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The number of known genes for rare (monogenic) epilepsies is growing

Next-Generation
Sequencing Era

Transitional Era
Channelopathy Era

(G171 CACNAIH

—>

2019

ARX CDKLS
DEPDC5 Gene for familial epilepsy
DNM1  Gene for epileptic encephalopathy
| | | | | | | | | | ! | | | | | | | | |
1 ] I | | | | I | | | | | | | | | | |
1995 1997 1999 2001 2003 2005 2007 2009 2011

2013 2015

Today we know with high confidence about

30 — 100 genes associated with
Epilepsy — Neurodev. disorder with
seizures

Modified from Helbig et al., 2016
PMID: 27781027



All types of causal variants

Penetrance

Allele
- frequency =
Common

0.1

0.001 Bt 0.01

Very rare Uncommon

Modified from McCarthy et al., 2008
PMID: 18398418



All types of causal variants

Penetrance

Allele
frequency

0.1

0.001 Bt 0.01

Very rare Uncommon Common

Modified from McCarthy et al., 2008
PMID: 18398418



All types of causal variants
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Monogenic vs. polygenic epilepsies
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Genes known to cause Mendelian forms of epilepsy play only
minor roles for common forms of epilepsy.

There is an unmet need for predictive genetic markers
for the common epilepsies.



Polygenic risk scores

o The utility of PRS as biomarkers has been demonstrated virtually all complex traits
and diseases, including neuropsychiatric disorders
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ILAE2 Genetic Generalized Epilepsy (GGE) GWAS — 3708 cases vs. 24218 controls
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Polygenic risk scores are normally distributed
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Evaluation of the Polygenic Risk Scores
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Can epilepsy PRS be used as
genetic biomarkers n
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PRS are derived from a GWAS and can only be generated in independent samples

1. Genome-wide association study (GWAS) for risk score generation

’ GWAS:
W Genetlc Risk .
ﬂ ﬁ variants )
ILAE 2018 analysis 24,218
12,803 cases controls

Epi25-EUR Cleveland-EUR
f =5,705 f =620

EUR controls Epi25-FIN FINRISK
f =20,435 f =449 T =1,559

UK biobank (UKB) Vanderbilt biobank (BioVU)
% =459 1 =2383,197 f =820 1 =48670

BioBank Japan (BBJ)
$=324 % =168,356

8,386 people with epilepsy and 622,217 population controls available across six cohorts



Polygenic risk scores for focal (FE) and generalized (GE) epilepsy

Cohort —=— Cleveland Clinic Epilepsy Center —®— Epi25-EUR —®— Population controls
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PRS = Polygenic risk score; GE = Generalized epilepsy; FE = Focal epilepsy; T2D = Type 2 diabetes; CC = Cleveland Clinic cohort, Epi25 = Consortium
cohort
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Polygenic risk scores for focal (FE) and generalized (GE) epilepsy

Cohort —=— Cleveland Clinic Epilepsy Center —®— Epi25-EUR —®— Population controls

GE-PRS FE-PRS T2D-PRS
0.75-
A
0.501 o
'\c“> A
'3) +
&) i i ,'\%I
0.25
o R P I
o o
Q" % &«
- QO
0.00 w Q_q) Qg,—r &
w - QQQ%
-0 B 2 5 E T T T T T T T T T T T T _l_ T T
& & & & & & & & & & &
& & @ & @ & & @ & & & & o
© \ O X 7 © X 2 X 20 © W O X 20
‘i\O(\ @gﬂ) s,\e'\ Q;QIQ \].e’\ »,'\\0{\ Q;Q/Q qe’\ @ng q@\ %0(\ @ng x&e’\ Q;Q'Q xle'\
NG © e < o° e G foxd < Qe O° © o® < ¥

Phenotype

PRS = Polygenic risk score; GE = Generalized epilepsy; FE = Focal epilepsy; T2D = Type 2 diabetes; CC = Cleveland Clinic cohort, Epi25 = Consortium
cohort



Polygenic risk scores for focal (FE) and generalized (GE) epilepsy

Cohort —=— Cleveland Clinic Epilepsy Center —®— Epi25-EUR —®— Population controls

GE-PRS FE-PRS T2D-PRS
0.75 1
A
0.501 o
A —

0 "
o - ,'\%I

0.25
a R P iR

o o
Q" % &«
- QO
0.00 w Q_q) Qg,—r &
w - QQQ%
-0 . 2 5 E T T T T T T T T T T T T _l_ T T
@ @ @ & & & & & & & @
& & @ & @ & & @ & & & & o
® \ rg,{\ N ra.{\ P % 135\ v @(\ ® S ra.(\ % ra.(\
‘i\O(\ @gﬂ) s,\e'\ Q;QIQ \].e’\ »,'\\0{\ Q;Q/Q qe’\ @ng q@\ %0(\ @ng x&e’\ Q;Q'Q xle'\
NG © e < o° e G foxd < Qe O° © o® < ¥

Phenotype

PRS = Polygenic risk score; GE = Generalized epilepsy; FE = Focal epilepsy; T2D = Type 2 diabetes; CC = Cleveland Clinic cohort, Epi25 = Consortium
cohort



Polygenic risk scores for focal (FE) and generalized (GE) epilepsy
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How are the PRS distributed
= Few patients with very high PRS burden
= Slight shift toward higher PRS burden in all patients
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Individuals with GE are enriched in the
extreme tail of the PRS distribution
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Individuals with GE are enriched in the
extreme tail of the PRS distribution
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Individuals with GE are enriched in the
extreme tail of the PRS distribution
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Polygenic risk score in large datasets
To learn more about genetics of complex disorders N

PLOS ONE

Pleiotropy of polygenic factors associated with focal and
generalized epilepsy in the general population

Costin Leu [E], Tom G. Richardson, Tobias Kaufmann, Dennis van der Meer, Ole A. Andreassen, Lars T. Westlye,
Robyn M. Busch, George Davey Smith, Dennis Lal

Published: April 28, 2020 « https://doi.org/10.1371/journal.pone.0232292



UK Biobank
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PRS for generalized
and focal epilepsy

PRS brain-focused PheWAS in the UKB

. UK biobank (UKB)
f = 334,398 without epilepsy

42 conditions, categorized six groups:
Educational attainment
Neuroticism
Mood [affective] disorders
Substance use/abuse/dependence
Diseases of the nervous system
Nonpsychotic mental disorders




Educational attainment

Educational attainment

Phenotype (UKB data field) Beta P-value
College or University degree (6138)

GE f—a— -0.014 3e-04

FE f—— -0.031 2.34e-15
School-leaving qualification: A/AS (6138)

GE f———] -0.003 0.44

FE f———m— -0.021 2.92e-07
Other professional qualifications (6138)

GE f—a— -0.006 0.15

FE P -0.016 4.87e-05
School-leaving qualification: O (6138)

GE I — -0.003 0.39

FE —_— ] -0.005 0.19
NVQ or HND or HNC or equivalent (6138)

GE —a— -0.002 0.75

FE —a— -0.005 0.27
School-leaving qualification: any CSE (6138)

GE I = 0.003 0.57

FE i 0.018 0.00153

1
-0.035 0 0.025
Beta (SE)

Significant association if P<5.95x10E*




Neuroticism

Significant association if
P<5.95x10E*

Neuroticism

Phenotype (UKB data field) Beta P-value
Sensitivity / hurt feelings (1950)
GE T 0.018 1.65e-08
FE I 0.01 0.00628
Worry too long after embarrassment (2000)
GE e 0.017  1.24e-05
FE s 0.002 0.58
|Mood swings (1920)
GE —_———— 0.016 2.27e-05
FE —s— 0.014  0.000233
|Miserableness (1930)
GE e 0.016  4.13e-05
FE A 0.009 0.0216
Guilty feelings (2030)
GE 0.014  0.000789
FE | 0.011  0.00888
Worrier / anxious feelings (1980)
GE e 0.014  0.000251
FE —_—a— 0.007 0.0449
Fed-up feelings (1960)
GE —_— 0.009 0.0148
FE e 0.01 0.00867
Suffer from 'nerves' (2010)
GE | = 0.008 0.1
FE | L 0.007 0.1
Loneliness isolation (2020)
GE | - | 0.006 0.24
FE | 0.015 0.001389
Irritability (940)
GE L | 0.004 0.34
FE = { 0.005 0.27
Tense / 'highly strung' (1990)
GE L 1 0.001 0.86
FE | L 0.009 0.08
MNervous feelings (1970)
GE { -0.001 0.76
FE & { 0.005 0.29
| 1
-0.01 0.025

Beta (SE)



Polygenic risk score to evaluate
clustering algorithms for improved patient classification W

Epilepsia

Official Journal of the International League Against Epilepsy

Polygenic risk heterogeneity among focal epilepsies
Gramm*, Leu* et al., 2020 (accepted)



Cluster analysis can improve classifications

A study cohort

Cleveland Clinic

414 individuals with focal epilepsy (FE)
—  Phenotype data

- Genotype data

— European ancestry

20,435 population controls
—  Genotype data
— European ancestry
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Summary

Most epilepsy cases are not monogenic

Polygenic factors are shown for other diseases to confer risk
equivalent to monogenic risk variants

Polygenic risk factors also play a role in epilepsy and can be
measured

Polygenic risk factors for epilepsy are associated with
neurological and psychiatric traits in healthy individuals

Polygenic risk factors can be used to test and potentially
iImprove the genetic homogeneity within phenotype subgroups
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