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The Cerebellum in Autism: Pathogenic

or an Anatomical Beacon?
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To The Editor:
In the September 2012 issue of The Cerebellum, Fatemi et
al. presented a comprehensive literature analysis of the
putative role of the cerebellum in autism pathogenesis [1].
While this is an important work, which synthesizes the main
findings of cerebellar research in autism spectrum disorders
(ASD), we believe there is an alternative hypothesis to the
role of the cerebellum in autism that is more parsimonious.
The conclusion that the cerebellum is pathogenic in ASD
is predicated on the notion that the cerebellum functions in
the cognitive processes disrupted in autism, although such
pathways remain undiscovered. While the cerebellar contri-
bution to higher cognition has been debated for decades [2],
a clear mechanistic understanding of how the cerebellum
may integrate with processes affected in autism, such as
theory of mind, is not well established—as Fatemi et al.
noted. Human studies that have consistently implicated the
cerebellum in ASD do so mostly on the basis of volumetric
imaging studies, or postmortem histologic and molecular
changes, including our own work [3]. However, as opposed
to the notion that these changes are pathogenic—which
would require an as yet undiscovered mechanism for the
cerebellum in the higher cognitive functions affected in
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ASD—we propose instead that the unique anatomy, physi-
ology, and development of the cerebellum may result in an
exaggerated manifestation of the brain-wide pathologic
changes that underlie autism, without being causal for the
clinical phenotype. In this sense, then, the cerebellum in
autism may be acting as an “anatomical beacon” of more
subtle changes in other brain regions where the functional
pathology actually rests.

The unique anatomy, physiology, and development of the
cerebellum make it a distinct part of the human brain. The
cerebellum has the highest cell density of any brain area,
approximately four times that of the neocortex [4, 5], and
cerebellar Purkinje cells have more synapses than any other
cell type by orders of magnitude [6]. As building synapses
requires the appropriate molecular “toolkit,” the cerebel-
lum's molecular complexity of transcripts [7, 8] and proteins
[9, 10] rivals that of the cerebral cortex. Underlying the
heightened synaptogenesis of the cerebellum is the need
for energy to carry out this process, resulting in oxidative
metabolic demand that is similar to the cerebral cortex as
well [11]. The implications of these well-recognized cere-
bellar properties to autism are profound. The ASD pheno-
type is considered to ultimately result from synaptic
dysfunction [12], which derives from underlying genetic
changes that manifest in aberrant RNA and protein produc-
tion [13, 14]. Additionally, autism has a strong and growing
association with related problems in oxidative metabolism
[15]. Is it possible that cerebellar pathology in ASD is more
evident than other brain areas purely because the cerebellum
contains more of the components that are disrupted in
autism?

If the molecular and cellular processes that are abnormal
in ASD are dysfunctional throughout the brain, then these
observations suggest that the cerebellum may have proper-
ties that result in an exaggerated manifestation of ASD
pathology compared to other brain regions. Therefore, we
hypothesize that the cerebellum may not be etiological in the
pathogenesis of autism spectrum disorders; rather its unique
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anatomic and physiologic properties may accentuate the
mechanisms that are aberrant throughout the autistic
brain. Consequently, investigations into autism patholo-
gy may be more readily observed in the cerebellum
because the changes are more obvious than the concom-
itant changes in other brain areas responsible for the
clinical phenotype.

This hypothesis does not diminish the potential impor-
tance of the cerebellum to autism research. Harnessing this
unique property has serious implications in diagnostic test-
ing, for example with neuroimaging. Diagnostic tests may
be able to identify biological changes in ASD patients
earlier in life, which is known to correlate with improved
patient outcomes [16, 17], by focusing on the cerebellum.
While cerebellar changes may not directly cause the cogni-
tive deficits of ASD, they could serve as an “internal bio-
marker” for the more subtle alterations that must therefore
be ongoing in other brain areas but would require more
sensitive techniques to detect.

Until it is understood how the cerebellum functions in the
higher cognitive processes that are abnormal in autism, the
field must consider the alternative hypothesis that changes
found in the cerebellum of autistic patients are not patho-
genic, but rather are collateral manifestations of the cellular
and molecular deficits that are present throughout the autis-
tic brain. The distinctive nature of the cerebellum may
exaggerate changes that are more subtle in other brain areas,
without being causal of the ASD phenotype. However, such
an interpretation does not diminish the importance of cere-
bellar research in autism, as this unique characteristic may
make the cerebellum an ideal diagnostic target.
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