Every head has
its own headache

(Arab proverb)
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MRI of the human brain




The single neuron




Neurons




The tissue context
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Different types of neurons
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Figure 12. Basic cell types in the monkey cerebral cortex. Left: spiny neurons that include pyramidal cells and stellate
cells (A). Spiny neurons utilize the neurotransmitter glutamate (Glu). Right: smooth cells that use the neurotransmitter
GABA. B, cell with local axon arcades; C, double bouguet cell; D, H, basket cells; E, chandelier cells; F, bitufted,
usually peptide-containing cell: G, neurogliaform cell.




How neurons are organized

Figure 11. The projections of the small (P cells), and large (M cells) ganglion cells from the two eyes
to parvocellular and magnocellular layers of the LGN respectively. Each eye projects to alternating
layers as seen in the autoradiogram (right).




Vision on the macroscopic scale

Thirdcelllayer  Middiecelllayer  Rods and cones




Regional specialization
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Clip reconstructed
from brain activity
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% of total DALYs
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Important disease group

Neurological ~ Tuberculosis HIV/AIDS Malignant  Ischaemic heart  Respiratory Digestive
disorders neoplasms disease disease diseases
a GBD cause categories WHO Global Burden of Disease 2005

b Neuropsychiatric plus other categories

DALY = Disease-Adjusted Life Years, a total measure of the impact of a disease
= [ Number of deaths ] x [ Years of life lost ] + [Number of non-fatal cases]
X [ Disability weight ] x [ Duration of disease ]



First-world problem

Figure 2.6 Neurological disorders as percentage
of total deaths for 2005, 2015 and 2030
across World Bank income category
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Cost of brain disorders
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Neurologic diseases

Paroxysmal diseases Neurodegenerative diseases
* Epilepsy * Alzheimer’s

* Migraine * ALS

* Sleep disorders * Huntington’s

e Cerebrovascular disorders e Parkinson

healthy advanced
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Neuropsychiatric
(e.g. schizophrenia)

Neurodevelopmental
(e.g. autism)
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Symptoms overlap

Paroxysmal Neurodegenerative

Episodic ataxia Spinocerebellar ataxia

steppage  cerebelo sensitiva

Hemiplegic migraine Stroke




Genetics of neurological diseases
in the Pre-GWAS era

e SOD-1in ALS e APOEe4 in Alzheimer’s
— |dentified in 1991 — |dentified in 1993
— Explain around 20% — Two alleles -> risk

increase 10x — 30x

Stephen Hawking Terry Prachett



Extended repeats in

neurodegenerative diseases
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Genetic overlap

CACNAIA
P/Q voltage-gated Ca?* channel

Extracellular

Intracellular

COOH

Familial hemiplegic Q Episode ataxia ‘
migraine mutations mutations
Spinocerebellar

ataxia

Adapted from Haan J et al. Curr Pain Headache Rep. 2005;9:213-220.



Headache




Prevalence of Migraine

15.5

4.0 (2 studies)

10.6 (6 studies)

13.8 (9 studies)

Mean: 11.2

Median: 10.2



Familial Hemiplegic Migraine (FHM)

Gene Protein Conseguence
FHM-1 CACNATA P/Q Ca? 1 presynaptic Ca?*
channels
FHM-2  ATP1A2 Na*/K+-ATPase | K* and glutamate
clearance

FHM-3 SCN1A Na+ channel Persistent Na* influx

ATPase = adenosine triphosphatase.



Cortical Spreading Depression




What the patient sees

iy

= ey

e .‘,
* -




First GWAS of migraine

LETTERS

nature
genetlcs

Genome-wide association study of migraine implicates
a common susceptibility variant on 8q22.1
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Figure 1. Lecalization and effect of a variant identified in the recent genome-wide association study of migraine in synaptic transmission,
together with the previously known mutations in familial hemiplegic migraine (FHM: genes are FHM1, CACNA14; FHM2, ATP1AZ;

FHM3, SCNTA). The asterisk indicates the excitatory aming acid transporter 2 [EAATZ/GLT-1) recently linked 1o migraine, Glu, glutamate; FHM1-3,
praducts of geres repartad for farmilial hemiplegic migraine; mGluR, metabalic glutamate receptor Black dots indicate the accumulation of the
neuratransmitter glutarmate in the synaptic cleft.




First eight reported migraine loci

TGFRB2

Loci associated with migraine at genome-wide significance
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Migraine with aura General migraine Migraine without aura
(Anttila et al) (Chasman et al) (Freilinger et al,
2,731 cases vs. 5,122 cases vs. manuscript)
10,747 controls 18,108 controls 2,455 cases vs.

4,611 controls
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Multiple sclerosis in the GWAS era
MS GWAS Meta-Analysis “7.oous ceses’

New susceptibility genes

21,000 controls

Replication
10,000 MS cases

Slide by S. Sawcer



GWAS findings refine old hits

CR1 . Mean cognitive trajectories

rs4844609" is the allele associated with increased risk of AD




GWAS findings refine old hits

CR1 . Mean cognitive trajectories

rs4844609* and APOE e4 are the alleles associated with increased risk of AD




Summary

e Genetics of common brain disorders
are still poorly understood

 Lifestyle factors modulate risk

* Genetics provides a useful shortcut
to identifying those at risk







