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GENETICS. WHY IT MATTERS

- Heritability of ICH: 30-50% 

*Heritability: the proportion of variation in a trait explained by inherited genetic variants. In other words, it's a way to 

measure how much the differences in people's DNA can explain the differences in their traits.



GENETICS. WHY IT MATTERS

- Heritability of ICH: 30-50% 

- Understanding disease mechanisms (occurrence, evolution, complications..)

- Identify Individual Risk (Biomarkers)

- Predict outcome. Prognosis. (Biomarkers)

- Discover new pathways and potential therapeutic targets 

- Prevention targets

- Treatment of the event and complications 

- Response and risk of treatments.  



- Monogenic Diseases

GENETICS IN CEREBROVASCULAR DISEASES



Some Mendelian diseases



- Monogenic Diseases

- Candidate Genes studies late 90’s (many pitfalls). 

- 2000. TECHNICAL ADVANCES

GENETICS IN CEREBROVASCULAR DISEASES





THE HUMAN GENOME PROJECT
First complete sequencing

of human genome. 

February, 2001

THE HUMAN GENOME PROJECT
Free access

2003



- Monogenic Diseases

- Candidate Genes studies late 90’s (many pitfalls). 

- 2000. TECHNICAL ADVANCES

GENETICS IN CEREBROVASCULAR DISEASES



Phase I
(2005)

269 Individuals

5 populations

1M SNPs

Phase II
(2007)

269 Individuals

5 populations

3,1M SNPs

Phase III
(2009)

1,184 Individuals

11 populations

4,7M SNPs

1st Release
(2012)

1,092 Individuals

12 populations

Whole Genome

3rd Release
(2015)

2,504 Individuals

26 populations

Whole Genome

(on going)
100,000 Individuals

UK population

Whole Genome

The data base dbSNP has >900 M human SNPs

Of these, about 10 M are common (MAF>5%)



Advances in massive Genotyping

 Chips GWAs (2005): 100.000 SNPs

 Chips GWAs (2015): 5,000.000 SNPs

 Chips GWAS (2017): 5,000,000 SNPs + rare variants + CNVS

 …



Concepts: 

- Identity by State (IBS)

- Identity by Descendent (IBD) 

- Principal Components (PC)





GENETICS IN CEREBROVASCULAR DISEASES

- Monogenic Diseases

- Candidate Genes studies late 90’s (many pitfalls). 

- 2000. TECHNICAL ADVANCES

- PROBLEMS/DIFFICULTIES (Complex designs, 
sample size, missing Heritability, complex 
interactions, genomic dynamics….



Cases Controls 

Population Stratification

Population 1:

North-Europeans

Population 2:

South-Europeans



Common Variants. Low effects



CONSORTIA

CONSORCIO ESPAÑOL DE 
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International 
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Melinda C Mills, et al. Commun. Biol. 2019 Jan 7;2:9. doi: 10.1038/s42003-018-0261-x. eCollection 2019.
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NHGRI GWA Catalog
www.genome.gov/GWAStudies
www.ebi.ac.uk/fgpt/gwas/ 

NHGRI GWA Catalog
www.genome.gov/GWAStudies
www.ebi.ac.uk/fgpt/gwas/ 



http://www.ebi.ac.uk/gwas/

http://www.ebi.ac.uk/gwas/diagram

http://www.ebi.ac.uk/gwas/
http://www.ebi.ac.uk/gwas/diagram


What we know until now…



GENETICS ON RISK OF ICH
MONOGENIC DISEASES



GENETICS ON RISK OF ICH
SPORADIC COMPLEX DISEASE



GENETICS ON RISK OF ICH
SPORADIC COMPLEX DISEASE



Genetic loci for intracerebral hemorrhage. Colors indicate ICH location. The size of bubbles indicates ICH population.

GENETICS ON RISK OF ICH

Gene variants associated with ICH risk



GENETICS ON RISK OF ICH

Genetic loci for intracerebral hemorrhage. Colors indicate ICH location. The size of bubbles indicates ICH population.

Gene variants associated with ICH risk & replicated in multiple studies/populations
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Genetic Scores



Kathiresan et al. 

Nature Genetics

2009

Genetic Scores



GRS with Alleles for Hypertension Increases Risk of Deep ICH. 

This effect is predominantly observed in non-HTN subjects.

GENETICS ON RISK OF ICH

p= 0,14

p= 0,007

Falcone et al. 2012



GRS with Alleles for Hypertension Increases Risk of Deep ICH. 

GENETICS ON RISK OF ICH

Georgakis M, Neurology 2020



ICH, GENETICS AND LIPIDS PROFILE
- Genetically Elevated LDL Associates with Lower Risk of ICH.

With a causal relationship after Mendelian Randomization (MR) analyses. 

Falcone G, Ann Neurol. 2020

Sun L, Nat. Med 2019

Lobar-ICH Deep-ICH   



ICH, GENETICS AND LIPIDS PROFILE
- APOE E4 had decreasing levels of TC and LDL 6 months preceding ICH (Anderson, 2016)



Meta-GRS with Alleles for 21 traits associated with ICH risk better stratify risk of ICH

GENETICS ON RISK OF ICH

Myserlis P, Stroke 2023



APOE

HAPLOTYPES: 

- E3: Reference

- E2: Risk L-ICH      Larger Volume (mortality, poor outcome) Protect Alzheimer’s D

- E4: Risk L-ICH Decrease LDL pre ICH Risk Alzheimer’s D
Brain MicroBleeds

Anderson, 2016

Biffi, 2012

Knol, Neurology, 2020

Larger Volume (mortality, poor outcome)



GENETICS ON ICH EVOLUTION AND OUTCOME

L-ICH  Expansion

ICH Expanison

L-ICH Volume

Bad outcome, Mort

D-ICH Volume

Bad outcome, Mort

ICH Volume

Good Oucome

Bad outcome

Bad outcome

Bad outcome

D-ICH Volume

Bad outcome, Mort

Bad Outcome



GRS constructed with Hypertension related alleles was associated with D-ICH Prognosis.

Each additional SD of the score was associated with:  

- 28% increase in D-ICH volume

- 71% increase of poor clinical outcome (mRS>2 at 90 days)

GENETICS ON ICH EVOLUTION AND OUTCOME

Falcone et al. (2013) 



GENETICS ON ICH EVOLUTION AND OUTCOME

Genetic loci for intracerebral hemorrhage. Colors indicate ICH location. The size of bubbles indicates ICH population.



FOXO3 longevity allel (rs2802292) attenuates HT effect on risk of ICH. 

GENETICS MEDIATING ON RISK FACTORS FOR ICH

Nakagawa et al. (2022)

(n=6469) 

FOXO3 (TT) (n=3460) FOXO3 (TG/GG) (n=3009)

RR: 2.02; p<0,001
RR: 1.39; p=0,15



ANTICOAGULANTS

 Polymorphisms in CYP2C9 (encoding cytochrome P450 2C9) and VKORC1 (encoding vitamin K epoxide 
reductase complex subunit 1) explain about 30-40% of total variation in final dose of warfarin. 

 In February 2010, FDA provided genotype-specific dose ranges, and suggested that genotypes be 
taken into consideration when prescribing the drug. 

Percentage of dose variation explained 

at weekly time points.

FARMACOGENETICS



- CYP2C9 (encoding cytochrome P450 2C9) and VKORC1 (encoding vitamin K epoxide
reductase complex subunit 1) associated with acenocoumarol (oral anticoagulant) 
maintenance dose were also associated with ICH risk. (Cullell, 2020)

- APOE +2 and APOE +4 were associated with warfarin related L-ICH (Falcone et al., 2014).

FARMACOGENETICS



FARMACOGENETICS

- GRS from ICH GWAS improves stratification of Anticoagulant risk for ICH.  (Mayerhofer et al, 2023)

 N=5530 Anticoagulant users from UK Biobank

CRS (HAS-BLED) predicted ICH 

with HR= 1.24 per point

CRS+GRS predicted ICH with

HR= 1.33 per point

CRS+GRS had 19% improvement in 

high-risk classification and a net 

reclassification improvement of 0.10.



FARMACOGENETICS
DIRECT-ACTING ORAL ANTICOAGULANTS (DOACS)

Variants en ABCB1 and CES1 genes alter concentration of Dabigatran.

 CES1 

 rs2244613:

 ↓active metabolite

 ↓ Bleedings. No increasing ischemic events

 rs8192935 : 

 ↑active metabolite

 ABCB1:

 rs4148738:

 ↑active metabolite

Johanna Raymond , ET AL. J. Pers. Med. 2021, 11, 37. https://doi.org/10.3390/jpm11010037 



DIRECT-ACTING ORAL ANTICOAGULANTS (DOACS)

Johanna Raymond , ET AL. J. Pers. Med. 2021, 11, 37. https://doi.org/10.3390/jpm11010037 

FARMACOGENETICS



FARMACOGENETICS
DIRECT-ACTING ORAL ANTICOAGULANTS (DOACS)

Johanna Raymond , ET AL. J. Pers. Med. 2021, 11, 37. https://doi.org/10.3390/jpm11010037 



•ANTIPLATELETS (AAS)

 PIA1/A2 (GPIIIa) PIA2 allele carrier was associated with 
a higher incidence of stroke

 COX1: 

 COX2 (rs20417): Carriers showed decreased CVD

FARMACOGENETICS

Floyd et al 2014

Ross et al 2014



ANTIPLATELETS (Clopidogrel)
 Carriers of at least one CYP2C19*2 reduced-function allele (about 25 to 30% of the population) 

have a ↓ active metabolite of clopidogrel. 

 FDA announced in 2010 suggested that genetic testing could identify individuals slow metabolizers.

FARMACOGENETICS



RESPONSE to rTPA
 rs669 in A2M gene, rs1801020 in F12 gene and rs1695 in GSTP1, associated with hemorrhagic transformation

 GenoTPA score predicts risk if Hemorrhagic Transformation after rTPA. 

Carrera C,et al. Spanish Stroke Genetic

Consortium. Neurology. 2019 Aug

27;93(9):e851-e863. 

FARMACOGENETICS



RESPONSE to treatment with oral antidiabetic drugs OADs: 

 Metformin: SLC22A1, SLC22A2, SLC47A1, PRKAB2, PRKAA2, PRKAA1, and STK11

 Sulfonylureas: CYP2C9 and TCF7L2 

 Repaglinide: KCNJ11, SLC30A8, NEUROD1/BETA2, UCP2, and PAX4 loci

 Pioglitazone: PPARG2 and PTPRD loci

 Rosiglitazone: KCNQ1 and RBP4 loci

 Acarbose: PPARA, HNF4A, LIPC, and PPARGC1A loci.

 …

FARMACOGENETICS





Epigenetic mechanisms in gene regulation

DNA Methylation

Histones

Code

ncRNA

Histones
modification

EPIGENETICS



Injury

Risk factor
 System
alteraction

Epigen
modulation

DISEASE

Potential as a dynamic biomarker

Epigen
modulation

RECOVERY /

EVOLUTION

HTA Endothelial

damage
HIC

Genetics Genetics

EPIGENETICS



EPIGENETICS. DNA-Methylation

Some in-vitro and tissue studies suggest candidate genes (m6A hub gene) related with
inflammation and ICH (Zhou, Neuroimmun 2023)

No EWAS studies properly powered so far. Some of them retracted. 



EPIGENETICS. DNA-Methylation

Some design flaws and limitations:

N= 30/34
QC? Popul stratification? Batch Effect?

No adjustments by age or VRF

Front immunol, 2021

1530 sites (p-value < 5.92E-08)



EPIGENETICS. miRNAS

- Risk Factor

- Biomarker

- Therapeutic Target

- Therapeutic agent



EPIGENETICS. miRNAS

Neuroinflammation after ICH 

and microRNAs’ modulation



EPIGENETICS. miRNAS

Procedures to develop microRNA-

based therapeutics for ICH.



Discover new mechanisms

• Developing new drugs

• New risk factors



Personalized Medicine:
• Early diagnosis

• Predicting and preventing risk

• Choosing the best individualized therapy




