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The cerebellum is thought to contribute to
motor learning and coordination by creat-
ing internal models that predict the sensory
effects of motor commands and by modify-
ing commands when predictions are vio-
lated. These functions rely on reciprocal
connections between the cerebellum and
motor cortex. Because the cerebellum makes
similar reciprocal connections with many
other cortical regions, including prefrontal
and posterior parietal cortex, the cerebellum
may have similar roles in nonmotor function.
Indeed, functional magnetic resonance imag-
ing indicates that the cerebellum is activated
during many nonmotor tasks, including lan-
guage comprehension (Moberget and Ivry
2016 Ann NY Acad Sci 1369:154). Whether
the cerebellar role in language involves pre-
diction has been unclear, however.

To address this question, Lesage et al. ex-
amined cerebellar activity as volunteers read
sentences. Participants viewed a sentence
that set a context, followed by a sentence
fragment with the final word omitted. On
some trials. the final word was highly predict-
able from the context and stem sentences (as
indicated in a separate experiment, in which
most participants chose the same word to
complete the sentence); on other trials, the
final word was less predictable. After a pause,
participants saw the final word and judged
the plausibility of the sentence. Consistent
with previous work, a broad region of the
posterolateral cerebellum and cerebellar ver-
mis were activated as subjects read. Impor-
tantly, while subjects read incomplete stems,
activity levels in a subregion of right postero-
lateral cerebellum was correlated with the pre-
dictability of the final word. When the final
word was shown, activation in this same sub-
region was inversely correlated with plausibil-
ity: activity was greater when the outcome was
rated unlikely. Additional tests showed that
while the cerebellar area activated gener-
ally during reading was also activated dur-
ing phonological, orthographic, and semantic
processing tasks, the subregion linked to pre-
dictability was significantly engaged only dur-
ing the phonological processing task.

These results suggest that the cerebellum
has a predictive role during sentence pro-
cessing and that it generates a prediction er-
ror when an unexpected word appears. The
fact that the subregion involved in predic-
tion is also engaged during phonological
processing indicates that word prediction
during reading might be related to the motor
predictions involved in articulating sentences.
More studies will be needed to determine
whether the cerebellum also engages in se-
mantic prediction.
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Human chromosome 22 is highly suscep-
tible to homologous recombination and
thus to deletion or duplication of a segment
(22q11.2) containing 40–50 genes. 22q11.2
deletion, one of the most common human
copy number variations, produces a wide
range of phenotypes, typically involving
abnormal development of the heart, facial

structure, and/or brain. People with 22q11.2
deletions frequently have intellectual dis-
abilities, and many have autism spectrum
disorders. Additionally, 22q11.2 deletion is
the strongest known genetic risk factor for
schizophrenia. In contrast to 22q11.2 dele-
tion, duplications in this region generally
produce a mild phenotype, often going un-
detected. Nonetheless, 22q11.2 duplication,
like deletion, has been linked to intellectual
disability and autism. Unlike 22q11.2 dele-
tion, however, duplication appears to re-
duce schizophrenia risk.

Because 22q11.2 deletion and duplica-
tion have similar effects on autism risk but
opposite effects on schizophrenia risk, com-
paring the anatomical and physiological ef-
fects of deletion and duplication may offer
insight into the etiology of these diseases.
Several studies using magnetic resonance
imaging have indicated that gray and white
matter volume are lower in people with
22q11.2 deletions than in controls, and sim-
ilar results have been found in mouse mod-
els. Lin et al. complement these studies by
comparing brain structure in people with
typical chromosome 22 to those with 22q11.2
duplication or deletion.

Consistent with previous reports, total
gray and white matter volume and regional
surface areas were lower in 22q11.2 deletion
carriers than in controls. But cortical thick-
ness was greater in several cortical regions in
deletion carriers. For the most part, differ-
ences between duplication carriers and con-
trols were not statistically significant after
corrections for multiple comparisons. None-
theless, thickness of the left caudal and
superior frontal gyrus and the right precu-
neus was significantly lower in duplica-
tion carriers than in controls.

These results confirm the pronounced
effects of 22q11.2 deletion on cortical vol-
ume, thickness, and area, while suggesting
that 22q11.2 duplication has opposite, but
less widespread effects than deletion. Future
studies with larger samples may detect addi-
tional structural differences between dupli-
cation carriers and controls. Generation of
mouse models of 22q11.2 duplication should
further elucidate the effects of this muta-
tion and may provide clues about how this
duplication reduces schizophrenia risk
while increasing autism risk.
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Regions in which cortical thickness is lower in 22q11.2 dupli-
cation carriers than in deletion carriers (light and dark orange;
FDR-corrected, q � 0.05) and where thickness is lower in
duplication carriers than controls (dark orange, uncorrected,
nominal p � 0.05). See Lin et al. for details.
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