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INTRODUCTION

Research in today’s epilepsy laboratories is exciting, evolving, and full of interesting twists and turns. Epilepsy has been
recognized as a common human disorder for thousands of years. But modern research into its underlying bases has
been ongoing, I would argue, only since the middle of the 20th century. Nonetheless, the epilepsy research field boasts an
intriguing and productive history. As with most disorders, and certainly for disorders of the nervous system, discovery of
mechanisms and improvement in treatment have been a function of technical advances — which in turn have moved
research efforts toward ever more detailed and revealing analysis. Because of the complexity of the nervous system, and
because of the many different forms that epilepsy may take, research in this field lends itself to different conceptual and
technical approaches. It attracts the involvement of those with interests at very basic levels of analysis (e.g, the “hard-
core” basic scientists who are interested in “explanations” at the level of genes and molecules) as well as those whose
interests are more “clinical” in nature (e, those interested in “net output” behaviors, both normal and pathological).
Any search of current research activities in the epilepsy field confirms the breadth and variety of epilepsy-related
laboratory work. In addition, even a superficial reading of the literature shows the value of epilepsy-related research for
opening windows to normal brain function - through which one can begin to see the connections between, and shared
mechanisms of, normality and pathology. For anyone interested in the brain, in the general area of neuroscience, and in
an opportunity to explore an endlessly fascinating set of puzzles, epilepsy research provides many rewards.

My initial introduction to epilepsy research was in the laboratory. It didn’t take long for me to be “hooked,” but it did
require some hands-on experimental time. Given the need for such exposure, I've struggled with the question of how one
can convey that experimentally-generated enthusiasm to someone who'’s never been in a laboratory, who is in the initial
stages of considering a commitment to research or is pondering a focus for his/her laboratory efforts. For a number of
vears, I've also been frustrated by my inability to provide a satisfying response to an all-too-common question: “Where
can [ find out about what's going on in epilepsy research?” This type of query comes regularly from students and fellows,
from clinical colleagues, from potential colleagues and collaborators outside the epilepsy field who are seeking a
reference to current basic research activities. One could, of course, simply direct these individuals to PubMed or to
one of the excellent “textbooks” on epilepsy (mostly clinically oriented). But neither of these alternatives is very helpful,
especially if one would like to encourage the questioner to become more interested and involved in the laboratory.

My solution to this frustration has been to try to bring many of the current studies in basic epilepsy under one roof -

¢

thus, this volume. We've called it an “encyclopedia,” but it certainly isn’t an encyclopedia in the classical sense. In
particular, it does not pretend to be a comprehensive overview of everything (A-Z) in the epilepsy research field. Rather,
the collected articles cover a broad selection of topics, contributed by some of the most active epilepsy research groups in
the world. These selections were solicited specifically to answer the question “What’s going on in epilepsy research
today?” My goal is not to cover all potentially relevant themes, but rather to offer representation in this “encyclopedia” to
those who have contributed significantly to the field — to share their goals, insights, and progress.

It might be interesting for the reader to note that my preliminary table of contents did not look like the Table of
Contents that now introduces this encyclopedia. The initial version was more like something one might see in a textbook,
starting with articles at the “micro” level (cellular/molecular features of cells), progressing through synaprtic and circuit
considerations, and ending with articles focusing on the “net output.” I believed that this type of organization could
present a rationally-ordered overview of the field. However, as I began to go through the articles that were evenrually
submitted, I was reminded of my starting motivation — to offer the reader a volume that reflects the major areas of today’s
research effort in the epilepsy research arena. The current Table of Contents does mirror current research emphases.
And the encyclopedia offers the interested reader (including non-experts) a collection of short and focused articles that
provide a real sense of the modern research field - What's exciting? What are the key technical approaches? What are the
Important questions?

Xiii



Xiv Introduction

We sent out invitations to hundreds of the most active investigators in the field. Each author was asked to frame the
question or issue that drives his/her research, to provide some background that puts the research into an historical
context, and to describe (briefly) some of the methods that are currently used for this line of work. Authors were then
encouraged to identify recent results — from their own laboratories or from others — that are exciting and promising, and
to discuss where this line of research should go in the future — the goals, challenges, and potential for clinical application.
In short, I asked each author to write an article as though he/she were talking to a prospective laboratory recruit
(a graduate student, a postdoctoral fellow, or a collaborative colleague) in a way that would convey the interest and
excitement that draws us (as epilepsy scientists and clinicians) toward a career in this area of research. As one might
predict, each author has approached this charge in a way that reflects his/her own interests, approach to research, and
laboratory personality. While we've tried to make the format of these articles relatively uniform, the style and substance
of each article are unique to the laboratory of origin.

Of course, as with any project of this sort, there are always hurdles, objections, and problems. One significant problem —a
major concern for me in thinking about the magnitude of this effort - is that much of material collected in these articles is
likely to be out of date in a few years. To address this issue, we plan to produce this Encyclopedia in an easily accessible
and readily update-able electronic form. My hope from the start was that the material presented here will be updated on
aregular 2-3 year cycle, with new results entered, and new areas of research described on a regular basis. Another equally
thorny problem was what to include — or exclude. As you can see from the title of the encyclopedia, the emphasis has
been on “basic research.” But determining exactly what “basic” (and “research”) means is a little tricky, especially in a
field like epilepsy in which basic and clinical aspects are so intertwined; indeed, epilepsy research has always been what it
is now fashionable to call “translational.” The coverage of the current volume therefore expresses, in large measure, my
own scope of interests; perhaps more accurately, the topics are very much a function of my circle of professional
colleagues - those who agreed to participate and the topics they chose to write about. The holes in the current volume —
and there certainly are some — include areas in which there is little current activity, but also topics that might have been
covered by “other” sets of authors.

We anticipate that this encyclopedia will serve as a useful reference tool for a broad range of readers - laboratory
scientists and clinicians, students, fellows, and well-established investigators. Students and young investigators should be
able to use this volume to discover potential areas for establishing their own research efforts. Scientists and clinicians
with already-established research programs can use the Encyclopedia as a tool for guiding their students and trainees, as
an easy way of “keeping up,” and even as a source of practical hints that will help them plan their own future studies.

I hope you find this Encyclopedia of Basic Epilepsy Research useful and informative. I've certainly learned a lot from
putting it together. For those of you who have contributed to the volume, I thank you for your interest and involvement —
and I look forward to your support when I approach you for updates and/or additions. For those of you who have ideas
for new articles, whether stemming from your own research or from other laboratories, please contact me with your
suggestions. If this Encyclopedia is to fulfill its mission, it needs to be a dynamic, evolving, interactive tool. We are
committed to making it work that way.

Philip A. Schwartzkroin
paschwartzkroin@ucdavis.edu
Editor-in-Chief



GUIDE TO USE OF THE ENCYCLOPEDIA

Structure of the Encyclopedia

The material in the Encyclopedia is arranged as a series of
articles within a certain topic in alphabetical order. The
topics are also arranged in alphabetical order.

There are four features to help you easily find the topic
you're interested in: an alphabetical contents list; cross-
references at the end of each article to other relevant
articles in the Encyclopedia; a full subject index; and a
list of volume contributors for each volume.

1. Alphabetical Contents List

The alphabetical contents list, which appears at the front
of all volumes, lists the entries in the order that they
appear in the Encyclopedia. It includes both the volume
number and the page number of each entry.

2. Cross-references

All of the entries in the Encyclopedia have been cross-
referenced. The cross-references which appear at the end
of an entry serve three different functions:

1. To draw the readers attention to parallel discussions
in other entries
ii. To indicate material that broadens the discussion
iii. To direct readers to other articles by the same
author(s)

Example

The following list of cross-references appears at the end
of the entry Genetic Determinants of Temporal Lobe
Epilepsy

See also. Ton Channels: Intrinsic Properties of
Neocortical Neurons Relevant to Seizure Discharges:
The Lesson of Epileptogenic Channelopathies; Models:
Model Characterization in Relatonship to Human
Disorders; Genetics: Single Gene Mutations Causing
Epileptogenic Malformations of the Cerebral Cortex;
Genetics: Genetic Contributions to Brain Structure
and Epileptogenesis; Interneurons: Plasticity and
Reorganization of GABA Neurons in Epilepsy; lon
Channels: Channelopathies in Epilepsy; Development/
Malformations: Epilepsy-Associated Reelin Dysfunction
Induces Granule Cell Dispersion in the Dentate Gyrus;
Temporal Lobe Epilepsy: Morphological Abnormalites
Associated with Genetic Epilepsies

3. Index
The index includes page numbers for quick reference to
the information you’re looking for. The index entries

differentiate between references to a whole entry, a part
of an entry, and a table or figure.

4. Contributors

At the start of each volume there is list of the authors who
contributed to that volume.

XV



CONTENTS

Editor-in-Chief
Contributors
Introduction

Guide to Use

VOLUME 1

ABSENCE SEIZURES

Genetic Models of Absence Epilepsy: New Concepts and Insights G van Luijtelaar and
A Coenen
Increased GABA, Receptor-Mediated Transmission in Typical Absence Seizures V Crunelli,

D W Cope, and N Leresche

Oscillations in Thalamocortical Networks and the Putative ‘Initiation Site’ of Typical Absence
Seizures V Crunelli and N Leresche

Thalamic Neurons and Networks Related to Absence Epilepsy T Budde and H-C Pape

Thalamocortical Synchronization and Absence Epilepsy M Avoli and G Biagini

AGING

Effects of Aging on Seizures and Epilepsy L Velisek and C E Stafstrom
Epilepsy and Seizure Susceptibility in the Aging Brain P R Patrylo
Poststroke Epilepsy and the Aged Brain Kevin M Kelly

ANTIEPILEPTIC DRUGS

Anticonvulsant Drugs as Neuronal Network-Modifying Agents C L Faingold

Antiepileptic Drug Mechanisms T A Simeone and J M Rho

GABA Transporters as Targets of Antiepileptic Drugs C B Ransom and G B Richerson

LLocaI Delivery of Antiepileptic Drugs F Bannout and R S Fisher

Pathways of Drug Diffusion into the Epileptic Brain N Marchi, Q Fan, E Carlton, and D Janigro

Y%
Vii—xi
Xiii—xiv

XV

15
22
28

37
40
46

50
59
66
74

XVii



xViii Contents

Pharmacological Approaches for the Assessment of Antiepileptic Drug Efficacy in Experimental
Animal Models R A Voskuyl and R Clinckers 90

Preclinical Drug Development in Epilepsy G J Sills and M J Brodie 97

CELL DAMAGE/EXCITOTOXICITY

Basic Mechanisms of Neuronal Injury from Seizures and Status Epilepticus L S Deshpande

and R J Delorenzo 105
Excitotoxicity and Neurodegenerative Disease R K Tannenberg and P R Dodd 114
Molecular Mechanisms of Cell Death After Seizures R P Simon and D C Henshall 119
Neuronal Injury and Progressive Cell Damage L E Mello and L Covolan 125

Neuronal Injury from Seizures: Influence of Models, Development and Genetics
R Sankar and S Shaw 129

The Ontogeny of Seizure-Related Programmed Cell Death in the Developing Brain
M A Mikati, R Daderian, and M Baassiri 134

COGNITIVE DYSFUNCTION AND OTHER COMORBIDITIES

Attention Deficit Disorder and Epilepsy in Children R Schubert 141
Behavioral and Cognitive Comorbidities R Caplan 146
Behavioral Comorbidities in Children with Epilepsy J K Austin and D W Dunn 151
Cognitive Consequences of Seizures Early in Life: Insights from the Kainic Acid Model

C E Stafstrom 155
Cognitive Effects of Seizures in Animal Models G L Holmes 160
Cognitive Function in Temporal Lobe Epilepsy B Hermann and M Seidenberg 165
Epilepsy and Autism in Tuberous Sclerosis M Clifford, | Carcani-Rathwell, and P Bolton 171
Language and Communication Disorders R Caplan 176
The Relationship of Epilepsy to Other Conditions/Disorders A F Luat and D C Chugani 181

DEVELOPMENT/MALFORMATIONS

Cortical Malformations as a Cause for Epileptiform Activity: The Freeze Lesion Model

H J Luhmann 187
Epilepsy-Associated Reelin Dysfunction Induces Granule Cell Dispersion in the Dentate Gyrus
M Frotscher and C A Haas 192
Focal Malformations of Cortical Development: Pathogenesis and Pathways P B Crino 198
Morphological and Electrophysiological Properties of Abnormal Cells in Pediatric Cortical

Dysplasia Tissue C Cepeda, V M André, H V Vinters, G W Mathern, and M S Levine 205
Neonatal Progenitor Contributions to Epilepsy-Associated Cortical Malformations: A Hypothesis
J C Platel, V Gordon, and A Bordey 210

The Tish Rat: An Animal Model of Cortical Malformation in the Study of Epilepsy
S A Trotter, M P Fitzgerald, J Kapur, and K S Lee 214



Contents Xix

EPILEPTOGENESIS
Epileptogenesis and Plasticity F H Lopes da Silva and J A Gorter 221
Gene Expression in Immature and Mature Hippocampus After Status Epilepticus
H Chung and S Koh 227
Multi-Hit Mechanisms Involved in Epileptogenesis: Role of Early-Life Seizures S Koh 235
Patterns of Gene Expression in Epileptogenesis: Micro-Array Studies in Rats J A Gorter,
F H Lopes da Silva, and E Aronica 240
Role of Transporter Proteins and Lipid Peroxidation in Epileptogenesis Y Ueda and
L James Willmore 250
Specific Gene Expression Before and After Seizure in Epileptic EL Mice Y L Murashima,
J Suzuki, and M Yoshii 253
Surrogate Markers for Epileptogenesis N M E A Hayward, K M A Kurkinen, O Gréhn, and
A Pitkdnen 259
GABA
Alterations in GABAergic Transmission in Human Temporal Lobe Epilepsy R A Deisz 267
Differential Alterations of GABAA Receptors in Epilepsy J-M Fritschy 273
GABA Excites Immature Neurons: Implications for the Epilepsies Y Ben-Ari and R Tyzio 278
GABA, Receptor-Mediated Mechanisms and Epileptiform Synchronization M Avoli and
R Miles 284
GABAA Receptor Plasticity in Epileptogenesis Y H Raol and A R Brooks-Kayal 291
Mechanisms of GABA, Receptor Gene Regulation in Epilepsy I'V Lund, Y Hu, S J Russek,
and A R Brooks-Kayal 204
Molecular Pathology of Genetic Epilepsy Associated with GABAA Receptor Subunit Gene

Mutations J-Q Kang and R L Macdonald 298
Pathophysiology of Status Epilepticus J Kapur 304
Plasticity of GABAergic Systems during Epileptogenesis C Bernard 308
Synchrony Through GABAergic Inhibition E O Mann and | Mody 314
GENETICS
ARX Gene Mutations and X-linked Infantile Spasms V Conti and R Guerrini 319
Cytoskeletal Genes and Idiopathic Epilepsies B Lakaye, L de Nijs, C Léon, and T Grisar 323
Epilepsy Genes that Do Not Encode lon Channels W N Frankel 330
GABRB3 and Childhood Absence Epilepsy R W Olsen, M Tanaka, and A V Delgado-Escueta 337
Genetic Association Studies in Human Epilepsy and Pharmacogenetics of Antiepilepsy Drugs
R J Buono 340
Genetic Contributions to Brain Structure and Epileptogenesis M Elizabeth Ross 345
Genetics of Lafora and Juvenile Myoclonic Epilepsies A V Delgado-Escueta 350

Human Epilepsy as a Complex Genetic Trait: Lessons from Animal Models and Prospects for the
Future W N Frankel

356



XX Contents

Role of Genetic Factors in the Etiopathogenesis of Epilepsy-Related Brain Damage
P E Schauwecker

Single Gene Mutations in Inherited and Sporadic Epilepsy J Kearney and M Meisler

Sixty Years in the Making: A Multifactorial Mouse Model of Seizure Susceptibility T N Ferraro

Sleep-Related Epilepsies and Mutations in Acetylcholine Receptors O K Steinlein

GLIA/ASTROCYTES

Astrocytic Regulation of Neuronal Excitability P G Haydon, D A Coulter, M Yudkoff, and

S J Moss

Glial-Mediated Mechanisms of Epileptogenesis in Tuberous Sclerosis L H Zeng,

D H Gutmann, and M Wong

Glial Modulation of Excitability via Glutamate and GABA Transporters A Schousboe and

H S White

Peritumoral Epilepsy S A Lyons and H Sontheimer

Properties of Glia in Epileptic Brain N C de Lanerolle and T-S Lee

Role of Astrocyte Dysfunction in Epilepsy D K Binder and C Steinhduser

Tumor-Induced Epilepsy and Epileptogenic Potential of Brain Tumor Treatment R Kdéhling

GLUTAMATE

Functional Reorganization of Inhibitory Circuits in Epilepsy: mGluR1/5 Signaling Mechanisms and
Long-Term Plasticity L Topolnik and J-C Lacaille

Glutamate-Mediated Excitation and Mechanisms of Epileptogenesis in the Immature Brain
F E Jensen

Metabotropic Kainate Receptor Regulation of Pyramidal Cell Excitability B Lancaster,
Z Melyan, G Grabauskas, V O’Connor, and H V Wheal

Persistent Changes in Network Excitability Induced by Group | Metabotropic Glutamate Receptor
Activation : Impact on Seizure Expression and Implications for Epileptogenesis L R Merlin

Role of Kainate Receptors in Glutamatergic Synaptic Transmission: Implications for Acute and
Chronic Seizure Generation J Epsztein, V Crépel, and A Represa

GRANULE CELLS

Granule-Cell Properties in Seizure Discharge H Beck
Phenotypic Plasticity of the Granule Cells and its Relation to Epilepsy R Gutiérrez
Properties of Dentate Granule Cells and their Relevance to Seizures J V Nadler and R-Z Zhan

HORMONES AND GENDER

Female Sex Steroids and Neuronal Excitability C A Frye and M E Rhodes
Hormonal Modulation of Neuronal Excitability J Veliskova and L VeliSek
Hormones and Absence Epilepsy G van Luijtelaar, B Budziszewska, and E A Tolmacheva

Hormones and Epilepsy C S Woolley

364
369
374
382

387

391

397
401
408
412
418

424

429

436

442

449

456
463
472

477
484
488
495



Contents

XXi

Hormones and Seizures K K Borowicz

Male Sex Steroids and Neuronal Excitability C A Frye and M E Rhodes

Neurosteroid Modulation of GABA, Receptor-Mediated Synaptic Transmission in an Animal Model
of Temporal Lobe Epilepsy K Rajasekaran, Z Mtchedlishvili, C Sun, and J Kapur

Sex and Seizure Sensitivity K K Borowicz

Sex Differences in Seizure Sensitivity J Veliskova

Steroid Hormones and Sex Differences in Seizure Susceptibility D S Reddy

VOLUME 2

IMAGING

Functional Imaging of Neuronal Network Activity in Living Human Brain Tissues In Vitro
A Gorji and E-J Speckmann

Functional MRI in Basic Epilepsy Research D J Englot and H Blumenfeld

Optical Imaging in Epilepsy Research: Overview of Methods and Applications D W Hochman
Optical Monitoring of Circuitry Activity In vitro A J Trevelyan and R M Yuste

SPECT in Epilepsy Research M J Purcaro and H Blumenfeld

Structural Magnetic Resonance Imaging of Epilepsy A Obenaus and E J Kendall

Using Intrinsic Optical Signal Changes to Analyze Epileptic Activity and Seizures H Meierkord

INFLAMMATION

Cerebrovascular Diseases, Seizures, and Epilepsy N Marchi, A Batra, | Tuxhorn, T Granata,
M de Curtis, and D Janigro

Connections between Infections and Seizures J L Stringer
Inflammatory Responses and Cytokines T Ravizza, S Balosso, A Vezzani, and E Aronica

Modulation of Neuronal Excitability: Vascular Changes and Inflammation P F Fabene,
G Constantin, A Sbarbati, and M Bentivoglio

Neurodegeneration, Neuroprotection and Inflammation in the Brain S J Czuczwar

INTERNEURONS

Functional Diversity and Selective Vulnerability of Hippocampal Interneuron Types: Implications
for Epileptogenesis T F Freund

GABAergic Interneurons of the Dentate Gyrus and Entorhinal Cortex P S Buckmaster
Plasticity and Reorganization of GABA Neurons in Epilepsy C R Houser
Properties of Interneurons and their Relation to Epilepsy C L Torborg and C J McBain

ION CHANNELS
ﬁcquired lon Channel Dysfunction in Epilepsy N P Poolos
Channelopathies in Epilepsy R Surges and D M Kullmann

502
507

513
519
523
526

535
539
545
551
558
564
569

574
584
588

593
600

604
614
619
625

631
637



