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Recent findings have increasingly demonstrated the importance of rare genetic variants in
the etiology of schizophrenia (1). 22q11.2 deletion syndrome, or velocardiofacial syndrome
(VCFS), is among the most common of these rare variants, accounting for about 1% to 2%
of schizophrenia cases in the general population (2). VCFS is caused by a hemizygous
deletion at chromosome 22q11.2, an area that encompasses approximately 40 genes, several
of which are known to play a role in neuronal migration, myelination, and brain
development (2). Longitudinal studies have found that approximately 30% of individuals
with 22qDS develop psychotic illness in adolescence or early adulthood (3), offering the
possibility of delineating a relatively homogenous developmental pathway to psychosis.
Schizophrenia patients with VCFS have clinical profiles that are indistinguishable from
schizophrenia patients without the deletion (4). However, whether the neurobiological
predictors of psychosis in highly penetrant rare mutations such as VCFS are similar to those
observed for idiopathic schizophrenia remains unresolved.

Until recently, the prevailing model for discovering the genetic basis of schizophrenia has
focused on “common disease-common variants,” hypothesizing that the disorder arises from
interactions between environmental effects and multiple common variants, each carrying
modest risk for disease. However, recent findings have shifted our understanding of the
genetic architecture of schizophrenia; taken together, these studies indicate that
schizophrenia involves much greater genetic heterogeneity than was previously believed (1).
Thus, a complementary approach focusing on highly penetrant rare variants is likely to yield
new insights into schizophrenia pathophysiology. Recent findings support this notion,
showing a disproportionate increase in rare mutations of genes involved in
neurodevelopment in schizophrenia cases (5). The high odds ratios for certain loci in
“genomic hotspots”—including the 22q11.2 locus—suggest enrichment of a causal variant
(or variants) for the disorder in these regions. Thus, investigating intermediate traits (e.g.,
structural brain changes over time) in highly penetrant genetic subtypes of complex
neuropsychiatric disorders such as VCFS can provide a unique opportunity to link genetic
mechanisms directly to phenotypes associated with schizophrenia.

The report by Kates and colleagues in this issue of Biological Psychiatry exemplifies how
this genetic subtype of schizophrenia can shed light on neurobiological pathways leading to
the development of psychosis. Specifically, Kates et al. (6) amassed an impressive sample of
longitudinal neuroimaging data on adolescents with VCFS, their unaffected siblings, and

© 2011 Society of Biological Psychiatry

Address correspondence to Carrie E. Bearden, Ph.D., Department of Psychiatry and Biobehavioral Sciences, University of California,
Los Angeles, 300 Building Medical Plaza, Suite 2265, Los Angeles, CA 90095; cbearden@mednet.ucla.edu.

The authors declare no biomedical financial interests or potential conflicts of interest.

NIH Public Access
Author Manuscript
Biol Psychiatry. Author manuscript; available in PMC 2012 November 05.

Published in final edited form as:
Biol Psychiatry. 2011 May 15; 69(10): 910–911. doi:10.1016/j.biopsych.2011.03.012.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



unrelated community control participants and then examined the neuroanatomic trajectories
associated with the development of positive prodromal symptoms of psychosis. The large
sample size and narrow age range used in this study address the limitations of the few
previous longitudinal studies examining neuroanatomic predictors of psychosis in VCFS
(e.g., Gothelf et al. [3]). Kates et al. find that, although progressive volume loss in multiple
brain regions was associated with a general increase in symptom severity over the 3-year
follow-up period, only decrements in temporal lobe gray matter and verbal IQ were uniquely
predictive of increased severity of positive psychotic-like symptoms at the follow-up time
point. Perhaps most interestingly, they used a receiver operating characteristic (ROC)
analysis to determine the accuracy with which prodromal status in VCFS was predicted by
neuroanatomic changes in brain regions significantly associated with prodromal symptom
scores. These results indicate that 86% of the time, this change score would accurately
identify a prodromal individual with VCFS. This analysis presents a novel way to look at
predictive accuracy of neuroanatomic markers in the context of this disease model, in which
larger effects can likely be identified because of reduced heterogeneity.

As the largest study to date to examine longitudinal brain changes as predictors of outcome
in VCFS, this study provides novel information regarding neuroanatomic changes associated
with the emergence of psychosis in this syndrome. These findings are highly consistent with
prior cross-sectional work; for example, Bearden et al. (7) found that reduced temporal gray
matter was associated with severity of thought problems (as measured by the Child Behavior
Checklist) in nonpsychotic youth with VCFS. Further corroborating these findings, Chow et
al. (8) directly compared brain structures of adults with the deletion with and without
schizophrenia, finding that the expression of schizophrenia in adults with VCFS is
associated with a selective reduction in gray matter in the superior temporal gyrus (STG).
Although speculative, taken together, these find-ings suggest that temporal gray matter loss
in adolescence may remain a stable and distinguishing characteristic associated with the
expression of psychosis in VCFS.

These findings converge remarkably with the extant literature on youth with clinical
symptoms indicating high risk for developing psychosis. In particular, Takahashi et al. (9)
recently reported that clinical high-risk youth who subsequently convert to psychosis show
progressive gray matter decreases in superior temporal regions. Others have found baseline
reductions in the temporal lobe in those who later develop psychosis (e.g., Pantelis et al.
[10]), suggesting a regional pathological process that precedes the expression of overt
psychosis. Findings of selective STG gray matter loss have previously been observed
specifically in first-episode schizophrenia patients, but not in affective psychosis (11), and
volume reduction of these regions, particularly in the left hemisphere, is associated with
auditory hallucinations and thought-disorder severity (12). Collectively, these findings
suggest that disruption of cortical regions specialized for speech and language may be
implicated in disease pathogenesis (8) and thus may serve as a valuable phenotype for
identifying increased risk for psychosis (see Figure 1).

The results from this study also leave many unanswered questions. First, none of the
individuals in the published sample had converted to overt psychotic illness at the follow-up
time point. Therefore, it will be important to map neuroanatomic trajectories similarly in
older adolescents and young adults with VCFS, through the time period in which the onset
of schizophrenia is most likely to occur. In addition, the underlying cellular mechanisms of
the observed neuroanatomic changes are unknown. It has been hypothesized that
dysfunction of glutamate synapses in this region may be related to neurotoxicity in early
psychosis (9); to that end, the investigation of a single mutational model of schizophrenia
confers particular advantages for conducting translational studies in animal models, in which
the molecular, cellular, and synaptic basis of neuroanatomic changes can be directly probed.
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Although many genes within the 22q11.2 locus are known to be involved in
neurodevelopment and several have been implicated in schizophrenia risk, the exact
mechanisms through which genetic variation— both within and outside of this genomic
region—leads to variability in phenotypic expression in VCFS individuals remain to be
determined. Studies in mouse models have provided compelling evidence that the 22q11.2
microdeletion causes dysregulation of brain microRNAs, which may contribute to
schizophrenia susceptibility (2). However, the contribution of these genetic pathways to
neuroanatomic alteration is not yet known and remains an important area for future
investigation.

It has been hypothesized that schizophrenia is a constellation of multiple rare variants (1).
Therefore, examining the most common of these rare, highly penetrant mutations—VCFS—
may help delineate a homogenous pathway to psychosis. The new findings from Kates et al.
featured in this issue offer compelling evidence for common neuroanatomic substrates
underlying the development of psychotic symptoms in VCFS and idiopathic schizophrenia
and thus represent a powerful example of how this line of inquiry can provide clues into the
biological mechanisms underlying development of psychotic illness in the broader
population.
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Figure 1.
Converging predictors of psychotic symptoms in a behaviorally defined risk group
(adolescents with clinical symptoms indicating high-risk status) and those at high risk by
virtue of a specific genetic etiology (22q11.2 microdeletion). These two alternative
approaches offer convergent evidence of potential neuroanatomic endophenotypes for
psychosis.
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