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Context: IGSF1 deficiency is a recently discovered syndrome consisting of congenital central hypo-
thyroidism (CeH) and macroorchidism. Here, we report on a patient presenting with short stature, who
was found to carry a pathogenic mutation in the IGSF1 gene.

Case Description: A 14-year-old Israeli boy was referred to the Academic Medical Center in
Amsterdam, The Netherlands, for follow-up on short stature ascribed to constitutional delay of growth
and puberty, and familial hypercholesterolemia. Primary hypothyroidism had previously been excluded
by a normal thyroid-stimulating hormone (TSH) concentration. However, in follow-up, plasma free
thyroxine (FT4) concentrations were repeatedly low, and the patient was diagnosed with CeH. Because
of coexistent relative macroorchidism, IGSF1 gene analysis was performed, revealing a mutation
(c.2588C.G; p.Ser863Cys). The mutant IGSF1 protein was retained mainly in the endoplasmic re-
ticulum and reached the plasma membrane with poor efficiency compared with wild-type protein. After
starting thyroxine treatment, plasma cholesterol almost normalized.

Conclusions: This case illustrates the necessity of measuring both FT4 and TSHwhen hypothyroidism
is suspected, or needs to be ruled out. In addition, this case suggests that the presence of childhood
hypercholesterolemia may be an indication of undiagnosed hypothyroidism.
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Loss-of-functionmutations in the immunoglobulin superfamily,member 1 (IGSF1) gene are a
cause of X-linked congenital central hypothyroidism (CeH) and macroorchidism [1]. Here we
present a patient who was referred for follow-up on short stature, but who was eventually
diagnosed with IGSF1 deficiency syndrome (IDS).

1. The Case

A 14-year and 4-month-old Israeli boy was referred to the Academic Medical Center of the
University of Amsterdam for short stature ascribed to constitutional delay of growth and
puberty (CDGP), and hypercholesterolemia, previously diagnosed in Israel. He was the
second child of healthy parents, and was born full-term after an uneventful pregnancy. His

Abbreviations: BMI, body mass index; CDGP, constitutional delay of growth and puberty; CeH, central hypothyroidism; FT4, free
thyroxine; IDS, IGSF1 deficiency syndrome; IGSF1, immunoglobulin superfamily, member 1; LDL, low-density lipoprotein; LT4,
levothyroxine; T4, thyroxine; TSH, thyroid-stimulating hormone.
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neonatal congenital hypothyroidism screening result was normal. During early childhood,
there were no health problems, and growth and development proceeded normally.

At theageof 11 years, parentsnoticed theboywas shorter thanhispeers,whichwasmonitored
by his general practitioner. The boy was first evaluated for short stature by a pediatric endo-
crinologist at age13years.Hisheightandweightwere142.5 [21.8 standarddeviation (SD); 2.4SD
belowmidparental height] and 40 kg [bodymass index (BMI), 19.8 kg/m2,10.6 SD], according to
World Health Organization reference values [2]. Given the normal physical examination and
laboratory results [including thyroid-stimulating hormone (TSH)], thiswas attributed toCDGP.
Because total and low-density lipoprotein (LDL)–cholesterol were increased, and his father was
previously diagnosed with hypercholesterolemia, he was diagnosed with (probable) familial
hypercholesterolemia, and started on simvastatin. At follow-up, lipids decreased to near-normal
levels. At the last visit (age 13 years and 8 months), height was 147 cm (21.8 SD), testicular
volume was 10 mL by Prader orchidometer, but pubic hair was absent. Bone age was 2 to 2.5
years delayed (Greulich and Pyle).

When he was first seen in the Academic Medical Center (age 14 years and 4 months), height
and weight were 152.4 cm (21.7 SD) and 44.9 kg (BMI 19.3 kg/m2, 0.0 SD) and 44.9 kg (BMI,
19.3 kg/m2). Except for mild constipation, the medical history revealed no abnormalities.
Simvastatin was discontinued 6 months earlier. Physical examination showed normal body
proportions. Tanner stage was G3, P2-3; testicular volume by Prader orchidometer was 20mL.
Parental heights were 179.6 cm (father,10.4 SD) and 168.6 cm (mother,10.8 SD). Both parents
and the older sister reported to have had a normal timing and progression of puberty. The
discrepancy between the large testicular volume and just recent virilization prompted labo-
ratory testing. Plasma free thyroxine (FT4) and total thyroxine (T4) concentrations were below
the reference interval, combined with a normal TSH concentration (Table 1). Testicular volume
byultrasound (age 15 years and 5months)was 20mL (2.6SD; byPrader orchidometer.30mL).
[3]. Plasma testosterone (2.6 nmol/L) was within the age-specific reference interval [4], but
relatively low considering testicular volume.Otherhypothalamic-pituitary axeswere intact, but
prolactin was undetectable. Total cholesterol and LDL-cholesterol were elevated (Table 1).

CeH was diagnosed and levothyroxine (LT4) treatment was started. After 1 month, FT4
had increased to just within reference interval, with a concurrent decrease in TSH and total
cholesterol. LDL-cholesterol normalized only after FT4 reached the upper half of reference
interval. Prolactin levels remained undetectable. After 10 months, there was clear pubertal
progression and growth velocity increased from 21.0 to 6.8 SD (Dutch reference values) [5].
Within 2 years, theLT4 dose had to be increased several times,most likely because of pubertal
growth. During this time, FT4 had a striking inverse relationship with total cholesterol

Table 1. Progress of Thyroid Hormones and Lipids Before and After Start of Treatment

Plasma Levels
Before

Treatment 1 mo 3 mo 4 mo 11 mo 13 mo 14 mo 16 mo 19 mo 25 mo

Age 14 y, 5 mo 14 y, 6 mo 14 y, 8 mo 14 y, 9 mo 15 y, 3 mo 15 y, 5 mo 15 y, 6 mo 15 y, 8 mo 15 y, 11 mo 16 y, 5 mo
TSH,mU/L (0.5–5.0) 2.60 0.06 ,0.01 ,0.01 0.10 0.09 0.01 0.02 ,0.01 ,0.01
FT4, pmol/L (10–23) 6.2a 12.1 15.8 18.7 13.9 14.7 19.1 17.7 13.7 18.0
T4, nmol/L (70–150) 50a 60a 70 75 70 x 90 x x 90
Total cholesterol,
mmol/L (3.3–6.5)

6.66a 5.89 5.73 4.72 7.13a 6.61a 5.93 6.37 5.80 6.50

HDL, mmol/L
(0.78–1.94)

1.45 1.54 1.59 1.23 1.44 1.80 1.64 1.51 1.41 1.62

LDL, mmol/L
(1.76–3.52)

4.71a 3.55a 3.56a 3.02 5.25a 4.26a 3.87a 4.46a 3.91a 4.44a

Triglyceride,
mmol/L (0.5–2.0)

1.12 1.77 1.29 1.04 0.97 1.22 0.94 0.90 1.07 0.97

Columns show the laboratory reports in the months after the initiation of treatment. Reference intervals for thyroid
hormones are shown in parentheses (all in-house reference intervals). Age-specific in-house reference intervals for
total cholesterol, HDL, LDL, and triglycerides are shown in parentheses.
Abbreviations: HDL, high-density lipoprotein; x, missing data.
aAbnormal values.
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(Fig. 1). Despite adequate treatment, LDL-cholesterol returned to values above reference
interval (Table 1).

2. Genetic Studies

The combination of CeH, delayed puberty, hypoprolactinemia, and macroorchidism was sug-
gestive of IDS; therefore, IGSF1 Sanger sequencing was performed. A probably deleterious,
hemizygous c.2588C.G (p.Ser863Cys; transcription accession number NM_001170961.1)
mutation was found. The same (heterozygous) mutation was found in the patient’s mother
(who had a normal plasma TSH, but low normal FT4 concentration). A similar mutation
(p.Ser863Phe) was previously described [1]. Because the patient’s father was being treated for
hypercholesterolemia, and considering the patient’s elevated LDL-cholesterol despite opti-
mal FT4 concentrations, genetic testing for familial hypercholesterolemia was performed.
Analysis of the LDLR,APOB, and PCSK9 genes yielded no pathogenic mutations [6]. Written
informed consent was obtained for this case report.

3. Protein Studies

We examined expression and posttranslational regulation of the mutant protein in heter-
ologous HEK293 cells. Cells were transfected with pcDNA3 or vectors expressing the IGSF1
wild type, the current Ser863Cys protein, or the previously described Ser863Phe protein. The
protein lysates were extracted and analyzed as reported previously [1]. Compared with the
wild-type protein, Ser863Phe migrates primarily as an immature glycoform. Although a
similar migratory pattern was seen for Ser863Cys, it additionally exhibited trace amounts of
the mature glycoform [Fig. 2(a)]. These glycosylation patterns suggested that Ser863Cys is

Figure 1. Graphic representation of the course of biochemical findings over time. The
inverse relationship between plasma FT4 and total cholesterol concentrations (top panel) and
the direct relationship between plasma TSH and total cholesterol concentrations (bottom
panel) are shown.
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largely retained in the endoplasmic reticulum, which was confirmed by dramatic reductions
in plasma membrane expression relative to wild type, as determined by cell surface bio-
tinylation analysis [Fig. 2(b)] [1].

4. Discussion

Here we report on a teenager initially diagnosed with CDGP and probable familial hyper-
cholesterolemia. After finding a low FT4 in combination with a normal TSH concentration,
the diagnosis was corrected to CeH because of IDS. Although CeH and macroorchidism are
themain clinical features of IDS, patientsmay also have prolactin deficiency, delayed puberty
combined with normal timing of testicular growth, growth hormone deficiency, and increased
BMI [1]. Our patient had CeH, prolactin deficiency, disharmonious pubertal development,
and relative macroorchidism, whereas his BMI and insulin-like growth factor 1 concentra-
tions were normal.

CeH is defined as hypothyroidism caused by quantitative or qualitative TSH deficiency [7].
Although congenital CeH is regarded as less severe than congenital primary hypothyroidism,
based on initial FT4 values, over half of CeH cases can be classified as moderate to severe [8].
Because of the central nature of CeH, TSH concentrations may be low, normal, or slightly
elevated [7]. Although TSH measurement is an excellent diagnostic test for primary hypo-
thyroidism, it alone is not adequate for detecting CeH. Diagnosing CeH therefore depends on
concurrent FT4 measurement. Although most countries have neonatal screening programs
for congenital hypothyroidism, most are TSH-based and only detect primary hypothyroidism.
In contrast, (F)T4-based screening programs detect both primary hypothyroidism and CeH.
Consequently, most known IDS index cases were detected through neonatal screening.
However, among the 11 original index cases, three teenagers were diagnosed after presenting
with short stature [1]. Our patient also presented with short stature, but was diagnosed with
CDGP. As the most common cause of delayed puberty, CDGP is associated with slow growth,
delayed bone age, and a positive family history. When there are clues for disturbed growth,

Figure 2. Alterations in IGSF1 impair its plasma membrane trafficking. HEK293 cells were
transfected with pcDNA3 (empty vector) or with vectors expressing the indicated wild-type
(WT) and mutant IGSF1 proteins. (a) Protein lysates were deglycosylated with either
PNGase F or EndoH, resolved by sodium dodecyl sulfate–polyacrylamide gel electrophoresis,
and immunoblotted using an antibody specific to the IGSF1 C-terminal domain (CTD) (RRID
AB_2631165). (b) Membrane expression of IGSF1 CTD was analyzed by cell surface
biotinylation. HA, hemagglutinin; HRP, horseradish peroxidase; IB, immunoblot; IP,
immunoprecipitation.
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but not for a specific diagnosis, further investigations are advised [9]. When delayed pubertal
growth acceleration is accompanied by large testes, IDS should be suspected. Although
hypothyroidism was considered in our patient, it was assumed to be excluded by finding a
normal TSH. Unfortunately, this led to a delayed correct diagnosis. Diagnostic testing for
hypothyroidism, particularly CeH, must therefore always include measurement of both TSH
and FT4.

Previously, the patient was diagnosed with probable familial hypercholesterolemia based
on both his and his father’s elevated lipids and was treated with simvastatin. Although this
improved his lipid profile, total cholesterol and LDL-cholesterol remained above reference
interval. After stopping simvastatin, and subsequently starting LT4, his lipid profile again
improved, initially to within reference values. Both primary hypothyroidism and CeH are
associated with hypercholesterolemia, and treatment with LT4 can decrease lipid levels [10].
Although not formally included in the syndrome definition, seven out of 69 known male IDS
patients were diagnosed with dyslipidemia, two of whom while on LT4 treatment [11]. In
this case, lipid levels showed an inverse relationship with FT4 concentrations. However,
eventually, LDL-cholesterol did not normalize despite LT4 replacement. Genetic testing
for familial hypercholesterolemia yielded no abnormalities. Whether this increased
LDL-cholesterol is because of an unknown genetic variant, an uncommon consequence of
IDS, or a reflection of hypothalamic deregulation of hepatic lipid metabolism is unclear at
present [12].

5. Conclusions

This clinical case demonstrates the importance of determining both FT4 and TSH, especially
when CeH is suspected or needs to be ruled out, and illustrates the important role of thyroid
hormones in lipid metabolism.
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