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Short report

A 132 bp deletion affecting the KCNQ10TT gene
associated with Silver-Russell syndrome

clinical phenotype
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ABSTRACT

Background Imprinting centre 2 (IC2) in the
chromosomal region 11p15.5 regulates the monoallelic
expression of imprinted genes by differential methylation
of paternal and maternal chromosomes. Copy number
variants in IC2 are associated with Beckwith-Wiedemann
syndrome and Silver-Russell syndrome (SRS). Clinical
outcome of IC2 deletions seems to depend on the
parental origin of the chromosome, deletion size and
inclusion or exclusion of enhancer and promoter regions.
Results A paternally inherited 132 bp deletion within
the KCNQ10TT gene was found in a proband with an
SRS clinical phenotype. The patient’s father and paternal
grandmother, who both carry the deletion on their
maternal chromosome, are unaffected. Review of other
IC2 deletions and their associated clinical presentation
was useful in understanding the genetic—phenotypic
correlation.

Conclusion Only six cases have been reported with
deletions involving exclusively IC2, one being identical
to our proband’s 132 bp deletion. Our study, which is
based on more extensive segregation data than the
previous 132 bp deletion report, confirms the association
of this deletion with growth restriction when paternally
inherited. Remarkably, even though our patient has the
same deletion, he has more pronounced phenotypic
features; our findings thus suggest that some degree of
clinical variability may be associated with this loss.

INTRODUCTION

Silver-Russell syndrome (SRS) is a rare inherited
disorder characterised by phenotypic features
such as growth retardation, facial dysmorphism
and limb asymmetry.! In this genetically heteroge-
neous condition, a genetic diagnosis can be made
in approximately 60% of patients." The Netchine-
Harbison Clinical Scoring System (NH-CSS) can
be used to determine clinical suspicion of SRS in
the presence of at least four of the following six
criteria: prenatal growth retardation, postnatal
growth retardation, relative macrocephaly at birth,
protruding forehead, body asymmetry and feeding
difficulties.” These criteria are defined by substan-
tial deviation from mean reference values of length,
weight (=2 SD prenatally, at birth or at 24 months)
or head circumference (>1.5 SD above birth weight
and/or length) at various developmental milestones.
Protruding forehead is defined as one that projects
beyond the facial plane when viewing from the side,

and body asymmetry is a discrepancy of =0.5cm in
length between limbs or two or more other asym-
metric body parts with limb discrepancies less than
0.5 cm. The last criterium is feeding difficulties or
low body mass index at 24 months or current use of
feeding tube or weight gain—promoting medication.
The diagnosis requires specific molecular findings
for confirmation."

Genomic alterations or methylation defects in
the 11p15.5 region can lead to either Beckwith-
Wiedemann syndrome (BWS) or Silver-Russell
syndrome (SRS), which have opposite growth
effects." The genes contained in the 11p15.5
chromosomal region are regulated by two func-
tional domains. In one of these domains, the
expressions of IGF2 and H19 genes are regulated
by imprinting centre 1 (H19/IGF2:1G-DMR,
IC1). The other imprinting domain contains the
imprinted genes KCNQ1, KCNQ10OT1, CDKNI1C,
SLC22A18 and PHLDA2, which are regulated
by imprinting centre 2 (KCNQ1OT1:TSS-DMR,
IC2). This imprinting centre overlaps exon 1 of
the KCNQ1OT1 gene (NR_002728.3), part of the
KCNQ1OT1 promoter region and intron 11 of the
KCNQ1 gene (NM_000218.3).% Imprinting centres
regulate imprinted gene expression using selective
methylation of maternally and paternally inher-
ited chromosomes.” IC2 regulates the maternally
expressed cell-cycle inhibiting factor CDKN1C via
the non-coding transcript of KCNQ10T1.* BWS
and SRS phenotypes have been linked to genetic
variants in IC2, such as deletions.* The severity of
these phenotypes depends on the size of the dele-
tion and if the allele is maternally or paternally
inherited.*

Here, we present a patient with a paternally
inherited 132bp deletion in IC2 that affects the
KCNQ1OT1 gene. This exact deletion has been
previously reported in another patient with growth
retardation and some SRS phenotypic features such
as mild prominent forehead, low set and prominent
ears as well as downturned corners of the mouth,
but this deletion was not associated with intra-
uterine growth restriction (IUGR).* Our patient
seems to have a more pronounced SRS phenotype.
The deletion did not impact DNA methylation at
IC2, but likely impacts the expression of imprinted
genes.
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CASE PRESENTATION

The patient, a young boy, is the only child of healthy non-
consanguineous parents. Pregnancy was achieved by sponta-
neous conception, and the mother underwent prenatal serum
screening in the context of advanced maternal age. The latter
screen showed increased risk for trisomy 21. Therefore, amnio-
centesis was completed at 19 weeks’ gestation, but karyotyping
did not detect any abnormalities. Pregnancy was also compli-
cated by second trimester ITUGR. The patient’s mother (age
30-40) developed benign intracranial hypertension at 26 weeks
of gestation. Three weeks later, the patient was born via caesarian
section following poor umbilical artery flow and severe IUGR.
APGAR score was 7 at 1 min and 7 at 5§ min. The patient’s birth
weight was 756 g (less than third percentile). Head circumference
was within the normal range at 25.5cm (25th percentile). The
neonatal period was complicated by lung prematurity, hyperbil-
irubinaemia, feeding difficulties, germinal matrix haemorrhage,
retinopathy of prematurity, heart murmur (patent ductus arteri-
osus) and anaemia requiring transfusions. The patient also had
early hypoglycaemia, hyponatraemia and hypoalbuminaemia
requiring intravenous perfusions. Mild glandular hypospadias,
poor axial muscle tone and absence of head elevation were noted
on physical examination. After 4 months of hospitalisation in the
neonatal intensive care unit, the patient had persistent feeding
difficulties and failure to thrive with head sparing.

In infancy and childhood, the patient displayed motor and
speech delay, attention deficit and hyperactivity disorder, oppo-
sitional defiant disorder and learning difficulties. In addition, the
family reported excessive sweating and variable appetite with no
objectified hypoglycaemic episodes. The patient also had recur-
rent epistaxis requiring frequent cauterisations which was later
attributed to a deficiency in coagulation factor VIII. On phys-
ical examination, proband height was 125.2 cm (3rd percentile),
weight was 21.2kg (3 SD below mean), and head circumfer-
ence was 51.3 cm (25th percentile). The patient’s bone age was
measured at 1.3 SD below the reference range. Facial features
included a triangular face with frontal bossing, micrognathia,
high nasal bridge and long eye lashes. The patient’s Netchine-
Harbison clinical scoring for RSS is estimated at 5 out of 6,
which raised suspicion for this condition and triggered molec-
ular testing.”

Relatives on the paternal grandfather’s side have been
described as short, but family history is otherwise unremarkable.
The father’s height was measured at 172.5 cm (25th percentile)
and the mother at 159.4 cm (10th percentile).

MATERIALS AND METHODS

Methylation-sensitive and dosage-sensitive PCR analysis using
MS-MLPA kits ME030-C3 and ME032 (MRC Holland) were
used to examine the presence and copy number of differentially
methylated sites associated with SRS. ME030 detects both dosage
and methylation of the imprinting control region of H19 and
IGF2 at 11p15.5. ME032 detects both dosage and methylation
status of two regions on chromosome 7 (GRB10 at 7p12.1 and
MEST at 7p32.2) associated with SRS. The genomic sequence
of the region affected by the deletion was then amplified by
standard PCR using a high-fidelity PCR master mix (Sigma-
Aldrich, catalogue #12-140-314-001) with 50 ng genomic DNA
and analysed by Sanger sequencing. DMSO was added to the
PCR (5% of final reaction) as the target region is GC-rich. The
forward and reverse KCNQ1OT1 primers (5'—3’; DNA Tech-
nologies IDT), with a final concentration of 0.3 uM in the reac-
tion, were tgtaaaacgacggccagtGGGTGGCATCAAAACSAGAC
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Figure 1  Pedigree of the proband with a Silver-Russell syndrome (SRS)
phenotype and a 132 bp deletion involving KCNQTO0TT.

and caggaaacagctatgaccCCCGGGGAGAACAGAACC, respec-
tively. Capital letters indicate gene-specific sequence, while small
letters show M13 tails used for sequencing.

RESULTS

Methylation-specific multiplex ligation-dependant probe ampli-
fication (MS-MLPA) analysis was performed in the patient
for SRS-associated loci at 11p15.5, 7p12.1 and 7p32.2. A
normal MS-MLPA result was obtained for the loci on chro-
mosome 7, but a heterozygous deletion was detected in the
chromosomal region 11p15.5. To be more precise, it concerns
a heterozygous deletion of one MLPA probe (KCNQ1OT1,
07172-L06781; ME030-C3) with a hypermethylation signa-
ture for the respective probe, which suggests the deletion
resides in the paternally inherited allele (figure 1 and online
supplemental figures S1-S3). Sanger sequencing of this region
identified a heterozygous 132bp deletion in KCNQI1OT1 at
chr11:2720964-2721095 (GRCh37) (HGVS recommended
nomenclature: NR_002728.3:n.134_265del; NC_000011.9:g.2
720965_2721096del) (figure 1 and online supplemental figures
S3). Parental testing identified the same deletion in the father,
confirming the patient’s deletion is paternally inherited. The
father, who is of normal phenotype, has hypomethylation in the
same region, which corresponds to a heterozygous deletion on
his maternal allele. The patient’s paternal grandmother, who is
of normal phenotype, is a heterozygous deletion carrier and also
has a hypomethylation signature for the respective probe, which
suggests that she carries the deletion on her maternal allele. These
results support an association of the 132bp KCNQ1OT1 dele-
tion, if paternally inherited, with growth retardation (figure 1).

DISCUSSION
In this study, we have identified an individual with an SRS
phenotype and a 132bp deletion overlapping the KCNQ10T1
promoter region and IC2. Less than 1% of SRS cases have copy
number variations in the 11p15.5 IC2, and most of them are
duplications.* Deletions exclusively targeting IC2 in the maternal
copy of genes KCNQ1OT1 and KCNQ1 have been associated
with BWS, while paternally inherited deletions affecting these
genes have been associated with SRS or growth restriction
(online supplemental table S1).*'° These deletions can also be
observed in individuals with a normal phenotype, since paternal
or maternal inheritance plays a role in disease manifestation.*
Paternally inherited microdeletions in IC2 likely lead to an
increased expression of CDKN1C, a cell cycle inhibiting factor,
due to the disruption of KCNQ1OT1, which is a repressor of
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CDKN1C.” We therefore believe that our patient’s pheno-
type is caused by such a disruption. Only the paternal allele of
KCNQ1OT1 is expressed and linked to growth; therefore, our
patient’s father and paternal grandmother have a normal pheno-
type as they carry the deletion on their maternally inherited
chromosomes.

It has been suggested that variability in SRS phenotype can
be explained by whether regulatory regions (such as enhancers
and promoters) are included or not, in deletion events near IC2.
Several enhancer regions in close proximity to the KCNQ10T1
gene are thought to regulate CDKN1C expression. It has been
suggested that small deletions leading to a loss of KCNQ10OT1
leave these enhancers intact, leading to CDKN1C expression and
subsequent growth suppression.'® Larger deletions that include
these enhancers likely lead to a milder phenotype through
disruption of positive CDKN1C regulatory elements in addition
to KCNQ10OT1.8'" This can explain why a relatively small 60 kb
deletion, which likely does not include a CDKN1C enhancer
regions, had a more severe phenotype with intrauterine growth
failure compared with larger deletions involving one or more
proposed enhancer regions.'' Our patient’s 132bp deletion is
likely too small to encompass such regions, thus causing growth
suppression.

As previously reported, an identical 132bp deletion was
detected in a 5-year old girl with an SRS phenotype inherited
from her father who was unaffected as he carried the variant
on his maternal chromosome.* She had postnatal growth retar-
dation, mild prominent forehead, low set prominent ears and
downturned corners of the mouth. Interestingly, this patient also
had delayed bone age (16 months delay) with normal IGFBP3,
IGF1 and growth hormone stimulation test. Our patient seems
to have a more severe phenotype with IUGR, hypoglycaemic
episodes, feeding difficulties, excessive sweating, behavioural
issues and more prominent facial dysmorphism. Although our
report supports an SRS phenotype linked to KCNQ1OT1 dele-
tions, other causes of IUGR cannot be ruled out in our patient.
Notably, advanced maternal age and onset of benign intracranial
hypertension in the mother during second trimester may also
have contributed to the growth retardation.

In summary, paternally inherited deletions affecting IC2 exclu-
sively are rare and have variable clinical presentations. Regard-
less, testing for IC2 deletions in patients with SRS features is
important and should be included in the diagnostic workup.
Further studies on IC2 deletions could lead to a better under-
standing of IC2’s role in growth regulation.
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