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Nutrition — History and Trends

1900 Detection/ prevention of deficiencies (e.g. vitamin A, Iron)

1970 Balanced diet
- Nutritional recommendations (the concept of calories)
- Supply of sufficient nutrients (carbohydrates , fats, proteins, minerals, vitamins)

1990 Benefits of specific functional foods ("beyond the balanced diet”- role of non
nutrients)



Functional Foods

Colors

Yellow-orange

Green-white

White-green

Red-purple

Brown

Foods

Tomato and tomato
products, watermelon, guava

Carrot, yam, sweet
potato, mango, pumpkin

Entrus fru:t;—nr'ange, :

: Iemnn grapefru'ut papaya,pea:h

Spinach, kale, collard,
and other greens

Broccoli, brussels
sprouts, cabbage, cauliflower

Garlic, onion; chive, n:parajus -

Blueberries, purple grapes, plums

Grapes, berries, plums

Whole grains, legumes

& Rainbow Diet

Colorful Protective Substances
and Paossible Actions

Lycopene: antioxidant,
cuts prostate cancer risk

Beta-carotene: supports
immune system; powerful antioxidant

Vitamin C.fla

inhibittumor t:ellgrnwth
ify harmful stibstances

Folate: builds healthy
cells and genetic material

Indoles. lutein: eliminate
excess estrogen and carcinogens

destroy cancer :ells;redu:e
cell division; suppoartimmune system

Anthocyanins: destroy free radicals

Reservatrol: may
decrease estrogen production

Fiber:carcinogen removal



Nutrition — History and Trends

2000-2010 Nutritional Genomics



Nutritional Genomics - Definition

“The study of how different foods can interact with Gtnica
particular genes to increase/decrease the risk of Practice
diseases”

Drugs
Nutrients

Goal

Use of personalized diets to:

—prevent or delay the onset of disease

—optimize and maintain human health

vmo0960 www.fotosearc h.com



The first step of Nutrigenomics:
Decoding the Genetic Code of Life
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Nutritional Genomics — Main assumptions

e The DNA sequence brings only the "Genetic Code”

e The Phenotype is the resultant of the interaction of this genetic code
with the environment

e Genes can be turned “on” or “off” by:
— Intracellular processes (e.g. signaling cascades)
— Hormones (e.g. steroids)
— Environmental influences (e.g. cold)
— Drugs (Pharmacogenomics)
— Diet (Nutrigenomics)

inducing a rewiring in the activation status of different pathways
and a modification of cell behavior

e The composition of food goes beyond “caloric” content as it can
influence the biology of our body;



From Nutritional Genomics to System Biology

“The beginning of a revolution”
i
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From Nutritional Genomics to System Biology

“The beginning of a revolution”
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From Nutritional Genomics to System Biology
“The beginning of a revolution”
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Nutrient — Sensing Protein kinases

Glucose Insulin - Gytokines

ATP
O \ \' / Oncogenes
. o TR mTORCH / Tumour SUPPressors
Amino ac;lds\_\* : /

Stress — ‘ mTOR MLST8 <« Infectious agents
% —

A

‘Autophagy  mRNA Aerobic  Denovo | Pentose = De novo
translation  glycolysis lipid phosphate nucleotide
ATP )

| X
3|bosom§ Biosynthetic NADPH l
biogenesis precursors Ribose

l’ A@ Glyce%
Protein Membranes Nucleic acids

e

Anabolic cell growth and proliferation

Dibble et al, Nature Cell Biology 2013




From Nutritional Genomics to System Biology

“The beginning of a revolution”
X

_ 4 Epigenomics Nutrients can modify gene transcription
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Hyperglycemia

Reverse
Cholesterol
Transport

Nutrient — Sensing Transcription Factors

TG enriched in DNL products are increased in the
VLDL of patients with MetS/NAFLD
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Nutrient — Sensing Transcription Factors

Human Nuclear Hormone Receptor Super Family

Endocrine Receptors Adopted Orphan Receptors Orp

Steroid Receptors Lipid sensors
GR glucocorticoid RXRa.f.y 9cRA
MR mineralocorticoid PPAR.,y fatty acids
PR progesterone LXRo.p oxysterol
AR androgen FXR bile acids
ERo,3  estrogen PXR xenobiotics

DAX-1
TLX
PNR

GCNF
TR2,4
NR4Ao.B.y
Rev-erba.p

Heterodimeric Receptors Enigmatic Orphans COUP-TFw.B.y

TRa,B thyroid hormone CAR androst_ane
RAR.p.y retinoic acid HNF-40.y fatty acids
VDR vitamin D (bile acid) | SF-1/LRH-1  phospholipids
e cholesterol
RORapy < retinoic acid
ERR,fB.y estrogen?

.\:*Q .g-q-q-g-g-q.

There are sensors for:

- Retinoids (Vitamin A)
- Fatty acids

- Cholesterol

- Bile acids

Sonoda et al, FEBS Lett. 2008



Nutrient — Sensing Transcription Factors

Human Nuclear Hormone Receptor Super Family

Endocrine Receptors Adopted Orphan Receptors Orp

Steroid Receptors Lipid sensors
glucocorticoid RXRa,p.y 9cRA
mineralocorticoid PPAR.b.y fatty acids
progesterone LXRao.,p oxysterol
androgen FXR bile acids
estrogen PXR xenobiotics

DAX-1
TLX
PNR

NO Transcription

GCNF

TR2,4
NR4Ao.B.y
Rev-erba.p
COUP-TFao.f.y

.\:*Q .g-q-q-g-g-\,.

Heterodimeric Receptors Enigmatic Orphans

TRa.p thyroid hormone CAR androst_ane
RAR.p.y retinoic acid HNF-4a.y fatty acids
VDR vitamin D (bile acid) @l SF-1/LRH-1  phospholipids

cholesterol
RORa.p.y i ¢
*P < retinoic acid

ERR,fB.y estrogen?

Sonoda et al, FEBS Lett. 2008



Nutrient — Sensing Transcription Factors

Human Nuclear Hormone Receptor Super Family

Endocrine Receptors

Steroid Receptors
GR glucocorticoid
MR mineralocorticoid
PR progesterone
AR androgen
ERa.f3 estrogen

Heterodimeric Receptors
TRa.p

thyroid hormone
RARa.p.y retinoic acid
VDR vitamin D (bile acid)

Adopted Orphan Receptors

Lipid sensors
RXRa,fB.y 9cRA
PPARw. by fatty acids
LXRao.,p oxysterol
FXR bile acids
PXR xenobiotics

Enigmatic Orphans
CAR androstane
HNF-4a.y fatty acids
SF-1/LRH-1  phospholipids

cholesterol
< retinoic acid
estrogen?

ROR«,p.y
ERRa,p.y

Orp

DAX-1

TLX

PNR
GCNF
TR2,4
NR4Ao.B.y
Rev-erba.p

COUP-TFa.f.y

.\:*\J ‘\)'\J'\J'\)‘Q'\)'

popies -Major target of TZDs

+Fatty acid oxidation +Fatty acid axidation
“Fasting fesponse PPAR-y -Energy uncouping
PPAR-a PPAR-0
* Regquiation of whole -
body insuln sensiivly  +Fatty acid oxddation
- Fatty acid oxidation - Energy uncouping

\ 4

s

Sonoda et al, FEBS Lett. 2008



From Nutritional Genomics to System Biology
“The beginning of a revolution”

DNA repair
Carcinogen Proliferation
metabolism :
\ - S—
Food,
nutrition,
obesity, and
Cell cycle physical rHorT?c?arll
% activity « cguiation
- \ Differentiation
y
N _/
Inflammation World <y American
and immunity Cancer . UY __ Institute for

Research Fund y Cancer Research



From Nutritional Genomics to System Biology
“The beginning of a revolution”

Pre-intervention Post-intervention

Effects of Lifestyle Changes, Diet & Physical Exercise
on gene expression of patients with Prostate Cancer

CPNES
PRIC

CHie
ey
Metabolic Changes Delta EETFEGS
Body mass index (BMI) -2.6 kg/m?2 EE&EZSW
Systolic BP -9.2 mmHg Eﬁ%‘?"
Diastolic BP -5.4 mmHg EXocs
RAUP
Total cholesterol -45.2 mg/dL MAL2
RAB14
LDL cholesterol -34.2 mg/dL E%E%H
HDL cholesterol -8.3 mg/dL E@Iﬂg
LDL/HDL ratio -0.4 el
PRI

Levels of Expression:

. High D Low . Absent

Ornish, et al. PNAS 2008
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From Nutritional Genomics to System Biology
“The beginning of a revolution”
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From Nutritional Genomics to System Biology
“The beginning of a revolution”

SEM. See also Table 52,

E
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% g Table 2. Plasma Biochemistry Table 3. Clinical Improvement after Resveratrol

© T Placebo Resveratral P value Placebo Resveratrol P value

> () Resveratrol (ng/ml) Mot detectable 18260 +30.33 - 24 br respiratory quotient 0.89 £ 0.007 0.91 £0.006 0.09
Qo 8 Dihydroresveratrol (ng/mi) Not detectable 289.14 +93.57 - Respimtory quotient daytime  0.89£0.004 0.91 +0.003 0.001
8 8 8 Glucose (mmol/) 5.98 + 0.15 506+0.13 005 Respiratory guotient nighttime  0.87 £ 0.007 0.88 + 0.009 0.18
ol < Insulin (mU/) 11.94 = 1.11 1031 £1.25 0.04 24 hr energy expenditure 1186029 11.91+£029 064
® sy HOMA index 280+020  243:024 003 (MJ/day)
S c = Triglycerides (mmol/1) 229+ 023  216+021 0.03 ﬁ’ﬂfp,';i{mh;ib”"‘; rate 809024 7.75+0.23 0.007
rsi ni
a0 o Monesterified fatty acids 572 + 77 62138 059 , m"’
0= o (umol/) Sleeping metabolic rate BO6+022 7.90=x0.18 0.06
08 . second night (MJ/day)
.0 Leptin {ng/ml) 14,28 = 1.98 1291 £1.84 0.04 — ,
wos - - Diet-induced thermogenesis  1.02+0.13 114+ 017 033
£ (o) Adiponectin {ug/ml) 6.47 = 0.55 6.45+0.56 095 (MJ/day)

g o '8 CRP (ng/ml) 1.52 + 0.35 133031 011 149:002 1.50+001 0.37
==+ . - - - -
s B2 IL-18 (pg/imi) e N s N Systolic blood pressure 130.5£27 124731 0.006
=] = IL-6 (pa/mi) 3.13 = 0.67 242 +0.38 0.09 (mmHa)
/9T 4 Dastolic blood pressre B16:28 B00<20 018
500 TNF-z (pg/ml) 16.15 = 2.27 15.14 £2.03  0.04 (mmHg)
8 T & Leukocytes (10%1) 7.03 £ 0.44 6.48+039 003 Mean arterial pressure 97927 949:+29 002
oc g2 ALAT (/1) 31.91+221  2809+154 002 (mmHg)
(] a _8 Plasma valles after 30 days of resveratrol or placebo supplementation. Energy metabolism (n= 10}, and blﬂ":"fj pressure (n=1 1.} after 30 days of
g & E Values are given as means = SEM (n = 11). See also Table S1. resveratrol or placebo supplementation. Values are given as means =
T 2
Ooc=2

&




Where Olive Oil Stands from
a «Nutrigenomics»
standpoint?
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N Qe Olive Oil

98-99% Major components
*Unsaturated fatty acids (85%o):
*Monounsaturated fatty acids
Oleic acid: (70-80%)
Polyunsaturated fatty acids (omega-6)
sLinoleic acid (4-12%)
*Saturated fatty acids (small amounts):
Palmitic acid (7-15%)
*Stearic acid (2-6%)
0.5-2% Minor components:
+Alcohols
*Plant Sterols
Polyphenols
*Hydrocarbons
Nutr Metab Cardiovasc Dis. 2010, Olive oil and health: summary of the Il international conference on

olive oil and health consensus report, Jaén and Cérdoba (Spain) 2008
Mauro Finicelli et al, Polyphenols, the Healthy Brand of Olive QOil: Insights and Perspectives MDPI 2021
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98-99% Major components Total plasma fatty acid % changes after 1 year interventional study

. (PREDIMED)
*Unsaturated fatty acids (85%o):

Monounsaturated fatty acids Fatty acid MD+VOO (n=142) MD+Nuts (n=141)  Control (n =141) g

*Oleic acid: (70-80%) MA (C14:0)

PA (C16:0)

Polyunsaturated fatty acids (omega-6) MGA (C17:0)

-Linoleic acid (4-12%) SA (C18:0) I I

POA (C16:1n-7)

Saturated fatty acids (small amounts): OA (C18:1n-9)
+Palmitic acid (7-15%) LA (C18:20-6) U-_J 0

*Stearic acid (2-6%) GLA (C18:3n-6)
DGLA (C20:3n-6)
0.5-2% Minor components: AA (C20:4n-6)
«Alcohols ALA (C18:3n-3)
Slant Sterol EPA (C20:5n-3) I
*Plant Sterols .
DHA (C22:6n-3) 05
Polyphenols
*Hydrocarbons

Nutr Metab Cardiovasc Dis. 2010, Olive oil and health: summary of the Il international conference on
olive oil and health consensus report, Jaén and Cérdoba (Spain) 2008 )
Mauro Finicelli et al, Polyphenols, the Healthy Brand of Olive Oil: Insights and Perspectives MDPI 2021 Adapted from Mayneris-Perxachs J et al., PlosOne 2014



o e Olive O

98-99% Major components
*Unsaturated fatty acids (85%o):
*Monounsaturated fatty acids
+Oleic acid: (70-80%)
Polyunsaturated fatty acids (omega-6)
sLinoleic acid (4-12%)
*Saturated fatty acids (small amounts):
Palmitic acid (7-15%)
*Stearic acid (2-6%)
0.5-2% Minor components:

*Alcohols

Plant Sterols
Polyphenols

*Hydrocarbons

Plant Sterols

Anti-inflammatory effect
Competition with cholesterol absorbtion

Activation of pathways involved in: signal
transduction, cellular response to stress, cell
proliferation and differentiation

Reduction of:

= DL cholesterol (6-15% - The combined
intake of phytosterols and statins results
in an additional reduction of 4.5-6.4% in
LDL cholesterol)

= Triglycerides (8%)

Nutr Metab Cardiovasc Dis. 2010, Olive oil and health: summary of the Il international conference on
olive oil and health consensus report, Jaén and Cérdoba (Spain) 2008
Mauro Finicelli et al, Polyphenols, the Healthy Brand of Olive QOil: Insights and Perspectives MDPI 2021

Adapted from Mayneris-Perxachs J et al., PlosOne 2014




98-99% Major components
*Unsaturated fatty acids (85%o):
*Monounsaturated fatty acids
+Oleic acid: (70-80%)
Polyunsaturated fatty acids (omega-6)
sLinoleic acid (4-12%)
-Saturated fatty acids (small amounts):
«Palmitic acid (7-15%)
*Stearic acid (2-6%)
0.5-2% Minor components:
+Alcohols
*Plant Sterols
Polyphenols

*Hydrocarbons

Nutr Metab Cardiovasc Dis. 2010, Olive oil and health: summary of the Il international conference on

olive oil and health consensus report, Jaén and Cordoba (Spain) 2008

Olive Oil

Phenolic alcohols
(or phenylethanoids)

Ry m
OR
HO .
/ Hydroxy-isocromans \

o

HO

o
OH a2
1-phenyl-6,7-dihydroxy-isochroman O O S
HO
OH

\ l—(3'-me!hox_v—i'-hydxoxy)—6,7-dihydmxy-isoc}uony

Phenolic acids

Ho—QfmoH

Rz

Mauro Finicelli et al, Polyphenols, the Healthy Brand of Olive QOil: Insights and Perspectives MDPI 2021

Polyphenols

decrease of
moxidative damage induced by lipid
mendothelial dysfunction
=pro-thrombotic state
=pro-inflammatory state

Secoiridoids

Flavonoids .

Lignans
R;

/’lz\/oN

<o\/~tv\ow)
-

Adapted from Mayneris-Perxachs J et al., PlosOne 2014



Olive Qil

Table 1. Classification of the main hydrophilic phenolic compounds found in virgin olive oils and their average concentration in different types of olive oil.

Chemical Structure Components ROO mg/kg * (Mean & SD)  Virgin (Fine) mg/kg * (Mean £ SD)  EVOO mg/kg * (Mean =+ SD)
98-99% Major components benvoie
gallic - - -
- p-hydroxybenzoic - 0.37 £ 037 -
‘Unsaturated fatty acids (85%): protocatechuic : 147 £ 056 :
syringic - 0.81 £1.17 0.25 £ 0.25
. o vanillic - 122 +2.04 0.64 + 050
*Monounsaturated fatty acids Phenolic actds caffeic . 0.21 = 0.63 0.19 + 0.45
cinnamic - - 0.17 4+ 0.14

o-coumaric -

*Oleic acid: (70'800/0) p-coumaric i 024 £ 081 092 + 1.03

ferulic - 0.19 4 0.50 0.19 £ 0.19
. sinapic - - -

*Polyunsaturated fatty acids (omega-6) o hydronytyrosol (4 DHPEA)

enofic alcohols tyrosol (p-HPEA) 4114224 534 + 698 11.32 + 853

Linoleic acid (4-12%) seropei . . o

oleuropein aglycone 12540 + 41.80 120.57 £ 125.53 36.63 £ 24.34

P! Bl

- ligstroside aglycone 59.93 + 18.58 8201 £ 67.78 17.44 + 18.13
Saturated fatty acids (sma Il a mounts): o monoaldehydic form of oleuropein aglycone (34-DHPEA-EA) 10.90 + 0.00 95.00 + 11601 7220 + 64.00
Secoiridoids monoaldehydic form of ligstroside aglycone (p-HPEA-EA) 15.20 + 0.00 69.05 + 69.00 38.04 +17.23

dialdehydic form of decarboxymethyl elenolic acid linked to

'PalmitiC acid (7_ 1 50/0) hydroxytyrosol (oleacein: 3,3-DHPEA-EDA) 57.37 £ 27.04 77.83 £ 256.09 251.60 & 263.24
dialdehydic form of decartmxxn?ethyl‘e.lem.)hc acid linked to tyrosol 18.95 + 9.29 7147 + 61.85 14277 + 7317
. . (oleocanthal: p-HPEA-EDA)
*Stearic acid (2-6%) fRavones
luteolin 117 £0.72 1.29 £1.93 3.60 + 232
- . apigenin 0.30 +0.17 097 £0.71 11.68 + 1278
0.5-2% Minor components: Flavonoids Pi—
taxifolin - - -
'AlCOhOlS Lisnans (#)-1-acetoxypinoresinol 7.52 4 9.10 443 42128 6.63 + 10.78
18] (+)-pinoresinol 24.05 + 10.02 2371 £17.03 419+ 278
1-phenyl-6,7-dihydroxy-isochroman - - -
'Pla nt SterOIS Hydroxy-isocromans , P o . .y .
1-(3"-methoxy-4"hydroxy)-6,7-dihydroxy-isochroman - - -
Polyphenols, total 198.0 & 14.85 206.73 = 150,08 551.42 + 235.02

Polyphenols

Source: Adap[ed from Cicerale et al,, [81] and Rothwell et al., [94,94] * Froch wniglﬂ RO rofined olive oil: EVOQ: oxtra virgin alive oil

-Hyd rocarbons Lopes de Souza A. P. et al., Nutrients 2017

Nutr Metab Cardiovasc Dis. 2010, Olive oil and health: summary of the Il international conference on
olive oil and health consensus report, Jaén and Cérdoba (Spain) 2008 )
Mauro Finicelli et al, Polyphenols, the Healthy Brand of Olive Oil: Insights and Perspectives MDPI 2021 Adapted from Mayneris-Perxachs J et al., PlosOne 2014



o ’& ¥ Olive Oil

e — A Primary End Point (acute myocardial infarction, stroke, or death from
cardiovascular causes)

Med diet, EVOO: hazard ratio, 0.69 (95% Cl, 0.53-0.91)
Med diet, nuts: hazard ratio, 0.72 (95% Cl, 0.54-0.95)

= Major component of the Mediterranean Diet 104 7 —
0.9 0.064 ontrol diet
= Functional food: , 081 005 Med diet,
= anti-inflammatory g % o004 / f
= anti-oxidant % z_:: 0.03
= anti-thrombotic £ sl 002-
= anti-atherosclerotic _§ 03 001 YEvo0"
9]
0.2 o~
= Potential therapeutic efficacy: B s e
= (Cardiovascular system; e e ———
0 1 2 3 4 5

= Metabolism;
= Hepatobiliary and intestinal tracts;
= Immune system;

Years

30% reduction in major CVD events in 7447 high CVD risk
subjects followed for 5 years.

Nutr Metab Cardiovasc Dis. 2010, Olive oil and health: summary of the Il international conference on olive oil and health consensus report, Jaén and Cordoba (Spain) 2008
Mauro Finicelli et al, Polyphenols, the Healthy Brand of Olive Oil: Insights and Perspectives
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T T A Olive Oil

Hv

= Major component of the Mediterranean Diet

Lowering blood pressure

J , Bifidobacterium # Lowering blood lipids

Antioxidants

=2
o -
® Lactobacillus # Anti-inflammatories

Maintains the ecological balance of the gut

= Functional food:
= anti-inflammatory ‘
= anti-oxidant Ceaetid
= anti-thrombotic R 4
= anti-atherosclerotic

J,

b W™ e ¥

Protective effects on CVDs

° _I Escherichia coli i

i
’

Improves intestinal permeability

= Potential therapeutic efficacy: NEs= i Need B A
* ‘\ -Bacferoides Relieves endotoxemia

= (Cardiovascular system; T D
. ™ m,/""‘/ /@’v’“ Reduces inflammatory response
= Metabolism; Polyphenols  HT Ty
-1: . H . Fig. 3  Contribution of OO on CVDs by intestinal microbiota regulating. Ole: oleuropein. Tyr: tyrosol. Green arrows: promoting effect. Red arrows: inhibitory action.
= Hepatobiliary and intestinal tracts; : ©

Lu Y et al., Food Science and Human Wellness 2023

=  Immune system; Ducheix S et al., Gastroenterology 2018

Nutr Metab Cardiovasc Dis. 2010, Olive oil and health: summary of the Il international conference on olive oil and health consensus report, Jaén and Cordoba (Spain) 2008
Mauro Finicelli et al, Polyphenols, the Healthy Brand of Olive Oil: Insights and Perspectives



Nutrigenomics Effects of High Polyphenol EVOO
Study Design

Population Study
24 subjects

12 healthy subjects 12 patients with MS
(6F+6M) (6F+6M)

Physical examination
Biochemical measurements
TO Instrumental exams Ak
PBMCs Isolation -y

! — Platelets + Plasma

4 hours after intake of 2 . i an
high phenols content )
VOO (50 ml)

| RNA EXTRACTION | | RNA QUALITY CHECK| | MICROARRAY ANALYSI_SI |PATHWAYS ANALYSIS |

T1 Biochemical measurements
PBMCs Isolation

D’Amore, et al BBA 2016



C h a n ges i n P B M C tra nsc ri pto m i CS Pathways Upregulated = Pathways Downregulated

e
Glucocortcoid Receptor Signaiing N e Protein Kinase A Signafing - I e
Molecular Mechanisms of Cancer I —

protein Ubiguitination Pathway - | — Glucocorticoid Receptor Signaling I e——
B Cell Receptor Signaling Huntington's Disease Signaling
NRF2-mediated Oxidative Stress Response | —

P13k Signaling in B Lymphocytes | — Protein Ubiquitination Pathway e
RAR Activation I —
maturation
Cardiac Hypertrophy Signaling  m———
systemic Lupus Erythematosus Signaling | s ERK/MAPK Signaling I e
NF-BSignaling I e———

Antl-lnflammatory
028 Signaling in T Helper Cells | s
CREB Signaling in Neurons  m—

Estrogen Receptor Signaling | PPARa/RXRat Activation I e
Androgen Signaling I ———

MLP Signaling in Neutrophils |
p53 Signaling I ——

Anti-cancer
Fcy Receptor-mediated Phagocytosis in - Breast Cancer Regulation by Stathmin1 [

Macrophages and Monocytes
| | 1L-8 Signaling I e—
7 cell Receptor Signaling | T e
RNA Charging [ Thrombin Signaling I e—
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Future Perspective (Multl) Organ On Chip (O0C)
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Conclusions

= Nutrigenomics approaches can help to
understand at molecular level the
beneficial effects of a specific nutrient;

= EVOO intake exerts different beneficial
effects (anti-inflammatory, metabolic, anti-
cancer) for the body thus being useful in
promoting health

= Part of this effect is mediated by direct effects
on gene transcription

= Caution should be made in specific disease;
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