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ABSTRACT

Activating disease-causing variants in the thyrotro-
pin-receptor (TSHR) gene are associated with familial or 
sporadic congenital non-autoimmune hyperthyroidism. 
Familial non-autoimmune hyperthyroidism (FNAH) is a 
rare form of hyperthyroidism with 41 families reported so 
far in the TSHR gene mutation database. We present clini-
cal and genetic features of 11 patients with FNAH across 
four generations of a Slovenian family. They all devel-
oped clinical features of hyperthyroidism but did not show 
characteristics of autoimmune hyperthyroidism. Members 
of the initially diagnosed generation were diagnosed as 
hyperthyrotic after they developed cardiac complications 
(rhythm disorders, thromboembolic events, cardiac insuf-
ficiency), while patients in the younger generations were 
diagnosed earlier, and consequently, early cardiovascular 
complications were less frequent. All patients had a novel 
heterozygous TSHR variant NP_ 000360.2: p.Met453Val 
(NM_000369.2: c.1357A>G) predicted to be pathogenic. 
Therefore, besides expending the mutational spectrum of 
the activating TSHR variants in FNAH, our experience 
with this multi-generation family confirms the need for 
early diagnosis and appropriate treatment of FNAH.

Keywords: Activating variant; Familial non-auto-
immune hyperthyroidism (FNAH); thyrotropin receptor; 
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INTRODUCTION

Thyrotropin receptor (TSHR) is a G-protein coupled 
receptor that activates pathways enabling synthesis of the 
thyroid hormones, and proliferation of the thyrocytes [1]. 
Activating disease-causing variants in the thyrotropin-
receptor (TSHR) gene are associated with non-autoimmune 
hyperthyroidism. In familial non-autoimmune hyperthy-
roidism (FNAH) activating variants are inherited in an au-
tosomal dominant manner [2], while in sporadic congenital 
non-autoimmune hyperthyroidism (CNAH) they appear 
de novo [3]. Familial non-autoimmune hyperthyroidism 
is a rare disorder with 41 families reported so far in the 
TSHR gene mutation database [4]. The onset of the dis-
ease and clinical manifestations vary even between family 
members with the same disease-causing variant and might 
be influenced by the iodine intake and additional genetic 
factors [5]. Familial non-autoimmune hyperthyroidism is 
characterized by the positive family history of the non-
autoimmune hyperthyroidism with autosomal dominant 
inheritance and can have variable onset and symptoms. 
Patients develop goiter, while clinical and laboratory signs 
of autoimmunity are not present [6]. Typically, patients 
with FNAH experience recurrence after withdrawal of 
the anti-thyroid treatment, non-ablative radioactive iodine 
(I-131) treatment, or partial thyroidectomy [7]. In addition 
to FNAH and CNAH, activating TSHR variants are associ-
ated with hot thyroid nodules as reviewed in recent report 
by Führer [8]. We present the clinical and genetic features 
of patients with FNAH across four generations of a Slove-
nian family due to a novel TSHR disease-causing variant.

CASE REPORT

The presented multi-generation family consists of 
relatives born between 1896 (subject I-1) and 2017 (sub-
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ject V-3) as illustrated in the family pedigree in Figure 1. 
Among the descendants, seven males and four females 
across four generations developed clinical features of hy-
perthyroidism but did not show characteristics of auto-
immune hyperthyroidism [ophthalmopathy, dermopathy, 
TSH receptor antibodies (TSHAb), thyroglobulin (TG) 
antibodies; thyroid peroxidase (TPO) antibodies, hypo-
echoic pattern at an ultrasound, lymphocytic infiltration 
on histology]. All affected members shared some physical 
characteristics, they were tall, slim, had long thin fingers, 
aquiline nose, and staring eyes. Their clinical character-
istics are summarized in Table 1.

Patients who were initially diagnosed in this fam-
ily belonged to the second generation, while their father 
(subject I-1) was not clinically diagnosed but had similar 
physical characteristics. Patients II-1, II-4, II-5 and II-9 in 
the second generation were born between 1923 and 1940 
and were diagnosed as hyperthyrotic after they had devel-
oped cardiac complications (rhythm disorders, thrombo-
embolic events, cardiac insufficiency) when they were 40 
to 60 years old (Table 1). Conservative treatment, namely 
antithyroid drugs and subtotal thyroidectomy, resulted in 
frequent relapses. They became long-term euthyrotic after 
they received I-131 administration, or total thyroidectomy 
and permanent substitutions of thyroid hormone. In this 
generation, clinical data were not available for subjects 
II-3, II-6, II-7, II-8, while brother II-2 was not affected. 
In the next generation born between 1951 and 1973, hy-
perthyroidism was diagnosed in four out of nine descend-
ants (subjects III-2, III-5, III-6 and III-9). The diagnosis 
was made earlier between ages 17 and 40, mostly due to 

the awareness of the familial history. They were treated 
accordingly, and in contrast to the initially diagnosed gen-
eration, only subject III-5 developed cardiac complica-
tions after the diagnosis of hyperthyroidism. Clinical data 
was not available for subject III-4. In the fourth genera-
tion, born between 1980 and 2004, hyperthyroidism was 
confirmed in childhood before they were 10 years old. 
Pediatric treatment was conventional but no permanent 
remission was attained until I-131 administration. Children 
in the fifth generation were born between 2010 and 2017. 
So far, they are healthy.

Originally, genetic testing was carried out for sub-
jects IV-2 and IV-3. We performed Sanger sequencing 
of the whole coding region and intron-exon junctions of 
the TSHR gene using the in-house designed primers (se-
quences available upon request), BigDye® Terminator 
v3.1 kit and ABI PRISM® 3500 Genetic Analyzer (Ap-
plied Biosystems, Waltham, MA, USA). Both initially 
analyzed subjects carried a heterozygous TSHR variant 
changing methionine to valine at amino acid position 453 
(NP_000360.2: p.Met453Val, NM_000369.2: c.1357A>G) 
(Figure 2). The variant has not been reported in the TSHR 
mutation database [4], professional version of the Human 
Gene Mutation Database (HGMD) [9] database, ClinVar 
[10] or in general population in the Genome Aggregation 
Database (GnomAD) [11]. In silico models Sorting Intoler-
ant from Tolerant SIFT [12], Polymorphism Phenotyping 
v2 (PolyPhen-2) [13], MutationTaster [14], and Com-
bined Annotation Dependent Depletion (CADD) (score 
25.2) [15], predicted it to be pathogenic. The variant was 
classified as likely pathogenic according to the American 

Table 1. Summary of the clinical characteristics of the family members with hyperthyroidism. Additionally, all patients were tall and 
slim, they had long, thin fingers, aquiline nose, staring eyes and no exophthalmos.

Patient Born Died Age at Onset Antibodies (IU/mL) Treatment

Hyp CVC AntiTG AntiTPO Antithyroid Drugs Thyroidectomy 131-Iodine

I-1 1896 1963 NK NK NK NK NK
II-1 1923 2008 42 60 55       37   3 years [+]
II-4 1930 2004 45 46 48       54   9 years [+]
II-5 1932 1998 51 50 negative negative   7 years [+]
II-9 1940 1991 40 40 NK NK   2 years [+]
III-2 1952 40 – negative negative   6 years [+]
III-5 1954 2007 24 26 negative negative   3 years [+]
III-6 1958 23 – negative negative   4 years [+] [+]
III-9 1973 17 – negative negative   1 year [+]
IV-2 1984 10 – 80 >1000 14 years
IV-3 1988   6 – negative negative 14 years [+]

Hyp: hyperthyroidism; CVC: cardiovascular complications; antiTG: thyroglobulin antibodies;  
antiTPO: thyroid peroxidase antibodies; NK: not known/analyzed.
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College of Medical Genetics and Genomics and the As-
sociation for Molecular Pathology (ACMG/AMP) 2015 
guidelines [16] with the following grades: PM1 (located 
in mutational hot-spot), PM2 (absent from general popu-
lation), PM5 (novel missense change at an amino acid 
residue where a different missense change determined to 

be pathogenic has been seen), PP1 (co-segregation with 
the disease in multiple affected family members in a gene 
definitely known to cause the disease), PP3 (multiple 
lines of computational evidence supporting the deleteri-
ous effect), PP4 (patients phenotype and family history are 
highly specific for a disease with a single genetic etiology). 
Therefore, the novel p.Met453Val variant was predicted to 
be causative for the FNAH, and this prediction was later 
confirmed by segregation analysis of the variant in other 
affected family members. Family members were examined 
only for the presence of the family TSHR variant, and 
the analyses confirmed the presence of this variant in all 
tested family members who were affected. The analysis 
was not performed in all family members [marked as NA 
(not analyzed) in Figure 1].

DISCUSSION

We present the first multi-generation Slovenian fam-
ily with FNAH due to a novel TSHR disease-causing 
variant. All affected subjects presented with low severity 
of hyperthyroid symptoms. Nevertheless, members of 
the second generation who were the initial patients in 
the family clinically diagnosed with non-autoimmune 
hyperthyroidism, had cardiac complications. For this 
generation, it is not clear exactly when hyperthyroidism 
started as they did not complain of specific hyperthyroid 
symptoms. Moreover, they all presented with a specific 
appearance, namely scrawny build, aquiline nose, staring 

Figure 1. A family pedigree with clinical manifestations and observed TSHR gene disease-causing variant. The initially tested index patients 
are indicated by arrows. Variant in heterozygous state is marked as p.[Met453Val];[=], normal state is marked as p.[=];[=].

Figure 2. Electropherogram of the sequence from exon 10 of 
the TSHR gene with novel variant NP_000360.2: p.Met453Val 
(NM_000369.2: c.1357A>G) in the hetero-zygous state (a) and 
normal sequence (b).

a)

b)
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eyes, and long, thin fingers. In later generations when 
hyperthyroidism was detected in childhood, family mem-
bers typically had advanced stature compared to their 
chronological age. Subjects III-6 and III-9 underwent an 
early thyroidectomy at ages 25 and 18 years, respectively. 
Subject III-6 had thyroidectomy due to tracheal com-
pression of the large goiter 3 years after ceasing to take 
methimazol. Subject III-9 had a thyroidectomy following 
the relapse of thyrotoxicosis 6 months after cessation of 
methimazol therapy.

As is typical for FNAH [5], the hyperthyroidism in 
affected family members could not be persistently con-
trolled with antithyroid drugs and required a thyroidectemy 
and/or application of I-131. The exception was patient 
IV-2 with the TSHR family variant. When diagnosed, a 
small goiter without overt clinical signs of hyperthyroid-
ism was observed. Elevated thyroid hormone levels and 
suppressed TSH were detected, while TSHR antibodies 
were determined several times, but were never detected. 
The treatment with antithyroid drugs was started several 
years later and he is currently euthyrotic. During follow-
up, elevated TPO and TG antibody levels were detected. 
Nevertheless, the presence of the TPO or TG antibodies 
is common in the general population and was previously 
also reported in a limited number of FNAH patients [17]. 
In addition, the patient’s mother is receiving therapy for 
autoimmune hypothyroidism (Figure 1).

The novel TSHR variant p.Met453Val detected in 
affected family members was predicted to be pathogenic, 
predominantly because it was not present in the general 
population. In silico tools predicted it to be pathogenic and 
it was located in the mutational hot-spot of the gene in the 
exon 10. Amino acid position 453 in the TSHR protein is 
highly conserved across species. Two different changes at 
the same amino acid position have so far been reported, 
namely, amino acid change of methionine to threonine 
(p.Met453Thr; c.1358T>C) [18,19] and amino and acid 
change of methionine to arginine (p.Met453Arg; c.1358 
T>G) [20]. Variant p.Met453Thr was reported in two Cau-
casian patients with CNAH that started in early childhood, 
one with severe neonatal hyperthyroidism [18] and the 
other with thyrotoxicosis [19]. Additionally, it was reported 
in a Thai family with three affected patients with differ-
ent ages of onset [21]. Mutant TSHR carrying p.Met453 
Thr had a 5-times activity increase in constitutive activity 
compared to the wild-type that was measured with basal 
cAMP activity and TSHR cell surface expression [22]. 
Additionally, the mutant TSHR carrying p.Met453Thr had 
enhanced constitutive internalization, but no recycling was 
observed [23]. Variant p.Met453Arg was reported in the 
Japanese family with non-autoimmune hyperthyroidism 
that was not severe and onset varying between childhood 

to adulthood [20]. The mutant TSHR carrying the p.Met 
453Arg variant caused constitutive activation of the recep-
tor [20]. These two disease-causing variants resulted in the 
change of the same amino acid as reported here and were 
functionally evaluated. Therefore, we can reliably claim 
the reported novel variant p.Met453Val to also be causative 
for non-autoimmune hypethyroidism.

Excess of thyroid hormones affects hemodynamic 
changes, and consequently, predisposes patients to heart 
failure as reviewed by Osuna et al. [24]. Furthermore, the 
mortality risk of patients with heart failure is significantly 
higher in patients with abnormal thyroid function [25]. 
Therefore, it is of utmost importance to diagnose and ap-
propriately treat hyperthyroidism to prevent late cardiovas-
cular complications in adults. This is significantly easier 
in inherited forms of hyperthyroidism in families where 
the familial disease-causing variant was identified. This 
was the case in the younger generations of the reported 
family where early cardiovascular complications were 
less frequent. Therefore, besides expanding the mutational 
spectrum of the activating TSHR variants in FNAH, our 
experience with this multi-generation family confirms 
the need for early diagnosis and appropriate treatment 
of FNAH.
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