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A 15q13.3 microdeletion segregating with autism
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Autism and mental retardation (MR) show high rates of comorbidity and potentially share genetic risk
factors. In this study, a rare ~2 Mb microdeletion involving chromosome band 15q13.3 was detected in a
multiplex autism family. This genomic loss lies between distal break points of the Prader-Willi/Angelman
syndrome locus and was first described in association with MR and epilepsy. Together with recent studies
that have also implicated this genomic imbalance in schizophrenia, our data indicate that this CNV shows
considerable phenotypic variability. Further studies should aim to characterise the precise phenotypic
range of this CNV and may lead to the discovery of genetic or environmental modifiers.
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Introduction

Twin studies have consistently indicated a strong genetic
susceptibility to autism.' Analysis of chromosomal aberra-
tions and genetic linkage studies have helped identify
numerous autism susceptibility regions at many different
chromosomal loci.>® One of the first regions to be
implicated was the imprinted Prader—Willi/Angelman
syndrome (PW/AS) region on the long arm of chromosome
15.* Duplications at this locus are found to be associated
with autism only when inheritance of this duplication is
maternal or when de novo events originate on the maternal
chromosome.® The latest whole-genome CNV studies
confirm that the 15q11-13 duplication is found in about

*Correspondence: Professor AP Monaco, Wellcome Trust Centre for
Human Genetics, University of Oxford, Roosevelt Drive, Headington,
Oxford OX3 7BN, UK.

Tel: +44 1865 287502; Fax: +44 1865 287650;

E-mail: anthony.monaco@well.ox.ac.uk

SSee http://www.well.ox.ac.uk/monaco/autism/IMGSAC.shtml

Received 12 September 2008; revised 30 October 2008; accepted 31
October 2008; published online 3 December 2008

0.5-0.7% of individuals with autism,®” although this is
likely to be an underestimate as autism cohorts are often
pre-screened by karyotyping.

A recent study by Sharp et al® identified a recurrent
microdeletion around the distal PW/AS break points in
approximately 0.3% of individuals with mental retardation
(MR), with the region between break points BP4 and BPS
considered to be critical. One of the nine cases described in
this study presented with mild autistic traits. Learning
disability and autism often show high levels of comorbid-
ity, with MR typically observed in up to 70% of individuals
with autism.” MR and autism are also thought to share
genetic risk factors. A recent study suggested that as many
as two-thirds of male patients carrying the full Fragile X
expansion (>200 CGG repeats) exhibit autistic traits.'°
Similarly, the recurrent 16p11.2 microdeletion/duplication
has been associated with autism and psychiatric disorders’
and was linked earlier to mild MR, with seizures and
abnormalities of the aortic valve.!!

The findings described above led us to investigate further
the segregation of a microdeletion of 15q13.3, similar to
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the critical region involved in MR, identified in a family in
which three boys were all affected with autism. The results
of these studies, together with detailed clinical informa-
tion, are presented and the genotype-phenotype correla-
tion in this family is compared with those in the
individuals described by Sharp et al.®

Methods and results
Case reports
Case 1 The birth of the proband was induced due to a

deterioration in foetal heart rate, following premature
rupture of membranes. He spent the first week of his life in
an incubator and suffered from prolonged neonatal
jaundice. Language development was markedly delayed
with first words at 4 years and phrases at 6 years.
Articulation, although severely affected initially, was good
at the time of referral. He demonstrates severe obsessional
and hyperactive behaviours, has very limited social
communication and poor eye contact. A neurological
examination indicated slightly disturbed coordination
and dysdiadochokinesia.

Case 2 The second child (half-sib of the proband) was
born after a normal pregnancy with no complications. He
spent a week in hospital, aged 15 months, due to severe
enteritis. He showed delayed language development with
first words at 3 years and phrases at 4 years. Aged 3 years,
he was socially withdrawn, with hyperactive behaviour,
and was unable to join in with games. At a later
examination, it was noted that he showed irritable
behaviour in groups, often living in his own world and
refusing eye contact. He developed obsessional interests
and showed various ritualistic behaviours, such as washing.

Case 3 The youngest child (half-sib of the proband,
full-sib of case 2) was born by a caesarean section (to
avoid breech birth) after a normal pregnancy. Language
development was markedly delayed with first words at
5 years 5 months and phrases at 6 years. The mother
noticed that from 6 months he was socially withdrawn,
never joining in with activities or developing emotional
relationships. He was fixated with certain objects and
still sometimes used idiosyncratic speech with articulation
abnormalities. A neurological examination showed
muscular hypotonia, disturbed coordination, dysdiado-
chokinesia and no dominant laterality.

All three boys received a clinical diagnosis (ICD-10) of
childhood autism. They also met the Autism Diagnostic
Interview-Revised (ADI-R) algorithm criteria for autism and
the autism spectrum criteria using the Autism Diagnostic
Observation Schedule (ADOS) (case 3 has narrowly defined
autism on both assessments). All three children had a
history of language delay and full-scale IQs ranged from 72
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Phenotype summary of individuals carrying 15q13.3 deletion in comparison to Sharp et a® cohort
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to 96 (Table 1) using the revised Wechsler Intelligence
Scales for Children or Adults. The family was of Caucasian
ethnicity and had been shown to be negative for Fragile X
and Kkaryotype (G-banding) abnormalities. Neurological
and physical examination was carried out on all three
cases using a standardised protocol'> and no obvious
dysmorphologies such as hypertelorism or fifth finger
clinodactyly were seen; however, we cannot rule out the
presence of more subtle changes. More detailed clinical
information is presented in Table 1 to allow comparison
with cases described by Sharp et al.®

Both psychologists involved with the clinical assessment
of this family deemed the mother to be of good intellectual
capacity, with no suggestion of any psychopathology.

Molecular genetics

DNA from this family was collected over 13 years ago and
has already been used in several genetic studies.'®!'*
Consequently, only whole-genome amplified (WGA) ma-
terial (REPLI-g, QIAGEN) was available for an Autism
Genome Project (AGP) study using the Human 1M
BeadChip SNP array (Illumina, San Diego, CA, USA).
Following genome-wide CNV analysis of this SNP data
using QuantiSNP'S (with L=1M, EM iterations=25 and
using the GC correction option), a high level of false
positives were seen in these samples: 1478, 1757 and 1779
CNVs were detected with log Bayes Factor >10 for the
proband, his mother and his father respectively, compared
with a mean of ~50 in genomic DNA samples. This led to
the exclusion of this family from the main AGP CNV
analysis (in progress). A recent study has similarly shown
that SNP-based CNV analysis gives high levels of false
positives for WGA samples, but suggests that, after
comparison with similarly amplified control samples,
CNVs with the highest significance values may be real.'®
In this family, the CNV detected with most significance
was a loss spanning the PW/AS BP4 to BPS region (Figure 1),
identified in the proband (chrl5: 28736917-30686 830,
b36 genome coordinates, logBF=550) and apparently
being transmitted from the mother (chrlS: 28736917-
30303 265, log BF =574). Despite the uncertainty of these
findings, the fact that this putative loss closely matched
with the recently described 15q13.3 recurrent MR micro-
deletion® and was unlikely to be a WGA-specific artefact (it
was not present in the father or other WGA samples) led us
conclude that it may be a true finding worth validating.
The microdeletion was subsequently verified using array-
based comparative genomic hybridisation (aCGH). Briefly,
new aliquots of whole-blood genomic DNA were obtained
and tested against a genome-wide 44K oligonucleotide
aCGH platform (Agilent Technologies, Santa Clara, CA,
USA) according to the manufacturer’s instructions, using
well-characterised, sex-matched control DNA as the refer-
ence. The aCGH analysis verified the genomic loss, with a
minimal deleted region of chr15: 28 725 507-30701 432.
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Figure 1 SNP data showing a microdeletion of 15q13.3. LogR
ratios and B-allele frequencies are plotted against chromosome 15
position (b36). Visualised using lllumina Genome Viewer (v3.2.7),
within BeadStudio. The red line shows a 1 M moving window average
of the log R ratio. Hemizygosity in the mother and proband is shown
by a drop in log R ratio (arrows) and missing heterozygote SNP calls (B-
allele frequency ~0.5).

Haplotype analysis of Affymetrix 10K SNPs from an
earlier AGP study'’ was carried out using Merlin'® to
indicate the most likely pattern of gene flow. This showed
that the same maternal haplotype was transmitted to the
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Figure 2 Pedigree and

aCGH data shown on CGH Analytics software (v3.4, Agilent). The green and red data points indicate probes with

fluorescence ratios falling outside the software cutoff threshold of 0.25. The deleted regions are indicated by the vertical lines coloured according to
the sample, analysed using a moving window average of 0.5Mb. The plots are shown centred on probe A_14_P118326 (chr15: 29482614—-
29482671, b36 genome coordinates) shown by horizontal blue lines. The scale on the horizontal axes indicates relative copy number change. NA,

DNA from this individual was not available.

two affected half-siblings in this region on 15q13 (data not
shown). This was confirmed using aCGH, thus demonstra-
ting the segregation of the 15q13.3 microdeletion with
autism in this generation of the pedigree (Figure 2).
Although there was evidence of learning disabilities in a
member of the mother’s extended family, further segrega-
tion analysis was not possible as DNA was not available.

This family was the only occurrence of the 15q13.3
microdeletion within the initial AGP cohort (525 probands
and their parents, with a multiplex-to-singleton ratio of 2:1
and male-to-female ratio of 5:1). The microdeletion was
also not detected in 427 probands from a Canadian autism
cohort using Affymetrix 500K arrays®. No microdeletions
of this region have been reported in the Database of
Genomic Variants (DGV, http://projects.tcag.ca/variation/;
database version of June 2008),'° suggesting that the
deletion is likely to be of clinical relevance (consistent
with the reported MR cases). Conversely, a gain spanning
this locus was found in two controls (chr15: 28 393 128—
30740356)%° and an inversion of this region was detected
in a HapMap sample.?! Sharp et al® also detected inversion
of this region on 7/16 HapMap chromosomes.

Discussion

This multiplex family was one of the first to be collected as
part of the IMGSAC cohort used for linkage analysis.'*!* In
this family, the proband and his two maternal half-brothers
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have all been diagnosed with autism. This family structure
(Figure 2) means that recessive susceptibility factors are less
likely to be involved in this pedigree, with the most likely
inheritance pattern being a maternal dominant risk factor.
Consistent with this suggestion, whole-genome CNV
analysis identified a 15q13.3 microdeletion that was
transmitted to all affected children from their mother.
The absence of this deletion from the DGV, together with
the segregation seen in this generation of the pedigree,
suggests that it may be a rare variant involved in autism
pathogenesis. In view of the gender bias seen for autism, it
is interesting to note that all the affected offspring are
male, whereas the mother harbouring the same deletion
appears phenotypically normal.

This 15q13.3 microdeletion was described recently in
association with MR.® The nine published MR cases
harbouring the microdeletion were described as having
mild-to-moderate MR, with reported IQs ranging from 34
to 62, with one individual having ‘mild autism’. By
contrast, the three individuals described here are less
severely affected in terms of intelligence, but all have been
diagnosed with autism using the ADI-R/ADOS. Sharp et al®
also report that the majority of individuals in their study
presented with mild face and hand dysmorphologies,
whereas no such abnormalities were documented in the
family described here. Autism is associated with increased
head circumference in approximately 17% of cases.?* Two
of the three individuals described here had a head
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circumference of >97th centile, whereas only one of the
individuals reported by Sharp et al® showed this feature
(Table 1).

The mechanism by which this deletion might lead to
autism can only be speculated upon. Haploinsufficiency of
one or more of the seven genes contained in this critical
region is likely to be a key factor. One of the genes
(CHRNA?) encodes a synaptic ion channel that in mouse
knockouts is associated with an abnormal EEG.?* This gene
is therefore a good candidate to explain the epilepsy or
abnormal EEG results observed in seven out of nine of the
Sharp et al® cases (although this phenotype was not present
in our study). Alternatively, the microdeletion may also
cause changes in chromatin structure that upregulate
nearby genes, thereby following the same underlying
mechanism as the 15q11-13 duplication.

None of the individuals described here had other
associated psychiatric problems at the age of assessment
(16 years for case 1, 14 years for case 2 and 10 years for case
3). Nevertheless, two recent studies reported the same
deletion to be recurrent in schizophrenia cohorts.>#*> In
the larger of these studies, an Icelandic group found this
deletion in 7 out of 4213 (0.17%) affected individuals,
compared with 8 out of 39800 (0.02%) controls. Interest-
ingly, 299 of the controls screened were in fact autistic, and
one of these autistic control samples harboured the
15q13.3 microdeletion.>* In addition, while this paper
was under review, Miller et al*® reported this microdeletion
in two cases of pervasive developmental disorder — not
otherwise specified — from a total of 262 autism spectrum
disorder (ASD) and PDD cases referred to Children’s
Hospital Boston and in 0 out of 751 families from the
Autism Genetic Resource Exchange. Together with the
individual with milder autism described by Sharp et al® and
the autistic ‘control’, our family is therefore the forth
independent report of this rare microdeletion in indivi-
duals with ASD and the first to demonstrate segregation in
a multiplex family with narrowly defined autism.

It is becoming increasingly apparent that CNVs can span
the boundaries of clinical diagnosis. We believe that the
15q13.3 deletion acts in concert with modifier genes, other
contributing CNVs or even environmental exposures,
which may determine why it causes MR in some indivi-
duals, autism in others and schizophrenia in yet more.

Although this microdeletion is rare, its association with
autism susceptibility should be further assessed. Studies have
shown that the occurrence of de novo CNVs is decreased in
multiplex families compared with singleton families;*”?® so
it is therefore important to screen increased numbers of
singleton families for this rare variant.
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