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What Is Known about This Topic?

o Mutations in the thyroid hormone receptor beta gene (THRB) in the region encoding the T3-binding
and the adjacent hinge domains of the receptor have been reported to cause resistance to thyroid hor-
mone beta (RTH).

o A region encompassing codons 384-425 of THRB is virtually devoid of RTHp-causing mutations and
was termed “cold region.”

What Does This Case Report Add?

o Although the G385E variant was identified in an individual in whom the diagnosis of RTHp was sus-
pected, the lack of genotype-phenotype correlation in family members suggests that this variant is un-
likely to produce RTH phenotype and assigns putative “cold” status.

 This report highlights the importance of phenotype-genotype segregation in family members, in ad-
dition to the in silico prediction algorithms, in assessing functional relevance of a variant of unknown

significance in THRB as a cause of RTHp.
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Abstract
Background: Resistance to thyroid hormone beta (RTHp) is
characterized by elevated thyroid hormone and unsup-

pressed thyroid-stimulating hormone (TSH), caused by thy-
roid hormone receptor beta gene (THRB) defects. Most mu-
tations producing RTH phenotype are located in CG-rich
regions of THRB, encoding the T3-binding and hinge do-
mains of the receptor. However, a region encompassing co-
dons 384-425 is virtually devoid of RTHB-causing mutations,
termed “cold region.” Case: A 49-year-old woman was diag-
nosed with Hashimoto thyroiditis in her twenties, and levo-
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thyroxine (LT4) was initiated. During LT4 treatment she had
slightly elevated free thyroxine and TSH levels, suggesting
the possibility of RTHP. Results: Sequencing of THRB identi-
fied a heterozygous missense variant ¢.1154G>A producing
p.G385E in the proband. Since this variant of unknown sig-
nificance (VUS) has not been reported in RTHP individuals
and considering its location in the “cold region” of THRB, we
questioned its relevance. In silico functional prediction algo-
rithms showed conflicting results: PolyPhen-2 predicted this
VUS to be probably damaging with a score of 1.000, while
SIFT predicted it to be tolerated with a score of 0.07, thus
making additional investigations necessary. Genotyping of
family members revealed that the proband’s mother and sis-
ter, without RTHP phenotype, also harbored the same vari-
ant. This indicates that the THRB G385E variant is unlikely to
manifest RTHB phenotype and confirms its “cold” status.
Conclusions: This study illustrates that assigning causality of
a THRB VUS for RTHp based only on in silico prediction algo-
rithms is not always fully reliable. Additional phenotype-
genotype segregation in family members can assist in pre-
dicting functional consequences of missense mutations.

© 2019 European Thyroid Association
Published by S. Karger AG, Basel

Introduction

Resistance to thyroid hormone beta (RTH) is caused
by mutations in thyroid hormone receptor beta gene
(THRB) leading to impaired tissue responsiveness to thy-
roid hormone. It is characterized by elevated thyroid hor-
mone levels and unsuppressed thyroid-stimulating hor-
mone (TSH). As with other genetic conditions, the ma-
jority of mutations causing RTHP occur in CG-rich
regions or CpG hot spots. THRB mutations are located in
the T3-binding and the adjacent hinge domains of the
thyroid hormone receptor [1-3]. Yet, there is a “cold re-
gion” that is virtually devoid of mutations, even though it
contains CG-rich regions. This region was formerly be-
lieved to encompass codons 348-437 of THRB [4]. In an
in vitro study, artificial missense mutations in CpG di-
nucleotides located in this region produced no or mini-
mal impairment in T3 binding and had no or weak dom-
inant negative effect, suggesting that their presence is un-
likely to be identified because they would fail to produce
abnormalities typical of RTHP [4]. However, as more
mutations were identified in individuals with RTHp [2,
3], including mutations in the codons 383 [5, 6] and 426
[7], this region has been narrowed to codons 384-425. In
this report, a variant located in the cold region of THRB
was identified in a woman in whom the diagnosis of

294 Eur Thyroid ] 2019;8:293-297

DOI: 10.1159/000503860

RTHP was suspected. Whether this variant has clinical
significance is an important question to address, espe-
cially since its location is in the so-called “cold region.”
Therefore, further investigations to assess the clinical sig-
nificance of this variant were performed.

Case Presentation

A 49-year-old woman was diagnosed as having Hashimoto thy-
roiditis in her twenties, and levothyroxine (LT4) treatment was ini-
tiated. Information regarding her thyroid function tests (TFTs)
prior to starting LT4 treatment is not available. Thyroid ultraso-
nography showed diffusely atrophic gland with heterogeneous ar-
chitecture consistent with Hashimoto thyroiditis. During LT4
treatment, she had normal to slightly elevated free thyroxine (FT4)
and TSH levels and presented a mix of hypothyroid and hyperthy-
roid symptoms. TFT results while she was taking 137 ug of LT4
daily are shown in Figure 1. The proband had elevated serum total
thyroxine (TT4), FT4 index (FT4I), total reverse triiodothyronine
(TrT3), and TSH levels while serum total triilodothyronine (TT3)
was normal. Positive thyroid peroxidase antibodies indicated the
presence of autoimmune thyroid disease (AITD). An assay using
polyethylene glycol precipitation to detect the presence of antibod-
ies to T4 was performed and revealed that there was no excess bind-
ing of T4 to serum IgG, thus T4 antibodies were negative. Testing
for heterophile antibodies (Mayo Clinic assay) was negative. While
pituitary MRI showed a 3-mm lesion, possibly a small microadeno-
ma, alpha subunit was low at 0.3 ng/mL, ruling out the possibility
of a TSHoma. Further, high-dose liothyronine treatment of 100 pg
for 5 days resulted in TSH suppression from 1.98 to 0.05 mIU/L. As
RTHP could not be ruled out, THRB sequencing was performed.

Sequencing of the proband’s THRB by Quest Diagnostics identi-
fied a heterozygous missense variant of unknown significance
(VUS) ¢.1154G>A in exon 10 (transcript ID: ENST00000396671.7)
that results in the substitution of the normal amino acid glycine at
the position 385 with a glutamic acid (p.Gly385Glu; G385E). This
variant has not been reported in individuals with RTHp or in the
gnomAD [8] database, but has been reported in ClinVar. Two com-
monly used in silico functional prediction algorithms showed con-
flicting results with PolyPhen-2 [9] predicting this VUS to be prob-
ably damaging with a score of 1.000, while SIFT [10] predicted it to
be tolerated with a score of 0.07. Although such algorithms cannot
fully capture the consequences of each VUS for the function of the
protein and are not always in agreement in their prediction, they are
the first line of analysis of novel variants. When their functional pre-
diction is not similar, one cannot conclude on the relevance of the
VUS. Therefore, considering that it is located in the “cold region” of
THRB, we questioned whether this variant was related to the RTHf
phenotype and responsible for the proband’s TFT abnormalities.

Blood samples were obtained from the proband’s family mem-
bers living in India, and TFTs as well as genotyping of all family
members of the proband were performed. TFT results from her
parents and sister were not consistent with the RTHp phenotype
(Fig. 1). The proband’s father had only a slightly elevated TSH
level, a condition which can occur with aging and could be consid-
ered as normal [11]. The proband’s mother was treated with 50 ug
of LT4 daily. She had negative thyroid antibodies and had only a
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Fig. 1. a Pedigree of the family with TFTs | O THRE
and THRB variant. TFTs are aligned below WT<} Mut
each symbol representing a family mem- 1 2 LTj' 4
ber. Abnormal values are shown in bold. I Hg/day GGG — GAG
The proband is indicated with an arrow. A Gly = Glu
Square symbols indicate males, circles fe- T4 G385E
males. Roman numerals to the left of the 137 pg/day
pedigree indicate the generation and Ara- Age, years 81 29 8 73 Normal values
bic numerals to the right of each symbol
individual family members. Half-filled 174, ng/dL 7 126 79 105 >12
symbols indicate subjects heterozygous for TT3, ng/dL 100 101 114 120 80-190
the novel THRB mutation, as indicated in T3, ng/dL 276 61.8 29.9 46.9 16-36
the legend. b Schematic representation of = 73 12 84 102 6-105
the thyroid hormone receptor beta (TRp) : : ' - :
and its functional domains, showing the lo- TSH, plu/mL 5.1 10.5 27 32 04-36
cation of amino acid 385 within the cold a| TGab/TPOab | <0.4/<04 | <04/103 | <04/<04 | <0.4/<04 <0.4/<04
region. FT4I, free thyroxine index; LT4, le-
vothyroxine; TFTs, thyroid function tests;
TGab, thyroglobulin antibodies; THRB, Cluster 3 Cluster 2 reC;’i':n Cluster 1
thyroid hormone receptor beta gene; g2 < >
TPOab, thyroperoxidase antibodies; TrT3, L‘ B1 DNA-binding Hinge
total reverse triiodothyronine; TSH, thy-
roid-stimulating hormone; TT3, total triio- b 385
dothyronine; TT4, total thyroxine; WT,
wild type.

slightly elevated TrT3 level. Information regarding the diagnosis
and TFTs prior to treatment of the proband’s mother could not be
obtained. The proband’s sister was not taking thyroid medication
and her TFT's were normal. Sequencing of exon 10 of THRB of all
family members revealed that the proband’s mother and sister also
harbored the heterozygous G385E variant, while the proband’s fa-
ther harbored the wild-type THRB (Fig. 1).

Follow-up of the proband revealed that an increase of the LT4
dose from 137 to 150 ug daily increased her FT4I to 13.8 and nor-
malized TSH to 0.6 uIU/mL, while her TT3 remained in the nor-
mal range, at 129 ng/dL. The high total and free serum T4 with
clearly normal T3 may represent irregular intake of LT4 or in-
creased inactivation of T4 (see high rT3) seen in some individuals
on LT4 replacement.

Although genetic defects in the deiodinases are not known, we
also considered the possibility of a thyroid hormone metabolism
defect in which a deficiency in one of the 5'-deiodinases (D) could
result in this TFT pattern. Sequencing of D1 was negative, and for
D2 the proband did not harbor the variant Thr92Ala previously
shown to correlate with a higher LT4 dose/kg needed to normalize
TSH in homozygous carriers [12].

Discussion and Conclusions

The G385E variant is located in a CG-rich area
(CGCCCGGGGC) prone to mutations [1], but in the
“cold region” of THRB. The cold region was formerly be-

Mutation in the Cold Region of THRB
Produces no RTHp

lieved to encompass codons 348-437 of THRB. A previ-
ous in vitro study predicted that mutations in this region
would fail detection by not giving rise to TFT abnormali-
ties [4]. Indeed, artificial missense mutations created ac-
cording to the hot spot mutagenesis rule (C to T and G to
A substitutions in CpGs) showed either normal affinity to
T3 (V376l, P384L, R410Q, V414M, R429Q), R429W) or
affinity reduced to a level of 60-80% (A352T, R383C,
R383H). In addition, all showed no or weak dominant
negative effect, which could be due to the fact that this
region appears to play an important role in the dimeriza-
tion of the receptor [4].

More mutations were later identified in individuals
with RTH [2, 3]. The R383H mutation, which was shown
to have a T3-binding affinity 70% that of wild type [4],
was identified in individuals with RTH [5, 6]. In vitro
functional study demonstrated that R383H impairs core-
pressor release and transcriptional activity of negatively
regulated genes [5]. In addition, a de novo T426I muta-
tion was reported in an individual with RTHP and facial
dysmorphism [7]. Therefore, the cold region, which is de-
void of reported cases of RTH, has been narrowed to a
42-amino-acid-long region encompassing codons 384-
425. At the population level, 12 variants in this region
(P384L, G385R, L386V, E390D, R391K, D397G, S398G,
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N408S, H413D, V414M, K420R, and V425L) were identi-
fied in 26 alleles among ~251,400 alleles in the gnomAD
database [8]. No information about the clinical correla-
tion with the RTHP phenotype is available in this large
database. The majority of these variants were predicted
by in silico tools to be benign, except for G385R, which is
predicted to be probably damaging, and P384L, D397G,
and K420R, which have conflicting predictions among al-
gorithms.

The G385E variant in the cold region of THRB identi-
fied in this study has not been reported in individuals
with RTH. Two in silico prediction tools reported con-
flicting results regarding the functional effect of the muta-
tion. Thus, it was important to identify whether this vari-
ant has a clinical significance related to RTHP phenotype
or not. In order to do that, genotype-phenotype correla-
tions in the family members were evaluated.

Considering that the G385E THRB variant was found
not only in the proband but also in two relatives without
the RTHP phenotype, this variant is unlikely to be re-
sponsible for the proband’s TFT abnormalities. As de-
tailed in the results, antibodies to T4 were negative, the
possibility of a TSHoma was ruled out, and sequencing
abnormalities in the 5'-deiodinases were not found. Thus,
the findings of elevated serum TT4, FT4I, and TrT3 levels
with normal TT3 level were likely attributable to LT4
treatment for her AITD. A study in athyreotic patients
with normal serum TSH levels on LT4 treatment showed
higher serum FT4 and lower FT3 levels than in untreated
euthyroid controls [13]. Furthermore, 7.2% of patients
treated with LT4 had serum FT4 levels above the upper
limit of normal [13]. Finally, we cannot exclude that the
THRB variant might have some effect on the proband, but
not on the mother and sister harboring the same muta-
tion.

The importance of thorough investigations prior to
the assignment of a VUS as a cause for the RTHp pheno-
type was also demonstrated in a previous study, in which
a THRB variant was incidentally identified in a family
with AITD [14]. In that study, sequencing of THRB was
performed in the proband and all family members be-
cause the proband was, at that time, incorrectly diagnosed
with RTHp. The G339S variant was present in three rela-
tives who had normal TFTs, but was not found in the
proband, confirming that the G339S variant was unlikely
to manifest the RTHp phenotype.

In conclusion, we report a novel VUS in the cold re-
gion of THRB identified in an individual who was sus-
pected to have RTHp. Genotyping the family members
revealed that not only the proband, but also her mother
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and sister, who did not have the RTHp phenotype, har-
bored the same variant. This finding suggested that the
G385E variant in THRB is unlikely to cause RTHp. This
study illustrates that the assignment of a VUS in THRB as
a cause of RTHf in an individual based only on in silico
prediction algorithms is not always fully reliable. Addi-
tional phenotype-genotype segregation in family mem-
bers can assist in predicting functional consequences of
missense mutations. In the future, more sophisticated
computational tools taking into considerations protein-
specific functional domains might be able to accurately
predict the clinical significance of missense VUS.
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