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New concepts on developmental pathogenesis of Epileptogenic Focal Cortical 
Dysplasias
Background: Focal cortical dysplasias (FCD) are the principal cause of focal epilepsy in infants and children and are successfully 
treated by surgical resection and confirmed neuropathologically. The pathogenesis of these focal malformations of cortical development 
is elucidated by recent advances in neuroembryology and genetics. FCD type II is due to disturbances in the mTOR signaling pathway 
that causes dysmorphic neurons as well as abnormal brain architecture. During normal fetal brain development, keratan sulfate (KS) 
proteoglycan surrounds and isolates fascicles and tracts in the brain; KS also binds to neuronal somatic membranes where it repels 
excitatory but enables inhibitory axons; no KS surrounds dendritic spines, hence axodendritic synapses are excitatory.
Objective: To elucidate factors of pathogenesis of FCD and relate them to normal brain maturation.
Methods: 30 normal fetal and 12 infant and child brains, and also 10 cases of FCD were examined at autopsy or in surgical 
resections for epilepsy, with immunocytochemistry applied to tissue sections. 
Results: FCD type I is persistence of normal fetal micro-columnar cortical architecture before horizontal lamination is 
superimposed during the second half of gestation. FCD II and hemimegalencephaly (isolated or associated with neurocutaneous 
syndromes) are the same disorder, the difference in extent depending in which of the 33 mitotic cycles of neuroepithelium the 
defective gene is first expressed. KS is altered in FCD and other brain malformations. 
Conclusion: Neuroembryology and genetics are the bases for understanding pathogenetic mechanisms of brain malformations. 
Maturational arrest is a factor in FCD I. KS repels glutamatergic (excitatory) axons and facilitates GABAergic (inhibitory) 
axons, which explains why deep heterotopia often generate few or no seizures because of a KS barrier in the U-fibre layer that 
prevents integration into epileptic networks, why axosomatic synapses are inhibitory, and how KS isolates axonal fascicles to 
prevent exit or entry of axons along their trajectory.
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