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potential targets of polyphenols underlying 

their vascular health 



DIETARY POLYPHENOLS 

 Most abundant dietary antioxidants 

(Pérez-Jiménez J et al 2011) 
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 Phytomicronutrients 

 Confer organoleptic properties to plant foods  
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DIETARY POLYPHENOLS AND HEALTH 



: “young” 9-month-old rats 

: “old” 21-month-old rats 

: “old” 21-month-old rats supplemented with a 2% BB diet  

Blueberry diet improves the performance of aged animals in spatial working 

memory tasks 

DIETARY POLYPHENOLS AND NEUROLOGICAL FUNCTIONS 



DIETARY POLYPHENOLS AND NEUROLOGICAL FUNCTIONS 

Flavanone-rich orange juice is beneficial for cognitive function in healthy 

older adults 

with no significant effects on mood or blood pressure 



Cognitive Demand Battery  

Cocoa flavanols benefically affect cognitive function regarding 

performance and mood during highly effortful cognitive processing 

DIETARY POLYPHENOLS AND NEUROLOGICAL FUNCTIONS 



Increase in blood flow in brain 2h post-
consumption of the high flavanol drink 

The dentate gyrus (DG) is a region in the hippocampal 
formation whose function declines with age and is therefore 

considered as source of age-related memory decline. 

A high-flavanol intervention enhances 
DG function (cerebral blood volume  

 and  cognitive function) 

hippocampal circuit (high-
resolution CBV-fMRI)  

 

DIETARY POLYPHENOLS AND NEUROLOGICAL FUNCTIONS 



(Palmer et al., 2011; Montagne et al., 2015) 

Neurodegenerative 
disorders  

ORIGINS OF NEURODEGENERATIVE DISORDERS: 
 BLOOD-BRAIN-BARRIER   

- BBB dysfunction, a key contributors to the pathogenesis of neurodegenerative disorders 

- BBB breakdown is an early event in the aging human brain that begins in the hippocampus and 

may contribute to cognitive impairment.  



BLOOD-BRAIN BARRIER STRUCTURE OF BLOOD-BRAIN-BARRIER 
- NEUROVASCULAR UNIT - 



BEC PERMEABILITY TO IMMUNE CELLS BLOOD-BRAIN BARRIER DYSFUNCTION OF BLOOD-BRAIN-BARRIER 



POLYPHENOLS AND ENDOTHELIAL CELL FUNCTION 



Krga, Milenkovic et al., 2012, Food and Function 

POLYPHENOLS AND ENDOTHELIAL CELL FUNCTION 
- NUTRIGENOMIC EFFECTS - 



CELL FUNCTION REGULATION  

Adapted from: Barallobre-Barreiro et al., Rev Esp Cardiol. 2013 
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micro RNA 
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mRNA stability 

RNA editing 
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Allelic variants 
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SYSTEMS BIOLOGY 

Adapted from Geschwind & Konopka, Nature 2009 



DNA TRANSCRIPTION 

« junk DNA » - 98% of DNA 

RNA – 2% of DNA 



- 80% of DNA transcripted 

DNA TRANSCRIPTION 

non-coding RNAs 



- 80% of DNA transcripted 

Uchida et al., Circ Res. 2015  

DNA TRANSCRIPTION 



LNCRNAS REGULATE GENE EXPRESSION THROUGH 
DIVERSE MECHANISMS  

Paralkar  et al., Blood. 2013   



Salta et al., Lancet Neurol 2012  

LNCRNAS AND NEURODEGENERATIVE DISEASES 

Huang et al., Progress in Neuro-
Psychopharmacology & Biological Psychiatry 2015  

 



LONG NON-CODING RNA REGULATE ENDOTHELIAL CELL 
FUNCTION AND BARRIER 

MA et al., ABB 2015 

Miano et al., Cell. Mol. Life Sci, 2015 



DIETARY POLYPHENOLS AND LNCRNA 

Epigallocatechin gallate 

Liu et al., CMJ 2015 

EGCG may potentially regulate gene expression through by lncRNAs  

- Cholesterol synthesis 
- Lipid droplets formation   
- Cell replication 



MICRORNAS 

- MicroRNAs (miRNAs) are short non-coding RNA 

that act as negative regulators of gene expression 

and protein synthesis in eukaryotic organisms.  

O’Donnell et al, 2005 

Each miRNA can regulate the translation of 

multiple genes and many genes can be 

regulated by multiple miRNAs. 

miRNAs control the post-

transcriptional regulation of over 

50% of genes  



Neurodegenerative 

   disease 

Metabolic syndrome 

Cell development 

Cell differentiation 

Apoptosis 

Cell proliferation 

IMPACT OF MIRNA ON CELL PROCESSES AND 
DISEASE DEVELOPMENT 

miRNA 

Miska et a., Curr Opin Genet Dev 2005; Wang et al J Cell Mol 

Med, 2009; Condorelli et al., J Am Coll Cardiol 2014 



- Control

- Antho50® 0.02% 

(= 50mg anthocyanins/d)

2 weeks

Triglycerides (TG), 

Cholesterol

Triglycerides (TG), 

Cholesterol

Microarray analysis

n=2 X 20

- Control

- Antho50® 0.02% 

(= 50mg anthocyanins/d)

2 weeks

Triglycerides (TG), 

Cholesterol

Triglycerides (TG), 

Cholesterol

Microarray analysis

n=2 X 20

EFFECT OF POLYPHENOLS ON MIRNAS EXPRESSION IN-VIVO - 
EXPERIMENTAL APPROACH - 

- 11groups 
            * C57 
            * ApoE-/- 
            * 9 different polyphenols 
              (nutritional doses) 
-  N=4 
- 2 weeks 
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miRNA 

extraction  

Statistical analysis 

Microarray 

hybridization 

Image acquisition 
Image analysis 

Prediction of 
targeted mRNA 

Pathways analysis 
and clustering 

quercetin,  

catechin,  

hesperidin,  

naringin,  

anthocyanin,  

proanthocyanin,  

curcumin 

cafeic 

acid 

ferulic 

acid 

miRNA 



DIFFERENTIALLY EXPRESSED MIRNA  IN RESPONSE TO 
VARIOUS POLYPHENOL SUPPLEMENTATION 
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Polyphenols, at nutritional doses, regulate expression of miRNA 

Milenkovic et al.,  PloSONE 2012 



Cluster A 

2 1 

Cluster B 

HIERARCHICAL CLUSTERING OF MIRNA EXPRESSION PROFILES 

Milenkovic et al.,  PloSONE 2012 



FLAVANOLS AND MIRNA EXPRESSION IN ENDOTHELIAL CELLS 
EXPERIMENTAL APPROACH 

Flavanol plasma metabolites: 

 4’Methyl Epicatechin (4’MEC) 

 4’Methyl Epicatechin 7 Glucuronide (4’MEC7G) 

  Epicatechin 4’Sulfate (EC4’S) 

Flavanol metabolites 
- Working concentrations : 0.1to 2 µM  

U937 

t = 23h 

Monocyte/HUVE

C co-incubation 
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HUVECs 

(Human 
Umbilical Vein 

Endothelial Cells) 

Monocytes 

Exposure of HUVECs to 

flavanol metabolites: 

 - 4’Methyl Epicatechin  

 - 4’Methyl Epicatechin 7 

Glucuronide  

 - Epicatechin-4’-Sulfate 

t = 0 t = 3h 

Induction of 

inflammatory stress 

 

t = 18h t = 22h 

+TNFα (0.1ng/ml) 
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Counting of  attached 
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assay 

Monocytes 

transendothelial 
migration 



FLAVANOLS AND MIRNA EXPRESSION IN ENDOTHELIAL CELLS 

miRNA: small, non-coding RNA that are 

post-transcriptional regulators 



ROLE OF IDENTIFIED MIRNAS 

Cell adhesion 
Angiogenesis  

Atherosclerosis 

Cellular 

proliferation 

Cell invasion 

Cellular 

senescence 

Inflammation 

Cancer 

Endothelial 

function 



TARGET GENES OF DIFFERENTIALLY EXPRESSED MIRNAS 
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hsa-miR-574-5p  
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Gene network analysis  

Cellular pathway analysis  

ROLE OF TARGET GENES OF DIFFERENTIALLY 
EXPRESSED MIRNAS 
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IMPACT OF MIRNAS ON MRNA AND PROTEINS OF 
TARGET GENES 
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miARN decrease protein expression of gene by inhibiting 

translation and that of gene by decreasing mRNA level 
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IMPACT OF MIRNAS ON MRNA OF TARGET GENES 
- SYSTEMS BIOLOGY - 



Flavanol plasma metabolites: 

 4’Methyl Epicatechin (4’MEC) 

 4’Methyl Epicatechin 7 Glucuronide (4’MEC7G) 

  Epicatechin 4’Sulfate (EC4’S) 

Flavanol metabolites 
- Working concentrations : 0.1to 2 µM  

U937 

t = 23h 

Monocyte/HUVE

C co-incubation 
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IMPACT OF MIRNAS ON MRNA OF TARGET GENES 
- SYSTEMS BIOLOGY - 
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IMPACT OF MIRNAS ON MRNA OF TARGET GENES 
- SYSTEMS BIOLOGY - 



Adherent 
junctionS 

Focal adhesion 

Chemokine pathway 
VEGF pathway 

Tight junction 

MAPK pathway 

Leukocyte 
extravation 

Leukocyte transendothelial 
migration 

Cytoskeleton 
remodeling 

Genes identified are involved in the cell adhesion, cytoskeleton organization, focal adhesion 

possibly affecting: 

  

     - monocyte adhesion to endothelial cells 

    - transendothelial migration 

Claude et al., MNFR (2014) 

IMPACT OF MIRNAS ON MRNA OF TARGET GENES 
- SYSTEMS BIOLOGY - 
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IMPACT OF MIRNAS ON MRNA OF TARGET GENES 
- SYSTEMS BIOLOGY - 



Changes in gene expression 
Changes in DNA methylation 

Target genes of differentially expressed miRNAs 

Differentially expressed genes 

Changes in DNA methylation 

miRNAs’ target genes 

IMPACT OF MIRNAS ON MRNA OF TARGET GENES 
- SYSTEMS BIOLOGY - 



IMPACT OF MIRNAS ON MRNA OF TARGET GENES 
- SYSTEMS BIOLOGY - 



FLAVANOLS AND MONOCYTE TO ENDOTHELIAL CELL ADHESION 

Monocyte 

adhesion 



Monocytes 

+ MCP-1 (50ng/ml) 

HUVECs 

In-vitro model of transendothelial migration 
using transwells  

FLAVANOLS AND TRANSENDOTHELIAL MIGRATION 



- Can be modulated by dietary nutrients, ex. plant food bioactives 

- Further studies are needed to identify their role and impact of 

nutrition in prevention of age-related diseases 

- Non-coding RNA are new important cell regulator 

- Play important role in regulation of aging and brain function 

modulate endothelial cell function and BBB       improve brain function 
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