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Epilepsy occurs frequently in individuals with autism spectrum disorders (ASD). 
However, the mechanisms responsible for increased seizure susceptibility in ASD are 
largely unknown. Clues to neural hyperexcitability in the autistic brain might be derived 
from disorders in which single gene mutations cause both epilepsy and an autistic 
phenotype, such as fragile X syndrome and tuberous sclerosis complex. This chapter 
summarizes current understanding of epilepsy in individuals with ASD and explores 
potential links between the genetic disruption of neural circuits and cellular signaling 
pathways that contribute to both epilepsy and ASD.

INTRODUCTION
Why are seizures so common in children with autism? This relatively straightforward 
question does not, unfortunately, have a straightforward answer. In this chapter, we 
explore this question from clinical, pathophysiological, and molecular perspectives, using 
as examples two genetic disorders that share a high prevalence of autism and epilepsy – 
fragile X syndrome (FXS) and tuberous sclerosis complex (TSC), with the hope that 
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Figure 1. Possible relationships between brain development, epilepsy and autism spectrum disorders 
(ASD). (A) ASD and epilepsy might be distinct conditions with no causal relationship. This possibility is not 
likely due to the high comorbidity of these two disorders. (B) A common neurobiological antecedent (e.g., 
abnormal brain development, genetic defect) could lead to both epilepsy and ASD. Another possibility is 
that there is interaction between the pathophysiology of neural circuits underlying established ASD and 
epilepsy (i.e., at the level of the double-headed arrow). (C) Epilepsy or epileptogenic EEG changes (dashed 
box indicates uncertainty) could lead to ASD. (D) Conversely, abnormal brain circuitry underlying ASD 
could predispose the brain to seizures. These relationships are not mutually exclusive or unidirectional, such 
that mechanisms of epilepsy and ASD are interdependent and that targeted therapies for one disorder could 
benefit the other.
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understanding the pathophysiology of these monogenic conditions will lead to broader 
understanding of neural hyperexcitability in other autism syndromes. We conclude by 
discussing cellular and network dysfunction that might be amenable to targeted 
treatments in these disorders, with potential wider applicability to idiopathic autism.

Autism spectrum disorders (ASD) are neurodevelopmental disorders that share 
abnormalities in 3 domains: language development, social interaction, and motor 
behavior with stereotypies and restricted interests. In this chapter, the term ASD 
encompasses classic childhood autism as originally described by Kanner,1 Asperger 
syndrome, and pervasive developmental disorder not otherwise specified. The signs and 
symptoms of ASD can usually be recognized before age 3 years,2 although recent evidence 
of an early, but slow, loss of skills in about three quarters of the infants who develop ASD 
is observed by 12 months.3 Later, some individuals with ASD experience regression of 
language or behavior (autistic regression), a phenomenon that has been hypothesized to 
be related to epilepsy or epileptic discharges on the electroencephalogram (EEG).4 The 
possibility that subclinical epileptiform discharges can contribute to the spectrum of 
disability in ASD or lead to regression of language or social skills, suggests that the brains 
of individuals with autism are hyperexcitable.

Clinical aspects of seizures and epilepsy within the autism spectrum have been reviewed 
in detail.5–9 Up to 30% of individuals with ASD have epilepsy, and ASD is present in 
about 30% of patients with epilepsy, though these numbers are approximate due to 
historical differences in the definition of each condition and to different study 
methodologies.10 Risk factors for epilepsy in ASD include mental retardation, motor 
impairment, symptomatic etiology, and seizure onset either early in life (before 5 years of 
age) or in adolescence.9 However, the neurobiology of ASD as well as the mechanisms 
responsible for cellular hyperexcitability in ASD are not well understood and likely 
involve the interplay of genetic, epigenetic, and environmental contributions.11–14

There are several possible relationships between brain development, epilepsy and ASD 
(Figure 1).15; First, ASD and epilepsy might be distinct conditions with no causal 
relationship; however, this possibility is unlikely in view of the high co-occurrence rate 
(30%) between the two disorders. Second, a common neurobiological antecedent (e.g., 
structural or developmental lesions, genetic susceptibilities, and/or environmental insults) 
might lead to abnormal brain development that results in both epilepsy and ASD. Third, 
epilepsy could lead to autistic behavior or conversely, abnormal brain circuitry underlying 
ASD could predispose the brain to seizures. The second and third possibilities are not 
mutually exclusive, leading to the hypothesis that mechanisms of epilepsy and ASD are 
interdependent and that targeted therapies for one condition could ameliorate the impact 
or severity of the other, as will be discussed in more depth below. The possibility that 
common developmental mechanisms of epilepsy and ASD exist arises from observations 
that both disorders, though etiologically heterogeneous, involve abnormal brain plasticity, 
i.e., “dysplasticity” or the ability of neural circuits to function normally with regard to 
cognitive and social function.13
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The etiologies of ASD are diverse and can be either idiopathic (non-syndromic) or 
secondary to an identifiable, underlying medical or genetic disorder (syndromic). The risk 
of epilepsy is increased in both idiopathic and syndromic forms of ASD, suggesting that 
there might be common pathophysiological alterations that decrease seizure threshold. 
Specific medical or genetic/genomic abnormalities have been identified in approximately 
20% of ASD cases, though one study reports a 40% diagnostic yield.16 In the future, the 
category of “idiopathic” autism might disappear as the molecular and genetic bases of 
ASD disorder become more fully defined. For now, the existence of known etiologies 
permits investigation into molecular and physiological aspects of brain function that lead 
to autistic behaviors.17 Understanding the pathophysiological mechanisms of increased 
seizure susceptibility is facilitated by examination of genetic mutations leading to ASD. So 
far, the results of these studies are weighted toward defects in postsynaptic function and 
subcellular signaling.18, 19

While much of idiopathic ASD is likely to be multigenic with complex genetics, a small 
but increasing proportion of ASD has been identified with specific gene mutations; some 
single gene defects are associated with both ASD and seizures.20 Examples include FXS, 
caused by mutation of the fragile X mental retardation 1 (FMR1) gene, and tuberous 
sclerosis complex (TSC), due to mutation of the TSC1 or TSC2 genes involved in the 
control of cell growth and differentiation. Other novel mutations with concurrent ASD 
and epilepsy are rapidly appearing in the literature and are reviewed in detail in 
elsewhere.13 Several of these mutations involve genes regulating proteins critical for 
synapse development (e.g., neuroligins and neurexins)21 or interneuron function (e.g., 
aristaless-related homeobox X-linked (ARX) gene mutations).22 Likewise, patients with 
Rett syndrome, a neurodevelopmental disorder with progressive deterioration of motor 
skills, language, cognition, and behavior (autism), have a high risk of developing 
epilepsy.23 Rett syndrome is due to mutation in the gene encoding methyl-CpG binding 
protein 2 (MeCP2), a transcriptional regulator of numerous genes. Whether genetic 
mutations associated with syndromic ASD converge on common mechanisms that lead to 
neuronal hyperexcitability and epilepsy remains to be established.

FRAGILE X SYNDROME

Clinical and Genetic Aspects
FXS is the most common inherited form of cognitive impairment and the leading known 
monogenic disorder associated with ASD.24 Using strict diagnostic criteria, 15%–30% of 
males with FXS have autism.25 Approximately 20% of children with FXS have seizures, 
many of which are relatively benign and resolve beyond childhood. Autism in FXS ranges 
from mild to severe and tends to improve with age.26, 27 Among children with FXS, those 
with comorbid autism have greater cognitive and verbal impairments than FXS children 
without autism.27 Predominant impairments are in the communication domain.28

FXS arises when a CGG-repeat tract in the 5′ noncoding region of FMR1 exceeds 200 
repeats (i.e., the “full mutation” range), at which point the gene becomes hypermethylated 
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and transcriptionally silent.29 The absence of the FMR1 fragile X mental retardation 
protein (FMRP), is responsible for the clinical phenotype and physical features, which 
include prominent ears, long face, high-arched palate, macroorchidism, and 
hyperextensible finger joints.30 Approximately 85% of males and 25% of females 
experience cognitive impairment (IQ < 70); nearly all patients have behavioral problems, 
with males tending to present with attention deficit hyperactivity disorder (ADHD) and 
aggression, while females are more prone to shyness and social withdrawal.31 Individuals 
with CGG expansions in the premutation range (55–200 CGG repeats) display a range of 
clinical features, including behavioral and cognitive involvement in children31–33 and a 
late-adult-onset neurodegenerative disorder, fragile X-associated tremor/ataxia syndrome 
(FXTAS).34 The prevalence of seizures in individuals with the premutation is reported to 
be in excess of 20%.35

FMRP is an RNA-binding protein that is believed to have multiple functions, including 
dendritic transport of various mRNA species36 and the translational regulation of 
mRNAs whose protein products are involved in synaptic development, function, and 
plasticity.37 Among the known targets of FMRP-coupled translational downregulation are 
the microtubule-associated protein 1B (MAP1B), which is important for modulating 
microtubule-coupled growth of dendritic spines and for dendritic arborization,38 and 
Arc, which plays a role in the internalization of alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor subunits, a subtype of ionotropic glutamate 
receptors.39

Seizures occur in 10%-20% of FXS individuals with full mutations.40–42 Interictal EEG 
patterns are similar to those seen in benign childhood epilepsy with centrotemporal 
spikes (rolandic epilepsy). In one study involving 16 children with FXS and epilepsy, 12 
children had partial seizures, with 10 of the 12 having an EEG with centrotemporal 
spikes.41 In addition, 23% of the children who did not have seizures displayed abnormal 
EEG patterns, typically centrotemporal spikes. In most children with FXS, seizures are 
readily controlled and tend to disappear in adolescence. Therefore, there are similarities 
between epilepsy in individuals with rolandic epilepsy and FXS, and any mechanism 
postulated to explain epileptogenesis in FXS must account not only for the relatively 
benign seizure manifestations, but also for their absence in the majority of FXS cases.43

Pathophysiology

The Metabotropic Glutamate Receptor Theory for Fragile X Syndrome

Numerous animal models and electrophysiological studies have examined the 
pathogenesis of FXS and the synaptic dysfunction that underlies the hyperexcitability and 
epileptiform features associated with the disorder. A key advance in the understanding of 
the molecular basis of FXS was that mice lacking FMRP displayed enhanced long-term 
depression (LTD) in hippocampal neurons and that this LTD was dependent on protein 
synthesis.44, 45 LTD is a form of synaptic plasticity that underlies learning and memory, 
so dysfunctional LTD in FXS could reflect the cognitive deficiencies seen in patients.46 In 
this model, LTD could be inhibited by blocking the metabotropic glutamate receptor 5 
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(mGluR5) with agents such as 2-methyl-6-(phenylethynyl)-pyridine (MPEP). Further, 
FMRP normally functions to downregulate the translation of proteins, such as Arc, that 
are involved with the internalization of AMPA receptors from the postsynaptic surface. 

Figure 2. Possible mechanisms for seizures in fragile X syndrome (FXS). In the normal case (top), 
glutamate (Glut) activation of dendritic group I metabotropic receptors (especially mGluR5) enables 
intracellular gene transcription, leading to translation of dendritic proteins. This process is modulated by 
the fragile X mental retardation protein (FMRP), which keeps protein synthesis in check and prevents 
synaptic long-term depression. Activation of group 1 mGluR also activates a phospholipase C β1-dependent 
voltage-gated inward current (ImGluR(V)), which, under normal conditions, allows hippocampal CA3 
neurons to fire in brief bursts (thin curved arrow). In FXS (bottom), with absent FMRP, there is no 
inhibition of the downstream effects of mGluR activation, leading to excessive protein synthesis, increased 
LTD, and prolonged ImGluR(V) (thick curved arrow) which can lead to epileptic firing. Internalization of 
AMPA (α-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate) receptors as a consequence of mGluR 
activation enhances the tendency for epileptic firing. Concepts depicted here are derived from the work of 
several investigators (e.g., 39, 59, 60, 123).
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Thus, in the absence of postsynaptic FMRP, stimulation of mGluR5, either by receptor 
agonists or presynaptic glutamate release, results in increased postsynaptic protein 
translation, leading to excess internalization of AMPA receptors and eventual weakening 
of synaptic transmission (Figure 2). By contrast, premutation-associated disorders 
(FXTAS, fragile X-associated primary ovarian insufficiency, neurodevelopmental 
involvement)47 are not a consequence of FMRP deficiency, per se; rather, mounting 
evidence from both human and animal studies indicates that these premutation-specific 
disorders are caused by a direct toxic gain-of-function of the CGG-repeat FMR1 
mRNA.48, 49 Furthermore, reductions in hippocampal volume, activation, and associated 
memory deficit, as well as reduced amygdala activation50 and psychopathology51 appear 
much earlier in adulthood than do the symptoms of FXTAS, suggesting that the processes 
that ultimately will lead to FXTAS may be operating at a much earlier age. The reports of 
ADHD and ASD in young boys with the premutation also suggest a neurodevelopmental 
component to the premutation.33 Recently, low-density hippocampal neuronal cultures 
from neonatal mice in the premutation range were shown to recapitulate 
neurodevelopmental and neurodegenerative aspects described in vivo.52

The mGluR model accounts for a number of the physical and behavioral features of FXS 
and predicts several aspects of the phenotype in various animal models, including 
enhanced seizure activity in an Fmr1 knockout mouse model with audiogenic seizures.53–
55 One consequence of enhanced protein synthesis in the absence of postsynaptic FMRP 
in the knockout mouse is increased internalization of AMPA receptors at the postsynaptic 
surface. The augmented AMPA receptor internalization (a facet of the increased LTD 
observed in the knockout mouse) no longer requires protein synthesis, suggesting that the 
elevated protein levels present in the postsynaptic compartment are sufficient to establish 
the enhanced LTD.56

A potential caveat is that agents used in many animal studies, particularly those involving 
mGluR5 inhibitors (e.g., MPEP) or AMPA-receptor agonists, may have off-target effects 
that mimic the desired effect. To resolve this uncertainty, Fmr1 knockout mice were 
crossed with animals heterozygous for deletion of the Grm5 gene (50% reduction in 
mGluR5), thus mimicking drug-induced reductions in mGluR5 activity.57 The resulting 
mice, Fmr1(−/Y)Grm5(+/−), displayed substantial correction of defects in experience and 
conditioning (i.e., ocular dominance plasticity and inhibitory avoidance extinction), 
normalization of dendritic spine density, a return to normal basal protein synthesis, 
attenuated susceptibility to audiogenic seizures, and rescue from early accelerated growth. 
These results clearly establish that the enhanced response to stimulation of the mGluR5 
receptor plays a critical role in many of the phenotypic characteristics of FXS. Finally, it 
was shown that kindling promotes prolonged seizure activity and severe mossy fiber 
sprouting in the Fmr1 knockout mouse and that this behavior could be at least partially 
blocked using either N-methyl-D-aspartate (NMDA)-receptor or mGluR5 inhibitors.58
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Epileptogenic Mechanisms in Fragile X Syndrome

While the mGluR theory explains many of the phenotypic features of FXS, altered 
postsynaptic function arising from the absence of FMRP does not readily explain the 
central nervous system (CNS) hyperexcitability and seizure susceptibility associated with 
FXS. However, several recent studies have begun to reveal the connection. A recent 
investigation provides evidence that a voltage-gated inward current, ImGluR(V), is the 
cellular basis for the epileptogenic behavior induced by activation of the mGluR5 receptor 
(Figure 2).59, 60 Specifically, stimulation of mGluR5 by the agonist 
dihydroxyphenylglycine in mouse hippocampal slices led to prolonged epileptiform 
discharges that lasted more than 1 hour after washout of the agonist. Moreover, this 
inward current could be suppressed by inhibitors of downstream signaling pathways that 
mediate group I mGluR-coupled translation (e.g., tyrosine kinase, extracellular signal-
regulated kinase [ERK]1/2).61, 62 Remarkably, glutamate stimulation of glutaminergic 
synapses did not recapitulate this effect in wild-type mice, whereas ImGluR(V) was 
activated in hippocampal preparations from Fmr1 knockout mice. The authors conclude 
that the induction of ImGluR(V) serves as a form of synaptic plasticity to predispose to 
epileptogenesis. Thus, activation of mGluR5 at multiple synapses in the absence of FMRP 
translational control leads to heightened electrical excitability. The carrier of ImGluR(V) is 
not yet known, though evidence supports one or more of the transient receptor potential 
canonical (TRPC) channels that mediate Ca2+ entry in response to depletion of the 
endoplasmic reticulum Ca2+ stores.63

Evidence for a connection between the absence of Fmr1 and epileptogenesis in the 
knockout mice was extended in a study of neocortical circuits.64 In agreement with prior 
observations,60 the authors documented increased intrinsic excitability in excitatory 
neurons from Fmr1 knockout mice. However, there was an imbalance between this 
excitability and a relatively decreased excitatory drive present at fast-spiking inhibitory 
neurons. The net result was prolonged neocortical circuit activity (termed, UP state), 
induced by thalamic input. The heightened circuit activity, coupled with less synchronous 
network inhibition, was proposed as the underlying mechanism that leads to EEG 
abnormalities and epilepsy in FXS. Thus, the failure to properly modulate the mGluR5 
response in the absence of FMRP results in neuronal hyperexcitability, mediated in part 
by the generation of a voltage-gated inward current, which in turn reduces excitatory 
input to inhibitory neurons and results in net increased excitability.65

Role of GABA Receptors

The increased excitability of hippocampal and neocortical circuits in FXS, due to 
dysregulation of glutaminergic neurons, can in turn disrupt the normal actions of 
inhibitory GABAergic neurons. Downregulation of GABAA receptor (GABR) subunits 
occurs at both the mRNA and protein levels - a situation that would further increase the 
excitatory character of limbic and cortical circuits.66, 67 Recently, it was demonstrated 
that in addition to reductions in GABAA subunits, there is also lower expression of a 
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number of genes involved in GABA metabolism, including gad1, gat1 and gat4, in the 
brain of both mouse and Drosophila models of FXS.68

On a structural level, in the somatosensory cortex of the Fmr1 knockout mouse, 
inhibitory circuits were found to be reorganized accompanied by a reduction in the 
density of GABAergic interneurons.69 A separate investigation of the function of 
GABAergic neurons in the subiculum revealed that tonic, but not phasic, GABAA 
currents were downregulated in the Fmr1 knockout mouse relative to wild-type 
controls.70 These results were associated with reductions in tonic GABAA receptor 
subunits.

Several classes of pesticides of concern to human environmental health are known to 
interfere with GABA-mediated neurotransmission because they bind to GABA receptors 
and block their ability to mediate chloride fluxes. Organochlorine (OC) insecticides that 
possess polychloroalkane structures are known to bind to GABR in the mammalian brain 
and potently block their ability to conduct Cl-, with many having nanomolar affinity for 
their receptor binding site.14 OC insecticides that are currently being used in the United 
States include endosulfan, dicofol and lindane. Because of their chemical stability, global 
distribution from countries that continue to use these compounds, and their propensity to 
bioaccumulate, exposures to OC insecticides continue to be a concern for human health. 
Yet relatively little is known about their developmental neurotoxicity and the long-term 
consequences of low-dose exposures.71 An association between maternal residence near 
agricultural pesticide applications during key periods of gestation and the development of 
ASD has been documented.72 Children of mothers living closest to agricultural fields with 
the highest endosulfan and dicofol use had a risk factor for autism that was 6.1 times 
higher than that of mothers not living near agricultural fields. The fact that OC and 
several newer widely used insecticides impair GABR function suggest that deficiencies in 
the function of the GABAergic system in the Fmr1 knockout mouse would further upset 
the balance between excitatory and inhibitory function in the CNS, and may represent a 
valuable model for studying gene x environment interactions that cause hyper-excitation 
of the CNS.

Treatment Implications
The growth in knowledge of the pathogenesis of FXS, specifically regarding the linkage 
between abnormal neural function and epileptogenesis, presents numerous possibilities 
for targeted interventions.30, 73 Perhaps the most attractive targeted treatment is blockade 
of the mGluR5 receptor, thus compensating for the absence of downstream control by 
FMRP. Clinical trials are presently underway with various mGluR5 inhibitors. An open-
label, single-dose pilot trial in 12 individuals of the mGluR5 agonist, fenobam, 
demonstrated a reduction in anxiety and hyperactivity, with no significant adverse 
effects.74 A second open-label treatment trial of 15 patients assessed the effects of lithium, 
which reduces mGluR5 activation of downstream processes.75 There was significant 
improvement in behavior and verbal memory. Larger clinical trials are needed with both 
agents.
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GABAA receptor subtypes comprise another potential therapeutic target.76 Fmr1 mutant 
Drosophila die during development if fed a high glutamate diet, consistent with the 
mGluR model of excess activation.77 The authors exploited this lethal phenotype to screen 
for small molecules that would rescue the flies and found several, including GABA, that 
rescued the phenotype, providing additional evidence that GABR agonists might have a 
beneficial therapeutic effect. Finally, there is substantial evidence that GABR agonists, 
such as the neurosteroid allopregnanolone and a related analog, ganaxolone, possess 
significant antiseizure activity.78

Other approaches include an open label trial of minocycline, a metalloproteinase inhibitor 
that improves dendritic spine morphology in Fmr1 knockout mice.79 These and other 
pharmacologic agents will be used singly and in combination to target some of the most 
troubling behavioral manifestations in FXS.

In summary, epilepsy associated with FXS represents an opportunity to explore 
mechanisms of hyperexcitability in a disorder for which the molecular pathophysiology is 
unique and specific.80 Seizures occurring in conjunction with FXS are generally mild, 
tend to disappear in childhood, typically respond to anticonvulsant treatment, and are 
associated with an EEG pattern of centrotemporal spikes. In several respects, the clinical 
and electrographic aspects of seizures in FXS resemble those of the benign focal epilepsies 
of childhood. Whether these similarities are coincidental or related mechanistically is an 
intriguing question for future investigation. The type of (and even need for) antiepileptic 
therapy for individuals with FXS must be weighed against potential adverse effects, which 
could be unique in this syndrome. Ideally, pathophysiological insights as reviewed here 
will lead to therapeutic interventions targeted to the specific molecular defects in FXS.

TUBEROUS SCLEROSIS COMPLEX

Clinical and Genetic Aspects
Tuberous sclerosis complex (TSC) is a multisystem genetic disorder caused by a mutation 
in the TSC1 or TSC2 gene. TSC1 (on chromosome 9q34) and TSC2 (on chromosome 
16p13) code for proteins (hamartin and tuberin, respectively) that form a dimeric 
complex that has guanosine triphosphatase (GTPase) activity and inhibits excessive cell 
growth and proliferation via the mammalian target of rapamycin (mTOR) signaling 
pathway.81 Mutation of either gene causes dysregulation of mTOR, resulting in abnormal 
cellular proliferation, growth, and differentiation. This leads to the formation of tumors, 
usually benign, in many organs, including brain, kidney, and heart. Cellular regulation of 
the mTOR pathway and its dysfunction is discussed briefly below and is elaborated by 
Wong and Crino (mTOR and Epileptogenesis in Developmental Brain Malformations). 
Thus, TSC is a malformation of cortical development with a specific genetic basis that 
leads to a spectrum of neurological disability including multifocal epilepsy, mental 
retardation and ASD.82, 83 Here, we focus on the relationship between epilepsy and ASD 
in TSC.
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While any organ system can be affected in TSC, the brain is involved extensively. The 
neuropathological hallmark of TSC is cortical tubers.84 Tubers are hamartomatous 
collections of dysplastic cells of both glial and neuronal origin with abnormal 
morphology, size, orientation, lamination and cellular connectivity. As such, tubers or 
nearby extra-tuberal tissue are extremely epileptogenic and their extensive and varied 
cortical localization gives rise to multifocal sites of seizure generation.

In TSC, seizures are very common, affecting 60–90% of patients.82, 85, 86 Seizures in TSC 
often begin in the first year of life, putting the developing brain at risk for seizure-induced 
neuroplastic changes.87 Seizures of any type can be seen, particularly complex partial 
(related to the multifocal pathology), generalized tonic-clonic, and infantile spasms (IS). 
IS are very common in TSC and are frequently associated with subsequent autism.88, 89 

Seizures in TSC are often severe and intractable, with remissions occurring only rarely. In 
some cases, surgical resection of an offending tuber, especially if performed early in life, 
can result in seizure reduction and a more favorable developmental profile.90, 91 However, 
there is a critical need to develop a nonsurgical treatment of TSC that not only reduces 
seizure occurrence but also prevents epileptogenesis, and by extension, its cognitive and 
behavioral/autistic sequelae.

About 25–50% of children with TSC have ASD, with girls and boys affected to a similar 
degree, in marked contrast to the male predominance in nonsyndromic ASD.92 Tuber 
burden (number, extent) and location correlate with the degree of mental retardation, 
ASD, and seizure predisposition. Tubers located in the temporal lobes are highly 
correlated with ASD in TSC patients.89, 93 Presumably, disruption of limbic circuitry, 
perhaps by the hypersynchronous neuronal activity comprising seizures or epileptiform 
EEG discharges, leads to abnormalities of language development and cognitive 
processing.94, 95 There is also a high rate of ASD in TSC patients with tubers in the 
cerebellum.96 Patients with TSC2 mutations tend to have earlier onset of ASD and 
epilepsy but there is considerable overlap between those with TSC1 and TSC2 
mutations.86, 97 Although seizures, especially those with onset early in life, are a risk 
factor for ASD in TSC,98, 99 ASD also occurs in patients with TSC who do not have 
epilepsy. Therefore, the relationship between seizures and ASD in TSC is complex with 
imprecise genotype/phenotype correlation and the potential for modification by 
epigenetic and environmental factors.89, 100, 101 Since epilepsy precedes ASD in many 
cases of TSC, it is possible that abnormal neural firing alters the development of language 
and social function.

Pathophysiology
The mTOR protein is a central regulator of cell growth and proliferation.102 Figure 3 
depicts some of the molecules involved in this signal transduction pathway. Components 
of the mTOR pathway are present at synapses and play an important role in synaptic 
plasticity via regulation of local protein synthesis. Activation of either growth factor 
receptors of glutamate receptors sets into motion a subcellular signaling cascade that 
regulates cell growth and differentiation, mediated through the mTOR pathway that is in 
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turn regulated by TSC1 and TSC2. A mutation in TSC1 or TSC2 prevents mTOR 
activation, leading to unbridled protein transcription and translation and hence cell 
growth and proliferation. Upstream regulation of the TSC1/2 complex and cellular 
signaling that can bypass TSC1/2 function (such as the ERK pathway103) provides 
potential pathways for controlling this unchecked cell growth and epileptogenesis. 
Downstream from mTOR, a variety of kinases and translation factors serve as modulators 

Figure 3. Simpified signaling pathway in tuberous sclerosis complex (TSC) with possible functional 
consequences that could lead to increased seizure susceptibility. In the normal situation (left), activation 
of receptors (R) for growth factors or glutamate leads to an intracellular signaling cascade that limits mTOR 
activation via the TSC1 and TSC2 gene heterodimer. Therefore, protein synthesis is modulated and aberrant 
cell growth is prevented; likewise, cellular excitability is normal. If TSC1 or TSC2 is mutated (right), mTOR 
is hyperactivated, leading to cellular dysplasia and tuber formation, along with neuronal hyperexcitability, 
epilepsy and cognitive/behavioral deficits and autistic symptomatology. It is also possible that epilepsy and 
ASD can occur independently of dysplasia tubers (dashed arrow). This pathological signaling pathway can 
be modulated at several points by agents that inhibit mTOR (RAPA) or suppress seizures (VGB).
Abbreviations: GF, growth factors; GLUT, glutamate; R, receptor; PI3K, class I phosphatidylinositol 3-
kinase; PIP3, phosphoinositol 3,4,5-triphosphate; AKT, activated tyrosine kinase; TSC, tuberous sclerosis 
complex; mTOR, mammalian target of rapamycin; PTEN, phosphatase and tensin homolog on 
chromosome ten; RAP, rapamycin; VGB, vigabatrin.
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of cell growth. Nevertheless, it is presently unclear how mTOR dysregulation leads directly 
to epilepsy or autism susceptibility.

Animal models of TSC afford the opportunity to study pathophysiological consequences 
of TSC1 and TSC2 mutations. The Eker rat is a spontaneous germline mutation in which 
one TSC2 allele is inactivated. Eker rats demonstrate defective long-term potentiation 
(LTP), a form of synaptic plasticity involved in learning and memory; LTP is even more 
abnormal after seizures in Eker rats.104, 105 Other models have been created by knocking 
out of TSC1 or TSC2 in neurons or glia, allowing investigation of the structural, epileptic 
and cognitive effects. TSC2 knock outs have upregulation of the mTOR pathway and 
abnormal learning and memory.106 Conditional TSC1 knock outs have abnormal 
hippocampal-dependent learning and memory as well as social behaviors, mimicking key 
autistic features; they demonstrate abnormal cellular architecture and progressive epilepsy 
as well.107 Using such models, a variety of pathophysiological findings have been found 
including altered glutamate transporter, potassium channels, and gap junctions, all of 
which are consistent with enhanced excitability (and seizure activity).108, 109 Other 
factors that alter the excitation/inhibition balance in the TSC brain have also been 
documented in favor of excessive excitation, including specific abnormalities of glutamate 
receptors.110

Treatment Implications
Targets for therapeutic intervention in TSC include several components of the mTOR 
signaling cascade (Figure 3). There is considerable excitement about rapamycin, an 
inhibitor of mTOR that is already in clinical use as an immunosuppressant, which 
ameliorates the epileptic and cognitive consequences of TSC.111 In TSC1 knockout mice, 
rapamycin prevents neuronal hypertrophy.112 Early treatment of TSC1 knockout mice 
with rapamycin prevents epileptogenesis, and seizures return if rapamycin is 
discontinued. 106, 113 A case report of a clinical trial with rapamycin in a 10-year-old girl 
with TSC claims marked seizure reduction without adverse side effects.114 Obviously this 
finding must be expanded in case series. Rapamycin may have utility in acquired epilepsy 
as well. In a model of temporal lobe epilepsy in mice induced by kainic acid, rapamycin 
blocked both acute and chronic phases of seizure-induced mTOR activation. It also 
prevented seizure-induced cell death and reduced subsequent epileptogenesis.115

Another strategy in TSC is to suppress seizures with an anticonvulsant drug. Vigabatrin 
inhibits GABA reuptake into the presynaptic terminal, thus prolonging the availability of 
GABA to mediate inhibition at its postsynaptic receptors. This agent is particularly useful 
for treatment of IS in TSC patients, lessening the subsequent risk for epilepsy and autistic/
cognitive deficiencies.116, 117 In fact, vigabatrin appears to be uniquely effective for IS in 
TSC, suggesting that there is some specificity of the drug for the pathophysiological 
mechanism.
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CONCLUSION - IS THERE A CONVERGENT PATHWAY 
BETWEEN AUTISM AND EPILEPSY?
Returning to the question that opens this chapter, why is epilepsy so common in children 
with autism spectrum disorders? The heterogeneous etiologies of ASD and epilepsy make 
it unlikely that a single common mechanism explains seizure predisposition in both 
disorders, and recent genetic studies point to numerous, diverse gene mutations that have 
autism and epilepsy as joint sequelae.20 Yet, hints about the pathogenesis of at least some 
forms of ASD are emerging. First, the majority of mutations focus on the synapse.17, 19 

This association is not surprising, as neuronal excitability is governed by the function and 
dysfunction of synaptic elements such as receptors and their subtypes; neurotransmitters 
and their synthesis, metabolism and vesicular release; developmental regulation of cell 
adhesion; and the ratio of excitation to inhibition as a result of the above factors. 
Alterations in synaptic plasticity could underlie autistic and cognitive symptoms, 
especially if selected circuits are involved.

Second, as discussed here, dysfunction in subcellular signaling pathways of diverse 
conditions (e.g., FXS, TSC) may in fact have common convergence points contributing to 
pathophysiology as exemplified by mTOR dysregulation. In dendrites, mTOR is activated 
by stimulation of mGluR. The reported involvement of the mTOR pathway in FXS 
emphasizes a potential commonality between FXS and TSC, with a pathophysiological 
link to abnormal cellular signaling that could lead to ASD. In Fmr1 knockout mice, the 
mTOR pathway is upregulated, providing a functional link between mGluR overactivation 
and abnormal synaptic plasticity.118 Additional evidence for the mTOR pathway in 
autism and epilepsy comes from mutations in the tumor suppressor gene PTEN 
(phosphatase and tensin homolog on chromosome ten), which is involved in upstream 
regulation of mTOR by inhibiting the interaction of phosphatidylinositol 3-kinase (PI3K) 
and phosphoinositol 3,4,5-triphosphate (PIP3) (Figure 3). Conditional knockout of Pten 
in mice results in an increase in mTOR activation and clinical manifestations that include 
spontaneous seizures and ASD-like symptoms of anxiety and deficiencies in social 
interaction.119 Rapamycin treatment rescues all of these neurologic deficits.120

Third, thinking beyond the synapse to neuronal function on a network scale, both 
epilepsy and autism involve abnormal synchrony of widespread systems of the brain.121 

Alterations in functional connectivity between brain structures critical for language and 
social development are also pivotal in the synchronization that occurs in many epilepsy 
syndromes.122 Information about the functional pathology of such systems is just 
emerging. Unexpected mechanisms may evolve from genetic studies, involving proteins 
not expected to participate in the control of cognition or cellular excitability. Such 
molecules are already being linked to ASD and represent additional sites of intervention 
that give hope for the future.

REFERENCES
1. Kanner L. Autistic disturbances of affective contact. Nerv Child. 1943;2:217–250.

14 Jasper's Basic Mechanisms of the Epilepsies



2. Johnson CP, Myers SM. American Academy of Pediatrics Council on Children with 
Disabilities. Identification and evaluation of children with autism spectrum 
disorders. Pediatrics. 2007;120:1183–1215. PubMed PMID: 17967920.

3. Ozonoff S, Iosif A-M, Baguio F, Cook IC, Hill MM, Hutman T, Rogers SJ, Rozga A, 
Sangha S, Sigman M, Steinfeld MB, Young GS. A prospective study of the early 
behavioral signs of autism spectrum disorder. J Am Acad Child Adolesc Psychiatr. 
2010;49:258–268.

4. Tuchman R. Autism and epilepsy: what has regression got to do with it? Epilepsy 
Curr. 2006;6:107–111. PubMed PMID: 17260027.

5. Tuchman R, Rapin I. Epilepsy in autism. Lancet Neurol. 2002;1:352–358. PubMed 
PMID: 12849396.

6. Danielsson S, Gillberg IC, Billstedt E, Gillberg C, Olsson I. Epilepsy in young adults 
with autism: a prospective population-based follow-up study of 120 individuals 
diagnosed in childhood. Epilepsia. 2005;46:918–923. PubMed PMID: 15946331.

7. Canitano R. Epilepsy in autism spectrum disorders. Eur Child Adolesc Psychiatr. 
2007;16:61–66.

8. Levisohn PM. The autism-epilepsy connection. Epilepsia. 2007;48(suppl 9):33–35.
9. Spence SJ, Schneider MT. The role of epilepsy and epileptiform EEGs in autism 

spectrum disorders. Pediatr Res. 2009;65:599–606. PubMed PMID: 19454962.
10. Tuchman R, Cuccaro M, Alessandri M. Autism and epilepsy: historical perspective. 

Brain Dev. 2010;32:709–718. PubMed PMID: 20510557.
11. Moldin SO, Rubenstein JLR, Hyman SE. Can autism speak to neuroscience? J 

Neurosci. 2006;26:6893–6896. PubMed PMID: 16807319.
12. Tuchman R, Moshé SL, Rapin I. Convulsing toward the pathophysiology of autism. 

Brain Dev. 2009;31:95–103. PubMed PMID: 19006654.
13. Brooks-Kayal A. Epilepsy and autism spectrum disorders: Are there common 

developmental mechanisms? Brain Dev. 2010;32:731–738. PubMed PMID: 
20570072.

14. Pessah IN, Lein P. Evidence for environmental susceptibility in autism. What we 
know and what we need to know about gene x environment interactions. In: 
Zimmerman AW, editor. Autism: Current Theories and Evidence. Totowa, NJ: 
Humana Press; 2008. pp. 409–428.

15. Deonna T, Roulet E. Autistic spectrum disorder: evaluating a possible contributing 
or causal role of epilepsy. Epilepsia. 2006;47(suppl 2):79–82.

16. Schaefer GB, Lutz RE. Diagnostic yield in the clinical genetic evaluation of autism 
spectrum disorders. Genet Med. 2006;8:549–556. PubMed PMID: 16980810.

17. Sutcliffe JS. Insights into the pathogenesis of autism. Science. 2008;321:208–209. 
PubMed PMID: 18621658.

18. Pinto D, Pagnamenta AT, Klei L, Anney R, Merico D, Regan R, Conroy J, Magalhaes 
TR, Correia C, Abrahams BS, Almeida J, Bacchelli E, Bader GD, Bailey AJ, Baird G, 
Battaglia A, Berney T, Bolshakova N, Bölte S, Bolton PF, Bourgeron T, Brennan S, 
Brian J, Bryson SE, Carson AR, Casallo G, Casey J, Chung BH, Cochrane L, Corsello 
C, Crawford EL, Crossett A, Cytrynbaum C, Dawson G, de Jonge M, Delorme R, 
Drmic I, Duketis E, Duque F, Estes A, Farrar P, Fernandez BA, Folstein SE, 
Fombonne E, Freitag CM, Gilbert J, Gillberg C, Glessner JT, Goldberg J, Green A, 

Pathophysiology of Epilepsy in Autism Spectrum Disorders 15

https://www.ncbi.nlm.nih.gov/pubmed/17967920
https://www.ncbi.nlm.nih.gov/pubmed/17260027
https://www.ncbi.nlm.nih.gov/pubmed/12849396
https://www.ncbi.nlm.nih.gov/pubmed/15946331
https://www.ncbi.nlm.nih.gov/pubmed/19454962
https://www.ncbi.nlm.nih.gov/pubmed/20510557
https://www.ncbi.nlm.nih.gov/pubmed/16807319
https://www.ncbi.nlm.nih.gov/pubmed/19006654
https://www.ncbi.nlm.nih.gov/pubmed/20570072
https://www.ncbi.nlm.nih.gov/pubmed/16980810
https://www.ncbi.nlm.nih.gov/pubmed/18621658


Green J, Guter SJ, Hakonarson H, Heron EA, Hill M, Holt R, Howe JL, Hughes G, 
Hus V, Igliozzi R, Kim C, Klauck SM, Kolevzon A, Korvatska O, Kustanovich V, 
Lajonchere CM, Lamb JA, Laskawiec M, Leboyer M, Le Couteur A, Leventhal BL, 
Lionel AC, Liu XQ, Lord C, Lotspeich L, Lund SC, Maestrini E, Mahoney W, 
Mantoulan C, Marshall CR, McConachie H, McDougle CJ, McGrath J, McMahon 
WM, Merikangas A, Migita O, Minshew NJ, Mirza GK, Munson J, Nelson SF, 
Noakes C, Noor A, Nygren G, Oliveira G, Papanikolaou K, Parr JR, Parrini B, Paton 
T, Pickles A, Pilorge M, Piven J, Ponting CP, Posey DJ, Poustka A, Poustka F, Prasad 
A, Ragoussis J, Renshaw K, Rickaby J, Roberts W, Roeder K, Roge B, Rutter ML, 
Bierut LJ, Rice JP, Salt J, Sansom K, Sato D, Segurado R, Sequeira AF, Senman L, 
Shah N, Sheffield VC, Soorya L, Sousa I, Stein O, Sykes N, Stoppioni V, Strawbridge 
C, Tancredi R, Tansey K, Thiruvahindrapduram B, Thompson AP, Thomson S, 
Tryfon A, Tsiantis J, Van Engeland H, Vincent JB, Volkmar F, Wallace S, Wang K, 
Wang Z, Wassink TH, Webber C, Weksberg R, Wing K, Wittemeyer K, Wood S, Wu 
J, Yaspan BL, Zurawiecki D, Zwaigenbaum L, Buxbaum JD, Cantor RM, Cook EH, 
Coon H, Cuccaro ML, Devlin B, Ennis S, Gallagher L, Geschwind DH, Gill M, 
Haines JL, Hallmayer J, Miller J, Monaco AP, Nurnberger JI Jr, Paterson AD, Pericak-
Vance MA, Schellenberg GD, Szatmari P, Vicente AM, Vieland VJ, Wijsman EM, 
Scherer SW, Sutcliffe JS, Betancur C. Functional impact of global rare copy number 
variation in autism spectrum disorders. Nature. 2010;466:368–372. PubMed PMID: 
20531469.

19. Bourgeron T. A synaptic trek to autism. Curr Opin Neurobiol. 2009;19:231–234. 
PubMed PMID: 19545994.

20. Abrahams BS, Geschwind DH. Advances in autism genetics: on the threshold of a 
new neurobiology. Nat Rev Genet. 2008;9:341–355. PubMed PMID: 18414403.

21. Tabuchi K, Blundell J, Etherton MR, Hammer RE, Liu X, Powell CM, Südhof TC. A 
neuroligin-3 mutation implicated in autism increases inhibitory synaptic 
transmission in mice. Science. 2007;318:71–76. PubMed PMID: 17823315.

22. Marsh E, Fulp C, Gomez E, Nasrallah I, Minarcik J, Sudi J, Christian SL, Mancini G, 
Labosky P, Dobyns W, Brooks-Kayal A, Golden JA. Targeted loss of Arx results in a 
developmental epilepsy mouse model and recapitulates the human phenotype in 
heterozygous females. Brain. 2009;132(Pt. 6):1563–1576. PubMed PMID: 19439424.

23. Glaze DG, Percy AK, Skinner S, Motil KJ, Neul JL, Barrish JO, Lane JB, Geerts SP, 
Annese F, Graham J, McNair L, Lee HS. Epilepsy and the natural history of Rett 
syndrome. Neurology. 2010;74:909–912. PubMed PMID: 20231667.

24. Hagerman RJ, Rivera SM, Hagerman PJ. The fragile X family of disorders: a model 
for autism and targeted treatments. Curr Pediatr Rev. 2008;4:40–52.

25. Loesch DZ, Bui QM, Dissanayake C, Clifford S, Gould E, Bulhak-Paterson D, 
Tassone F, Taylor AK, Hessl D, Hagerman R, Huggins RM. Molecular and cognitive 
predictors of the continuum of autistic behaviours in fragile X. Neurosci Biobehav 
Rev. 2007;31:315–326. PubMed PMID: 17097142.

26. Rogers SJ, Wehner DE, Hagerman RJ. The behavioral phenotype in fragile X: 
symptoms of autism in very young children with fragile X syndrome, idiopathic 
autism, and other developmental disorders. J Dev Behav Pediatr. 2001;22:409–417. 
PubMed PMID: 11773805.

16 Jasper's Basic Mechanisms of the Epilepsies

https://www.ncbi.nlm.nih.gov/pubmed/20531469
https://www.ncbi.nlm.nih.gov/pubmed/19545994
https://www.ncbi.nlm.nih.gov/pubmed/18414403
https://www.ncbi.nlm.nih.gov/pubmed/17823315
https://www.ncbi.nlm.nih.gov/pubmed/19439424
https://www.ncbi.nlm.nih.gov/pubmed/20231667
https://www.ncbi.nlm.nih.gov/pubmed/17097142
https://www.ncbi.nlm.nih.gov/pubmed/11773805


27. Kaufmann WE, Cortell R, Kau AS, Bukelis I, Tierney E, Gray RM, Cox C, Capone 
GT, Stanard P. Autism spectrum disorder in fragile X syndrome: communication, 
social interaction, and specific behaviors. Am J Med Genet. 2004;129A:225–234. 
PubMed PMID: 15326621.

28. McDuffie A, Abbeduto L, Lewis P, Kover S, Kim JS, Weber A, Brown WT. Autism 
spectrum disorder in children and adolescents with fragile X syndrome: within-
syndrome differences and age-related changes. Am J Intell Dev Disabil. 
2010;115:307–326.

29. Penagarikano O, Mulle JG, Warren ST. The pathophysiology of fragile X syndrome. 
Annu Rev Genom Human Genet. 2007;8:109–129.

30. Hagerman RJ, Berry-Kravis E, Kaufmann WE, Ono MY, Tartaglia N, Lachiewicz A, 
Kronk R, Delahunty C, Hessl D, Visootsak J, Picker J, Gane L, Tranfaglia M. 
Advances in the treatment of fragile X syndrome. Pediatrics. 2009;123:378–309. 
PubMed PMID: 19117905.

31. Hagerman PJ. Lessons from fragile X regarding neurobiology, autism, and 
neurodegeneration. J Dev Behav Pediatr. 2006;27:63–74. PubMed PMID: 16511373.

32. Hessl D, Tassone F, Loesch DZ, Berry-Kravis E, Leehey MA, Game LW, Barbato I, 
Rice C, Gould E, Hall DA, Grigsby J, Wegelin JA, Harris S, Lewin F, Weinberg D, 
Hagerman PJ, Hagerman RJ. Abnormal elevation of FMR1 mRNA is associated with 
psychological symptoms in individuals with the fragile X premutation. Am J Med 
Genet B Neuropsychiatr Genet. 2005;139B:115–121. PubMed PMID: 16184602.

33. Farzin F, Perry H, Hessl D, Loesch D, Cohen J, Bacalman S, Gane L, Tassone F, 
Hagerman P, Hagerman R. Autism spectrum disorders and attention-deficit/
hyperactivity disorder in boys with the fragile X premutation. J Dev Behav Pediatr. 
2006;27:S137–144. PubMed PMID: 16685180.

34. Garcia-Arocena D, Hagerman PJ. Advances in understanding the molecular basis of 
FXTAS. Hum Mol Genet. 2010;19(R1):R83–89. PubMed PMID: 20430935.

35. Coffey SM, Cook K, Tartaglia N, Tassone F, Nguyen DV, Pan R, Bronsky HE, Yuhas J, 
Borodyanskaya M, Grigsby J, Doerflinger M, Hagerman PJ, Hagerman RJ. Expanded 
clinical phenotype of women with the FMR1 premutation. Am J Med Genet A. 
2008;146A:1009–1016. PubMed PMID: 18348275.

36. Dictenberg JB, Swanger SA, Antar LN, Singer RH, Bassell GJ. A direct role for FMRP 
in activity-dependent dendritic mRNA transport links filopodial-spine 
morphogenesis to fragile X syndrome. Dev Cell. 2008;14:926–939. PubMed PMID: 
18539120.

37. Bagni C, Greenough WT. From mRNP trafficking to spine dysmorphogenesis: the 
roots of fragile X syndrome. Nat Rev Neurosci. 2005;6:376–387. PubMed PMID: 
15861180.

38. Bassell GJ, Warren ST. Fragile X syndrome: loss of local mRNA regulation alters 
synaptic development and function. Neuron. 2008;60:201–214. PubMed PMID: 
18957214.

39. Nakamoto M, Nalavadi V, Epstein MP, Narayanan U, Bassell GJ, Warren ST. Fragile 
X mental retardation protein deficiency leads to excessive mGluR5-dependent 
internalization of AMPA receptors. Proc Nat Acad Sci USA. 2007;104:15537–15542. 
PubMed PMID: 17881561.

Pathophysiology of Epilepsy in Autism Spectrum Disorders 17

https://www.ncbi.nlm.nih.gov/pubmed/15326621
https://www.ncbi.nlm.nih.gov/pubmed/19117905
https://www.ncbi.nlm.nih.gov/pubmed/16511373
https://www.ncbi.nlm.nih.gov/pubmed/16184602
https://www.ncbi.nlm.nih.gov/pubmed/16685180
https://www.ncbi.nlm.nih.gov/pubmed/20430935
https://www.ncbi.nlm.nih.gov/pubmed/18348275
https://www.ncbi.nlm.nih.gov/pubmed/18539120
https://www.ncbi.nlm.nih.gov/pubmed/15861180
https://www.ncbi.nlm.nih.gov/pubmed/18957214
https://www.ncbi.nlm.nih.gov/pubmed/17881561


40. Musumeci SA, Hagerman J, Ferri R, Bosco P, Dalla Bernadina B, Tassinari CA, De 
Sarro GB, Elia M. Epilepsy and EEG findnings in males with fragile X syndrome. 
Epilepsia. 1999;40:1092–1099. PubMed PMID: 10448821.

41. Berry-Kravis E. Epilepsy in fragile X syndrome. Dev Med Child Neurol. 
2002;44:724–728. PubMed PMID: 12418611.

42. Incorpora G, Sorge G, Sorge A, Pavone L. Epilepsy in fragile X syndrome. Brain Dev. 
2002;24:766–769. PubMed PMID: 12453600.

43. Hagerman PJ, Stafstrom CE. Origins of epilepsy in fragile X syndrome. Epilepsy 
Curr. 2009;9:108–112. PubMed PMID: 19693328.

44. Huber KM, Gallagher SM, Warren ST, Bear MF. Altered synaptic plasticity in a 
mouse model of fragile-X mental retardation. Proc Nat Acad Sci USA. 
2002;99:7746–7750. PubMed PMID: 12032354.

45. Huber KM, Kayser MS, Bear MF. Role for rapid dendritic protein synthesis in 
hippocampal mGluR-dependent long-term depression. Science. 2000;288:1254–
1257. PubMed PMID: 10818003.

46. Collingridge GL, Peineau S, Howland JG, Wang YT. Long-term depression in the 
CNS. Nat Rev Neurosci. 2010;11:459–473. PubMed PMID: 20559335.

47. Chonchaiya W, Utari A, Pereira GM, Tassone F, Hessl D, Hagerman RJ. Broad 
clinical involvement in a family affected by the fragile X premutation. J Dev Behav 
Pediatr. 2009;30:544–551. PubMed PMID: 19996900.

48. Jacquemont S, Farzin F, Hall D, Leehey M, Tassone F, Gane L, Zhang L, Grigsby J, 
Jardini T, Lewin F, Berry-Kravis E, Hagerman PJ, Hagerman RJ. Aging in individuals 
with the FMR1 mutation. Am J Ment Retard. 2004;109:154–164. PubMed PMID: 
15000674.

49. Raske C, Hagerman PJ. Molecular pathogenesis of fragile X-associated tremor/ataxia 
syndrome. J Investig Med. 2009;57:825–829.

50. Cornish KM, Li L, Kogan CS, Jacquemont S, Turk J, Dalton A, Hagerman RJ, 
Hagerman PJ. Age-dependent cognitive changes in carriers of the fragile X 
syndrome. Cortex. 2008;44:628–636. PubMed PMID: 18472033.

51. Roberts J, Bailey D, Mankowski J, Ford A, Sideris J, Weisenfeld L, Heath TM, Golden 
R. Mood and anxiety disorders in females with the FMR1 premutation. Am J Med 
Genet B Neuropsychiatr Genet. 2009;150B:130–139. PubMed PMID: 18553360.

52. Chen Y, Tassone F, Berman RF, Hagerman PJ, Hagerman RJ, Willemsen R, Pessah 
IN. Murine hippocampal neurons expressing Fmr1 gene premutations show early 
developmental deficits and late degeneration. Hum Mol Genet. 2010;19:196–208. 
PubMed PMID: 19846466.

53. Bear MF, Huber KM, Warren ST. The mGluR theory of fragile X mental retardation. 
Trends Neurosci. 2004;27:370–377. PubMed PMID: 15219735.

54. Chuang SC, Zhao W, Bauchwitz R, Yan Q, Bianchi R, Wong RK. Prolonged 
epileptiform discharges induced by altered group 1 metabotropic glutamate 
receptor-mediated synaptic responses in hippocampal slices of a fragile X mouse 
model. J Neurosci. 2005;25:8048–8055. PubMed PMID: 16135762.

55. Yan QJ, Rammal M, Tranfaglia M, Bauchwitz RP. Suppression of two major fragile X 
syndrome mouse model phenotypes by the mGluR5 antagonist MPEP. 
Neuropharmacology. 2005;49:1053–1066. PubMed PMID: 16054174.

18 Jasper's Basic Mechanisms of the Epilepsies

https://www.ncbi.nlm.nih.gov/pubmed/10448821
https://www.ncbi.nlm.nih.gov/pubmed/12418611
https://www.ncbi.nlm.nih.gov/pubmed/12453600
https://www.ncbi.nlm.nih.gov/pubmed/19693328
https://www.ncbi.nlm.nih.gov/pubmed/12032354
https://www.ncbi.nlm.nih.gov/pubmed/10818003
https://www.ncbi.nlm.nih.gov/pubmed/20559335
https://www.ncbi.nlm.nih.gov/pubmed/19996900
https://www.ncbi.nlm.nih.gov/pubmed/15000674
https://www.ncbi.nlm.nih.gov/pubmed/18472033
https://www.ncbi.nlm.nih.gov/pubmed/18553360
https://www.ncbi.nlm.nih.gov/pubmed/19846466
https://www.ncbi.nlm.nih.gov/pubmed/15219735
https://www.ncbi.nlm.nih.gov/pubmed/16135762
https://www.ncbi.nlm.nih.gov/pubmed/16054174


56. Nosyreva ED, Huber KM. Metabotropic receptor-dependent long-term depression 
persists in the absence of protein synthesis in the mouse model of fragile X 
syndrome. J Neurophysiol. 2006;95:3291–3295. PubMed PMID: 16452252.

57. Dolen G, Osterweil E, Shankaranarayana Rao BS, Smith GB, Auerbach BD, Chattarji 
S, Bear MF. Correction of fragile X syndrome in mice. Neuron. 2007;56:955–962. 
PubMed PMID: 18093519.

58. Qiu LF, Lu TJ, Hu XL, Yi YH, Liao WP, Xiong ZQ. Limbic epileptogenesis in a mouse 
model of fragile X syndrome. Cereb Cortex. 2009;19:1504–1514. PubMed PMID: 
18832330.

59. Chuang SC, Bianchi R, Wong RK. Group I mGluR activation turns on a voltage-
gated inward current in hippocampal pyramidal cells. J Neurophysiol. 2000;83:2844–
2853. PubMed PMID: 10805682.

60. Bianchi R, Chuang SC, Zhao W, Young SR, Wong RKS. Cellular plasticity for group I 
mGluR-mediated epileptogenesis. J Neurosci. 2009;29:3497–3507. PubMed PMID: 
19295155.

61. Kim SH, Markham JA, Weiler IJ, Greenough WT. Aberrant early-phase ERK 
inactivation impedes neuronal function in fragile X syndrome. Proc Nat Acad Sci 
USA. 2008;105:4429–4434. PubMed PMID: 18332424.

62. Zhao W, Bianchi R, Wang M, Wong RK. Extracellular signal-regulated kinase 1/2 is 
required for the induction of group I metabotropic glutamate receptor-mediated 
epileptiform dicharges. J Neurosci. 2004;24:76–84. PubMed PMID: 14715940.

63. Wang M, Bianchi R, Chuang SC, Zhao W, Wong RK. Group I metabotropic 
glutamate receptor-dependent TRPC channel trafficking in hippocampal neurons. J 
Neurochem. 2007;101:411–421. PubMed PMID: 17402970.

64. Gibson JR, Bartley AF, Hays SA, Huber KM. Imbalance of neocortical excitation and 
inhibition and altered UP states reflect network hyperexcitability in the mouse 
model of fragile X syndrome. J Neurophysiol. 2008;100:2615–2626. PubMed PMID: 
18784272.

65. Pfeiffer BE, Huber KM. The state of synapses in fragile X syndrome. The 
Neuroscientist. 2009;15:549–567. PubMed PMID: 19325170.

66. El Idrissi A, Ding XH, Scalia J, Trenkner E, Brown WT, Dobkin C. Decreased 
GABA(A) receptor expression in the seizure-prone fragile X mouse. Neurosci Lett. 
2005;377:141–146. PubMed PMID: 15755515.

67. Gantois I, Vandesompele J, Speleman F, Reyniers E, D'Hooge R, Severijnen LA, 
Willemsen R, Tassone F, Kooy RF. Expression profiling suggests underexpression of 
the GABA(A) receptor subunit delta in the fragile X knockout mouse model. 
Neurobiol Dis. 2006;21:346–357. PubMed PMID: 16199166.

68. D'Hulst C, Heulens I, Brouwer JR, Willemsen R, De Geest N, Reeve SP, De Deyn PP, 
Hassan BA, Kooy RF. Expression of the GABAergic system in animal models for 
fragile X syndrome and fragile X associated tremor/ataxia syndrome (FXTAS). Brain 
Res. 2009;1253:176–183. PubMed PMID: 19070606.

69. Selby L, Zhang C, Sun QQ. Major defects in neocortical GABAergic inhibitory 
circuits in mice lacking the fragile X mental retardation protein. Neurosci Lett. 
2007;412:227–232. PubMed PMID: 17197085.

Pathophysiology of Epilepsy in Autism Spectrum Disorders 19

https://www.ncbi.nlm.nih.gov/pubmed/16452252
https://www.ncbi.nlm.nih.gov/pubmed/18093519
https://www.ncbi.nlm.nih.gov/pubmed/18832330
https://www.ncbi.nlm.nih.gov/pubmed/10805682
https://www.ncbi.nlm.nih.gov/pubmed/19295155
https://www.ncbi.nlm.nih.gov/pubmed/18332424
https://www.ncbi.nlm.nih.gov/pubmed/14715940
https://www.ncbi.nlm.nih.gov/pubmed/17402970
https://www.ncbi.nlm.nih.gov/pubmed/18784272
https://www.ncbi.nlm.nih.gov/pubmed/19325170
https://www.ncbi.nlm.nih.gov/pubmed/15755515
https://www.ncbi.nlm.nih.gov/pubmed/16199166
https://www.ncbi.nlm.nih.gov/pubmed/19070606
https://www.ncbi.nlm.nih.gov/pubmed/17197085


70. Curia G, Papouin T, Séguéla P, Avoli M. Downregulation of tonic GABAergic 
inhibition in a mouse model of fragile X syndrome. Cereb Cortex. 2009;19:1515–
1520. PubMed PMID: 18787232.

71. Slotkin TA, MacKillop EA, Ryde IT, Tate CA, Seidler FJ. Screening for 
developmental neurotoxicity using PC12 cells: comparisons of organophosphates 
with a carbamate, an organochlorine, and divalent nickel. Environ Health Perspect. 
2007;115:93–101. PubMed PMID: 17366826.

72. Roberts EM, English PB, Grether JK, Windham GC, Somberg L, Wolff C. Maternal 
residence near agricultural pesticide applications and autism spectrum disorders 
among children in the California Central Valley. Environ Health Perspect. 
2007;115:1482–1489. PubMed PMID: 17938740.

73. Wang LW, Berry-Kravis E, Hagerman RJ. Fragile X: leading the way for targeted 
treatments in autism. Neurotherapeutics. 2010;7:264–274. PubMed PMID: 
20643379.

74. Berry-Kravis EM, Hessl D, Coffey S, Hervey C, Schneider A, Yuhas J, Hutchison J, 
Snape M, Tranfaglia M, Nguyen DV, Hagerman R. A pilot open-label single-dose 
trial of fenobam in adults with fragile X syndrome. J Med Genet. 2009;46:266–271. 
PubMed PMID: 19126569.

75. Berry-Kravis EM, Sumis A, Hervey C, Nelson M, Porges SW, Weng N, Weiler IJ, 
Greenough WT. Open-label treatment trial of lithium to target the underlying defect 
in fragile X syndrome. J Dev Behav Pediatr. 2008;29:293–302. PubMed PMID: 
18698192.

76. D'Hulst C, Kooy RF. The GABAA receptor: a novel target for treatment of fragile X? 
Trends Neurosci. 2007;30:425–431. PubMed PMID: 17590448.

77. Chang S, Bray SM, Li Z, Zarnescu DC, He C, Jin P, Warren ST. Identification of small 
molecules rescuing fragile X syndrome phenotypes in Drosophila. Nat Chem Biol. 
2008;4:256–263. PubMed PMID: 18327252.

78. Reddy DS, Rogawski MA. Ganaxolone suppression of behavioral and electrographic 
seizures in the mouse amygdala kindling model. Epilepsy Res. 2010;89:254–260. 
PubMed PMID: 20172694.

79. Bilousova TV, Dansie L, Ngo M, Aye J, Charles JR, Ethell DW, Ethell IM. 
Minocycline promotes dendritic spine maturation and improves behavioural 
performance in the fragile X mouse model. J Med Genet. 2009;46:94–102. PubMed 
PMID: 18835858.

80. Stafstrom CE. Mechanisms of epilepsy in mental retardation: insights from 
Angelman syndrome, Down syndrome and fragile X syndrome. In: Sillanpää M, 
Gram L, Johannessen SI, Tomson T, editors. Epilepsy and Mental Retardation. 
Petersfield, Hampshire, UK: Wrightson Biomedical Publishing, Ltd. 1999. pp. 7–40.

81. Inoki K, Corradetti MN, Guan KL. Dysregulation of the TSC-mTOR pathway in 
human disease. Nat Genet. 2005;37:19–24. PubMed PMID: 15624019.

82. Holmes GL, Stafstrom CE.The Tuberous Sclerosis Study Group. Tuberous sclerosis 
complex and epilepsy: Recent developments and future challenges. Epilepsia. 
2007;48:617–630. PubMed PMID: 17386056.

83. Winterkorn EB, Pulsifer MB, Thiele EA. Cognitive prognosis of patients with 
tuberous sclerosis complex. Neurology. 2007;68:62–64. PubMed PMID: 17200495.

20 Jasper's Basic Mechanisms of the Epilepsies

https://www.ncbi.nlm.nih.gov/pubmed/18787232
https://www.ncbi.nlm.nih.gov/pubmed/17366826
https://www.ncbi.nlm.nih.gov/pubmed/17938740
https://www.ncbi.nlm.nih.gov/pubmed/20643379
https://www.ncbi.nlm.nih.gov/pubmed/19126569
https://www.ncbi.nlm.nih.gov/pubmed/18698192
https://www.ncbi.nlm.nih.gov/pubmed/17590448
https://www.ncbi.nlm.nih.gov/pubmed/18327252
https://www.ncbi.nlm.nih.gov/pubmed/20172694
https://www.ncbi.nlm.nih.gov/pubmed/18835858
https://www.ncbi.nlm.nih.gov/pubmed/15624019
https://www.ncbi.nlm.nih.gov/pubmed/17386056
https://www.ncbi.nlm.nih.gov/pubmed/17200495


84. Mizuguchi M, Takashima S. Neuropathology of tuberous sclerosis. Brain Dev. 
2001;23:508–515. PubMed PMID: 11701246.

85. Curatolo P, D'Argenzio L, Cerminara C, Bombardieri R. Management of epilepsy in 
tuberous sclerosis complex. Expert Rev Neurother. 2008;8:457–467. PubMed PMID: 
18345974.

86. Chu-Shore CJ, Major P, Camposano S, Muzykewicz D, Thiele EA. The natural 
history of epilepsy in tuberous sclerosis complex. Epilepsia. 2010;51:1236–1241. 
PubMed PMID: 20041940.

87. Thiele EA. Managing epilepsy in tuberous sclerosis complex. J Child Neurol. 
2004;19:680–686. PubMed PMID: 15563014.

88. Goh S, Kwiatkowski DJ, Dorer DJ, Thiele EA. Infantile spasms and intellectual 
outcomes in children with tuberous sclerosis complex. Neurology. 2005;65:235–238. 
PubMed PMID: 16043792.

89. Curatolo P, Napolioni V, Moavero R. Autism spectrum disorders in tuberous 
sclerosis: pathogenetic pathways and implications for treatment. J Child Neurol. 
2010;25:873–880. PubMed PMID: 20207609.

90. Weiner HL, Carlson C, Ridgway EB, Zaroff CM, Miles D, LaJoie J, Devinsky O. 
Epilepsy surgery in young children with tuberous sclerosis: results of a novel 
approach. Pediatrics. 2006;117:1494–1502. PubMed PMID: 16651302.

91. Liang S, Li A, Zhao M, Jiang H, Yu S, Meng X, Sun Y. Epilepsy surgery in tuberous 
sclerosis complex: emphasis on surgical candidate and neuropsychology. Epilepsia. 
2010. Published ahead of print July 14, 2010. PubMed PMID: 20633038.

92. Wiznitzer M. Autism and tuberous sclerosis. J Child Neurol. 2004;19:675–679. 
PubMed PMID: 15563013.

93. Bolton PF. Neuroepileptic correlates of autistic symptomatology in tuberous 
sclerosis. Ment Retard Dev Disabil Res Rev. 2004;10:126–131. PubMed PMID: 
15362169.

94. Asano E, Chugani DC, Muzik O, Behen M, Janisse J, Rothermel R, Mangner TJ, 
Chakraborty PK, Chugani HT. Autism in tuberous sclerosis complex is related to 
both cortical and subcortical dysfunction. Neurology. 2001;57:1269–1277. PubMed 
PMID: 11591847.

95. Bolton PF, Park RJ, Higgins JN, Griffiths PD, Pickles A. Neuro-epileptic 
determinants of autism spectrum disorders in tuberous sclerosis complex. Brain. 
2002;125:1247–1255. PubMed PMID: 12023313.

96. Eluvathingal TJ, Behen ME, Chugani HT, Janisse J, Bernardi B, Chakraborty P, 
Juhasz C, Muzik O, Chugani DC. Cerebellar lesions in tuberous sclerosis complex: 
neurobehavioral and neuroimaging correlates. J Child Neurol. 2006;21:846–851. 
PubMed PMID: 17005099.

97. Jansen FE, Braams O, Vincken KL, Algra A, Anbeek P, Jennekens-Schinkel A, Halley 
D, Zonnenberg BA, van den Ouweland A, van Huffelen AC, van Nieuwenhuizen O, 
Nellist M. Overlapping neurologic and cognitive phenotypes in patients with TSC1 
or TSC2 mutations. Neurology. 2008;70:908–915. PubMed PMID: 18032745.

98. Saemundsen E, Ludvigsson P, Hilmarsdottir I, Rafnsson V. Autism spectrum 
disorders in children with seizures in the first year of life - a population-based study. 
Epilepsia. 2007;48:1724–1730. PubMed PMID: 17555525.

Pathophysiology of Epilepsy in Autism Spectrum Disorders 21

https://www.ncbi.nlm.nih.gov/pubmed/11701246
https://www.ncbi.nlm.nih.gov/pubmed/18345974
https://www.ncbi.nlm.nih.gov/pubmed/20041940
https://www.ncbi.nlm.nih.gov/pubmed/15563014
https://www.ncbi.nlm.nih.gov/pubmed/16043792
https://www.ncbi.nlm.nih.gov/pubmed/20207609
https://www.ncbi.nlm.nih.gov/pubmed/16651302
https://www.ncbi.nlm.nih.gov/pubmed/20633038
https://www.ncbi.nlm.nih.gov/pubmed/15563013
https://www.ncbi.nlm.nih.gov/pubmed/15362169
https://www.ncbi.nlm.nih.gov/pubmed/11591847
https://www.ncbi.nlm.nih.gov/pubmed/12023313
https://www.ncbi.nlm.nih.gov/pubmed/17005099
https://www.ncbi.nlm.nih.gov/pubmed/18032745
https://www.ncbi.nlm.nih.gov/pubmed/17555525


99. Jeste SS, Sahin M, Bolton P, Ploubidis GB, Humphrey A. Characterization of autism 
in young children with tuberous sclerosis complex. J Child Neurol. 2008;23:520–525. 
PubMed PMID: 18160549.

100. Wong V. Study of the relationship between tuberous sclerosis complex and autistic 
disorder. J Child Neurol. 2006;21:199–204. PubMed PMID: 16901420.

101. Jansen FE, Vincken KL, Algra A, Anbeek P, Braams O, Nellist M, Zonnenberg BA, 
Jennekens-Schinkel A, van den Ouweland A, Halley D, van Huffelen AC, van 
Nieuwenhuizen O. Cognitive impairment in tuberous sclerosis complex is a 
multifactorial condition. Neurology. 2008;70:916–923. PubMed PMID: 18032744.

102. Foster KG, Fingar DC. Mammalian target of rapamycin (mTOR): conducting the 
cellular signaling symphony. J Biol Chem. 2010;285:14071–14077. PubMed PMID: 
20231296.

103. Mi R, Ma J, Zhang D, Li L, Zhang H. Efficacy of combined inhibition of mTOR and 
ERK/MAPK pathways in treating a tuberous sclerosis complex cell model. J Genet 
Genomics. 2009;36:355–361. PubMed PMID: 19539245.

104. Stafstrom CE. Progress toward understanding epileptogenesis in tuberous sclerosis 
complex: two hits, no outs, and the Eker rat is up to bat. Epilepsy Curr. 2005;5:136–
138. PubMed PMID: 16151521.

105. von der Brelie C, Waltereit R, Zhang L, Beck H, Kirschstein T. Impaired synaptic 
plasticity in a rat model of tuberous sclerosis. Eur J Neurosci. 2006;6:686–692.

106. Ehninger D, Han S, Shilyansky C, Zhou Y, Li W, Kwiatkowski DJ, Ramesh V, Silva AJ. 
Reversal of learning deficits in a Tsc2+/− mouse model of tuberous sclerosis. Nat 
Med. 2008;14:843–848. PubMed PMID: 18568033.

107. Meikle L, Talos DM, Onda H, Pollizzi K, Rotenberg A, Sahin M, Jensen FE, 
Kwiatkowski DJ. A mouse model of tuberous sclerosis: neuronal loss of Tsc1 causes 
dysplastic and ectopic neurons, reduced myelination, seizure activity, and limited 
survival. J Neurosci. 2007;27:5546–5558. PubMed PMID: 17522300.

108. Wong M, Ess KC, Uhlmann EJ, Jansen LA, Li W, Crino PB, Mennerick S, Yamada 
KA, Gutmann DH. Impaired glial glutamate transport in a mouse tuberous sclerosis 
epilepsy model. Ann Neurol. 2003;54:251–256. PubMed PMID: 12891680.

109. Jansen LA, Uhlmann EJ, Crino PB, Gutmann DH, Wong M. Epileptogenesis and 
reduced inward rectifier potassium current in tuberous sclerosis complex-1-deficient 
astrocytes. Epilepsia. 2005;46:1871–1880. PubMed PMID: 16393152.

110. Talos DM, Kwiatkowski DJ, Cordero K, Black PM, Jensen FE. Cell-specific 
alterations of glutamate receptor expression in tuberous sclerosis complex cortical 
tubers. Ann Neurol. 2008;63:454–465. PubMed PMID: 18350576.

111. Franz DN, Leonard J, Tudor C, Chuck G, Care M, Sethuraman G, Dinopoulos A, 
Thomas G, Crone KR. Rapamycin causes regression of astrocytomas in tuberous 
sclerosis complex. Ann Neurol. 2006;59:490–498. PubMed PMID: 16453317.

112. Meikle L, Pollizzi K, Egnor A, Kramvis I, Lane H, Sahin M, Kwiatkowski DJ. 
Response of a neuronal model of tuberous sclerosis to mammalian target of 
rapamycin (mTOR) inhibitors: effects on mTORC1 and Akt signaling lead to 
improved survival and function. J Neurosci. 2008;28:5422–5432. PubMed PMID: 
18495876.

22 Jasper's Basic Mechanisms of the Epilepsies

https://www.ncbi.nlm.nih.gov/pubmed/18160549
https://www.ncbi.nlm.nih.gov/pubmed/16901420
https://www.ncbi.nlm.nih.gov/pubmed/18032744
https://www.ncbi.nlm.nih.gov/pubmed/20231296
https://www.ncbi.nlm.nih.gov/pubmed/19539245
https://www.ncbi.nlm.nih.gov/pubmed/16151521
https://www.ncbi.nlm.nih.gov/pubmed/18568033
https://www.ncbi.nlm.nih.gov/pubmed/17522300
https://www.ncbi.nlm.nih.gov/pubmed/12891680
https://www.ncbi.nlm.nih.gov/pubmed/16393152
https://www.ncbi.nlm.nih.gov/pubmed/18350576
https://www.ncbi.nlm.nih.gov/pubmed/16453317
https://www.ncbi.nlm.nih.gov/pubmed/18495876


113. Zeng LH, Xu L, Gutmann DH, Wong M. Rapamycin prevents epilepsy in a mouse 
model of tuberous sclerosis complex. Ann Neurol. 2008;63:444–453. PubMed PMID: 
18389497.

114. Muncy J, Butler IJ, Koenig MK. Rapamycin reduces seizure frequency in tuberous 
sclerosis complex. J Child Neurol. 2009;24:477. PubMed PMID: 19151365.

115. Zeng LH, Rensing NR, Wong M. The mammalian target of rapamycin signaling 
pathway mediates epileptogenesis in a model of temporal lobe epilepsy. J Neurosci. 
2009;29:6964–6972. PubMed PMID: 19474323.

116. Parisi P, Bombardieri R, Curatolo P. Current role of vigabatrin in infantile spasms. 
Eur J Paediatr Neurol. 2007;11:331–336. PubMed PMID: 17625936.

117. Willmore LJ, Abelson MB, Ben-Menachem E, Pellock JM, Shields WD. Vigabatrin: 
2008 update. Epilepsia. 2009;50:163–173. PubMed PMID: 19230067.

118. Sharma A, Hoeffer CA, Takayasu Y, Miyawaki T, McBride SM, Klann E, Zukin RS. 
Dysregulation of mTOR signaling in fragile X syndrome. J Neurosci. 2010;30:694–
702. PubMed PMID: 20071534.

119. Ogawa S, Kwon CH, Zhou J, Koovakkattu D, Parada LF, Sinton CM. A seizure-prone 
phenotype is associated with altered free-running rhythm in Pten mutant mice. 
Brain Res. 2007;1168:112–123. PubMed PMID: 17706614.

120. Ljungberg MC, Sunnen CN, Lugo JN, Anderson AE, D'Arcangelo G. Rapamycin 
suppresses seizures and neuronal hypertrophy in a mouse model of cortical 
dysplasia. Dis Model Mech. 2009;2:389–398. PubMed PMID: 19470613.

121. Uhlhaas PJ, Singer W. Neural synchrony in brain disorders: relevance for cognitive 
dysfunctions and pathophysiology. Neuron. 2006;52:155–168. PubMed PMID: 
17015233.

122. Just MA, Cherkassky VL, Keller TA, Kana RK, Minshew NJ. Functional and 
anatomical cortical underconnectivity in autism: evidence from an FMRI study of an 
executive function task and corpus callosum morphometry. Cereb Cortex. 
2007;17:951–961. PubMed PMID: 16772313.

123. Dolen G, Bear MF. Role for metabotropic glutamate receptor 5 (mGluR5) in the 
pathogenesis of fragile X syndrome. J Physiol. 2008;586.6:1503–1508. PubMed 
PMID: 18202092.

Pathophysiology of Epilepsy in Autism Spectrum Disorders 23

https://www.ncbi.nlm.nih.gov/pubmed/18389497
https://www.ncbi.nlm.nih.gov/pubmed/19151365
https://www.ncbi.nlm.nih.gov/pubmed/19474323
https://www.ncbi.nlm.nih.gov/pubmed/17625936
https://www.ncbi.nlm.nih.gov/pubmed/19230067
https://www.ncbi.nlm.nih.gov/pubmed/20071534
https://www.ncbi.nlm.nih.gov/pubmed/17706614
https://www.ncbi.nlm.nih.gov/pubmed/19470613
https://www.ncbi.nlm.nih.gov/pubmed/17015233
https://www.ncbi.nlm.nih.gov/pubmed/16772313
https://www.ncbi.nlm.nih.gov/pubmed/18202092

	INTRODUCTION
	FRAGILE X SYNDROME
	TUBEROUS SCLEROSIS COMPLEX
	CONCLUSION - IS THERE A CONVERGENT PATHWAY BETWEEN AUTISM AND EPILEPSY?
	REFERENCES

