reduced responsiveness of target organs to thyroid 
hormones (1). Clinically, patients with RTH exhibit 
elevated thyroid hormone levels alongside non-
suppressed TSH, a condition referred to as the syndrome 
of inappropriate TSH secretion (2). Approximately 85% 
of RTH cases result from genetic defects in THRB (3), 
which encodes thyroid hormone receptor (TR) β, and 
typically follows an autosomal dominant trait (4). 
Although precise incidence data for RTH are lacking, 
it is estimated to affect one in 20,000-40,000 live births 
(5–8).

Two TR subtypes exist, TRα and TRβ, and their 
expression patterns differ for each organ. Because 
RTH pathogenesis can be attributed to abnormal TRβ 
function, the organs with predominant TRβ expression, 
such as the hypothalamus, pituitary gland, and liver, 
exhibit a reduced response to thyroid hormones. This 
results in increased TSH secretion from the pituitary 
gland and compensatory elevation of T3 and T4 levels. 
The heart, gastrointestinal tract, and central nervous 
system, characterized by predominant TRα expression, 
are susceptible to increased thyroid hormone levels (9). 
Patients may be asymptomatic or present with goiter, 
sinus tachycardia, learning disabilities with or without 
hyperactive behavior, or developmental delays (5). This 
wide array of clinical manifestations may stem from 
the severity of hormone resistance, effectiveness of 
compensatory mechanisms, and genetic factors other 
than THRB (3,10). In the diagnosis of RTH, proactive 
suspicion based on clinical symptoms and laboratory 
results, accurate thyroid hormone measurements 
to exclude false increases, and genetic analyses are 
important. Herein, we report the case of a girl with RTH 
who presented with an atypical clinical presentation, 
and whose molecular diagnosis was confirmed through 
comprehensive genetic analysis.

Case Report

The proband, a girl, was the first child of healthy, 
unrelated parents who had migrated from China to 
Japan. The mother was diagnosed with gestational 
diabetes mellitus in the third trimester of pregnancy. 
The proband was born via spontaneous vaginal delivery 
at 39 wk and 2 d of gestation. Her birth weight was 
3,000 g (0.0 SD), and birth length was 49.5 cm (+0.5 
SD). No history of thyroid disease was noted in second-
degree relatives. Because of the high levels of TSH 
and free T4 (FT4) observed in the newborn screening 
(NBS) conducted at ages 4 and 12 d (blood-spot TSH 
23.4 μΙU/mL and 38.4 μΙU/mL; cut-off = 9.0, FT4 5.40 
ng/dL and 5.27 ng/dL; cut-off = 4.0, respectively), she 
was referred to us at the age of 21 d. She had normal 
weight gain (+37 g/d). She exhibited no manifestations 
related to hyperthyroidism or hypothyroidism, except 

for mild tachycardia (182 bpm, reference: 143, 133–154; 
median, 25th–75th percentile, respectively (11)). Blood 
tests confirmed the abnormal thyroid profile, revealing 
elevated serum levels of TSH (35.7 μΙU/mL, reference: 
0.72–12.7), FT4 (5.84 ng/dL, reference: 0.89–2.2), and free 
T3 (FT3) (18.8 pg/mL, reference: 1.95–6.2), as measured 
by Elecsys® TSH, FT4, and FT3 assays (Roche Diagnosis). 
Additionally, the serum Tg level was markedly elevated 
(436 ng/mL, reference: 8.8–129). Anti-TSH receptor, 
anti-thyroglobulin, and thyroid peroxidase antibodies 
were negative. The size of the distal femoral epiphyses 
appeared normal. Ultrasonography revealed a diffuse 
goiter (width multiplied by the thickness of the area, 
right lobe +4.5 SD, left lobe +4.8 SD) (12) and enhanced 
blood flow (Fig. 1B). Magnetic resonance imaging 
revealed a normal pituitary gland. At 1 mo of age, a 
thyrotropin-releasing hormone stimulation test was 
performed, revealing high baseline and stimulated TSH 
levels (23.8 μΙU/mL and 113.9 μΙU/mL, respectively). 
To exclude the possibility of immunologically falsely 
high values of thyroid hormones, we measured thyroid 
hormones using the LC-MS/MS method (13). As expected, 
the levels of total T3 (2.22 ng/mL; reference: 0.8–2.0), 
total T4 (164 ng/mL; reference: 47–115), and reverse T3 
(0.77 ng/mL; reference: 0.06–0.26) were all higher than 
the reference intervals. Given the clinical diagnosis of 
RTH, we opted not to initiate immediate treatment but 
to closely monitor her for any symptoms indicative of 
thyroid hormone excess or deficit. We observed gradual 
decreases in TSH, FT4, FT3, and Tg levels. At age of 9 
mo, the levels were as follows: 8.62 μΙU/mL (reference: 
0.73–8.92), 2.91 ng/dL (reference: 0.92–1.99), 6.9 pg/mL 
(reference: 2.15–5.92), 248.5 ng/mL (reference: 8.8–129) 
respectively. Her heart rate was above the upper normal 
limit in early infancy, gradually normalized in late 
infancy (Fig. 1A). She was formula fed during infancy 
and showed normal growth at her last visit at the age 
of 1 year (Fig. 1C). Early developmental milestones 
were achieved at appropriate ages: holding her head 
up at 3 mo of age, rolling from prone to supine at 4 mo 
of age, sitting up without support at 6 mo of age, and 
standing alone at 10 mo of age. No significant difference 
was observed between her chronological age and bone 
age at 9 mo of age.

We investigated the thyroid function of her parents 
and found that her father had similar test results, with 
elevated FT4 levels without suppression of TSH (TSH 
1.76 μΙU/mL, FT4 2.5 ng/dL) (Fig. 2A). His weight was 
66.0 kg, and he was 176.1 cm tall (body mass index 
21.3 kg/m2). His blood pressure was 104/78 mmHg, 
and his pulse rate was 99 bpm, regular (reference: 71, 
61–76; median, 25th–75th percentile, respectively (14)). 
Electrocardiography revealed sinus tachycardia. Thyroid 
ultrasound showed no thyroid gland enlargement (right 
lobe: 48.8 × 19.7 × 18.5 mm; left lobe: 44.9 × 23.2 × 19.5 
mm) and detected a left-sided cystic nodule measuring 
5.7 × 4.9 × 2.5 mm.
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Fig. 1. Clinical findings of the patient. A: Serum TSH, free T4 (FT4), and heart rate gradually decreased over time. Upper 
and middle panel: TSH and FT4 were measured by immunoassay (ECLIA, Elecsys®, Roche Diagnostics). The gray 
shaded area indicates a range of 2.5th–97.5th percentile range of TSH and FT4 according to age (33). Lower panel: 
Dashed lines denote the percentile ranges (10, 25, 75, 90th) of heart rate according to age (11). B: Ultrasonography 
of the thyroid gland in the patient at age 1 mo. The thyroid gland was markedly enlarged and showed increased 
blood flow. The widths and thicknesses of the thyroid glands were calculated as follows: 12.6 mm and 11.2 mm (right 
lobe), 13.3 mm and 12.0 mm (left lobe), respectively. Scale bar indicates 10 mm. C: Growth charts of the patient 
displaying normal growth. Left panel: length and weight. Right panel: head circumference. Data are plotted on a 
standard growth chart of Japanese girls (34). Solid and dotted lines represent the mean and ± 2 SD.
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Genetic Study

Written informed consent for genetic studies was 
obtained from the parents of the proband. Genomic 
DNA was extracted from peripheral blood leukocytes 
of the proband and her parents. For the proband, a next-
generation sequencing library was prepared using a 
QIAseq targeted DNA custom panel (QIAGEN, Hilden, 
Germany) designed to target 18 known thyroid-related 
genes (DUOX2, DUOXA2, FOXE1, IGSF1, IYD, NKX2-1, 
PAX8, SLC26A4, SLC5A5, TBL1X, TG, IRS4, THRB, 
TPO, TRH, TRHR, TSHB, and TSHR). Sequencing was 
performed using a next-generation sequencer MiSeq 
(Illumina Inc., San Diego, CA, USA). We identified a 
previously reported disease-causing THRB variant 
(c.1033G>T, p.Gly345Cys) in the heterozygous state, 
leading to the molecular diagnosis of RTH (15). 
Additionally, we detected two heterozygous loss-of-
function DUOX2 variants: one was a previously reported 
disease-causing missense variant p.Arg1334Trp (16), 

and the other was a functional single nucleotide 
polymorphism p.His678Arg (17). Family analysis 
using PCR-based Sanger sequencing unveiled that the 
THRB variant was inherited from her father, and the 
two DUOX2 variants were transmitted from each parent 
(Fig. 2A). Interestingly, during the paternal analysis 
of the THRB variant, we observed a lower intensity of 
the signal derived from the variant allele than from 
the wild-type allele, suggesting a somatic mosaic state 
(Fig. 2B). For a more rigorous estimation of the somatic 
mosaic state of the father, we evaluated the variant allele 
frequency. The genomic region encompassing the THRB 
variant was PCR-amplified from leukocytic genomic 
DNA of both the patient and her father. Next-generation 
sequencing libraries were prepared using the NEBNext 
Ultra II FS DNA Library Prep Kit for Illumina (New 
England Biolabs, Ipswich, MA, USA) and then sequenced 
using a MiSeq sequencer. We visualized the reads using 
the Integrative Genomics Viewer (18) and calculated 
the variant allele frequency by dividing the variant 

Fig. 2. Family genetic data. A: Pedigree and family thyroid function test results. Values in red signify values higher than 
the upper limit of normal. Elevated thyroid hormone levels without TSH suppression were observed in both the 
patient and her father. B: Partial sequence chromatograms of THRB and DUOX2 showing variants in the patient 
and her parents (arrows). The signal from the THRB variant allele was less intense than that from the wild-type 
allele in the chromatogram of the father, suggesting somatic mosaicism of TRHB p.Gly345Cys. C: The results 
of the sequenced variant allele frequency analysis were visualized using Integrative Genomics Viewer. Somatic 
mosaicism was confirmed in the father of the patient.
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read counts by the total read counts at the nucleotide 
of interest, THRB c.1033. The estimated variant allele 
frequencies in the patient and her father were 0.56 and 
0.23, respectively (Fig. 2C).

Discussion

We present a case of RTH with DUOX2 defect, 
the most common cause of congenital hypothyroidism 
(CH) diagnosed within NBS. The patient exhibited 
normal growth and neurological development for up 
to 1 yr without treatment. To date, eight patients 
with RTH have been diagnosed within the framework 
of NBS (Table 1) (6, 7, 19, 20). Generally, patients 
with RTH have normal or mildly elevated TSH levels 
(7) that may not be detected by TSH-based NBS. 
Accordingly, six of the previously reported patients 
were diagnosed with NBS based on simultaneous TSH 
and FT4 measurements (Table 1). The remaining two 
patients had elevated blood spot TSH levels detected 
by TSH-based NBS (Table 1) (19, 20). TSH levels in 
patients with THRB frameshifts and truncations are 
reported to be higher than the TSH values in patients 
with THRB single amino acid deletions or single amino 
acid substitutions (21). Our patient, with a THRB 
single amino acid substitution, showed comparable 
TSH elevation to patients with THRB frameshifts and 
truncations, suggesting additional factors.

Although most patients with RTH are clinically 
euthyroid and necessitate only watchful waiting (3, 
22), those with overt CH require prompt levothyroxine 
supplementation to prevent developmental delays. 
Rarely, RTH can be complicated by CH, as documented 
in six reports: five cases attributed to ectopic thyroid 
(23–27) and one case due to SLC5A5 defects (28). 
In contrast to our patient, all other reported cases 
initially presented with typical CH symptoms and were 

suspected of RTH complications because they required 
a supraphysiological dose of levothyroxine to normalize 
serum TSH levels. We refrained from prescribing 
treatment for our patient, neither for RTH nor CH, due 
to the limited symptoms (goiter and mild tachycardia) 
alongside compensatory thyroid hormone elevation. Dual 
oxidase (DUOX) 2, encoded by DUOX2, plays a crucial 
role in thyroid hormone synthesis by producing H2O2. 
Biallelic DUOX2 loss-of-function variants are known to 
cause CH (29). Specifically, the p.Arg1334Trp-DUOX2 
protein showed only 24% of normal H2O2 production (30), 
whereas the p.His678Arg-DUOX2 protein demonstrated 
80% of normal H2O2 production (29). The relatively high 
residual activity of p.His678Arg-DUOX2 protein may 
account for the synthesis of thyroid hormones in our 
patient in response to TSH stimulation.

The father of the patient carried a THRB variant in 
a somatic mosaic state. To date, only two patients with 
somatic mosaic THRB variants have been described 
(31, 32). One patient, diagnosed with RTH through a 
family study (p.Arg338Trp), remained asymptomatic 
despite having high FT4 levels without suppression 
of TSH levels. The mosaicism ratio of the variant in 
peripheral blood was 8.6% (32). Another patient, with 
the p.Ala317Thr variant, exhibited signs of RTH such as 
goiter, tachycardia, and diarrhea, with 12% mosaicism in 
peripheral blood (31). The father of our patient exhibited 
23% mosaicism for p.Gly345Cys in peripheral blood 
and was diagnosed with symptomatic RTH based on 
mild tachycardia. However, the presence or absence of 
symptoms cannot be solely explained by the mosaicism 
rate in peripheral blood. Further research is necessary to 
gain a better understanding of the clinical characteristics 
of patients with THRB mosaicism.

In conclusion, we present a case of RTH 
accompanied by a DUOX2 defect. Our findings highlight 
the significance of conducting comprehensive genetic 

Table 1. Summary of findings in patients diagnosed with RTH within the context of NBS

Patient NBS  
method

Blood-spot 
TSH 

(μIU/mL)

Blood-spot 
FT4 

(ng/dL)

Serum  
TSH  

(μIU/mL)

Serum  
FT4  

(ng/dL)

Serum  
FT3  

(pg/mL)

Serum 
tT3  

(ng/mL)
Genotype Treatment Reference

1 TSH + FT4 1.4 4.45 3.21 3.68 8.03 NA p.Thr277Ile NA (6)
2 TSH + FT4 1.7 5.72 11.34 4.77 13.95 NA p.Thr448Hisfs*17 

(described as 
c.1627_1628insC 

in ref 6)

NA (6)

3 TSH + FT4 NA NA 1.99 3.1 NA 3.0 p.His435Arg NA (7)
4 TSH + FT4 NA NA 6.60 2.6 NA 3.4 p.His436Arg NA (7)
5 TSH + FT4 NA NA 2.39 2.8 NA 3.2 p.His437Arg NA (7)
6 TSH + FT4 NA NA 4.64 2.8 NA NA p.His438Arg NA (7)
7 TSH 13.1 NA 4.30 3.7 6.70 NA p.Pro453Thr NA (19)
8 TSH 198 NA 34.0 > 8.0 > 25.0 NA p.Glu449Aspfs*11 liothyronine 

therapy
(20)

9 TSH + FT4 23.4 5.40 35.73 5.84 18.80 2.22 p.Gly345Cys No Present 
case

RTH, resistance to thyroid hormone; NBS, newborn screening; NA, not available; FT4, free T4; FT3, free T3; tT3, total T3.
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analysis in patients with RTH, particularly those 
presenting with atypical clinical features.

Conflict of interests: The authors have no 
conflicts of interest to declare.

Acknowledgments

We thank Dr. Akira Takeshita (Toranomon 
Hospital) for providing clinical information.

This work was supported by JSPS KAKENHI grant 
Number 22K16420.

References

	 1.	 Refetoff	S,	DeWind	LT,	DeGroot	LJ.	Familial	syndrome	combining	deaf-mutism,	stuppled	epiphyses,	goiter	and	abnormally	
high	PBI:	possible	target	organ	refractoriness	to	thyroid	hormone.	J	Clin	Endocrinol	Metab	1967;27:	279–94.	[Medline]  
[CrossRef]

	 2.	 Gershengorn	MC,	Weintraub	BD.	Thyrotropin-induced	hyperthyroidism	caused	by	selective	pituitary	resistance	to	thyroid	
hormone.	A	new	syndrome	of	“inappropriate	secretion	of	TSH”.	J	Clin	Invest	1975;56:	633–42.	[Medline]  [CrossRef]

	 3.	 Sun	H,	Cao	L,	Zheng	R,	Xie	S,	Liu	C.	Update	on	resistance	to	thyroid	hormone	syndromeβ.	Ital	J	Pediatr	2020;46:	168.	
[Medline]  [CrossRef]

	 4.	 Weiss	RE,	Chyna	B,	Duell	PB,	Hayashi	Y,	Sunthornthepvarakul	T,	Refetoff	S.	A	new	point	mutation	(C446R)	in	the	thyroid	
hormone	receptor-beta	gene	of	a	family	with	resistance	to	thyroid	hormone.	J	Clin	Endocrinol	Metab	1994;78:	1253–6.	
[Medline]

	 5.	 Dumitrescu	AM,	Refetoff	S.	Impaired	sensitivity	to	thyroid	hormone:	defects	of	transport,	metabolism	and	action.	In:	
Kopp	P,	editor.	Thyroid	Disease	Manager.	Endotext;	2000.	Updated	April	23,	2023.	https://www.endotext.org/.

	 6.	 Tajima	T,	Jo	W,	Fujikura	K,	Fukushi	M,	Fujieda	K.	Elevated	free	thyroxine	levels	detected	by	a	neonatal	screening	system.	
Pediatr	Res	2009;66:	312–6.	[Medline]  [CrossRef]

	 7.	 Vela	A,	Pérez-Nanclares	G,	Ríos	I,	Rica	I,	Portillo	N,	Castaño	L,	Spanish	Group	for	the	Study	of	RTH.	Thyroid	hormone	
resistance	from	newborns	to	adults:	a	Spanish	experience.	J	Endocrinol	Invest	2019;42:	941–9.	[Medline]  [CrossRef]

	 8.	 Lafranchi	SH,	Snyder	DB,	Sesser	DE,	Skeels	MR,	Singh	N,	Brent	GA,	et al.	Follow-up	of	newborns	with	elevated	screening	
T4	concentrations.	J	Pediatr	2003;143:	296–301.	[Medline]  [CrossRef]

	 9.	 Brent	GA.	Mechanisms	of	thyroid	hormone	action.	J	Clin	Invest	2012;122:	3035–43.	[Medline]  [CrossRef]
	10.	 Refetoff	S,	Dumitrescu	AM.	Syndromes	of	reduced	sensitivity	to	thyroid	hormone:	genetic	defects	in	hormone	receptors,	

cell	transporters	and	deiodination.	Best	Pract	Res	Clin	Endocrinol	Metab	2007;21:	277–305.	[Medline]  [CrossRef]
	11.	 Fleming	S,	Thompson	M,	Stevens	R,	Heneghan	C,	Plüddemann	A,	Maconochie	I,	et al.	Normal	ranges	of	heart	rate	and	

respiratory	rate	in	children	from	birth	to	18	years	of	age:	a	systematic	review	of	observational	studies.	Lancet	2011;377:	
1011–8.	[Medline]  [CrossRef]

	12.	 Ejiri	H,	Asano	M,	Nakahata	N,	Suzuki	S,	Sato	A,	Nagamine	N,	et al.	Ultrasonography-based	reference	values	for	the	
cross-sectional	area	of	the	thyroid	gland	in	children	and	adolescents:	The	Fukushima	health	management	survey.	Clin	
Pediatr	Endocrinol	2023;32:	52–7.	[Medline]  [CrossRef]

	13.	 Iwano	R,	Toki	M,	Hanakawa	J,	Asakura	Y,	Adachi	M,	Tanaka	Y,	et al.	Quantification	of	serum	thyroid	hormones	using	
tandem	mass	spectrometry	in	patients	with	Down	syndrome.	Biomed	Chromatogr	2022;36:	e5249.	[Medline]  [CrossRef]

	14.	 Ostchega	Y,	Porter	KS,	Hughes	J,	Dillon	CF,	Nwankwo	T.	Resting	pulse	rate	reference	data	for	children,	adolescents,	and	
adults:	United	States,	1999-2008.	Natl	Health	Stat	Rep	2011;24:	1–16.	[Medline]

	15.	 Fujisawa	H,	Gagné	J,	Dumitrescu	AM,	Refetoff	S.	Very	severe	resistance	to	thyroid	hormone	β	in	one	of	three	affected	
members	of	a	family	with	a	novel	mutation	in	the	THRB	gene.	Thyroid	2019;29:	1518–20.	[Medline]  [CrossRef]

	16.	 Jin	HY,	Heo	SH,	Kim	YM,	Kim	GH,	Choi	JH,	Lee	BH,	et al.	High	frequency	of	DUOX2	mutations	in	transient	or	permanent	
congenital	hypothyroidism	with	eutopic	thyroid	glands.	Horm	Res	Paediatr	2014;82:	252–60.	[Medline]  [CrossRef]

	17.	 Maruo	Y,	Takahashi	H,	Soeda	I,	Nishikura	N,	Matsui	K,	Ota	Y,	et al.	Transient	congenital	hypothyroidism	caused	by	biallelic	
mutations	of	the	dual	oxidase	2	gene	in	Japanese	patients	detected	by	a	neonatal	screening	program.	J	Clin	Endocrinol	
Metab	2008;93:	4261–7.	[Medline]  [CrossRef]

	18.	 Robinson	JT,	Thorvaldsdóttir	H,	Winckler	W,	Guttman	M,	Lander	ES,	Getz	G,	et al.	Integrative	genomics	viewer.	Nat	
Biotechnol	2011;29:	24–6.	[Medline]  [CrossRef]

	19.	 Maciel	LM,	Magalhães	PK.	Thyroid	hormone	resistance	detected	by	routine	neonatal	screening.	Arq	Bras	Endocrinol	
Metabol	2010;54:	723–7.	[Medline]  [CrossRef]

	20.	 Maruo	Y,	Mori	A,	Morioka	Y,	Sawai	C,	Mimura	Y,	Matui	K,	et al.	Successful	every-other-day	liothyronine	therapy	for	
severe	resistance	to	thyroid	hormone	beta	with	a	novel	THRB	mutation;	case	report.	BMC	Endocr	Disord	2016;16:	1.	
[Medline]  [CrossRef]

	21.	 Tagami	T.	An	overview	of	thyroid	function	tests	in	subjects	with	resistance	to	thyroid	hormone	and	related	disorders.	
Endocr	J	2021;68:	509–17.	[Medline]  [CrossRef]

	22.	 Pappa	T,	Refetoff	S.	Resistance	to	Thyroid	Hormone	Beta:	A	Focused	Review.	Front	Endocrinol	(Lausanne)	2021;12:	
656551.	[Medline]  [CrossRef]

	23.	 Grasberger	H,	Ringkananont	U,	Croxson	M,	Refetoff	S.	Resistance	to	thyroid	hormone	in	a	patient	with	thyroid	dysgenesis.	
Thyroid	2005;15:	730–3.	[Medline]  [CrossRef]

	24.	 Nakajima	Y,	Yamada	M,	Horiguchi	K,	Satoh	T,	Hashimoto	K,	Tokuhiro	E,	et al.	Resistance	to	thyroid	hormone	due	to	

Clin Pediatr Endocrinol

http://www.ncbi.nlm.nih.gov/pubmed/4163616?dopt=Abstract
http://dx.doi.org/10.1210/jcem-27-2-279
http://www.ncbi.nlm.nih.gov/pubmed/1159077?dopt=Abstract
http://dx.doi.org/10.1172/JCI108133
http://www.ncbi.nlm.nih.gov/pubmed/33176840?dopt=Abstract
http://dx.doi.org/10.1186/s13052-020-00929-x
http://www.ncbi.nlm.nih.gov/pubmed/8175986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19542904?dopt=Abstract
http://dx.doi.org/10.1203/PDR.0b013e3181b1bcbd
http://www.ncbi.nlm.nih.gov/pubmed/30707410?dopt=Abstract
http://dx.doi.org/10.1007/s40618-019-1007-4
http://www.ncbi.nlm.nih.gov/pubmed/14517508?dopt=Abstract
http://dx.doi.org/10.1067/S0022-3476(03)00184-7
http://www.ncbi.nlm.nih.gov/pubmed/22945636?dopt=Abstract
http://dx.doi.org/10.1172/JCI60047
http://www.ncbi.nlm.nih.gov/pubmed/17574009?dopt=Abstract
http://dx.doi.org/10.1016/j.beem.2007.03.005
http://www.ncbi.nlm.nih.gov/pubmed/21411136?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(10)62226-X
http://www.ncbi.nlm.nih.gov/pubmed/36761492?dopt=Abstract
http://dx.doi.org/10.1297/cpe.2022-0057
http://www.ncbi.nlm.nih.gov/pubmed/34569083?dopt=Abstract
http://dx.doi.org/10.1002/bmc.5249
http://www.ncbi.nlm.nih.gov/pubmed/21905522?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/31432759?dopt=Abstract
http://dx.doi.org/10.1089/thy.2019.0095
http://www.ncbi.nlm.nih.gov/pubmed/25248169?dopt=Abstract
http://dx.doi.org/10.1159/000362235
http://www.ncbi.nlm.nih.gov/pubmed/18765513?dopt=Abstract
http://dx.doi.org/10.1210/jc.2008-0856
http://www.ncbi.nlm.nih.gov/pubmed/21221095?dopt=Abstract
http://dx.doi.org/10.1038/nbt.1754
http://www.ncbi.nlm.nih.gov/pubmed/21340159?dopt=Abstract
http://dx.doi.org/10.1590/S0004-27302010000800010
http://www.ncbi.nlm.nih.gov/pubmed/26754848?dopt=Abstract
http://dx.doi.org/10.1186/s12902-015-0081-7
http://www.ncbi.nlm.nih.gov/pubmed/33827995?dopt=Abstract
http://dx.doi.org/10.1507/endocrj.EJ21-0059
http://www.ncbi.nlm.nih.gov/pubmed/33868182?dopt=Abstract
http://dx.doi.org/10.3389/fendo.2021.656551
http://www.ncbi.nlm.nih.gov/pubmed/16053391?dopt=Abstract
http://dx.doi.org/10.1089/thy.2005.15.730


Hatano et al.

100

doi: 10.1297/cpe.33.2023-0059

a	novel	thyroid	hormone	receptor	mutant	in	a	patient	with	hypothyroidism	secondary	to	lingual	thyroid	and	functional	
characterization	of	the	mutant	receptor.	Thyroid	2010;20:	917–26.	[Medline]  [CrossRef]

	25.	 Heather	N,	Hall	K,	Neas	K,	Potter	H,	Wiltshire	E.	Growth	and	development	in	a	child	with	resistance	to	thyroid	hormone	
and	ectopic	thyroid	gland.	Pediatrics	2012;129:	e817–20.	[Medline]  [CrossRef]

	26.	 Guo	ML,	Zheng	X,	Yang	LX,	Qiu	YL,	Cheng	L,	Ma	SG.	Coexistence	of	resistance	to	thyroid	hormone	and	ectopic	thyroid:	
ten-year	follow-up.	Arch	Endocrinol	Metab	2016;60:	601–4.	[Medline]  [CrossRef]

	27.	 Salas-Lucia	F,	França	MM,	Amrhein	JA,	Weir	JE,	Dumitrescu	AM,	Refetoff	S.	Severe	resistance	to	thyroid	hormone	beta	
in	a	patient	with	athyreosis.	Thyroid	2022;32:	336–9.	[Medline]  [CrossRef]

	28.	 Lauffer	P,	Bikker	H,	Garrelfs	MR,	Hillebrand	JJG,	de	Sonnaville	MCS,	Zwaveling-Soonawala	N,	et al.	Defective	
levothyroxine	response	in	a	patient	with	dyshormonogenic	congenital	hypothyroidism	caused	by	a	concurrent	pathogenic	
variant	in	thyroid	hormone	receptor-β.	Thyroid	2021;31:	1757–62.	[Medline]  [CrossRef]

	29.	 Narumi	S,	Muroya	K,	Asakura	Y,	Aachi	M,	Hasegawa	T.	Molecular	basis	of	thyroid	dyshormonogenesis:	genetic	screening	
in	population-based	Japanese	patients.	J	Clin	Endocrinol	Metab	2011;96:	E1838–42.	[Medline]  [CrossRef]

	30.	 Yoshizawa-Ogasawara	A,	Abe	K,	Ogikubo	S,	Narumi	S,	Hasegawa	T,	Satoh	M.	Transient	congenital	hypothyroidism	
caused	by	compound	heterozygous	mutations	affecting	the	NADPH-oxidase	domain	of	DUOX2.	J	Pediatr	Endocrinol	
Metab	2016;29:	363–71.	[Medline]  [CrossRef]

	31.	 Donnars	A,	Leplat	A,	Grosheny	C,	Briet	C,	Illouz	F,	Bouzamondo	N,	et al.	Clinically	symptomatic	resistance	to	thyroid	
hormone	β	syndrome	because	of	THRB	gene	mosaicism.	J	Clin	Endocrinol	Metab	2022;107:	e3548–52.	[Medline]  
[CrossRef]

	32.	 Mamanasiri	S,	Yesil	S,	Dumitrescu	AM,	Liao	XH,	Demir	T,	Weiss	RE,	et al.	Mosaicism	of	a	thyroid	hormone	receptor-β	
gene	mutation	in	resistance	to	thyroid	hormone.	J	Clin	Endocrinol	Metab	2006;91:	3471–7.	[Medline]  [CrossRef]

	33.	 2020,	Cat.	No.	04640292001.
	34.	 Isojima	T,	Kato	N,	Ito	Y,	Kanzaki	S,	Murata	M.	Growth	standard	charts	for	Japanese	children	with	mean	and	standard	

deviation	(SD)	values	based	on	the	year	2000	national	survey.	Clin	Pediatr	Endocrinol	2016;25:	71–6.	[Medline]  [CrossRef]

Clin Pediatr EndocrinolClin Pediatr Endocrinol

http://www.ncbi.nlm.nih.gov/pubmed/20615127?dopt=Abstract
http://dx.doi.org/10.1089/thy.2009.0389
http://www.ncbi.nlm.nih.gov/pubmed/22311990?dopt=Abstract
http://dx.doi.org/10.1542/peds.2011-0634
http://www.ncbi.nlm.nih.gov/pubmed/27737329?dopt=Abstract
http://dx.doi.org/10.1590/2359-3997000000214
http://www.ncbi.nlm.nih.gov/pubmed/34969265?dopt=Abstract
http://dx.doi.org/10.1089/thy.2021.0523
http://www.ncbi.nlm.nih.gov/pubmed/34382419?dopt=Abstract
http://dx.doi.org/10.1089/thy.2021.0204
http://www.ncbi.nlm.nih.gov/pubmed/21900383?dopt=Abstract
http://dx.doi.org/10.1210/jc.2011-1573
http://www.ncbi.nlm.nih.gov/pubmed/26565538?dopt=Abstract
http://dx.doi.org/10.1515/jpem-2014-0479
http://www.ncbi.nlm.nih.gov/pubmed/35689814?dopt=Abstract
http://dx.doi.org/10.1210/clinem/dgac347
http://www.ncbi.nlm.nih.gov/pubmed/16804041?dopt=Abstract
http://dx.doi.org/10.1210/jc.2006-0727
http://www.ncbi.nlm.nih.gov/pubmed/27212799?dopt=Abstract
http://dx.doi.org/10.1297/cpe.25.71

