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A Novel Homozygous Selenocysteine Insertion
Sequence Binding Protein 2 (SECISBP2, SBP2)

Gene Mutation in a Turkish Boy

Gönül Cxatli,1,* Haruki Fujisawa,2,* Özgür Kirbiyik,3 Mizuho S. Mimoto,2 Pinar Gençpinar,4

Taha Resxid Özdemir,3 Bumin Nuri Dündar,1 and Alexandra M. Dumitrescu2,5

SECISBP2 is an essential factor in selenoprotein synthesis, and its mutations result in a multiorgan syndrome,
including abnormal thyroid hormone metabolism. A 10-year-old obese Turkish boy born to consanguineous
parents presented with high thyroxine, low triiodothyronine, high reverse triiodothyronine, and normal or slightly
elevated thyrotropin. He also had attention-deficit disorder and muscle weakness but no delay in growth or bone
age. Sequencing of genomic DNA revealed a novel c.800_801insA, p.K267Kfs*2 mutation, homozygous in the
proband and heterozygous in both parents and his brother. Studies showed reduction in several selenoproteins in
serum and fibroblasts.
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Introduction

Humans express 25 selenoproteins. SECISBP2 in-
teracts with the selenoprotein insertion sequence ele-

ments in the 3¢-untranslated regions of selenoprotein mRNAs
to recode the UGA codon as a selenocysteine. Selenoproteins
have diverse biological functions, including the control of
cellular redox homeostasis (glutathione peroxidases), regu-
lation of protein folding and degradation (SEP15), and thy-
roid hormone metabolism (deiodinases). SECISBP2 gene
mutations were found to be associated with multiorgan de-
fects, including abnormal thyroid hormone metabolism, my-
opathy, hearing loss, and male infertility (1,2). Here, a case
is described with a novel homozygous SECISBP2 gene mu-
tation that presented with abnormal thyroid function tests
(TFTs) and muscle weakness.

Case History

The proband was born to first cousins of Turkish origin.
Pregnancy, delivery at 37 weeks, birth weight, and early de-
velopment were normal. He was 10 years old when one of the
authors (G.C.) was consulted to evaluate the patient for obesity.
He had leg weakness, fatigued easily, and had attention-deficit
disorder with poor school performance. At 11 years and 5
months, his weight was 67.7 kg (SDS +2.02), his height was

148.2 cm (SDS -0.45), his body mass index (BMI) was 29.5 kg/
m2 (SDS +2.19), and his bone age was 11 years. Tanner stage
was III, with a testes volume of 10 mL. His mother’s and fa-
ther’s BMIs were 29.6 and 28.4 kg/m2, respectively. Right-eye
ptosis was present since infancy. He had no goiter (volume
1.7 mL on ultrasound; SDS -1.92). Neurological examina-
tion revealed Gowers’ sign, indicating weakness of the proxi-
mal lower-limb muscles. Muscle biopsy was normal, though
electromyography revealed myogenic involvement of the
proximal upper and lower extremities, and magnetic reso-
nance imaging (MRI) showed fatty infiltration of the muscles.
His IQ score was 91. His audiogram and echocardiogram
were normal.

TFTs revealed elevated free thyroxine (T4), low free triio-
dothyronine (T3), elevated reverse T3, and normal or slightly
elevated thyrotropin levels (Fig. 1A). His HbA1c was 5.6%,
but his plasma glucose on oral glucose tolerance test (OGTT)
was 80, 220, and 150 mg/dL at 0, 60, and 120 minutes, re-
spectively. Neither of his parents had diabetes mellitus, and an
OGTT was not performed in them. Serum selenium (Se) was
low at 23 lg/dL (reference range 63–160 lg/dL).

Results

Informed consent was obtained for investigations ap-
proved by the Institutional Review Board. The entire coding

Departments of 1Pediatric Endocrinology and 4Pediatric Neurology, _Izmir Katip Cxelebi University, _Izmir, Turkey.
2Department of Medicine; 5Committee on Molecular Metabolism and Nutrition; The University of Chicago, Chicago, Illinois.
3Department of Genetics, _Izmir Tepecik Training and Research Hospital, _Izmir, Turkey.
*These authors contributed equally to this work.

THYROID
Volume 28, Number 9, 2018
ª Mary Ann Liebert, Inc.
DOI: 10.1089/thy.2018.0015

1221



region of the SECISBP2 gene was sequenced using geno-
mic DNA. A c.800_801insA p.K267Kfs*2 mutation was
found; the proband was homozygous, both parents and the
brother were heterozygous for the mutation (Fig. 1A). Gra-
phic representation of the SECISBP2 protein shows the lo-

cation of the mutation relative to the functional domains
and the alternative methionine translation initiation sites
(Fig. 1B).

Supplementation of 200 lg/day sodium selenite for five
months followed by 400 lg/day for three further months

FIG. 1. (A) Pedigree of the family, indicating the genotype of each individual and the results of thyroid function tests,
aligned with the symbol of each family member. Note that in addition, the parents have autoimmune thyroid disease. *Low
triiodothyronine (T3) value for the patient’s age. (B) Graphic representation of the SECISBP2 protein: the positions of the
methionines used as alternative translation initiation sites are indicated. Western blot for (C) SECISBP2 and (D) GPX1, in
extracts of cultured skin fibroblasts from the proband and controls, consisting of unrelated individuals without SECISBP2
mutations (WT) and patients with biallelic SECISBP2 mutations (Pt): Pt2 is homozygous for SECISBP2 p.R540Q (1) and Pt3
is compound heterozygous for SECISBP2 p.Q782* and p.K682fs*1 (5); beta-actin was used as loading control. In (C), the
arrow indicates full-length isoform and the arrowhead indicates short isoform of SECISBP2. (E) GPX enzymatic activity in
serum of family members. (F) Western blot for GPX3 in serum from family members, normal controls (WT), and patients with
biallelic SECISBP2 mutations and heterozygotes family members (Het). Pt4 is homozygous and Het4 is heterozygous for
SECISBP2 p.R540Q (1), Pt 5 is homozygous, and Het5 is heterozygous for SECISBP2 p.R128* (3). Transferrin was used as a
loading control.
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increased the serum Se from 23 to 74.5 lg/dL. However,
serum T4 remained high and T3 low.

At the age of 12 years and 8 months, his Tanner stage was
III, with testes volumes of 12 and 15 mL, and his bone age was
13 years. However, his growth velocity decreased to 3.8 cm/
year (-1.46 SDS), and his height curve decreased from the 50th
to the 25th percentile (Supplementary Fig. S1; Supplementary
Data are available online at www.liebertpub.com/thy). Con-
sidering the obesity and concurrent reduction in growth ve-
locity, Cushing syndrome was suspected but was ruled out with
appropriate testing. MRI of the pituitary and hypothalamus
was normal. Although IGF-1 was in the reference range at
315 ng/mL (143–693 ng/mL), provocative testing showed in-
sufficient growth hormone (GH) responses to clonidine and
L-DOPA stimulations, with peak GH levels of 4.61 and
1.62 ng/mL, respectively. Sex steroid priming was not done, as
he was pubertal with Tanner stage III. GH replacement ther-
apy was not initiated, as the parents did not consent to this.

Western blotting of the proband’s cultured skin fibroblasts
showed lack of full-length SECISBP2 protein (Fig. 1C).
Assessment of selenoproteins showed greatly diminished
GPX1 protein levels in fibroblasts, similar to other reports in
SECISBP2-deficient patients (Fig. 1D) (1,2). The enzymatic
activity of GPX in the serum was also markedly decreased
(Fig. 1E), with the proband’s GPX activity being the lowest
compared to the other family members. This was also con-
firmed at the protein level, with serum GPX3 protein levels
being markedly decreased in the proband and diminished in
the heterozygous parents and brother (Fig. 1F). This was also
the case with biallelic and monoallelic SECISBP2 mutations
in two other families (Fig. 1F). These data indicate that the
defective expression of full-length SECISBP2 caused a glo-
bal decrease in selenoprotein synthesis in the proband as in
other subjects with SECISBP2 deficiency.

Discussion

This novel homozygous early termination mutation leads
to absence of the full-length SECISBP2 protein. However, a
shorter isoform starting from methionine 300 containing the
C-terminal functional domain is expected to be translated (3)
and to provide some residual SECISBP2 function. Different
from other SECISBP2 deficient patients, this child had nor-
mal height and bone age. However, decreased growth velocity
developed at 13 years of age, and provocative testing showed
GH deficiency, not previously reported in SECISBP2-deficient
patients.

Single patients with increased fat mass and insulin sensi-
tivity as well as recurrent fasting hypoglycemia with low
insulin levels have been reported (2). This is attributed in
part to decreased GPX1 expression because Gpx1-null mice
showed increased insulin sensitivity. In contrast, this patient
had impaired glucose tolerance in spite of decreased GPX1.
His genetic and environmental background may have affected
insulin sensitivity independently of SECISBP2 deficiency.

As in a previous report (4), supplementation of sodium
selenite for even longer duration did not alter significantly the
serum T4 and T3 abnormalities, despite normalization of the
selenium level.
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