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Epileptic Seizures

BURRGIIE
Epilepsy syndrome
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Neonatal Epileptic Seizures

28 d (full term infants) or 44wk gestational age (preterm).
*the most frequent neurological problem

clectrographic seizure:

sudden, repetitive, evolving; >2 mV and 10s

Main cause of seizure Main conflicting issues

—_ —— . .
‘EFHIER swhether seizures 1n newborns can
R plant the roots for epileptogenesis

NEHRE ecause long-term deficits

e —
o =
=74
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Study Seizure | Incidence Type of study
diagnosis| (/1000 LB
Holden et al.® Clinical | 5.0 Prospective
Lanska et al.’ Clinical | 35 Retrospective
Lanska and Lanska® Clinical | 24 Retrospective
Saliba et al.? Clinical | 1.8 Retrospective|
prospective
Ronen et al.'® Clinical | 2.6 Prospective
Glass et al."! Clinical | 0.95 Retrospective

VLBW, very low birth weight; LB, live births.
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Classification 4~ %

Unknown

1981-1989-
2001-2010-

|||||||HH|HHH||||II |IIIIII|I!IIII

=
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Co-morbidities

~ Epilepsy Syndromes
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Hypoglycemia
Hypocalcemia

— Hypomagnesemia
Hyponatremia
Hypernatremia

Common Etiologies

Hypoxic Ischemic Encephalopathy
Arterial and Venous stroke
Intracerebral hemorrhage
Intraventricular hemorrhage
Subdural hemorrhage
Subarachnoid hemorrhage

Maternal drug use — leading to withdrawal
Inborn errors of metabolilsm (hyperammonemia,

pyridoxine-responsive, hyperglycinemia)

2019/11/17

4 B %

Infection

/
Bacterial meningitis
Viral meningitis
Fetal infections

TORCH infections
\

Developmental

Cortical
dysplasia

-

Vs

— Schizencephaly

-

s

| Double
cortex

-

Ve

— Lissencephaly

-

Genetic disorders
(ARX, etc)

Benign familial
convulsions

Early myoclonic
convulsions

- J

Ohtahara syndrome
Zellweger syndrome
Pyridoxine deficiency

&%
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Neonatal Epileptic Seizures

Ten poral Prolile

miechanism Targeted

Potential Therapeutic
Cyptioms™

Avcute O hanges

Immediare Early Genes

Chromatin acety lation
modi fiers/histone
deacetwviation inhibitors
{valproate)

MNRALDA receplors

MM DA receptor inhibitors
(memantine ., felbamate)
NR2B-specific inhibitors
(Ifenprodil ).

ADMMPA receptors

AMAPAR antagonists
(topiramate, talampanel, GY KT
cormprourndsy

MNKOC 1 Chloride Transporters

NEKCOCC 1 nhibitor { bumetanide
—in combination with GAB .M
agonists phenobarbital.,
benrzodiar-epines)

GaaaB A receplors

G B A receplor agonists
(phenobarbital,
benzodiazcpines)

Phosphatases {(egs.
calcimnewrin)

Phosphatase inhibitors ( FE. -
SOy

Kinascs {activation of PR M
PEKC, CaMEI, Src kinases,
ctc)

Kinase inhibitors (CahiE 1L
imhibitor KMN-62, PE A inhibitor
KTS720. PKC inhibitor
cheleryihrimne)

I Sub-Acute Chanmes I

Inflammation I

Avnti-inflammatory cormp-ounds
CACTH), microglial inactivalors
(minocyclimne, doxyocycline)

Meuronal Dogury

Eryvthropoietin, antioxidants,
™NCY imba tors, PN DA R
antagonists {memantine)

HCOC™N Channels I Ifh)y-blocker ZIDT7T2ES
CEBl1 receptor I CEBil receptor antagonists (SR
141 76 . Rimmonabant)
Chronic Changes Sprouting Protein synthesis inhibitors

{rapamycin, cwcloheximide )

Gliosis

Aunti-inflammatory agents,
(Cox-2 inhibitors, muunocycline.,
doxyeyo lime)

10




Basic mechanisms of

epileptogenesis
| --. N g _ r_\\_‘ A =
W Dendrites <1 Y )X VRIS IR -
I e
\ Axon JF AT e Clinical evaluation?
.;I.r \ &
AV 4 Synaptic vesicles X .
& Il Lest * How to interpret brain developmental
-1 '/m::m ' stages in rodents and compare them with
Cell 1/ 4 Neurctransmitter
Yy humans?
|1 Synaptic Receptor
-Sﬂ:&

Space

= -*I‘:flt—tli-_;nv =
v )b Dendrite or cell body o<>'
d
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\—2 ) Clinical evaluation % & % #>

* Physical Exam (including wood’s lamp exam): Looking for both neurologic and
systemic abnormalities
* History
* Imaging EEG
 Evaluation focused on looking for treatable causes, may be directed by history and
exam
* Consider metabolic evaluation including:
* Serology
 Urine testing
* Genetic testing

* CSF testing OO

@
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Developmental stages in rodents based on maturation
of hypothalamo-pituitary-gonadal axis

D 1A BN R

Stage Female (PN) Male (PN)

/ %zt #t % brain developmental stages----rodents vs humans

Species equivalency for
developmental milestones

Neonatal 0-6 0-6
Infantile 7-21 7-21
Juvenile 21-32 21-35

Early pubertal 32-36 35-45
Puberty 34-38 45-60
Adult >60 >60

Milestones Kodents Humans

PN, postnatal day.

Akman O, Moshe SL, Galanopoulou AS. Sex-specific

consequences of early life seizures. Neurobiol Dis 2014

2019/11/17

Duration of gestation 2 days 40 weeks
Full-term neonate’ PNg-13 39-40 weeks

Eye opening PNI3-15 Right after birth (26 weeks)
Weaning from mother/end of breastfeeding ) 6 month or laer
Ambulation 2 weeks >1st year of ife

Life expectancy 2 years -§0 years in USA

Galanopoulou AS, Moshe SL. In search of epilepsy
biomarkers in the immature brain: goals, challghges
and strategies. Biomarkers Med 2011 Q
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W‘ 3. Inflammation of epileptogenesis

> BKAEZ= (Infancy or adult)
CNS injuries : M7 trauma, @[X| stroke, JRERLZ viral infection,
IR ER febrile seizures, BURNITFEDIAT: status epilepticus
>1I122 - CNS inflammationY[ Bl &4, HEKHERGEHE

> 12/ pro-inflammatory state in the brain play a key role in the development of the epileptic
process.

>UEYE

(1)the upregulation of pro-inflammatory signals during epileptogenesis in brain areas of seizure
onset/generalization;

(2)pharmacological targeting of specific pro-inflammatory pathways after status epilepticus or j
kindling shows antiepileptogenic effects. @
&%

2019/11/17 16



. Inflammation of epileptogenesis

>l AR R A TN TFKHR -2 M B BB <& (hyperexcitability)

(D)FR-FEFEFRN, :  glutamate and GABA receptors

Q)EREREG: KRB

> ZAH RS

() 1IFSCNSKIEINT, IRV E/ K ERBE T B M A EIR{E . administering pro-
inflammatory molecules, or by using mice that overexpress specific cytokines

) A TR RIERE, WRI G : onset, phenotype, frequency and duration of

spontaneous seizures. I<>

2019/11/17 17
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3-1 Inflammation and seizure susceptibility

» Immature rodents: PN7-14 days
> 18 78U: LPS or poly I:C (mimicking viral infection)—CNS inflammation and fever

« R KBUFELPS>EKRNFSNES; RUFLPS > FILERRIFSH
« MEMPELT; AKITRPFE?T: Microglia TNF- or IL-1 production 1
BHIREA S B RS RN ES PR fRER I LR S A M AT A

] —e-sa ; ]
0. S * Rg/ ;

Hippocampus - Acute

fEPgP slope (mV/ms) b=
o g e o -

25 75
% Maximum Stimulation

(e}
o

Bursts / min
> 3 8 8 3

mRNA RFC
N ~

2019/11/17
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Inflammation and seizure susceptibility

Experimental model

Convulsant stimulus

Time of seizure test

Effect

Systemic infection
Lipopolysaccharide in adult mice
(Gram-negative)

Lipopolysaccharide in PN6-PN14 rats

Shigella dysenteriae sonicate in adult mice
2,4,6-Trinitrobenzene sulfonic acid (inflammatory colitis) in adult mice
Mycobacterium adjuvant (arthritis) in adult rats

CNS viral infection
Theiler's murine encephalomyelitis virus in adult mice

Herpes simplex virus type-1 in adult mice

Polyinosinic:polycytidylic acid in PN14 rats
Traumatic brain injury

Closed-skull impact model

Transgenic mice

Overexpressing TNF-ox

Overexpressing IL-6

PTZ

PTZ

Pilo in microglia/macrophage
ablated animals

Li+ Pilo, KA, PTZ

Febrile seizures

PTZ

PTZ

PTZ

n.da.

PTZ

PTZ, Li+Pilo

Electroconvulsive shock

KA
KA, NMDA

1-12h

24h

24h
Adulthood
7-24h
2,4,10 days
17 days

5-7 days
15,370 days
Adulthood

7 days

Adulthood
Adulthood

1 seizure threshold
4 seizure threshold
+ seizure severity score

1 seizure threshold

+ hippocampal excitability

+ seizure severity score

1 seizure threshold

| seizure threshold; 4 seizure
severity score

Occurrence of spontaneous
seizures (50% of mice)

| seizure threshold; 4 seizure
severity score

1 seizure threshold

1 seizure threshold
+ seizure severity score

+ lethality
+ seizure severity score

PTZ, pentylentetrazol; PN, post-natal day; KA, kainic acid; Li + Pilo, lithium + pilocarpine; n.a.: not applicable.



3-2 Enhanced potential for inflammatory response to seizures in
the immature brain

1. HIRKAEAM : SEOMGEIG+IER S84

2. immature white matter: MGESF&IA (WGETHIN A

. \VM

—— P=0.01

N
|

NS

CD68 score

-
1

-

]

<37 wks +37 wks

0-

Fig. 2. The developmental profile of CD68 cells/hpfin the cerebral
vhite matter (WM) and cerebral cortex (CC) of control cases < 37 PC
veeks (i.e., premature infants) (n = 9) and cases = 37 PC weeks (i.e.,

matter of a 54 PC week human infant (14 postnatal weeks). D: Still

Fig. 3. Localization of activated microglia using CD68. A: Numer-

ull-term neonates and infants (n = 14). NS = not significant.
ous activated microglia (arrows) in the white matter of a 23 PC week  low levels of activated microglia (arrows) in the cortex of the same

infant. *Pia surface; LI, layer I; and CP, the cortical plate. All images

human fetus. B: Negligible CD68-immunopositive cells in the cortex
are at 200X magnification. Scale bar = 60 um (applies to all panels).

of the same fetus. C: No CD68-immunopositive cells in the white

Development of microglia in the cerebral white matter of the human fetus and infant a

2019/11/17 20



% 3-2 Enhanced potential for inflammatory response to seizures in
=" the immature brain

KRB MERBHOMCERE S F ABGER %%L%ﬁ%
4. NOBREINAES2MRIERN : MGEDT, %u?ﬁm IR R RBDBER S

control

Rapid astrocyte and microglial activation following pilocarpineinduced seizures in rats. Epilepsia :'



Signal 1

3-3 NLRP3 inflammasome

= : -j bt e L CIL 18
Inflammasome —-}@L{)% Q 0 11615

4 ¢4 ‘
Brain  inflammation s _g
I <
< ' =2
Neuronal
excitotoxicity
L Inhibition of the NLRP3 inflammasome pro
Enllsatasancts neuroprotection in rats following amygd, ing-
induced status epilepticus ‘

22
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3-3 NLRP3 inflammasome

e Impaired NLRP3 induction in preterm neonatal monocytes
* Developmental impairment in IL-1[ secretion is restored after birth
* Such mechanisms may serve to limit potentially damaging inflammatory responses in a developing fetus

|
i
|

Cell lysates
B " @ fam b (1.
ro-Casp-1 — o s H Presan g L?:;; A B
aspt § e g I D 100- Kk 25+ Fkk
Supernatants s M, : = a D s el
. D L o — b (=P 2 400 L 1 1
- A . T §a" "o B 80 ~ 201 m Adutt 2
F.3F.38.: & ° > 8 1 39 E 1 ‘
TIiiMm mop g 22 § O Preterm
S5 5S85%5538%% 0 0O 60 O 157
LPS ® O { =]
’ E 28 & £ 10] 'D_D =
] = oY o = ne E =
5 31 T 2 ] = ] Ry
] - 2] o< 4 0 = - e @)
g g A = ’ mad =
: g | O s ~— <G
] 3 1 o— o-m-coMhFm D
2 £ (=] o o
i g g 5 - -
£ £ B fl-t n“
O O c [7) 7]
o o] o o
m Adut =z (&) | |
Adult Torm Preterm 1.5 ; ;?:l'r;tm -

Coll lysates
LRP3 —_— —

ASC/p-actin

SC —————

AN T — — — — —

NLRP3/fi-actin

Impaired NLRP3 inflammasome activity during fetal development reg&] S

production in human monocytes
2019/11/17 23



3-3 NLRPI inflammasome

NLRP1 inflammasome

I 900 Ol
| *—”@D, (In neuron)

?&————

lon fluxes ¥ —C)—I _" P
potassium channel) | St | ‘ ‘ '
{ TLE ) e
Spontaneous ~— Actlve
Selzures \ ase-1 E =
= =
(Neuron loss) 3 <:
Pyroptotic cell death 2
=5
(||, 1B) (Pro IL 1B8)
lnﬂurunatow cytokine

Figure 4 NLRP1 inflammasome contributes to pyroptosis in chronic temporal lobe epilepsy. High NLRP1 levels were found in pyramidal
neurons of the brain. The spontaneous seizures may set fire to neuronal NLRP1 inflammasome via potassium efflux and other channels. Then, the
activation of NLRP1 inflammasome leads to the caspase-1-mediated pyroptosis and secretion of IL-13, which ultimately induces TLE pathology
through several downstream effects in brain. Our current study mainly indicated that the caspase-1-induced neuronal pyroptosis provides a
molecular basis for the spontaneous seizures in TLE process.

NLRPI inflammasome is activated in patients with medial temporal lobe epilepsy
contributes to neuronal pyroptosis in amygdala kindling-induced rat model ‘

2019/11/17



3-3 NLRP1 inflammasome

Healthy skin MSPC/FKLC skin
il st SEMSPCAIFKLCHYE
clearance? cancer susceptibility
¥\
A RETHIRSIEE, 518 'y
- = Inflammasome l T - - —
2 =4 = activation D [* [
Se=ss i =l ===t : (W ERNVIFEEN >
J\_ = | wVsgnang J—- — NLRP1ISESZ A0S, g 3
\ l *q:_: <
o i M S B REHIAE -
PYD PYD X
LRR ! LRR EX
CARD CARD

increased oligomerization
ASC speck assembly
pyroptosis, IL-1B release

Germline NLRP1 Mutations Cause Skin Inflammatory and Cancer Susceptibility
via Inflammasome Activation. Cell, 167(1), 187-202.el7.

%
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CERAMIDE

|
CYTOKINES
DANGER SIGMALS

EXCITABILITY
S

%ﬁﬁmim lia Resting 37&
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/ﬁdwated icroglia & Activated astrocyte @
MNorma £ : S l Mormal
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[
inactivationE \$> = inactivation Bl
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Limits injury
Beneficial Promotes healing
Harmful
ChronicEl
Chronically Chronically g Glial scar
activated n'uu’ugila activated astrﬂcyte

MNeuronal m]un,r
Epileptogenesis
Seizures

TRENDS in Neurosclences

Crucial Role for Astrocytes in Epilepsy
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4 Effects of anti-inﬂammatory treatments on epileptogenesis
4t 2t £ E @

9 & 7

JEES{A2ENon steroidal anti-inflammatory drugs (NSAIDs)

Cell membrane phospholipids

Cyclooxygenase
pathway

COX-1
(physiologic)

Prostaglandins,
thromboxane
{stomach, intestine,
kidney, platelets)

1 Phospholipase A,

Arachidonic acid

COX-2
(inducible)

!

Prostaglandins
(inflammatory sites,
macrophages, synovocytes)

Lipoxygenase
Wway

Leukotrienes
{inflammatory sites)

Inflammation

Figure 2. There
are two main
variants of the

Inflammation pain and fever
Mucosal protection, renal m—— I . C%’é;?ryamn;'
blood flow and haemostasis COX-2
2019/11/17

>

>

COX-2 s BRI, FBEIRIPRNS -
celecoxib, parecoxib and SC58236

--Status epilepticus-induced epileptogenesis
--reduction in the number and frequency of
video-monitored spontaneous seizures.

HMCOX-2#)E!3fInimesulide, rofecoxib
35@?’@%% ‘paracetamol, naproxen, ibuprofen,
mefenamic acid, indomethacin

COX-176=2 D HIF SC560
-- kindling model of epileptogenesis

- EPTZEEISUEBRIEL
--delay in stage 5 seizure

&2
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1. FEE{AZENon steroidal anti-inflammatory drugs (NSAIDs)

Cell membrane phospholipids

1 Phospholipase A,

Arachidonic acid

Cyclooxygenase
pathway

COX-1 COX-2
(physiologic) (inducible)
Prostaglandins, l .

thromboxane Prostaglandins

(inflammatory sites,
macrophages, synovocytes)
Inflammation pain and fever

{stomach, intestine,
kidney, platelets)

Lipoxygenase

Wway

Leukotrienes

{inflammatory sites)

Inflammation

Figure 2. There
are two main
variants of the

Mucosal protection, renal COX enzyme,
=S . ; COX-1 and
blood flow and haemostasis COX-2

2019/11/17
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4 Effects of anti-inflammatory treatments on epileptogenesis
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4 Effects of anti-inflammatory treatments on epileptogenesis
4t 3t X g 6 06 77

2. B8 A5 Anti-cytokines approaches

Drug Experimental model Treatment Effect

IL-1B synthesis inhibitor  Electrical rapid kindling in rats Every 90 min during stimulation  No kindling development

TNF-a Electrical amygdala kindling in mice 24 h before stimulation + AD duration; 1 o activity

IL-10 Electrical rapid kindling in rats 1 h before stimulation | primary and secondary ADs; no effect on kindling development
Erythropoietin Pilo-induced SE in rats 24 h post-SE for 7 days | number and duration of spontaneous seizures

&2

2019/11/17 30
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3. G & &3 Immunosuppressants

3fthz R SR S D ARl - VE FRANAI

AFREBRA eyclosporine 4, 1. 055 THEBIAS
fth 7o & 5]FK-506 (Tacrolimus), ). EOEZEIMTOR S

E N5 Hrapamycin.

Immunosuppressants
Rapamycin KA-induced SE in rats 24 h post-SE for 6 days
Cyclosporin A PTZ-induced kindling in mice 1 h before PTZ
Electrical amygdala kindling in rats 30 min before stimulation
FK506 (Tacrolimus) PTZ-induced kindling in mice 1 h before PTZ
PTZ-induced kindling in rats 30 min before PTZ
Electrical-induced SE in rats 24 h post-SE for 14 days

Electrical amygdala kindling in rats 30 min before stimulation

2019/11/17

| number of spontaneous seizures
| kinding development

| kinding development

| kinding development

t kindling development

No effects

| kinding development

4 Effects of anti-inflammatory treatments on epileptogenesis
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5 Mechanisms of inflammation-mediated hyperexcitability

R AT 6 A8 3% S

(D Effects of pro-inflammatory cytokines on ion channels and receptors

* classic view: BRAEN B 0W/5= 0D TVESE 1T TR

* Novel evidence : AAIRAFEIVEDHEITTIRER BN IE BRI |

R FAZBRE = BVIL-1 IBJINMDA- T S§8IA G Ca2+ 8837, by activating IL-

1R1 colocalized with NMDAreceptors on dendrites of pyramidal neurons

&2



5 Mechanisms of inflammation-mediated hyperexcitability

R AT 6 A8 3% HAu 4

(D Effects of pro-inflammatory cytokines on ion channels and receptors

2 Cytokines, PGE2 and extracellular glutamate

« TNFiESMastrocytes B PGE2, NSCa2HKINBSRBEM



5 Mechanisms of inflammation-mediated hyperexcitability

R IE AT 6 A8 % S

(D Effects of pro-inflammatory cytokines on ion channels and receptors
(@ Cytokines, PGE2 and extracellular glutamate
3 COX-2 and PGE2

CAIMBZ T, PGE2@IE/ DR, 180frequency of firing and EPSP amplitude

&2



5 Mechanisms of inflammation-mediated hyperexcitability

R AT 6 A8 3% S

Effects of pro-inflammatory cytokines on 1on channels and receptors
Cytokines, PGE2 and extracellular glutamate

COX-2 and PGE2

®» O @ o

Cytokines and BBB
IL-1B and TNF-o 3ENIME@HENE, (RFMEEAL;

ME EBastrocytes SN BBB, 123BEMEITHE M



5 Mechanisms of inflammation-mediated hyperexcitability

R AT 6 A8 3% S A4

Effects of pro-inflammatory cytokines on 1on channels and receptors
Cytokines, PGE2 and extracellular glutamate
COX-2 and PGE2

Cytokines and BBB

©@ ® O © ©

Long-term transcriptional effects

RN RN ST . B RENEMEND;



1. ¥=RE

2. fie

N\

N

TN

: B BRERS. WaEhmE, RRBRIIEFS

N\

N5~

— B2 S BB ESIE, Flml2 : ion channels and

receptors, transmitter, BBB

3. MGABIFIE. NLRP3ABE4FIE

4. SBYSHIE, IR
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