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¢ Ictogenesis ¢ Electrophysiologic phenomenon
¢ Basic concepts on epileptogenesis (continuous ¢ Pyramidal neuron
progression)

¢ Axonal sprouting, Astrocytosis ¢ Hyperexcitability

# Ectopic neurogenesis ¢ Network Hypersynchrony

¢ Inflammation - curved by celecoxib, EPO ¢ Tsunami

¢ Febrile seizures & Cortical dysplasia ¢ Spontaneous Remission (30sec - 1 min)

¢ Hippocampal sclerosis (Dual hit model) ¢ Tonic Imbalance around neuronal membrane

¢ MDR epilepsy: p-gp and microRNA changes

Basic concepts on epileptogenesis

¢ “Epileptogenesis is the process by which a brain
network that was previously normal is functionally
altered toward increased seizure susceptibility, thus
having an enhanced probability to generate
spontaneous recurrent seizures”

¢ Epileptogenesis refers to the development and

-4 extension of tissue capable of generating SRSs,
‘ - resulting in (1) development of an epileptic condition,
EP“epfogenesis and/or (2) progression of the epilepsy after it is
established.

Pitkanen A, 2015, Cold Spring Harbor Perspectives in Medicine
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The major difference to the previous concept is that the term “epileptogenesis” no = -
Hippocampal Sclerosis

longer refers only to the time period between the epileptogenic insult and diagnosis of

epilepsy (Fig. I1A); Hypersynchrony Increased drug efflux pump

Ectopic Granule Cells Reactive Gliosis

rather, the term epileptogenesis now includes the mechanisms of progression that can

continue to occur even after the diagnosis of epilepsy (Fig. IB). Angiogenesis Cortical Dysplasia

Acquired channelopathy

Pitkanen A, 2015, Cold Spring Harbor Perspectives in Medicine

Rapid epileptogenesis after status epilepticus
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Axonal sprouting & Dendritic remodeling

Astrocytes are active modulators of neuronal
activity

 Traditional: Kir4.1, Glt1, GLAST, AQP4, Connexin 30, 43

+ New concepts
1. Kcc2 (€cC): downregulated

2. NKCC1 (CCC): upregulated
3. 6S: downregulated, reduction of GABAergic inhibition

4. ECM remodeling
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5, GAT (GABA reuptake): tiagabine

Seizure-associated Cell proliferation in Hippocampus

* Enhanced by
* Electrical stimulation
+ Glutamate
+ Injury-associated
“ mediator (Lipid
1 mediators, e.g. PGE2)
*+ S6L and SVZ
+ 3 days - 2 weeks
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Epileptogenesis

subiculum

@ Ectopic granule cells

@ Granule cell dispersion
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Ectopic granule cell2 <&t

+ Substantial number (x10 of normal)

+ Faucity of inhibitory synapse

* Hyperexcitable neurons

+ Formation of aberrant circuits

- Replacement of inhibitory neuronal loss

Ectopic granule cell&
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EGCs vs SRS formation

SRS means ‘spontaneous recurrent seizures’.
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NEUROGENESIS
INFLAMMATION
CELL DEATH

EPILEPTOGENESIS

WIDESPREAD CHANGES OCCUR

Chu K, 2009, Epilepsia
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ABLATION OF NEUROGENESIS

EFFECT ON EPILEPTOGENESIS

Pro-epileptogenic roles of EGCs
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FEBRILE SEIZURES

Histology (D14, 60; n=6)

* Cell death: TUNEL

« Cell birth: BrdU

* Microglia activation: CD| Ib

Brain edema (D1, 3, 7; n=6)

RT-PCR (D1, 3,7, 14, 30; n=3)
Gene expression array (DI, 7, 60; n=3)
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SRS monitoring (n=11)
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MAKING HIPPOCAMPAL SCLEROSIS

Dual Injuries

Cortical Dysplasia + Febrile Seizures
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Progressive nature of hippocampal sclerosis

Hippocampal cell death after dual injuries
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Dual injuries remodeled hippocampus
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MDR EPILEPSY

P-Glycoprotein
Epigenetic Changes

Pharmacoresistant epilepsy models

¢ DPH-resistant kindled rat
¢ CBM-resistant kindled rat
¢ 6Hz-psychomotor seizure model

¢ Post-status epilepticus-induced spontaneous
seizures

¢ Invitro low magnesium hippocampal slice
preparation

¢ Post-SE-SRS plus two broad spectrum AED-
resistant seizure model

AF0 F2
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P-glycoprotein

Analysis of MDR1 profiles of PBMNCs
with the flow cytometry
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Open Fietd Test B openieid Test MDR group alone showed increased
. locomotor or exploratory activity
w“ compared to the control or LS
. groups
.

Total distance (cm)
EEEEE

Total

Group Baseline LEV Washout ~ VPA & v S v

Objection Exploration Task

LS (n=16)  4.29+0.84 0.29%0.12%  4.96%0.7
LRVS (n=7) 4.09=1.11 541131 5£1.17 0.41£0.35**
MDR (h=7) 3.57%1.01 6.84+1.64 4.05=0.99 6.01=1.31

‘Objection Exploration Task

H

All data are presented as mean * standard error of mean (SEM).
Abbreviations: AED: antiepileptic drug, LEV: levetiracetam, VPA: valproate, LS:
levetiracetam sensitive, LRVS: levetiracetam resistant/valproate sensitive, MDR:
multidrug resistant.

(¥) and (**) represent significant difference between AED trial with its respective
baseline (p<0.001 and p<0.05, respectively, Mann-Whitney U test).
doai:10.1371/journal.pone.0085617.t001
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impairment of their risk assessment
and decision-making ability, rather
than anxiety-like behavior

Moon J& Chu K, 2014, PLOS One
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