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Abstract

Thyroid hormone resistance syndrome (THRS) is a rare disease characterized by reduced sen-
sitivity to thyroid hormones. Mutations in the thyroid hormone receptor beta (THRB) gene are
considered as contributing to the pathogenesis. This report describes a Chinese pedigree with
THRS and Hashimoto’s thyroiditis (HT) due to novel point mutation in the |Ith exon of the
THRB gene (c. 1378 G > A). The proband complained of goitre with increased thyroid hormone
and normal thyroid stimulating hormone levels. Gene sequencing was performed to confirm the
diagnosis. HT was also diagnosed based on positive thyroid autoantibodies and diffuse, grid-like
changes in the thyroid on ultrasound examination. Additionally, a comprehensive examination of
the proband’s pedigree was conducted. The patient’s father exhibited the same gene mutation site
and was diagnosed with THRS and HT. No mutation site was detected in three patients with HT
only and three healthy volunteers. Thus, gene sequencing should be considered the gold standard
for diagnosing THRS. Furthermore, treatment should be individualized to control the patient’s
symptoms rather than normalizing thyroid hormone levels. Further studies that determine the
relationship between THRS and TH are warranted.
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Introduction

Thyroid hormone resistance syndrome
(THRYS) is characterized by reduced sensi-
tivity of target organs or tissues to thyroid
hormones." The patient’s thyroid function
is typically characterized by increased
levels of circulating thyroid hormones,
while the serum concentration of thyroid
stimulating hormone (TSH) remains
normal or slightly elevated.*® Most patients
might simply exhibit elevated blood thyroid
hormone levels with no obvious clinical
manifestations.>* However, others poten-
tially exhibit symptoms of hyperthyroidism,
hypothyroidism or non-toxic goitre.* It is a
rare disease with an incidence of 1:40 000 to
1:50 000.° This disease has a genetic predis-
position, but a few cases are sporadic. The
main cause of this disease is thyroid
hormone receptor deficiency due to genetic
mutations, which can be autosomal domi-
nant or occasionally appear as recessive
inheritance.” Since resistance to thyroid
hormones was initially observed in 1967,°
more than 1000 cases originating from
over 370 families have been reported.’
Most cases (approximately 80-90%) are
caused by mutations in the thyroid hor-
mone receptor beta (THRB) gene on chro-
mosome 3,” while other cases are caused by
mutations in the thyroid receptor o gene
located on chromosome 12 or genes related
to the transport or metabolism of thyroid
hormones.* Research has demonstrated
that the mutation sites of the THRB gene
are predominantly located on exons 7-10.
This current case report presents a paediat-
ric female patient with THRS harbouring a
novel mutation site on exon 11 of the
THRB gene and concomitant Hashimoto’s
thyroiditis (HT). The current literature on
the relationship between THRB and auto-
immune thyroid disease has also been
reviewed.

Case report

Proband

On 25 August 2017, the proband (I1I:1), a
10-year-old Chinese girl, was admitted to
the Department of Endocrinology, Beijing
Luhe Hospital Affiliated to Capital Medical
University, Beijing, China, for goitre. Six
months prior, she visited the doctor because
her neck had thickened. Thyroid function
tests were performed and the results were
as follows: elevated total triiodothyronine
(TT3, 2.59ng/ml; normal range 0.61-
1.77 ng/ml); elevated total thyroxine (TT4,
20.00 ug/dl; normal range 5.13-14.06 ug/dl);
elevated free triiodothyronine (FT3,
6.55 pg/ml; normal range 2.02-4.33 pg/ml);
elevated free thyroxine (FT4, 2.37ng/dl;
normal range 0.93-1.71ng/dl); and a
normal TSH level (4.0ulU/ml; normal
range 0.27-4.2ulU/ml) (visit 1; Table 1).
Thyroid autoantibody tests showed that
the levels of thyroid peroxidase antibody
(>1300U/ml; normal range <34U/ml)
and thyroglobulin antibody (248 U/ml;
normal range <115U/ml) exceeded the
normal range. No specific treatment was
administered to the patient. Since then,
the patient’s mother had observed a gradual
enlargement of her daughter’s thyroid.
Through careful medical history inquiry
and comprehensive physical examination,
this patient was found to have no clinical
manifestations of hyperthyroidism or hypo-
thyroidism, such as tachycardia or palpita-
tions, heat intolerance, excessive sweating,
fatigue, tremors, sensitivity to cold or
unusual bowel habits. The patient’s body
weight did not change significantly during
the first half of the year. Additionally, the
girl was born full-term, weighing 2.5kg,
with no history of radiation exposure or a
family history of thyroid disease. Physical
examination revealed the following: body
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Table |. Thyroid function and thyroid autoantibody test results of the proband, a |0-year-old Chinese girl

admitted for goitre.

FT3, FT4, TT3, TT4, TSH, TPOAb,  TGADb,

pg/ml ng/dl ng/ml pg/dl pU/ml U/ml U/ml
Visit | 6.55 2.37 2.59 20.0 4.00 >1300 248.0
Visit 2 8.55 2.78 3.64 15.76 392 544.0 436.6
Normal range  2.02-4.33  0.93-1.71  0.61-1.77  5.13-14.06 02742 <34 <II5

FT3, free triiodothyronine; FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine; TSH, thyroid stimulating
hormone; TPOADb, thyroid peroxidase antibody; TGAb, thyroglobulin antibody.

temperature, 36.3 °C; pulse, 100 bpm; blood
pressure, 105/70 mmHg; height, 138.6cm;
weight, 37.7kg; normal development,
vision, and hearing; a diffuse goitre with
no palpable nodules, tenderness, tremor or
vascular murmur; and no hand shaking or
oedema in the lower extremities. A thyroid
ultrasound revealed an enlarged thyroid
volume and diffuse changes without thyroid
nodules (left lobe, 3.9 x 1.4 x 1.2cm; right
lobe, 4.4 x1.5x 1.5cm; isthmus, 0.3cm).
Thyroid echoes were neither even nor retic-
ular. Routine blood and urine tests, blood
glucose levels, blood lipid profiles and liver
and kidney function were all within normal
ranges. Gonadotropin hormone level was
normal. The bone age was the same as the
chronological age (Figure 1a). No occupy-
ing lesions were detected on the
hypothalamic-pituitary magnetic resonance
image (Figure 1b). Based on the clinical fea-
tures and laboratory tests, THRS with con-
comitant HT was highly suspected in this
patient. Gene sequencing was performed
to confirm this hypothesis. Sequencing
revealed a novel point mutation on the
11th exon of the THRB gene (c. 1378
G > A). This mutation causes the conver-
sion of glutamic acid to lysine at position
460 (p. Glu460Lys). Thus, the patient was
diagnosed with THRS based on genetic
analysis and no medication was adminis-
tered. After obtaining consent from her

parents to treatment, 25ug levothyroxine
sodium was administered orally per day
for 1.5 months to control goitre. During a
follow-up visit (visit 2; Table 1), thyroid
function was stable with no evidence of
worsening thyrotoxicosis. There was no sig-
nificant change in the goitre.

Two kindreds

Patients with thyroid hormone resistance
typically possess a family history of the dis-
ease. Therefore, the proband’s pedigree was
comprehensively examined. Three genera-
tions of the pedigree are presented in
Figure lc. The proband’s grandmother
had passed away and her parents had no
siblings. The family exhibited no history
of consanguineous marriages. Neither the
proband’s parents nor grandfather had a
history or symptoms of thyroid dysfunc-
tion. Thyroid function tests revealed that
only the father (II:1) had an abnormal
thyroid function. The results indicated
increases in serum FT3, TT3 and FT4
levels, along with positive thyroid autoanti-
bodies, while TSH levels remained normal
(Table 2). Thyroid ultrasound examination
revealed diffuse, grid-like changes in the
proband’s father and normal changes in
her mother and grandfather. Based on the
same thyroid function, thyroid antibody,
and thyroid ultrasound results as those of
the proband, gene sequencing was
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Figure 1. (a) X-ray imaging of the proband (lll:1), a 10-year-old Chinese girl admitted for goitre, showing
the that the bone age was the same as the chronological age based on the wrist anterior segment;

(b) magnetic resonance imaging of the pituitary of the proband; (c) the proband’s family pedigree and

(d) partial sequencing results for the proband and her father for exon |1 in the thyroid hormone receptor
beta (THRB) gene. The red arrows indicate the mutation site. The colour version of this figure is available at:
http://imr.sagepub.com. The colour version of this figure is available at: http://imr.sagepub.com.

Table 2. Thyroid function and thyroid autoantibody test results of the proband’s family members.

Family FT3, FT4, TT3, TT4, TSH, TPOAb,  TGADb,
member pg/ml ng/dl| ng/ml pg/dl wlU/ml U/ml U/ml
Father 5.56 261 1.86 11.89 1.65 215.5 187.10
Mother 3.2 1.26 1.32 7.3 4.63 10.62 10.39
Grandfather 4.11 |.46 1.45 747 227 15.72 12.01
Normal range  2.02-4.33  0.93-1.71 0.61-1.77  513-1406 02742 <34 <Il5

FT3, free triiodothyronine; FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine; TSH, thyroid stimulating
hormone; TPOADb, thyroid peroxidase antibody; TGADb, thyroglobulin antibody.

performed on the father, with results reveal-
ing the same point mutation on the 11th
exon of the THRB gene (c. 1378 G>A)
(Figure 1d). To rule out the possibility of
this gene mutation appearing in patients
with HT or in healthy individuals, gene
sequencing was also performed on three
patients with HT and three healthy volun-
teers; and no gene mutations were detected.

This study was approved by the Ethics
Committee of Capital Medical University,
affiliated with Beijing Luhe Hospital

(no. 2016L-H-KS-08[ST]). Verbal informed
consent was obtained from all study partic-
ipants for publication of this report. The
reporting of this case and family pedigree
conforms to the CARE guidelines.’

Discussion

Thyroid hormone resistance syndrome is a
disorder characterized by a suppressed
response to thyroid hormones due to muta-
tions in the thyroid hormone receptor
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gene.! There are two subtypes of human
thyroid hormone receptors: THRo and
THRA.'"™!'"" Each subtype has different iso-
forms, such as THRal, THRa2, THRfI,
THRfS2 and THRp3.'“'? These receptors
possess specific organ distribution charac-
teristics.>!'" Additionally, genetic defects
involving TH cell transport and metabolism
have been reported, broadening the under-
standing of impaired TH sensitivity.? All
these features determine the diversity of
the clinical manifestations of THRS.
Based on clinical manifestations, THRS
can be divided into the following three cat-
egories: global resistance (GRTH), pitui-
tary resistance (PRTH) and peripheral
resistance (PrRTH) to thyroid hormones.®
GRTH, which affects the majority of
patients, has no distinctive manifestations,
except for goitre.’Patients with PRTH pre-
dominantly experience mild-to-moderate
hyperthyroidism without ophthalmopathy
or pretibial myxoedema.> PRTH potential-
ly causes symptoms or signs of hypothy-
roidism.> The multiplicity of symptoms
without a typical model renders it difficult
to diagnose this disease.>®!! To date, gene
sequencing is considered the gold standard
for diagnosing THRS.®!!

To date, numerous mutations have been
identified.®!" Of these mutations, 85% are
located in the THRB gene, which comprises
10 exons.” Most studies on THRB gene
mutations have revealed that these muta-
tions often occur in three hotspot regions
between exons 7 and 10;'*'® that is,
codons 234-282, 310-353 and 429-461.
Only a few cases have presented mutation
sites at codons 384-425, which constitutes
the ‘cold region’.!” Point mutations are
prevalent, causing missense mutations,
while insertion and deletion mutations are
relatively rare.®!'" In this current report, the
proband exhibited no distinctive manifesta-
tions, except for goitre. Thyroid function
tests revealed increased levels of circulating
thyroid hormones, with normal TSH

concentrations. Gene sequencing revealed
a novel point mutation on the 11th exon
of the THRB gene (c. 1378 G > A). A com-
prehensive examination of the proband’s
pedigree was conducted and the patient’s
father was found to have the same thyroid
function and gene mutation site. Thus, the
patient’s father was diagnosed with THRS
due to a new point mutation on the 11th
exon of the THRB gene (c. 1378 G > A).
In the patient’s father with THRS, elevated
thyroid hormones potentially compensated
for hormone resistance to a certain degree
and the patient presented no clinical mani-
festations, except for goitre, and no treat-
ment was administered to the father.

In this current pedigree report, both the
proband and her father were found to be
positive for thyroglobulin and thyroid per-
oxidase antibodies. In early 2008, a causal
link between thyroid hormone resistance
and primary autoimmune hypothyroidism
was proposed.'® The authors claimed that
chronic TSH elevation in thyroid hormone
resistance stimulates lymphocytes to pro-
duce the proinflammatory cytokine tumour
necrosis factor-«, which mediates thyroid
cell destruction by binding to its receptors
on thyrocytes, or indirectly, by potentiating
antibody formation.'® Increased thyroid
hormones may promote a high inflammato-
ry burden.'® In contrast, HT is considered to
be an autoimmune inflammatory disorder,
which has been linked with inflamma-
tion.?®2?> Thus, the inflammation might
explain the coincidence of THRS and HT.
Although the diagnosis of HT in patients
with THRS has been reported in a number
of cases,'"?*** whether HT is more preva-
lent in THRS? or whether it merely coexists
in the same individual by coincidence
remains debatable.”® Current research has
demonstrated that both HT and THRS
exhibit  certain  genetic  tendencies.?’
Considering the above theory and this cur-
rent pedigree report, we believe that THRS
increases the risk of HT. Thus, in the future,
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focus should be directed on the incidence of
HT in patients with THRS. In addition, its
pathogenesis needs to be determined.

In conclusion, THRS has no specific
clinical features. Most patients with THRS
exhibit normal growth and present only
with goitre and high TH levels, rendering
the diagnosis of this disease difficult. Gene
sequencing is considered the gold standard
for diagnosing THRS. Furthermore, treat-
ment should be individualized to control
the patient’s symptoms rather than normal-
izing elevated TH levels. The advances in
our knowledge about THRS raise novel
questions regarding the susceptibility of
patients with THRS to TH. Further studies
that explore the relationship between these
two diseases in terms of molecular and
genetic pathogenesis are warranted.
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