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CASE REPORT

Eighteen-year-old man with autism, obsessive
compulsive disorder and a SHANKZ variant presents
with severe anorexia that responds to high-

dose fluoxetine

Zhen A Lu,' Weiyi Mu,” Lauren M Osborne,** Zachary A Cordner®

SUMMARY

The SHANK2 gene codes for a protein involved in
organising the postsynaptic density and disruptions have
been associated with autism spectrum disorders (ASDs).
ASDs are frequently comorbid with intellectual disability
and anxiety disorders and emerging evidence suggests
potentially common aetiologies. Here, we report the case
of an 18-year-old man with ASD who presented with
severe anorexia due to fear of food contamination, food
avoidance and stereotypies attributable to underlying
obsessive compulsive disorder (OCD). The patient was
found to be heterozygous for ¢.2518C>T (p.Pro840Ser),
a likely damaging coding variant in the proline rich
region of SHANK?. Interestingly, the patient’s disordered
eating behaviour began to improve only after high-dose
fluoxetine was initiated to target OCD symptoms. Overall,
this case highlights the utility of molecular genetic
testing in clinical psychiatry and provides an example

of how genetic information can inform clinicians in the
treatment of complex neuropsychiatric syndromes.

BACKGROUND

Based on current diagnostic definitions, autism
spectrum disorders (ASDs) affect at least 15 per
1000 children and are characterised by difficulties
with social interaction and communication as well
as restricted and stereotyped patterns of interests
and activities.' 2 Phenotypically, approximately 329
of all ASD cases have some degree of intellectual
disability and another 25% have a borderline low
IQ." Additionally, ASDs are frequently comorbid
with other psychiatric disorders. Obsessive compul-
sive disorder (OCD) and specific phobias are most
common, with a lifetime prevalence of greater
than 40% among individuals with ASDs.*> * Inter-
estingly, this high rate of comorbidity, in addition
to emerging molecular evidence, has led some to
suggest potentially common aetiologies between
ASDs and anxiety disorders.’

Regarding aetiology and pathophysiology, a
number of different genes, pathways and brain
regions have been implicated, but a growing body
of evidence suggests that dysfunctional synaptic
proteins are frequently involved.®” In particular,
causative variants in the SHANK family of genes,
which code for a group of scaffolding proteins
containing multiple domains for protein-protein

interaction including ankyrin repeats and an SH3
domain, have been repeatedly identified.® '

SHANK?2, or the SH3 and Multiple Ankyrin
Repeat Domains 2 gene, is one member of the
SHANK family and codes for a protein that loca-
lises to the postsynaptic density of excitatory
synapses.'! 12 The postsynaptic density is a special-
ised structure of the postsynaptic membrane that
is crucially important for neuronal signalling. The
SHANK?2 protein is involved in organisation of this
structure and, specifically, plays a role in organising
the neurotransmitter receptor apparatus and the
adhesion of the postsynapse to presynaptic termi-
nals.” Together with other proteins, SHANK2
is part of a structural matrix that anchors and
clusters postsynaptic neurotransmitter receptors,
synaptic cell adhesion molecules and components
of intracellular signalling pathways opposite to the
neurotransmitter release site and is thus critical to
the function of the postsynaptic signal transduction
machinery.!® 3

Several animal models have been developed to
explore the role of SHANK2 and its relationship
to neuropsychiatric phenotypes.’*” In particular,
one mouse model lacking only exon 7 of Shank2
demonstrated impairments in social interaction,
increases in stereotypical behaviours and hyperac-
tivity.!* A mouse lacking exons 6 and 7 was sepa-
rately shown to display ASD-like behaviours such
as reduced social interactions and impaired spatial
memory.'®

Regarding the clinical relationship between
SHANK2 and ASD, in a study of 396 patients
with ASD and 184 with mental retardation, a de
novo SHANK2 copy number variant (CNV) was
found in two participants and none of the 5023
matched controls. In the same study, six different
SHANK?2 missense variants and a six basepair dupli-
cation were found among participants with ASD or
mental retardation, but not found in any of the 659
controls.® In another study of 851 individuals with
ASD and 1090 controls, SHANK2 variants affecting
highly conserved amino acids were identified in
3.4% of cases but only 1.5% of controls. Further,
when transfected into neuronal culture, only the
variants identified in cases resulted in decreased
synaptic density.” Overall, the authors of the above
studies conclude that disruptions of the SHANK2
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gene may lead to synaptic dysfunction and significantly increase
the risk of ASD.??

In this report, we summarise the case of an 18-year-old man
with known ASD and OCD who presented with severe anorexia
nervosa (body mass index (BMI) 13.8) and was found to have a
novel coding variant in the proline rich region of SHANK2.

CASE PRESENTATION

Case report

The male proband is the first child of a mother who has no signif-
icant medical or psychiatric history. His father has no formal
psychiatric history but is noted by the proband and family to
be socially isolative with rigid behavioural patterns. His parents
were non-consanguineous and both of Ethiopian descent. A
three-generation family history was otherwise notable for a
maternal uncle with polysubstance abuse, a maternal first cousin
twice removed with schizophrenia and a paternal first cousin
with attention deficit hyperactivity disorder.

With regard to the proband, there was no known exposure to
alcohol, tobacco, illicit substances, known teratogens or infec-
tion in utero. The proband was born at 38 weeks gestation by
vaginal delivery that required suctioning. He was born with a
nuchal cord that was managed without complications. At birth,
he weighed 2.95 kg.

Developmentally, while gross motor milestones were met on
time, fine motor skills were delayed relative to accepted stan-
dards. Language was also delayed, with first words occurring
at approximately age 3 years and sentences at age 3.5 years.
Regarding social development, the proband is significantly
impaired. He does not use expressive gestures or imitate others
and shows little interest in interaction with peers. Behaviourally,
he has developed numerous rigid routines and stereotypes.
Additionally, by age 9 years, he had developed severe obses-
sions of contamination that were associated with repetitive hand
washing, avoidance of public places and avoidance of specific
foods. The proband was formally diagnosed with ASD and OCD
during his first psychiatric admission at age 13 years. At that
time, a dysmorphology assessment and brain MRI were both
unremarkable. He also underwent an extensive neuropsycholog-
ical evaluation, which was consistent with the diagnosis.

The proband has never used tobacco, alcohol or any illicit
substances. He has never been sexually active.

He has no other significant past medical or surgical history
and he has no allergies.

Eating disorder history
At age 16, the proband was admitted to the Johns Hopkins Child
and Adolescent Psychiatry Service due to restricting behaviour
characterised by decreased total intake and avoidance of specific
foods. On admission, BMI was 14.1 (weight 43.1kg, height
1.75m). He was diagnosed with anorexia nervosa, restricting
type and OCD. He was started on a standardised weight gain
protocol. The treatment team also recommended starting
psychopharmacological treatment for OCD but his family
declined. After 9 days, his family elected to seek treatment at a
different facility. BMI was 14.7 at the time of transfer.
Approximately 4 months later, the proband was admitted to
the Johns Hopkins Eating Disorders Service after losing 6.8 kg
over the course of 1 month in the setting of worsening food avoid-
ance, school avoidance and stereotypies. On admission, BMI was
14.2. He was diagnosed with anorexia nervosa, restricting type,
complicated by OCD. During this admission, the treatment team
strongly recommended a comprehensive strategy involving a

standard weight gain protocol and approach to managing disor-
dered eating behaviour as well as treatment of OCD symptoms.
However, the family expressed a strong preference to minimise
pharmacotherapy and minimise the attention to OCD symptoms
in favour of a treatment plan focused primarily on the proband’s
disordered eating behaviour. After 63 days, he had gained only
1.54kg (BMI 14.7) and was again discharged according to his
family’s preference to seek treatment at a different facility.

Twenty-four months later, the proband was readmitted to the
Johns Hopkins Eating Disorders Service with a BMI of 13.8. At
that time, the history was thought to be most consistent with
Avoidant/Restrictive Food Intake Disorder. A brain MRI without
contrast was unremarkable. He had an EEG which was normal.
During the admission, he had significant difficulty eating meals
in a social setting, was noted to spend multiple hours a day
inspecting each bite of food for contamination and had profound
exacerbation of his stereotypies during meals. Given the team’s
concern that his disordered eating behaviour was a manifestation
of his previously known OCD and that prior admissions focusing
on eating disorder treatment only had not been successful, the
proband and his family agreed to pharmacological treatment for
OCD. Fluoxetine was started and titrated to 120 mg daily, which
resulted in dramatic improvement in behaviour and weight gain
(figure 1). At the time of discharge, his BMI was 19.1 with a
weight of 56.93 kg.

Additionally, given the complex psychiatric phenotype with
an apparent developmental origin, molecular genetic testing was
pursued.

INVESTIGATIONS

Array CGH analysis

Genomic DNA was extracted from peripheral blood, and array
comparative genomic hybridisation (array CGH) was performed
at the Johns Hopkins Cytogenetics Laboratory. The array used
was the Human Infinium CytoSNP-850K Beadchip containing
over 850000 markers (mean spacing 3.5kb) (Illumina, USA).
Data were analysed with CNV partition 2.4.4.0 (Illumina, USA).

Mitochondrial genome analysis

Mitochondrial genomic DNA was extracted from peripheral
blood. Sequencing as well as deletion analysis was performed by
Courtagen Laboratories.

Next-generation sequencing analysis

Genomic DNA was extracted from peripheral blood, captured
with inversion probes and sequenced using next generation
sequencing (NGS) on Illumina MiSeq sequencing system with
250bp paired-end reads. Sequence results were mapped to
USCS hgl9 genomic reference. Deletion/duplication testing
was performed via analysing NGS coverage data. Variants were
scored based on ACMG guidelines for variant interpretation.'®
All total, more than 1200 genes were sequenced using this
method, focusing on genes related to neurodevelopmental disor-
ders and/or nuclear mitochondrial disorders. Sequencing was
performed by Courtagen Laboratories.

OUTCOME AND FOLLOW-UP
The proband underwent genetic testing to assess for underlying
causes for his symptoms of ASD, OCD and disordered eating
behaviour.

Results from the array CGH showed 46,XY with no abnor-
malities detected at the level of resolution analysed. Results
from the mitochondrial sequencing were also non-diagnostic.
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Figure 1  Trends in body weight (black line, left axis) and fluoxetine dose (grey line, right axis) over the course of inpatient psychiatric admission.

The data suggest an improvement in weight gain that correlated with high-dose fluoxetine treatment. Behaviourally, this treatment response was also
associated with improvement in OCD-like behaviours. OCD, obsessive compulsive disorder.

However, two homoplasmic variants of unknown significance
were found at m.13967C>T (p.Thr544Met) and m.4350C>T
(synonymous). Both variants are rare with low evolutionary
conservation in similar species and have both been reported in
normal population databases.

Notable results from the NGS panels include a novel hetero-
zygous ¢.2518C>T (p.Pro840Ser) variant in the SHANK2 gene
(isoform SHANK2E, NM_012309.3). This variant is located in
the proline-rich domain of SHANK2 where other disease-causing
variants have been found.® The proline to serine substitution is
a marked change in polarity. Furthermore, this proline residue is
evolutionarily conserved across all species assessed in the UCSC
browser. PolyPhen-2 predicts this variant to be damaging with
a score of 0.917 (sensitivity 0.81, specificity 0.94). Based on
ACMG variant classification criteria, this has been categorised as
‘3’, variant of unknown significance.'®

This ¢.2518C>T has not been previously reported and has
not been found in any queried database of healthy controls. It
is not present in 1000 Genomes, ExAC or gnomAD. Of note,
the variant was paternally inherited and, while the father has
no formal psychiatric history, he was repeatedly noted by the
proband and family to be socially isolative with rigid behavioural
patterns suggestive of ASD.

DISCUSSION

Here, we present the case of an 18-year-old man with a history
of ASD and OCD who developed severe eating disordered
behaviour that responded to high-dose fluoxetine. Genetic
testing revealed a paternally inherited SHANK2 variant,
¢.2518C>T p.Pro840Ser. This novel variant is located in the
proline-rich domain of SHANK2 and results in the substitution
of a highly conserved proline residue to a polar serine residue
which is likely damaging and may contribute to the proband’s

complex phenotype. Interestingly, while his father had not been
formally diagnosed with any neuropsychiatric disorder, the
proband and multiple family members confirmed the father’s
long history of social isolation and rigid behavioural patterns,
and other studies have found that SHANK2 variants may display
incomplete penetrance.”®

The relationship between ASDs and SHANK2 variants has been
well established, and multiple single nucleotide variants as well as
small deletions and CNVs have been reported.'* ' Clinical data
are further supported by several studies in model organisms that
have been previously reviewed.” ' In one knockout model, lack
of Shank2 exon 7 results in impairments in social interaction,
increased in stereotypical behaviours and hyperactivity."* Similarly,
mice lacking Shank2 exons 6-7 display reduction in social interac-
tions as well as mild impairments in spatial memory."®

In addition to ASD, the proband developed OCD features
during early childhood. A large body of literature has established
the high rate of OCD among patients with ASDs. While the role
of SHANK2 in OCD has not been well studied in humans, inter-
estingly, two different Shank2 knockout mouse models have
been found to exhibit repetitive behaviours and increased self
grooming which are common behavioural phenotypes found in
models of OCD.'*1620-23

Clinically, one of the most interesting aspect of the proband’s
phenotype was his profoundly disordered eating behaviour
necessitating multiple inpatient psychiatric admissions for
severe anorexia. Over time, it became evident that this disor-
dered behaviour, characterised by difficulty eating meals in a
social setting, spending multiple hours a day inspecting food
for contamination and exacerbation of stereotypies during
meals, likely represented a manifestation of OCD complicated
by underlying ASD. While, to our knowledge, eating disordered
behaviour has not been previously reported in individuals with
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SHANK2 variants, complex psychiatric phenotypes involving
anorexia have been described in at least three patients with vari-
ants in the closely related SHANK3 gene.**

Further supporting an argument that the proband’s disordered
eating behaviours are related to underlying OCD was his lack of
improvement during his more than 2months in a standardised
anorexia treatment programme followed by dramatic improve-
ment that correlated closely with titration of fluoxetine. It is
now well recognised that selective serotonin reuptake inhibitors
(SSRIs), particularly at high doses, represent a mainstay of treat-
ment in OCD and this has been reviewed several times.”® >’ It is
also increasingly accepted that SSRIs should not be expected to
augment the treatment of typical anorexia cases.” "

Based on the evidence presented here, we suggest that the novel
Pro840Ser SHANK2 heterozygous variant likely contributes (along
with other genetic and environmental factors that were not the
focus of this report) to the proband’s complex neuropsychiatric
phenotype. Together, this case sheds light on a potentially novel
genetic cause of ASD, OCD and disordered eating behaviour.
Further, this case demonstrates the practical role for molecular
genetic testing in clinical psychiatry and provides a clear example
of how genetic information can inform the treatment of patients
with complex neuropsychiatric syndromes.

Learning points

» The characteristic features of autism spectrum disorders
(ASD) include disordered social interaction and
communication, but ASDs are frequently comorbid with other
neuropsychiatric syndromes including intellectual disability
and anxiety disorders. Emerging evidence suggests potentially
common aetiologies.

» SHANK2, or the SH3 and Multiple Ankyrin Repeat Domains
2 gene, codes for a protein that is involved in organising
the postsynaptic density. Disruptions of SHANK2 have been
associated with ASD.

» We identified a case of severe anorexia in the context of
a complex neuropsychiatric phenotype including features
of ASD and obsessive compulsive disorder (OCD). This
phenotype was associated with a novel Pro840Ser SHANK2
variant.

» In this case, the patient’s weight and disordered eating
behaviour improved only after high-dose fluoxetine was
initiated. This treatment response would not be expected in
typical cases of anorexia.

» This case identifies a potentially novel genetic cause of ASD,
0CD and disordered eating behaviour. Further, this case
provides an example of how genetic information can be used
to guide treatment of patients with complex neuropsychiatric
syndromes.
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