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Abstract
Some copy number variants (CNVs) are strongly implicated in both schizophrenia and autism
spectrum disorders (ASDs). Childhood-onset schizophrenia (COS) occurs rarely with 0.1 – 1% of
all schizophrenia diagnoses manifesting before age 10. 3q29 deletions are associated with both
autism and schizophrenia, and are rare - the frequency of the deletion estimated to be 1 in 1750 in
developmental disorders. Only one patient with a 3q29 deletion was identified out of the first 1174
families with ASDs included in the Simons Simplex Collection (SSC). We report on detailed
clinical findings for this patient with a de novo 3q29 deletion who, as a young child, developed a
very rare overlap of symptoms of both autism and early onset psychosis. His ASD was first
diagnosed at the age of 4 years and his psychotic symptoms began at 5 years old. This is only the
second case reported thus far of this rare event of co-occurring autism and very early onset
psychosis in a child with a 3q29 deletion. It is also the earliest case of a child with autism
developing comorbid psychosis - manifesting by the age of 5 years.
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INTRODUCTION
Multiple rare de novo copy number variants (CNVs) contribute to genetic vulnerability to
autism and schizophrenia [Cook and Scherer, 2008]. CNVs such as 1q21.1 deletion [Stone,
2008; Levinson et al., 2011; Sanders et al., 2011], 16p11.2 duplication [Cook and Scherer,
2008; McCarthy et al., 2009; Rapoport et al., 2009; Levinson et al., 2011; Sanders et al.,
2011],17q12 deletion [Moreno-De-Luca et al., 2010], and 22q11.2 deletion [Vorstman et al.,
2006; Cook and Scherer, 2008; Rapoport et al., 2009; Levinson et al., 2011], are found both
in autism and schizophrenia. Interestingly, despite the overlap of associated CNVs, the rate
of developing schizophrenia in ASDs is only approximately 1% [Volkmar and Cohen,
1991], with the vast majority of cases of schizophrenia having an age of onset in
adolescence or young adulthood.
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3q29 deletions are rare with the frequency estimated to be 1 in 1750 in developmental
disorders [Kaminsky et al., 2011]. Sanders and colleagues [2011] identified only one patient,
this one, with a 3q29 deletion out of the first 1174 families with ASDs included in the
Simons Simplex Collection (SSC). Previously reported features associated with the 3q29
deletion include schizophrenia, autism, depression, speech delay, learning disabilities,
delayed walking, long and narrow face, microcephaly, macrocephaly, long tapering fingers,
joint laxity, high nasal bridge, recurrent middle ear infections, chest wall deformity (both
pectus carinatum and pectus excavatum), ataxic gait, cleft lip and palate, high palate,
horseshoe kidney, hypospadias, ligamentous laxity, joint contractures, abnormal skin
pigmentation, crowded/dysplastic teeth, widely spaced teeth, adenoidectomy, removal of
cholesteatoma, downslanting palpebral fissures, large low-set posteriorly rotated ears, and
smooth philtrum [Willatt et al., 2005; Ballif et al., 2008; Clayton-Smith et al., 2010; Cobb et
al., 2010; Mulle et al., 2010; Quintero-Rivera et al., 2010]. Willatt and colleagues [2005]
found the most consistent feature of the 3q29 microdeletion syndrome to be mild to
moderate intellectual disability, although Cobb and colleagues described a patient with a
Full Scale IQ in the low average range [2010].

We present the detailed clinical findings of a patient with the very rare co-occurrence of
autism and childhood-onset psychosis at the age of 5 years, and a de novo 3q29 deletion
identified in the SSC genetic study. This is the second case reported with a documented
early history of symptoms that confirms a co-occurrence of both autism and psychosis in a
child with this deletion; the first was written by Quintero-Rivera and colleagues and
described a girl who had an older age of onset of psychosis, by the age of 10 years [2010].

MATERIALS and METHODS
Genetic Results

Fragile X testing was negative for the patient. As part of the IRB approved Simons Simplex
study, DNA from whole blood from the patient and both parents was examined using the
Human 1M DNA Analysis BeadChip (Illumina Inc., San Diego, CA, USA) microarray
revealing a de novo deletion of 3q29 (chr3:197,161,073-198,851,029); hg18/NCBI build
36.1). The deletion was confirmed by fluorescence in situ hybridization (FISH) analysis of
the lymphoblastoid cell line from the SSC repository using BAC clone RP11-481O2 from
the abnormal region (See Fig 1). The deletion was subsequently confirmed in a clinical
laboratory using the EmArray Cyto60K custom oligonucleotide array (Emory Genetics
Laboratory, Atlanta, GA) with a separately drawn sample to allow reporting of clinical
results back to the family. The deletion determined using EmArray was
chr3:197,224,799-198,801,500 (hg18/NCBI build 36.1) (See Fig 1).

Research Evaluation
At age 12 years the patient was enrolled in the SSC study according to a protocol approved
by the University of Illinois at Chicago IRB. He was administered the Autism Diagnostic
Observation Schedule (ADOS) and the Autism Diagnostic Interview – Revised (ADI-R) and
met criteria for classification of autism on both instruments. The Differential Abilities Scale
(DAS) second edition demonstrated a full scale IQ of 53 (mean 100, standard deviation (SD)
15). The Peabody Picture Vocabulary Test 4 (PPVT4) was administered to assess receptive
language (standard score 87; mean 100, SD 15). His Child Behavior Check List (CBCL)
Thought Problem syndrome score was elevated with a T score of 84, greater than the 97th

percentile (Tscore distribution mean 50, SD 10). His Somatic Complaints syndrome score
was also clinically significant with a T score of 72. On the DSM oriented scales his score for
Affective Problems was also elevated with a T score of 78 and Anxiety Problems was
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elevated at T score of 71. His overall adaptive behavior composite standard score on
Vineland – II was 64 (mean 100, SD 15).

CLINICAL REPORT
The patient was born at term to nonconsanguineous healthy parents via vaginal birth after an
uncomplicated pregnancy. His gestational age was 40 weeks, he weighed 3402 g (50th

centile) and had a birth length of 53 cm (95th centile). He had some difficulties regulating
temperature at birth. At 6 – 9 months of age, he had hypotonia and difficulty bearing his
own weight. He began demonstrating abnormal movements of his arms and legs and was
diagnosed with possible phenylketonuria and possible Tourette’s syndrome. As an infant, he
also had gastroesophageal reflux.

At age 2 years he had tics, obsessive compulsive behaviors, choreoathetoid, and stereotyped
movements. He was evaluated by a pediatric neurologist, and was noted to have mild
asymmetries on the right including an abnormal gait, brisker reflexes on the right, upgoing
toe on the right, a tendency to circumduct the right foot during gait testing, subtle decrease
of nasal labial fold on the right, and some delay of right compared to left sided smile. An
MRI done at age 2 was normal.

He was given a diagnosis of pervasive developmental disorder not otherwise specified (PDD
NOS) around the age of 4 years. Also around 4 years of age, a diagnosis of Sydenham
chorea and Pediatric Autoimmune Neuropsychiatric Disorders Associated with
Streptococcal infections (PANDAS) was considered in the context of worsening of
abnormal movements and tics with pharyngitis.

Over the course of his childhood development, his movement disorder was so severe that he
experienced fractures of the ulna and of at least one toe before the age of 5 years.

At age 5 years he had chicken pox, and his mother reported that it led to the onset of an “odd
psychotic state” – he covered his ears, saw things on the wall moving, and even looked at his
mother and did not recognize her.

His history of psychotic symptoms included auditory hallucinations of a clock ticking inside
his head and visual hallucinations. He misinterpreted noises and was unable to leave the
house because of his hallucinations.

On examination at age 16 years, he had dysmorphic pinnae, wide (11.25 mm) and high nasal
bridge, pectus excavatum, and an unusually severe presentation of antipsychotic withdrawal
dyskinesia – characterized by involuntary facial grimacing, new-onset posturing and fanning
of his fingers when talking, lateral tongue movements, toe curling, involuntary lateral eye
movements, his neck was being pulled to his chest, and he had cogwheel rigidity of arms.
His Abnormal Involuntary Movements Scale (AIMS) score was 25 (maximum score 40).

His family history is significant for bipolar disorder in maternal aunt.

Medication Trials
Prior to his enrollment in the SSC, the patient was prescribed multiple medications for his
neuropsychiatric symptoms. The duration and doses of many of these treatments are
unknown but included a long list of typical and atypical antipsychotics, antidepressants, and
mood stabilizers.

After many medication trials, he improved on loxapine. At age 16 he experienced an
exacerbation in his symptoms of perseveration, obsessions, and compulsions. As loxapine
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no longer controlled his symptoms he was tapered off of it over the course of 3–4 weeks
while simultaneously being up-titrated on quetiapine to 150mg per day. Approximately 1
week after completely discontinuing loxapine, he experienced severe symptoms consistent
with a withdrawal dyskinesia as described above.

DISCUSSION
We describe a patient with the very rare co-occurrence of autism and childhood onset
psychosis, obsessive compulsive disorder, and severe withdrawal dyskinesia, with an
approximately 1.58 Mb deletion of 3q29. He presented with psychotic symptoms including
auditory hallucinations that responded to antipsychotic medications. Childhood-onset
psychosis is rare; 0.1 – 1% of all schizophrenia diagnoses manifest before age 10 years
[Remschmidt et al., 1994]. While there are a few reports of autism and 3q29 deletion, and
other reports of schizophrenia and 3q29 deletion, this is only the second report of autism co-
occurring with early onset psychotic symptoms in a patient with this deletion and with even
rarer onset of psychotic symptoms before the age of 6 years.

This patient had several additional clinical features that may have resulted from the 3q29
microdeletion including mild mental retardation, ataxic gait, pectus excavatum, recurrent
middle ear infections, dysmorphic pinnae, and high nasal bridge.

The recurrent deletion in 3q29 mediated by segmental duplications in this patient is
approximately 1.58 Mb in size and encompasses many genes including ones implicated in
intellectual disability such as PAK2 and DLG1 [Willatt et al., 2005; Mulle et al., 2010;
Dasouki et al., 2011], and a gene involved in neuronal migration, FBXO45 [Willatt et al.,
2005; Saiga et al., 2009; Mulle et al., 2010; Dasouki et al., 2011]. Previous cases reported
with deletions of 3q29 have ranged in size from 0.8 Mb [Mulle et al., 2010] to 2.1 Mb
[Quintero-Rivera et al., 2010]. DLG1 is part of the of Neurexin/Neuroligin/DLG/SAPAP/
Shank core transsynaptic complex. Mutations of genes in this complex may confer
susceptibility to ASDs [Peca and Feng, 2012]. DLG1 is a paralogue of the X linked gene,
DLG3, which when disrupted may cause intellectual disability [Tarpey et al., 2004]. In a
study of post-mortem brain tissue it was found that DLG1 had decreased protein levels in
the prefrontal cortex of patients with schizophrenia when compared to controls [Toyooka et
al., 2002]. Toyooka and colleagues hypothesized that the reduction of DLG1 protein in the
prefrontal cortex likely contributed to glutamatergic dysfunction [2002].

The relationship of DLG1 haploinsufficiency to dyskinesias, psychotic symptoms, and
obsessive-compulsive disorder (OCD) is unclear. Carroll and colleagues could not find
evidence for any amino acid changing genetic variants in PAK2 or an excess of DLG1 rare
and singleton non-synonymous genetic variations in cases with schizophrenia when
compared to control; however they noted that they may have had an underpowered study
[2011]. DLG1 interacts with the GluA1 AMPA receptor subunit; AMPA receptors bind to
glutamate [Howard et al., 2010]. Increased glutamatergic activity is implicated in the
development and maintenance of levodopa induced dyskinesias [Ouattara et al., 2011]. It is
possible that a DLG1 deletion affected glutamate receptor function and contributed to our
patient’s dyskinesia. SAP90/PSD95-associated proteins (SAPAPs) induce the translocation
of DLG4 from the cytosol to the plasma membrane [Takeuchi et al., 1997]. SAPAP3 is a
scaffolding protein which leads to anxiety and OCD symptoms when its gene is deleted in
mice [Welch et al., 2007]. Based on these observations, it is possible that a deletion of one
copy of DLG1 resulted in impaired binding of SAPAPs which may have contributed to the
patient’s OCD symptoms.
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FBXO45, also on 3q29, is a gene with a role in neurotransmitter regulation [Tada et al.,
2010] that may also contribute to autism or schizophrenia when disrupted. FBXO45, when
disrupted, may lead to dysfunctional neurotransmission and disruptions in neuronal
communication [Tada et al., 2010]. Saija and colleagues [2009] found FBXO45 is required
for normal neuromuscular synaptogenesis, axon path-finding, and neuronal migration.
Quintero-Rivera and colleagues proposed that FBXO45 haploinsufficiency may lead to
alterations in synaptic glutamate release via accumulation of synaptic proteins normally
degraded [2010].

Discontinuation of the antipsychotic loxapine in the patient resulted in an extremely severe
withdrawal dyskinesia, characterized by grimacing, posturing, involuntarily deviated gaze
and tongue movements, increased tone, and worsening of gait ataxia. The severity of the
withdrawal dyskinesia (AIMS=25) is greatly beyond that normally observed in clinical
practice, particularly for a relatively lower dose of loxapine (16% of the maximum
recommended dose) and only 4 years of treatment. It is unknown if the patient’s previously
described movement disorders and/or neurotransmitter dysfunction that resulted from his
3q29 deletion influenced this presentation.

Quintero-Rivera and colleagues [2010] described the first case of a child with autism and
co-occurrence of psychosis: a girl with a 1.6 Mb copy number loss of 3q29 who at the age of
5 years had been diagnosed with autism and by the age of 10 years suffered with symptoms
of auditory hallucinations and violence towards others. Her differential diagnosis was
bipolar disorder with psychotic features versus schizophrenia and her deletion was paternal
in origin; her father, who was also diagnosed with bipolar disorder, did not carry the deletion
[Quintero-Rivera et al., 2010]. Mulle and colleagues [2010] described an individual they felt
strengthened the link with schizophrenia, autism and intellectual disability, who had
schizophrenia, a 836 kb 3q29 deletion, and a childhood history of mild learning disability
and impaired social interaction. They found deletions in 3q29 to be statistically significantly
associated with schizophrenia, including 6 cases with the deletion and none of the controls
having this deletion [Mulle et al., 2010].

This patient had a de novo 3q29 deletion, autism with very rare co-occurring early onset
psychotic symptoms, and several physical features associated with his deletion. This is the
second patient (with the youngest age of onset of psychotic symptoms) reported in the
literature of this extremely rare event of co-occurring pre-pubertal psychotic symptoms and
autism being associated with a 3q29 deletion.
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Figure 1. Results from Microarray and Confirmatory FISH Analyses Showing the 3q29 Deletion
A) The deleted region, identified by EmArray microarray analysis, is indicated by the
abnormal oligonucleotide probes (red) shifted to the left from the normal oligonucleotide
probes (black).
B) FISH analysis with probes for the 3p (green)(BAC clone CTC-228K22) and 3q (red)
(BAC clone CTB-56H22) telomere regions confirmed the deletion (arrow)
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