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Learning Objectives

« Explain the new consensus classification of distinct FCD

subtypes based on histopathological features

* Discuss the recently emerging hypotheses on the

molecular pathogenesis of FCD

+ Explain the mechanisms of epileptogenesis in FCD
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Malformations of cortical development
Classification and Pathogenesis
Focal cortical dysplasias (FCD) represent localised malformative brain lesions
of unknown cause
TSC/cortical tubers

Laminar heterotopia
o P .
Leptomeningeal
/ heterotopia

Agyria/pachigiria
Lissensephaly

Periventricular
nodular
heterotopia

Focal cortical
dysplasia

Primary/ idiopathic
(genetic origin)

Secondary/symptomatic
(environmental insults)
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Key issues

O How are the distinct focal malformations formed?
- When does the malformative process begin ?

- Can we identify common pathogenetic pathways?
QO Relationship to epilepsy:
- Why epileptogenic?

- Can we identify common epileptogenic pathways ?

Q Relationship to cognitive abnormalities

Alteration of different stages of brain development produce
specific pathologies

Embryonic period (3-6 weeks)

Dorsal induction (3-4 w)

Formation and neural tube closure

Anencephaly, Encephalocele

T U Ventral induction (4-6 w) ’
Development of prosencephalon

Holoprosencephaly

Fetal period (6-24 weeks)
Neurcgenesis
Proliferatieve disorders
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QOrganization

Polymicrogyria/Cortical dysplasias (specificsubtypes)
Myelinisation (24 tot 2 yrs)

Malformations of cortical development
Focal cortical dysplasias (FCD)

Clinical Issues

6 months 8 months'_Newborn

FCD are a recognized cause of epilepsy:
Virtually all seizure subtypes have been described

Age distribution:
Infants, children and adults

Pharmacoresistance:
Population of completely refractory patients

Surgery:

* 20-40 % surgical resections

« surgery improved seizure control in < 50% of
patients




Focal Cortical Dysplasia

In children and adolescents cortical dysplasia is the
most frequent etiology (42%) Epilepsia ILAE

2009 11 (3): 194.20 L dewial

Developmental Neuropathology |

Early Formative Stage of Human
Focal Cortical Gyration Anomalies:
Fetal MRI

AJR201Z, 195439447

Historical background
Focal cortical dysplasias (FCD)

Putholapis stadies o brains of pationts with epitepsy

Rincoroni L (1896) La fire morfolopia del cervells deglt epiotti e dei
delinguent;, Areh Poih Seienze pewats Autrapol Crimivals 17:92-116

“Abundend pllosis.... large pyramital xearons bphazardly

detdttes. ... polpmorphous giant colle” (i 13 pationts with
opilpsy) wamerous nervons celle iy the white matter and large
disrsption of contisal srganintinn” (i 70 pationts)

Rocon': *a digordor of the develipment of the nemvous spston”’

Lonbroso: This form of degeneration, [the epilpsy], is retuted to an
enbryonts develprent arpest that has cquired alavic features....

Historical background
Focal cortical dysplasias (FCD)
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INFANTILE CEREBRAL GLIOSIS WITH GIANT NERVE CELLS ::‘ . \:
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L. CROME f “ < 9
From the Department of Neuropathology, the Fountain Hospital, Tooting, London . -
Fibrous glissts... Cortisal lamiation was disrapted and
L‘ata/fy anrecognizable ix the worst areas. Nerve celle
were reduced i nunber, those remaining Skowinp many
- chages........ , enlargement with distortion of the cell
 oathnes and formation of giint celle”’
\ The detatle of the histolopisal pisture and particalirly,
the giant rerve cells, were reminiscent of tberaus setorasis (lroabized
| tiberous solorosy)..... [t i however inprobuble that the condition is TSC.
,,,,,, somatic manffestations of TSC are absent”

J. Neurol. Neurosurg. Psychiat., 1957, 20, 117. 3
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Historical background
Focal cortical dysplasias (FCD)
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Historical background
Focal cortical dysplasias (FCD)

First comprehensive desorfption af D

Focal dysplasia of the cercbral cortex in epilepsy
Hr anaseal misrosoopis abnormallty has beex identificd i
bobectony specinens removed surgizally from brarrs of 70

epilptic pationts, The abrormality cold seliom e
dontified by pathation o with the naked ege.

ogically, it consisted lf 0 af m

| biwrre nearons which were littered trogh ol but fivst
bager. I most but not i ol cases, protespee el
probubly of gliad orjpi were abbo preseqt i the depth of
| the offected corter and i the subjacent white matter”

Wo report of closely siniter absersations have boen traced”




Historical background

Acquired dysplasias

A

Developmental Neuropathology and Impact of Perinatal Brain Damage. lii:

Gray Matter Lesions of the Neocortex
Aequived dysplasias
Acquired Minimal GM Damage

‘The combined use of various staining procedures (RG, R I R

MicuEL Marin-PaoiLA, MD

NE GFAP, PV, and SY) has shown postinjury alterations
in primarily undamaged cortical regions far from the in-
jured site, as well as in regions adjacent to small cortical
lesions (e.g. marginal heterotopias). Often, these alter-
ations are in routine i These 0
postinjury i include partial obli ion of layer

1, cytoarchitectural disorganization, partial laminar oblit- o
eration, columnar and/or circular arrangement of neurons
around cell-free zones, focal reparative gliosis, and the
presence of isolated and strongly NF* hypertrophic neu-
rons. The of ic neurons
can only be recognized using RG preparations (Figs. 3E,

ﬁ}/@ﬁfﬁgyé/b newrons; posty-rjury aay«/}%/. .....

Historical background
Different Classification Systems of Focal Cortical Dysplasias

Journal of Neuropathology and Experimental Neurelogy Vol, 54, No. 2
Copyright © 1995 by the American Association of Neuropalhologists March, 1995
pp. 1374153

Cerebral Cortical Dysplasia Associated with Pediatric Epilepsy. Review of
Neuropathologic Features and Proposal for a Grading System

PAUL S. MiscHEL, M.D., LoaN P. NGUYEN, M.D., AND HARRY V. VINTERS, M.D., ER.C.P. (C)

APPROXIMATE TIME LINE
(gestational age in weeks)
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Historical background
Different Classification Systems of Focal Cortical Dysplasias

Historical background
Different Classification Systems of Focal Cortical Dysplasias

B, 2002 Aug:t 250P1 8)1718-22
Focal cortical dysplasia: neuropathological subtypes, EEG,
neurcimaging and surgical outcome.

Tassi |, Colombe N, Garboll B, Francions 5 G M A Caniinal F, Coms
M, Fanmne & Gall C. Brami W, Cittero &, Sorsatcs A

Three subgroups were identified:

(i)  Architectural dysplasia: abnormal cortical lamination and ectopic
neurones in white matter

(i) Cytoarchitectural dysplasia: giant neurofilament-enriched neurones in
addition to altered cortical lamination

(i) Taylor-type cortical dysplasia: giant dysmorphic neurones and balloon
cells associated with cortical laminar disruption
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Terminology and classifieation of the
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Historical background
Palmini’s classification and postsurgical outcome

Palmini’s classification
Interobserver agreement and intraobserver reproducibility

Favorable post-surgical seizure relief in patients with FCD Type Il

n

FULL-LENGTH ORMINAL RESEARCH ¥ —

interabserver and intracbserver reproducibilicy in foecal =1
cortical dysplasia (malormations of cortical developmaent) |
e ]
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Methods: 26 epilepsy resections were selected to represent the range of pathologies described by Palmini et
al.2004.

« Interobserver concordance using this approach was
moderate (k value of 0.4968)

» The classification categories with the greatest concordance
were FCD type lla/b and the least, mild MCD and FCD types
la/b.

« Difficulty in differentiating mild MCD/FCD type I lesions
from normal and/or gliotic tissue was observed




Focal Cortical Dysplasia

Focal Cortical Dysplasia:FCD |

SPECIAL REPORT

The el
A consensus classification propased by an ad hoe Task Force
af the ILAE Diagnastic Meehods Commissian’

FD Type I | Focal Corticel Dysplasia | Facal Cortieal Fosal Carticel Dysplapie
(isedated) with abnermal redial Dysplasia with with abnarmal racicl and
cortical lomirction abnormal tangential | tangential cortical
(FCD La) corticel lamiration | lamination (FCD Ic)
(FED Tb)
Fcl Type I | Facal Corticel Dysplosia with Focal Cartical Dysolasa mith
(islared) dysmorphic reurons aysmarphic neuress and ballson cells
(FCD Ila) (FCD IIE)
Pl Type I | Focol Corticed Foal Zorrizal Focel Cortieal | Pozol Cortical
fomsacited Dymplase inthe | Dysplasla Cysplesia Dysolare
with principed | femporal lebe adjucent to o glin' | odjocent o adjacent fo oy
Jesiovi) egorinted with | ar gio-neuronal wataulor other lation
Hippemmpal Tumer ealfarmation sequired during
selerasis (Feh EITh) Feh I caelylfe, a5,
{FCD IIIs} trama,
pornecopiaky,
erceghalitis
(P TLId)
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The cliricapathaligie speetruen of focal cortical dysplasias:
A consensus classification propased by an ad hoe Task Force
af the ILAE Disgrastic Methods Commission’
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Focal Cortical Dysplasia: FCD la

Focal Cortical Dysplasia: FCD lla

Radial Microcolumnar Cortical Architecture
is normal in the cortical plate in the first half of gestation
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Radial Microcolumnar Cortical Architecture: Maturational Arrest
or Cortical Dysplasia?
Harvey & Sarnat M WD, PROPC™", Laura Plores- Sarmas v
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SPECIAL REPORT

The elinies pathalegie s poctruen of foeal enrieal dysplsiae
A consensus classification proposed by an ad hoc Task Force
of the ILAE Disgnostic Methods Commission'
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Abnormal cortical lamination and dysmorphic neurons (type lla)
IS g e -

Focal Cortical Dysplasia: FCD llla

AL REFORT

The elinicopathalopic spectruen af foeal eortieal dysplasias:
A consensus o assification proposed by an ad hoc Task Force
af the ILAE Diagrastic Methods Commission

Hippocampal sclerosis

Dyslamination and
cytoarchitectural changes

layer Il disorganisation
Excess of neurones in white matter

i< S
Thom et al., NAN, 2000; Blimcke et al., Epilepsia, 2011

Blurred interface between grey/wm




Focal Cortical DyspIaS|a FCD lilb _Focal Cortical Dysplasia: FCD llic

- SHORT COMMLMICATION
Focal cortical dysplasia type llic associates
with multiple cerebral cavernomas

Pitt Miehusmann **, Albert J, Becker!, Michael P, Malter®,
Anna Raabe ", Azize Bostrim®, Christian von der Brelle

The histopathology pattern is similarto that described for FCD Type lila,
and can be identified adjacent to BUT NOT infiltrated by the principal lesion.

- Layer! hypercelularity
(no cortical tumour ir
~ Excess of neurones in white matter

Cavenous angnmas in chronic aplepsy
assomatpd with Il comeal dysgiasia

FCDllic was rare (2 cases out of 47 classifiable

| il o - i but in patients
i |I |_FCD in 13 out of 18 epilepsy-patients with CCM with multiple CCM
2011 ILAE FCD consensus classification 2011 ILAE FCD consensus classification
Interobserver agreement and intraobserver reproducibility Clinical differences
[ FULL LENGTHORIGNAL RESLARCH | — SIS In silico transformation from Palmini into the ILAE classification ?
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FULL-LENGTH ORIGINAL RESEARCH

Is there evidence for clinical differences related to the new
classification of temporal lobe cortical dysplasial?

Methods: 25 cases; Internet-based microscopy review; Nine experienced - i P i g A0kt i i
Neuropathologists; In a third evaluation round, 21 additional neuropathologists with different experience. Bawmiiard | B bl W asl Borsbsl | Thosas Bast - Fumansve b b Rast
1Saruudh Domtarn, Yheme (T enmer, and *Andr eas Schutae - Banhags
« Interobserver agreement was good (x = 0.6360) and consensus 31 patients FCD type |
was obtained in 24 (96%) of 25 cases. 50 patients with FCD type llla
o " b ducibil ) d (x = 07824 9 patients with temporal FCD type Il i
. verall intraobserver reproducibility was also good (x = 0. y i _ . g
ranging from 0.4991 to 1.000). Clinical features in this cohort did not allow to clear Epilepsia. 2013 Aug;54(8):1506-7.
separation of temporal FCD types | and llla.
« In the third evaluation round, interobserver agreement was
reflected by the level of experience of each neuropathologist
(0.5056; >40 cases/year); (0.3265; <10 cases/year). Proper evaluation requires microscopic review of surgical specimens
2011 ILAE FCD consensus classification Focal Cortical Dysplasia
Clinical differences Additional findings: WM abnormalities

Modern Pathology , (18 April 2014) | doi:10.1038/modpathol.2014.64

Post-surgical outcome for epilepsy associated with type |

chal cortical dysplasia subtypes. Nearopatinlosic messrements in focal cortical dosptasinsr | FCD I iNCreased cortical thickness
Simpson SL, Prayson RA. alidation of the ILAE 2011 clusification sysiem and dingmestic | FCD la: smaller cortical ribbon
implications for VIRE )
FCD lIb: loss of myelin content
s s 8 - . o )
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91 patients FCD type |
50 patients with ILAE FCD type Ib At
41 with ILAE FCD type Ic

. . A quantitative study of wivite marter byp orvpelinate s ared
After surgery, 44 patients (48%) were seizure-free. oligudvndroghal macorstion  ocsl e dyspimis rpa

No significant difference concerning surgical outcome with respect to seizure

frequency for the histologic subtypes of ILAE focal cortical dysplasia type | The primary pathologic process underlying WM abnormalities in FCD llb:
Reduction of myelinated axons (possibly influenced by duration of seizures),

(Ib vs Ic) =
rather than dysmyelination




Focal Cortical Dysplasia

Additional findings: heterotopic neurons

Focal Cortical Dysplasia

Additional findings: inflammatory cell components

In all FCD variants: increased number of heterotopic neurons

Heterotopic neurons:
» Developmental abnormalities:

- failure of normal migration

» Maturational abnormalities:

- abnormal persistance of subplate neurons
- Neurogenesis

» Functional significance: unkown

FULL-LENGTH ORIGINAL RESEARCH

Evaluation of the innate and adaptive immunity in type |
and type Il focal cortical dysplasias

*emm tpue, "t Burvis, [ G, Splies, | Peter . ras Rijen, {johanses C Baspon,
Aaan & Guorter s *Sllews
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Malformations of cortical development

O When does the malformative process begin?

o 18 1 b 1
BRAIN
REVIEW ARTICLE

A developmental and genetic classification
for malformations of cortical development:
update 2012

A, James Naskowich,' Resan Guerrind®® Buben |, Kumiecky,” Gaeme B, Jacksos™® and
william B. Dobyns"™*

L ]

|. Abnormal neuronal and glial proliferation

Histopathological features in FCD Il indicate a primary “unknown”defect in the
early stage of cortical development that coincides with the onset of neurogenesis

Key issues

O How are the distinct focal malformations formed?
- When does the malformative process begin ?

| Can we identify common pathogenetic pathways? ‘

QO Relationship to epilepsy:
- Why epileptogenic?

- Can we identify common epileptogenic pathways ?

Q Relationship to cognitive abnormalities

mTOR Signaling Pathway and FCD

Immunohistochemical studies provide evidence of
enhanced mTOR signaling in FCD Il

(Baybis et al., 2004; Miyata et al., 2004; Schick et al., 2007; Orlova et al., 2010; lyer et al., 2010)

Focal Cortical Dysplasia
Additional findings: neurodegeneration and autophagy
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Increasing evidence supports the role of this pathway in the mechanisms
underlying cellular ageing and neurodegeneration
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mTOR Signaling Pathway and Malformations

IGF1

EXTRACELLULAR SPACE

CYTOPLASM

‘Aronica and Crino Neurotherapeutics, 2014

Focal Cortical Dysplasia: Familial cases

Six pedigrees with familial cortical dysplasia and related lesions.

Is focal cortical dysplasia sporadic? Family evidence for
genetic susceptibility

+ilios Hn, §§ismail
Hirotomo Saitia,

Epi

Clinical evidence suggesting that FCD, HME, glioneuronal

tumors may share common genetic determinants

mTOR Signaling Pathway and FCD
Mechanisms

Upstream activators of mTOR:
v microenvironmental factors: growth factors (VEGF)
v glutamate receptors (mGIuR5)

Seizures (calanopoulouet al, Epilepsia 2012; Vezzani, Nature, 2012)

New etiology of FCD ?

The high-risk human papillomavirus type 16 oncoprotein E6 was identified
as a potent activator of mTORC1 signaling

Mutations or a germ-line predisposition (polymorphisms) in TSC genes:
FCD llb: TSC1 sequence alterations in FCD llb (Becker et al. Ann Neurol, 2002; Epilepsia, 2007)

Another study could not confirm the hypothesis of a germ-line predisposition
(increased polymorphisms) in the TSC1 gene, as causative for FCD Il (Gumbinger et al,
Epilepsia, 2009)

or i in other of the Pi3K-mTOR pathway ?

Detection of Human Papillamaviris in
Human Focal Cortical Dysplasia Type IB

A g, 3 3 8 4

Reviewed in Aronica and Crino Neurotherapeutics, 2014

Viral Infection and Focal Cortical Dysplasia
3 i, MDY, Fhi3, Lins MI»

New aetiology of FCD ?

Interpretations of data

v HPV and potentially CMV, HHV, and HSV, may serve as pathogenic
agents for FCDII, intra-uterine infection ? routes of infection, and
mechanisms of viral attachment and internalization

v Viruses may serve as cofactors or transactivators in neural progenitor
cells during brain development that cause or facilitate pathogenic
somatic gene mutations

v The cell subtypes within FCD may be somehow trophic for a select group
of viruses that are sequestered within the lesions

The presence of these sequences may be non-pathogenic and reflect
detection of relatively common viral isotypes in human brain tissue

Ann. Neurol, 2013 doi: 10.1002/ana.24032
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Key issues

O How are the distinct focal malformations formed?
- When does the malformative process begin ?
- Can we identify the developmental origin of the abnormal large cells ?

- Can we identify common pathogenetic pathways?

|u Relationship to epilepsy:

- Why epileptogenic?
- Can we identify common epileptogenic pathways ?
- Contribution of peri-lesional brain?

Q Relationship to cognitive abnormalities




Intrinsic epileptogenicity |

FULL-LENGTH ORIGINAL RESEARCH

High frequency oscillations mirror disease activity in patients

with focal cortical dysplasia
*FBarekin Kerber, S Pierre LeVam, {Matthias Dansgelmann,
#Sumanne Fauser, *Rudoll Korinthenberg, +Andrm s Schuatan-Banhape, and *<julia jacabe

[ S STy " p— e — re—
Fevburg, Froburg, Gormasrs mnd {Boparsrmns of Hadkod Phpsc, Unisrvia of Froburg, Frofeey, Sonmany

Activity of high frequency oscillations mirrors the higher
epileptogenicity of FCD type 2 lesions compared to type 1 lesions.

Rates of high frequency oscillations can reflect disease activity of a
lesion

High frequency oscillations as biomarkers for epileptogenic areas?

Epileptiform activity
Cytomegalic pyramidal neurons/Balloon cells

Enhanced GABAergic network and receptor unction in pediatric cortical dysplasia
Type IIB compared with Tuberous Sclerosis Complex

Carlon Cepeda **', Vo
Jula W, Chang ", jane ¥. C

o ML Anddré ', Jason S Hau
n *, Robin 5. Fasher *, Hary V

¥, lrene Yamuazaki . My M Huynh *
nters . Michaed 5. Leving *, Cary W. Mathern **
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v Cytomegalic pyramidal neurons can
generate or sustain epileptiform activity

v'Balloon cells are practically silent

v'GABA receptor-activation is depolarizing
{ and potentially excitatory

v'Deregulation of CCTs expression with

reduced expression of KCC2
Aronica et al, Neuroscience, 2008

Mechanisms contributing to epileptogenesis

. regulated expression
s (NKGG1/KCC2)

Endothelium ° [ _

Change in BBB

TLRe Enhanced mTORsignaling.
Glu transporters tm@t
‘Kir potassium channels IL-1R1 .
. ° . EE - Astrocyte

- TLR2

- ' Eﬁﬁ Dysmorphic/dysplastic neuron

" n = glut; it
Microglia glutamate

« = proinflammatory cytokines

O = serum protein (albumin)

Mechanisms contributing to epileptogenesis
Inflammation: ictogenesis & epileptogenesis

VX765
ICE/caspase-1
inhibitors
Phase 2b

t LNJ,?;"L?I;TC”ZS”” BBI, 2011; Vezzani et al, Brain Behav Immun, 2011; Antiinﬂammatory drUgS

Mechanisms contributing to epileptogenesis
Enhanced mTOR signaling

Everolimus Treatment of

Genetic or Acquired Brain Injuries Refractory Epilepsy in Tuberous

Stacus epilepticus Sclerosis Complax
(kainate, pilocarpine)
Traumatic

(;_ns-g-:;:sna’ \ 1 / brain injury

Genetic

mTOR —— RAPAMYCIN

Ton channels Cell grawery
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Pharmacological inhibition of the mammalian target of rapamycin pathway
suppresses acquired epilepsy

Xiaoxing Huang ', Hailong Zhang *', Jun Yang *', Jingfan Wu®", John McMahon *, Yufan Lin*,
Zhonglian Cao *, Michael Gruenthal ®, Yunfei Huang **

* Center fo Neuropharmacobgy and Neuroscenc, Albany Medica Colkege. Albany, NY 12205, USA
* Deartment of Neurloy, Albany Medica College, Albany, NY 12208, USA

Conclusions and Future Goals

Multidisciplinary approach

Neurology > Increased knowledge in the
Neurogenetics pathogenesis (new classifications)
Neurophysiology > Development of clinical genetic
Neuroradiology testing (genetic prenatal counseling)
Neurosurger .
gery » Modulation of selected pathways

Neuropathology (targeted drug design)

» Patient-specific therapeutic
Basic research approach
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