European

Clinical Thyroidology / Case Report

Thyroid Journal

Eur Thyroid J 2021;10:542-547
DOI: 10.1159/000518275

Received: November 3, 2020
Accepted: June 29, 2021
Published online: August 26, 2021

Inherited Selenocysteine Transfer
RNA Mutation: Clinical and Hormonal

Evaluation of 2 Patients

Aurore Geslot? Frédérique Savagner® Philippe Caron?

aDepartment of Endocrinology and metabolic diseases, CHU Larrey, Toulouse, France; PLaboratory of Biochemistry,

CHU Purpan, Toulouse, France

Established Facts

mutation in the TRU-TCAI-1 gene, encoding tRNA[SerlSec,

o In 2016, a study [J Clin Invest. 2016 Mar;126(3):992-6] reported an 8-year-old male patient with mul-
tisystem symptoms, euthyroid hyperthyroxinemia, selenium deficiency, and germinal homozygous

Novel Insights

tRNA[Ser]Sec:
had normal thyroid function tests.

decreased.

o We report 2 members of a family with the variant in the C65G TRU-TCAI-I gene, encoding
o The homozygous index case presented a euthyroid hyperthyroxinemia, and his heterozygous father

o In both patients, the expression of stress-related selenoprotein GPX3 and metalloprotein SOD was
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Abstract

Introduction: lodothyronine deiodinases are selenoproteins
with the amino acid selenocysteine (Sec) introduced into the
position of a TGA stop codon by a complex machinery in-
volving tRNABeSeC when a cis-acting Sec-insertion sequence
element is present in the 3’ end of the mRNA. Recently, a
variant in the TRU-TCAT-1 gene encoding for tRNAFe75eC was
reported, which resulted in reduced expression of stress-re-
lated selenoproteins. The proband presented with multisys-

tem symptoms, euthyroid hyperthyroxinemia, and selenium
deficiency. Here, we describe 2 new members of a family har-
boring the same tRNAR®15¢¢ variant. Case Presentation: A
13-year-old patient was seen for Hashimoto's disease with
high FT3 (4.6 pg/mL, normal range 2-4.2 pg/mL) and normal
FT4 and TSH concentrations. He had no clinical complaints.
During a 6-year clinical and hormonal follow-up, the index
patient was not treated, FT3 decreased, FT4 increased, and
serum TSH stayed in the normal range resulting in a euthy-
roid hyperthyroxinemia. Reverse T3 concentration was sig-
nificantly increased at the last visit (19 years and 4 months).
At the last evaluation, the total selenium level was low (91
pg/L, normal range 95-125). DNA sequencing identified a
germinal homozygous variant (C65G) in the TRU-TCAT-1
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gene. During follow-up, no additional clinical symptom was
observed in the absence of any treatment. The same germi-
nal tRNAPe5ec variant was identified at heterozygous state
in his father, who had normal thyroid function tests except a
moderately increased reverse T3 concentration, with in-
creased total selenium (143 pg/L) level. In both patients, the
expression of stress-related selenoprotein GPX3 was in the
low-normal range (168 and 180 IU/L, respectively, normal
range: 150-558 IU/L). We did not find any significant bio-
logical abnormalities evocative of other selenoprotein defi-
ciencies. Discussion/Conclusion: We report on 2 members
of a family with a variant in the TRU-TCAT1-1 gene encoding
for tRNAPSe5ec Our study suggests that this tRNAPeTSeC yari-
ant is not exclusively causative of disruption in selenopro-

tein synthesis. © 2021 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

Selenium is a trace element incorporated in some pro-
teins as selenocysteine (Sec). The group of selenoproteins
includes deiodinases. In cases of selenium deficiency,
some selenoprotein activities decrease, depending on or-
gans and tissues. For example, in the liver and kidneys,
type-1 deiodinase expression decreases but is maintained
in thyroid tissue [1, 2].

Selenoprotein synthesis requires selenocysteine-spe-
cific tRNA (Sec-tRNASer15¢¢) able to specifically decode
the stop codon UGA to insert Sec into proteins. Synthe-
sis of Sec occurs on tRNA[SerlSec. first serine ties to
tRNA[SerlSec and is then phosphorylated to accept se-
lenophosphate and becomes Sec-tRNA[SerISec Sec-
tRNASerlSec yndergoes maturation with sequential base
modifications, yielding 2 major tRNAS/S¢¢ jsoforms con-
taining either 5-methoxycarbonyl-methyluridine (mc-
m°U) or 5-methoxycarbonylmethyl-2'-O-methyluridine
(mcm®Um) at position 34. A multiprotein complex, in-
cluding EEFSEC and SECISBP2, recruits Sec-tRNA [SerlSec
to the SECIS stem loop element located in the 3'-UTR of
selenoprotein mRNAs. Thereby, ribosome can incorpo-
rate Sec in selenoproteins using the UGA codon [3-5].

Mutations in the SECISBP2 gene have been described
in humans, with reduced synthesis of selenoproteins, re-
sulting in a multisystemic phenotype including azoosper-
mia, axial muscular dystrophy, cutaneous photosensitiv-
ity, impaired T-cell proliferation and abnormal cytokine
production, increased fat mass, and enhanced insulin
sensitivity, as well as hearing loss and abnormal thyroid
function tests (elevated free T4 levels and normal levels of

Inherited Selenocysteine Transfer RNA
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free T3 and TSH). For these patients, selenium levels were
low, and selenium supplementation failed to correct de-
fective selenoprotein synthesis [6-9].

In 2016, Schoenmakers et al. [5] described an 8-year-
old male patient presenting symptoms that can be evoca-
tive of SECISBP2 anomalies including thyroid dysfunc-
tion and low selenium plasma level. The SECISBP2 vari-
antwasnotfound,andexpressionprofilesofselenoproteins
were different from those of patients with SECISBP2 mu-
tations. Indeed, housekeeping selenoprotein synthesis
was preserved in the proband compared to patients with
SECISBP2 mutations instead of stress-related selenopro-
teins, whose expression was similarly reduced. In this pa-
tient with parental consanguinity, they found an un-
known germinal homozygous mutation in the TRU-
TCA1-1 gene, encoding tRNASerlS¢¢ His parents and one
of his brothers had the same mutation, but were hetero-
zygous and asymptomatic, with normal thyroid function
and selenium level. This mutation may increase turnover
of mutant tRNA and impede base modifications essential
to tRNA[SerlSe¢ maturation [5, 10, 11]. They also identified
reduced levels of transcript and mem®Um isoforms. Sys-
temic selenium status influences relative proportion of
isoforms [12, 13]. Thus, methylation depends on seleni-
um level, and the mcm>Um isoform is poorly expressed
in selenium deficiency. Indeed, Kim et al. [11] suggested
that methylation requires Sec to occur. This isoform is
especially necessary for the synthesis of stress-related
selenoproteins [5]. Here, we describe 2 new patients of a
family harboring the same tRNAS¢5¢¢ variant (C65G).

Case Report

Patients

A 10-year-old patient consulted for Hashimoto’s disease with
clinical euthyroidism. In thyroid function tests, FT3 was increased
(4.6 pg/mL, normal range 2-4.2 pg/mL), and FT4 and TSH con-
centrations were normal. Polyethylene-glycol precipitation al-
lowed us to eliminate the presence of anti-T3 antibodies to explain
the increased FT3 concentration. In an ultrasound scan, the thy-
roid gland was hypertrophic but homogeneous. The father suf-
fered from hemorrhagic recto-colitis and had a heart attack at the
age of 41 years, without cardiovascular risk factor.

Methods

Thyroid Function Tests

Serum TSH, fT3, and fT4 levels were measured with kits rou-
tinely used in the Biochemistry Department of our hospital (Elec-
troChemiLuminescence Immunosorbent Assay; Roche Diagnos-
tics, Mannheim, Germany). Reverse T3 was measured by com-
petitive RIA (Diasource, Louvain La Neuve, Belgium).
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Table 1. Concentrations of TSH, FT4, and
FT3 in the index patient between 2010
and 2016

13 years and 3 months
14 years
14 years and 5 months
15 years and 5 months
16 years
17 years and 4 months
19 years
19 years and 4 months

Age of the index patient TSH FT4 FT3
(0.4-4.4 uU/mL) (7.5-16 pg/mL) (2.0-4.2 pg/mL)
2.16 Normal 4.6
2.30 16.9 4.9
2.0 15.7 4.8
2.40 17.1 4.1
1.70 17.1 4.8
2.90 18.1 3.5
2.0 20.1 3.9
2.5 18.7 3.8

Table 2. SNP genotypes in the 19q13.32 region including the TRU-TCAI-1 gene in our proband and his parents

19q13.32 (44, 729, 208-45, 911, 752)

dbSNP ID genomic proband’s father’s mother’s conclusion
coordinate genotype genotype genotype
rs10414420 45911,752 CcC CT TT Paternal isodisomy
rs10406475 45911,135 TT TG GG Paternal isodisomy
rs1603 45,488,278 CcC CG GG Paternal isodisomy
1rs7259949 45,478,699 CcC CcC GG Paternal isodisomy
Variant 65 GG CG CC Paternal isodisomy
1s7245548 45,478,582 GG GG GG Noninformative
rs6509214 45,478,557 CC CA AA Paternal isodisomy
rs8103655 45,478,197 GG GA AA Paternal isodisomy
rs3786507 45,044,897 GG GA AA Paternal isodisomy
1s2927439 44,739,733 AA AA GG Paternal in origin
1rs2965106 44,729,208 AA GA GG Paternal isodisomy

Selenium Concentrations

The total selenium concentration corresponds to whole blood
selenium measured by inductively coupled plasma mass spectrom-
etry (Nexion 350; Perkin Elmer, Waltham, MS, USA), and serum
selenium was measured after centrifugation of the blood sample
obtained on a dry tube. Serum selenium was also measured by in-
ductively coupled plasma mass spectrometry.

TRU-TCA1-1 Genotyping

The patient’s genomic DNA was extracted from a blood sample
using the QIAcube apparatus and DNeasy blood extraction kit (all
from Qiagen). The coding sequence of TRU-TCAI-1, including 2
polymorphisms located in the neighborhood of the coding region
(rs7245548 and rs6509214), was amplified using 2 pairs of DNA
primers:  tRNAsecSl:  5-CTGGGCCCTTTAACAGCTT-3;
tRNAsecR1: 5'-AGTTATGGTCGCGTCCTTTG-3" and tRNA-
secF2:  5-CACGATAAATGAGTGGGGAGA-3'; tRNAsecR2:
5"-CGGGCAACAAGCAAAATAAG-3', previously described by
Schoenmakers et al. [5, 12]. Sequences were analyzed on the ABI
PRISM 3100 apparatus (Thermo Fisher). Extended analysis of sin-
gle-nucleotide polymorphism (SNP) in the 19q13.32 region has
been performed by the same sequencing method using primers de-
scribed in complementary data (see online suppl. Table at www.
karger.com/doi/10.1159/000518275).
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Plasma GPX3 and SOD Assays

Plasma GPX3 was quantified using glutathione reductase/
cumene hydroperoxide reaction (Glutathione Peroxidase Assay
Kit; Clinisciences). NADPH consumption at 340 nm was propor-
tional to glutathione oxide quantity, therefore to glutathione per-
oxidase activity [5, 14].

Plasma superoxide dismutase (SOD) levels were explored using
a WST-1 substratum to product formazan during superoxide an-
ion liberation (Superoxide Dismutase Activity Colorimetric Assay
Kit; Clinisciences). Formazan consumption at 630 nm was propor-
tional to the production of superoxide anion [15]. Assays were
realized in triplicate for the patients and for 10 controls.

Results

Thyroid Hormone Function Tests

During a 6-year clinical and hormonal follow-up of the
index patient, concentrations of FT3 decreased, FT4 in-
creased, and serum TSH level stayed in the normal range
resulting in an euthyroid hyperthyroxinemia (Table 1),
such as that observed in the patient described by Schoen-
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Table 3. Blood level of GPX3 and SOD, 2 selenium-dependent
enzymes in the index patient and his parents

Table 4. Results of biochemical, hematological, and immunological
analyses for the proband and his father

Index  Father Mother Controls* Normal range
patient
GPX3 168 180 252 338+35 150-558 IU/L
SOD 1.2 1.8 3.3 3.5+0.2 2.2-6.7 U/mL

GPX3, glutathione peroxidase 3; SOD, superoxide dismutase.
* Based on selenoprotein levels in 10 healthy patients.

makers et al. [5]. His father had a normal level of TSH (2.2
puU/mL, normal range 0.27-4.2 uU/mL), FT4 (15.0 pg/mL,
normal range 9.3-17 pg/mL), and FT3 (3.3 pg/mL, normal
range 2.0-4.4 pg/mL) as did his mother (TSH =1.2 pU/mL,
FT4 = 16.3 pg/mL, and FT3 = 3.5 pg/mL). Serum reverse
T3 concentration was significantly increased in the pro-
band at 19 years and 4 months (78 ng/dL, normal range
11-39 ng/dL), moderately increased in the father (48 ng/
dL), and in the normal range in the mother (20.5 ng/mL).

Genetic Analysis

The proband had no SECISBP2 mutation in the entire
coding sequence. Genetic analysis identified a germinal
variant in a single nucleotide (n.65C>G or C65G) of the
TRU-TCAI-1 gene as described by Schoenmakers et al.
[5], homozygous for the proband and heterozygous for
his father (Table 2). The proband has proved to present
paternal uniparental disomy. His mother was free of the
C65G variant. There was no parental consanguinity.

Selenium Concentrations

At the last visit at 19 years and 4 months old, the index
patient had a low total selenium level: 91.1 ug/L (normal
range: 95-125), but it was at the upper limit of normal
range 6 months later (128 pg/L), whereas the serum sele-
nium level was normal at 2 determinations (91.6 ug/L and
97.4 pg/L, normal range: 70-100). His father had in-
creased total selenium (143 pg/L, normal range 89-134
ug/L) and serum selenium (115.8 pg/L, normal range 79-
110 pg/L) levels, whereas the mother had normal-high
levels of serum selenium (110.6 pg/L) and total plasma
selenium (125 pg/L).

Plasma GPX3 and SOD Assays

Expressions of stress-related selenoprotein (GPX3)
and metalloprotein (SOD) were decreased: glutathione
peroxidase 3 (GPX3) was in the low-normal range, 168
IU/L for the proband and 180 IU/L for the father (normal

Inherited Selenocysteine Transfer RNA
Mutation

Proband Father

Biochemistry

Fasting glucose (0.74-1.06 g/L) 0.81 0.83

Cholesterol (1.5-2.2 g/L) 1.4 2.7

Triglycerides (0.5-1.5 g/L) 0.9 1.6
Hematology

Hemoglobin (13-17.5 g/dL) 15.5 16.7

Leucocytes (4-10 G/L) 6.6 4.9

Lymphocytes (1.5-4 G/L) 2.8 1.4

Blood platelets (150-450 G/L) 237 216
Immunoglobulins

IgG (5.5-15.8 g/L) 12.4

IgA (0.6-3.5 g/L) 2.1

IgM (0.2-2.6 g/L) 1.6
Lymphocyte immunophenotyping

CD3+ (700-2,800/mm?) 2,012

CD3+ CD4+ (370-1,800/mm?) 842

CD3+ CD8+ (120-800/mm?) 1,100

CD19+ (60-600/mm?) 125

CD3- CD16/56+ (50-500/mm?) 223

range: 150-558 IU/L), and SOD was low, 1.2 U/mL for the
proband and 1.8 U/mL for his father (normal range: 3.5
+ 0.2 U/mL), compared to controls and the proband’s
mother levels (Table 3). Finally, levels of immunoglobu-
lin and lymphocyte immunophenotyping were normal
for the proband and his father (Table 4).

Discussion

We report here the presence of a C65G variant in the
TRU-TCA1I-1 gene, encoding for tRNASerlSec i 2 mem-
bers of a new family. The 2 male patients were clinically
asymptomatic, but for the index case with homozygous
mutation, follow-up of the thyroid function revealed the
presence of euthyroid hyperthyroxinemia suggesting im-
paired deiodinase activity [16, 17].

During the follow-up of the proband between 13 and 19
years, TSH concentrations were in the normal range, FT4
levelsincreased from 13-14 years into adulthood, abnormal
FT3 decreased from a peak at the age of 13 years, and rT3
concentration was abnormal at the last visit. Therefore, the
dynamic of FT3 and FT4 levels in the proband from child-
hood into adolescence appears to be independent of the
TRUT-TCA1-1 mutation and reflects the age-appropriate
changes [18, 19]. Independent of this rather normal dy-
namic, the absolute FT4 concentrations appeared indeed
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too high, consistent with the suggested euthyroid hyperthy-
roxinemia due to the Sec incorporation defect.

A low selenium level was compatible with selenium
consumption due to excessive selenoprotein turnover
[20] or most likely due to failure to incorporate Sec into
selenoproteins. In the proband, insufficiency in food in-
take of selenium was unlikely as at the same time the par-
ents had high selenium levels. As referred in the previous
study [5], we have also shown that heterozygote mutation
in one patient may not impair housekeeping selenopro-
tein synthesis and activity.

In our study, as for Schoenmakers et al. [5], stress-re-
lated selenoprotein GPX3 concentrations were decreased
in the proband and his father, implying that this
tRNASerlSee mutation could impact selenoprotein syn-
thesis and/or activity. SOD is a metalloprotein with dif-
ferent isoforms such as MnSOD in the mitochondrial
compartment and CuZnSOD in the cytosolic compart-
ment. As a major antioxidant system, SOD expression is
dependent on selenoproteins involved in oxidative stress
regulation such as GPX and TRX. It was reported that se-
lenium treatment increased SOD and catalase activities
[21]. On the other hand, decrease in selenium could have
inverse effect leading to decrease in SOD expression.
Close relationship between SOD and selenoproteins has
been also proved as excess of HO, and SOD expression
led to irreversible inactivation of selenocysteine [22]. Fi-
nally, influence of other trace elements could be suggest-
ed as SOD enzymes use manganese, copper, or zinc, but
SOD activity was normal in the mother.

Conclusion

We hypothesize that patients with the C65G variant
have a higher susceptibility to oxidative stress due to a
lack of SOD/GPX activity, imbalance from T3 due to im-
proper functioning from deiodinases, and possible other
selenoproteins affected with unknown effect. Thus, ge-
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