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Abstract

Background: Distal 7ql .23 deletions are variably associated with epilepsy, intellectual disability and neurobehavioural abnor-
malities. The relative importance of different genes in this region in contributing to different phenotypes is not clear, though HIP/
and YWHAG are both thought to play important roles. Patients and Methods: We performed thorough phenotyping on mem-
bers of a family in which multiple members carried a relatively small 0.8 Mb distal 7ql .23 deletion, affecting 17 genes. Results:
Two brothers and a half-brother had all inherited the 7ql 1.23 deletion from their mother. The eldest two both had global devel-
opmental impairment and genetic generalized epilepsy, involving absence, myoclonic or myoclonic-atonic seizures. There was no
history of seizures in the mother or her youngest son, but both also had developmental impairment. Conclusion: Distal 7ql .23
deletions affecting HIP| and YWHAG may cause developmental impairment and genetic generalized epilepsy, with considerable

intrafamilial phenotypic variability.
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Background

Distal microdeletions of chromosome 7q11.23 have been asso-
ciated with some or all of: epilepsy, intellectual disability, learn-
ing difficulties and neurobehavioral abnormalities.' These
microdeletions are adjacent to the common Williams-Beuren
syndrome deletion region on chromosome 7q11.23.? The two
genes commonly deleted are HIPI (OMIM 601767) and
YWHAG (OMIM 605356), encoding huntingtin-interacting
protein 1 and tyrosine monooxygenase-3/tryptophan 5-mono-
oxygenase activation protein, gamma isoform, respectively.'

The vast majority of published cases have been single
patients, so it is unclear to what degree phenotypic variation
is related to differences in deletion size or variable penetrance.
We describe a family in which multiple individuals with the
same 7q11.23 microdeletion had markedly different clinical
features, illustrating that penetrance of this copy number
variant can be quite variable. We also review previously pub-
lished cases and describe the typical epilepsy phenotypes that
may be associated.

Patients and Methods

A boy aged 14 years (patient A), and his two maternal half-
brothers aged eight years (patient B) and four years (patient
C), had epilepsy, developmental impairment, learning difficul-
ties and/or neurobehavioral abnormalities (Figure 1). All shared
with their mother the same heterozygous microdeletion in cyto-
genetic band 7q11.23, at position chr7:75163662-76047662
(hg19), of approximately 0.8 Mb, encompassing 17 genes
(Figure 2). Informed written consent was obtained from the
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patients’ caregivers; the study was approved by the McGill
University Health Centre Research Ethics Board (2018-3937).

Results

The family was non-consanguineous, of French-Canadian and
Acadian background. The patients’ mother had developmental
impairment and learning difficulties, but no history of seizures.
There was an extensive history of developmental impairment
with or without epilepsy, in multiple family members on the
maternal side (Figure 1). The paternal family history for
patient C could not be obtained. The two fathers did not
undergo chromosomal microarray analysis. There was no
reported epilepsy, developmental impairment/intellectual dis-
ability in the paternal family history for patients A and B. A
more complete pedigree and extension of the genetic testing
to other family members was not possible due to the patients
being lost to follow-up.

Patient A

The eldest boy had epilepsy with myoclonic-atonic seizures and
moderate intellectual disability (Tables 1 and 2). Seizures began
at 4 years of age and initially involved sudden loss of awareness
and staring, with subtle myoclonic jerks, corresponding to
absence seizures on video-EEG. At age 6 years, parents described
episodes with prominent jerks. Stereotyped episodes were cap-
tured on video-EEG, showing maximally bifrontal generalized
bursts of 3 Hz spike-wave or polyspike-wave associated with
behavioral arrest, head/upper extremities jerks and head loss of
tone, corresponding to myoclonic-atonic seizures. Epileptiform
activity was enhanced with photic stimulation and hyperventila-
tion. The background tracing was otherwise normal.

A combination of ethosuximide, valproic acid and lamotrigine
was initially necessary to achieve seizure control. After discontin-
uation of ethosuximide, seizures remained well controlled.
Subsequent discontinuation of valproic acid resulted in seizure
recurrence. Other trials included 1) levetiracetam, which was inef-
fective, however was stopped before reaching a maximal therapeu-
tic dose due to suspected behavioral adverse effects that
subsequently did not resolve with discontinuation, and 2) topira-
mate, which was ineffective and had cognitive adverse effects.

He had moderate intellectual disability on formal neuropsy-
chological testing. While early milestones were acquired on
time (walked at 12 months, and first word at 11 months), he
had fine motor delay, learning difficulties, and was in a special-
ized language class. He had behavioral issues from an early age,
including aggressivity, and was later diagnosed with attention
deficit hyperactivity disorder (ADHD). Treatment trials
included amphetamine and methylphenidate. He also had
anxiety, vocal tics and difficulty falling asleep.

His neurological examination was overall unremarkable. He
had subtle dysmorphic features including dolichocephaly,
low-set ears and telecanthus, however his biological father
was not available for comparison. He was normocephalic and
brain MRI at age five was normal. A 343-gene epilepsy panel

(Fulgent Diagnostics; Temple City, California) did not reveal
any pathogenic variants.

Patient B

An 8-year-old boy, the maternal half-brother of patient A, had
genetic generalized epilepsy and global developmental impair-
ment (Tables 1 and 2). Seizures began at 2.5 years of age, and
included absence and myoclonic events. Typical myoclonic sei-
zures were captured on EEG, and corresponded to generalized
polyspike-wave discharges. Hyperventilation enhanced general-
ized epileptiform activity, and also induced right parietal spike-
wave discharges without clinical correlation. The background
tracing was otherwise normal. Valproic acid resulted in at least a
reduction in seizure frequency, but the patient was lost to follow-up
while awaiting a repeat EEG to rule out ongoing absence seizures.

He had global developmental impairment and attended a
specialized language class. Early milestones were acquired
late (sat at 9 months, walked and first word at 16 to 18
months). He was diagnosed with ADHD and treated with meth-
ylphenidate. He had no other notable behavioral issues.

His neurological examination was overall unremarkable. He
was normocephalic and had no definite dysmorphic features.
He had no other medical diagnoses other than bilateral mild
to moderate conductive hearing loss with bilateral middle ear
effusions and ear tube insertions. He did not have further
genetic testing beyond the chromosomal microarray analysis.

Patient C

A 4-year-old boy, the brother of patient B, had global develop-
mental delay (Tables 1 and 2). In infancy he developed parox-
ysmal episodes of unresponsiveness and staring suspicious for
seizures; however, an EEG at age 2 years was normal. At the
time of the last medical visit at age 2 years 10 months, he
was still having staring spells, but the events appeared unlikely
to be seizures.

From a developmental perspective, his early milestones were
acquired on time (sat at 6 months, walked at 12 months, and first
word at 9 months) but he subsequently was found to have mild-
moderate global developmental delay. The fine motor and lan-
guage skills were most noticeably affected. He also had opposi-
tional behavior, as well as poor sleep, awakening 5-6 times each
night.

His neurological examination was overall unremarkable, other
than an intermittent, alternating fair to moderate exotropia. He
also had a tendency to walk on his toes. He was normocephalic
and had no dysmorphic features. He did not have further
genetic testing beyond the chromosomal microarray analysis.

Discussion

We describe a family in which multiple members carry a
7q11.23 microdeletion, distal to the common Williams-Beuren
syndrome locus. Although the proband’s mother had no
history of seizures, her three sons all exhibited a more consistent
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Figure |. Pedigree of a family with 7ql1.23 deletion.

phenotype of developmental impairment/intellectual disability
and neurobehavioral abnormalities, with two of the boys
having genetic generalized epilepsy. The youngest boy may
yet develop a similar form of epilepsy as well, as he was last
seen at only 2 years, 10 months of age. These findings demon-
strate the potential for intrafamilial variability with incomplete
penetrance, and also help clarify the typical epilepsy phenotype.
Nevertheless, despite the similar developmental phenotype, the
presence of subtle dysmorphic features in patient A, but no def-
inite dysmorphic features in patients B and C, raises the possibil-
ity of an additional genetic “hit” inherited from a different father.
Additionally, de novo mutations remain a possibility, although
unlikely, in the context of further testing not being possible.
We reviewed the literature of previously reported patients
with copy number deletions overlapping our patients’ coordi-
nates (Figure 2, Table 1). We performed a search on Pubmed
for “7ql1 deletion”, as well as multiple searches for the genes
included in our patients’ deletion (eg “HIP1”). We also
reviewed manuscripts identified in the reference lists of the
papers from the initial search. We have summarized the epi-
lepsy phenotypes in these patients (Figure 2, Table 1), and
also described the developmental and dysmorphic phenotype
(Table 2). 34 patients were identified.*”'> A large majority
of these patients also had developmental impairment and/or
intellectual disability, and some had reported neurobehavioral
abnormalities or dysmorphic features. Most deletions included
HIPI and YWHAG, with the exception of patient #4 and patient
#9 described by Ramocki et al. Most patients had considerably
larger deletions extending to the centromeric and/or telomeric

sides, which could include the region responsible for the
Williams-Beuren syndrome and 2 other candidate genes for a
phenotype of epilepsy and neurodevelopmental abnormalities,
KIAA0442 and MAGI2.>'%1>1

Williams-Beuren syndrome is a multisystem disorder caused
by a heterozygous deletion on chromosome 7q11.23 not typi-
cally including HIPI and YWHAG, characterized by distinctive
facial  features, supravalvular aortic  stenosis and
mild-to-moderate intellectual disability.® Seizures are rarely
reported with the common deletion, but are more often
described in patients with larger atypical deletions including
HIP] and YWHAG, as well as MAGI2, who present with
more pronounced neurological features than typically seen in
Williams-Beuren syndrome due to common deletions.?>*!°

Patients previously reported with distal 7q11.23 deletions
and epilepsy have had variable epilepsy phenotypes, including
early-onset developmental and epileptic encephalopathies such
as West syndrome. Later-onset epilepsy syndromes have also
been described, although the latest age of seizure onset was 4
years (Table 1). Epilepsy syndromes reported have included
focal and generalized syndromes, and accordingly, various
focal and generalized seizure types, including infantile
spasms, absence, atypical absence, myoclonic, tonic and gener-
alized tonic-clonic seizures. Reported response to anti-seizure
medications is also variable, with rapid seizure control with
agents such as levetiracetam in some patients, although most
described patients had drug-resistant epilepsy.

Neurodevelopmental phenotypes reported are also variable,
with some patients having normal cognition or mild



Child Neurology Open

chr7 (q11.22q21.12) [l ]

[15.300 FSEET FSENT W |

I EE | ok W EerEe i

70,000,000|

Nicita, P1

Fusco, WBS160

Rothlisberger

¥ Ramocki, 4

Marshall, 10
Marshall, 11
Marshall, 12
Marshall, 13
Marshall, 14
Marshall, 15
Marshall, 16

wes L,

o

KIAA0442 MDH2

| B patients A, B, C
Epi4K Consortium, ¢
Mefford, T964

i J00000R Ramocki, 1, 3, 6,7, 8 and 10

% Ramocki, 9

Marshall, 17
Marshall, 18

Marshall, 21

f

- YWHAG

{ hgto

80,000,000| 85,000,000]

[VETE )
Marshall, 20

MAGI2

Figure 2. Deletions including 7ql .23 in patients with epilepsy. Deletions are shown in decreasing order of year of publication. Patients A/B/C
are reported in the current publication; individuals identified through literature review are identified with the author name and patient ID in the
original publications. The deletion of patients A/B/C affects |7 genes: HIPI, CCL26, CCL24, RHBDD2, POR, MIR4651, SNORA4A, TMEM20A,
STYXLI, MDH2, SRRM3, BC063788, HSPBI, AX747594, YWHAG, SSC4D, and ZP3. Dashed contours indicate an estimated breakpoint from
figures in original publications, or provided information on deleted genes, since precise coordinates were not given by the authors. Dotted
portions indicate a range of breakpoint, since the precise breakpoint was undefined in the original publications. When the original human
genome assembly was specified, breakpoints were remapped to the GRCh37/hg|9 assembly to facilitate a more accurate comparison with the
patients reported in this study, using the National Center for Biotechnology Information (NCBI) Genome Remapping Service.>* Figure includes
a screenshot from UCSC genome browser (http:/genome.ucsc.edu). Abbreviations: WBS = Williams-Beuren syndrome common deletion.

developmental impairment; however, most patients had more
severe phenotypes including severe intellectual disability.
Neurobehavioral abnormalities were described in many
patients, and included ADHD, oppositional behavior and
aggression. Excluding patients with Williams-Beuren syn-
drome and deletions in the critical 7q11.23 region, several
patients have been described with dysmorphic features.

In patients with distal 7q11.23 deletions, there was variable
intrafamilial penetrance. Family members of probands present-
ing with epilepsy, intellectual disability and neurodevelopmen-
tal abnormalities did not invariably present with all three
disorders. In a study including 26 individuals from ten unrelated
families with distal 7q11.23 heterozygous deletions of variable
size (ranging from ~4 Mb to ~180kb) including HIPI,
Ramocki et al reported that probands exhibited an incomplete
penetrance of epilepsy (80% of probands), neurodevelopmental
disorders (58%), and learning disabilities alone (17%).' For
example, some individuals in the families with distal 7q11.23
deletions had normal cognition despite presenting with epi-
lepsy. Lugo et al described six patients with atypical deletions

in Williams-Beuren syndrome, covering multiple potentially
epilepsy-related genes including HIP1, of which only one had
a history of epilepsy (infantile spasms and other seizure
types).'® The five other patients with at least a partial HIPI
deletion had no history of seizures. Similarly, Marshall et a/
described four patients with Williams-Beuren syndrome and
severe intellectual disability, without epilepsy.'?

Heterozygous deletion of MAGI2, which was not affected in
our patients, has been associated with infantile spasms.'?
Eleven out of 21 patients with deletions including MAGI2
had infantile spasms, excluding one patient whose seizure
type was not specified (Table 1 and Supplemental Table).
However, the specific importance of MAGI2 haploinsufficiency
is unclear, as these patients’ deletions also included HIPI and
YWHAG. In addition, three out of 14 patients with deletions
including HIPI and YWHAG, but not MAGI2, had infantile
spasms, excluding one patient whose seizure type was not spec-
ified (Table 1 and Supplemental Table).

The role of HIPI in neurological disease is supported by
several functional studies. Huntington-interacting-protein-1
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Birca and Myers

colocalizes in hippocampal and cortical neurons with
N-methyl-D-aspartate (NMDA) and a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) receptors, and modu-
lates their trafficking."'”'®* NMDA and AMPA receptors play
important roles in synaptic plasticity and excitotoxic cell
death."” Mouse models with targeted null mutation in the HIPI
gene developed abnormal AMPA receptor trafficking and an
abnormal neurological phenotype including epilepsy and failure
to thrive."'®

YWHAG encodes 14-3-3 protein gamma, a member of the
14-3-3 protein family which plays an important role in cell
cycle progression, cortical development and neuronal migra-
tion. When zebrafish ywhagl was knocked down, reduced
brain size and increased diameter of the heart tube were
observed, indicating that the infantile spasms and cardiomegaly
seen in a patient described by Komoike et a/ may be the result
of YWHAG haploinsufficiency.''

The clinical significance of heterozygous deletion of MDH2,
which was deleted in our patients, is unclear. MDH? is a nuclear
gene located between HIP1 and YWHAG, and encodes the mito-
chondrial malate dehydrogenase (MDH) protein, which is essen-
tial for the conversion of malate to oxaloacetate as part of the
proper functioning of the Krebs cycle.'”?® Ait-El-Mkadem et
al reported bi-allelic pathogenic mutations in MDH?2 in three
unrelated subjects presenting with drug-resistant epilepsy and
psychomotor delay.?® Functional studies in fibroblasts from
patients showed a loss of MDH2 protein levels and almost unde-
tectable MDH2 enzymatic activity.>

Our patients’ distal 7q11.23 deletion is considerably smaller
than most others reported in the literature, so the clinical
description of our patients sheds light on the relative importance
of the specific genes affected. Our findings, considered in com-
bination with previous genotype-phenotype correlation and
functional studies, support the hypothesis that haploinsuffi-
ciency of HIP1 or YWHAG leads to a neurodevelopmental pre-
sentation that may have considerable intrafamilial phenotypic
variability. In addition, there is considerable phenotypic vari-
ability between families with different deletion sizes, which
could also be related to differences in which genes are included
in the deletion. For example, our patients with epilepsy all had
genetic generalized epilepsy; however, other patients with
7q11.23 deletions of smaller or larger size have been reported
with focal or other generalized epilepsy syndromes, including
epileptic encephalopathies.. Better understanding of the roles
of HIP1 and YWHAG may eventually offer avenues for rational
drug design, including antiseizure agents, in these patients who
often present with drug-resistant epilepsy.’
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