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DIETARY POLYPHENOLS

» Phytomicronutrients
» Confer organoleptic properties to plant foods

» Most abundant dietary antioxidants
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DIETARY POLYPHENOLS AND HEALTH

METABOLIC SYNDROME
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DIETARY POLYPHENOLS AND NEUROLOGICAL FUNCTIONS

changes in hippocampal CREB phosphorylation and brain-derived
neurotrophic factor (BDNF) levels

Claire M. Williams *!, Manal Abd El Mohsen ', David Vauzour ®, Catarina Rendeiro ®, Laurie T, Butler ?,
Judi A. Ellis *, Matthew Whiteman €, Jeremy P.E. Spencer **

Blueberry-induced changes in spatial working memory correlate with ig -2 i

Free Radical Biology & Medicine 45 (2008) 295-305
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INQA Blueberry diet improves the performance of aged animals in spatial working
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DIETARY POLYPHENOLS AND NEUROLOGICAL FUNCTIONS

} Chronic consumption of flavanone—!rich orange juice is associated with
cognitive benefits: an 8-wk, randomized, double-blind, placebo-controlled
trial in healthy older adults'™>

Rebecca J Kean, Daniel J Lamport, Georgina F Dodd, Jayne E Freeman, Claire M Williams, Judi A Ellis, Laurie T Butler,
and Jeremy PE Spencer

Am J Clin Nutr 2015;101:506-14. Printed in USA. © 2015 American Society for Nutrition
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Flavanone-rich orange juice is beneficial for cognitive function in healthy

older adults
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DIETARY POLYPHENOLS AND NEUROLOGICAL FUNCTIONS

Consumption of cocoa flavanols results in o
acute improvements in mood and cognitive -
performance during sustained mental effort

Andrew B Scholey’, Stephen J French?, Penelope J Morris?,
David 0 Kennedy®, Anthea L Milne® and Crystal F Haskell®

Joumal of Psychopharmacology 2010 24(10) 1505-1514

Cognitive Demand Battery
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Cocoa flavanols benefically affect cognitive function regarding
=== ”\RA performance and mood during highly effortful cognitive processing
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DIETARY POLYPHENOLS AND NEUROLOGICAL FUNCTIONS

The effect of flavanol-rich cocoa oz cerebral perfusion in healthy
older adults during conscious resting state: a placebo controlled,
crossover, acute trial

Daniel J. Lamport’ + Deepa Pal® « Christina Moutsiana® » David T. Field® .
Claire M. Williams' + Jeremy P. E. Spencer? - Laurie T. Butler?

Psychopharmacology (2015) 232:3227-3234
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Increase in blood flow in brain 2h post-
consumption of the high flavanol drink
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nature .
NEUroSCIENCE 26 October 2014; doi:10.1038/nn.3850

Enhancing dentate gyrus function with dietary
flavanols improves cognition in older adults

Adam M Brickman!28, Usman A Khan'2%, Frank A Provenzano!>8, Lok-Kin Yeung!:2, Wendy Suzuki?,
Hagen Schroeter?, Melanie Wall>S, Richard P Sloan>® & Scott A Small!->7
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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)



ORIGINS OF NEURODEGENERATIVE DISORDERS:
BLOOD-BRAIN-BARRIER

Vascular risk factors
(eg, hypertension, diabetes mellitus,
atherosclerosis, and lipids)

Genetic risk factors

Environmental factors

(eg, ApoE4 and PS1) (eg, pollution)
e T
‘ Vascular dysfunction ’\: :ff) ‘ Neuronal dysfunction ‘

|

- DCE-MRI, BBB breakdowp —
» ASL-N ypoperiusion

» Cognitive impairment (eg, ModBent and
neuropsychological battery)

= BOLD-MRI, aberrant brain activation

* DTI-MRI, loss of white matter
connectivity

v

Neurodegenerative
disorders

- 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.

=" SCIENCE & IMPACT (Palmer et al., 2011; Montagne et al., 2015)



STRUCTURE OF BLOOD-BRAIN-BARRIER
- NEUROVASCULAR UNIT -

Endothelium

Astrocyte

Mitochondrion S

Basement membrane

Microglia )
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DYSFUNCTION OF BLOOD-BRAIN-BARRIER

Tethering/Rolling Activation Adhesion Transmigration

Glia Limitans
Endothelium: Selectins Chemokines Adhesion molecules Chemokines
Leukocytes: Carbohydrate G-protein Integrins G-protein
ligands coupled receptors coupled receptors
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POLYPHENOLS AND ENDOTHELIAL CELL FUNCTION

Dietary curcumin inhibits atherosclerosis by affecting the
expression of genes involved in leukocyte adhesion and
transendothelial migration

Dilek Coban-2 Dragan Milenkovic'-2 Audrey Chanet'2, Jamila Khallou-Laschet3, Linde
Sabbe?, Ajay Pa!agam Wim Vanden Berghe®*, Andrzej Mazur'-? and Christine Morand'-?

Mol. Nutr. Food Res. 2012, 00, 1-12
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POLYPHENOLS AND ENDOTHELIAL CELL FUNCTION
- NUTRIGENOMIC EFFECTS -
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CELL FUNCTION REGULATION

Post- Cell function

translational modifications
Degradation
Phosphorylation

micro RNA
long-non coding RNA Sa
MRNA stability &S
RNA editin /
’ -‘f‘ :
>
Epigenetics

Allelic variants
Pseudo genes

= IN?A Adapted from: Barallobre-Barreiro et al., Rev Esp Cardiol. 2013
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SYSTEMS BIOLOGY

ZLITS
Lt
.

/ A

Adapted from Geschwind & Konopka, Nature 2009
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DNA TRANSCRIPTION

« junk DNA » - 98% of DNA

RNA — 2% of DNA
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DNA TRANSCRIPTION

non-coding RNAs
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DNA TRANSCRIPTION

Genome

Protein- \
\ .~ mRNA —» Protein

Small non-coding RNAs Long non-coding RNAs
“microRNAs" “IncRNAs"

= <200nt = >200nt
= transcribed by RNA Polymerase Il

= transcribed by RNA Polymerase Il
= endogenously processed by = mostly 5‘-cap, polyadenylated (in
part), spliced

endonucleases
= well conserved = poorly conserved
> 30,000 IncRNAs

> 2,000 microRNAs

Uchida et al., Circ Res. 2015
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LNCRNAs REGULATE GENE EXPRESSION THROUGH
DIVERSE MECHANISMS
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Paralkar et al., Blood. 2013



LNCRNAs AND NEURODEGENERATIVE DISEASES

r :::a;l'a e .""“ ;Zy":;:l:e:‘ Iet-7 mir 133b - 3
Nigrostriatal r o 134' PINKL-AS |
system < /-{a-SynucIein 3
\ i e = EZF 1
- - - mir-7
Non-coding RNA in neural function, Dopaminr

disease, and aging

Kirk Szafranski't, Karan J. Abraham 't and Karim Mekhail 2*

Substantia
L nigra

Salta et al., Lancet Neurol 2012
Transcript/protein Diseases Proposed mechanism
implicated
FUS/TLS ALS, FTLD Indirect Drosha interactions regulates various miRNAs
ATX2 ALS, SCAZ, PSP Interactions with RISC components regulates long-term The ll[lk between long I]OIICOdng RNAS and dCDI'ESSiOI]
habituation
DGCR8 Prader\Villi Microprocessor, can process miRMNAs and snoRNAs Xiao Huang 4 Yan-li Luo b' Yue-shi Mao C.*J’ Jian-lin Ji a1
syndrome
n-Tr20 MN/A. Neural cell tRAMNA isodecoder necessary for the production of R Senme &
death observed GTPBPR2
with mutation
CLP1 PCH 10 Necessary for maturation of tRNAs Such @A enid Comm Syl
BACETAS AD Stabilization of BACET which ultimately results in armyloid SZ and attension defict disorder
beta accurnulation
" Inflammaton and cancer
ATXNBOS SCAB May reduce the amount of KLHL1, may produce toxic MDD cognitive function
dipeptides or sequester RNA binding proteins
UCHLT-AS AD, PD Regulates translation of neuroprotective protein UCHL1
NEATT ALS, HD, aging Produces paraspeckle bodies which storage RNAs, ot isomid
potentially for release during stress
CO0RF72 ALS Abortive transcripts sequester RNA binding proteins and
produce toxic dipeptides p—
SETX AOAZ, ALS RNA-DNA helicase prevents R-loop formation e
Fbpi ALS, 5CA2, PSP Interacts with RNAs to prevent RNA-DNA hybrids,

rmaintains genomic stability, and cellular lifespan

Ganetic risk factor for SZ, MOD

Associated with the eticlogy and
treatment of mood disorder

Associated with synaptic
plasticty in AD

Fear.mduced anxiety-ke dsorder

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

Induced by alkcohol




LONG NON-CODING RNA REGULATE ENDOTHELIAL CELL
FUNCTION AND BARRIER

4 - @
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Lipid homeostasis HIF14-A81  NAT-IncRNA/S? 1 EC apoptosis/| EC proliferation
HDLt  LDL} DLL4-AS NAT-IncRNA/cytoplasm 1 EC proliferation/t EC migration
!
NFIA Miano et al., Cell. Mol. Life Sci, 2015
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DIETARY POLYPHENOLS AND NncRNA

OH IncRNAs Change
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MICRORNAS

- MicroRNAs (miRNAS) are short non-coding RNA
that act as negative regulators of gene expression
and protein synthesis in eukaryotic organisms.

MiRNASs control the post-
transcriptional regulation of over
50% of genes



IMPACT OF miRNA ON CELL PROCESSES AND
DISEASE DEVELOPMENT

- o "
©
@ Cell development
iy —

Cell differentiation
mMiRNA
B sowoss
Cell proliferation

Miska et a., Curr Opin Genet Dev 2005; Wang et al J Cell Mol
Med, 2009; Condorelli et al., 3 Am Coll Cardiol 2014
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EFFECT OF POLYPHENOLS ON mRNAs EXPRESSION IN-VIVO -
EXPERIMENTAL APPROACH -
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DIFFERENTIALLY EXPRESSED miRNA IN RESPONSE TO
VARIOUS POLYPHENOL SUPPLEMENTATION
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HIERARCHICAL CLUSTERING OF miRNA EXPRESSION PROFILES
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FLAVANOLS AND miIRNA EXPRESSION IN ENDOTHELIAL CELLS
EXPERIMENTAL APPROACH

Flavanol plasma metabolites:

* 4'Methyl Epicatechin (4'MEC)

*  4'Methyl Epicatechin 7 Glucuronide (4'MEC7G)
e Epicatechin 4'Sulfate (EC4'S)

Flavanol metabolites
- Working concentrations : 0.1to0 2 uM

—pp RNA
extraction

Protein
extraction

— mMiRNA
extraction

t=0 t=3h t=18h t=22h _23;' genomic
HUVECs o s s A INF @ Ing/mly S 7 DNA
(Human < >
Umbilical Vein Exposure of HUVECs to |
Endothelial Cells) flavanol metabolites: / ' Fixation
- 4'Methyl Epicatechin SEEEEe = and
- 4'Methyl Epicatechin 7 S o2t labelling
Glucuronide U937z
- Epicatechin-4’-Sulfate Transwell
—> assay

apm

INRA

SCIENCE & IMPACT

A I
AT |

—, Nutrigenomics Q
franscriptomics i _'
Signaling
== pathway analysis ==
Western-blotting g
miRNA

= expression
franscriptomics

Epigenetics
global methylation

=

| Y

B
Monocytes |
adhesion to g?;z;_, + _'

(3
= endothelial cells “*
Counting of attached U’

monocytes A/' -

Monocytes Monacytes
. )
— transendothelial -'j*;“ HUVECs
migration MCP-1



FLAVANOLS AND miRNA EXPRESSION IN ENDOTHELIAL CELLS

mMiRNA: small, non-coding RNA that are
post-transcriptional regulators

"P:'olelwcodlng gene q—l MkvoRNA gene |
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ROLE OF IDENTIFIED mIRNAs

' Angi'ogénesis

T
Inflammation
Cellular
senescence

—e .am;“

Ce'1 l adhesion
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Cellular
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TARGET GENES OF DIFFERENTIALLY EXPRESSED mIRNAs
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TARGET GENES OF DIFFERENTIALLY EXPRESSED miIRNAs
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hsa-miR-320a hsa-miR-320a
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TARGET GENES OF DIFFERENTIALLY EXPRESSED miIRNAs
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ROLE OF TARGET GENES OF DIFFERENTIALLY
EXPRESSED mIRNAs

Cellular pathway analysis
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IMPACT OF viRNAs ON mRNA AND PROTEINS OF
TARGET GENES
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IMPACT OF mIRNAs ON mRNA AND PROTEINS OF
TARGET GENES
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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
n.m - SYSTEMS BIOLOGY -
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IMPACT OF miRNAs ON mRNA OF TARGET GENES
- SYSTEMS BIOLOGY -
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IMPACT OF miRNAs ON vRNA OF TARGET GENES
- SYSTEMS BIOLOGY -
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IMPACT OF miRNAs ON mRNA OF TARGET GENES
- SYSTEMS BIOLOGY -

MIRNAS’ target genes
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IMPACT OF miRNAs ON mRNA OF TARGET GENES
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FLAVANOLS AND MONOCYTE TO ENDOTHELIAL CELL ADHESION
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FLAVANOLS AND TRANSENDOTHELIAL MIGRATION

In-vitro model of transendothelial migration
-~ using transwells

— + MCP-1 (50ng/ml)
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E TAKE-HOME MESSAGE

\
- Non-coding RNA are new important cell regulator ‘ﬁx

- Play important role in regulation of aging and brain function

modulate endothelial cell function and BBB mpimprove brain function

B
- Further studies are needed to identify their role and impact of )
nutrition in prevention of age-related diseases



www.llsl.eu

Thank you for attentio

@ LS

Europe

International Life
Sciences Institute




