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Functional integration of periventricular neurons in periventricular

nodular heterotopia

Lange et al. described a new filamin A mutation in a patient with periventricular nodular heterotopia. Their
fMRI data indicated that ectopic neurons were functionally required in motor execution tasks.
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Do heterotopic neurons think?

Commentary by Renzo Guerrini, MD

Heterotopia agglomerates of
morphologically normal neurons
in an abnormal site is the most
common neuronal migration
disorder observed in the human
brain. Heterotopia can be uni-
lateral or bilateral, diffuse or lo-
calized, subependymal or
subcortical, or may extend from
the subependymal region to the
subcortex. Heterotopia can
readily be diagnosed with MRI,
showing the same signal as the
normal cortex at every impulse
sequence used. Although many
patients with heterotopia come
to medical attention because
they have epileptic seizures
without additional neurologic
abnormalities, the spectrum of
clinical presentations is wide.
Usually, but not necessarily,
there is some correlation be-
tween the extent of the hetero-
topic gray matter, the degree of
cortical involvement, and the
severity of clinical impairment.
However, the degree of ana-
tomic and functional impair-
ment of the cerebral cortex
overlying the area(s) of hetero-
topia is variable and may in
turn determine the clinical pic-
ture. Early FDG-PET imaging
studies had shown that hetero-
topia has the same metabolic
activity as normal gray matter.
Depth electrode studies showed
that either the heterotopic cor-
tex or the overlying cerebral

cortex, or both, can be epilepto-
genic.1 Indeed, in patients with
heterotopia and intractable
temporal lobe type seizures,
temporal lobectomies sparing
deep heterotopic nodules were
unsuccessful,2 raising the suspi-
cion that not just the epilepto-
genic zone but also the
symptomatogenic zone might
correspond to the heterotopic
tissue. Previous functional MRI
studies showed that subcortical
band heterotopia (or double cor-
tex), a malformation usually
caused by mutations of the DCX
gene, may be functionally active
during simple sensorimotor
tasks. This is not entirely sur-
prising as in this malformation
heteropic neurons, after having
partially migrated, settle close
to the true cortex, from which
they are separated by a thin
layer of white matter and as-
semble in a pattern suggestive
of laminar organization.3

The findings of Lange et al., us-
ing fMRI and showing that
periventricular heterotopia may
also be functionally integrated in
motor circuits, are of remarkable
interest in that in this migration
disorder, often caused by muta-
tions of the FLN1 gene, heterotopic
neurons have not migrated at all
and lie in the subependymal zone,
far away from the true cortex.
Therefore, neurons carrying the
mutated allele have lost their abil-

ity to migrate but have maintained
the information that allows them
to assemble in functionally active
aggregates and to participate in in-
tegrated networks.

The practical implications are
obvious. When considering surgi-
cal treatment of epilepsy, hetero-
topia, even when remote from the
cortex, cannot be considered as
just indolent tissue. It may have
normal function as well as gener-
ate epileptic activity.
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