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Disclousures

Chief Scientific officer for the FInnGen project that includes 13 pharma companies as 

members
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Genetics Mission

› Genetics is about generating a knowledgebase for biological 

insight and therapeutic development

› To that end, our genetics strategy is aimed at definitively

establishing 

▪ specific genes and variants as associated,

▪ interpreting their specific phenotypic consequence, 

▪ Glean insight about the cells and molecular pathways involved in order 

to seed and inform the design of experiments  

Courtesy of Mark Daly
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Common
Rare

Common and rare variants

GWAS: 100s of biological clues 

available, >20,000 cases required to 

start harvesting them
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RARE  COMMON
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EACH GENE VARIANT HAS A SMALL 

EFFECT

Need of large samples
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Rare forms of migraine

Familial hemiplegic migraine



www.fimm.fi

Mendelian forms of migraine

Familial hemiplegic migraine 
(FHM)

FHM            FHM + Cerebellar Ataxia

Episodic Ataxia Type 2 (EA-2)

Progressive Ataxia

Spinocerebellar Ataxia Type 6/ EA-2

Mutant mice

Extracellular

Intracellular

P. membr.
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FHM1 19p CACNA1A

FHM2 1q ATP1A2

FHM3 2q SCN1A

Lancet Neurol. 2015;14(1):65-80.
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Genome-wide analysis of 102,084 cases 

identifies 123 migraine risk loci and subtype-

specific risk alleles

11-Dec-2020

Heidi Hautakangas

Matti Pirinen
Hautakangas et al. Nature Genetics in press
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123 loci: 86 new, 37 previously reported, at P < 5e-8.

Hautakangas et al. Nature Genetics in press
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Migraine subtypes

Migraine

Migraine with Aura Migraine without Aura

Migraine sub-types

• Recurrent, unilateral 
headache

• Pulsating pain
• 4-72 hours
• 2-3x more common in 

women than men
• Heritability ~ 60%
• Prevalence ~15%

1 in 3 
cases

2 in 3 
cases
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Lead variants stratified by migraine subtype for risk loci with minor allele frequency > 5%. 

a) Axes show the negative log10 P-value of MO (X-axis) and MA (Y-axis) analyses. Symbols that are colored and annotated indicate > 95% posterior 

probability that a non-zero effect is present in both MO and MA (model BOTH), or that the effect is present only in MO or only in MA but not both (models MO 

and MA, respectively). Variants with a probability less than 95% for each of the three models are shown as gray. 

b) Axes show logarithm of odds ratios for MO (X-axis) and MA (Y-axis) calculated for the migraine risk allele. The effects at variants that have been colored and 

annotated differ between the subtypes at significance level of 0.0004 = 0.05/123. The 95% confidence intervals are shown for the annotated variants.

MO = migraine without aura, MA = migraine with aura.

Migraine lead variants show shared and distinct effects between the two subtypes

Hautakangas et al. Nature Genetics in press
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Locuszoom-plots of two novel migraine loci with genes that are targets of recent migraine 

specific drugs. 

(A) Locus containing CALCA and CALCB genes which encode CGRP, that is the target of 

preventive and 

acute therapies via monoclonal antibodies and gepants. 

(B) Locus containing HTR1F gene that encodes a serotonin 5 − 𝐻𝑇1𝐹 receptor that is the target 

of acute therapies via ditans.

Loci with known drug targets

Hautakangas et al. Nature Genetics in press
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From locus to gene to function

› How much can we extrapolate from GWAS to functional consequences?

› Which is the causeative gene:

▪ Several genes under the locus peak, proximity is not always the best predictor of the right gene

› Which is the causative variant:

▪ Most lead variants are in regulatory regions

▪ If the lead variant is a coding variant, helps to guide towards functional studies

› Which is the relevant target tissue?

18
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“Migraine is neurovascular”

Hautakangas et al. Nature Genetics in press
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Polygenic Risk Score PRS
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Earlier age of onset of headaches corresponds to higher PRS

OR = 1.11, P-value = 8.2×10-4

Gormley et al. Neuron, 2018 May 16;98(4):743-753
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Population sample –
Cases associated with increased burden of common variation

N OR P-value

13,369 NA NA

1,101 1.32 7.2×10-17

Hautakangas et al. Nature Genetics in press
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Family sample –
Familial cases significantly higher polygenic load than population 
cases

N OR P-value

13,369 NA NA

1,101 1.32 7.2×10-17

3,002 1.25 3.2×10-15

5,317 1.76 1.7×10-109

Hautakangas et al. Nature Genetics in press
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Subtypes –
aura subtypes have higher enrichment than migraine without aura

N OR P-value

13,369 NA NA

1,101 1.32 7.2×10-17

3,002 1.25 3.2×10-15

5,317 1.76 1.7×10-109

2,357 1.57 1.1×10-48

2,420 1.85 1.4×10-86

540 1.96 8.7×10-36

Hautakangas et al. Nature Genetics in press
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Deeper-level subtypes –
Typical aura without migraine headache has very low PRS

N OR P-value

343 1.98 3.2×10-27

197 1.72 7.5×10-10

540 1.96 8.7×10-36

2,350 1.89 6.4×10-90

70 0.85 0.20

2,420 1.85 1.4×10-86

Hautakangas et al. Nature Genetics in press
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Triptans use and purchase-frequency from registry data is 

associated with higher polygenic risk scores for migraine

N (cases) OR P-value

13,359 NA NA

5,317 1.76 1.7E-109

1,101 1.32 6.8E-17

359 1.19 0.001

625 1.38 3.8E-14

158 1.30 0.001

131 1.70 3.9E-09

Those with outpatient 
diagnosis AND multiple 
prescriptions have 
equivalent polygenic 
risk to the gold-
standard familial, 
clinical cases!

Gormley et al. Neuron. 2018 May 16;98(4):743-753
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RARE  COMMON
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The Finnish migraine family collection

Phenotypes No. of individuals

No migraine 3,002

Any migraine (total) 5,317

• Migraine without aura (MA) 2,357

• Migraine with typical aura 2,420

• Hemiplegic migraine (HM) 540

1,589 × 8,319 ×

IndividualsMigraine families

Families collected from

Headache Clinics

throughout Finland

Maija Wessman

Mikko Kallela
Padhraig

Gormley

Gormley et al, Neuron. 2018 May 16;98(4):743-753



www.fimm.fi

Searched for rare variants in known Hemiplegic Migraine genes 
- found very little

• Exome-sequenced 293 (of 540) HM cases

• Filtered variants for: 

• LoF/missense variants in 3 known genes 

(CACNA1A, ATP1A2, SCN1A)

• rare in gnomAD (MAF < 0.01)

• rare in Finland (SISu MAF < 0.01)

• Only found 3 pathogenic variants in 14 

cases from 3 families

Hautakangas et al. Nature Genetics in press
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Migraine: Polygenic Architecture

“…a significant contribution of common polygenic variation to the 

familial aggregation of migraine”

98, 1-11. May 2018.

Padhraig Gormley
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