Molecular
Syndromology

Mol Syndromol 2011;2:186-201
DOI: 10.1159/000334260

Published online: November 22, 2011

The 22q13.3 Deletion Syndrome
(Phelan-McDermid Syndrome)

K.Phelan? H.E. McDermid®

2Hayward Genetics Center and Department of Pediatrics, Tulane University School of Medicine,
New Orleans, La., USA; °Department of Biological Sciences, University of Alberta, Edmonton, Alta., Canada

Key Words
22q13.3 deletion syndrome - Autism spectrum disorders -
SHANK3

Abstract

The 22g13.3 deletion syndrome, also known as Phelan-Mc-
Dermid syndrome, is a contiguous gene disorder resulting
from deletion of the distal long arm of chromosome 22. In
addition to normal growth and a constellation of minor dys-
morphic features, this syndrome is characterized by neuro-
logical deficits which include global developmental delay,
moderate to severe intellectual impairment, absent or se-
verely delayed speech, and neonatal hypotonia. In addition,
more than 50% of patients show autism or autistic-like be-
havior, and therefore it can be classified as a syndromic form
of autism spectrum disorders (ASD). The differential diag-
nosis includes Angelman syndrome, velocardiofacial syn-
drome, fragile X syndrome, and FG syndrome. Over 600 cas-
es of 22q13.3 deletion syndrome have been documented.
Most are terminal deletions of ~100 kb to >9 Mb, resulting
from simple deletions, ring chromosomes, and unbalanced
translocations. Almost all of these deletions include the gene
SHANK3 which encodes a scaffold protein in the postsynap-
tic densities of excitatory synapses, connecting membrane-
bound receptors to the actin cytoskeleton. Two mouse

knockout models and cell culture experiments show that
SHANK3 is involved in the structure and function of synapses
and support the hypothesis that the majority of 22¢13.3 de-
letion syndrome neurological defects are due to haploinsuf-
ficiency of SHANK3, although other genes in the region may
also play a role in the syndrome. The molecular connection
to ASD suggests that potential future treatments may in-
volve modulation of metabotropic glutamate receptors.
Copyright © 2011 S. Karger AG, Basel

The 22q13.3 deletion syndrome (Phelan-McDermid
syndrome) typically results from the loss of the distal
long arm of chromosome 22. The loss of material may
result from a terminal or interstitial deletion of chromo-
some 22, an unbalanced translocation that may be inher-
ited or de novo, or from other structural rearrangements
involving chromosome 22. The abnormalities may be
cryptic and virtually always involve haploinsufficiency
for the SHANK3 gene. Major features of the syndrome
include neonatal hypotonia, moderate to severe intellec-
tual impairment, severe or absent expressive language
delay, and normal growth. Common facial characteris-
tics include dolicocephaly, flat midface, wide brow, wide
nasal bridge, deep-set eyes, full cheeks, pufty eyelids,
long eyelashes, and bulbous nose. Large fleshy hands,
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dysplastic toenails, sacral dimple, and large poorly formed
ears are frequently observed. Behavior is autistic-like
with impaired communication, reduced social interac-
tion, poor eye contact, anxiety, and self-stimulatory con-
duct. This report summarizes many aspects of the clini-
cal and genetic facets of the 22q13.3 deletion syndrome.

History of 22q13.3 Deletion Syndrome

The first case of pure monosomy for the distal long
arm of chromosome 22 was reported by Watt et al. [1985]
in a 14-year-old male with profound intellectual disabil-
ity, absent speech, minor dysmorphic features, and nor-
mal tone. Meiotic recombination of a maternal pericen-
tric inversion resulted in the loss of 22q12 to the 22q ter-
minus. Herman et al. [1988] reported a terminal deletion
of chromosome 22q13.31 in a 16-month-old male with
features of Goldenhar complex. Phelan et al. [1988] de-
scribed hypotonia associated with a de novo deletion of
22q13.3 in a newborn male who subsequently demon-
strated global developmental delay, diffuse hypotonia,
normal growth, and minor dysmorphic features. Bio-
chemical studies revealed a deficiency of arylsulfatase A
(ARSA) associated with deletion of one chromosome 22
and a pseudodeficiency allele on the homologous 22. Mo-
lecular studies refined the breakpoint to 22q13.31 and
demonstrated that the deletion was on the paternal chro-
mosome 22 [Phelan et al., 1992].

Intellectual impairment, hypotonia, normal to accel-
erated growth, absent to severely delayed speech, and
minor dysmorphic features emerged as common charac-
teristics of individuals with deletion of 22q13.3 [Watt et
al., 1985; Kirshenbaum et al., 1988; Romain et al., 1990;
Zwaigenbaum et al., 1990; Narahara et al., 1992]. Nesslin-
ger et al. [1994] first suggested that this was the recogniz-
able phenotype of deletion 22q13.3, and they narrowed
the critical region of overlap from a proximal breakpoint
below D22S97 to a region distal to ARSA, a distance of
less than 25.5 cM.

The following year, Flint et al. [1995] reported telo-
mere studies in a group of 99 individuals with varying
degrees of idiopathic intellectual disability. They identi-
fied 3 individuals with subtelomeric deletions, 2 of which
involved chromosome 22. One of these individuals had a
de novo cryptic unbalanced translocation between the
telomere of 9q and the telomere of 22q. The other indi-
vidual had a 130-kb deletion 0f 22q13.3 involving only the
most distal locus tested, D22S163. His phenotype was less
severe than previously reported cases, with mild intellec-
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tual impairment and expressive speech delay. This report
was seminal in emphasizing the importance of studying
the ends of the chromosomes for cryptic changes and in
defining deletion of 22q13 as a significant cause of intel-
lectual impairment.

Cryptic deletions of 22q13.3 resulting from malsegre-
gation of maternal translocations were reported by Smith
etal. [1996] and Doheny et al. [1997]. Doheny et al. [1997]
also reported a de novo cryptic deletion. Yong et al. [1997]
reported the first case of mosaicism for deletion 22q13.2
in a 5-year-old female with global developmental delay,
failure to thrive, seizures, dysmorphic features, and ab-
normal skin pigmentation. Riegel et al. [2000] reported
the prenatal detection of a mosaic deletion 22q13 in a fe-
tus with a cystic ‘tumor’ of the neck.

Slavotinek et al. [1997] reported mother-to-son trans-
mission of deletion 22q13.3. The mother had a direct in-
sertion of a segment of the long arm of chromosome 7
(7921.2-q22.1) into chromosome 22 at 22q13.3 resulting
in a submicroscopic deletion of chromosome 22. She had
a history of learning problems and delayed speech. Her
son, who inherited the abnormal chromosome 22, had
global developmental delay, severely delayed speech, hy-
potonia, normal growth, and dysmorphic features. The
son was also trisomic for a segment of chromosome 7.

Two cases of deletion 22q13 reported by Precht et al.
[1998] were fortuitously detected by fluorescence in situ
hybridization (FISH). The first individual had been re-
ferred to rule out Angelman syndrome. Her blood was
inadvertently used as a control sample for a DiGeorge/
velocardiofacial (VCF) syndrome study, and she was
found to be deleted for the distal probe D22539. The sec-
ond individual was referred to rule out VCF and was de-
leted for the distal probe D22S75. Both deletions occurred
on the paternal chromosome 22. Schroder et al. [1998]
reported 3 unrelated individuals with bilateral hearing
loss, possibly contributing to speech delay. Two of the 3
patients had renal abnormalities. Parental origin studies,
conducted in 2 of the individuals, revealed that the dele-
tion occurred on the paternal chromosome 22.

Three individuals with deletion 22q13.3, normal to
advanced growth, developmental delay, and pervasive
developmental disorders were reported by Prasad et al.
[2000]. Several subsequent reports have linked autism
spectrum disorders with deletion 22q13.3 [Goizet et al.,
2000; Manning et al., 2004; Cusmano-Ozog et al., 2007].

In 2001, Phelan et al. [2001] compared the features of
37 individuals with deletion 22q13 to features of 24 cases
previously described in the literature. The most frequent-
ly observed features in their 37 cases were global develop-
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mental delay (100%), absent/severely delayed speech
(100%), hypotonia (97%), and normal to accelerated
growth (95%). These were also the most common features
observed in the 24 cases from the literature. Of interest,
17 of 18 individuals evaluated by the Child Autism Rating
Scale scored in the autistic range (12 in the moderate to
severe range and 5 in the mild range). Difficulty in diag-
nosing the deletion by chromosome analysis and/or FISH
was demonstrated by the fact that 32% of individuals had
previous chromosome studies that failed to detect the de-
letion. These included 3 deletions that were not detected
by prenatal chromosome studies.

In 2001, Bonaglia et al. [2001] described mild intellec-
tual impairment, severe expressive language delay, hypo-
tonia, joint laxity, and minor facial dysmorphism in a
4.5-year-old male with a de novo translocation between
12q24.1 and 22q13. Although the translocation was bal-
anced with no apparent loss of genetic material, the
breakpoint on chromosome 22 was within the SHANK3
locus, suggesting that disruption of SHANK3 may be re-
sponsible for at least some of the phenotypic features of
22q13.3 deletion syndrome.

In 2003, 2 groups identified SHANK3 as the most like-
ly candidate gene for the neurological impairments
(speech delay and intellectual disability) in individuals
with 22q13.3 deletion syndrome. Luciani et al. [2003]
studied 33 individuals, including 17 with ring chromo-
some 22, with deletion size ranging from 160 kb to 9 Mb
and refined the critical region to include SHANK3, ACR,
and RABL2. They found 74% of the deletions were on the
paternal chromosome 22. Wilson et al. [2003] reported a
larger series of 56 individuals with deletion size ranging
from 130 kb to over 9 Mb. Similarly, they concluded that
SHANK3, ACR, and RABL2 were in the critical region.
The paternal chromosome 22 was deleted in 70% of cases.
The authors recommended screening for SHANK3 muta-
tions in individuals with idiopathic intellectual disability
and suggested that other members of the SHANK3 fam-
ily of proteins or proteins interacting with SHANK3 in
the postsynaptic density may be candidate genes for neu-
rological impairments.

The high percentage of deletions of paternal origin is
consistent with findings in many terminal deletion syn-
dromes including Wolf-Hirschhorn syndrome (deletion
4p) [Zollino et al., 2008], cri-du-chat syndrome (deletion
5p) [Mainardi et al., 2001], 9p deletion syndrome [Micale
et al., 1995], 18q deletion syndrome [Cody et al., 1997],
and others [Thomas et al., 2006]. This phenomenon has
generally been attributed to greater susceptibility of male
germ cells to chromosome breakage related to the in-
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creased number of cell divisions when compared to fe-
male germ cells.

Bisgaard et al. [2009] described a male with deletion of
22q13.2 resulting from a de novo t(13;22) and a patho-
genic mutation of the arylsulfatase A (ARSA) gene on the
non-deleted chromosome 22. ARSA deficiency due to de-
letion of one copy and mutation of the other resulted in
the autosomal recessive disease metachromatic leuko-
dystrophy. A second child with deletion of 22q13 and a
pseudeficiency allele for ARSA did not have the disease.

Uncommon clinical complications in individuals with
22q13.3 deletion syndrome have been reported; it is un-
certain if these are coincidental or rare associations for
which individuals should be carefully monitored. One
case of central diabetes insipidus was diagnosed in a
2-day-old female with deletion 22q13.31 [Barakat et al.,
2004]. The diabetes resolved by 27 months of age. Sathy-
amoorthietal. [2009] described an atypical teratoid/rhab-
doid tumor in a 2-year-old female with a 7.2-Mb deletion
of 22q13.2-q13.33. The child died at 26 months of age.
Study of frozen tissue from the tumor demonstrated loss
of the deleted chromosome and an acquired mutation of
the INII gene, a tumor suppressor gene located on 22q11.2.
The authors report a second case of atypical teratoid/rhab-
doid tumor which was not included in their case report
due to lack of sufficient clinical and molecular testing.

Two cases of fulminant autoimmune hepatitis have
been described. The first case was a 7-year-old female
with a 1.5-Mb deletion of 22q13 who required a liver
transplant to treat her disease [Tufano et al., 2009]. The
second case was a 3-year-old female with a 5.7-Mb dele-
tion of 22q13 who developed hyperacute autoimmune
hepatitis triggered by a viral infection [Bartsch et al,
2010]. Following a liver transplant, marked improvement
in social interaction, sequential planning, and imitation
of complex movements was observed. The authors sug-
gested that the SHANK3 gene product may play a role in
autoimmunological response. The deleted region also in-
cludes the oncogene PIM3 which has previously been as-
sociated with liver disease in rats [Liu et al., 2010]. PIM3
encodes a serine/threonine protein kinase that is report-
ed to be aberrantly expressed in human and mouse hepa-
titis but not normal liver. One role of PIM3 in rats seems
to be the protection against fulminant hepatic liver fail-
ure. Haploinsufficiency for PIM3 may prevent or prolong
recovery from hepatic injury [Bartsch et al., 2010]. At
~775 kb proximal to SHANK3, PIM3 would be deleted in
most 22q13.3 deletion patients.

Currently, over 600 cases of 22q13.3 deletion syn-
drome are known world-wide. Historically, this condi-
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tion has been under-diagnosed due to the failure to rec-
ognize the clinical and behavioral phenotypes and the
difficulty in detecting the deletion by available laboratory
methods. Recent microarray techniques are capable of
identifying microdeletions of 22q13.3 that would have
been undetectable in the past. The wide range of deletion
sizes from <100 kb to >9 Mb is accompanied by a broad
spectrum of phenotypic variability. The association be-
tween autistic spectrum disorders (ASD) and deletion
22q13.3 warrants that 22q13.3 deletion syndrome be rec-
ognized as a syndromic form of autism.

Clinical Features

The 22q13.3 deletion syndrome is characterized by
neonatal hypotonia, normal growth, absent or delayed
speech, moderate to profound developmental delay, and
minor dysmorphic features [Cusmano-Ozog et al., 2007;
Dhar et al., 2010; Phelan and Betancur, 2011]. Neonatal
hypotonia is the first presenting symptom and can con-
tribute to poor feeding, speech difficulty, reduced reflex-
es, and delayed motor milestones. Hypotonia may persist
in children and adults, leading to a lethargic or drowsy
appearance, delayed or unstable gait, and muscle weak-
ness. The poor muscle control and neurological impair-
ment may cause individuals with deletion 22q13.3 to be
misdiagnosed with cerebral palsy. Extensive data on the
clinical features of deletion of 22q13 have been collected
since 1998 through parent questionnaires and physical
examinations conducted in conjunction with Phelan-
McDermid Syndrome Support Group family meetings
which are held biennially with the support of the Green-
wood Genetic Center, South Carolina. Much of the infor-
mation in this section is reflective of that data.

Infants with 22q13.3 deletion syndrome may babble at
an appropriate age, and toddlers may possess a limited
vocabulary until 3 or 4 years. At this age many children
seem to lose the ability to speak, although through ag-
gressive therapy and communication training they may
regain and increase their vocabulary. Nonetheless, speech
will remain impaired throughoutlife [Phelan et al., 2010].

In contrast to other autosomal chromosome abnor-
malities that are typically associated with growth defi-
ciency, most individuals with 22q13.3 deletion syndrome
are in the normal range for growth. Only about 10% of
affected children are small for their age, and some show
growth beyond the 95th percentile. Varying degrees of
developmental delay are present. Motor milestones, such
as sitting up, rolling over, crawling, and walking, gener-
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ally occur at a later age than usual. The average age at
rolling and sitting is 18 month. Walking is characterized
by an unsteady gaitand occurs atan average of 27 months,
although some individuals remain non-ambulatory
[Prasad et al., 2000]. Mild to profound intellectual im-
pairment is typical.

The craniofacial features of 22ql13.3 deletion syn-
drome are relatively subtle (fig. 1). The head tends to be
long or dolichocephalic. Facial features include a wide
brow, deep-set eyes, puffy eyelids, bulbous nose, and long
thick eyelashes. The midface may be flat with a wide na-
sal bridge and puffy cheeks. The chin is often pointed and
may become prominent with age. Ears are typically large
and may be prominent or poorly formed. Less frequently
observed features are strabismus, ptosis, epicanthal folds,
high arched palate, and long philtrum [Cusmano-Ozog
et al., 2007; Dhar et al., 2010; Phelan et al., 2010]. The
subtle facial features and variability in facial manifesta-
tions, most likely associated with deletion size, makes it
difficult to diagnose this syndrome based solely on the
facial phenotype.

Other relatively common features are large fleshy
hands, dysplastic toenails (fig. 2), lymphedema, and de-
creased perception of pain. Less common features are
arachnoid cysts (15%), cortical visual impairment, hypo-
thyroidism, and hearing loss. Subarachnoid cysts associ-
ated with deletion of 22q13 are not distinct from those
observed in typical individuals and should be managed
by conventional methods. The cysts may be present at
birth or develop postnatally and should be monitored pe-
riodically for change in size. Symptoms including head-
ache, vomiting, seizures, hearing and visual impairment,
loss of balance, and incoordination may lead parents or
clinicians to suspect the presence of arachnoid cysts. The
association of cortical visual impairment with deletion
22q13 is not clear, although the presence of neurological
impairment, abnormal brain development, and seizures
may be predisposing factors.

Seizures are present in about 25% of individuals. Car-
diac abnormalities, including tricuspid valve regurgita-
tion, atrial septal defect, patent ductus arteriosus, and to-
tal anomalous pulmonary return, occur in >25% of in-
dividuals. Renal abnormalities (>25%) include absent
kidney, structural abnormalities of the kidney, hydrone-
phrosis, and kidney reflux. These abnormalities can be
detected by renal ultrasound before the clinical symp-
toms are manifested. Frequent vomiting can lead to
weight loss and irritation of the esophagus. Cyclic vomit-
ing is reported in 25% of individuals. The vomiting epi-
sodes tend to recur every few months and may be accom-
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Fig. 1. These patients with 22q13.3 dele-
tion syndrome demonstrate the wide dif-
ferences in facial phenotype that may
make clinical diagnosis difficult. Many
children will have facial hypotonia, mild
periorbital fullness, long eyelashes, full
cheeks, and smoothing of the philtrum.

Fig. 2. Dysplastic toenails. A Small and
poorly formed toenails of a 3-year-old
child. B Jagged and thick toenails of an
11-year-old girl. Toenails were small and
thin during early childhood, then became
thicker with a tendency to become in-
grown.
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Table 1. Features associated with 22q13.3 deletion syndrome [Cusmano-Orog et al., 2007; Dhar et al., 2010; Phelan et al., 2010]

>75% cases

>50% cases

>25% cases <25% cases

global developmental delay

absent or severely delayed speech

normal or accelerated growth
neonatal hypotonia

large, fleshy hands
dysplastic toenails
long eyelashes
dolicocephaly
poorly formed/large ears
wide brow
full/puffy cheeks
full/pufty eyelids
deep-set eyes

flat midface

wide nasal bridge
bulbous nose
pointed chin
sacral dimple

decreased perspiration
autism/autistic like behavior
decreased perception of pain
mouthing/chewing non-food
items

strabismus teeth grinding (24%)

ptosis arachnoid cyst (15%)

renal abnormalities tongue thrusting (15%)
epicanthal folds 5th finger clinodactyly (14%)
long philtrum cortical visual impairment (6%)
high arched palate hypothyroidism (5%)

malocclusion/widely spaced teeth
2-3 syndactyly of the toes
seizures

cardiac defects

lymphedema

gastroesophageal reflux

cyclic vomiting

precocious or delayed puberty

panied by headaches, lethargy, and dehydration [Phelan
et al., 2010]. Two recently described cases have presented
with sudden and severe autoimmune liver failure requir-
ing transplant [Tufano et al., 2009; Bartsch et al., 2010].
Bartsch et al. [2010] suggested that liver function tests
should be part of the management of patients with 22q13.3
deletion syndrome.

Behavior is characterized by impaired communica-
tion and impaired social interactions. Affected individu-
als may be diagnosed with autism or are described as hav-
ing ‘autistic-like’ behavior even before the chromosome
deletion is detected [Manning et al., 2004]. Young chil-
dren may avoid eye contact, become anxious in social sit-
uations, exhibit tactile defensiveness, and display self-
stimulatory behavior such as hand flapping or rocking.
About 70% of individuals demonstrate persistent chew-
ing and mouthing of non-food items. Others show teeth
grinding or tongue thrusting.

A summary of features is given in table 1. The pheno-
typic features are shown in figures 1 and 2.

Differential Diagnosis

The differential diagnosis for the 22q13.3 deletion syn-
drome (OMIM #606232) includes the following:

22q13.3 Deletion Syndrome

Autism Spectrum Disorders

The behavioral phenotype of impaired communica-
tion, impaired socialization, and repetitive or self-stimu-
latory movements is common to ASDs and to 22q13.3 de-
letion syndrome. The subtle dysmorphic features associ-
ated with deletion of 22q13.3 may be overlooked, causing
an individual to be diagnosed with non-syndromic, or
simple, autism [Manningetal.,2004; Durand et al., 2007].

Cerebral Palsy

Cerebral palsy is a term used to describe neurological
impairment that is typically present at birth. Hypotonia,
feeding difficulties, poor coordination, and subtle dys-
morphic features may lead to a diagnosis of cerebral pal-
sy in an individual with 22q13.3 deletion syndrome
[Phelan, 2007].

Angelman Syndrome (OMIM #105830)

Features that are shared with the 22q13.3 deletion syn-
drome include hypotonia, global developmental delay,
absent speech, poor coordination, and minor dysmor-
phic features [Phelan, 2007].

Velocardiofacial Syndrome (OMIM #192430)

The 22q13.3 deletion syndrome has been fortuitous di-
agnosed in individuals referred for FISH analysis for ve-
locardiofacial syndrome [Precht et al., 1998]. The neuro-
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logic problems in this disease are not as severe as in
22q13.3 deletion syndrome, although hypotonia, speech
delay, epicanthal fold, and developmental delay are com-
mon to both disorders.

Fragile X Syndrome (OMIM #300624)

Males with fragile X syndrome may have autistic-like
behavior and speech delay in addition to developmental
delay, similar to individuals with deletion of 22q13.3.
Physical features of older males with fragile X syndrome,
including tall stature, long face, and large ears, are similar
to features seen in some males with 22q13.3 deletion syn-
drome [Phelan, 2007].

FG Syndrome (OMIM #305450)

Shared features include hypotonia, intellectual im-
pairment, delayed speech, autistic-like behavior, and gas-
troesophageal reflux. There are many distinct features of
FG syndrome that are not seen in 22q13.3 deletion syn-
drome including intestinal/anal atresia, chronic consti-
pation, short stature, and vertebral malformations [Phe-
lan, 2007].

As microarray CGH becomes a standard of care for
testing individuals with intellectual impairment with or
without dysmorphic features, additional cases of 22q13.3
deletion syndrome and other chromosome deletion and
duplication disorders will be identified.

Natural History

Pregnancy is typically uneventful with no character-
istic ultrasound findings. In most instances, birth weight,
length, and head circumference are normal. Neonatal hy-
potonia may result in poor suck and difficulty feeding.
Infants will coo and babble at the appropriate ages and
acquire a few words, although regression in speech may
occur at 2-3 years. Major milestones will be delayed. Toi-
let training is particularly difficult. With intensive thera-
pies children may regain speech, although they will al-
ways have mild to severe impairment of expressive speech.
Receptive language skills are more advanced than ex-
pressive skills. Communication can be improved through
assistive technologies, touch screens, message boards,
card exchange, and sign language.

Seizures typically develop around the time of puberty,
although younger children can be affected. Lymphedema
may become problematic in teens and young adults. Oth-
er medical problems occurring in over 25% of individuals
include gastroesophageal reflux, renal abnormalities,
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cardiac defects, and cyclic vomiting. Arachnoid cysts
may be present, warranting baseline brain imaging stud-
ies and repeat studies as indicated by behavioral changes.
Both precocious puberty and delayed puberty have been
reported.

Children maybe hyperactive or aggressive with tongue
thrusting and teeth grinding. They may have trouble
sleeping. Most children exhibit incessant chewing on
non-food items, possibly as a self-stimulatory behavior.
Autism and autistic-like behavior are common. Reduced
perspiration with the tendency to overheat necessitates
that individuals avoid direct sunlight and stay hydrated.
The reduced perception of pain in the non-verbal child
requires the caregiver to be particularly vigilant to detect
any changes in behavior that may indicate pain or injury.
The risk for hypertension and other age-related cardiac
change is uncertain due to the relatively low number of
affected adults.

No individuals with 22q13.3 deletion syndrome have
been known to reproduce, with the exception of the com-
plex case described in Slavotinek et al. [1997]. There
would be a significant risk of producing a similarly af-
fected child. It is unlikely that adults could live indepen-
dently, although group homes are a viable option for
many teens and adults. Because so few adults have been
identified, the life expectancy is uncertain, although sev-
eral studies have suggested that individuals with intellec-
tual disability have shorter life expectancies than the gen-
eral population. The lack of behaviors that promote well-
being, such as an appropriate diet and adequate physical
activity, contribute to the shortened life span [Sutherland
et al., 2002]. Co-morbid conditions such as seizures, ce-
rebral palsy, and asthma further reduce life expectancy
[Katz, 2003].

Recommendations for Management

Hypotonia

Persistent hypotonia can contribute to speech difficul-
ty, reduced reflexes, and delayed motor milestones. A
neurological evaluation is warranted for neonatal hypo-
tonia. Therapies directed at increasing muscle tone such
as physical therapy and occupational therapy should be
implemented.

Feeding Problems

Feeding problems often are related to hypotonia. An
infant may have difficulty sucking or swallowing and
should be monitored for weight loss. Persistent feeding
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problems should be evaluated by a feeding specialist, oc-
cupational therapist, or speech pathologist. Strategies to
increase muscle tone may alleviate the feeding difficul-
ties.

Gastroesophageal Reflux

Smaller feeds, holding the baby upright for about 30
minutes after feeding, thickening the milk or cereal, and
raising the head of the crib may be effective. Reflux can
often be controlled by medication and usually resolves by
12 months of age. If the infant loses weight or reflux con-
tinues after 1 year of age, the child should be evaluated by
a feeding specialist or gastroenterologist. Persistent cases
may require surgery.

Cyclic Vomiting

Persistent vomiting may require hospitalization and
intravenous fluids to prevent dehydration. The decreased
perception of pain and impaired communication in in-
dividuals with 22q13.3 deletion syndrome makes it ex-
tremely difficult to determine if migraine headaches,
anxiety, fatigue, or other causes of discomfort trigger the
cyclic vomiting. Brain imaging studies are recommended
to determine if the cyclic vomiting is related to the pres-
ence of an arachnoid cyst.

Delayed Milestones

Varying degrees of developmental delay are present.
Motor milestones should be monitored and early inter-
vention programs should be designed to meet the child’s
developmental needs. Physical therapy, occupational
therapy, exercise and adaptive sports help improve the
muscle tone.

Behavior

The individual should be evaluated by a developmen-
tal specialist to assess for ASD. Behavior modification
programs are indicated if aggression or other undesirable
behavior is present. The individual typically requires fre-
quent interactions and positive reinforcement to affect a
change in behavior.

Speech and Language

Expressive and receptive language skills should be
evaluated by a speech pathologist. Neuropsychological
testing may be beneficial to determine if delayed speech
results from delay in processing auditory stimuli. Speech
therapy, occupational therapy, and physical therapy
should be directed toward improving the child’s ability to
communicate. Assistive technologies, such as a touch
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screen computer, are often beneficial in enhancing the
child’s ability to communicate.

Sleep Disturbance

Although children and adults frequently have sleep
disturbances, sleep apnea is uncommon. Difficulty fall-
ing to sleep and staying asleep is a fairly common prob-
lem in individuals with developmental disabilities and/or
neurological dysfunction. Establishing a schedule of de-
tined wake-up and bedtimes, avoiding active play prior
to bedtime, and soothing music or massage may enhance
sleep. Some parents suggest that treatment with melato-
nin helps their children sleep through the night. Primary
care physicians should be consulted regarding the appro-
priate dose of melatonin [Wirojanan et al., 2009]. Indi-
viduals with a severe sleep disorder can be referred for a
sleep study in an attempt to determine the cause of the
sleep disturbance.

Hypothyroidism

Behavioral changes including lethargy, decreased ac-
tivity, cognitive regression, and loss of coordination have
been associated with hypothyroidism in some individu-
als with 22q13.3 deletion syndrome. A thyroid blood pan-
el should be obtained on individuals who exhibit these
symptoms. Conventional methods of treating hypothy-
roidism should be implemented. Treatment includes in-
troduction of synthetic T4 replacement with periodic
monitoring of T4 and TSH levels [Phelan et al., 2010].

Lymphedema

The legs are more often affected than the arms, and
the condition may worsen with age. Massage and eleva-
tion of the affected limb may lessen the swelling, while
compression stockings or bandages may help improve
circulation. Devices such as compression boots with a
pneumatic pump to push fluid away from the distal ex-
tremity are available for severe cases. Painful lymphede-
ma should be evaluated by a vascular surgeon. In one case
severe lymphedema led to ascites and pleural effusions
requiring repeated drainage of ascitic fluid beginning at
about 12 years of age and repeated drainage of pleural ef-
fusions by about 14 years until surgical intervention [Mc-
Gaughran et al., 2010].

Hearing

Hearing is typically normal although affected individ-
uals often have a delayed response to verbal or auditory
cues. Difficulty distinguishing words from background
noises may contribute to this delay. If a hearing impair-

Mol Syndromol 2011;2:186-201 193



ment is suspected, testing should be performed by a spe-
cialist who is experienced in testing individuals with de-
velopmental delay. Hearing deficits should be managed
by standard methods.

Eyes

Vision is normal in most cases, although about one
third have strabismus and about 6% have cortical visual
impairment. Both of these conditions can cause problems
with depth perception. When a child has a vision exam,
the individual performing the testing should be experi-
enced in working with children who have developmental
delay. Vision problems should be treated in the standard
manner.

Seizures

Grand mal seizures, focal seizures, and absence sei-
zures have been reported and may indicate an increased
risk of developing epilepsy. Although no specific electro-
encephalogram findings have been associated with
22q13.3 deletion syndrome, seizures should be evaluated
by an electroencephalogram. Standard anticonvulsant
medication should be used to treat recurrent seizures.

Arachnoid Cysts

Symptoms of intracranial pressure, such as incessant
crying bouts, irritability, severe headaches, cyclic vomit-
ing, and seizures, may lead to the suspicion of an arach-
noid cyst. Baseline brain imaging studies, such as mag-
netic resonance imaging and computed tomography
scan, are recommended for children with 22q13.3 dele-
tion syndrome. Even if early studies show no evidence of
a cyst, repeat studies prompted by the onset of symptoms
may demonstrate that a cyst is present. Surgical place-
ment of a shunt to relieve intracranial pressure may be
required in some cases. Other abnormalities such as de-
layed myelination, frontal lobe hypoplasia, agenesis of the
corpus callosum, and ventriculomegaly have been re-
vealed by brain imaging.

Renal

It is recommended that individuals have a baseline re-
nal ultrasound as soon as reasonably possible after dele-
tion of 22q13.3 is diagnosed. Problems including absent
kidney, structural abnormalities of the kidney, hydrone-
phrosis, and kidney reflux have been identified by ultra-
sound before symptoms have been manifested. Standard
methods of treatment are indicated. One child with a uni-
lateral multicystic kidney detected at prenatal ultrasound
and Wilms’ tumor in the contralateral, non-cystic kidney
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diagnosed at 22 months of age has been described [Kirk-
patrick and El-Khechen, 2011]. A regimen of chemother-
apy, tumor resection, and radiation was used to treat the
tumor.

Medication

There is no evidence of an increased risk associated
with anesthesia or specific medications. As in typical
children who are on medication for seizures, hyperactiv-
ity, or other issues, certain medications will be more ef-
fective in some children than others. The primary care
physician should monitor maintenance medications for
adverse interactions.

Genetics of 22q13.3 Deletion Syndrome

The 22q13.3 deletion syndrome results from a de novo
deletion of chromosome 22 in 80-85% of individuals, and
approximately 70% of the deletions are paternal in origin
[Luciani et al., 2003; Wilson et al., 2003]. The syndrome
also results from an unbalanced chromosome rearrange-
ment involving chromosome 22 in 15-20% of cases, of
which approximately 50% are inherited from a balanced
carrier parent. The rearrangement is equally likely to be
inherited from the mother or the father. In cases of famil-
ial rearrangement, prenatal testing may be warranted for
at risk pregnancies.

Four studies have compared a total of 111 patients with
simple deletions, ring chromosomes, and unbalanced
translocations [Luciani et al., 2003; Wilson et al., 2003;
Koolen et al., 2005; Dhar et al., 2010]. These terminal de-
letions range from ~185 kb (previously reported as 100
kb, see below) to >9 Mb [Wilson et al., 2003]. None of the
studies found a correlation between the severity of the
clinical features and the size of the deletion, with the ex-
ception that in 56 patients Wilson et al. [2003] observed
a correlation of size to some but not all measures of de-
velopmental assessment. However, the general lack of
correlation of the phenotype to the deletion size has led
to a focus on the gene SHANKS3, 1 of 3 genes lost in all
terminal deletions.

SHANK3

Of the more than 90 genes that may be deleted in
22q13.3 deletion syndrome, the majority of the neuro-
logical features are thought to be caused by haploinsuf-
ficiency of SHANK3 (SH3 and multiple ankyrin repeat
domains 3), previously known as ProSAP2 (proline-rich
synapse-associated protein 2) (fig. 3). SHANK3 was first
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implicated as a major contributor to 22q13.3 deletion syn-
drome in a child with a de novo reciprocal balanced
translocation t(12;22)(q24.1;q13.3) that interrupted the
gene in exon 21 [Bonaglia et al., 2001]. This child had fea-
tures typical of 22q13.3 deletion syndrome, including se-
vere speech delay, mild intellectual impairment, mild hy-
potonia, and typical dysmorphic features. Small terminal
deletions give further support for the importance of
SHANKS3 in 22ql13.3 deletion syndrome. Three of the
smallest independent deletions all break within the
D22S167 minisatellite repeat, implying a deletion hotspot
[Bonaglia et al., 2006]. They interrupt SHANK3 between
exons 7 and 8 (fig. 3a), resulting in a deletion originally
estimated at 100 kb but now estimated to be 185 kb (Hg19
assembly). One patient showed absence of expressive
speech and severe intellectual impairment with autistic
traits and dysmorphic features. The other 2 cases were
described previously and showed a milder phenotype:
Anderlid et al. [2002] described a woman with mild intel-
lectual impairment, delayed expressive speech, autistic
symptoms, and facial dysmorphia, while the other pa-
tient showed mild intellectual impairment and delayed
expressive speech [Flint et al., 1995]. A smaller 142-kb de-
letion starting in intron 8 was detected in family 1 of Du-
rand et al. [2007] and was associated with autism, absent
language, and moderate intellectual impairment.

22q13.3 Deletion Syndrome

SHANK3 acts as a scaffolding protein in the postsyn-
aptic density (PSD) of excitatory glutamatergic synapses
[Naisbitt et al., 1999; Bockers et al., 2002]. The PSD is a
large complex of proteins under the postsynaptic mem-
brane at the end of dendritic spines [reviewed in Kreien-
kamp, 2008]. Through the PSD the cell surface receptors
are connected to the actin cytoskeleton. Components of
the PSD are interconnected through the SHANK family
of proteins (1, 2, and 3) protein binding domains which
include (fig. 3b): ankyrin repeats that bind to a-fodrin
and sharpin; a PDZ domain that binds through SAPAP
to PSD95 and the NMDA and AMPA receptors; a domain
that binds to Homer, which binds to metabotropic gluta-
mate receptors; a domain that binds to Cortactin, which
binds F-actin;anda SAM domain through which SHANK
proteins can multimerize [reviewed in Kreienkamp,
2008]. SHANK proteins show differential, although par-
tially overlapping, expression patterns in the postnatal
developing brain and adult brain [Bockers et al., 2004],
and the physiological relationship of these 3 proteins to
one another is not clear. SHANK3 is involved in both
forming the PDS by recruiting proteins and being part of
the signaling system between the receptors and the actin
cytoskeleton [Sala et al., 2001; Roussignol et al., 2005].
The levels of SHANK3 must be tightly controlled. A
change in SHANK3 expression in cultured mouse neu-
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rons leads to abnormalities of spine density and function
[Roussignol et al., 2005]. RNA interference-mediated
knockdown of SHANKS3 resulted in decreased dendritic
spine density in hippocampal neurons, while transgenic
overexpression induced the growth of spines in aspiny
cerebellar neurons and led to increased synaptic contacts
and increased spine size.

Proteins at the synapses of excitatory neurons have
been linked to ASD [reviewed in Bourgeron, 2009]. Rare
mutations in patients with ASD have been found in both
neuroligins (NLGN3 and 4) [Jamain et al., 2003; Laumon-
nier et al., 2004] and in neurexin 1 (NRXNI) [Kim et al.,
2008]. Neurexins in the presynaptic membrane bind to
neuroligins in the postsynaptic membrane. Together
these proteins are involved in the formation of synapses
and the balance between excitatory and inhibitory syn-
apses. Neuroligins bind to SHANK3 in the PSD, and thus
it is not surprising that mutations associated with ASDs
have also been found in SHANK3. Durand et al. [2007]
screened 324 cases with ASD and found 3 families with
mutations in SHANK3. One was a small de novo deletion
starting in intron 8 in an individual with moderate intel-
lectual impairment and no speech. The second family
had 2 brothers with a G insertion in exon 21, creating a
frameshift and loss of the SAM domain in exon 22. Nei-
ther parent carried the mutation, and it was hypothesized
that the mother was a germline mosaic. Both brothers
showed severe speech delay and intellectual impairment.
The third family had 2 affected children as a result of a
paternal translocation t(14;22)(p11.2;q13.33). The daugh-
ter with severe language delay had an 800-kb terminal
22q deletion. However, her brother had the reciprocal
translocation, resulting in 3 copies of SHANK3 and 24
other genes. Although he showed precocious speech, he
also showed impaired social communication and was di-
agnosed with Asperger syndrome, a mild ASD disorder.
In addition, this study identified 7 families with non-syn-
onymous SNPs in children with ASD and their normal
parents, but not in controls. Two of these SHANK3 vari-
ants when overexpressed in cell culture showed abnormal
synaptic clustering, suggesting that these SNPs may re-
sultin elevated susceptibility rather than being causative.
Moessner et al. [2007] screened 400 patients with ASD
and found 3 families with SHANK3 deletions that include
the entire gene. The deletion in family ASD2 was again
the unbalanced result of a paternal translocation t(14;22)
(932.33;q13.31). One child with ASD had a3.2-Mb 22q13.3
deletion, while her sister had the reciprocal duplication
and a diagnosis of attention-deficit/hyperactivity disor-
der (ADHD) and mild cognitive impairment. Thus, both
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the loss and gain of one copy of SHANKS3 can be associ-
ated with neurological impairment. Two possibly caus-
ative SHANK3 mutations were also found in a screen of
427 ASD patients [Gauthier et al., 2009]. However, no
SHANK3 copy number variants or SNP associations were
seen in 330 multiplex ASD families in another study
[Sykes et al., 2009], nor was a SHANK3 SNP association
seen in screening 305 Chinese Han trios [Qin etal., 2009],
although neither of these studies sequenced the gene. A
screen of 396 patients with ASD and 184 patients with
intellectual impairment revealed 2 individuals with dele-
tions in SHANK?2 associated with both ASD and intellec-
tual impairment. Also identified were other SHANK2
mutations including a nonsense mutation, 6 missense
mutations, and a 6-bp duplication in affected individuals
but not in 659 controls, indicating that both SHANK2
and 3 are associated with ASD [Berkel et al., 2010]. How-
ever, SHANK mutations, like NLGN3/4 and NRXNI mu-
tations, are not a common cause of autism. Mutations in
each gene have been estimated to be responsible for only
1% or less of ASD cases. Nevertheless, these cases do sup-
port the hypothesis that haploinsufficiency for SHANK3
is responsible for the ASD symptoms seen in many pa-
tients with 22q13.3 deletion syndrome. Interestingly, of
185 schizophrenia cases screened, 3 brothers with schizo-
phrenia and mild to moderate intellectual impairment
but not dysmorphic features were found to have a non-
sense mutation (R1117X) in exon 21 of SHANK3, suggest-
ing a connection between autism and schizophrenia
[Gauthier et al., 2010].

Screening for mutations and deletions in SHANK3 can
be problematic, since it is a complex gene with multiple
alternative transcripts and regions that are extremely
CG-rich [Wilson et al., 2003]. Furthermore, there is still
confusion over its genomic structure (fig. 3a). Numerous
papers have reported 24 exons covering ~56.7 kb [Wil-
son et al.,, 2003; Durand et al., 2007; Moessner et al., 2007;
Sykes et al., 2009]; however, SHANKS3 is currently anno-
tated with 23 exons in the Hgl9 assembly (high coverage
assembly build 19 from the Genome Reference Consor-
tium, February 2009). Wilson et al. [2003] determined
that the consensus sequence contains a small deletion in
avery CG-rich region just proximal to and including part
of exon 11, which results in missing codons from the 5’
end of that exon, as determined by comparing the human
genomic sequence to rat cDNA AF133301. Sequencing of
a human genomic clone isolated with part of the rat
cDNA resulted in base pairs being added to the exon 11
sequence. A further addition of 4 amino acids in exon 11
to better match the rat protein sequence lead to a predic-
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tion of human exon 11 (Accession ABA00478), the full
protein sequence (Accession BAJ09793, 1,731 amino ac-
ids), and mRNA sequence (Accession AB569469). These
sequences closely match both the rat and mouse SHANK3
genes. However, the current Hg19 annotation has an in-
correct prediction of the 5" end of this exon as well as a
short additional preceding ‘exon 11’ thus shifting the fol-
lowing exon numbering by one. This additional predict-
ed exon does not match the rat and mouse cDNAs. This
discrepancy was noted by Kolevzon et al. [2011] who de-
scribed a patient with ASD and speech delay that had a
SHANKS3 variant in Hgl9 ‘exon 11’. The variant was a
1-bp insertion that would create a frameshift in the mid-
dle of the gene, yet the same variant was present in the
healthy mother and in ~1% of normal controls (4/382).
Since the exon size is not a multiple of 3 (49 bp), the exon
could not simply be alternatively spliced out without af-
fecting the reading frame. The observation of this variant
supports the original annotations and indicates that the
Hgl19 ‘exon 11’ is not part of the transcript. The original
exon 11 region is extremely CG-rich, and cDNAs con-
taining the entire exon do not exist. It has been reported
that both exon 1 and 11 cannot be amplified reliably
[Moessner et al., 2007], which adds to the difficulty of
screening for mutations. A further complication that has
not been explored in detail is the discovery of 2 truncated
isoforms of SHANK3 [Maunakea et al., 2010], which may
or may not be deleted/mutated in all cases of 22q13.3 de-
letion syndrome.

The numbering of the last 3 exons varies. Exon 21 [as
numbered in Bonaglia et al., 2001; Wilson et al., 2003;
Durand et al., 2007; Moessner et al., 2007; Sykes et al.,
2009] is a large, CG-rich exon containing Homer and
Cortactin-binding domains. Following this exon, there
have been 3 alternatively spliced exons described, usually
referred to as exons 21a, 21b, and 22. Exons 21a and 21b
are absent from the Hgl9 annotation. Most transcripts
appear to skip these 2 exons [Durand et al., 2007] and
splice exon 21 directly to 3 alternative 5’ beginnings of
the terminal exon 22 (referred to as exon 24 in Wilson et
al. [2003]). The exon numbering system given in Durand
et al. [2007] is used in this review (fig. 3a).

Further evidence supporting the importance of
SHANK3 in 22q13.3 deletion syndrome and ASDs comes
from 2 independent reports of Shank3 knockout mice.
Bozdagi et al. [2010] produced a mouse line with a dele-
tion of exons 4-9. Both hetero- and homozygotes are vi-
able and fertile with grossly normal brains. Homozygotes
have not been studied in detail, but heterozygotes showed
synaptic abnormalities that lead to behavioral defects.

22q13.3 Deletion Syndrome

Hippocampal cells showed reduced basal neurotransmis-
sion, abnormal long-term potentiation, fewer synapses,
and decreased spine expansion. Males showed reduced
social interactions with females in estrus. Peca et al.
[2011] deleted the ankyrin-binding repeats to eliminate
the main Shank3 isoform and, in a second line, deleted
the PDZ domain which additionally eliminated or re-
duced the remaining 2 isoforms. Homozygotes showed
structural and physiological abnormalities of the basal
ganglia and cortico-striatum. Homozygotes displayed
compulsive/repetitive behavior including self-injurious
grooming, anxiety-related behavior, and abnormal social
interactions. These mouse lines provide possible models
to test pharmacological treatments for 22q13.3 deletion
syndrome [Bozdagi et al., 2010]. Interestingly, mice lack-
ing SHANKI1 also show abnormalities of dendritic spines
and PSDs, as well as a complex behavioral phenotype.
ShankI knockouts show increased anxiety, abnormal fear
memory, and enhanced spatial learning associated im-
paired long-term memory [Hung et al.,, 2008]. The au-
thors speculate that these symptoms are reminiscent of
those of ASDs.

Other Genes in 22q13.3 Deletion Syndrome

The smallest 22q13.3 terminal deletions also include
genes ACR (acrosin) and RABL2B (RAB, member of RAS
oncogene family-like 2B), the last 2 known genes before
the telomeric sequences. ACR codes for a serine protease
in the sperm acrosome [Klemm et al., 1991]. The active
enzyme causes a localized breakdown of the oocyte zona
pellucida, allowing penetration of the sperm. It is unlike-
ly that this gene contributes to the syndrome. RABL2B is
a member of the RAS GTPase superfamily and has a near
identical paralogue at 2q13 [Wong et al., 1999]. It has re-
cently been shown that these paralogues do not express
equally, and that RABL2b on chromosome 22 is preferen-
tially expressed in all tissues tested, particularly in brain
and placenta [Kramer et al., 2010]. Thus, it is possible that
haploinsufficiency for RABL2b in 22q13.3 deletions may
play arole in the syndrome phenotypes. However, a major
role for RABL2b is unlikely since 2 patients with intersti-
tial deletions of SHANKS3, which leave RABL2b intact,
have been associated with features typical of the 22q13.3
deletion syndrome. An interstitial deletion with a distal
breakpoint within SHANK3 was seen in a patient with
developmental delay, delayed expressive speech, and dys-
morphic features [Delahaye et al., 2009]. A patient with a
17.6-kb t(22;X)-associated interstitial deletion involving
the last 2 exons of SHANK3 and part of ACR had moder-
ate intellectual impairment, delayed and simple expres-
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sive speech, hypotonia, abnormal social interactions, ste-
reotypic hand movements, ritualistic behavior, and dys-
morphic features [Misceo et al., 2011].

Another gene deleted in most 22ql13.3 deletion
syndrome cases is IB2 (islet brain 2), also known as
MAPKSIP2 (mitogen-activated protein kinase 8-inter-
acting protein 2), which is located ~70 kb proximal to
SHANKS3. In mice this gene is expressed in the brain, and
the protein is enriched in PSDs [Giza et al., 2010]. Mice
deficient for IB2 show normal PSD structure but have re-
duced cerebellar AMPA and enhanced NMDA receptor-
associated transmission. Behavioral defects include mo-
tor deficits and decreased social interaction and explor-
atory behavior, reminiscent of the autism-like features of
mice with other mutated PSD genes. These defects were
all characterized in the homozygous IB2 mutant, and it
remains to be seen whether IB2 shows haploinsufficiency,
as has been shown for a Shank3 mutation in mice [Bozda-
gietal., 2010]. However, the location of the IB2 protein in
the PSD and the phenotype of the IB2-deficient mice sug-
gest that IB2 may play a role in the neurological features
of most patients with 22q13.3 deletion syndrome.

Interestingly, 2 children with some features of 22q13.3
deletion syndrome were reported with overlapping inter-
stitial deletions that do not include the SHANK3 or IB2
regions, but are contained within the largest 22q13.3 de-
letion syndrome terminal deletions [Wilson et al., 2008].
Both children showed intellectual impairment, severe
speech delay, developmental delay, hypotonia, macro-
cephaly, abnormal MRI scans, and dysmorphic features.
This suggests that there are additional haploinsufficient
genes in the 22q13.3 region that contribute to cognitive
and speech development and are involved in the pheno-
type of at least the larger 22q13.3 deletions. However, a
parent of one of the children also had the interstitial dele-
tion with only mild speech problems and normal cogni-
tion, implying that haploinsufficiency of these genes may
be more variable in their effects.

Research into Potential Therapeutic Approaches

Intranasal Insulin

Treatment of the neurologic symptoms of 22q13.3 de-
letion syndrome is hindered by the inability of potential-
ly beneficial therapeutic agents to cross the blood-brain
barrier. Intranasal administration is an approach that
circumvents this problem and avoids systemic complica-
tions [Born et al.,, 2002]. Intranasal insulin has been
shown to improve declarative memory in individuals
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with Alzheimer’s disease and in normal individuals
[Benedict et al., 2007]. These results have led to specula-
tion that intranasal delivery of therapeutic agents may
improve the neurologic deficits associated with 22q13.3
deletion syndrome.

In 2009, Schmidt et al. [2009] conducted a clinical tri-
al in which intranasal insulin was administered to 6 chil-
dren with 22q13.3 deletion syndrome. Five of the 6 chil-
dren showed marked short-term (first 6 weeks) improve-
ments in gross- and fine-motor skills and cognitive
function. One child was removed from the study due to
adverse reactions. Long-term (12 months) affects were
measured in 4 children and also suggested improved mo-
tor skills and cognitive function. The mechanism by
which intranasal insulin improved the skills in these chil-
dren was not clear. Earlier studies by Bockmann et al.
[2002] demonstrated that an insulin receptor kinase sub-
strate, IRSp53, appeared to interact with SHANK3 to im-
prove the PSD. After insulin receptor activation, IRSp53
may play a role in the morphological reorganization of
spines and synapses. When SHANK3 is deficient, as in
22q13.3 deletion syndrome, intranasal insulin may im-
prove the process by enhancing the expression of a local
dendritic scaffolding protein PSD95 which would par-
tially counteract the decreased SHANK3, resulting in im-
proved cognitive ability [Schmidt et al., 2009]

In this study there were no adverse effects on height,
weight, or head circumference and no treatment effects
on blood levels of glucose, HBAlc, cortisol, and insulin
antibodies after 12 months [Schmidt et al., 2009]. How-
ever, the long-range effect of this treatment on the health
of these children is unknown. The individuals in the
study were of various ages with different levels of cogni-
tive impairment and were unmatched for the specific de-
letion type. Longitudinal studies with larger samples siz-
es and more stringently controlled conditions are needed
before recommendations regarding treatment with intra-
nasal insulin can be recommended.

Risperidone

Pasini et al. [2010] demonstrated a dose-dependent ef-
fect of oral risperidone in an 18-year-old female with se-
vere intellectual impairment, intense psychomotor agita-
tion, and aggressive behavior associated with 22q13.3 de-
letion syndrome. Although standard doses of risperidone
resulted in worsened behavior, a lower dose gave a favor-
able response. Following treatment the patient experi-
enced rapid improvement in mood and behavior, which
the authors attributed to a dose-dependent effect of ris-
peridone on glutamate receptors.
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Treatments Targeted for Other Forms of Autism

Additional therapeutic strategies for autism spec-
trum disorders and other neurological and behavioral
disorders are under investigation. The success of target-
ed therapy for fragile X syndrome in humans [Bear et
al.,, 2004; D’Hulst and Kooy, 2007] and for Rett syn-
drome in mouse models [Tropea et al., 2009] demon-
strate that treatment of autistic disorders is feasible. In-
duced pluripotent stem cells are a potential source of
replacement therapy in neurodegenerative conditions
such as Alzheimer’s disease, Parkinson disease, amyo-
trophic lateral sclerosis, and spinal cord injuries [Chen
and Xiao, 2011]. Extensive research is required to deter-
mine if the use of induced pluripotent stem cells is a vi-
able option for these and other neurological disorders.
Although animal models are being developed to mimic
the human condition, very few have reached the clinical
trial stage. As more therapies for autism and similar dis-
orders are shown to be safe and effective, their applica-
tion to 22q13.3 deletion syndrome remains to be deter-

Conclusions

22q13.3 deletion syndrome manifests as a wide range
of clinical and behavioral characteristics. The phenotype
continues to evolve as an increasing number of cases are
diagnosed as a result of advanced laboratory technolo-
gies. Elucidation of the behavioral phenotype is of par-
ticular interest as recent research has demonstrated that
haploinsufficiency of SHANKS3 is also responsible for
about 1% of ASDs. Over 50% of individuals with 22q13.3
deletion syndrome are reported to have autistic features.
This is certain to be an underestimate since all individu-
als with 22q13.3 deletion syndrome have not been evalu-
ated for ASDs and all individuals with ASDs have not
been tested for deletion of 22q13. Regardless of the true
incidence, evidence supports a 22ql3.3 deletion syn-
dromic autism disorder. Further testing of individuals
with ASDs with microarray CGH and sequencing studies
will give a more accurate estimate of the incidence of
ASDs associated with 22q13.3 deletion syndrome.

mined.
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