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Introduction

Genomics and proteomics both peer into living 
organisms at the subcellular level, but, proteomics 
captures what is happening in cells now.



Introduction



Introduction

Pairs of antibodies labelled with DNA oligonucleotides bind to the target antigen in solution, allowing hybridization and 
extension by DNA polymerase. This newly created DNA barcode fragment is amplified by standard PCR before transfer to

the integrated microfluidic chip (IFC), which is loaded onto the instrument for qPCR and data readout.

Olink



Background

There is a lack of proteome-wide studies in stroke. Proteomic data could be very useful to 
find potential treatments and to understand the biological mechanisms associated with 
stroke.



Objective

Objective

To perform a proteome-wide study in stroke to analyse multiple phenotypes to identify the 
biological pathways associated with stroke risk, stroke outcome and acute treatment response. 



Cohort description

This study involved 535 plasma samples from 
9 Spanish hospitals.

The cohort included:

• 398 ischaemic strokes

• 45 haemorrhagic strokes

• 45 mimics

• 40 population controls

• 7 CADASIL
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Methodology

ANALYSIS

a) Risk factors, biomarkers of stroke diagnosis.

• Ischaemic stroke vs. control. IIB-Sant Pau.

• Ischaemic stroke vs mimics. IBIS

• Haemorrhagic stroke vs controls. IBIS

• Stroke (ischaemic + haemorrhagic) vs. mimics. IBIS

• Ischaemic vs. haemorrhagic stroke. IBIS

• Stroke aetiologies (CES, AT, SVD, UND). IBIS

b) rt-PA/thrombectomy.

• Haemorrhagic transformation yes/no.  IIB-Sant Pau

• Futile recanalisation. IIB-Sant Pau/IBIS

c) Evolution.

• dNIHSS, baseline NIHSS. IIB-Sant Pau.

• dmRS, mRS third month. IIB-Sant Pau.

• Post-stroke infections. IIB-Sant Pau.

• Post-stroke temperature. Albacete.

• Post-stroke cognitive impairment. IIB-Sant Pau.

d) Other

• Pre-stroke infections. Albacete



Ischaemic stroke vs. control



Inclusion criteria

1. Patients with an episode of ischemic stroke, Mimic or population 

controls.

2. Patients with plasma for proteomic study and GWAS data, DNA or 

blood for genetic study. 

3. Patients over 18 years of age. 

4. Patients of European ethnic origin. 

5. Samples collected less than 10 years ago. 

6. In ischemic stroke, the plasma was collected during the first 6 hours 

from symptom onset and before treatment.



• Analysis

Methodology

Objectives
1. Understanding the biological mechanisms by which Ischaemic stroke occurs.

Associated variables

Logistic regression

• Age
• Sex

1. 39 (Population controls) vs 383 (IS)
2. 84 (Population controls + Mimics) vs 383 (IS)

Linear regression with Limma
NPX ~ Phenotype + clinical variables

GSEA (Gene set enrichment analysis)

Statistical analysis



Results

1. 39 (Population controls) vs 383 (IS)
• Linear regression

• Covariates: Sex + age

• 2483 Proteins

• 1507 proteins pass the FDR cut-off 

1371

1112



Results

2. 84 (Population controls + Mimics) vs 383 (IS)
• Linear regression

• Covariates: Sex + age

• 2483 Proteins

• 1007 proteins pass the FDR cut-off 

949

1534



Hemorrhagic transformation



Introduction

Reperfusion treatments

• Thrombolytic therapy with rtPA (tissue plasminogen activator)

• Mechanical thrombectomy

Hemorrhagic Transformation (HT)

• There is extravasation of blood, generally into the 
infarcted zone.

• 15-20% of patients treated with rtPa suffer from HT.



Parenchymal hemorrhage

• Parenchymal Hematoma Type 1 (PH-1): Bleeding occurs in <30% of infarcted tissue with moderate mass effect.

• Parenchymal Hematoma Type 2 (PH-2): Bleeding involves >30% of  infarcted  tissue and greater mass effect.

• The frequency of PH1 and PH in CT at 22-36 hours is 2.6-2.5%. They worsen the functional and vital prognosis of the 
patients (Wahlgren N, et al., Lancet, 2007).

Heidelberg bleeding classification (Ji Man Hong, et al., frontiers in Neurology, 2021)

Introduction



Introduction

Risk factors for HT (Ji Man Hong, et al., frontiers in Neurology, 2021)

Risk factors for HT



Introduction

Previous studies have shown that there is a genetic component associated 

with response to reperfusion treatments.

• In a recent study using the GWAS in a cohort of 1,904 Ischemic strokes 

treated with rTPA a locus in the ZBTB46 gene was associated with the 

occurrence of HT post rtPA (Carrera et al. Brain 2021).

• In another published meta-analysis involving 216 cases of PH and 1818 

controls (Ischemic strokes treated with rTPA /mechanical thrombectomy), 

the RP11-362K2.2: RP11-767I20.1 gene was associated with the onset of 

PH (Muiño et al. Journal Clinical Medicine 2021).

• There is a modest genetic-clinical score to predict the risk of severe HT 

(Del Rio-Espinola et al. Ann of Neurol 2012) validated (Carrera et al. 

Neurology 2019).



Inclusion criteria

1. Patients with an episode of ischemic stroke treated with rt-PA 

and/or thrombectomy.

2. Patients with plasma for proteomic study and GWAS data, DNA or 

blood for genetic study. 

3. Patients over 18 years of age. 

4. Patients of European ethnic origin. 

5. Samples collected less than 10 years ago. 

6. In ischemic stroke, the plasma was collected during the first 6 hours 

from symptom onset and before rt-PA or thrombectomy treatment.



• Analysis

Methodology

Objectives
1. Understanding the biological mechanisms by which PH occurs.
2. Finding potential biomarkers for PH.

Associated variables

Logistic regression

Linear regression with Limma
NPX ~ Phenotype + clinical variables

GSEA (Gene set enrichment analysis)

Statistical analysis

Linear regression with Limma
Protein ~ Phenotype

Logistic regression
Phenotype  ~  Proteins
Phenotype  ~ clinical variables
Phenotype  ~ Proteins + clinical variables

1. 264 (No HT) vs 65 (PH) 

2. 306 (Including HT) vs 65 (PH)



• Analysis

Results

Objectives
1. Understanding the biological mechanisms by which PH occurs.

Associated variables

Logistic regression

• Age
• Sex
• Reperfusion treatment
• TOAST
• Diabetes

Linear regression with Limma
Phenotype  ~ Age + Sex + Treatment + TOAST + Diabetes

GSEA (Gene set enrichment analysis)

Statistical analysis

1. 264 (No HT) vs 65 (PH) 



Results

1. 264 (No HT) vs 65 (PH)

• Linear regression

• 2483 Proteins

• No protein passes FDR cut-off

• GSEA (Gene set enrichment analysis)



• Analysis

Results

Objectives
1. Understanding the biological mechanisms by which PH occurs.
2. Finding potential biomarkers for PH.

Associated variables

Logistic regression

• Age
• Sex
• Reperfusion treatment
• TOAST
• Diabetes

Linear regression with Limma
Phenotype  ~ Age + Sex + Treatment + TOAST + Diabetes

GSEA (Gene set enrichment analysis)

Statistical analysis

Linear regression with Limma
Protein ~ Phenotype

Logistic regression
Phenotype  ~  Proteins
Phenotype  ~ Age + Sex + Treatment + TOAST + Diabetes
Phenotype  ~ Proteins + Age + Sex + Treatment + TOAST + Diabetes

1. 264 (No HT) vs 65 (PH) 

2. 306 (Including HT) vs 65 (PH)

3 Potential biomarkers



Next steps

1. We continue with the analysis of the 
evolution of stroke. 

2. We are going to genotype the 535 
patients with Axiom Spain Biobank 
Array. 

3. We are collecting the replication of the 
analysis (N=200).



Conclusions

Our goal is to analyse stroke 
risk, outcome and acute 
treatment response.

Pathway analysis identified 
that cell-cell adherents
junctions, endocytosis, 
platelet activation and 
inflammation pathways were 
over-represented in IS.

Pathway analysis identified 
that the complement and 
coagulation cascades are 
overrepresented in patients 
with PH.

Our study identifies three 
proteins as potential 
biomarkers for PH.

In brief, we will genotype the 
discovery cohort.

We are collecting the 
replication cohort.
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