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Stroke impact
Leading causes of death in 2021 globally

WHO Global Health Estimates, 2021

Iadecola et al. JACC 2019

“Stroke remains the second-leading cause of death and the third-

leading cause of death and disability combined in the world”

World Stroke Organization (WSO): Global Stroke Fact Sheet 2022

Mijajlović, M. D. et al. BMC Med 2017

Post-stroke cognitive impairment

Rost N. et al. Circ Res 2022; Jokinen H. et al. Eur J Neurol 2015; Iadecola C. Neuron 2013

3-6 months; 30%



Post-stroke biomarkers

Andone S. et al. Int J Mol Sci 2021

Neurodegenerative and 

inflammatory biomarkers
 Neurofilament light (Nfl)

 Tau protein

 C-reactive protein (CRP)

 Interleukin (IL) 

Dagonnier M. et al. Front Neurol 2021

Tiedt S. et al. Neurology 2018; Brodtmann A.et al. Front Neurol 2021; Peng Y. and cols. Neurorehabil Neural Repair 2021

Immune response 

in the acute phase

Chronic maladaptive 

responses

Cognitive 

impairment

We propose that AhR or its 

ligands may serve as potential 

biomarkers



Meet AhR: The dioxin receptor

The basic HLH (helix–loop–helix) –PER–ARNT–SIM 

(bHLH–PAS) family

+

Bersten D. et al. Nat Rev Cancer 2014

AhR

The Aryl Hydrocarbon Receptor (AhR) The AhR pathway and signaling

XRE-dependent

control of gene 

expression

Rothhammer and Quintana., Nat Rev  Inmmunol 2019



A Sensor of the External and Internal Microenvironment

Kawajiri K et al. Exp Anim 2017



Microglial AhR drives Alzheimer’s disease progression

Nieto-Vaquero and cols. Unpublished data
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How does AhR signaling modulate microglial function? 

↑↑ AhR expression associated with amyloid 

plaque development 

Are AhR ligands increased in 

Alzheimer’s disease??
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Control APPNL-F

AhR ligands levels change with both aging and AD

*p < 0.05 ; n = 5-14Nieto-Vaquero and cols. Unpublished data
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Aβ-/p-tau-  CT

Aβ+/p-tau-  Amyloidosis

Aβ+/p-tau+  AD

*p < 0.05 vs. CT; n = 27-38Nieto-Vaquero and cols. Unpublished data

Colaboration with Dr. Alberto

Villarejo Galende

Measuring AhR activity in AD patients 



MCA

Before After10’

*p<0.05 vs APPNL-F AhR+/+ n=6-8Nieto-Vaquero and cols. Unpublished data

AhR ligands levels change in mice after stroke
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Young mice 16 

months after 

stroke

Sham MCAO
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Preliminary data



CT Stroke 
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Modified Rakin Scale 3 months
after stroke

Good outcome

mRS 0-2

Poor outcome

mRS 3-6

STROKE DATABASE – 3 MONTHS AFTER STROKE

PILOT STUDY 

Nieto-Vaquero and cols. Unpublished data

Variable n = 55

Age – mean ± SD 74.71 ± 11.99

Female sex – n (%) 27 (49.09%)

Smoking – n (%) 13 (24.07%)

Alcohol – n (%) 6 (11.11%)

Hypertension – n (%) 37 (67.27%)

Dyslipidemia – n (%) 31 (56.36%)

Diabetes – n (%) 13 (23.64%)

Pre-stroke functional Independence 

(mRS 0-2) – n (%)
55 (100%)

Baseline NIHSS – mean ± SD 10.53 ± 7.54

NIHSS at 24h – mean ± SD 5.04 ± 4.27

tPA – n (%) 22 (39.62%)

Thrombectomy – n (%) 31 (55.56%)

Etiology (TOAST) – n (%)

Atherothrombotic 21 (38.18%)

Cardioembolic 19 (34.55%)

Lacunar 1 (1.82%)

Cryptogenic 6 (10.91%)

Multiple causes 6 (10.91%)

Other cause 2 (3.64%)

Incomplete study 0 (0%) 

3-month poor outcome

(mRS 3-6) – n (%)
18 (32.73%)

AhR ligands levels change in patients after stroke

*p<0.05 vs CT or 0-2 n=35-55

Preliminary data



Hypothesis

Objectives

Aryl Hydrocarbon Receptor (AhR) ligands are altered in patients and

animal models of ischemic stroke, and these alterations are associated with

long-term cognitive and functional outcomes, as well as with the

development of post-stroke cognitive impairment. Therefore, signaling

through the AhR, and specifically the detection of its agonist activity, could be

used as a biomarker of clinical progression in ischemic stroke patients.

To clarify the relationship between AhR ligands and post-stroke cognitive

impairment by analyzing these ligands in animal models and in patient

samples.

1. To evaluate AhR ligands in

an animal model of

ischemic stroke.

2. To characterize the role of

AhR in chronic ischemic

stroke in mice.

3. To determine AhR

ligands in post-stroke

patient samples.

Proyectos colaborativos para investigadores 

emergentes



Characterization of AhR ligands in preclinical models of stroke

1. To evaluate AhR ligands in an animal model of ischemic stroke

2. To characterize the role of AhR in chronic ischemic stroke in mice

Sham, n=10mice/group (5 males/5 females) 

MCAO, n=20 mice/group (10 males/10 females)

Ongoing analysis

Ongoing analysis

Ferric

Chloride

Ferric

Chloride



Ongoing analysis MRI 24h

Sham MCAO
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Nesting test 35d

Carlos Parra (Surgeries), Virginia García (Behaviour

test), Laura Martínez (Imaging)

Sham, n=10mice/group (5 males/5 females) 

MCAO, n=20 mice/group (10 males/10 females)

MCAOSham

Characterization of AhR ligands in preclinical models of stroke

1. To evaluate AhR ligands in an animal model of ischemic stroke



Sham, n=10mice/group (5 males/5 females) 

MCAO, n=20 mice/group (10 males/10 females)

Ongoing analysis

Sham MCAO
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test), Laura Martínez (Imaging)
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*p<0.05 vs 0, Fam or Sham n=10-20

Characterization of AhR ligands in preclinical models of stroke

1. To evaluate AhR ligands in an animal model of ischemic stroke



Evaluation of circulating AhR ligands in stroke patients

3. To determine AhR ligands in post-stroke patient samples

Marta Oses-Lara 

(Araceli García Torres)

Juan Álvarez-Cienfuegos Rodríguez, Carme Gubern Mérida 

y Mikel Terceño Izaga (Yolanda Silva Blas)

Antonio Doncel-Moriano Cubero y Salvatore Rudilosso

(Ángel Chamorro Sánchez)

Jon Martín Prieto 

(María del Mar Freijo Guerrero)

Maribel Cuartero (Ignacio Lizasoain y 

María Ángeles Moro)



3. To determine AhR ligands in post-stroke patient samples

ALL OF YOU ARE INVITED TO 
PARTICIPATE!!

?

cnietov@cnic.es / maricuar@ucm.es / lgbiro.garcia@gmail.com

Evaluation of circulating AhR ligands in stroke patients

mailto:cnietov@cnic.es
mailto:maricuar@ucm.es
mailto:lgbiro.garcia@gmail.com
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