


increased neuronal excitability (9, 11, 31, 32) and others pre-
dicting decreased neuronal excitability (9, 12, 13). It was not
known fromstudies in heterologous systemswhether themuta-
tions primarily affect excitatory or inhibitory neurons. Results
from our analysis of the biophysical properties of the R1648H
mutation in neurons from the knock-in mice suggest that the
primary effect of this mutation is to delay recovery from inac-
tivation and, thus, decrease the firing of inhibitory neurons.
Impairment of inhibition could be a general effect of SCN1A
mutations, but analyses of mouse models with other Scn1a
mutations are needed to determine whether this is a consistent
mechanism.
Studies of two complete loss-of-functionmutations of Scn1a

in mouse models of SMEI also showed diminished GABAergic
interneuron function. Heterozygotes for a knock-out mutation
of Scn1a displayed reducedNav1.1 channel expression, reduced
sodium currents, and an inability to sustain repetitive firing in
GABAergic interneurons of the cortex and hippocampus (15,
16). It is interesting that the R1648H homozygotes exhibit a
time course of seizure initiation and progression to lethality
that is very similar to the homozygous nullmice, demonstrating
a profound reduction of in vivo function as a result of thismuta-
tion. This was unexpected given the relatively small effects
observed in heterologous systems. We propose that decreased
excitability of the inhibitory circuitry is a major factor contrib-
uting to seizure generation in mouse models of GEFS� and
SMEI and, by extension, GEFS� and SMEI patients. A similar
mechanism may also underlie other SCN1A-derived disorders.
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