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has also been suggested14. Given that the
tumor suppressors p53 and p19 are upregu-
lated in Bub1bH/H senescent cells, it would be
interesting to determine whether loss of these
in Bub1bH/H mice would relax cell cycle con-
trol, promote tumorigenesis and perhaps alle-
viate some of the phenotypes associated with
aging.

Whether aneuploidy is a specific driving
force in the development of cancer is contro-
versial. With the demonstration that severe
disruption of Bub1b leads to aging-related
phenotypes, the study by Baker et al.3 now

adds aneuploidy and aging to the debate
about the relationship between biological
cause and consequence. Regardless of these
hierarchical considerations, it is apparent that
although silencing of the mitotic checkpoint
(by pharmacological agents, for example)
may be beneficial for inhibiting the growth of
cancer cells, the price we may pay is prema-
ture aging.
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Resolving schizophrenia’s CATCH22
Assen Jablensky

Schizophrenia is a severely disabling disorder with a lifetime risk of ∼1%, which accounts for 2.8% of the global
burden of disease. A new study provides evidence that a third gene in the 22q11 region is associated with
schizophrenia, further confounding an already complicated story.

A genetic contribution to the etiology of
schizophrenia is well established, and envi-
ronmental exposures, from neurodevelop-
mental insults to psychosocial factors, are
also suspected to have a role. The search for
associated genes and pathogenetic pathways
is hampered by complex genetics, lack of a
pathognomonic neuropathology or neuro-
physiology, and a phenotype defined solely
by psychopathological criteria (e.g., delu-
sions and hallucinations). More than 30
genome scans and numerous association
studies have resulted in multiple suggestive
linkage findings and tentative associa-
tions1,2. Further insights are being gained
through studies bridging linkage and asso-
ciation studies with gene expression and
functional effects in experimental animals
that model aspects of the disease pheno-
type. On page 725 of this issue, Jun Mukai
and colleagues3 report on a new candidate
gene, ZDHHC8, in the ∼3-Mb region on
chromosome 22q.11.2, which is heterozy-
gously deleted in DiGeorge/velocardiofacial
syndrome, also known by the particularly
apt acronym CATCH22 (cardiac abnormal-
ity/abnormal facies, T-cell deficit, cleft
palate, hypocalcemia; OMIM 188400).

From association to knockout
The 22q.11 microdeletion region is associ-
ated with increased risk for a range of

neuropsychiatric phenotypes, including
schizophrenia, rapidly cycling affective bipo-
lar disorder, learning disability, attention
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Figure 1 A deficiency in any of three schizophrenia-associated genes on 22q11 can result in
behavioral impairments in knockout or heterozygous mice. Further dissection of independent and
synergistic effects of these genes in animal models, and endophenotype refinement in individuals
with schizophrenia and in controls, will be required to fully delineate the causative pathways.
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deficit disorder, anxiety and characterologi-
cal peculiarities such as shyness or impul-
siveness. It contains at least three genes
(COMT, PRODH2 and ZDHHC8) impli-
cated in schizophrenia risk. Studies of rare
but well characterized syndromes, such as
22q11-related schizophrenia, can facilitate
formulation of coherent pathogenetic
hypotheses, eventually leading to identifica-
tion of specific causal pathways and
advances in the general understanding of
complex disorders4.

Previously, this group provided evidence
that variants at the PRODH2 locus in the
microdeletion region on 22q11 contribute to
schizophrenia risk5. Now, they describe a sig-
nificant association between schizophrenia
and a single-nucleotide polymorphism (SNP)
in a new gene in the same region, ZDHHC8,
encoding a putative new member of the palmi-
toyltransferase family. This intronic SNP mod-
ifies ZDHHC8 expression by causing imperfect
splicing, intron retention and reduced enzyme
activity. The association between this SNP and
schizophrenia was confirmed in three inde-
pendent family and case-control samples from
the United States and South Africa.

Zdhhc8 knockout mice had no morpho-
logical brain abnormalities but were defi-
cient in the prepulse inhibition (PPI)
measure of the startle reflex paradigm. Both
knockout and heterozygous mice were
abnormal with respect to indices of fearful-
ness and rearing behavior and proved resis-
tant to the locomotor-activating effect of the
psychomimetic NMDA blocker dizocilpine.

Although the biology of ZDHHC8 is
incompletely understood, palmitoylation is
known to modulate activity-dependent plas-
ticity at glutamatergic synapses in the cortex
and hippocampus6. The authors suggest that
the behavioral impairments in the mouse
may involve interactions among ZDHHC8,
PRODH2 and COMT (Fig. 1).

Notably, the abnormal behaviors in Zdhhc8-
deficient mice were restricted to females. In the

family sample, the authors found a preferential
transmission of the risk allele in females, indi-
cating that the sex-specific effect is unrelated to
differences in the splicing of ZDHHC8. This
female predilection is puzzling, because
another study7 found that a ∼1-Mb deletion in
22q11 (encompassing COMT and PRODH2)
produced PPI and fear-conditioning abnor-
malities in male mice only. Considering that a
difference has also been found in the transmis-
sion of a schizophrenia-associated polymor-
phism in COMT8, there is a riddle on 22q11
waiting for a solution.

Schizophrenic mice?
It is difficult to envisage how schizophrenia
symptoms, such as false beliefs, hallucina-
tions, passivity experiences and thought dis-
order, could be elicited in nonhuman
species. But complex experiential phenom-
ena are probably underpinned by cognitive
deficits that may, in part, be reproducible
across species. One such phenotype, the
startle reflex to sudden intrusive stimuli,
involves a well-defined neural circuit engag-
ing nuclei in the brain stem, striatum, pal-
lidum and thalamus, with projections to the
cortex. The startle response is attenuated
when the triggering stimulus is preceded by
a weak prestimulus (prepulse). The degree of
PPI is a measure of sensorimotor gating, an
automatic filter protecting the brain from
flooding with irrelevant stimuli. PPI break-
down is frequent in schizophrenia, but it also
occurs in stress-related disorders, alco-
holism, neurodegenerative disease and
autism9. Although PPI deficit is not a spe-
cific marker of schizophrenia, it correlates
with other measures of attention control
and, possibly, thought disorder in affected
individuals and is present in a proportion of
their unaffected relatives10. Together with
the capacity to dissect genetic and environ-
mental influences in animals, this is a valid
reason to regard PPI as a modular phenotype
in schizophrenia research.

Modular endophenotypes
Schizophrenia geneticists face a catch-22
situation: they seek to identify specific
genes contributing to an overinclusive diag-
nostic category for which no specific bio-
logical substrate is identifiable, probably
because of admixture between different
underlying disease subtypes. It is increas-
ingly likely that current diagnostic classifi-
cations, based on symptoms, do not
demarcate genetic entities. As the clinical
manifestations of schizophrenia might be a
common final pathway for several separate
variants11 or endophenotypes12, the quest for
specificity of genetic and neurobiological
findings in relation to diagnostic categories
may be misplaced. Can schizophrenia result
from the interaction between several modu-
lar endophenotypes, each a distinct pattern
of neurocognitive or neurophysiological
deficits? Identifying such endophenotypes
and their genetic basis is a daunting, but not
impossible, task. Because the 22q11 region is
associated not only with schizophrenia risk,
but also with a variety of other phenotypes,
its further dissection by convergent genomic
and pathophysiological analysis will provide
a better understanding of the genetic archi-
tecture of psychiatric disorders on the whole.
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