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DESCRIPTION 

The Stroke Pharmacogenomics and Genetics group 

is a multidisciplinary group composed of 11 members 

including biologists, biotechnologists and neurolo-

gists. The objectives of the group are to find treat-

ments for stroke and other neurological diseases 

that can be used in clinical practice. To find these 

treatments we are using genome-wide techniques 

such as GWAS, EWAS, TWAS, PWAS, or microbiome 

analysis. This includes genetics, epigenetics, trans-

criptomics, proteomics, and microbiomics with large 

cohorts of patients.

MAIN LINES OF RESEARCH

L1 Genetic risk factors in stroke.

• In this line, we study the genetic risk factors 

associated with ischemic stroke. Currently, 

the Generation project (PI15 / 01978, PI: Israel 

Fernández) is being carried out, which intends 

to carry out the first study using Genome Wide 

Association Studies (GWAs) in the Spanish popu-

lation with the aim of generating a clinical-gene-

tic prediction algorithm to be applied in clinical 

practice. In this study we conducted a discovery 

phase where we analyzed more than 6,000 pa-

tients and controls using GWAs arrays (Infinium 

Human-Exon BeadChip (Illumina) that can detect 

500,000 genetic variants across the genome.

• We have found loci associated with cardioem-

bolic stroke and we generated a clinical-genetic 

score to predict the risk of cardioembolic stroke 

(Carcel et al, 2022).

• Finally in this line, we have actively collaborated in 

the study Megastroke and Gigastroke an interna-
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tional project and consortium that has analyzed 

more than 1.000,000 cases of stroke and con-

trols through GWAs. The results of this study 

have been published in the journal Nature Gene-

tics and Nature being our group the only Spanish 

group that is part of the executive / scientific 

committee of these two studies (Malik et al Nat 

Gen 2018; Mishra et al Nature 2022).

• Jara Cárcel Postdoctoral researcher from our 

group is the coordinator of this line of research.

L2 Pharmacogenetics of neurovascular diseases.

• In this line, the genetic factors associated with 

the response to drugs used in ischemic stroke 

are studied both in the acute phase (rt-PA) and 

for secondary prevention (antiplatelet agents and 

anticoagulants). In the field of pharmacogenetics 

associated with the response to rt-PA our group 

is one of the most important research groups in 

the field with the largest number of published 

articles. Last year we obtained a grant from the 

Medicina Personalizada program to study the 

pharmacogenetics of rt-PA and its implementa-

tion in the clinical-practise.

• In this line, we have obtained international 

funding for two projects: SEDMAN Project and 

APHAS Project. The two projects are focused on 

the search for genetic factors associated with 

the response to anticoagulant drugs. Israel Fer-

nández is PI of these two projects.

• In this line, we have carried out the first study 

with GWAs in patients with ischemic stroke trea-

ted with t-PA. We have performed an analysis on 

more than 1.000 patients. Several of these results 

will be published in the journal Neurology and 

Brain (Carrera et al, Neurology 2019; Carrera et al. 

Brain 2021).

L3 Genetic and epigenetic risk factors associated 

with the neurological deterioration and the disability 

after stroke.

• In this line we study whether the genetic and 

epigenetic factors can influence the stroke out-

come. We analyze the neurological deterioration 

during the acute phase of stroke (24h) and the 

long-term disability (three months).

• A GWAS analysis performed by our group (n = 

3500 patients with ischemic stroke) revealed a 

locus associated with disability post-stroke. This 

loci is found in the INADL / PATJ gene. It has 

been the first gene confirmed to be associated 

with long term outcome in stroke. These results 

have been published in Circulation Research this 

year. Israel Fernández is the corresponding author 

of this paper (Mola-Caminal et al Circulation 

Research 2019).

• Currently, we are conducting studies in cell 

cultures and animal models to study the reasons 

for this association and the potential use of the 

protein codified in the gene as a new drug target.

• Natalia Cullell post-doctoral researcher from our 

group is the coordinator of this line of research.

L4 Genetic, epigenetic, and proteomic factors asso-

ciated with the endophenotypes of the acute phase 

of stroke. Integromics.

• The aim of this research line is to find genetic, 

epigenetic, and protein factors associated with 

different endophenotypes of the acute phase 

of stroke, such as post-stroke infections, edema 

formation, leukocyte levels during the acute pha-

se of stroke. The hypothesis is that neurological 

evolution and post-stroke disability is influenced 

by multiple factors.

• We have now carried out a genetic analysis in 

1,183 patients with neutrophil and post-stroke 

outcome data. We collaborate in the GENESIS 

study, led by Dr. Jin-Moo Lee an international 

study with different networks (United States, 

Spain, South America, and Central Europe). Cu-

rrently, we are leading the Spanish network. This 

study analyzed 6.000 strokes with endophenoty-

pe data of the acute phase of stroke using GWAs 

and found loci associated with neurological 

deterioration (Ibañez et al Brain 2022).

L5 Microbiome and Stroke.

• The estimated total cell count of a typical human 

body is 6.8×1013. However, 66% of these cells are 

bacteria that live within us. At the same time, the 

genome size of the human gut microbiota is 150 

larger than the human genome. The dysbiosis of the 

gut microbiome (changes in the composition of the 

types of microorganisms) has been identified as a 

potential risk factor for susceptibility to numerous 

diseases, including stroke, influencing systemic 

inflammation by altering intestinal permeability.
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• In this line, we aim to investigate whether the 

gut microbiome could also be influencing the 

neurological evolution after a stroke, modula-

ting the antigen-specific immune responses of 

the central nervous system. If this is confirmed, 

changes in the intestinal flora could be promoted, 

either through the use of probiotics in the diet 

or through fecal transplantation from healthy 

donors, in order to discover new therapies that 

could improve the evolution of patients after ha-

ving suffered a stroke. Miquel Lledós coordinates 

this line of research.

L6 Lipids and Stroke.

• According to numerous observational studies 

and randomized controlled trials, low-density 

lipoprotein cholesterol (LDL-C) is a risk factor 

for cardiovascular disease, including myocar-

dial infarction, peripheral vascular disease, and 

stroke. Other studies, however, have described 

an inverse association between the plasma level 

of LDL-C and the risk of hemorrhagic stroke. The 

mechanism by which dyslipidemias are associa-

ted with coronary heart disease has been widely 

studied. However, the mechanism underlying the 

association between cholesterol and stroke is 

not well established and could present significant 

differences due to the peculiar structure of the 

cerebral arteries and the peculiarities of cerebral 

metabolism.

• Our goal is to apply genomic analysis techniques 

to detect genes and lipid metabolism pathways 

involved in the risk and prognosis of different 

types of stroke, identify potential therapeutic 

targets and thus improve stroke prevention and 

treatment.

• The senior researcher Jesús Martín coordinates 

this line of research.

L7 CADASIL and other orphan diseases associated 

with stroke.

• The objective of this research line is to study 

monogenic diseases associated with stroke. 

We have focused specifically on CADASIL and 

other monogenic causes of small vessel stroke. 

Currently we are performing transcriptomics and 

proteomics studies in CADASIL. In addition, we 

have the first clinical consult focus on CADASIL 

disease and other monogenic diseases associa-

ted with stroke and small vessel disease in the 

country.

• We have a fluid relationship with the Spanish 

association of CADASIL patients. We collaborate 

with the CADASIL SPAIN Patient Association 

(https://cadasil.org/) organizing and participating 

in informative days about the disease.

• In this line we have created a website www.

cadasil.es where we respond the clinical doubts 

from CADASIL patients or relatives. In this line we 

have carried out a crowdfunding project with the 

PRECIPITA project of the Spanish Science and 

Technology Foundation (FECYT) with the aim of 

raising funds for CADASIL studies: https://www.

precipita.es/precipitado/cadasil-una-enferme-

dad-genetica-sin-tratamiento.html.

• We recently have obtained an international grant 

to study CADASIL from the Million Dollar Bike 

Program being our group the coordinator of this 

study. The postdoctoral researcher Elena Muiño 

participates in this line.

L8 Genetic susceptibility to COVID-19. COVID-19 

and stroke. 

• In this line we analyze the genetic factors as-

sociated with the risk and severity of COVID-19 

using broad-spectrum genetic tools. Also, we 

analyze the genetic factors associated with 

post-COVID-19 stroke. We have analyzed a 

cohort of more than 600 patients with GWAS 

data. We are part of the INMUNGEN-CoV2 study 

financed by the CSIC and of which Anna Planas 

(CSIC-IDIBAPS) is the principal investigator. In 

this line we also collaborate with Drs Jordi Pérez 

Cruz (CSIC-Valencia) and Marta López de Diego 

(CSIC-Madrid). We have also received funding 

from the Marató of TV3 for the omic study of the 

severity of COVID-19 and its relationship with the 

persistent symptoms of this pathology.

• Laia Llucià and Sayoa Alzate work in this line of 

research.

ACTIVE GRANTS 

• Fernández Cadenas, Israel. iBioStroke: Identifica-

ción y validación clínica de biomarcadores para la 

evolución clínica post-ictus. AC19/00106. Insti-

tuto de Salud Carlos III (ISCIII). Duration: 2020-

2023. 93.170,00 €.
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• Fernández Cadenas, Israel. COPYCTUS: Estudio 

de la variación en el número de copias y análisis 

genómico 3D para encontrar dianas terapéuticas 

en relación al deterioro neurológico post-ictus. 

PI21/01088. Instituto de Salud Carlos III (ISCIII). 

Duration: 2022-2024. 96.800,00 €.

• Fernández Cadenas, Israel. CNV and Stroke 

(CaNVAS). NIH MARYLANDO (CaNVAS) 

1R01NS114045-01. National Institute of Neu-

rological Disorders . Duration: 2020-2023. 

100.084,00 €.

• Fernández Cadenas, Israel. Single-nuclei RNA-

seq for CADASIL understanding and therapeutic 

target discovery. MDBR-22-127-CADASIL. . Dura-

tion: 2022-2023. 53.205,00 €.

• Fernández Cadenas, Israel. Biomarcadors pro-

teòmics cardiometabòlics i immunitaris de la 

Covid-19 per a l’avaluació clínica de la infecció, la 

gravetat de la malaltia i les complicacions post-

pandèmiques de salut. MARATO 202107-31. Fun-

dació La Marató de TV3. Duration: 2022-2024. 

129.750,00 €.

• Fernández Cadenas, Israel. Elucidating the Key 

Mediators and Mechanisms of Cerebral Edema 

and Hemorrhagic Transformation after Hemis-

pheric Stroke using Quantitative Imaging and 

Genetics. NIH RO1 edema. (Raj Dhar and Spanish 

network) NIH - WUSTL . Duration: 2022-2027. 

344.242,00 €.

GRANTS AWARDED  

• Fernández Cadenas, Israel. CADASIL-Historia Natural 

(CADANHIS). AC23_2/00041. Instituto de Salud Car-

los III (ISCIII). Duration: 2024-2026. 179.375,00 €.

• Fernández Cadenas, Israel. Stopped-Stroke. Re-

versible epigenetic therapies to SToP biological 

age and reduce STroke risk. MARATO 202310-30. 

Fundació La Marató de TV3. Duration: 2024-

2027. 133.972,50 €.

• Carcel Marquez, Jara. Gen-X project: Genetic and 

epigenetic study of ischemic stroke and its sex 

differences. MARATO 202306-30. Fundació La Ma-

rató de TV3. Duration: 2024-2027. 199.801,25 €.

DOCTORAL THESES DEFENDED  

• Cárcel Márquez, Jara. Study of genetic risk fac-

tors associated with ischemic stroke. 24/01/2023. 

Universitat Autònoma de Barcelona. Supervisors: 

Fernández Cadenas, Israel; Martí i Fàbregas, Joan. 

http://hdl.handle.net/10803/688764

• Cullell Fornés, Natalia. Estudio Epigenómico 

de los factores de riesgo y pronostico del ictus 

isquémico. 21/06/2023. Universitat Autònoma 

de Barcelona. Supervisors: Fernández Cadenas, 

Israel; Krupinski, Jerzy; Chamorro, Ángel.

SCIENTIFIC PRODUCTION

• Duperron MG, Knol MJ, Le Q, Evans TE, Mishra A, 

Tsuchida A, Roshchupkin G, Konuma T, Tregouet 

DA, Romero JR, Frenzel S, Luciano M, Hofer 

E, Bourgey M, Dueker ND, Delgado P, Hilal S, 

Tankard RM, Dubost F, Shin J, Saba Y, Armstrong 

NJ, Bordes C, Bastin ME, Beiser A, Brodaty H, 

Bulow R, Carrera C, Chen CSP, Cheng CY, Deary 

IJ, Gampawar PG, Himali JJ, Jiang JY, Kawaguchi 

T, Li S, Macalli M, Marquis P, Morris Z, Maniega 

SM, Miyamoto S, Okawa M, Paradise M, Parva P, 

Rundek T, Sargurupremraj M, Schilling S, Setoh K, 

Soukarieh O, Tabara Y, Teumer A, Thalamuthu A, 

Trollor JN, Hernandez MCV, Vernooij MW, Volker 

U, Wittfeld K, Wong TY, Wright MJ, Zhang JY, 

Zhao WT, Zhu YC, Schmidt H, Sachdev PS, Wen 

W, Yoshida K, Joutel A, Satizabal CL, Sacco RL, 

Bourque G, Lathrop M, Paus T, Fernández I, Yang 

Q, Mazoyer B, Boutinaud P, Okada Y, Grabe HJ, 

Mather KA, Schmidt R, Joliot M, Ikram MA, Matsu-

da F, Tzourio C, Wardlaw JM, Seshadri S, Adams 

HHH, Debette S, CHARGE C. Genomics of 

perivascular space burden unravels early mecha-

nisms of cerebral small vessel disease. NATURE 

MEDICINE. 2023; 29(4)DOI:10.1038/s41591-023-

02268-w. PMID:37069360. IF:82,900 (Q1/1D). 

Document type: Article.

• Heald A, Qin R, Williams R, Warner J, Narayanan 

RP, Fernández I, Peng Y, Gibson JM, McCay K, 

Anderson SG, Ollier W. A Longitudinal Clinical 

Trajectory Analysis Examining the Accumulation 

of  Co-morbidity in People with Type 2 Diabetes 

(T2D) Compared with Non-T2D  Individuals. Dia-

betes Therapy. 2023; 14(11)DOI:10.1007/s13300-

023-01463-9. PMID:37707702. IF:3,800 (Q2/5D). 

Document type: Article.

• Lledós M, Prats L, Llucià L, Cárcel J, Muino E, Cu-

llell N, Gallego C, Martín JM, Aguilera A, Guasch 

M, Guisado D, Ramos A, Martínez A, Izquierdo A, 
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Marín R, Camps P, Martí J, Fernández I. Ischaemic 

stroke patients present sex differences in gut 

microbiota. EUROPEAN JOURNAL OF NEU-

ROLOGY. 2023; 30(11)DOI:10.1111/ene.15931. 

PMID:37329328. IF:5,100 (Q1/3D). Document 

type: Article.

• Llucià L, Muiño E, Cullell N, Cárcel J, Lledós M, 

Gallego C, Martin J, Martí J, Aguilera A, Planas 

AM, DeDiego ML, de Felipe A, Masjuan J, García 

S, Segura T, González E, Serrano G, Domínguez 

A, Menéndez P, Montaner J, Migeotte I, Rahmou-

ni S, Darcis G, Bernardo D, Rojo S, Schulte EC, 

Protzer U, Fricke L, Winter C, Niemi M, Cordioli 

M, Delgado P, Fernández I. Genetic Architectu-

re of Ischaemic Strokes after COVID-19 Shows 

Similarities with  Large Vessel Strokes. INTERNA-

TIONAL JOURNAL OF MOLECULAR SCIENCES. 

2023; 24(17):13452. DOI:10.3390/ijms241713452. 

PMID:37686257. IF:5,600 (Q1/3D). Document 

type: Article.

• Marti J, Camps P, Best JG, Ramos A, Guasch M, 

Martinez A, Guisado D, Gomez BM, Ambler G, Wi-

lson D, Lee KJ, Lim JS, Bae HJ, Shiozawa M, Koga 

M, Toyoda K, Hennerici MG, Chabriat H, Jouvent 

E, Wong DYK, Mak H, Lau KK, Kim YD, Song TJ, 

Heo JH, Eppinger S, Gattringer T, Uysal E, Demi-

relli DS, Bornstein N, Ben E, Hallevi H, Molad JA, 

Nishihara M, Tanaka J, Hara H, Yakushiji Y, Coutts 

SB, Smith E, Polymeris AA, Wagner B, Seiffge D, 

Lyrer PA, Peters N, Engelter ST, Salman RA, Jager 

HR, Lip GYH, Goeldlin M, Panos L, Karayiannis CC, 

Phan TG, Srikanth VK, Christ N, Gunkel S, Fluri F, 

Leung TW, Soo Y, Chu WN, Abrigo J, Barbato C, 

Browning S, Simister R, Mendyk AM, Bordet R, Hi-

lal S, Gyanwali B, Chen CSP, Jung SM, Orken DN, 

Werring D, Prats L, Microbleeds Int Collaborative 

N. Stroke Risk and Antithrombotic Treatment Du-

ring Follow-up of Patients With Ischemic Stroke 

and Cortical Superficial Siderosis. NEUROLO-

GY. 2023; 100(12):e1267-e1281. DOI:10.1212/

WNL.0000000000201723. PMID:36535778. 

IF:9,900 (Q1/1D). Document type: Article.

• Martín JM, Cárcel J, Llucià L, Lledós M, Cullell N, 

Muino E, Gallego C, Fernández I. Causal role of li-

pid metabolome on the risk of ischemic stroke, its 

etiological subtypes, and long-term outcome: A 

Mendelian randomization study. ATHEROSCLE-

ROSIS. 2023; 386:117382. DOI:10.1016/j.atheros-

clerosis.2023.117382. PMID:38006695. IF:5,300 

(Q2/3D). Document type: Article.

• Pinosanu LR, Capitanescu B, Glavan D, Godea-

nu S, Cadenas IF, Doeppner TR, Hermann DM, 

Balseanu A-T, Bogdan C, Popa A. Neuroglia Cells 

Transcriptomic in Brain Development, Aging and 

Neurodegenerative Diseases. Aging and Di-

sease. 2023; 14(1)DOI:10.14336/AD.2022.0621. 

PMID:36818562. IF:7,400 (Q1/2D). Document 

type: Review.

• Surugiu R, Burdusel D, Ruscu MA, Cercel 

A, Hermann DM, Cadenas IF, Popa A. Clini-

cal Ageing. Sub-Cellular Biochemistry. 2023; 

103DOI:10.1007/978-3-031-26576-1_16. 

PMID:37120476. Document type: Article.
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