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Update on the 22q11.2 deletion syndrome
and its relevance to schizophrenia
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Purpose of review
Schizophrenia occurs in 25% of individuals with 22q11.2 deletion syndrome (22q11.2DS), the strongest
known molecular genetic risk factor for schizophrenia. This review highlights recent literature in
22q11.2DS as it pertains to psychosis and schizophrenia.
Recent findings
Advances in noninvasive prenatal testing allow for early detection of 22q11.2DS in utero, whereas
premature birth has been shown to be a significant risk factor for development of psychotic illness in
22q11.2DS. Impairments in various domains of cognitive and social functioning, as well as
neuroanatomical alterations, are comparable with those in other high-risk groups and may serve as early
signs of psychosis in 22q11.2DS. Novel research on the pathogenesis of schizophrenia in 22q11.2DS
using cellular and mouse models indicates changes in expression of genes within the 22q11.2 deletion
region and elsewhere in the genome, implicating molecular pathways involved in schizophrenia and
associated neurocognitive deficits. Increased risks of obesity and of Parkinson’s disease in 22q11.2DS
warrant consideration in antipsychotic management.
Summary
Progress in characterizing and predicting psychotic illness in 22q11.2DS supports this identifiable
subpopulation as a molecular model with important implications for understanding the pathogenesis of
schizophrenia in the general population and for development of potential novel therapies.
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INTRODUCTION
The recurrent 22q11.2 deletion is the strongest
known molecular genetic risk factor for schizophrenia [1]. One in four individuals born with this
deletion develops schizophrenia, and 0.5–1% of
individuals with schizophrenia in the general population have the associated 22q11.2 deletion syndrome
(22q11.2DS;
OMIM
188400/192430,
formerly called DiGeorge or velocardiofacial syndrome) [2]. This makes 22q11.2 deletions the most
common of the clinically relevant copy number
variations (CNVs) that combined account for
3.5–5% of schizophrenia [3]. Recognition of
22q11.2DS is important for clinical management,
including treatment and genetic counseling (there is
a 50% risk of transmitting the deletion) [2], and for
the opportunity such a molecular model presents for
understanding schizophrenia, given the comparability of the schizophrenia phenotype including
symptom profile and age at onset [4]. In this article,
we provide an overview of research published within
the last year in the area of 22q11.2DS, focusing on

that most relevant to psychosis and schizophrenia
(selecting from 60 articles identified on this topic).

NEW PRENATAL SCREENING
TECHNIQUES FOR 22q11.2 DELETIONS
The clinical importance of early diagnosis and relatively high prevalence of 22q11.2DS (estimated
one in 3000–4000 live births [1]) has spurred the
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KEY POINTS
 The 22q11.2 deletion, the strongest known molecular
genetic risk factor for schizophrenia, has clinically
based evidence that supports recommendations for
clinical genome-wide testing, regardless of age, of
individuals with developmental delay and/or
intellectual disability and/or congenital anomalies.
 Advances in noninvasive prenatal testing allowing for
detection of 22q11.2 deletions, whereas in utero have
potential implications for anticipatory care of early
features of 22q11.2DS that could ameliorate
downstream risks of neuropsychiatric expression.
 Research using this genetically definable subpopulation
has enhanced power to elucidate the pathogenesis of
schizophrenia from prenatal factors to clinical and
brain anatomical trajectories.
 Expression of psychosis in 22q11.2DS, including
developmental trajectories, is largely comparable with
that observed in general population samples (e.g.,
clinical ultra-high risk).
 Animal and human cellular models provide the means
to investigate individual genetic risk factors, within the
22q11.2 deletion region and genome-wide.

extension of noninvasive prenatal testing (NIPT)
used for aneuploidies (e.g., trisomy 21) to include
screening for 22q11.2 deletions [5]. This work takes
into account the fact that most 22q11.2 deletions
occur as spontaneous (de novo) mutations during
gametogenesis, that parental studies identify the
deletion to be inherited in only 5–10% of cases,
and that there is no association of the deletion with
parental age [1]. Thus, the majority of fetuses and
newborns with a 22q11.2 deletion arrive to young
couples with no family history of schizophrenia,
birth defects, or 22q11.2DS [6]. A recent report
evaluated a single-nucleotide polymorphism-based
NIPT method [7 ]. Follow-up confirmatory testing
of 61 of 95 cases considered high risk for 22q11.2
deletion showed a positive predictive value (PPV)
of 18.0% (range 11.6–47.4%) for this 22q11.2
deletion screening technique [7 ]. Amongst the
true positive cases were those with no fetal ultrasound anomalies. Although further work is needed
to optimize NIPT performance, this technology
ushers in a new era of prenatal screening that
could permit specialized management and/or
anticipatory care of early features of 22q11.2DS,
for example, neonatal hypocalcemia and seizures,
that could have implications for brain development
and downstream risk of related neuropsychiatric
expression [6].
&

&
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CLINICAL DIAGNOSIS OF 22q11.2
DELETION SYNDROME AND
EPIDEMIOLOGIC STUDIES
Clinical diagnostic testing for 22q11.2DS requires an
index of suspicion; diagnostic delays are common.
The variability of expression between patients and
over development, including associated congenital
anomalies, endocrine disorders such as hypocalcemia and hypothyroidism, and neuropsychiatric illness, however, presents challenges for clinical
recognition. Consistent with this are findings for
747 individuals from clinical cytogenetic laboratories across France over an 18-year period that
primarily involved targeted fluorescence in-situ
hybridization (FISH) testing using a single probe
from the 22q11.2 deletion region [8]. The average
age at diagnosis was 9.8 years, and reasons for referral for testing most commonly involved typical
congenital anomalies (e.g., congenital heart defect
in 48.5%) and/or developmental delay/intellectual
disability (40.7%) [8]. Neuropsychiatric disorders,
for example, autism or schizophrenia, were less
frequent (7.4%) at diagnosis [8].
A Danish population-wide record linkage study
of individuals similarly clinically detected to have
22q11.2 deletions over a 20-year period reported
increased risk for developing schizophrenia spectrum disorders over population expectations [9 ],
consistent with previous research [2]. Lower than
expected numbers overall and with schizophrenia
spectrum disorders (four of 244 22q11.2DS cases
identified) may have been related to low clinical
recognition and referral for cytogenetic testing and/
or the limited years of follow-up for psychiatric care
in this study.
Modern genome-wide techniques, particularly
clinical microarray, detect all pathogenic 22q11.2
deletions, including those missed by clinical testing
using FISH [1]. Clinical guidelines recommend that
regardless of age, all individuals with developmental
delay, and/or intellectual disability, and/or congenital anomalies have genome-wide testing [2]. A
research study using genome-wide microarrays confirmed the importance of the 22q11.2 deletion and
other high-risk CNVs previously identified for intellectual disability in large samples of schizophrenia,
indicating common molecular genetic causes for
these neurodevelopmental conditions [10].
&

PREDICTING SCHIZOPHRENIA IN 22q11.2
DELETION SYNDROME: PERINATAL RISK
FACTORS
The relative genetic homogeneity of 22q11.2DS
appears to magnify the impact of other factors,
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providing further evidence of the strength of
the 22q11.2 deletion model for studying the predictive factors and pathogenesis of schizophrenia
[11 ,12 ,13 ]. The potential importance of perinatal
factors in idiopathic forms of schizophrenia prompted
two studies that have reported prematurity (<37
weeks gestational age) to be a significant additional
risk factor for the expression of schizophrenia and
related psychotic illnesses in individuals with
22q11.2 deletions [11 ,14]. Both studies also reported
similarly elevated rates of prematurity in 22q11.2DS
[11 ,14], compared with general population expectations. One of these studies, involving 123 adults
with 22q11.2DS, reported that the PPV of being born
premature or small for gestational age was 46% for
schizophrenia, a figure approaching the highest
known risks for schizophrenia in family history studies
involving rare subgroups (identical twins of an individual with schizophrenia or the offspring of two
affected parents) [11 ]. However, the small for gestational age finding was not replicated [14].
&

&
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PREDICTING SCHIZOPHRENIA IN 22q11.2
DELETION SYNDROME: EARLY CLINICAL
SIGNS AND NEUROCOGNITIVE CHANGES
Studies of general population samples often use ultrahigh-risk (UHR) criteria, including attenuated psychotic symptoms, to identify individuals at elevated
risk for developing schizophrenia, in which the conversion rate to psychosis is approximately 25% at 4year follow-up [15]. Showing comparable results with
these clinical UHR studies in the general population,
a study of 89 patients with 22q11.2DS (mean age 16.1
years) reported that at baseline, 22 (24.7%) met UHR
criteria and that transition to psychosis occurred in
27.3% of the UHR group and in 4.5% of the non-UHR
group (mean follow-up 32.5 months) [13 ].
An independent cross-sectional study compared
150 patients (aged 9–24 years) with 22q11.2DS and
150 age-matched and sex-matched individuals with
no 22q11.2 deletion, selected to have comparable
proportions with psychosis spectrum (including
n ¼ 11 with psychotic illness in the 22q11.2DS
group) per ratings using the Structured Interview
for Prodromal Syndromes. Findings were similar for
both groups on mean age of onset for psychosis
proneness and cognitive testing and overall symptom burden results for those with and without
psychosis spectrum [12 ]. Cognitive measures did
not correlate with psychosis spectrum designation;
however, patients with estimated intelligence quotient less than 70 were excluded. As in previous
studies [4], substance use was lower in 22q11.2DS
[12 ]. There were however some subtle differences in
specific psychotic-like symptoms between the
&&

&

&

groups, including a greater likelihood of avolition,
stress intolerance, and low ideational richness in
22q11.2DS [12 ].
Using this cohort, together with an independent
cohort, to compare individuals with 22q11.2DS with
and without psychosis found that individuals with
psychotic disorder had lower global neurocognitive
performance and more significant deficits in executive
functioning, episodic memory, and social cognition
[16]. Other cross-sectional studies of youth with
22q11.2DS but without a clinical psychotic disorder
have reported that those individuals with the worst
social functioning and social skills had significantly
elevated subclinical negative and positive symptoms
of schizophrenia [17,18]. In another study, schizotypal traits, in particular excessive social anxiety and lack
of close friends, were found to be more enriched in the
22q11.2DS population compared with individuals
with no 22q11.2 deletion [19].
In a longitudinal study of youth with
22q11.2DS, individuals with 22q11.2DS who eventually progressed to psychosis were reported to have
poorer premorbid functioning, especially in academic domains in childhood and early adolescence
[20], and deficits in emotional recognition and cognitive flexibility (mean age 21.2 years at last followup) [21], when compared with those who did not
develop a psychotic illness.
Collectively, as have other studies previously
[22,23], these studies support the comparability of
findings from prodromal studies in 22q11.2DS to
those in idiopathic schizophrenia and thus suggest
the potential for interventions such as social and/or
cognitive skills training [24,25].
&

PREDICTING SCHIZOPHRENIA IN 22q11.2
DELETION SYNDROME: NEUROIMAGING
STUDIES
Previously, cross-sectional studies have characterized neuroanatomical alterations in 22q11.2DS,
including small overall brain volume, midline
defects, increased white matter hyperintensities,
and decreased gray matter [26]. Growing numbers
of longitudinal MRI studies of 22q11.2DS provide an
opportunity to elucidate the anatomical and functional changes underlying the transition to psychosis and to explore predictive biomarkers. Multiple
reports involving a cohort in which individuals with
22q11.2DS were assessed at up to four time points
(n ¼ 73–76) have proposed that changes in frontal
cortical thickness, cerebral surface indentations in
the orbitofrontal and inferior parietal lobule, and
cortical-to-amygdala volumetric ratios could act as
possible predictive biomarkers for positive symptoms of psychosis in 22q11.2DS in early adulthood
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[27–29]. Study limitations include the relative
youth of this cohort at last assessment (average
age 21 years) [27–29] and that only six (7.9%)
individuals had a diagnosis of a psychotic disorder
[28].
In cross-sectional MRI studies comparing 20
individuals with 22q11.2DS and 20 clinical UHR
from the general population [30,31], both risk
groups were reported to have positive symptom
severity correlated to decreased cortical thickness
of the rostral middle frontal gyrus [30]. Individuals
with 22q11.2DS showed more severe prefrontal
hypogyrification and cortical gray matter volume
deficits than either UHR or healthy control groups
[30]. Diffusion tensor imaging showed distinct patterns of white matter alterations for each risk group,
with greatest between-group differences in the corpus callosum and anterior thalamic radiation white
matter microstructure integrity [31].

PROBING PATHOGENESIS: MOLECULAR
MODELS USING HUMAN CELLS AND
ANIMALS
A major advantage of identifying a molecular form of
schizophrenia is the potential for cellular and animal
models to help inform our general understanding of
pathogenesis and assist with novel treatment development. In 22q11.2DS, there is reduced gene dosage
of the 46 protein-coding and 44 other genes in the
typical 22q11.2 deletion region and resultant potential effects on expression of these genes [1]. In
addition, genome-wide factors may affect the likelihood of expression of schizophrenia through mechanisms that mediate neuronal development and
function [32]. An in-vitro study using neurons
derived from induced pluripotent stem cells (iPSC)
from eight patients with 22q11.2DS schizophrenia
and seven nonpsychotic controls with no 22q11.2
deletion reported an approximate two-fold reduction
in 37 protein-coding genes in the 22q11.2 region
[33 ]. This neuronal model also showed elevated
expression of genes outside the 22q11.2 region
involved in apoptosis, cell cycle, and MAPK signaling
domains previously associated with deficits in learning and memory and with neurodevelopmental disorders including idiopathic schizophrenia [33 ].
Despite the promise of such iPSC models, limitations
include the small sample size and relatively large
amount of heterogeneity between samples [33 ].
Amongst the possible animal models for
22q11.2 deletions, multiple mouse models are available for study, including various lengths of deletion
of the syntenic region on mouse chromosome 16
and mutations of individual genes from this region
[34]. In Df(16)Aþ/ model mice, analogous to nested

1.5-Mb human 22q11.2 deletions, spatial working
memory deficits, a phenotype posited to be related
to schizophrenia, could be rescued through developmental antagonism of Gsk3, a protein previously
implicated in this phenotype and hippocampal–
prefrontal connectivity abnormalities, related to
haploinsufficiency of the Zdhhc8 22q11.2 region
gene [35 ]. The same group reported that agedependent cellular alterations in hippocampal area
CA2 caused deficits in social cognition in Df(16)Aþ/
model mice, revealing another possible theory of
pathogenesis in 22q11.2DS [36]. Other studies using
the same mouse model have provided data on the
possible chain of events from the 22q11.2 deletion
to brain changes and potential for novel therapies. A
proteomic study of microRNA dysregulation in two
brain regions suggested a possible epigenetic component and dysregulation of proteins, some of
which were predicted targets of miR-185 [37 ],
one of seven miRNAs from the 22q11.2 deletion
region [34]. Identified pathway abnormalities
included synaptic plasticity, transcription regulation, mitochondrial dysfunction, mammalian targets of rapamycin signaling in the prefrontal cortex,
and glutamatergic signaling in the hippocampus
[37 ]. Further implicating microRNA dysregulation
that may be related to DGCR8 haploinsufficiency in
22q11.2DS [1,34], is a study of a Df(16)1/þ mouse
model reporting age-related disruption in thalamocortical projections to the auditory cortex, a region
correlated with auditory hallucinations [38 ].
Replenishing the microRNA miR-338-3p, a miRNA
predicted to target the Drd2 transcript, in these mice
improved thalamocortical synaptic transmission
[38 ]. The same group identified gene Mrpl40 from
the deletion region to be involved in dysfunction in
short-term synaptic plasticity through mitochondria-mediated deregulation of presynaptic calcium
levels, a cellular mechanism involved in learning
and working memory thought to contribute to deficits commonly seen in schizophrenia [39].
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CLINICAL MANAGEMENT
CONSIDERATIONS
Current guidelines for 22q11.2DS recommend, as for
other associated conditions, standard management
for schizophrenia, including treatment with antipsychotic medications [2]. Recent studies provide information that may affect treatment considerations. For
example, independent of antipsychotic use, individuals with 22q11.2DS are reported to have a significantly elevated risk of developing obesity [40],
suggesting enhanced consideration of metabolic side
effects and preventive strategies for individuals with
22q11.2DS. Also, there is further evidence of the
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22q11.2 deletion as a risk factor for Parkinson’s disease, notably in the early onset form (onset <50 years)
[41]. Given that Parkinson’s disease diagnosis may be
delayed up to 10 years in 22q11.2DS if symptoms are
attributed to antipsychotic medication-induced
parkinsonism [42], consideration of clozapine, a
treatment used in both schizophrenia and Parkinson’s disease, has been recommended using a startlow go-slow approach while addressing the elevated
seizure risk through concomitant use of anticonvulsants [43].
A genetic counseling study indicated that early
detection of 22q11.2DS allows for early disclosure
and monitoring of neuropsychiatric risk and can
help diffuse stigma and convey the treatability of
psychiatric illness [44]. These recommendations
contribute to a growing literature that a genetic
diagnosis has potential clinical benefits for patients
and families that include an understanding of the
etiologic basis of a psychiatric disorder and attendant risks for such disorders [2].

CONCLUSION
The current review highlights the recent findings
related to detection of, and characterizing, predicting, and managing psychotic illness in, 22q11.2DS.
The findings support the general comparability of
22q11.2DS with schizophrenia and clinical UHR
groups in the general population. Advances in early
diagnosis may lead to early interventions that may
eventually alter the clinical trajectory and risk for
psychosis in individuals with 22q11.2 deletions. On
the horizon are genome-wide studies to identify
additional genetic risk factors for expression of
schizophrenia from an international consortium
[23]. Multiple opportunities await further study of
this genetically high-risk population, including
related animal models, which promise to inform
pathogenesis and management of schizophrenia in
the general population.
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