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Abstract
A clinical investigation was conducted on a family of 10 members with thyroid hormone resistance 
syndrome, including the proband, and gene sequencing analysis was performed. The proband in this 
family has symptoms of hyperthyroidism such as heart palpitations, fear of heat, and hyperhidrosis. 
Genetic testing revealed a missense mutation in the 1012th base of exon 9 of the patient's THRβ 
gene from cytosine to thymine T, which resulted in a change in amino acid 338 from arginine to 
tryptophan (R338W). The patient's mother also had the same mutation, but other relatives of the 
patient did not find this mutation. This mutation is heterozygous and may lead to the synthesis of 
thyroid hormone resistance.
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Introduction
Thyroid hormone Resistance syndrome (RTH) is a disease characterized by decreased 

responsiveness of target tissues (pituitary gland and/or surrounding tissues) to thyroid hormones 
[1,2]. This may be caused by mutations in the Thyroid Hormone Receptor (THR) gene. It is a 
rare autosomal dominant or recessive disease that occurs in families or sporadic cases, which an 
incidence is about 1:40000-50000 [3,4]. To date, over 100 mutations, more than 3,000 cases have 
been published [5-7]. The clinical characteristics of RTH are diverse and manifest in many ways, 
including hyperthyroidism, hypothyroidism, and non-toxic goiter. However, it is a common clinical 
feature that blood thyroid hormone levels are not suppressed [8].

According to the different subtypes of mutant receptors, RTH could be divided into thyroid 
hormone receptor α gene mutation-induced RTH (RTHα) and thyroid hormone receptor β gene 
mutation-induced RTH (RTHβ). In total, 85% of RTH cases are caused by mutations in the THRβ 
gene. Gene sequencing is the gold standard for diagnosing RTH. More than 300 families and 1,000 
case reports have been reported since the Refetoff group first reported RTH in 1967 [9]. This study 
conducted genetic mutation detection on a case of thyroid hormone resistance syndrome and its 
family, combined with clinical data, aimed at understanding the pathogenesis of the disease at the 
molecular level, and providing a practical basis for clinical diagnosis and effective treatment at the 
genetic level. Although there have been reports of R338W mutations in other cities of China, it is 
the first time in Guizhou.

Clinical Data
Proband

A 26-years-old male came for diagnosis of palpitations, irritability, hunger, hyperphagia, fear 
of heat, hyperhidrosis, accompanied by insomnia, fatigue, headache, and weight loss of about 3 
kg without obvious inducement for 1 year. The proband visited the hospital to check and previous 
thyroid function showed that Serum Free Triiodothyronine (FT3) 12.7 pmol/L (reference values: 
0.66-1.92), Serum Free Thyroxine (FT4) 58.1 pmol/L (reference values: 0.66-1.92), and Thyroid 
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Stimulating Hormone (TSH) values were normal. In his history, the 
proband was born full-term, he has normal growth and development 
in his childhood, but he has poor academic performance. In addition, 
he has normal development of secondary sexual characteristics and no 
hearing impairment. His family history showed his mother's thyroid 
function test revealed FT3 7.99 pmol/L, FT4 34.22 pmol/L, TSH 2.9 
nmol/L; and his aunt suffers from "hyperthyroidism", currently taking 
"Methimazole 5 mg once a day" for treatment. Physical examination 
includes height 168 cm; weight 55 kg; BMI 19.5 kg/m2; waist 68 
cm; blood pressure 110/70 mmHg; normal development, medium 
nutrition, damp skin, negative eye symptoms; thyroid enlargement 
(degree II), soft and no nodules, no tenderness, tremor or vascular 
murmur; heart rate 106 beats/min, no arrhythmias; no hands shaking; 
no edema in lower extremities. The thyroid function was checked 
twice during the period, and the results were FT3 14.94 pmol/L to 
13.24 pmol/L (reference 3.1-6.8), FT4 70.2 pmol/L to 53.46 pmol/L 
(reference 12.0-22.0), TSH 4.2 mU/L to 3.44 mU/L (reference 0.27-4.2). 
Other laboratory findings include: Thyroglobulin Antibody (TGAb) 
<10 (reference 0-115), Thyroid Peroxidase Antibody (TPOAb) 12.17 
U/ml (reference 0-34), Thyrotropin Receptor Antibody (TRAb) <0.3 
U/ml (reference 0-1.75). Sex hormone-binding globulin 16.5 nmol/L 
(reference 13-71). The results of Follicle-Stimulating Hormone (FSH), 
Luteinizing Hormone (LH), estradiol, testosterone, progesterone, 
prolactin (PRL), Growth Hormone (GH), Insulin Growth Factor-1 
(IGF-1), cortisol (8:00), ACTH (8:00) complete blood count, routine 
urinalysis, blood glucose, and renal function were all within normal 
ranges. Thyroid ultrasound showed multiple cystic nodules in the 
bilateral lobes of the thyroid, which was classified into 2 categories 
by TI-RADS. MRI scanning of the pituitary gland displayed no 
abnormalities in the sellar area. To sum up, it is considered the 
diagnosis of thyroid hormone resistance syndrome (pituitary type).

Kindreds
Three generations of the pedigree are presented in Figure 1. The 

family had no history of consanguineous marriage. The proband 
(III:1) had two younger brothers (III:2, III:3) and a sister (III:4) with 
no history and symptoms of hyperthyroidism. The proband's mother 
(II:2) had thyroid disease, but the details are not clear. The thyroid 
function results of the outside hospital indicate that FT3 and FT4 are 
both increased, and TSH is normal at the same time. His aunt was 
diagnosed with "hyperthyroidism" in the outer hospital and has been 
treated with antithyroid drugs.

Methods
Extraction of genomic DNA from peripheral blood

Venous blood (5 mL) was drawn from the proband and his 
kindreds, centrifuged at 3000 rpm for 7 min, and separated white blood 
cells. Peripheral blood leukocyte DNA was extracted according to the 
standard phenol-chloroform method. The purity and concentration 
of each DNA sample were determined by a UV spectrophotometer.

Amplification and sequencing of THRβ gene
High-throughput sequencing and Sanger verification are used 

for detection. The primer synthesis, PCR reaction, and sequencing 
process were all completed by MyGenostic company (Beijing).

Results
We sequenced the THRβ gene for the proband and found a 

heterozygous C>T missense mutation at nucleotide position 1012 in 
Exon 9, which changed the trinucleotide codon and led to a transition 
from Arginine to Tryptophan at position 338 of the gene-coding 
product. We also sequenced Exon 9 for the other kindreds and found 
that the proband's mother shared the same mutation, whereas the rest 
of the family did not harbor it (Figure 2).

Discussion
Thyroid hormone resistance syndrome is a rare genetic disease, 

inherited in an autosomal dominant or recessive manner, with 
elevated levels of Free Triiodothyronine (FT3) and serum-Free 
Thyroxine (FT4), accompanied by stimulating Unsuppressed elevated 
or normal thyroxine (TSH) is the basic feature [10,11]. According to 
the distribution of tissues that are not sensitive to thyroid hormones, 
it can be divided into systemic hormone resistance, pituitary sex 
hormone resistance, and peripheral sex hormone resistance. About 
80% of the cases belong to pituitary hormone resistance.

THRα and β have the function of encoding thyroid hormone 
receptors, and their mutations could cause a decrease in the affinity 
of triiodothyronine and the receptor, which results in a decrease 
in transcriptional activity and a compensatory increase in thyroid 
hormones, which ultimately causing thyroid hormone resistance 
syndrome. At present, there have been many reports on the two 
forms of gene mutations, it seems that different mutation forms can 
lead to different clinical phenotypes [12,13]. 85% of RTH is caused 
by mutations in the gene encoding THRβ in clinical practice, which 

Figure 1: Family diagram of RTH patients.
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is considered to be the most important cause of RTH [14]. The THRβ 
gene includes 10 exons, of which the 7-10th exons encode amino acids 
178-461 which constitute the ligand-binding domain and part of the 
hinge region at the carboxyl end of THRβ that bind to ligands and 
co-modulators. The hotspot mutation regions rich in CG sequences 
are concentrated here [15]. Although most of the patients are 
heterozygous, but also case reports of homozygous mutations [16].

The proband in this family is a 26-year-old male with typical 
clinical manifestations of hyperthyroidism such as palpitations, 
irritability, hunger, polyphagia, heat tolerance, and sweating, 
without exophthalmos and anterior tibial mucoedema. Multiple 
thyroid functions showed that FT3 and FT4 are higher and TSH 
level is in the normal range, which could exclude hyperthyroidism 
caused by thyroid function. In addition, the pituitary gland scan of 
MRI showed no abnormality. The patient's mother also had similar 
thyroid hormone results. Meanwhile, his aunt had been diagnosed 
with hyperthyroidism that was treated with medication. To sum up, 
it is considered that the patient may have pituitary thyroid resistance 
syndrome. In addition, gene sequencing analysis revealed that 
both the proband and his mother had heterozygous missense point 
mutation R338W in exon 9 of the THRβ gene, while other members 

of the family had neither clinical symptom of hyperthyroidism nor 
mutations in the THRβ gene. It is further confirmed that the patient 
meets the diagnosis of thyroid hormone resistance syndrome.

R338W is one of the hotspot mutations reported in western 
countries so far. The following R338W, A317T, R438H, R243Q, and 
P453T are the five most reported mutation sites abroad, respectively 
[17,18]. The mutation sites reported so far in China are P453A, 
H435L, V458A, P453S, A317T, I1276L and so on [19-23].

At present, two cases of R338W mutant thyroid hormone 
resistance syndrome have been reported in China [24], one case is 
Generalized Resistance to Thyroid Hormone (GRTH) and another 
is Pituitary Resistance to Thyroid Hormone (PRTH). Both patients 
were female and both were diagnosed in adolescence. Although they 
all have goiters, the clinical manifestations are not the same. One 
patient mainly showed hyperactivity and learning disabilities, and 
the other mainly showed heart palpitations and weight loss. But the 
male patient we reported onset in adulthood, not only has a goiter, 
but also has palpitations, irritability, hunger, polyphagia, fear of heat, 
hyperhidrosis, insomnia, fatigue, headache, weight loss symptoms, 
and poor performance. After genetic testing revealed that all these 

Figure 2: Results of genetic testing (The arrow points to the mutation point).
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three cases had heterozygous missense point mutation R338W in 
exon 9 of the THRβ gene, which led to a transition from Arginine to 
Tryptophan at position 338 of the gene-coding product.

Qian Yanying et al. searched the literature published in China 
from 1989 to 2017, retrospectively analyzed the family characteristics 
of thyroid hormone resistance syndrome caused by mutation of 
thyroid hormone receptor β gene, and found that adults often seek 
medical treatment due to thyrotoxicosis-related symptoms or the 
discovery of thyroid enlargement, while children due to hyperactivity 
and learning disabilities, and some patients may be asymptomatic 
[23]. It is showed that the clinical manifestations of the disease are 
heterogeneous, and this feature is similar to that of our family. The 
proband of this family has second-degree thyroid intumescence, but 
his mother has no such clinical manifestations. Different members 
of the same family could have different clinical manifestations even 
if the mutation site is the same, which may be due to differences in 
receptor expression and function among different individuals [25]. In 
addition, it has also been reported that the same gene locus mutation 
could also lead to resistance of different phenotypes, which may be 
related to the distribution of receptors [22].

Currently, there is no radical treatment for RTH, and it needs 
to be judged based on symptoms. Most patients could increase 
endogenous thyroid hormones to compensate for the resistance 
of tissues and organs. Generally, treatment is not required because 
inappropriate drug intervention may break the balance. When there 
is obvious tachycardia, beta-blockers could be considered to combat 
the tachycardia caused by hyperthyroidism.

In summary, the current pathogenic mechanism of RTH is not 
yet clear, and the clinical manifestations are not specific. It is easy 
to be missed and misdiagnosed. THRβ gene detection plays an 
important role in the diagnosis which is used for suspected thyroid 
hormone resistance syndrome patients and their close relatives. 
Detection could confirm the diagnosis as soon as possible and reduce 
the occurrence of adverse outcomes.
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