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    Abstract 

 Advances in genetic analysis are fundamentally changing our understanding 
of the causes of epilepsy, and promise to add more precision to diagnosis 
and management of the clinical disorder. Single gene mutations that 
appear among more complex patterns of genomic variation can now be 
readily defi ned. As each mutation is identifi ed, its predicted effects can now 
be validated in neurons derived from the patient’s own stem cells, allowing 
a more precise understanding of the cellular defect. Parallel breakthroughs 
in genetic engineering now allow the creation of developmental experimental 
models bearing mutations identical to the human disorder. These models 
enable investigators to carry out detailed exploration of the downstream 
effects of the defective gene on the developing nervous system, and a 
framework for pursuing new therapeutic target discovery. Once these 
genetic strategies are combined with interdisciplinary technological advances 
in bioinformatics, imaging, and drug development, the promise of delivering 
clinical cures for some genetic epilepsies will be within our reach.  
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 25      How Can Advances in Epilepsy 
Genetics Lead to Better 
Treatments and Cures? 

           Renzo     Guerrini      and     Jeffrey     Noebels    

25.1         Introduction 

 The last decade has witnessed several revolutions 
in our ability to understand the genetic basis of 
the epilepsies and its role in diagnosis and treat-
ment. Ten years ago, only a few genes, mostly for 
ion channels, had been linked to the appearance 
of epilepsy in large, multigenerational pedigrees. 
The general belief was that such families were 
rare, that the numbers of causative genes for 
epilepsy were few, and that each of the clinically 
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defi ned Mendelian syndromes was the exclusive 
product of one gene alone. Furthermore, the 
absence of a positive family history in a patient 
with epilepsy suggested that a purely genetic 
etiology was unlikely. Following this logic, it 
was anticipated that detecting a mutation in one 
of these genes would be highly predictive of a 
specifi c seizure syndrome, and that only a rare, 
inherited mutation causes disease. Understandably, 
most investigators concluded that knowledge of 
the gene defect could lead shortly to dramatically 
improved treatments, if not a cure, for the disorder. 

 In fact, none of these pioneering assumptions 
has proven to be entirely correct. However, as in 
the fi eld of DNA sequencing, we have entered the 
‘next generation’ of epilepsy genetics, and what 
began as a search for a few inherited gene errors 
that could explain why some epilepsies are famil-
ial has expanded into a set of powerful research 
tools and discoveries that have immeasurably 
accelerated our ability to correctly diagnose and, 
in some cases, treat the disease. Major strides in 
clinical phenotyping and classifi cation of epi-
lepsy syndromes have been driven by, and con-
tribute to the identifi cation of, new monogenic 
epilepsies, both inherited and de novo in origin. 
Advances in neuroimaging have proven critical 
to the discovery of genes leading to malforma-
tions of cortical development. New methods in 
molecular genetics and gene sequencing have 
allowed rapid identifi cation of candidate genes 
for an increasing number of epilepsy syndromes 
and potential comorbidities, including sudden 
unexpected death. Advances in genetic epidemi-
ology, genome-wide association studies and 
whole exome candidate gene profi ling have stim-
ulated the analysis of complex genetic traits. The 
mathematical aspects of these analyses, as well 
as the emergence of mutation and polymorphism 
databases and genotype-phenotype correlations, 
are now included in the growing new fi eld of epi-
lepsy bioinformatics. 

 In the neurobiology laboratory, identifi ed 
genes arising from both human and experimental 
genetic studies now offer an unparalleled oppor-
tunity to examine basic mechanisms of the 
disease. Genetically engineered models enable 
the electrophysiological validation of a candidate 

epilepsy gene using in vivo and in vitro 
approaches, and are essential to pinpoint the 
specifi c brain networks involved. Stem cells 
derived from patient’s fi broblasts can now be 
reliably transformed into neurons to evaluate 
the effects of the mutation on cell biology and 
signaling within the affected nervous system. 
Contemporary experimental mouse models not 
only give investigators the ability to selectively 
express a predefi ned human gene mutation in the 
brain at different stages of brain development, 
but also to reverse its effects with drugs and other 
genes. High resolution, chronic imaging tech-
niques using fl uorescent reporters of gene expres-
sion permit the study of the pathophysiology of a 
genetic lesion over time, tracking the ‘down-
stream’ molecular biology of the seizure path-
ways. Seizures typically arise after prolonged 
periods of abnormal neural development, and in 
these cases where the damage is already done, 
correcting the actual gene defect may come too 
late to reverse the epileptic condition. However 
careful analysis of these secondary changes in 
the physiology and anatomy of the affected 
neural circuits may offer a second opportunity to 
discover a novel target for therapy, fulfi lling the 
promise of a cure.  

25.2     The Emerging Picture 
of Epilepsy Genetics 

25.2.1     Gene and Mutation Diversity 

 It is now estimated that genetic factors contribute 
to at least 40 % of all epilepsies. While there has 
been considerable progress in identifying genes 
for Mendelian epilepsies, the extent of genetic 
susceptibility to more common sporadic epilepsy 
syndromes remains unknown. Although limited 
evidence, in both animal models and human 
disease, has been gathered that susceptibility to 
epilepsy conferred by specifi c mutations might 
be infl uenced by non-pathogenic alleles at other 
genetic loci [ 1 ,  15 ] the characterization and 
validation of susceptibility variants appears 
particularly complex and requires large-scale col-
laborative efforts. Moreover, our understanding 
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genetic susceptibility to a major heterogeneous 
disorder such as epilepsy would likely be incom-
plete without reference to a specifi c syndrome. 
Over 600 entries for pedigrees showing Mendelian 
phenotypic inheritance patterns can be found 
in the Online Mendelian Inheritance in Man 
(OMIM) database, and genetic loci have been 
identifi ed in over 160 of these cases. These genes 
arise not only among the >400 members of the 
ion channel gene family, but across an extraordi-
narily diverse group of molecular pathways that 
also regulate membrane excitability, synaptic 
plasticity, and rhythmic network fi ring behavior. 
Causative genes also include those for presynap-
tic neurotransmitter release, postsynaptic recep-
tors, transporters, cell metabolism, and 
importantly, many formative steps in early brain 
development, such as the proliferation and migra-
tion of neuronal precursors, dendritogenesis, syn-
aptogenesis, and glial biology. However, inherited 
mutations in these known epilepsy genes cur-
rently only account for a small fraction of 
patients. Thus, many additional genes causing 
seizures are likely to be identifi ed. Within each of 
these genes, the molecular rearrangements them-
selves are typically novel, or occur with a very 
low allele frequency within the epilepsy popula-
tion. Thus monogenic epilepsies are disorders of 
many, individually rare, errors in an increasingly 
broad spectrum of biological pathways. 

 Most of the idiopathic epilepsies arise spo-
radically among unaffected family members, or 
do not appear to follow single gene inheritance 
patterns. From a purely genetic perspective, this 
fi nding may be explained by an inadequate fam-
ily size, or an underlying complex pattern of mul-
tigenic inheritance, or even genetic mosaicism, 
three possibilities which have long bedeviled the 
analysis of inherited disease. However a new 
alternative has arisen from an important insight 
made over the past decade, and promises a steep 
increase in our ability to isolate genetic risk of 
epilepsy in individuals, even in small families – 
namely, the detection of de novo mutation of 
single genes or copy number variants of even 
larger chromosomal regions that encompass 
them. De novo splice site or nonsense mutations 
that impair function by removing critical portions 

of the encoded protein have been identifi ed at 
convincingly high frequency within specifi c 
epilepsy phenotypes, in particular the SCN1A 
sodium channel linked to the severe myoclonic 
epilepsy known as Dravet Syndrome. This real-
ization, along with the recent ability to rapidly 
sequence and assess gene variation in a large list 
of candidate genes, will greatly contribute to the 
personal identifi cation of causative genes in the 
epilepsy clinic.  

25.2.2     Phenotype Complexity 

 Large scale genotype-phenotype studies within 
monogenic populations have determined that the 
simple correspondence between genotype and 
phenotype can break down, resulting in different 
ages of onset and clinical seizure severity (phe-
notypic heterogeneity) within those bearing 
mutations in the same gene. This poor correlation 
may be due to the many possible structural altera-
tions in the mutant protein leading to either gain 
or loss of function. However, even in families 
with single gene inheritance of an identical gene 
mutation, a degree of complexity remains, as evi-
denced by ‘unaffected carriers’ of the ‘causative’ 
mutation. In these cases, the phenotypic variabil-
ity in such families can be attributed to the pres-
ence of polymorphisms in modifi er genes 
infl uencing the phenotypic expression or, alterna-
tively, to environmental factors. 

 Conversely, identical clinical phenotypes may 
be due to different underlying genotypes (genetic 
heterogeneity). Most of the broad phenotypic cat-
egories of seizure disorders are now recognized 
to arise from mutations in more than a single 
gene. In some cases, the different genes for a 
clinical epilepsy syndrome all contribute a single 
functional heteromeric unit, such as the different 
receptor subunits (α,β,γ,δ) contributing to a func-
tional GABAa receptor in generalized epilepsy, 
the pore forming (α) and regulatory (β1) subunits 
of the sodium channel in Dravet Syndrome, the 
different pore forming subunits (KCQ2/3) of the 
M-current in Benign Neonatal Infantile Epilepsy, 
or the nicotinic cholinergic receptor subunits 
(α2,β2,β4) in ADNLFE. In other cases, entirely 
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separate gene pathways may contribute to a very 
similar phenotype. This property may ultimately 
explain not only clinical differences in the seizures 
attached to each gene and their neurological 
severity in affected patients, but also their 
pharmacoresistance in clinical subsets of the 
disorder. 

 Pharmacoresistance can itself be considered 
as a phenotypic trait whose intrinsic mechanisms 
are, at least in part, infl uenced by genetic varia-
tion. Pharmacogenetic studies have attempted to 
investigate whether drug resistance is infl uenced 
by single nucleotide variants in genes for drug 
targets, or in other genes related to drug uptake 
and metabolism, which might explain resistance 
to drugs [ 16 ]. These studies, however, are ham-
pered by serious methodological diffi culties, 
since they do not take into account the causal 
heterogeneity of ‘epilepsy’ in the populations 
studied. This oversimplifi cation is refl ected in the 
assumption that a single mechanism would infl u-
ence drug effi cacy in relation to different mecha-
nisms of epileptogenicity, which should be 
replicated across multiple studies. However 
results from such studies have not been consis-
tent. For example, a single intronic nucleotide 
polymorphism in the SCN1A gene was associ-
ated with higher prescribed doses of phenytoin 
and carbamazepine in a UK based study [ 29 ], but 
not in subsequent studies in Austria [ 34 ] and Italy 
[ 20 ]. Likewise, studies exploring how gene vari-
ants may infl uence AED penetration into the 
brain have provided confl icting results [ 2 ]. Very 
large studies on etiologically and ethnically 
homogeneous populations would be necessary to 
fully explore the real infl uence of specifi c genes 
on pharmacoresistance.  

25.2.3     Discovery of Novel 
Comorbidity Syndromes 

 Epilepsy clinicians have long recognized the fre-
quent association of a variety of cognitive and 
neuropsychiatric symptoms with seizures, and 
understood that these occur more often than 
would be predicted by chance. Whether these 
result as a direct developmental effect of the 
cause of the epilepsy, the seizures themselves, or 

their treatment will always be under debate. 
Since their co-expression is usually incomplete, 
other genes may also contribute to the relative 
penetrance of the co-morbidity. 

 In the laboratory, mouse models of apparently 
unrelated disorders, such as Alzheimer’s disease, 
have delivered fi rm evidence that single genes 
can produce both epilepsy and cognitive defects 
unrelated to antiepileptic treatment, and suggest 
that antiepileptic treatment may be especially 
neuroprotective in carriers of these genes [ 24 , 
 25 ]. Sudden unexpected death (SUDEP) is 
another important comorbidity, affecting indi-
viduals with idiopathic epilepsy. Recent evidence 
has confi rmed the hypothesis that genes underly-
ing cardiac arrhythmias are co-expressed in brain 
and produce epilepsy [ 10 ]. These genes may 
prove clinically useful in predicting SUDEP risk 
and exploring treatments to prevent premature 
lethality in epilepsy patients. 

 A great deal of interest is now devoted to 
understanding the developmental causes of epi-
leptic encephalopathies, in relation to autism 
spectrum disorders (ASD) and intellectual dis-
ability. Exome sequencing in a large cohort of 
individuals with epileptic encephalopathies and 
subsequent protein-protein interaction analysis 
revealed a high interconnectivity between genes 
carrying de novo mutations, with a much greater 
probability of overlap with ASD and intellectual 
disability exome sequencing studies [ 7 ]. 

 Finally, the ability to probe the full genomic 
variant profi le of unrelated epilepsy patients with 
and without comorbidities holds enormous prom-
ise in understanding the genetic roots of comor-
bidity. Recently, one such study identifi ed a de 
novo truncation of the skeletal muscle chloride 
channel,  CLCN1  in a young woman with a child-
hood writer’s cramp and longstanding pharmaco-
resistant seizures. This genomic analysis led to 
the unexpected discovery that CLCN1 is 
expressed not only in skeletal muscle, but in thal-
amocortical and cerebellar brain networks, where 
disruption of chloride-mediated membrane repo-
larization could lead to hyperexcitability and sei-
zures [ 5 ]. This hypothesis-generating study is a 
harbinger of the kind of novel candidate gene 
discovery that awaits the widespread use of next 
generation sequencing (Fig.  25.1 ).
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25.2.4        Gene Testing 

 Recent identifi cation of causative genes for a 
number of early-onset severe epilepsies has cre-
ated the opportunity for diagnostic genetic test-
ing in this population. Some examples include 
brain malformations and epileptic encephalopa-
thies of infancy. At present, the clinical impact of 
genetic testing in these syndromes is by itself 
limited, due to the small percentage of patients in 
whom a single, causative gene mutation can be 
identifi ed and the lack of specifi c, gene-directed, 
treatment options. However, genetic counseling 
can certainly be improved by recognizing a spe-
cifi c etiology. It also sets the stage for further 
research advances in understanding how each of 
the genes give rise to epileptogenic defects, and 
discovering which of these may be reversible. It 
has been claimed that, in some cases, discovery 
of a single causative gene defect may reduce the 
need for further diagnostic investigation at the 
biochemical level. However, from a practical 
standpoint, since genomic variants require time 
to analyze, this information typically arrives after 

reversible causes have been clinically excluded. 
It is also essential to understand that recent profi l-
ing studies of whole genomes and large sets of 
candidate exomes such as ion channel genes have 
determined that patients with sporadic epilepsy 
often carry more than one potentially causative 
mutation [ 17 ], complicating the interpretation. 
Furthermore, all individuals carry, on average, 
50–100 loss of function variants in disease genes 
that for the most part produce no apparent clini-
cal effects [ 30 ], signifying that the mere presence 
of a variant does not predict clinical status. This 
is likely explained by the presence of other ‘pro-
tective’ modifi er genes. Thus, as we gain access 
to a broader view of the genetic landscape in indi-
viduals with epilepsy, we expect to routinely 
encounter patients with a complex genetic basis 
for their seizure phenotype. 

 The next steps toward increasing the power of 
genetic testing in epilepsy include identifying 
more genes for monogenic epilepsies, and learn-
ing to understand the contribution of specifi c 
genes in epilepsies with complex inheritance. 
This will require continued genotype-phenotype 

  Fig. 25.1     Detection of heterozygous de novo nonsense 
mutation in  CLCN1,  encoding a premature stop codon 
in the CLC-1 chloride channel protein in a proband 
with generalized tonic clonic and absence seizures 
with a subtle myotonic phenotype . ( a ). PCR amplifi cation 
of the fi nal coding exon (exon 23) in the trio yielded a 
550 bp product. ( b ) Sequence chromatograms for the trio 

shows the heterozygous base pair substitution encoding a 
premature stop codon in the proband, but not in either 
parent. ( c ) Schematic diagram of a single alpha-subunit of 
the CLC-1 channel protein showing the location of the 
C-terminal truncation R976X mutation in the proband. 
( d ) Typical absence seizure in the proband (From Chen 
et al. [ 5 ])       
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correlations, coupled with functional studies of 
the abnormal proteins to more accurately under-
stand the pathophysiological implications of each 
new mutation and how they combine to create 
neural excitability phenotypes. While bioinfor-
matic analysis offers an increasingly powerful 
way of categorizing the potential damage a gene 
variant may infl ict on protein function, it cannot 
conclusively predict its actual effect upon a 
neuron, and indeed, despite being expressed in 
multiple cell types, it may not affect them all 
equally. However we are now entering the era of 
‘personalized’ mutation analysis, where the 
mutant functional defect can be determined 
directly in the patient’s own cells, sometimes 
fi nding that it is counter to the expected result. 
For example, a currently held hypothesis for the 
mechanism of epilepsy in Dravet Syndrome, as 
studied in a mouse model of  Scn1a  haploinsuffi -
ciency, is based on the failure of interneurons to 
fi re adequately in the face of reduced sodium cur-
rent through  Scn1a  ion channels [ 31 ]. Analysis of 
membrane excitability in stem-cell derived neu-
rons transformed from a Dravet Syndrome patient 
showed that the mutation, predicted to reduce the 
density of functional sodium channels, resulted 
in increased sodium current and hyperexcitability 
in cells classifi ed as both excitatory and inhibi-
tory, implying a distinctly different pathogenic 
mechanism [ 19 ]. These studies may have practi-
cal implications for diagnosis, genetic counseling 
and possible treatment, as well as increasing our 
knowledge of normal brain function and mecha-
nisms of epileptogenesis. 

 We can now consult lists of epilepsy syn-
dromes in which a chromosomal locus or loci 
have been mapped, and those in which one or 
more gene mutations or variants have been iden-
tifi ed. These lists are constantly expanding as 
new loci and genes are identifi ed. Our view on 
the correlations between phenotype and genotype 
in genetic epilepsies is also rapidly changing in 
relation to new fi ndings emerging from exome 
sequencing and the use of diagnostic panels as 
unexpected phenotypes become associated with 
mutations of specific genes and vice-versa. 
A constantly updated database will be essential 
to establish all the known gene mutations and 

polymorphisms and their clinical correlates, so 
that genotype-phenotype correlations can be 
determined. This is the objective of the Human 
Variome Project [ 13 ] and an achievable goal 
for epilepsy genetics. For example, over 700 
mutations in SCN1A have now been reported in 
the SCN1A Variant Database [ 14 ] and offer the 
possibility of predicting the onset, if not the 
severity, of the related phenotype with a reason-
able likelihood.   

25.3     Does Knowledge of a 
Specifi c Genetic Cause 
Infl uence Treatment? 

 The appropriateness or inadvisability of a given 
treatment in a specifi c condition has in some 
instances been acquired in clinical practice and 
then scientifi cally justifi ed by genetic knowledge. 
For example, the potential for lamotrigine, a 
sodium channel blocker, to aggravate seizures in 
Dravet syndrome was initially reported well 
before the discovery that loss of function  SCN1A  
mutations were the cause of the syndrome [ 11 ]. 
However from a clinical perspective, a number of 
specifi c conditions provide evidence that 
improved understanding of epilepsy genetics, 
together with enhanced knowledge of molecular 
pathology and electroclinical characteristics, 
substantiate more rational and effective treatment 
choices resulting in better patient management. 
In cases where genotype-phenotype correlations 
suggest that the epilepsy may have a benign 
course, gene testing may support the decision to 
withhold antiepileptic drug therapy during criti-
cal periods of brain maturation. Examples of this 
are mainly related to benign familial epilepsies 
starting in the fi rst years of life due to  PRRT2, 
KCNQ2  and  SCN2A  gene mutations [ 33 ]. 

 Only in very rare conditions, however, do the 
treatment choices specifi cally target the inherited 
pathophysiological mechanism. An interesting 
example is represented by autosomal dominant 
nocturnal frontal lobe epilepsy (ADNFLE) due to 
mutation of neuronal nicotinic acid acetylcholine 
receptor alpha subunit in which the therapeutic 
effect of nicotine patch treatment on refractory 
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seizures was elegantly albeit anecdotally demon-
strated using an N-of-1 trial [ 32 ]. Other studies 
have confi rmed that transdermal nicotine admin-
istration may be a suitable treatment option for 
patients with ADNFLE and severe seizures [ 4 ]. 
However, the translational dimension of these 
observations is limited as nicotine is highly 
addictive and may cause cardiovascular effects. 
More specifi c examples derive from clinical con-
ditions in which a rationale therapeutic approach 
is prompted by administering a substance that 
can correct a metabolic defect that causes epi-
lepsy. Pyridoxine-dependent epilepsy, for exam-
ple, is an autosomal recessive disorder in which 
seizures manifesting in the neonatal period or in 
infancy can only be controlled after administra-
tion of high doses of pyridoxine [ 12 ]. If untreated, 
the disorder can lead to life threatening status 
epilepticus. Affected patients require lifelong 
pyridoxine supplementation but antiepileptic 
medication is usually unnecessary. While prog-
nosis for seizure control is excellent in most 
patients, neurodevelopmental impairment is 
often present and although it has been suggested 
that children who are treated early have a better 
outcome, this is not always the case [ 9 ]. 
Pyridoxine-dependent epilepsy is likely underdi-
agnosed and for this reason in many centers pyri-
doxine administration is part of a treatment 
protocol for neonatal seizures. Pyridoxine depen-
dent epilepsy is caused by mutations in the 
 ALDH7A1  gene, which encodes for an aldehyde 
dehydrogenase (antiquitin) acting in the cerebral 
lysine catabolism pathway [ 21 ]. Affected indi-
viduals have α-aminoadipic semialdehyde 
(AASA) levels, which cause an intracellular 
reduction in the active vitamin B6 co-factor pyri-
doxal- 5′ -phosphate (PLP) and a concomitant 
imbalance of glutamic acid and  γ -aminobutyric 
acid (GABA). Folinic acid-responsive seizures 
are very similar to PDE [ 8 ]. Early seizures can 
also be caused by defi cient pyridox(am)ine 5′ 
-phosphate oxidase (PNPO), which respond to 
pyridoxal-5′ -phosphate supplementation [ 9 ]. 

 A third important example of a direct link 
between genetic diagnosis and effective treatment 
choice is represented by the use of the ketogenic 
diet in the treatment of the GLUT1 defi ciency 

syndrome, an autosomal dominant disorder due 
to a mutation in the  SLC2A1  gene. Brain glucose 
transport occurs by facilitated transport, predom-
inantly via GLUT1, located on the blood–brain 
barrier endothelium,  SLC2A1  mutations result in 
insuffi cient transport of glucose into the brain. 
Patients with GLUT1 defi ciency had originally 
been described as exhibiting a severe neurologi-
cal syndrome with early intractable seizures, fol-
lowed by developmental delay, microcephaly and 
paroxysmal or continuous dyskinesia. This con-
dition was initially identifi ed and subsequently 
diagnosed in clinical practice, based on low glu-
cose levels in the CSF ( hypoglycorrhachia) in the 
setting of normal serum glucose or of abnormal 
CSF/serum glucose ratios [ 6 ]. However, a wide 
range of variants have been described, resulting 
in variable degrees of impairment of glucose 
transport [ 23 ], complicating the utility of the 
genetic information in clinical practice [ 18 ]. 
Neurologic consequences of GLUT1 defi ciency 
presumably arise from disordered brain energy 
metabolism, secondary to reduced transport. D 
-glucose is the main fuel for the brain, although 
alternative fuels such as ketone bodies can be 
used. The treatment of choice for GLUT1 defi -
ciency syndrome is a diet that mimics the meta-
bolic state of fasting and provides ketones as an 
alternative fuel for the brain, effectively restoring 
brain energy metabolism. The ketogenic diet is a 
high-fat, adequate protein, low carbohydrate diet 
that provides 87–90 % of daily calories as fats 
and is used in the treatment of drug resistant 
childhood epilepsy. As the developing brain 
requires substantially more energy in young chil-
dren, patients with GLUT1 defi ciency syndrome 
should be started on the diet as early as possible 
and should remain on the diet at least until ado-
lescence. Although some patients with milder 
seizure disorders may respond to antiepileptic 
medication, most do not and seizure response to 
the ketogenic diet is remarkable. Also, some 
pharmacological agents such as phenobarbital 
and diazepam, impair GLUT1 function and 
should be avoided [ 3 ]. In the past few years, the 
range of clinical epilepsy phenotypes where 
GLUT1 mutations and a positive response to the 
ketogenic diet have been identifi ed is expanding 
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[ 22 ,  26 – 28 ], raising the possibility that the gene 
acts as a modifi er of other coexisting abnormali-
ties. The usefulness of the ketogenic diet in 
GLUT1 defi ciency syndrome was demonstrated 
before the syndrome was linked to mutations of 
the GLUT1 gene, based on the expected patho-
physiological consequences of low levels of gly-
corrachia, however, the possibility of uncovering 
GLUT1 mutations in patients with atypical clini-
cal presentations of GLUT1 defi ciency and even 
borderline or normal levels of glycorrachia, has 
brought about invaluable advantages for the diag-
nosis and treatment of this disorder.  

25.4     Conclusion 

 In the epilepsy clinic, genetic analysis has 
revealed not only the presence of more mono-
genic epilepsy syndromes, but, thanks to continu-
ally emerging genome-phenome correlations, is 
also pointing the way to earlier and more accu-
rate diagnosis. Gene-specifi c classifi cation of 
patients will aid clinical stratifi cation to tailor 
more relevant diagnostic testing and better char-
acterization of the natural history of the disease, 
enabling improved outcome prediction and 
genetic counseling for family planning. Future 
clinical treatment trials will almost certainly 
include genomic characterization to enhance the 
detection of a drug response signal as well as any 
gene-linked adverse effects. The relative contri-
butions of major categories of genetic infl uence, 
including inherited monogenic epilepsies, de 
novo mutations, and sporadic individuals with 
complex multigenic inheritance are under explo-
ration in many different seizure types and are 
beginning to inform genetic counseling in the 
neuropediatric setting. The defi nitions of classi-
cal epilepsy syndromes have been enlarged to 
account for multiple genetic etiologies, and novel 
comorbidity syndromes. 

 In the epilepsy neurobiology laboratory, 
genetics continues to reveal mechanistic insight 
into the rich biological diversity of gene defects 
leading to epilepsy phenotypes. Genes linked to 
epilepsy have opened the door to understanding 
the neurobiology and pathology of epilepsies and 
localizing the vulnerable neural pathways at the 

molecular, cellular, and functional levels. Defects 
in ion channels and a broad range of other cellu-
lar signaling pathways including receptors, trans-
porters, and proteins for exocytotic release of 
neurotransmitters now constitute primary classes 
of epileptogenic mechanisms. A second major 
category of epilepsy genes involves transcription 
factors regulating the early migration and matu-
ration of interneurons, and a third group controls 
metabolic functions within the cell and neuron- 
glia relationships. 

 Mouse models bearing mutations in each of 
these gene-delineated pathways allow us to 
examine the fi ne details of how they alter 
 developmental plasticity in the epileptic brain, to 
learn when and where cellular pathology arises, 
and how it spreads to alter excitability in cortical 
networks through remodeling of gene expression 
and synaptic reorganization. Mice engineered to 
conditionally express gene mutations in specifi c 
circuits provide information on which circuits are 
necessary or suffi cient to produce the seizure 
phenotype. Finally we can learn whether there 
are critical developmental stages for correcting or 
reversing the gene defect, exactly what the 
desired drug effect should be at the cellular level, 
and which molecular targets are most effective in 
preventing the epileptic disorder. Taken together, 
these advances hold great promise for improving 
the clinical management of seizure disorders.     
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