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Histological Features of CDHistological Features of CD

NormalNormal CDCD

CepedaCepeda et al, JNR 2003et al, JNR 2003



Common Common DysplasticDysplastic Cells found in Cells found in 
FCD, HMEG and TSCFCD, HMEG and TSC

CytomegalicCytomegalic
neurons (CM)neurons (CM)

Balloon cells Balloon cells 
(BC)(BC)



Laser Capture Laser Capture MicrodissectionMicrodissection of CM of CM 
Neurons From Frozen CD SpecimensNeurons From Frozen CD Specimens

CMCM--beforebefore CMCM--afterafter

NN--beforebefore NN--afterafter



Analysis of the Source of VariabilityAnalysis of the Source of Variability
in 9 FCD Samplesin 9 FCD Samples



Comparison of Gene Expression Profiles Comparison of Gene Expression Profiles 
in CM Versus Normal Cells in FCDin CM Versus Normal Cells in FCD

Normalized Probe Intensity (NN)Normalized Probe Intensity (NN)
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UpregulationUpregulation of of NeurofilamentNeurofilament Genes Genes 
in CM Neurons of FCDin CM Neurons of FCD

Axonal Components: 
 
neurofilament, heavy polypeptide 200kDa NEFH 4.94E-05 9.46761 
neurofilament, heavy polypeptide 200kDa NEFH 0.000419893 7.53556 
neurofilament 3 (150kDa medium) NEF3 0.000330089 3.58968 
neurofilament, light polypeptide 68kDa NEFL 0.00826802 2.35871 
Neurofilament, light polypeptide 68kDa NEFL 0.0168554 1.63872 
neurofilament, light polypeptide 68kDa NEFL 0.0182654 1.60166 

NFHNFH NF3NF3 NFLNFL



DysregulationDysregulation of Genes Involved in Ion of Genes Involved in Ion 
TransportTransport

Scn1a-case 2

CMCM NNNN



Common Genes Common Genes DysregulatedDysregulated in CM in CM 
Neurons of FCD and HMEGNeurons of FCD and HMEG

FCD HMEG

1403 604

80
p value < 0.05p value < 0.05
CM/NN >  1.5 (+/CM/NN >  1.5 (+/--))

Probeset ID Gene Title Gene 
Symbol

FCD p-
value

FCD 
(CM/NN)

HM 
(CM/NN)

HM p-
value

33767_at neurofilament, heavy polypeptide 200kDa NEFH 0.001898 8.83458 2.71748 0.002001
204412_s_at neurofilament, heavy polypeptide 200kDa NEFH 0.006407 5.11328 2.99275 0.008674
208626_s_at vesicle amine transport protein 1 homolog (T californica) VAT1 0.000443 3.1343 2.10001 0.045886
1559870_at L-threonine dehydrogenase TDH 0.023146 3.10271 1.80257 0.022908
202912_at adrenomedullin ADM 0.019242 2.93377 1.61053 0.022121
205943_at tryptophan 2,3-dioxygenase TDO2 0.004248 2.91148 1.83269 0.0299
202237_at nicotinamide N-methyltransferase NNMT 0.023162 2.88438 2.04592 0.034686

221676_s_at coronin, actin binding protein, 1C CORO1C 0.000114 2.7538 1.68473 0.014485
209283_at crystallin, alpha B CRYAB 0.010306 2.62556 2.65764 0.044397
201105_at lectin, galactoside-binding, soluble, 1 (galectin 1) LGALS1 0.047143 2.54391 1.97137 0.005193

201761_at
methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 2, 
methenyltetrahydrof MTHFD2 0.01578 2.32916 1.94824 0.038143

244069_at Tachykinin receptor 2 TACR2 0.007354 2.27578 1.7656 0.047748



NFNF--H Is a Marker for CM NeuronsH Is a Marker for CM Neurons
in FCD and HMEGin FCD and HMEG

LjungbergLjungberg et al, Ann et al, Ann NeurolNeurol, 2006, 2006

FCDFCD

HMEGHMEG



The PI Pathway is Significantly The PI Pathway is Significantly 
DysregulatedDysregulated in CM Neurons of FCDin CM Neurons of FCD



PI3K/Akt/mTOR PI3K/Akt/mTOR 
SignalingSignaling
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Increased pS6 Increased pS6 ImmunoreactivityImmunoreactivity in in 
CM Neurons of FCD and HMEGCM Neurons of FCD and HMEG

LjungbergLjungberg et al, Ann et al, Ann NeurolNeurol, 2006, 2006

FCD HMEG

CM BC glia



LjungbergLjungberg et al, Ann et al, Ann NeurolNeurol, 2006, 2006

phosphophospho
eIF4GeIF4G

CoCo--localization of pS6 and peIF4Glocalization of pS6 and peIF4G
with NFwith NF--H in H in CytomegalicCytomegalic NeuronsNeurons

phosphophospho
S6S6



FCD HMEG TSC

TSCTSC
pS6 NF-H Overlay

pS6pS6

CoCo--localization of pS6 and NFlocalization of pS6 and NF--H in H in 
CytomegalicCytomegalic Neurons of TSCNeurons of TSC



Fraser et al, Fraser et al, , , Cancer Res. 2004Cancer Res. 2004

Hypertrophy of Hypertrophy of hGFAPhGFAP--Cre/PTENCre/PTEN--flfl
Mutant BrainMutant Brain

RaptorRaptor

RictorRictor
RapaRapa

TSC1TSC1 TSC2TSC2

AktAkt

PDK1PDK1PI3KPI3K

PTEN

S6S6

PP

Cell GrowthCell Growth

PP

mTOR

mTOR



Loss of PTEN and pS6 Loss of PTEN and pS6 OverexpressionOverexpression
in a Subset of Cortical Neuronsin a Subset of Cortical Neurons

KOKOHETHET

PTENPTEN

pS6pS6



Increased Increased PhosphorylationPhosphorylation of S6 in of S6 in 
PTENPTEN--Deficient CellsDeficient Cells

PTEN pS6 PTEN/pS6



Increased Size in PTENIncreased Size in PTEN--Deficient Deficient 
Cortical NeuronsCortical Neurons

Pten

PTEN NeuN PTEN/NeuN
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KnockoutKnockout HeterozygousHeterozygous WildtypeWildtype

Electrographic Electrographic 
SeizureSeizure

4/5 mice4/5 mice
(80%)(80%)

0/5 mice0/5 mice
(0%)(0%)

0/6 mice0/6 mice
(0%)(0%)

Behavioral Behavioral 
SeizureSeizure

1/5 mice1/5 mice
(20%)(20%)

0/5 mice0/5 mice
(0%)(0%)

0/6 mice0/6 mice
(0%)(0%)

PTEN Mutant Mice ExhibitPTEN Mutant Mice Exhibit
Electrographic SeizuresElectrographic Seizures



RapamycinRapamycin Suppresses Suppresses mTORmTOR
Activity in the Cortex of PTEN MutantsActivity in the Cortex of PTEN Mutants

Vehicle Vehicle Rapamycin Rapamycin 

pS6/NeuNpS6/NeuN

pS6pS6



RapamycinRapamycin Treatment Suppresses Treatment Suppresses 
Seizures in PTEN Mutant MiceSeizures in PTEN Mutant Mice
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1. PI3K/Akt/mTOR signaling is a common pathway 1. PI3K/Akt/mTOR signaling is a common pathway 
activated in activated in cytomegaliccytomegalic neurons in FCD, HMEG and neurons in FCD, HMEG and 
TSC.TSC.

2. 2. hGFAPhGFAP--PTENPTEN conditional knockout mice recapitulate conditional knockout mice recapitulate 
at least 3 aspects of CD: at least 3 aspects of CD: mTORmTOR activation, cortical activation, cortical 
neuron enlargement and electrographic seizuresneuron enlargement and electrographic seizures

3. 3. RapamycinRapamycin treatment suppresses treatment suppresses mTORmTOR activation in activation in 
cortical neurons and electrographic seizurescortical neurons and electrographic seizures

CONCLUSIONSCONCLUSIONS
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