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Schinzel-Giedion syndrome (SGS) is a very rare genetic disorder characterized by

distinctive facial features, severe developmental delay, seizures, and skeletal abnorm-
alities. Whole exome sequencing, Sanger sequencing, and correlation with already
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Introduction

Schinzel-Giedion syndrome (SGS) is a very rare autosomal
dominant disorder with an unknown prevalence. SGS is
characterized by postnatal growth retardation, severe devel-
opmental delay, unusual facial appearance as well as
abnormalities of the hair, kidney, skeleton, heart, and brain.
Facial dysmorphisms include prominent forehead, hyperte-
lorism, midface retraction and low-set ears."? Mutations in
SETBP1 gene encoding the SET binding protein 1 have been
identified as the molecular cause of this disease.3>~” SETBP1
located on chromosome 18q12.3 (NM_015559.2) contains
five coding exons and most of the SGS-associated mutations
have been found within the exon 4 of the gene.® SETBP1
expression is ubiquitous and has been reported highly
expressed also in cancer cells.’
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published variants and cases allowed us to identify two different de novo mutations in
the SETBP1 gene: NM_015559.2 (SETBP1): ¢.2601C > G (p.Ser867Arg) and c. 2608
G > A (p.Gly870Ser) in two Czech patients presenting with SGS features. Both
mutations are within exon 4 of SETBP1, supporting the notion that exon 4 represents
the mutation hotspot of the gene in patients with SGS.

Case Report

We present two patients with SGS in whom we identified
two different de novo mutations in the SETBP1 gene: one
with missense variant NM_015559.2 (SETBP1): ¢.2601C > G
(p.Ser867Arg) involving the same amino acid residue sub-
stitution as reported in the article by Carvalho et al® and one
with a previously reported missense variant c.2608 G > A (p.
Gly870Ser).* Both variants are in exon 4 of the SETBP1 gene.

The patients genomic DNA was subjected to masivelly
parallel sequencing. First, gene panel examination of 97
selected genes was performed (HaloPlex; Agilent Technolo-
gies, Santa Clara, California, United States) with no causal
variant found. Subsequently, whole exome sequencing
(WES) with exome capture from DNA was performed using
SureSelect Human All Exon V5 kit (Agilent Technologies)
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according to the manufacturer's protocol using the HiSeq 4000
platform (Illumina; San Diego, California, United States).

The first patient is now a 20-year-old man with drug-
resistant epilepsy (Lennox-Gastaut syndrome), severe intel-
lectual disability, and autism spectrum disorder (ASD).
Pregnancy and delivery were uneventful. He was born
2 weeks post term after induction. Psychomotor develop-
ment was abnormal from the beginning. He was able to walk
independently at the age of 3 years. He used syllables at the
age of 2 but soon after lost his verbal abilities. Dysmorphic
features gradually developed (according to nearly 16 years of
follow-up). ASD was diagnosed at the age of 4.

Epilepsy started at the age of 7 years with myoclonic and
myoclonic-astatic seizures. Later tonic-clonic and sleep-
related tonic seizures occurred and thus Lennox-Gastaut
syndrome was diagnosed. Brain magnetic resonance imaging
showed diffuse brain atrophy. The electroencephalographic
trait is consistent with the diagnosis of epileptic encephalo-
pathy with continuous epileptiform discharges. The whole
spectrum of antiepileptic drugs (VPA, CLZ, LEV, SLT, CLB, ETS,
DZP, PHB, PRI, RFN, TPM, ZNS, and LCS) and their combinations
have been tried without long-lasting results. Ketogenic diet
decreased the intensity of seizures. Vagus nerve stimulation
was not effective. Cardiologic examination was normal.

At the age of 20, he is nonverbal, with profound intellec-
tual disability, unable to walk except a few steps with
support. He is fed via percutaneous endoscopic gastrostomy
and cannot control his sphincter.

At the current age, his phenotype includes microcephaly,
coarse face, bitemporal narrowing, prominent forehead, thick
eyebrows, exophthalmos, strabismus, depressed nasal bridge,
full lips, open mouth appearance with protruding tongue
(macroglossia), sparse teeth, and delayed dental replacement.
The patient has low set, dysplastic ears with anteverted lobuli,
asymmetry of the chest, defective posture, scoliosis, genua
valga, stand uncertain with bent knees, shorter limbs, pes
calcaneovalgi, longer great toe on the feet together with sandal
gap, conical fingers with hyperconvex nails on the hands,
longer thumbs proximally recessed, and short feet and hands.

Candidate variants from whole exome sequencing were
detected through our in-house pipeline (Galaxy). Data was
analyzed using DeNovoGear (http://denovogear.weebly.com/).
Heterozygous mutation in exon 4 NM_015559.2 (SETBP1):
€.2601C > G (p.Ser867Arg) already published as pathogenic
and causal for SGS was detected and confirmed by Sanger
sequencing. Similar substitution, differing only in alteration of
the nucleotide C to A, wherein the amino acid substitution
remains unchanged, has already been described as a cause of
SGS. After evaluating the phenotype of our patient with the
phenotype described in the literature, it is highly probable that
the phenotype corresponds to SGS and it is possible to assume
that the variant is pathogenic. Prediction tools also evaluate the
variant as deleterious (http:/[sift.bii.a-star.edu.sgf) and disease
causing (http://www.mutationtaster.org/). The variant is most
likely to be de novo as we did not find it in the healthy parents.

The second patient is a 1-year-old girl with facial dys-
morphism, microcephaly, hypertelorism, hirsutism, and
exophthalmos (=Fig. 1). Correlation and re-evaluating the
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Fig. 1 Female patient with facial dysmorphism.

phenotype of our first patient in his childhood with the
phenotype of the 1-year-old girl were key for the exact
syndromic diagnosis of SGS by the clinical genetician. Con-
sequently, we performed direct Sanger sequencing analysis
of exon 4 of the SETBP1 gene (the most common cause of the
SGS) in the patient. As expected, heterozygous mutation in
exon 4 NM_015559.2 (SETBP1): c. 2608 G > A (p.Gly870Ser)
was found. This variant was already published as patho-
genic.* The variant was confirmed de novo, since both
healthy parents carry the wild-type allele.

Maternity and paternity were tested for both patients
with a set of six microsatellite markers from three different
chromosomes.

Discussion

The phenotype of the patients with SGS is characterized by
profound developmental delay, facial dysmorphism includ-
ing macroglossia, exophthalmos, hirsutism, and multiple
congenital anomalies. An heterozygous variant c. 2608 G > A
(p.Gly870Ser) in SETBP1 was first found by exome sequencing
in patient with typical SGS phenotype. Hypothesis of a gain-
of-function or dominant negative effect*® confirmed pre-
vious study finding by other two Caucasian patients with the
same variant and similar phenotype. Ko et al’ published
variants in the SETBPI-specific highly conserved 11 bp
region of exon 4 in SGS patient. Hypothesis that haploinsuf-
ficiency or loss-of-function variants in SETBP1 have a milder
phenotype than SGS was also stated.'® Hishimura' " reported
this variant in a patient with prenatal findings typical for SGS
infants. The second variant c. 2601 C > A (p.Ser867Arg) was
reported by Carvalho et al® describing facial dysmorphism
and neurological involvement as diagnostic criteria for tar-
geted molecular analyses of the SETBP1 in SGS patients. In
our case, whole exome sequencing, Sanger sequencing, and
correlation with already published variants associated with a
particular phenotype helped us to identify the cause of the
disease in our patients. Mutational hotspot, located in the
fourth coding exon of the SETBP1 gene, where mutations are
clustered, is highly conserved among different species;
region is a degron which affects protein degradation. SETBP1
mutations avoid ubiquitination and affect stability of the



Czech Patients with Schinzel-Giedion Syndrome

SETBP1 protein, while variants outside the degron cause
different form of SGS with milder phenotype.'? Detecting
variants in exon 4 of the SETBP1 gene in both first Czech SGS
patients supports the notion that exon 4 represents the
mutation hotspot of the gene.
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