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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)

2000-2010 Nutritional Genomics
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Nutritional Genomics - Definition
“The study of how different foods can interact with 
particular genes to increase/decrease the risk of 
diseases”

Goal

Use of personalized diets to:

–prevent or delay the onset of disease

–optimize and maintain human health

Clinical
Practice

Biology

Drugs
Nutrients



The first step of Nutrigenomics: 
Decoding the Genetic Code of Life



• The DNA sequence brings only the “Genetic Code”

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

• 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 

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

Nutritional Genomics – Main assumptions 



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” 

Dibble et al, Nature Cell Biology 2013

Nutrient – Sensing Protein kinases



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

Nutrients can modify gene transcription



Refined
CHO

Hyperglycemia

Mocciaro G. & Vacca, unpublished results – Collaboration with Simona 
D’Amore & Antonio Moschetta

TG enriched in DNL products are increased in the 
VLDL of patients with MetS/NAFLD

Nutrient – Sensing Transcription Factors



Nutrient – Sensing Transcription Factors

Sonoda et al, FEBS Lett. 2008

There are sensors for:

- Retinoids (Vitamin A)
- Fatty acids 
- Cholesterol
- Bile acids 
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Nutrient – Sensing Transcription Factors

Sonoda et al, FEBS Lett. 2008
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From Nutritional Genomics to System Biology
“The beginning of a revolution” 

Ornish, et al. PNAS 2008

Metabolic Changes Delta

Body mass index (BMI) -2.6 kg/m2

Systolic BP -9.2 mmHg

Diastolic BP -5.4 mmHg

Total cholesterol -45.2 mg/dL

LDL cholesterol -34.2 mg/dL

HDL cholesterol -8.3 mg/dL

LDL/HDL ratio -0.4

Levels of Expression:

      High         Low        Absent

Effects of Lifestyle Changes, Diet & Physical Exercise 
on gene expression of patients with Prostate Cancer  
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Where Olive Oil Stands from 
a «Nutrigenomics» 

standpoint?



Olive Oil

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

98-99% Major components
•Unsaturated fatty acids (85%):

•Monounsaturated fatty acids
•Oleic acid: (70-80%)

•Polyunsaturated fatty acids (omega-6)
•Linoleic 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
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Total plasma fatty acid % changes after 1 year interventional study 
(PREDIMED)

Adapted from Mayneris-Perxachs J et al., PlosOne 2014
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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:
 LDL 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%)
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Polyphenols
decrease of 
oxidative damage induced by lipid
endothelial dysfunction
pro-thrombotic state
pro-inflammatory state



Olive Oil

Nutr Metab Cardiovasc Dis. 2010, Olive oil and health: summary of the II international conference on 
olive oil and health consensus report, Jaén and Córdoba (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

Lopes de Souza A. P. et al., Nutrients 2017
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Olive Oil

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

 Major component of the Mediterranean Diet

 Functional food:
 anti-inflammatory
 anti-oxidant
 anti-thrombotic
 anti-atherosclerotic

 Potential therapeutic efficacy:
 Cardiovascular system;
 Metabolism;
 Hepatobiliary and intestinal tracts;
 Immune system;

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



Olive Oil

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

 Major component of the Mediterranean Diet

 Functional food:
 anti-inflammatory
 anti-oxidant
 anti-thrombotic
 anti-atherosclerotic

 Potential therapeutic efficacy:
 Cardiovascular system;
 Metabolism;
 Hepatobiliary and intestinal tracts;
 Immune system; Lu Y et al., Food Science and Human Wellness 2023

Ducheix S et al., Gastroenterology 2018



Nutrigenomics Effects of High Polyphenol EVOO 
Study Design

Population Study
24 subjects

12 healthy subjects
(6F+6M)

12 patients with MS
(6F+6M)

Physical examination
Biochemical measurements

Instrumental exams 
PBMCs Isolation

Biochemical measurements 
PBMCs Isolation

4 hours after intake of 
high phenols content 

VOO (50 ml)

T0

T1

D’Amore, et al BBA 2016



Changes in PBMC transcriptomics
after acute EVOO intake

Pathways Upregulated Pathways Downregulated

2056 GENES

Anti-inflammatory
Anti-cancer
Metabolism
• β-oxidation of fatty acids
• Energy expenditure
• Insulin sensitivity

Pro-inflammatory
Pro-cancer
• Hypoxia factor pathway
• Wnt/β-catenin Signaling 
circadian rhythms

D’Amore, et al BBA 2016



Changes in PBMC transcriptomics
after acute EVOO intake

Pathways Upregulated Pathways Downregulated

2056 GENES
952 GENES

MetS
- 50%

D’Amore, et al BBA 2016



Changes in PBMC transcriptomics
after acute EVOO intake

Pathways Upregulated Pathways Downregulated

MetS
- 50%

D’Amore, et al BBA 2016



D’Amore, et al, BBA 2013

Changes in PBMC transcriptomics
after acute EVOO intake



Micropumps

Flow

PhysioMimix™
Liver MPS scaffold

Cells are cultured on a scaffold 
within the LC12 MPS plates

Hepatocytes are seeded with 
Kupffer and stellate cells at 
10:1:1 ratio

Courtesy of

• 3D Human in vitro microfluidic NASH 
model

• Uses the PhysioMimixTM LiverChip

• This OOC model allows long term culture 
of cells that are continuously perfused

Future Perspective (Multi) Organ On Chip (OOC)

D0 Seed cells

D1: ‘Fat’ 
Media

D8: 
Treatment

D10: Exp EndMedia change every 2 days

Polyphenols

Fatty Acids



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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