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Abstract

Rare copy number variants (CNVs) have been established as an important cause of various

neurodevelopmental disorders, including intellectual disability (ID) and epilepsy. In some cases, a

second CNV may contribute to a more severe clinical presentation. Here we present two siblings

and their mother who have mild ID, short stature, obesity and seizures. Array CGH studies show

that each affected individual has two large, rare CNVs. The first is a deletion of chromosome

16p11.2, which has been previously associated with ID and autism. The second is a 0.9 Mb

deletion of 19p13.2, which results in the deletion of a cluster of zinc finger genes. We suggest that,

while the 16p11.2 deletion is likely the primary cause of the obesity and ID in this family, the

19p13.2 deletion may act as a modifier of the epilepsy phenotype, which is not a core feature of

the 16p11.2 deletion syndrome. We investigate the potential role of ZNF44, a gene within the

deleted region, in a cohort of patients with generalized epilepsy.

INTRODUCTION

Rare copy number variants (CNVs) have been well established as important genetic causes

or risk factors for intellectual disability (ID), autism, schizophrenia and epilepsy [Mefford,

et al., 2012]. A subset of CNVs, including deletions of 1q21.1, 15q13.3, 16p11.2 and 16p13,

appear to be risk factors for a range of disorders [Girirajan, et al., 2010, Mefford, et al.,

2009]. Deletions of 16p11.2 are one of the most common causes of neurodevelopmental

disorders and have been associated with autism spectrum disorder and ID as well as early-

onset obesity. In addition, 24% of individuals also have seizures [Zufferey, et al., 2012]. For

each of these CNVs that are associated with a variety of phenotypes, it is thought that are

additional genetic, epigenetic or environmental factors that influence phenotypic expression.

One possible modifying factor is the presence of a second CNV [Girirajan, et al., 2010],

referred to as the “two-hit” model. For example, in affected children with an inherited CNV

tend to have a second large CNV [Girirajan, et al., 2012]. We report a family in which a

mother and her two children have generalized epilepsy, developmental delays, intellectual

disability and short stature. Array CGH revealed two rare, large microdeletion events in all

three affected individuals, neither of which was present in the unaffected maternal
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grandmother. We propose that both deletions contribute to the phenotype in affected

individuals and identify a potential candidate gene for epilepsy.

MATERIALS AND METHODS

Human subjects

Patient samples were obtained with informed consents following the University of Iowa,

University of Washington and University of Melbourne Internal Review Board criteria and

the Declaration of Helsinki criteria. Samples were de-identified as per these criteria. Clinical

history and physical exam findings were obtained from review of scheduled patient visits.

Stanford-Binet testing was performed in the research setting.

Array comparative genomic hybridization (CGH)

The proband was evaluated by oligonucleotide array CGH using a whole genome array

(Agilent Sure Print G3 Human CGH 1 M array, Agilent Technologies, Santa Clara, CA).

Data were analyzed using Genome Workbench software according to manufacturer’s

instructions and all potential copy number changes were also visually inspected.

Sanger Sequencing

We carried out Sanger sequencing of all coding exons of the ZNF44 gene on chromosome

19p13.2 (primers available upon request). We evaluated 125 samples with generalized

epilepsy, 44 of which were also confirmed to have mild intellectual disability. Sequence was

compared to the reference genome (hg19).

RESULTS

Medical and family history

The three affected individuals in this family all presented with seizures in childhood (Figure

1). Seizure activity was most noticeable during intercurrent illnesses. EEGs for each show

rare generalized interictal discharges with occasional multifocal discharges. All three

affected individuals also have short stature (<3rd centile) and obesity. All have IQs

(Stanford-Binet) from 60–80 (mother 80, daughter 64, son 60) and each lives in a group

home setting, requiring assistance with most activities of daily living outside of dressing and

feeding themselves. None of the three is able to read, and none have held a job. The

maternal grandmother in the family is responsible for medical decision-making. There were

no autistic features. Per mother’s report, the father was of normal stature and worked in

construction. The father died at less than 50 years of age, though the exact age and cause

were unknown. No further information was available from the father, and no other family

members were available for questioning, examination, or analysis.

Array CGH results

Array CGH in the proband revealed two large deletions: one on chromosome 16p11.2

(chr16: 29.5–30.2 Mb, hg19 coordinates) and one at 19p13.2 (chr19: 11.7–12.6 Mb).

Follow-up studies in the affected sibling and affected mother revealed that both deletions are
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present in all three affected family members. Neither is present in the unaffected maternal

grandmother. The father and maternal grandfather were not available for testing.

Sanger sequencing results: ZNF44

Because of the rarity of 19p13.2 deletions reported in the literature and the paucity of

common copy number variants in the region, we wondered whether one or more genes in the

region might contribute to epilepsy susceptibility. Because it is expressed in the brain, and

because there are no CNVs involving the gene, we selected ZNF44 for sequencing in 125

individuals with GGE, some of which also have intellectual disability. We identified four

rare nonsynonymous single nucleotide variants in three patients, each of which is present in

<1% of control exomes; we did not detect any variants that are completely absent in controls

(Table 1).

DISCUSSION

We report a family with three affected individuals who have a history of developmental

delays, ID, generalized epilepsy, short stature and obesity. We identified two rare deletions

in all affected individuals that likely contribute to their clinical presentation.

Deletions of 16p11.2 have been associated with a range of phenotypes, including autism

spectrum disorders, developmental delay and obesity [Bijlsma, et al., 2009, Kumar, et al.,

2008, Shinawi, et al., 2010, Walters, et al., 2010, Weiss, et al., 2008]. Mean IQ for deletion

carriers is 76, on average 32 points lower than the IQ in non-carrier relatives [Zufferey, et

al., 2012]. In addition, individuals with 16p11.2 deletions appear to have an increased risk of

developing seizures. In three studies, three of 14 [Bijlsma, et al., 2009] two of 18

[Rosenfeld, et al., 2009] and five of 16 [Shinawi, et al., 2010] patients had seizures or

abnormal EEG findings. In a recent, large study of 285 deletion carriers, 24% suffered from

seizures [Zufferey, et al., 2012]. On the other hand, the deletion is not a common finding in

cohorts of patients who present with epilepsy as a primary diagnosis. For example, the

16p11.2 deletion was reported in only one of 1234 patients with GGE [de Kovel, et al.,

2010], and was not seen in 517 patients with various epilepsy syndromes [Mefford, et al.,

2010] or 315 patients with epileptic encephalopathies [Mefford, et al., 2011], although the

reciprocal duplication was present in1/517 [Mefford, et al., 2010] and 2/315 [Mefford, et al.,

2011] patients. The reciprocal duplication has also been reported in a child with West

syndrome [Bedoyan, et al., 2010]. All three affected individuals in the family studied here

have mild ID and require assistance with activities of daily living. In addition they all suffer

from generalized seizures and obesity. Given the phenotypes associated with the 16p11.2

deletion, it is highly likely that the deletion is a significant contributor to both of those

phenotypes.

The three affected individuals in this family also carry a 0.9 Mb deletion encompassing 26

genes on chromosome 19p13.2. All of the deleted genes except for MAN2B1, which is

partially deleted, are zinc finger genes. Constitutional deletions of 19p13.2 are rarely

reported. In the DECIPHER database (http://decipher.sanger.ac.uk/) there are no patients

with deletions encompassing the same region that we report, though there are two patients

with large, partially overlapping deletions (cases 260269 with no available phenotype
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information and1857 with ID, behavioral problems and dysmorphic features). There is one

report of a child with infantile spasms who has a de novo 0.7 Mb deletion of 19p13 that

includes the CACNA1A gene [Auvin, et al., 2009], just distal to the deletion in our patients.

The authors hypothesize that deletion of the CACNA1A gene may be responsible for the

epilepsy phenotype in their patient. The CACNA1A gene is not included within the deleted

region in our family, though it is possible that there are regulatory effects that might

influence the expression of this gene.

A two-hit model for severe developmental delay has been proposed for deletions at another

locus on chromosome 16, 16p12.1 [Girirajan, et al., 2010]. In patients with the 16p12

deletion, probands who had a second CNV >500 kb were more severely affected. We

hypothesize that the second large deletion on 19p13.2 in all affected individuals is

contributing the severity and nature of the phenotype. Because generalized epilepsy is not a

primary phenotype associated with deletions of 16p11.2, we investigated whether genes

within the 19p13.2 deletion might be involved in epilepsy susceptibility. ZNF44 encodes a

zinc finger protein also known as gonadotropin-inducible transcription factor (GIOT-2). In

yeast two-hybrid screens, ZNF44 binds CSNK2B, the beta subunit of the ubiquitous serine/

threonine kinase CK2, which is abundant in developing nervous tissue [Blanquet, 2000,

Lehner, et al., 2004]. In addition, there are no CNVs involving this gene in control studies to

date. We therefore considered this gene a reasonable candidate and performed sequence

analysis of all coding exons in patients with generalized epilepsy with or without ID. While

we identified four variants that are rare (<1% frequency) in the general population, we did

not identify any variants that are absent from control studies. While ZNF44 is a reasonable

candidate, it is possible that other genes in the region are involved as well.

Taken together, these data suggest that the combination of a recurrent CNV at 16p11.2 and a

rare CNV at 19p13.2 is responsible for the clinical phenotype in this family and suggest that

deletions encompassing ZNF44 and/or rare variants in ZNF44 may contribute to the risk of

epilepsy in the general population. Ongoing studies genotyping large cohorts of epilepsy

patients (http://www.epgp.org/epi4k/ and others) will help clarify the contribution of genes

within both the 16p11.2 and 19p13 loci to epilepsy, and may suggest novel diagnostic and

therapeutic targets.
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FIG. 1.
A: Pedigree of family discussed in the text. Black shading indicates intellectual disability

and generalized epilepsy. B and C: Two deletions identified in the proband (data shown),

sibling and mother (not shown). Solid horizontal bars at the bottom indicated CNVs in

controls from the Database of Genomic Variants (http://projects.tcag.ca/variation/). Blue

bars represent duplications, red bars represent deletions and brown bars indicate that both

deletions and duplications have been seen.
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