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Abstract

Nutrigenetics concerns individual differences in the reaction to food based on the genetic factors.
Nutrigenomics analyses direct influences of nutrients on gene expression. Both terms are explained
in our review article. Nutrigenetics and nutrigenomics require a deep understanding of nutrition,
genetics and biochemistry and of new ‘omic’ technologies. It is often difficult to appreciate their
relevance in the practice of preventive approaches for optimizing health, delaying onset of disease
and diminishing its severity. This paper represents a review about the current research on

Nutrigenomics and Nutrigenetics, and provide scientific data for a new integrated clinical approach.

Introduction

In the last years a new concept about nutrition and dietotherapies has arised, also because there are
new evidence about the impact of some nutrients on gene expressions and transcriptions. In this
scenario new areas of research were born: nutrigenomic and nutrigenetic.

In this scenario we have to consider the kinetics of the digestive process which involves the
processing of nutrients by the microbiota.

Nutrigenomic investigates about nutrients actions and reactions on some important genes, and it has
been seen that these aspects could influence human health in some individuals and under some
circumstances.

Following nutrigenomic and nutrigenetic studies, other omic sciences help researchers to
understand and comprehend several metabolic processes operated by nutrients on human genome.
For instance, genomics is responsible to discover the whole expressions of complete genomes on
the health of population, in combination with the environment.

Transcriptomics analyzes in a very precise manner gene transcription to understand the exact place,
form of the generated transcripts, under particular conditions. Proteomics and metabolomics, also
called “the future sciences” analyze proteins and metabolites derived from metabolic processes and
pattern [1]. Nutrigenetics, on the other hand, characterizes nutritional needs linked to the genetic
individual profile and studies the risk of developing pathologies (e.g. obesity, type 2 diabetes, or
homocysteine increased blood levels). Nutrigenetics therefore has the task to identify corrective
measures and strategies to prevent the diseases in relationship with the individual genetic profile
(Figure 1).
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Figure 1: How nutrients interfere in several human health processes and different study methods used
to investigate them.
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Nutraceuticals and Nutrients and their role in
Modulating Epigenome

The identification of molecular biodiversity, increasingly detailed in particular biochemicals and
biophysics, is currently proceeding at high speed in a well-defined direction: the integrated
assessment of ecosystems, complex, intelligent, ordered and teleonomic units, evolving for flexible
interaction between individual parts and the surrounding environment.

The valuation of biological super-organisms such as the Holobiont-Hologenome (1), the validation
of the quantum theory of the Unified Field (2), the overcoming of the "Central Dogma of Molecular
Biology" (3) with the development of Epigenetics (4), changed in substantial way the scientific
approach by supporting the epistemology of complexity (5).

Epigenetics (6) initiated a circular research method, overcoming reductionist sequential linearity.
New therapeutic perspective have appeared at the horizon: epigenetic therapy [2,3,4], or epigenetic
modulation of gene expression through epigenetic drugs (7), begins to be a well-defined reality.

The search for epigenetically active agents is expanding with in vitro and in vivo trials.

The commitment also in the field of nutraceutical and nutrition is considerable.

Particular attention is paid to phytochemicals and phytonutrients (8), molecules of plant origin,
secondary metabolites of plants, naturally aimed at specific functions in the interaction of plant
ecosystems with the environment, such as communication with other plants, as in the phenomenon
of allelopathy (9), the defense against biological or physical pathogens, the attraction of animal
disseminators-pollinators, the activation and maintenance of symbiotic interaction with various
microorganisms, etc. Many phytochemicals and phytonutrients, at appropriate dosages, are

biologically active in maintaining well-being and protection from pathological conditions [5.6.7].
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Phytochemicals, phytonutrients and epigenetics

In this paragraph we describe the role of different phytochemicals and phytonutrients for which

scientific data confirm an epigenetic regulation [8,9].

Curcumin

The curcumin is a component of the phytocomplex of the Curcuma longa, perennial plant, of the
family of the Zingiberaceae, native to the Indian subcontinent, in particular of India and Pakistan,
widely used in the Ayurvedic medicine [10,11,12].

It is extracted from the primary, oval, and secondary rhizomes, elongated.

It’s a polyphenol, diferuloilmethane, soluble in ethanol, alkali, acetone, acetic acid, and chloroform.
The overall action is anti-free radicals, anti-oxidant, anti-inflammatory, neuro-protective, chemo-
preventive [7], modulating angiogenesis.

It interacts on different signalling pathways and on epigenetic modulation [3,8,13,14,15,16,17], at
different levels, as evidenced by numerous experiments, in vitro and in vivo, carried out on different
tumoral cell lines and in patients suffering from chronic degenerative diseases, like diabetic
nephropathy, heart hypertrophy, congenital heart disease. It has demethylating action. It inhibits
DNA-methyltransferase [13,14,16], DNMTs, especially DNMTI1 [15,16]. It modulates the
expression of promoter methylated genes and induces demethylation of partially methylated genes.
It reduces the p-300/HAT activity [13]. It inhibits histone acetyltransferase [13], HATs, causing
hypoacetylation of histones H3, H4 by p300/CREB-1 binding protein [15,16], CBP. It reduces the
expression of several histones deacetylase [13], HDACS, including 1, 3 and 8 [15]. It increases
phosphorylation of histone H3 [15]. It inhibits BRCA1 gene expression by inhibition of histone
acetylation [15]. Curcumina exerts down-regulation of histone methylation [14]. It modulates
miRNAs [13], activating tumor suppressor genes and inhibiting oncogenic genes and up-regulates
the miRNAs with onco-suppressive action, such as miR-9, miR-15a, miR-16, miR-22, miR-26a,
miR-34a, miR-145, miR-146a, miR-200b,c, miR-203, regulating downstream target genes such as
Er-1 and Sp-1 [13]. It down-regulates miRNAs oncogenicic, as miR-19a,b, miR-21, miR-27a,
miR-130a, miR-186, favoring the arrest of the cellular cycle and the apoptosis [13]. It activates
caspase by delaying cell growth and proliferation via B-catenin pathway [13]. Curcumin modulates
estrogen receptor, ER, and HER2, human epidermal growth factor of receptor 2; it activates p53,
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with transcriptional regulation of p21, GADD45, APO-1, BAII, and modulation of the cell cycle,
DNA-repair, apoptosis and angiogenesis and interacts on different signaling pathways: COX-2,
STAT, NF-kB, MAPK, Jak/STAT, Akt, pS3, p38, mTOR, Notch-1, Erk1/2, androgen receptors (AR),
estrogen receptors (ER), Ras and on different kinases [13,14,15]. On the tumor cell lines it plays
inhibition and contrast effect by stimulation of apoptosis, reduction of proliferation by modulation
of Akt expression, Bax Activity, ERK, MKK4, JNK activity, Bcl-2, Cell viability [13,14]. It inhibits
the expression of anti-apoptosis factors such as cl-1 and the family Bcl-2 and increases the
expression of apoptosic factors such as Bax, pro-caspase-3, 7 and 9, mitochondrial release of
cytochrome C and apoptotic activation produced by TNF, inhibits P13/AKT signalling pathway
[14,15]. Target genes examined in experimental oncology include: CDKN2B, NEUROGI,
NFE2L2, Nrf2, Neurogl, RASSF1A, p16, SPARC, SOCS1, SOCS3, p53, p21, GASS, HOTAIR,
H19, AFO86415, AKO95147, RP1-17916.3, MUDENG, AK056098, AK29400 [14]. The effective
dose is variable in the achievement of epigenetic modulations, for a maximum value of 160 uM at
decreasing doses, depending on the action examined, in vitro, on breast cancer cells, prostate,
colon-rectum, stomach, and ovary [14]. The epigenetic effects are integrated with the already
known actions of curcumin: anti-inflammatory, anti-oxidant, hepato-protective, neuro-protective,
anti-bacterial, anti-viral, anti-mycotic, modulating cortisol bioavailability [10,11,12]. Curcumin
selectively inhibits 118-HSDI1, reducing the bioavailability of cortisol; it also inhibits the synthesis
of cortisol activated by ACTH and angiotensin II at the level of aCYPI11 steroid-hydroxylase,
mRNA coding the acute regulatory protein of steroids and ionic channels Ca,3.2 Ca? [10,11,12].
Long-term administration of 10 mg/kg of curcumin, in some studies seven 100 mg/kg, stimulates
adrenal secretion of cortisol, by inhibition of bTREK-1 K+ channels [11].
Curcumin inhibits the following [10,11,12,15]:
* 5-lipo-oxygenase, 12-lipo-oxygenase and oxygenase cycle, especially 2, with transcriptional and
post-transcriptional mechanisms;
* production of IL-1 and macrophages TNF;
* activation of the nuclear factor NF «B;
* PGE2 synthetase 1;
* NO synthesis induced by gamma interferon by suppression of iNOS;
* the action of hepatic stellate cells of synthesis and collagen deposit;
* phosphorylation and leptin receptor expression;

* glutathione S-transferase;
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* the activation of NLP3 Inflammasoma;

* the VEGF;

* the production of macrophage inflammatory protein-2, MIP-2, at the level of the brain;

* the synthesis of matrix metalloproteinas produced by mononucleate blood-cells;

* -he activity of multidrug-resistance-linked ATP Binding Cassette, ABCG2, carrier of certain drugs
such as sulfasalazine;

* the growth of Helicobacter pylori;

* parasitic growth by modulating histone acetylation levels;

and [10,12]

* it reduces the biological activity of TNF and the levels of microsomal and mitochondrial
hydroperoxides;

* it reduces the activity of the p300;

* it activates Peroxisome Proliferator-Activated Receptor y, PPARY;

* it increases glutathione and superoxydodismutase levels;

* it crosses the blood-brain barrier;

+ experimentally it reduces the density of amyloid plaques, prevents the formation of new deposits
and promotes the functional recovery of damaged neurons with antioxidant action;

* it’s a direct-acting antioxidant;

* it has antispasmodic action on the smooth muscle cells of the digestive tract;

* t chelates the heavy metals.

It has a low bioavailability: about 20-60 % of the oral dose is metabolized by the intestinal mucosa

and the liver.

The association with black pepper piperine or long pepper piperine, excellent bioenanchers

[10,11,12], increases blood concentration and half-life, favoring intestinal absorption and slowing

down liver catabolism.

The half-life may also be favored by association with lipid molecole such as oils, even the same

essential oil of turmeric, or with bromelain, epigallo-catechin-gallate, resveratrol, to bioenachers

action, or carrier like nanoparticles, curcumin-phospholipid, in the form of liposomes and

phytosomes.

Currently potential toxic action is reported in the course of liver diseases or gallbladder and biliary

tract [18]. It interacts with drugs. The daily therapeutic dosage of pure dry extract of curcuma longa

titrated at 95 % curcuminoids varies between 500-1000 mg, with 475-950 mg of curcuminoids
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divided into two or three doses/day, of phytosom or liposome of purified curcumin 150 mg two-

three times a day, even 100 mg in nanoparticles.
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Resveratrol

It’s a polyphenol, 3.5.4" trihydroxy-trans-stylbene, phytoalexin (10) synthesized by plants of the
Vitaceae family, Poligonaceae, various bryophytes and higher plants, as a protective agent in
reaction to parasitic invasions, fungi and bacteria or to physical agents such as UV rays.

Particularly concentrated in the phytocomplex of the Polygonum Cuspidatum, perennial herbaceous
plant of the family of the Polygonaceae, native to eastern Asia, it is well represented also in the skin
of the grapes, infructescence of the Vitis Vinifera. in the red variety, rather than white, in red wine
more than white, in peanuts, pistachios, almonds, walnuts, raw cocoa and bitter cocoa beans,
strawberries, cranberries, currants, fresh mulberries and various berries. It’s absorbed in the gut. It
has particolar organotropism for the liver. Bioavailability increases from the intake during meals
and is reduced by glucuronation in cis and trans forms, by hepatocytes. It aroused the first interest
in the anti-free radicals, antii-oxidant general, anti-peroxidant lipid, anti-inflammatory, anti-
aggregant platelet, vasodilator, cardio-vascular protective, so much to be held responsible for the
"French Paradox" as a factor of protection of cardiovascular diseases in diets rich in saturated fats
such as that typically French. Research data [19], subsequently confirmed its detoxifying, anti-
allergic, hormonal modulating, epigenetic [3,8,9,14,16,17], chemo-preventive and anti-aging
effects, even for topical use. The benefits are mediated by complex regulation and modulation of
different signaling pathways and key enzymes. It reduces oxidation catalyzed by copper and
performs action mercury-protective. It stimulates tetrahydrobiopterin-GPT-cyclohydrolase and
modulates the gene expression of enzymes related to oxidative processes. It promotes the synthesis
of SOD1 and GPX1 and inhibits NADPH oxidase [8]. It inhibits COX1 and COX2. It inhibits the
pathway of factor NF-«xB [8,16] with anti-inflammatory and anti-proliferative action. It turns on the
iINOS [17]. It inhibits the oxidation of LDL inhibiting the COX-2 and scavengerr receptor
expression (SR-A) and stimulating the vessel dilatation activity of eNOS [17]. It inhibits the
proliferation of VSMC, smooth vascular muscle cells, blocking the G1-S transcription of the cell
cycle. It activates the transcription mediated by PPARs, Peroxisome Proliferator-Activated
Receptors, with expression of genes active in the control of lipid and glucidic metabolism, of
particolar interest also in anti-inflammatory modulation, cardio-protective vascular, metabolic
atherosclerosis, diabetes mellitus and neoplastic diseases. Stimulation of the transcription factor
PPAR« optimizes the lipid metabolism, phosphorying the receptor, thus protecting it from oxidative

stress. The anti-oxidant action, inhibiting both platelet aggregation and lipid accumulation,
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monocyte and lymphocytic infiltrations well as the migration of smooth muscle cells, motivates the
preventive anti-atherosclerotic, arteriosclerotic and protective cardio-vascular action. Resveratrol
stimulates phosphorylation of ERK 1/2, which in turn phosphorylates PPARa. At low
concentrations it is a partial agonist of ER (estrogen receptors). At high doses it antagonizes 17 beta
estradiol and its proliferative action. It reduces levels of PSA, Specific Prostate Antigen. It has
cancer preventive [9] modulating enzymes involved in carcinogenesis and inhibiting the activation
of growth factors and cell proliferation [14]. It induces cell cycle arrest in neoplastic cells by
decreasing D1 and D2 cyclines and Cdk2, 4, 6 kinases, inhibits "amyloid-like” aggregation of
mutant p53. It induces expression, phosphorylation and acetylation of proteins p53 and p21 with
unexpected. The regulation on p53 is mediated by MAPKs [16], Mitogen-Activated Protein Kinase,
particularly ERKs and p38. It reduces phosphorylation of AKT [14] (and Akt/PBK) with pro-
apoptotic action. It inhibits cellular adhesion. It activates, phosphorylating, the p66shc (of the Shc
protein family), active in the control of mitochondrial metabolism, inhibiting cell proliferation and

"signal survival". It modulates DNA polymerase, proteinkinase D, cPKCs, ribonucleasi reductase. It

induces apoptosis. It induces autophagy by inhibition of the mTOR [14] and mTORC1 pathway [8].

At the epigenetic level it:

* inhibits DNMT3a, DNMT3b and HAT [14];

* inhibits methylation of BRACI1 gene [17];

« activates SIRTS, Sirtuine, Silencing Information Regulator, class of NAD-dependent deacetylase,
transcriptional modulators of the silencing of genes responsible for cell aging and survival,
especially SIRT-1 but also SIRT-2, SIRT-3 [14,17] and SIRT-4 and up-regulation of mir-let-7f-1
prostatic level [8].

It determines the change of the mevalonate and the activation of the protein Ras.

It reduces oxidative damage of DNA and acts on DNA with demethylation and antioxidant.

It demethylates partially the glutathione gene S transferase P1, GSTP, and increases its mRNA

expression regulating the phosphorylation and acetylation of histones.

It sub-rules the trans-forming growth-factor, TGF and over-rules mirRNA-21 [17].

The action is stabilized by the intake of melatonin.

It is also used in topical preparations.

The daily dosage is between 250 and 500 mg.
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Lycopene

Lycopene is a red pigment of lipid nature, a tetraterpenoid, carotenoid linear, acyclic, non
provitaminic A, particularly susceptible to the action of light and oxygen with the formation of
successive oxidated degradation products, toxic, mutagenic.

It is present as a "trans" isomer, thermally more stable, in fresh coloured fruits and vegetables, such

as watermelon, apricot, papaya, pink grapefruit, pink guava, mango, grape rosehip. It is found in

higher concentrations in the outer part of the mesocarp of the ripe red tomato, berry of the plant

Solanum lycopersicum L., or Lycopersicum esculentum (ICBN, International Code of Botanical

Nomenclature), belonging to the family of the Solanaceae. The concentration is different in relation

to the vegetative period and the variety of the plant, being maximum at the veraison, that is at the

beginning of the acquisition of the colour of maturation. The cooking temperature also favors the
release of lycopene from protein molecules and dispersion. The cooking with oil favors the
isomerization in"cis", to minor steric encumbrance, greater solubility in the micelles of absorption,
greater bioavailability and nutraceutic alactivity. The isomer "cis" is distributed in human tissues,
accumulating in the lipophilic territories, especially in the adipose tissue, but also in the liver, skin,
breasts, testicles, adrenals and prostate, especially at the level of the cell membrane of androgenic-
sensitive prostatic cells. The bioavailability is enhanced by the intake at meals and in association
with other carotenoids, especially beta carotene, while it is reduced by the consensual introduction
of plant sterols, hypolipemic drugs and foods high in cholesterol. The synergy with the polyphenols
and other carotenoids contained in the plant phyto-complex of the berry, the raw material of
extraction, enhances numerous biological eftects [20,21]. Lycopene has antifungal, antibacterial and
antitoxic action towards monopodic-glutamate and, experimental on rat, cadmium, aflatoxins and
cyclosporine, anti-free radicals, anti-oxidant, anti-aging and anti-inflammatory, detoxifying, cardio-
protective vascular, chemopreventive and photo-aging, also modulating cellular communication,

immune activity, hormonal responses and the epigenome [3,8,16]:

+ it induces the enzymes of I and II phase of liver detoxification, in particular of cytochrome P450
(possible interference with other biological molecules and drugs such as cyclosporine), and
quinone reductase;

* it inhibits the expression of adhesion cells and leukocytes and prevents the migration of

endothelial cells supporting vascular barrier integrity;
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it inhibits the expression of HMG-Coa reductase and by ACAT, acilCoA-cholesterol
acyltransferase, reducing the synthesis of cholesterol and the blood concentration of LDL:

* it protects lipid molecules, such as LDL, from lipoperoxidation: this effect is favored by the
presence of vitamin E. It inhibits the COX;

* it promotes the antioxidant activity of Glutathione-S-Transferase, Superoxydodismutase (SOD)
and catalase (CAT). It performs scavenger, anti-oxidant, action of DNA and T lymphocytes;

* it promotes the production of IL-2 and IL-4. It prevents and reduces the incidence of free radical
fractures on bone tissue. It improves urinary flow, reduces PSA values and chronic pelvic pain
during prostatitis and prostatic hypertrophy;

* it contains inflammatory manifestations, such as pancreatitis, reducing neutrophilic infiltration,
lipid oxidation, activation of NF-kB expression of inflammatory cytokines by ROS.

Lycopene taken through foods in which it is naturally contained at high concentrations, plays

interesting effects of modulation and reduction of the incidence of prostate cancer, digestive system,

including the oral cavity and pancreas, breast. Lycopene inhibits growth-induced proliferation and
cell cycle progression, reducing cell growth and promoting cancer cell apoptosis [8]. On animal
cancer models it reduces the growth of mammary, prostatic and pulmonary tumors. The action is
particularly studied at the level of prostatic and mammary cancer cells. Lycopene modulates the
expression of active genes on the control of the cell cycle, for the repair of DNA and apoptosis and
reduces the frequency of micronuclei, regulates cell growth by inhibiting the expression of cyclines
involved in the progression of the cell cycle, inhibits the activity of the growth-factor IGF-1, which
accentuate the predisposition to prostatic cancer and breast cancer in premenopausal. It

demethylates partially induced harpin 1 genes in non cancer breast cells and TSG glutathione S

transferase P 1 in breast cancer cells. It modulates the expression and activity of Wnt/B-catenin and

androgens and reduces the expression of 5-alpha reductase. It promotes apoptosis of prostatic cells
in IPB, benign prostatic hypertrophy. It inhibits DNA synthesis, and the expression and activity of
the androgen receptor gene in prostate cancer cells. It determines down-regulation of AKT2

expression in MDA-MB-468 breast cancer cells line, and of RARbeta 2 gene and harpin induced 1,

HIN-1 genes, possible early markers of cancer, in non tumorigenic MCF10A fibrocystic breast cells

[16]. It regulates the expression of the connexin 43 gene, protein of the junctions, increasing its

miRNA by improving cellular communications at the junctions level [8]. It supports GJC, Gap

Junction Communication at intercellular junction level. It inhibits the epidermal ornithine

decarboxylase activity by protecting the skin from photo-aging: topical use prevents and reduces
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damage from even carcinogenic UV radiation [16]. It is used in the food industryas a dye, additive,
indicated by the acronym E 160d. Beneficial effects are reported in the literature at daily dosages of
30-60 mg up to 100 mg. The maximum daily dosage of one-component lycopene, for Italy is 15 mg,
as an administration in supplements and foods added only with notification procedure (Italian
Ministry of Health 2018-Other nutrients and other substances with nutritional or physiological
effect-September Review) [18]. High dosage can produces lycopenemia, yellow-orange skin

coloring, reversible with suspension.
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Uncaria Tomentosa

Uncaria tomentosa [5,8], or Cat’s claw or Ufia de gato in spanish, is a climbing liana native to the
Amazon forest. The drug is represented by the root of plants between 3 and 8 years, dried, by the
bark of the root and by the caul. The phytocomplex includes, among the active ingredients,
predominantly alkaloids, oxyndolics, depending on the chemotype, pentacyclics, (uncarine B, E, F,
D, mitraphylline), and tetracyclics, pentacyclic and tetracyclic indoles. It also contains quinoic acid
glycosides, triterpene saponins, sterols, polyphenols, pyrquinovic acid glycosides. It has anti-
inflammatory, immunomodulating-immunostimulating, anti-oxidant, anti-hypertensive, anti-
aggressive, adaptogenic, DNA-repair [8], antiapoptic, anti-aging, neurotrophic, neuro-protective,
chemo-protective. Experimentally it induces the expression of IL-1 B, IL-1 and IL-6 in
macrophages, of IL-1B and simultaneous reduction of TNF-a expression [8] in THP-1 monocytes
stimulated with LPS, promotes the increase of immune-related cells, especially neutrophiles, CD2
and CD4 T cells and a decrease in eicosanoid concentration PGE2, PGF2, TXB2. It plays chemo-
protective action on immuno-competent cells. It inhibits CYP3A4 [8] by interfering with several
medications such as cyclosporine, some benzodiazepines, protease inhibitors, non nucleoside
reverse transcriptase inhibitors, for example. At high dosage it can cause diarrhea and intestinal
spasms. The dosage reported in the literature varies between 300 and 750-1000 mg/day of extract
with 3 % titration in pentacyclic oxyndolic alkaloids and 6 % in triterpene glucosides, divided into

two to three daily doses.
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Capsaicin

Capsicum [5,8], commonly Capsicum from "capsa", in Latin container, is an herbaceous plant of the
family of the Solanaceae, native to Central America. It includes several species, such as the
Capsicum annuum minimum variety, the common chili pepper, and the Capsicum frutescens, the
paprika. The drug is represented by ripe dried fruits and contains up to 1 % capsaicinoids, such as
capsaicin, as well as vanillilammides of caprylicacid and nonilic acid, carotenoids, vitamins A and
C. The capsaicin is endowed with action pain killer, analgesic, anti-inflammatory, immuno-
stimulating, thermogenic, stimulating the metabolism and the physical resistance, anti-obesity,
vascular protective, chemo-preventive [8,22], in topical and trophic revulsive oleoresin for the
scalp. Capsaicin, 8-methyl-N-vanillil-6-nonenamide, is an agonist molecule of vanilloid receptors
type 1 or TRPV1, of non-selective TRPV1 cationic channels. The TRPV1 protein, transient receptor
potential cation channel subfamily Y member I, is distributed in the central nervous system and C-
type polymodal fibers endings of sensitive neurons: receptor activation first causes urent
perception-pungent, with a subsequent long period refractory to the neuronal transmission of stimuli
and anagesic-pain killer effect. Endothelium-dependent vasodilation is associated.

The TRPV1 receptor is also present at the gastric level, where activation causes vasodilation,
endothelial permeability and stimulation of the duodenal peristalsis, and prolonged stimulation
leads to reduction of acid secretion. The TRPV1 receptor is also abundantly expressed in the nerve
fibers of the nasal mucosa. Capsaicin inhibits the secretion of substance P and promotes the
expression of eNOS, COX-2, anti-oxidant enzymes Nrf2-reactive and thrombomodulin. It sub-
regulates the expression of VEGF, vascular endothelium growth factor, EGFR, PI3K/Akt/mTOR
signalling pathways, inhibits MMP-2, MMP-9, Bcl-2, mesenchymal markers vimentin and N-
cadherin, tNOX expression, NADH oxidase tumor-associated, actives on different tumor cell lines
apoptosis from mitochondrial damage by ROS and Jun kinase, JNKs, intervening experimentally in
vitro and in vivo on the development, growth and spread of different tumor forms, also by
interference with angiogenesis. The secondary metabolites of capsaicin, not spicy, capsiate,
dihydrocapsiate and nordhydrocapsiate, stimulate the thermogenesis of brown adipose tissue
activating mitochondrial decoupling proteins, UCPs, uncoupling proteins, or thermogenin, the
orthosympathetic system at the level of B2 —adrenergic receptors, favoring the appearance of beige

adipocytes in white adipose tissue and inducing satiety [8]. The daily dosage of capsaicin, as a dry
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extract titrated at 2%, varies from 6 to 10 mg/day, divided into several doses. It can give gastric

pyrosis.
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Bacopa monnieri

Bacopa monnieri [5,8] or Herpestis monniera or, in Sanskrit, Brahm1 or Sarasvati, is a herbaceous
plant widely used by traditional Ayurvedic medicine. Native to Asia, species of the humid zones of
India, it is present in brackish and marshy regions also in other areas as well as in the southern ones
of the United States. It belongs to the family Scrophulariaceae. Its phytocomplex contains several
active ingredients: triterpenic saponins, called bacosides, such as the bacoside A (containing in
higher concentration the bacogenine A3, and in lower quantity the Al and A2), alkaloids (brahmin,
herpestine, monnierine), flavonoids. It has a particolar tropism for the nervous system, in particular
for the amygdala, the hippocampus, the striatum and the frontal cortex. It has a nootropic, neuro-
protective, neuro-restorative, psycho-stimulating action. It manifests adaptogenic functions
supporting stress resilience processes. It supports attention, cognitive processes, mnesicability,
learning, discriminatory ability, speed and efficiency of reflexes. It optimizes mood tone, has anti-
convulsivante effect, relaxing, anxiolytic and sedative. It reduces the formation and accumulation of
B-amyloid and improbe cerebral perfusion. It contracted experimentally, especially at amygdala
level, reports related to pre-natal stress induced in rats [23], such as increased corticosterone
concentration, ACTH, glucocorticoid receptors, pro-apoptotic Caspase-receptors 3, of receptora 5-
HT 2c, reduction of 5-HT1A receptor, synaptophysin and synaptotagmin-1, synaptic proteins, post
synaptic density protein 95, anti-apoptotic Bcl-2, phosphorylation of calmodulin-dependent protein
kinase II/neurogranin, N-methyl-D-aspartate receptors (2A, 2B), inhibition of pro-BDNF
conversion to mature BDNF. It attenuates the manifestations of ADHD (Attention Deficit and
Hyperactivity Syndrome), neuro degeneration, in particular senile degeneration, and reduces
intellectual fatigue. It inhibits the enzymes MAO-A and B. It inhibits acetylcholinesterase and
activates choline acetyltransferase. It interacts with serotoninergic and adrenergic receptors. It
intervenes in the modulation of dopamine and Gabaergic pathways. It’s an epigenetic modulator. It
demethylates the reelin and BDNF DNA-promoter regions of DNA [24]. It’s also an excellent
antioxidant, anti-free radicals, anti-inflammatory, digestive, bronchodilator, emmenagogue. The
daily dosage is 100-400 mg of dry extract titrated at 20 % Bacosides A and B. The association with
other neurotrophic plants, such as Centella asiatica, Whitania somnifera, Griffonia simplicifolia,
Asparagus racemosus, Ginkgo biloba, Triphala and Ginseng is good. At the dosage of 300 mg/day it

manifests antidepressant action.
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Fisetin

It’s a flavonol, flavonoid polyphenol found in several plant products, especially apples,
strawberries, water melons, persimmons, cucumbers and onions. It’s an anti-oxidant [25], anti-free
radicals, anti-aging, senolithic [26]. It has a neuro-protective effect [27], supports long-term
memory, cognitive ability and mood with anti depressant effect. It carries out chemo-preventive
action [8,25,28,29], experimentally demonstrated on different cell lines, intervening on the cell
cycle phases, favoring apoptosis [30] and reducing cell migration. The effects are mediated by
epigenetic modulation and different cell signaling pathways. It reduces meyhylglyoxal dependent
protein glycation [31] and the production of pro-inflammatory cytokines induced by hyperglycemia
[32], countering radical carbonyl stress, glycation and insulin resistance. It inhibits the
transformation of preadipocytes into adipocytes, hepatic and adipocyte fibrosis. It activates the
sirtuins. It inhibits PI3K/AKT/mTOR signaling pathways and Bcl-xL protein. It induces oxidative
stress and stimulation of caspase expression, subregulating the expression JAK1 and STAT3 in
TPC-1 cells, inducing apoptosis [33]. It inhibits PAK4 signaling pathway in oral squamous
carcinoma cells by inhibiting cell proliferation and migration and favoring apoptosis [34]. It’s a
topoisomerase inhibitor. It promotes the expression of proteins p53 and of p21, p53 inducible. It
inhibits TNF-a and IL-6 and NF-KB, deacylated by sirtuin 1. It up-regulates the glutathione. It is
direct antioxidant and protects from lipoperoxidation. It contains skin damage from UVB rays [35]
by inhibiting the expression of MMPs, COX-2, IL-6, NK-kB, PI3K, phosphorylation of AKT [8],
increasing the expression of cutaneous Nrf2 [35], inhibiting the damage of aquaporin and filaggrin.
It has an antibacterial action. It enhances the action of quercitin, resveratrol, vitamin D and other

epigenetic modulators. The average daily dosage in dry extract is 100 mg.
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Ziziphus jujuba

The Ziziphus jujuba, commonly called jujube or Chinese date, is a small fruit tree of the family of
the Rhamnaceae, native to south-east Asia and diffused also in Australia and Europe. The edible
fruits, the jujubes, are rich in vitamins, in particular the C, saponosids, tannins, anthraquinones,
alkaloids (the zuzufusin), cyclopeptides, flavonoids (quercetin and catechin), pectin and mucilages,
carbohydrates.

The drug is represented by the seeds, rich in triterpenic saponins: betulin, betulinic acid, jujubosids.
It has anti-oxidant, anti-inflammatory, anti-obesity, protective of the digestive tract, tonic,
adaptogenic, anxiolytic, hypno-inducer, and, in vitro, chemo-preventive, anti-proliferative and pro-
apoptotic [8,36,37]. It reduces the action of the monoamine system. In vitro it induces apoptosis,
dose-dependentcy to toxicity, on some tumor cell lines [38]. It modulates the gene expression of
proapoptotic Bax and antiapoptotic Bcl-2 proteins. The optimal effect is obtained with the aqueous
extract. The indicated daily dosage is 200-400 mg. Possible interference with venlafaxine is

described.
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Ellagic Acid

The Pomegranate, Punica granatum, is a fruit tree, the pomegranate, native to Asia Minor, of the
family of the Punicaceae. It produces at the level of the fruit, the seeds, but also of the bark, the
leaves and the flowers, various compounds of polyphenolic nature, hydrolyzable tannins, the
punicalagins or ellagitannines, besides ellagic acid and its conjugated glycosides. Ellagic acid [8] is
a polyphenol produced by hydrolysis of ellagitannines, and in some plants, of the geraniin. After
ingestion, the punicalagins, by action of the intestinal microbiota, are transformed into ellagic acid
and then into urolithine, with variability of expression in relation to the enterotype. Urolithines,
especially A, have anti-free radicals, anti-oxidant, anti-inflammatory, anti-dysmetabolic, anti-
hypertensive, neuro-protective epigenetic [14,16] and chemo-preventive action on some tumor cell
lines (prostate cancer, hepatocellular, cutaneous , pulmonary, esophageal p. e.) [14]. In several
experimental studies they manifest inhibitory effect the enzyme ACE, the alpha-gucosidases, the
lipases and anti-atherosclerotic activities. Ellagitannines have protective action on the gastric
mucosa, anti-free radicals, anti-oxidant, anti-inflammatory, anti-microbial, anti-viral, anti-mycotic
immuno-stimulating, protective cardio-vascular [39] and chemo-preventive. In experimental works
they also manifest the role of ACE inhibitors. Ellagitannins act on different signalling pathways and
different transcription factors in neoplastic cell lines. They determine up-regulation of miR-let-Te,
miR-370, miR-373, miR-526b and down-regulation of let-7a, let-7c, let-7d [16], interfering on
proliferation and cellular differentiation. Ellagitannines have been identified also in the nuts, in the
strawberries, blackberries, raspberries, cranberries, almonds, walnuts, grapes, Goji berries, peaches,
pecans, but also in the oak, Quercus albus and Quercus robur, in the macrophyte Myriophyllum
spicatum, in the Balanophora japonica and the mushroom Phellinus linteus. Ellagic acid has anti-
free radical activities, anti-oxidant, iron chelating, anti-inflammatory, immuno-modulating, anti-
angiogenetic, photo-protective skin damage from ultraviolet radiation [40], UV, chemo preventive,
pro-apoptosica and anti-proliferative neoplasty. It inhibits the binding of N-nitrosamines to
polycyclic aromatic hydrocarbons and DNA. It carries out neuro-protective effects acting as anti-
oxidant and inhibiting NLRP3 inflammasoma signalling pathway [41]. It also inhibits DNMTI,
DBNT3b and HDAC. It induces the expression of p53/p21 [42]. It modulates the regulatory kinases
of angiogenetic signalling. It acts on the gene expression of caspase 3/Bcl-2/Nrf-2/NF-KB/TNF-o/
COX-2 [43]: it inhibits the signaling Bcl-2 and Cox-2 and favors the Nrf-2, caspase 3 and 9. It

increases the activity of catalase and glutathione. It reduces the production of MDA,
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malonyaldehyde. It reduces, in experimental models, the expression of MCP-1, IL-1 B, IL-6, IL-8,
IL-10. It inhibits signalling pathways induced by hypoxia-inducible factor 1 o, HIF-1a, VEGF/
VEGFR and PI3K/Akt/mTOR, MAPK [44]. The daily dosage is between 70 and 600 mg of ellagic
acid (in products with titration between 40 and 70 %) divided into two to three doses. The action is
enhanced by the simultaneous administration of other phytochemicals such as curcumin, rosmarinic

ac.
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Ginger

Ginger, or Zingiber officinale [5], is a plant of the Ayurvedic therapeutic tradition belonging to the
family of Zingiberaceae, native to south-east Asia. The drug is represented by the deprived
rhizomes of cork, fresh, dried or powdered, containing a rich phytocomplex with essential oil,
terpenoids, gingerols, these in turn transformed in the dry product in shogaoli. Ginger is used for its
effective anti-inflammatory action, anti-pain article-muscle, anti-migraine, anti-dysmenorrhic,
digestive, anti-free radicals, anti-oxidant, anti stress-carbonyl with inhibition of the formation of
AGES, Advanced Glycation End Products, and therefore anti-glycating. It reduces the duration and
intensity of menstrual flow and inhibits the growth of Helicobacter pylori. Gingerols and shogaols
are inhibitors of peripheral 5-HT3 receptors, TRPV1 receptors activators, transient receptor
potential V1. They inhibit COX1-COX2 and LOX-5 [45]. The 6-shogaol has neuroprotective
action, with enhancement of mnesic function. Ginger extracts in toto and 6-gingerol intervene on
different reporting pathways, Bax/Bcl2, p38/MAPK, Nrf2, p65/NF-KB, TNF-a, ERK 1/2, SAPK/
JNK, ROS/NF-kB/COX-2, caspase-3, caspase-9, p53, as confirmed in vivo and vitro on different
tumor cell lines, by promoting apoptosis, inhibiting growth, proliferation and tumor dissemination
[8,46]. The epigenetic action in anti-inflammatory direction is reinforced by the Alpinia galanga [8],
also of the family of the Zingiberaceae. Zerumbet ginger, or Alpinia zerumbet, of the Zingiberaceae
family, also has epigenetic activity with inhibition of HDAC, histone deacetylase. The daily dry

extract dosage is 300-600 mg/day titrated in 5 % gingerols.

An overview on Nutrigenetics and Nutrigenomics Pag. 24



Rhodiola rosea

Rhodiola rosea [5] is a small shrub of the family of the Crassulaceae, native to the cold and
mountainous zones of the Caucasus. The name rosea comes from the smell that emanates when
cutting the roots. It is particularly rich in active ingredients, especially present in the autumn in the
roots and rhizome of plants of at least 3 years. Its phytocomplex has phenylpropanoids derivatives
of cinnamic acid, rosavine rosin, rosavin and rosarine, and derivatives of phenylethanol, such as
salidroside and p-tyrosol. Rhodiola in phytotherapy is indicated as an adaptogenic, anti-astenic,
anxiolytic, anti-depressive remedy. It enhances attention, concentration and short-term memory,
physical endurance, mood, even in mild forms of eating disorders, reduces fatigue, promotes sleep
[8]. It’s anti-free radicals, anti-oxidant, anti-inflammatory, anti-arrhythmic, cardioprotective. It
manifests immuno-stimulating and chemo-preventive action [47]. It inhibits IL-6 and IL-1p, the
TNF-a, by interfering with the NF-KkB and MAPK signalling pathways and activating the
inflammasoma NPLRF3. It inhibits JAK2-STAT3 pathways by suppressing STAT3’s nuclear
localization. It overrides the SIRT1 expression.It stimulates the production of IgG immunoglobulins
and CD3+ and CD4+ Thl T cells. It inhibits mTOR signaling pathway, antagonizing angiogenesis,
by subregulation of HIV-1a/HIF-2a expression. It supports neurogenesis, with anti-inflammatory
action, reducing the synthesis of PCR, reactive C protein, stimulating the synthesis of ATP,
protecting the hippocampus neurons under stress and promoting their proliferation and
differentiation. The neuroprotective action is mediated by the activation of the complex I through
the antioxidant pathway DJ/Nrf2 [48]: the rhodiola increases the nuclear trans location of DJ-1 and
Nrf2 and mitochondrial of DJ-1, enhances the action of the enzymes glutathione-peroxidase, GSH-
Px, superoxydodismutase, SOD, catalase, CAT, and reduces reactive oxygen species, ROS. It’s a
MAO, Monoamine Oxidase Inhibitor, MAOIL. It increases levels of serotonin, norepinephrine and
opioid peptides, such as B-endorphins, in the brain and modulates the hypothalamus-pituitary-
corticosurrene axis. It’s a potential inhibitor of CYP3A4 and glycoprotein P. The most commonly
effective daily dosage is 150-200 mg, with rosavina and salidroside in 3:1 ratio (standardized
extracts in rosavina 3 % and salidroside 1 %) to be divided into two doses between morning and
afternoon. Efficacy and tolerance between 100 and 600 mg is also descrive [8]. The administration

over two weeks should be carried out with careful evaluation and clinical surveillance.
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Panax Ginseng

Panax ginseng [5] or Ginseng or Asian or Korean ginseng, is a plant of the family of the Araliaceae,
native to Manchuria and Korea. The phytocomplex is contained in the roots of plants aged between
4 and 6 years, present on the market as white ginseng, dried, and red ginseng, treated with steam
before drying, richer in active ingredients. The roots are rich in ginsenosides, or panaxosids,
tetracyclic triterpenic saponins of the dammaran series, metabolized by the gut microbiota in active
molecole such as phytochemicals, in particolar ginsenoside K. Ginseng has adaptogenic action,
anti-free radicals, anti-oxidant, anti-inflammatory [5,8]. It stimulates learning and cognitive
abilities. It supports recovery from convalescence. It finds indications for fatigue syndrome and
erectile dysfunction. It stimulates the hypothalamic-pituitary-adrenal axis. It inhibits the reuptake of
GABA and other neurotransmitters such as norepinephrine, dopamine, serotonin. It stimulates the
synthesis of acetylcholine, over-regulating choline-O-acetyltransferase, ChAT. It activates
transcription of the cytoprotective transcriptional factor Nrf2, with neurotrophic and
neuroprotective effect. The neuroactive action is prevalent in the hippocampus and cerebral cortex.
It activates NK cells, Natural Killer, macrophage function with ROS production, IL-1p, IL-2, TNF-
a, [gG, IgM and IgA production. It inhibits the NK-KB [49] pathway and the production of IL-6 and
TNF-a at the B cell level of the Langerhans Islands. Panax ginseng (but also Panax quinquefolius,
or American Ginseng) has a hypoglycemic effect, with reduced glycemic values, insulin fasting and
glycated hemoglobin. It inhibits carboxy-kinase, glucose-6-phosphate kinase. It sub-rules the
PPARy. It stimulates the endothelial production of nitric oxide, NO, at the level of the heart, lungs,
kidneys and corpora cavernosa. It protects spermatogenesis from oxidative process, reduces blood
levels of prolactin, increases testosteronemia, libido, male fertility. On different tumor cell lines
[8,49,50] it is chemo-preventive, activates apoptosis, reduces migration and metastatic invasion. It
inhibits demethylation enzymes DNMT1, DNMT3a, DNMT?3b. It increases acetyl-H3 K14/K9 and
acetyl-H4 K12/K5/K16. It promotes p53, pl6 and hMLHI in ovarian tumor cell lines [50]. It
modulates the action of metalloproteases [51], the expression of anti-inflammatory cytokines, the
Met/miR-222 axis in LLC cells of lung cancer [52]. It reduces myelosuppression by chemotherapy.
It’s hepatic and gastroprotective. It can enhance the action of various hypoglycemic preparations,
cardiokinetics, central nervous system stimulants, anticoagulants (phenelzine, caffeine,
dipyridamol, warfarin etc...). The daily dosage ranges from 0.1 g two to three times a day for the

standardized dry extract with titration in ginsenosides of 10 to 15 % and 1,000 mg, in some cases
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1,500 mg die, in two to three dosings for the dried root pulverized. The intake beyond the three
months must be followed by careful clinical monitoring. The a-Lipoic acid and the dihydrolipoic
acid.

a-lipoic acid is lipoic acid, or 6.8 dithioctanoic acid, or thioctic acid, or vitamin N. It occurs in the
double structure: open, reduced or dihydrolipoicacid, DHLA, and cyclic, oxidized, ALA, with
formation of disulfide bridges between two oxidized molecules. It is amphipathic, therefore active
in both lipophilic and hydrophilic environments. A conditionally essential nutrient, it is synthesized
by our body from caprylic acid or octanoic acid and cysteine from mitochondria lipoic acid
synthase, LASY. It’s well represented in broccoli, spinach, tomatoes, meat, especially the entrails.
It’s an interesting thiol, reversibile redox system, electron transporter and acetyl groups,
mitochondrial enzyme cofactor of oxidative metabolism, pyruvatedehydrogenase and a-
ketoglutarate dehydrogenase. It has anti-free radicals, anti-oxidant, anti-inflammatory, anti-aging,
neurotrophic, neuro-protective, regulator of glycidy [53] and anti-glycant metabolism, anti-
osteoporotic, anti-endothelial dysfunction and protective cardio-vascular. It crosses the blood-brain
barrier with good bioavailability in the tissue of the central nervous system. It is scavenger of ROS
such as singlet oxygen, peroxynitrite and peroxides, it has reducing effect of the oxidized forms of
vitamin C, E, glutathione and coenzyme Q 10. It reduces levels of osteopontin and TNF-a. It
modulates NF-KB, the nuclear factor-light chain-enhancer of activated B cells, and Nrf2, the nuclear
factor erythroid 2-related factor 2, containing the inflammatory reaction in chronic inflammatory
diseases, neuro-degenerative, metabolic, cardiovascular. It promotes translocation of GLUT1 and
GLUT 4, intracellular, with recruitment at the level of the plasma membrane of adipocytes and
skeletal muscle fibrocells, boosts insulin cell signalling at the level of the insulin receptor, IR, and
insulin receptor substrates 1, IRS1, Phosphatidylinositide 3-kinase, PI3K, and protein kinase B,
AKT. It activates the expression of 5'-adenosine monophosphate-activated protein kinase, AMPK, at
the level of the central nervous system and peripheral tissues. It activates caspace proteins induced
by the stress of the endoplasmic reticulum [54], reduces the formation of lactate in neoplastic cells
favoring apoptosis. The cofactor action of pyruvate deydrogenase promotes the inhibition of
glycolysis. It inhibits the mTOR signaling pathway. It shows chelating activity on copper, zinc,
cadmium, manganese, lead, arsenic, iron and mercury. It protects the central nervous system from
damage of excitous toxins such as glutamate. It’s a transcriptional regulator, epigenetic level. It
subrules IL-1fB and IL-6 [55] by hypermethylating DNA in IL-1p and IL-6 5'-flanking regions and

locating ubiquinoning Nrf2 in SK-N-BE Neuroblastoma Cells. It favors at the gene level the
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expression of enzymes of the antioxidant barrier [56] such as superoxydodismutase, catalase,
glutathione-peroxidase, glutathione reductase, glutathione transferase. It enhances the anti-
inflammatory action of omega 3. The minimum daily dose is 50-100 mg. Efficacy as an antiglicant
is achieved with doses ranging from 200 to 600 mg per day, and, as an epigenetic agent, between

300 and 900 mg die and sometimes even 1800 mg.
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The Indole 3 carbinol

Indole-3-carbinol, or 3-(hydroxymethyl)indole, 13C, is a metabolite derived from glucosinolates,
sulfur glucosides [5] found in plants of the Brassicaceae family, or Crucifereae, such as broccoli,
cabbage, cauliflower, Brussels sprouts, savoy cabbage, mustard, radicchio, arugula. Along with
glucosinolates, Brassicaceae contains thioglucosidase, or myrosinase, an enzyme activated by
chewing or breaking plant cells, and inactivated by cooking. Myrosinase turns glucosinolates into
thiocyanates, isothiocyanates, indoles and nitriles. Indole-3-carbinol is a derivative of glucosinolate
glucobrassicin. Indole-3-carbinol is subsequently processed in the gastric lumen, with varying
intensity depending on the degree of acidity of the environment, in its metabolites
diindolylmethane, DIM, 5, 11-dihydroindole-(3,2-b)carbazole, ICZ, and triindole, CT.
Diindolylmethane, DIM, is the predominant molecule responsible for the biological activity of
indole-3-carbinol. The action of I3C and its derivatives is anti-free radicals, anti-oxidant, anti-
inflammatory, neuro-protective, hormone-modulating, chemo-preventive [8] toward the
development and migration of hormone-sensitive tumor cell lines, anti-angiogenic, protective anti
human papilloma virus, HPV, also directly anti-viral. I3C activates the erythrod nuclear
transcription factor, Nrf2, increases Muc2 expression and Paneth cell lysozyme, increases the level
of active B-catenin nonphosphorylated, inhibits the signalling pathways Notch and NF-kB. I13C, and
its metabolites, bind to aryl hydrocarbon receptor, Ahr, cytoplasmic protein, and reach the nucleus,
where they activate specific DNA sequences, xenobiotic responce elements, XREs. In this way the
enzyme synthesis of the detoxification of both I and II phase is initiated: CYP1Al, CYPIA2,
CYPIBI, CYP19, glutathione-s-transferase theta-1, GST ql, and aldo-reductase are over-regulated.
In addition, the second phase of detoxification and the expression of anti-oxidant enzymes are
stimulated, activating the signalling pathway Nrf2. The indole-3-carbinol modulates the metabolism
of the estradiol, favors its transformation towards the 2-hydroxyestrone instead of the 16-
hydroxyestrone. It down-regulates estrogen-responsives genes, pS2, cathepsin-D and up-regulates
breast cancer susceptibility gene 1, BRCAI. It inhibits transcription of ER-alpha and signalling
pathway activated by it, 17ss-estradiol (E2)-activated ER-alpha [57]. I3C in breast cancer cells
inhibits the expression of cyclin-dependent kinase-6, causes the cell cycle of mammary cancer cells
to stop in phase G1, independent of estrogenic receptor signalling [58], antagonizes the expression
of the estrogen growth-factor-1 receptor dependent insulin-like receptor-alpha and the insulin

receptor-substrate-1[{59]. DIM inhibits [60] TNF-a and TGF-B-induced epitelial-mesenchymal
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transition into breast cancer cells. [3C and DIM increase the expression of p21/CDKNIA genes,
cycles-dependent kinase inhibitor 1°, p27, p53, inhibit DNMT1 and DNMT3a. DIM inhibits histone
deacetylase activity and inhibits DNA methyltransferase, modulates miRNA. It demethylates HOX
10 gene, responsible for endometrial receptivity. It increases the expression of mRNA BRCAI. It
inhibits the epithelium-mesenchymal transition, EMT, and signalling pathways Notch-1 and TGF-,
countering the migration and metastatic spread of neoplastic cells. I3C down-regulates the
transcriptional gene expression of the catalytic subunit of the human telomerase, hTERT [61],
causing the arrest of the cell cycle of breast cancer cells. I3C prevents the loss of PTEN in cells of
cervical cancer of the uterus [62] and breast cancer. It demethylates the WIF1 gene, inhibiting the
carcinogenic transformation of cervical cells in the uterine being infected with Papilloma Virus,
HPV. DIM activates the autophagy-related gene, ATGS5 and the microtubule-associated protein light
chain, LC3, by down-regulating miR-30e [63] in gastric carcinoma cells in vitro and in vivo,
antagonizing its development. I3C and DIM increase the expression of p21/CDKNIA in breast
cancer cells with and without estrogenic receptor positivity. The effect of I3C and its derivatives is
enhanced by sulforaphane, isothiocyanate derived from sulforaphanine, or glucoraphanine, by
action of myrosinase, with analogous biological, anti-inflammatory, chemo-preventive and
epigenetic action [3,9,14,16]. Sulforaphane acts by inhibiting histone deacetylase, HDAC,
activating p21, p27 and p53, sub-rule Nf-KB; in addition, similarly to I3C modulates liver
detoxification, protects against the glycation process under carbonic stress, AGE formation and the
expression of rTAGE receptors are inhibited. Sulforaphane activates the expression of PTEN, retinoic
acid recetor beta 2, RARB2, hTERT. It demethylates DNMT1 and DNMT3a. It activates Nrf2 and
the expression of p53 and p21 The daily dose is 200-900 mg I3C and 25-450 mg DIM, 25-50 mg

sulforaphan, divided into two to three doses.
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Silybum marianum

Silybum marianum [5], or Carduus marianus, is an herbaceous plant of the family of the Asteraceae,
native to the European-Asian zones. An interesting phytocomplex is present in the fruit deprived of
the pappus, rich in silimarin, mixture of flavolignani, in particolar silybin or silibinin A and B,
1sosylibin or isosilibinin A and B, silychristin A and B and silidianin. It has anti-free radicals, anti-
oxidant, anti-inflammatory, hypocholesterol-reducing, detoxifying, cyto-protective, anti-fibrotic,
immuno-modulating, regenerative, epigenetic [17], chemo-preventive [8,64]. The flavolignani
manifest antioxidant action. The silymarin antagonizes lipid peroxidation. The anti-free radical
action is mainly carried out by dehydrosilybin, the oxidized form of silybin. Silymarin stimulates
the synthesis of the enzymes superoxidedismutase, SOD, glutathione-peroxidase, GPX, and
catalase, CAT, inhibits the activation of NF-KB and to follow the COX-2, eicosanoids and
inflammatory cytokines, stimulates the activity of Kuppfer cells, reduces neutrophil migration and
stabilizes mastcells, inhibits T cells. It reduces the release of creatine kinase isoenzyme MB, CK-
MB, lactate dehydrogenase, LDH, and cardiac troponin I, ¢Tnl. It reduces the absorption of
cholesterol and promotes the reduction of cholesterolemia, VLDL, LDL and triglycerides. Silybin
and its 2,3-dehydrosilybin derivative, DHS, inhibit the growth and metastatic migration of tumor
cell lines by antagonizing the signaling pathways NF-KB, AP-1, induce phosphorylation of ERK1/2,
EGFR, Akt and STAT3. Silybin inhibits the transformation of starry liver cells into myofibroblasts.
It prevents hepatic-cellular damage and reactivates cell regeneration. Silybin activates the enzyme
RNA polymerase I DNA-dependent, stimulating the synthesis of ribosomal RNA and therefore the
protein synthesis of hepatocytes [5]. It counteracts lipoperoxidation, reduces the release of creatine
kinase isoenzyme MB, CK-MB, lactate dehydrogenase, LDH, and cardiac troponin I, cTnl. It
inhibits drug-chemo-resistance and chemo-toxicity on healthy cells. Silymarin and its derivatives
inhibit organic anion transportes, OAT, ATP-binding cassettes transportes, ABC, stimulate apoptosis
and inhibit the antiapoptosis of neoplastic cell lines. Silymarin inhibits histone deacetylase, HDAC,
and DNMT. It inhibits cytochrome P450, in particular CYP1A1, CYP2C9, CYP2E1, CYP2D6,
CYP3A4, glycoprotein P, the enzyme B-glucoronidase, living interactions with other molecules,
drugs included. The daily dosage of dry extract of silybum marianum, titrated at 70 % in silymarin
and at 30 % in silybine, ranges between 100 and 300 mg, in some studies even 800 mg, in two to

three doses for three months with subsequent pause and revaluation.
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Quercetin

Quercetin is a tetraoxyflavonol, an aglyconic component of various glycosides such as quercitrin
and rutin. It’s a secondary metabolite of several plants, natural inhibitor of the transport of polar
auxin: caper, red onion, broccoli, citrus fruits, buckwheat, grape, red apple, celery, radicchio,
lovage, green tea, blueberry, calendula, horse chestnut, hawthorn, chamomile, ginkgo biloba,
hypericum, phylanthus, melissa, maté, moringa. It is also found among the components of propolis.
The bioavailability is low and variable but is enhanced in the glycoside form compared to the
aglycone. It has anti-free radicals, anti-oxidant, anti-inflammatory [8], neuro-trophic, neuro-
protective, modulating hormone, anti-bacterial and anti-viral, experimental chemo-prevention with
induction of apoptosis [65], inhibition of angiogenesis, inhibition of proliferation and migration of
different tumor cell lines, epigenetic modulator [3,1416,17]. It manifests reducing effect the
oxidized vitamin E, tocopheryl-radical, and it is scavenger of ROS. It reduces estrogen
sulfotransferase, EST expressed in human mammary epithelial cells [66] and inhibits Sa-reductase,
aromatase, the enzyme 17 B-hydroxysteroid dehydrogenase type 5. It inhibits 5-lipoxygenase, A2
phospholipase and the release of histamine. It reduces the activity of the 3C-like protease protein,
CLpro of SARS-Cov-2 virus [67], destabilizing it. It’s an epigenetic modulator agent on DNA
methylation, histones, and miRNA [14,17]. It activates HAT, inhibits HDAC-1 and DNMT]I. It
activates the SIRTI. It inhibits acetylation of H3 and H4 by over-regulation of SIRT1. It acts on
genes AMPK, p53, Akt, DBH-AS1, CDKN2A. It activates NAD+ dependent histone deacetylase
SIRTI. It hypermethylates the p16 gene. It inhibits expression of TNF-induced interferon-gamma-
inducible protein 10 KD, IP-10, and macrophage inflammatory protein 2, MMP-2, associated with
inhibition of CBP/p300 activity and phosphorylation/acetylation of histone H3, histone H3. It
inhibits IP-10, interferon-gamma-inducible protein 10 and MIP-2, Macrophage inflammatory
protein 2. It induces Fasl-mediated apoptosis by activating c-jun/AP-1 and activating acetylation of
histone H3. It inhibits DNA-methylation at Er-beta, estrogen receptors. It inhibits p300-mediated
acetylation of NF-KB resulting in inhibition of COX-2. It inhibits the methylation of the P16INK4a
and RAS association domain family 1°(RASSF1A) gene. It over-rules miRNA-146a. It reduces
phosphorylation of Akt. It increases the activity of caspases 3, 7, 8 and Bax. It inhibits anti-
apoptotic proteins Bcl-xl, Bcl-2. It activates the release of cytochrome c, Cyt c, into the space
between the mitochondrial membranes, after being bound to the death-receptor, initiating the

formation of the aptosome and causing apoptosis intrinsically. It inhibits certain calcium-
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phospholipid dependent kinases, PKCs, Ornithine decarboxylase, ODC, containing polyamide cell
proliferation, phosphoinositid kinases, PI3K and PI4P-5K, activating cell proliferation. It causes
transcriptional DHT receptor sub-regulation, dhydrotestosterone, and inhibits the activity of
androgen-inducible genes. The average daily dosage is 200-500 mg. In some cases 100 mg may be

sufficient and in others the dosage is raised to 1000 mg per day.
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EGCG

EGCQG is the epigagallocatechin-3-O-gallate. It’s a catechin, polyphenol particularly present in the
foliar bud and in the two adjacent buds of the Camellia sinensis, tea plant, of the Theaceae family. It
is also present in various foods such as carobs, pistachios, plums, walnuts, hazel nuts, apples,
raspberries, blackberries, moringa, avocados, peaches. The EGCG of the tea is well represented by
the leaves, variously treated, in particular well concentrated in the green tea, obtained by roasting
the freshly harvested leaves, subsequently rolled and lightly dried. It has a low bioavailability.
EGCG manifests anti-free radical action, anti-oxidant, anti-inflammatory, chelating heavy metals,
neuro-protective [68], endothelium-protective, inhibiting neoangiogenesis, epigenetic and chemo-
preventive action [3,8,9,14,16,17,69,70] with activation of apoptosis, inhibition of proliferation and
metastatic migration of neoplastic cell lines. It antagonizes the production of IL-6, IL-8, TNF-a by
inhibiting the signalling pathways ERK and NF-KF. The anti-inflammatory action is also evident at
the level of digestive tract. It inhibits Cox-2 signalling pathways, NF-kB, AP-1, MAPKs, STAT. It
stimulates the production of nitric oxide and nhibits the release of ET-1 preventing endothelial
dysfunction. It supports mnesic function, learning, attention, reduces anxiety and improbe mood
tone. It has neuro-protective action favoring the expression od BDNF, activating the signalling
pathways Akt, down-regulating the inflammatory pathways COX-2, iNOS, TNF-a, IL-1, IL-6,
MPTP, CD4+ CD8&+ ratio. Epigallocatechin-3-O-gallate inhibits DNMT 1, demethylates pl16INK4a,
the beta receptors of retinoid acid, activates the oncosuppressor genes p15 and pl6. It inhibits the
methylation of oncogenes homeobox transcription factor: CDX2, and bone morphogenic protein 2,
BMP-2 in gastric carcinoma cells. It inhibits hypomethylation of DNA by UVB. It inhibits HAT,
histone acetyltransferase, with inhibition of 300 and down-regulation of androgen receptors, AR. It
inhibits HDACI, increasing Bax and acetylation of p53, reactivating metalloprotease inhibitors,
TIMP, especially TIMP-3, with anti-inflammatory, anti-aging and antimetastatic proliferation of
tumor cell lines. It down-regulars of histone methylation. It overregulates the phosphorylation of
histones. It stimulates methylation and inhibits acetylation of histone H3K9, resulting in sub-
regulation of human telomerase reverse transcriptase, hTERT. It promotes the HDAC3. It up-
regulars miRNA-210, inhibiting cell proliferation. It increases the activity of caspase 3 and 8 and
cytochrome c. It inhibits Bcl-2. It reduces expression of MMP-13 and VEGF factor. It inhibits Akt/

mTOR-MAPK/ERK signalling pathways. It enhances the action of chemotherapeutics such as
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gemcitabine, pacilitaxel and 5-fluorouracil. It interferes with the metabolism of many drugs. The

daily dosage of EGCG is 300 mg in preparations with 40 % titration.
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Moringa oleifera

Moringa oleifera, or tree of life, is a medium-sized tree of the family of the Moringaceae, native to
the southern regions of the Himalayan mountain range, currently diffused in various tropical
territories. Its leaves, seeds and pods are used for food. Its leaves and seeds are particularly rich in
polyphenols, phenolic acids, glucosinolates and flavonoids, biologically active saponins for the
well-being and health of our organism. The phytocomplex of the leave shas the maximum anti-
oxidant power due to the high concentration of polyphenols, flavonoids and phenolic acids, the 3-
caffeylquinic acid, the gallic acid, the ellagic acid, flavonoids like the quercetin, the kaemferol and
the catechins, of beta-carotene, chlorogenic acid, ascorbic acid, vitamin E and A and the planth
ormone zeatin, glucosinolates, in particolar glucomoringina or 4-O-(a-L-ramnopiranosil-oxi)-
benzylglucosinolate, from which by action of tyrosinase the isothiocyanate moringine is derived.
The oil extracted from the seeds has a high oleic acid content. Moringa manifests action anti-free
radicals, anti-oxidant, anti-inflammatory, hepatic-protective, digestive, fluidizing bronchial
secretions, hypoglycemic [71,72,73,74], hypoliphemizing, hypotensive, neuro-protective [75], anti-
depressive, chemo-preventive [76], stimulating apoptosis and inhibiting the proliferation of tumor
cell lines. The phytocomplex prevents lipoperoxidation, promotes the production of glutathione,
increases the levels of glutathione-reductase, GR, glutathione S-transferase, GST and glutathione
peroxidase, Gpx, catalase, CAT, and superoxydodismutase, SOD. It inhibits the production of TNF-
a, IL-6, IL-8, IL-1pB, the activity of myoloperoxidase, MPO, the expression of the gene Rela,
correlated with the signaling NF-KB p65 in the course of inflammation, the production of iNOS,
COX-2, PGE-2, nitric oxide, NO, and induces the production of IL-10 by suppressing the signalling
pathways NF-KB and mitogen-activated protein kinases, MAPKs. It overrides the nuclear factor
(erythroid-derived 2)-like 2, Nrf2 target genes NAD(P)H, glutathione S-transferase pi-1, GSTP1,
quinone oxidoreductase 1, NQOI1. The phenolic glycosides 4-((2-O-acetyl-a-L-
rhamnosyloxy)benzyl) isothiocyanate, RBITC, contained in the seeds experimentally manifests
anti-inflammatory action analogous to aspirin. Moringa oleifera attenuates inflammatory intestinal
manifestations. It modulates glucose metabolism [72,73,74]: reduces blood sugar, glycosuria,
hemoglobin glycata, Hbalc, and improbe glucose tolerance by inhibiting amylase and thus starch
digestion, intestinal glucose absorption, slowing gastric emptying, also by action of the fibers, and
stimulating the secretion of insulin. The regulatory effect on glucidic metabolism is also related to

the anti-free radical action of quercetin, inhibiting glucose-6 phosphate translocase by chlorogenic
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acid, with reduction of gluconeogenesis and hepatic glycogenolysis, and improving glucose
tolerance by the action of moringin. Phenolic compounds, especially flavonoids, show hypolipemic
activity, inhibiting pancreatic esterase cholesterol, intestinal absorption of cholesterol and increasing
fecal excretion by binding to bile acids. The administration of moringa is accompanied by reduction
of systolic and diastolic blood pressure by inhibiting the production of IL-2 and modulating the T-
cell calcium signalling pathway. Isothiocyanates play anti-helmintic, anti-mycotic and anti-bacterial
action. Moringa oleifera phytocomplex supports mnesic processes, reduces acetylcholinesterase
activity, AchE. Its allyl isothiocyanates, AITC, inhibit the growth of androgen-independent prostate
carcinoma cells, PC-3, induce apoptosis and cell mitosis blockage, reduce cyclin-dependent kinase
1, CDK1, protein 25B, CDC25B and CD25C, also in androgen-dependent prostate cancer cells.
Isothiocyanates inhibit AKT. Benzyl isothioyanates, BITC, reduce mammalian phosphorylation
target of rapamycin, mTOR, pyruvate dehydrogenase kinase, PDK, forkhead box, O3A, FOXO3A,
FOXOI1, phosphatidylinoside 3-kinase, PI3K, protein kinase B, AKT. Moringa oleifera extract
increases the concentrations of phosphor-c-Jun N-terminal kinase, p-JNK, and phosphor-
extracellular signal related kinase, pERK, inhibits the expression of p65, 1kBa and p-IkBa.
Isothiocyanates inhibit cytochromes p450, stage I detoxification, and activate stage II liver
detoxification. They can therefore determine interaction with molecole such as drugs. The daily
dosage of dry extract titrated in total 10 % glycosides and in 40 % polysaccharides is between
1.6-2.5 g. and also 5 g.
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The E.V.0.0.

The European olea, or Olive tree, is an ever green tree of the family of the Oleaceae. The pulpy
drupe, olive, is the source of an oil rich in nutritive and biologically active molecules. By
mechanical action, for the first cold pressing only ripe and healthy drupes, harvested directly from
the tree before falling to the ground, extra virgin olive oil is extracted: E.V.0.0. The composition of
the E.V.0.0. is extremely variable in relation to the cultivars of the plant. It comprises 99 %
triglycerides with fatty acids, PUFA, but predominantly, MUFA, polyphenols, in particolar
oleuropein, oleotyrosol, oleacein, hydroxytyrosol and tyrosol, vitamins and minerals. Among the
individual molecules present were identified the oleic acids, linoleic, palmitic, stearic, caffeic,
ferulic, cumaric, cinnamic, syringic, vanilic, carotenes, chlorophyll, terpenes, rutin, lignans,
anthocyanins, zinc, calcium, iron and volatile substances, vitamins E and K. E.V.0.0. for its rich
composition plays anti-free radicals, anti-oxidant, anti-inflammatory, hypotensive, neuro-protective,
cardio-protective, chemo-preventive [76], epigenetic action [77]. It modulates lipid balance by
optimizing membrane fluidity and protecting against lipoperoxidation. It reduces LDL levels,
increases HDL levels. It protects the endothelium, activates vasodilation mediated flow, reduces the
values of systolic and diastolic blood pressure. It subrules p38 MAPK: it inhibits the production of
COX-2 iNOS and inflammatory cytokines, IL-6, and PCR. Hydroxytyrosol and tyrosol, and their
derivative secoiridoid, have anti-free radicals, anti-oxidant, anti-inflammatory. E.V.O.O. intervenes
on the methylation of DNA loci related to the mitochondrial metabolism of fatty acids, in the
regulation of carbohydrate metabolism and glucose tolerance, with the activation of inflammatory
responses. The methylation of the Cpgs cg01081346-CPT1B/CHKB-CPT1B and cgl7071192-
GNAS/GNASAS shall be increased by the PUFA. CPTIB is related to the transformation of acyl-
CoA into acyl-carnitine, therefore to the metabolism of fatty acids and glucose, sensitivity to insulin
and cardio-vascular risk. Polyphenols down-regulate pro-atherogenic genes. Polyphenols, in
particolar hydroxytyrosol, methylate DNA at the gene level for cannabinoid receptor 1, CB1, with
chemo-preventive effects on the development of colon carcinoma cells. Oleuropein aglicone [78]
reduces brain deposits of amyloid-f3 fragments, inhibiting pE3-AP expression, increases histone 3
and 4 acetylase, inhibits histone deacetylase 2 expression with protective effect of neuronal
synapses [78]. It inhibits the expression of HDAC4 in neoplastic cells. Oleacine blocks cell mitosis
and activates apoptosis of neoplastic cell lines, by sub-regulating acetylation [79] of different class

i/Il histones, mRNA and proteins, with Spl sub-regulation. E.V.O. polyphenols inhibit the
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proliferation of cancer cells by inducing apoptosis via Annexin V-P assay, inhibit hypoxia-inducible
factor 1a, increasing the Bax protein and reducing Bcl2, modulating the signalling pathway HER2,
HER 2. Polyphenols of E.V.0.0. inhibit HDAC2, HDAC3, miR-21 and miR-155, the hepitelial-
mesangial transformation and sub-regulate the expression of SIRT1 and weakly HDAACI. The

optimal daily dose of E.V.0.0. is 20 g with at least 5 mg of hydroxytyrosol.
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Walnut

Juglans regia, or Walnut, is a tree of the Juglandaceae family, native to the Middle East. It contains
interesting phytocomplexes [80] in the leaves, buds, husk and seed. The seed, the kernel, edible,
with very low glycemic index, have a remarkable alimentary diffusion. The kernel contains fatty
acids, both saturated, FFA, monounsaturated, MUFA, and polyunsaturated, PUFA in the form of a-
linolenic acid or ALA [81], but also arginine, melatonin, proteins, carbohydrates, vitamins, such as
E, the B complex, mostly folic acid, minerals, such as potassium, phosphorus, iron, calcium,
magnesium, copper, zinc, ellagic acid and EGCG. Linolenic a acid of nuts would have a good
conversion to EPA (>10 %) but little biotransformation in DHA [82]. From the dry seed is extracted
the oil also for alimentary use. The assumption of the nuts is correlated to reduction of the values of
the LDL and increase of those of the HDL, to action anti-inflammatory, cardio-vascular protector,
neuro-trophic, regulating of the tone of the mood chemo-protective action [83]. The actions are
related to the content in ALA, ellagic acid, EGCG, arginine and melatonin. ALA favors [84] the
adequate fluidity of cell membranes, the synthesis of eicosanoids with anti-inflammatory action and
resolving inflammation, anti-aggregant platelet and endothelial protector, epigenetic action [9],
reduces genes expression of COX-1 and COX-2 and modulates genes related to the central nervous
system. ALA inhibits DNMT1 and DNMT3, increasing the expression of Mecp2, Ppplcc, Reelin,
reducing that of Ppplcb, favoring neuronal trophism, especially related to mnesic processes [85].
The ALA overrides the PPAR-a gene [86]. Ellagic acid and EGCG were described in the relevant
chapters. Arginine promotes nitric oxide production, NO. Melatonin promotes the regularization of
the sleep-wake cycle, presents hypno-inducer, glutamine antagonist, anti-oxidant, immuno-
stimulating, anti-angiogenetic for inhibition of the production of VEGF, inhibits the synthesis of
growth factor IGF-1, and EGF-R receptor, anti-proliferative neoplastic, cytodifferentiating [87]. The
recommended daily intake of nuts is 3 nuts, that is about 15 grams. The walnut enhances the action

of E.V.O.

An overview on Nutrigenetics and Nutrigenomics Pag. 40



Nutrigenomic and nuclear receptors

Nuclear receptors (NR) represent a large group of proteins that function as transcription factors.
Typically, a nuclear receptor is formed by three domains, related to the interaction with DNA
(DBD), with a ligand (LBD) and with functional activators of transcription (AF), respectively. The
RNs are linked to DNA sectors known as response elements (RE), activators and or specific
inhibitors and ligands [88].

Their activation requires ligands binding and they are expressed all over the body and in all body
districts, in particular gastrointestinal (GI) tract. Some of them are responsible of metabolites and
hormones ligands. Some important examples include peroxisome proliferator activated receptors
(PPARSs) that are a big family of nuclear receptors, subdivided in PPPARa, PPARB/d and PPARYy,
each producted by separated genes [89]. Nature ligands are fatty acids, eicosanoids and
phospholipids. All of them are important for the anti-inflammatory effects in small intestine and
colon and take part during the gut-brain axis signaling and interactions.

In particular, PPARs are activated by nutrient derivatives and bacteria molecules and all of them
answer in different ways.

PPARa affects on the central nervous system (CNS) working during microbiota production of
glucocorticoids (GSs) and regulating expression of some cytokines, like Interleukin-22 (IL-22),
antimicrobial peptides Reg3, Reg3y and calprotectin. If there is a dysbiosis in the gut there is also
a deficient activity of PPARa, with an increased expression of proinflammatory cytokines and
intestinal inflammation [90]. An important aspect of PPARa function is its involvement in
chronobiology, because it regulates BMAL1 and CLOCK genes transcription. Another intriguing
aspect referred to PPARa is its activity on satiety in the brain. It is important because it serves as a
receptor for oleoylethanolamide (OEA) and mediates its impact on hunger and satiety, also because
enterocytes in small intestine are the first cells that responds to dietary fat intake by increasing OEA
production [91]. PPARP/6 also mediates satiety signals from gut to CNS stimulating glucagon-like
protein-1 (GLP-1) in the gut from the duodenum to the ilenum, where it is abudant. It promotes
fatty acids oxidation (FAO) in adipose tissue and skeletal muscle and it is protective against obesity
because it improves and stimulates energy expenditure [92]. The mostly known PPAR protein is
PPARYy, because it is considered the master regulator of adipogenesis [93]. Intestinal
PPARyinterferes with adiposity through sympathetic nervous system (SNS) and blocks
inflammation in the gut; it is important for circadian rhythm in the liver and partecipates in a
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balanced manner in the gut microbiota, where it can be both activaed by bacteria and regulate the
intestinal and microbial makeup. PPARy has an antiinflammatory effect regulating several signaling
pathways, including p53, Bcl2, c-MYC and so on. At the end, the activation of intestinal PPARy by
bacteria metabolites or nutrients can impact adipose tissue via the nervous system. PPARY is highly
expressed in adipocytes in the gut, and at lower levels in pancreas, liver, kidney, and immune cells,
and it is induced by multiple nutrients, i.e. fatty acids, glutamine, curcumin, capsaicin and so on, all
of them with anti-inflammatory properties [94]. This anti-inflammatory effect is abundantly
expressed by regulating some important patterns related to pS3, Bcl-2, c-Myc, Cox-2, Apc/B-catenin
and NF-KB, and for all these reasons it could be considered a promising therapeutic target for
contrast different type of tumors [95]. An important relationship between nuclear receptor and
ligands is expressed in PPARy and FGF21, that is involved in metabolism when it is connected to
PPARy. FGF21 stimulates expression of some genes involved in lipid oxidation, ketogenesis and
gluconeogenesis [96], improves leptin and insulin sensitivity and regulates glucome homeostasis.
Its regulation is important for body weight reduction and energy expenditure increase, fat oxidation,
lipid excretion and hepatosteatosis decrease [97]. Finally, PPARy modulate circadian clock [98].
Another important aspect that involve the gut microbiota and nuclear receptors is linked to
glucocorticoid receptors (GR), mineralcorticoid receptors (MR) and estrogen receptors (ER) action
on microbiota. In particular, the relation between gut microbiota and GR is expressed by regulating
the activity of 11 B-hydroxysteroid dehydrogenase 1 and 2 (11 B-HSD), two fundamental enzymes
that control the bioavailability of glucocorticoids [99] and bacterial glycerrhetic acid-like factors
(GALFs) that is able to modulate glucorticoids availability and affinity to their respective receptors.
Additionally, microbiota regulates circadian production of glucocorticoids affecting steroid
receptors activity in other multiple tissues. Estrogen receptors play a key role in reproduction, but
they are also important in metabolism. Estrobolome represents a cluster of bacteria that are able to
metabolize estrogens and influence their levels [100]. Gut microbiota metabolize in particular
estrogen-like compounds from nutrients, i.e. daidzen (a compound of the soy) can be metabolized to
O- desmethylangolesin (ODMA) and S-equol [101], that activate ER; people that are able to
produce ODMA but not S- equol, are more at risk of obesity. Estrogens activity is mediated by their
binding to estrogen receptor a (ERa) and b (ERP). They show an high affinity to for the same
estrogen response elements (ERE) on DNA; they are expressed in multiple organs and various
tissues, including GI tract, but only ERa is crucial for reproductive function and regulation. Infact,

energy balance is mediated by ERa only.
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There are strong connections between ER, MR and GR. In particular, estrogens influence MR
expression and their receptors inhibits the transactivational effects of MR on different cell types
[102]. Considering all the important actions of estrogen hormones and ER, their regulation in
microbiota seems essential for a correct metabolism and functions in host’s life.

Regarding thyroid gland and thyroid hormones, there are few direct connections between them and
gut-brain axis, but thyroid hormone (TH) is crucial for brain development and microbiota
maintenance.

T3 and T4 are products that derived from tyroid cells that work combining aminoacid tyrosine and
iodine; they differ for the number of iodine atoms. Thyroid releasing hormone (TRH) is synthetized
from the hypothalamus, and it binds its receptor. Tyroid stimulating hormone (TSH) which
promotes TH release from tyroid gland and is negatively regulated by TH. Somatostatine and
dopamine inhibit TSH release and they are produced by microbiota [103]. TH links thyroid
hormone receptors a and b (TR). that are expressed in different organs in different forms. TR is able
to bind DNA and it changes its conformation facilitating corepressors separation and then
promotion of gene transcription. TRs also have non genomic effects; i.e. its contribution to [-
catenin stabilization and the start of the oncogenic pathway in thyroid carcinogenesis in Trbeta (PV/
PV) mice, knock-in mutant mouse harboring a dominantly negative mutant thyroid hormone
receptor beta [104]. Other non genomic effects, like development processes in the brain like
myelination, neuronal migration and so on involve TR action. Thyroid hormone receptor beta
(THRB) gene is commonly deregulated in cancers; i.e. in renal cancer, as a result of epigenetic
aberrant changes, including CpG methylation and microRNA-dependent silencing, but probably the
second one is the most abundant error type respect the first one [105]. Hypothyroidism is
responsible of several health problems, like weight gain, exhaustion, neurological defects, affect
mood and behaviour. Hyperthyroidism is the opposite case, in which there is an higher amount of
T3 and T4 and it is caused by genetic factors or dietary iodine deficiency.

Several macro and microelements are essential for iodine hormones, like selenium. Microbiota
requires selenium for some metabolic processes and it competes for the host for this microelement
[106]. It was demonstrated that in some patients with tyroid issues there are also GI defects and
abnormal enviroment; also autoimmune thyroid patients have athrofic gastritis and colitis [107].
Other minor nuclear receptors, like pregnane X receptor (PXR) and constitutive androstane nuclear
receptor (CAR) are also responsible of several interactions between microbiota, liver and brain.

This xenobiotic receptors use bacterial metabolites, e.g. indole and bile acids (BA), like ligands and
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are able to counteract inflammation, anxiety, to support lipid glucose metabolism and brain
development [108]. Indole and short chain fatty acids are able to modulate also aryl hydrocarbon
receptor (AHR) [109].

Regarding to FXR, secondary BAs, but also some of the primary BAs, can act as ligands for the
nuclear receptor FXR (NR1H4), which is expressed in enterocytes throughout the small intestine
and colon [110]. BA activation of FXR leads to subsequent alteration of the BA pool size via two
FXR-dependent feedback mechanisms of hepatic BA synthesis [111]. FXR regulates the
transcription levels of critical genes in BA synthesis, homeostasis, transport and metabolism [112],
but also affects general lipid and glucose metabolism [113], as well as hepatic autophagy [114,115].
FXR binds a response element in the regulatory region of Fgf15 (a rodent ortholog to human Fgf19)
and directly regulates its transcription. FGF15 protein is able to mimic insulin impact and it works
like a postprandial hormone. FGF15 does not affect insulin secretion but rather mimics insulin
impact [116,117]; it stimulates also hepatic protein and glycogen synthesis, and contributes to
glucose metabolism. For these reasons, it is possible to highlight the microbiota-PPAR-0-FXR-

FGF15-gut-brain axis directly connected to BA production and activity [109] (Figure 2)
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Figure 2: How FXR may modulates its effects: BAs metabolism, mimetic insulin effect and appetite.
AGRP: agouti related protein; NPY: neuropeptide Y; ANS: autonomic nervous system; FGF15r:
FGF1S receptor;

At the end, one of the most important nuclear receptor, responsible of many types of metabolic

processes, is vitamin D receptor (VDR). VDR links directly Vitamin D3 (cholecalciferol) producted
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by thermal isomerization of provitamin D3. Vitamin D3 is taken up by the liver and modified to
prohormone calcifediol. Vitamin D2, or ergocalciferol, is present in fish, eggs, mushrooms and it is
another precursor of calcifediol. The transition to calcitriol is operated by lalpha-hydrolase
(CYP27B1) in the kidneys predominantly. Other ligands of VDR are BA, curcumin, fatty acids
derivatives and it is important for micronutrient (calcium, iron, selenium, zinc) homeostasis [118]
expressed and it also plays a role in the immune system, because it stimulates the expression of
defensins and antimicrobial peptides [119]. Regarding the brain, few data are available; we only
know that vitamin D can diffuse to blood brain barrier (BBB), it is vital for brain development,
neurotransmission and neuroprotection; it’s deficiency is strictly linked to some diseases like
Alzheimer’s and Parkinson’s, but the role of VDR in these diseases remained to be investigated, and

its role in the gut-brain axis has not yet been established [120].
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Macronutrients, micronutrients, Bile Acids and
Chrononutrition

Fatty acids

It has been shown that several fatty acids have regulatory effects through the nuclear receptor kappa
b (NF-kB), which contains a p50 trimer, p65 and a factor IkB [88]. When the IkB is phosphorylated,
the resulting dimer moves from the cytoplasm to the nucleus, where it interacts with specific genes,
whose transcription products participate in inflammation processes or are factors that promote
necrosis or hyperglycemia [121]. A negative response is given when the saturated fatty acids
activate NF-kB; for its part, mono and polyunsaturated fatty acids inhibit this activation, resulting in

a decrease in cardiovascular disorders [122].

Carbohydrates

Carbohydrates modulate genes through the carbohydrate response elements (ChREBP). In this way,
the liver determines whether carbohydrates go towards a glycogen pathway or if enzymes necessary
for lipogenesis are expressed [123]. The activation of ChREBP is promoted with high levels of
carbohydrates and inactivation occurs with low levels [124]. In this sense, it has been observed that
a diet rich in carbohydrates increases the expression of transcription factor XBP-1 in mice, which is

why it is postulated that it has an important role in human dyslipidemia [125].

Proteins

Although proteins do not exert a direct regulatory role on genes, some amino acids regulate gene
expression. Also, a low input of essential protein amino acids reduce in the synthesis of nor-
epinephrine and cAMP, which alters protein synthesis [126]. This system works by means of a
protein called CHOP, which binds with gene expression enhancers, and is activated by means of
stressful stimuli such as DNA damage [127]. Furthermore, there are amino acid response elements
(AARE) that are sensitive to nutrients [128]. Which, can regulate the initiation phase of protein

synthesis by means of the initiation factor elF2a [129].
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Vitamins

The fat-soluble vitamins A, D, E bind to RN by modulating specifically the expression of genes
linked to energy metabolism [130]. Carotenoid stimulates the G-protein coupled receptors (GPCRs)
and also activates genes that are related to the remodeling of the extracellular matrix by the
metalloproteinase enzymes, resulting in a restructuring of the cytoskeleton [131]. Despite vitamin E
is known to have antioxidant activity, in high amounts can be procarcinogenic [132]. Furthermore,
the low intake of folic acid during pregnancy causes the substitution of thymine for uracil in the
DNA, in addition to producing an abnormal pattern of chromatin methylations [133]. Instead, the
adequate supply of this vitamin allows the expression of the enzyme methylenetetrahydrofolate
reductase (MTHFR), which perform methylations in specific sectors of chromatin [134].

It has been observed that folate, vitamins B12, B6, C, and E, selenium, niacin, and zinc can cause
alterations into the DNA that are similar to what is seen after radiation exposure. These alterations
lead to the rupture of the DNA double strand, oxidative lesions, or both and so they are connect

related to the development of cancer [135].

Minerals

Minerals affect the transcription of genes, increasing or decreasing their expression. For example, in
the intestinal epithelium, copper interacts with clover proteins (TFF1), which, if in their homodimer
state, favor the formation of tumors and copper predisposes the TFF1 protein to acquire the
heterodimeric state with antitumor effect [136]. Moreover, iron and calcium have opposite effects
for the expression of proteins related to carcinogenic processes [137]. Iron would favor the
formation of tumors, increase the carcinogenic cytotoxicity. Calcium, instead, would inhibit it,
thorugh the induction of the pentatraxin gene of the mucosa [138]. On the other hand, the moderate
deficiency of copper and iron for prolonged periods causes alterations in lipid metabolism, as well
as deleterious effects in the cardiovascular system [139]. Another mineral with important effects on
organic physiology, is selenium. It interacts with several proteins that are regulated by this mineral
[88]. It is able to modulate the progress of the cancer or to restrain it, by means of the suppression
of tumors or by the expression of factors of growth of tumors, cellular invasion or adhesion, or of

repair of the DNA [140].
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Bile Acids (BAs)

Starting in 1999, it became clear that BAs serve endocrine functions in the body largely through
their binding and activation of the nuclear receptor, Farnesoid X Receptor (FXR) and the plasma
membrane-bile acid receptor TGRS [141]. BAs are amphiphilic molecules with 24 carbon atoms
and consist of a hydrophobic and a rigid steroid nucleus, to which are attached a hydrophilic
hydroxyl group and a flexible acidic aliphatic side chain. Primary BAs are produced in the
hepatocytes, while secondary BAs (SBA) are formed by modifying the primary BAs in the
intestinal lumen carried on by but bacteria, i.e., by the reactions of 7a-dehydroxylation and
deconjugation of cholic acid (CA) and chenodeoxycholic acid (CDCA). The most important
secondary BAs are deoxycholic acid (DCA) and lithocholic acid (LCA) [142] BAs play an
important role in maintaining intestinal barrier function, as antimicrobial agents that help determine
the gut microbiome structure, and as inducers of genes encoding anti-microbial peptides and lectins
via FXR (FXR) [143]. Moreover, BAs regulate their own synthesis, conjugation, transport and
detoxification, as well as lipid, glucose, and energy homeostasis through activation of FXR and
TGRS receptor [144]. Through activation of FXT and TGRS receptors, bile acids regulate their own
synthesis, conjugation, transport and detoxification, as well as lipid, glucose, and energy
homeostasis. Furthermore, bile acids play an important role in maintaining intestinal barrier
function, as antimicrobial agents that help determine the gut microbiome structure, and as inducers
of genes encoding anti-microbial peptides and lectins via FXR. Others, nuclear receptor activated
by BAs are liver X receptor (LXR), costitutive androstane Receptor (CAR), vitamin D receptor and
pregnane X receptor (PXR). About Plasma membrane, others receptors are sphingosine-1-phospate
receptor (S1PR2), muscarinic receptor M2 and M3, N-Formylmethionyl-leucyl-phenylalanine
receptor fMPL and vascular endothelial growth factor receptor [145]. Microbes are responsible of
BA modifications, e.g. BA deconjugation (remove of glycine or taurine conjugate) or production of
oxo or keto-BA. At the end, the composition of serum bile acids returning from the gut to the liver
is a mixture of free and conjugated biliary acids (CBA), secondary, and oxo and B-hydroxyl bile
acids. These different types of BA are able to interact with several metabolic pattern operated by
important genes, like Akt that enhance m-Tor activity for a cancer state progression. For this reason,
a diet rich in fat induces increased bile production to aid its digestion [146]. Interesting is the
capacity to BAs to regulate innate immune system, up-regulating IL10 and down-reulation

proinflammatory cytochin IL6 and INFg through GPBAR1 and FXR [145].
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Chrononutrition

AMP/ATP connect energy status with circadian rythm. Infact, the half-life of cytosolic dimer CRY-
PER is controlled by cytosolic phosphorylases. PKA phosphorylasetes CRY stimulating its
elimination by proteasome [147]. Fatty acids interfere with cyrcadian clock inducing BMAIL 1 in a
PPAR gamma dependent manner [98]. Resveratrol extend , as caloric restriction, to increase
through SIRT1/PGCI1 alfa the trascription of BMAIL1, PER1, PER 2 [148]. Caffeine is able to
prolong the circadian rythm [148]. Analyzing this complex scenario it seems important to have a
correct and regulate chrononutrition, because chronodistruction is responsible to some diseases
development, like obesity, type 2 diabetes, cancer and so on. Night workers are more subjected to
chronodistruction and disease development: a complete review from [149] analyzed several studies
about circadian rhytmn and eating habits in night workers respect daily workers. In the first one
they highlighted more metabolic and hormonal problems, followed by bad eating habits and
psychosocial abnormalities. Some nutrients are responsible of transcription regulation of
chronogenes; i.e. injected glucose in rat fibroblast reduced PER1 and PER2 transcription [109];
fatty acids are able to activate PPARy and PGC-1 alpha that induce BMALTI transcription. [150].

Nutrigenetic.
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The interaction between nutrients and genetic
profile

For over 20 years the Public Health burden of diet-dependent diseases resulting from poor quality
diets, excess caloric intake and sedentary lifestyles, has been the main driver for nutritional
research. Rapid developments in the life sciences, especially genetics, have created significant
opportunities for nutritional science [151].

A basic concept is that the progression from a healthy phenotype to a phenotype of chronic
dysfunction can be explained by changes in gene expression or by differences in the activities of
proteins and enzymes, and that the components of the diet directly or indirectly regulate the
expression of the genetic information.

Gene-environment studies demonstrate variability in nutrient requirements depending upon
individual variations in genes affecting nutrient metabolism and transport. This study investigated
whether the inclusion of genetic information to personalize a patient's diet (nutrigenetics) could
improve long term weight management [152].

The Human Genome Project made the human DNA sequence available, revealing that each
individual shows 99.5% genetic identity compared to any other individual randomly taken in the
population. The remaining 0.5% of DNA is subject to individual variability and shows changes
within the population; the sum of these differences constitutes the inter-individual variability.

This is mainly characterized by sequence variations called polymorphisms (single nucleotide
substitutions SNPs), that is, the presence at a given locus of two or more alleles, present with a
greater frequency (> 1%) than that which could be maintained by a mutation.

The study of inter-individual variability represents a challenge for modern medicine, especially in
the perspective of being able to treat the patient in an increasingly specific and safe way, identifying
the most effective therapeutic treatment. In particular, the study of polymorphic variants has
become crucial in understanding the mechanisms underlying susceptibility to various multifactorial
diseases, including common diseases such as diabetes, obesity, and cardiovascular diseases [153].
SNPs, represent the largest source of inter-individual variability in the genome since 0.1% of the
variable portion of the sequence is responsible not only for phenotypic differences between
individuals, but above all for differences in terms of predisposition and resistance to common

diseases [154].
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This number may seem almost insignificant, actually corresponds to about six million bases on the

total genome.

The presence of SNPs does not in itself identify a pathology, however the SNPs can be located in

regions of the genome where they determine variations in the amino acid sequence of the encoded

proteins, inducing, for example, a greater or lesser protein synthesis or altering the efficiency of

proteins produced.

Thanks to new reliable and sensitive genetic analysis technologies, there is sufficient experimental

evidence confirming the role of SNPs in inducing the organism's susceptibility to internal and

external stimuli, in terms of probabilistic estimate of the increase in risk compared to the general

population.

According to localization and the possible consequences on the protein product, SNPs can be

classified into: [155]

* cSNPs (coding region SNPs, located within the coding sequences): they can alter the amino acid
sequence of the corresponding protein;

* pSNPs (perigenic SNPs, located in non-coding regions, in the vicinity of a gene): they generally
do not modify the sequence of the protein but can influence its expression;

» iSNPs (intergenic SNPs, localized in the non-coding sequences dispersed among the genes): they
generally have no consequences on the corresponding protein.

Nutrigenetics encompasses the retrospective analysis of the genetic variants of individuals that

condition the clinical response to nutrients.

Therefore the main purpose of nutrigenetics consists in the identification and characterization of

genes and nucleotide variants within these, which are associated with the different responses to

nutrients.

This science is also referred to as "personalized nutrition", since it allows the development of a

personalized diet for the genetic construction of the individual, taking into account the variability of

the genes involved in the metabolism of the nutrient and its target.

Nutrigenetics aims to identify specific nutritional needs linked to the individual genetic profile,

analyzing the impact of the genetic profile on the risk of pathologies related to nutrition. The

individual genotypic profile of the genes linked to metabolism will allow to identify metabolic

bottlenecks and modify the supply of nutrients to restore a balanced metabolic structure [8].

Firstly, the genetic background of the individual can define the nutrient state, metabolic response,

and susceptibility to diet-dependent or related health disorders. It is suggested that the science of
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nutrigenetics is involved in handling the mechanism by which genetic variations define the risk of
individual to diseases, nutrient daily requirements, cellular metabolic response and behaviour
towards the bioactive dietary components or nutritional therapy, the main target of that is to clarify

the impact of the gene variability on the interaction between nutrients and diseases [156].

Polymorphisms (single nucleotide substitutions SNPs)

Up to know, have been detected thousands SNPs linked to:

* control body weight;

* lipid and carbohydrate metabolism;

* ability to assimilate and use vitamin D;

* detoxification processes;

 oxidative stress;

* anti-inflammatory action;

 pathways of glycation and methylation.

Following a list of the most important:

* MTHFR: C677T, folate metabolism (Vit B9), VitB6 and B12 polymorphism reduces its activity
with homocysteine accumulation. The 677C> T polymorphism in the MTHFR gene indicates
reduced enzymatic activity and increased homocysteine levels, which further decrease in
deficiency of the above vitamins [157,158,159];

* RAGE: G82S polymorphism, substitution of Gly (82) with Ser, it is associated with enhanced
inflammatory responses, increased ligand binding, downstream signaling as well as RAGE
expression [160];

* LCT: 13910C> T progressive decrease of lactase in intestinal microvilli [161];

« HLA-DQ2, HLA-DQS8: celiac disease. Permanent intolerance to gliadin which causes a
progressive atrophy of the intestinal villi causing a picture of general intestinal malabsorption
[162];

* -CYP1A2: -163, decreased enzymatic activity of cytochrome P450 1A2 with consequent
imbalance in the relationship between caffeine concentration and caffeine metabolites in the blood
[163];

* ADHIC: Ile349Val, slow metabolization of alcohol with relative accumulation of the toxic

compound acetaldehyde in the blood [164];

An overview on Nutrigenetics and Nutrigenomics Pag. 52



* ACE: I/D, nucleotide polymorphisms identified is type insertion / deletion, allele I = insertion,
allele D = deletion, and this is directly associated with the plasma concentration of the enzyme
itself. It has been shown that carriers of the D allele exhibit greater expression and therefore
activity of the enzyme, correlated with a greater probability of developing hypertension and
consequent cardiovascular complications and also leads to impaired glucose metabolism, insulin
resistance and type diabetes. 2 [165];

* EPHXI1: Tyr113Hys, microsomal epoxy hydrolase 1 enzyme responsible for the detoxification of
Aflatoxin B1, a powerful carcinogen deriving from molds of badly preserved foodstuffs [166];

* NAT1, NAT2: polymorphism N-acetiltransferasi, decreased acetylation capacity of amines and
hydrazines [167];

* GSTM1: I/D, polymorphism involving the enzyme Glutathione S-tranferase 1, inability to
detoxify substances deriving from Cruciferae [168];

* VDR (Vitamin D Nuclear Receptor): polymorphismTaqlC>T, associated with it, is responsible
for a decrease in bone mineral density (BMD) and therefore a greater risk of bone fractures: there
is a lower intestinal absorption of calcium. Moreover, it has been shown that some of the
susceptibility loci overlap for both inflammatory bowel disease (IBD) and osteoporosis. One of
the genes that may be involved in the pathogenesis of IBD as well as decreased bone mass is the
vitamin D receptor (VDR) gene [169];

» UCP2: Rs6759366 (T;T), Rs660339(T;T): Genetic variation in the UCP2-UCP3 gene cluster may
act as a modifier increasing serum lipid levels and indices of abdominal obesity, and may thereby
also contribute to the metabolic aberrations observed in obesity and type 2 diabetes [170];

* MC4R: rs17782313; rs571312; gene of the melanocortin receptor associated with the regulation
of body fat, food intake (eating disorders) and caloric intake. The C allele favors overweight. The
interactions of mental stress and energy intakes with the MC4R minor allele genotype might be
associated with increased risk of obesity in Korean adults. This research might identify subjects
with a specific MC4R minor alleles as a human subset of people with a low metabolic tolerance
for excessive energy intake, especially when under stress [171];

* FTO (fat mass and obesity associated): rs9939609 AA homozygous allele carries an increased risk
of obesity and overweight due to increased fasting leptin concentrations. A high-protein diet is
more effective than a low-calorie diet [172];

* GIP: Glucose-dependent insulinotropic polypeptide (also known as gastric inhibitory polypeptide

(GIP)) and its receptor (GIPR) may link overnutrition to obesity, insulin resistance, and type 2
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diabetes. A GIPR variant 152287019 was recently associated with obesity and glucose
metabolism. The T allele of GIPR rs2287019 is associated with greater improvement of glucose
homeostasis in individuals who choose a low-fat, high-carbohydrate, and high-fiber diet. The
POUNDS LOST trial was registered at clinical trials [173];

PCSK1: rs6232 and rs6234/rs6235, essential role in the maturation of hormones involved in the
stimulation of food intake. Located on the long arm of chromosome 5 it determines the
production of insulin and glucagon. Activation defects can lead to dysfunction of these hormones
and therefore to obesity and overweight [174];

GNB3: variation ¢.825C> T risk of overweight and obesity [175];

NPY: rs16139 rs16147 and rs5574 encodes a protein called neuropeptide Y (NPY), a polypeptide
that performs several actions, including increasing appetite (drying effect). rs16147 T and rs16139
C minor alleles are associated with increased risk, whereas the minor allele T of the rs5574 is
associated with a reduced risk of obesity [176];

ADBR3: variation in codon 64 is associated with increased BMI [177];

FABP2: Ala54Thr allele have a different metabolic response after weight loss than wild type non-
A carriers obese, with a lack of decrease of LDL-cholesterol, glucose, insulin levels [178];
TCF7L2: The Transcription Factor 7-Like 2 (TCF7L2) gene encodes a transcription factor
involved in the expression of the glucagon and insulin receptor in pancreatic beta cells. The
rs7903146 polymorphism modulates gene activity and consequently the risk of developing
metabolic syndrome and type II diabetes [179];

PLIN: variability at the PLIN1 locus is associated with variability in weight loss. Moreover,
eating late is related to lower weight-loss effectiveness among carriers of the AA genotype at the
PLIN1 14995A>T variant interaction of PLIN1 x food timing between the 14995A>T variant and
timing of lunch eating for total weight loss [180];

PPAR: Prol2Ala variant is significantly associated with greater insulin sensitivity [181];

KCNIJ11: Potassium channels are present in the majority of cells, where they participate in a
variety of physiological responses, including the glucose-dependent release of insulin in
pancreatic beta cells. rs5219 the variant determines a change in the activity of the protein that
affects insulin release, resulting in a different response to blood glucose levels [182];

IRS-1: 152943634, alteration of the tertiary structure of the protein resulting in a decrease in its
activity and phenomena related to insulin resistance with increased susceptibility to overweight

and obesity in synergy with other polymorphisms [183];
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* LEPR: rs1137101, rs8129183, the substitution of one amino acid by another can affect the
functional characteristics of the receptor leading to its modified signaling capacity and resulting
in various levels of leptin in circulation: leptin resistance [ 184];

* SCG3: 153764220, may influence the risk of obesity through possible regulation of hypothalamic
neuropeptide secretion [185];

* GHSR: 15572169, Ghrelin exerts a stimulatory effect on appetite and regulates energy
homeostasis, its polymorphism it is associated with the eating behavior "overeating"[186];

* ACACB: this gene, plays an important role in the oxidation of fatty acids. Polymorphism
1s2268388 were overrepresented in women with severe obesity, therefore the activity of acetyl-
CoA carboxylase beta plays an important role in these disorders related to energy metabolism
[187];

* ABP1: nonsynonymous polymorphisms variant alleles lead to a decreased inactivation of

histamine may show altered susceptibility or a different evolution of IBD [188].
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Nutrigenetic tests

Starting from individual's genetic makeup knowledge and relevant SNPs, metabolism and
predisposition to develop pathologies of a single organism could be investigated.
A nutrigenetic test aimed at investigating the presence of known SNPs, will therefore be able to
delineate a personalized nutritional therapeutic path in a qualitative and quantitative sense.
Here below a collection of the most significant SNPs involved in nutritional therapy:
1. Inflammaging test

Antiaging or oxidative stress test

Intolerance food test

2
3
4. Vitamin D metabolism test
5 Detoxification test

6

Body weight

Inflammaging test

Inflammaging refers to the connection between the processes that lead to aging and a type of
chronic low-intensity inflammation: a chronic mild inflammation (low grade), persistent (chronic),
which has no visible symptoms (latent) but which produces systemic effects on the whole organism
[189].

Human organism produces inflammatory molecules called cytokines, these genes are closely linked
with human longevity and predisposition to chronic inflammatory diseases: ACT, IL-1p, IL-6, IL-
10, TNF-a [190].

Moreover, deficiencies in the anti-inflammatory system may also contribute to neuroinflammation.
Recently, advanced methods for the analysis of genetic polymorphisms have further supported the
relationship between neuroinflammatory factors and Alzheimer’s disease risk because a series of
polymorphisms in inflammation-related genes have been shown to be associated with Alzheimer’s

disease [191].
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Gene SNP RSnumbe | Nucleoti | Variatio | Interpretation
r d n

ACT - 5 1]|rs1884082 |G T TT= increased predisposition for
G>T cerebrovascular pathologies

IL-1B 511G>|rs16944 G A AG or AA = risk factor for
A osteoarthritis development

IL-6 5 7 2]rs1800796 | C G CG or GG = predisposition for r
C>G diabetes type 2
G-174]1rs1800795 |G C CG or CC = risk factor for coronary
G>C heart disease

IL-10 G-1082 | rs1800896 | G A AA= high risk of cardiovascular and
G>A chronic inflammatory diseases

TNFa 3 0 8|rs1800629 |G A AG or AA = increased risk of chronic
G>A inflammatory diseases
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Antiaging or Oxidative stress test

Each cell of the organism is constantly exposed to toxic action of a series of oxidizing agents
generated endogenously or by forming exogenous compounds various environmental stressors (air,
water, food): reactive species of oxygen (ROS) [192].

High levels of "reactive" species alter normal cellular function by interacting directly with
macromolecules (proteins, lipids, nuclear and mitochondrial DNA) that make up the cellular
structures, or indirectly triggering a further production and propagation of an ever great number of
reactive molecules and the final result of this cascade of reactions is one dysfunction and / or cell
death. To contain or mitigate the oxidative insult, it is developed in higher organisms an antioxidant
defence system, the induction of which represents an adaptive response to the oxidative stress
condition [193].

The Antiaging/Oxidative stress test, evaluates the potential of the antioxidant activities, responsible
for the response to free radicals.

Some polymorphisms present in specific genes can alter the production and function of antioxidant

enzymes [195].

Gene SNP RSnumber | Nucleoti | Variatio | Interpretation
n
CAT C-262T | 1s1001179 C|C T CT or TT = reduced detoxifying
T capacity
GPX1 P200L | rs1050450 C T CT or TT = reduced detoxifying
capacity
SOD3 C760G |rs1799895 C G CGor GG =

reduced detoxifying/antioxidant
capacity and possible

cardiovascular risk factor

MnSOD A16V  [1s4880 C T TC or CC = reduced detoxifying

T175C |[rs1141718 T C . )
capacity and possible

cardiovascular risk factor
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Intolerance food test

The majority of cases of food intolerance (15% to 20%) are due to non-immunological causes.
These causes range from pseudoallergic reactions to enzymopathies, chronic infections, and
psychosomatic reactions that are associated with food intolerance, i.e. lactose intolerance.

The prevalence of true food allergy, i.e., immunologically mediated intolerance reactions, is only
2% to 5% (celiac disease ) [196].

Genomic profiling is a useful tool for assessing the organism's sensitivity or predisposition to
susceptibility to substances introduced with food, in order to assure and maintain whole wellness of

the organism.
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Intolerance lactose test

In most human populations, the ability to digest lactose contained in milk usually disappears in
childhood.

Lactose intolerance, the most common enzyme intolerance, (about 70% suffer from it of the world
population), is the inability to digest the sugar present in milk.

Before to be used by the body, lactose must be broken down into two simple sugars: the glucose and
galactose. To do this you need the lactase enzyme. A deficiency of this enzyme causes non-
hydrolyzed lactose, unable to be digested, reaches the colon exerting an osmotic effect that causes
water and electrolytes in the intestinal lumen, bacterial fermentation of sugar and formation of lactic
acid and short-chain fatty acids [197].

Symptoms are dose-dependent: major is the amount of lactose ingested, the more evident are the
symptoms.

In European-derived populations, lactase activity frequently persists into adulthood SNPs in the
gene encoding lactase (LCT) (C/T-13910, A/G -22018 ) are associated with the ability to digest
milk as adults (lactase persistence) in Europeans and Africans [198,199].

The genotypic variant CC / GG associated with a lower transcription of the gene correlates with the

lactose intolerance phenotype.

Gene SNP RSnumbe | Nucleoti | Variatio | Interpretation
r d n
LCT -13910 T-[rs4988235 [T C CC= Lactose intolerant
C
-22018 A-|[rs182549 | A G GG= Lactose intolerant
G
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Intolerance gluten test

Celiac disease is an autoimmune disease, induced by gluten, responsible for serious and lasting
damage to the mucosa of the small intestine.

Numerous studies report that celiac disease is frequently associated with the presence of specific
genes of the HLA System, encoding the heterodimers DQ2 and DQS [200].

In the HLA class II system of celiacs, haplotype DQ?2 is present in 90% of cases, while celiacs not
DQ2 are mostly DQS8. In particular, the HLA-DQ2 and DQS8 haplotype (encoded by the allelic
combination DQAT * 0201, DQA1 * 03 and DQBI1 * 02) is present in 98% of Northern European
celiacs.

HLA genetic analysis is a susceptibility test that evaluates the probability of getting sick relative to
that of the general population.

A genetic test is important to evaluate any family predisposition and decide in the case of positivity

to proceed with in-depth analysis for confirmation [201].

Gene SNP RSnumbe | Nucleoti | Variatio | Interpretation
r d n
DR type4 [HLADQS8 [rs7454108 | G A GA or AA = predisposition to

Celiac Disease, to investigate

DR type 7 [HLA DQ [rs2395182 |G T GT or TT = predisposition to Celiac
2.5 Disease, to investigate further
rs7775228 | A G AG or GG = predisposition to

Celiac Disease, to investigate

further

rs4713586 | A G AG or GG = predisposition to
Celiac Disease, to investigate

further
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Intolerance histamin test

Histamine intolerance results from a disequilibrium of accumulated histamine and the capacity for
histamine degradation. Histamine is a biogenic amine that occurs to various degrees in many foods.
In healthy persons, dietary histamine can be rapidly detoxified by amine oxidases, whereas persons
with low amine oxidase activity are at risk of histamine toxicity. Diamine oxidase (DAO) is the
main enzyme for the metabolism of ingested histamine. It has been proposed that DAO, when
functioning as a secretory protein, may be responsible for scavenging extracellular histamine after
mediator release. Conversely, histamine N-methyltransferase, the other important enzyme
inactivating histamine, is a cytosolic protein that can convert histamine only in the intracellular
space of cells. An impaired histamine degradation based on reduced DAO activity and the resulting
histamine excess may cause numerous symptoms mimicking an allergic reaction. The ingestion of
histamine-rich food or of alcohol or drugs that release histamine or block DAO may provoke
diarrhea, headache, rhino-conjunctival symptoms, asthma, hypotension, arrhythmia, urticaria,
pruritus, flushing, and other conditions in patients with histamine intolerance. Symptoms can be
reduced by a histamine-free diet or be eliminated by antihistamines. However, because of the
multifaceted nature of the symptoms, the existence of histamine intolerance has been
underestimated, and further studies based on double-blind, placebo-controlled provocations are
needed. In patients in whom the above mentioned symptoms are triggered by the corresponding
substances and who have a negative diagnosis of allergy or internal disorders, histamine intolerance
should be considered as an underlying mechanism [202,203].

Genetic polymorphisms for histamine-metabolizing enzymes are responsible for inter individual
variation in histamine metabolism and are associated with diverse diseases. Initial reports on
polymorphisms of histamine-related genes including those coding for the enzymes histidine
decarboxylase (HDC), diamine oxidase (ABP1) and histamine N-methyltransferase (HNMT), as
well as histamine receptor genes, often have pointed to polymorphisms that occur with extremely
low frequencies or that could not be verified by later studies. In contrast, common and functionally
significant polymorphisms recently described have been omitted in many association studies. In this
review we analyze allele frequencies, functional and clinical impact and interethnic variability on

histamine-related polymorphisms [188].
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Gene SNP RSnumbe | Nucleoti | Variatio | Interpretation
r d n
Glu644As | 1s2073440 | Q D
p
HDC
Thr31Met [rs1774060 | T M
7
HNMT Thr105Ile [rs1801105 | T I
Thr16Met [rs1015619 | T M
1
Ser332Phe | rs1049742 | S F
ABP1
His645As [ rs1049793 | H D
p
G4586T rs2052129 | G T
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Intolerance nickel test

Nickel is a ubiquitous trace element and it occurs in soil, water, air and of the biosphere.

Nickel is the commonest cause of metal allergy. Nickel allergy is a chronic and recurring skin
problem; females are affected more commonly than males.

Nickel is present in most of the dietary items and food is considered to be a major source of nickel
exposure for the general population. Nickel content in food may vary considerably from place to
place due to the difference in nickel content of the soil. However, certain foods are routinely high in
nickel content. Nickel in the diet of a nickel-sensitive person can provoke dermatitis. Careful
selection of food with relatively low nickel concentration can bring a reduction in the total dietary
intake of nickel per day [204].

Nickel is also a micronutrient essential for proper functioning of the human body, as it increases
hormonal activity and is involved in lipid metabolism.

Large doses of nickel or prolonged contact with it could cause a variety of side effects. Harmfull
effects, the population of people allergic to nickel is growing [205].

FLG codes for filaggrin, the main component of keratoyalin granules of the human epidermis and is
essential for the formation and hydration of the stratum corneum. There partial or total loss of
filaggrin gene expression causes large disturbances of the skin barrier, including an increase in skin
dryness (xerosis cutaneous) and a reduced formation of the stratum corneum (ichthyosis), as well as
an important one susceptibility to allergens entering the skin. The 2282del4 deletion results in an
increased sensitivity of the skin to allergens and in particular to nickel [206].

TNFa encodes tumor necrosis factor a, a cytokine produced mainly in macrophages, involved in
systemic inflammation and a member of a group of cytokines which stimulate the acute phase

reaction. Among the main biological functions of TNFa is the stimulation of the production of IL-1,
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IL-6 and chemokines. If the A allele is present on TNFa tumor necrosis factor a is overproduced

and inflammatory processes are system favourites [207].

Gene SNP RSnumber | Nucleoti | Variation | Interpretation
d
FLG 2282del4 [ rs558269137 [ NO Del [ Del Deldbp/ Deldbp = probable

nickel intolerance

TNFa - -308G/A [ rs1800629 G A A= probable nickel intolerance
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Intolerance sulphites test

Sulphites are widely used as preservative and antioxidant additives in the food and pharmaceutical
industries. Topical, oral or parenteral exposure to sulphites has been reported to induce a range of
adverse clinical effects in sensitive individuals, ranging from dermatitis, urticaria, flushing,
hypotension, abdominal pain and diarrhoea to life-threatening anaphylactic and asthmatic reactions.
Exposure to the sulphites arises mainly from the consumption of foods and drinks that contain these
additives.

In addition to episodic and acute symptoms, sulphites may also contribute to chronic skin and
respiratory symptoms. To date, the mechanisms underlying sulphite sensitivity remain unclear,
although a number of potential mechanisms have been proposed. Physicians should be aware of the
range of clinical manifestations of sulphite sensitivity, as well as the potential sources of exposure.
Minor modifications to diet or behaviour lead to excellent clinical outcomes for sulphite-sensitive

individuals [208].
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Gene SNP RSnumbe | Nucleoti | Variatio | Interpretation
r n
Q364X - C TT o CT = possible increased risk
of sulphite accumulation and
neurotoxicity
S370S rs773115 |G C CC o GC= possible increased risk
of sulphite accumulation and
neurotoxicity
SUOX
S370Y - C A AA o CA= possible increased risk
of sulphite accumulation and
neurotoxicity
C o d Del cod 381= possible increased
381del risk of sulphite accumulation and
TAGA neurotoxicity
C699T 15234706 | C T TT= possible prevention factor for
cardiovascular events - high
sensitivity to folic acid activity
CC= possible risk factor for
cardiovascular events
CBS
T1080C rs1801181 | T C CC= possible prevention factor for

cardiovascular events - high

sensitivity to folic acid activity

TT=possible risk factor for

cardiovascular events
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VIT D metabolism test

Endogenous provitamin D, with exposure to ultraviolet light, is converted to Vitamin D3.

This form is activated and made biologically available through hydroxylation in the liver and in the
kidneys, which lead to the production of 1.25 D3 dihydroxyvitamine.

This hormone, interacting with VDR receptors, activates the transcription of some genes that will
produce proteins responsible for regulating calcium levels in the blood.

The mechanisms of calcium homeastasis are 3:

* intestinal absorption;

* resorption at the level of the renal tubules;

* activation of osteoclasts that reabsorb the bone matrix.

The absence of Vitamin D results in a decrease in bone mass due to decreased calcium absorption.
VDR gene variability is relevant in the aging process and emphasizes the role of the VDR genetic

background in determining healthy aging [209].

Gene SNP RSnumber | Nucleotid | Variatio | Interpretation
Fokl (ATG | rs2228570 |C T TT = possible predisposition to
-ACG decrease in bone density
codon 1)
Bsml (A-G | 151544410 (A G AA = possible reduced absorption of
VDR introne 8) calcium in the intestine

GG = possible protection factor against

loss of bone density

Taql (T-C |[rs731236 T C C = possible risk factor for

esone 9) osteoporosis
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Detoxification test

The human body is exposed to a wide array of xenobiotics during lifetime, from food components
to environmental toxins to pharmaceuticals, and has developed complex enzymatic mechanisms to
detoxify these substances.

Human detoxification systems is a two steps pathway termed Phase I and Phase II detoxification,
respectively

The Phase I detoxification system, composed mainly of the cytochrome P450 supergene family of
enzymes, is generally the first enzymatic defence against foreign compounds.

Phase II conjugation reactions generally follow Phase I activation, resulting in a xenobiotic that has
been transformed into a water-soluble compound that can be excreted through urine or bile.
Mono-functional inducers, such as polycyclic hydrocarbons from cigarette smoke and aryl amines
from charbroiled meats, result in dramatic induction of the CyplAl and CyplA2 enzymes, leading
to a substantial increase in Phase I activity, these activities may lead to an uncoupling of the Phase I
and Phase II balance of activity and, therefore, a higher level of reactive intermediates, which can
cause damage to DNA, RNA, and proteins.

The multifunctional inducers include many of the flavonoid molecules (for example, ellagic acid)
found in fruits and vegetables that induce several Phase II enzymes while decreasing Phase I
activity. In general, this increase in Phase II supports better detoxification in an individual and helps
to promote and maintain a healthy balance between Phase I and Phase II activities.

These detoxification mechanisms exhibit significant individual variability, and are affected by

environment, lifestyle, and genetic influences [210].
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Gene SNP RSnumbe | Nucleoti | Variatio | Interpretation
r n
*1F *1A | 1762551 |[C A * 1F / * 1F = rapid metabolizer-
ergogenic effect (AA)

CYPIA2 *IF / * 1A or * 1A/ 1A = slow
metabolizer of caffeine - no
ergogenic effect (AC or CC)

Y113H rs1051740 | T C TC o CC = possible reduced
detoxifying and antioxidant

EPHX1

R139H 1s2234922 | A G AG o GG = possible reduced

detoxifying and antioxidant
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Body weight

Obesity, a complex condition with serious medical, psychological and social consequences, affects
millions of people across the world [211].

The pathophysiology of obesity is influenced by several factors such as candidate genes and their
expression, single nucleotide polymorphisms, proteins, metabolic pathways and their perturbations
due to mutations, nutrition, exercise, gut microbes, and diseases, e.g. hypothyroidism [212].
Multiple DNA polymorphisms/genes have been shown to be strongly associated with obesity,
typically in populations of European descent [213].

Adipose tissue is central to the regulation of energy balance; the adipose tissue storage is influenced
by environmental and genetic factors. The environmental influence generally depends on the
individual’s life-style, for instance, food intake and physical activity. Some studies have indicated
that certain single nucleotide polymorphisms (SNPs) are related to food intake, energy expenditure

and the development of obesity [214].

Gene SNP RSnumbe | Nucleoti | Variatio | Interpretation
r d n
P12A rs1801282 | C G G (GC o GG)= possible
PPARYy
predisposition to weight gain
L7P rs16139 T C C (CT o CC)= possible
NPY
predisposition to weight gain
2548 157799039 | G A AA= possible predisposition to
Leptin
obesity
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Conclusion

The future of genetics and epigenetics applied to food is important, because new technologies
focused on food require the intervention of new professionals from other fields of science, who
understand the importance of biotechnology and genetics. On the other hand, thanks to
technological advances which can be applied in clinical approach it will be possible to guide
patients to personalized nutrition and lifestyle, in pathology and in prevention. Furthermore the
contribution of the different omic sciences as well as the creation of several gene banks, has
allowed to increase the existing information pool on biological molecules analyzed by

multidisciplinary teams, which can be used also for integrated clinical approach.

NOTES:

1) HOLOBIONT: term introduced in 1991 by Lynn Mangulis, biologist who formulated the
theory of endosymbiosis. It indicates the whole of the host organism/microorganisms ecosystem

present in it. HOLOGENOME: the genome of the holobiont.

2) UNIFIED FIELD QUANTUM THEORY: theory of modern physics, according to which the
various manifestations of the Universe are the natural expression of a single field, with a single law
unifying gravity and electromagnetism. Albert Einstien spent many years researching "unified field

theory".

3) CENTRAL DOGMA OF MOLECULAR BIOLOGY: dogma enunciated by Francis Crick
(Nobel Prize winner for medicine in 1962) for which genetic information presents a unidirectional

flow, from nucleic acids of DNA to protein synthesis, that is that the gene contains in the DNA the
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information for the synthesis of specific polypeptic chains: "once the information is inserted in a

protein it is no longer able to go back" (Francis Crick).

4) EPIGENOME: the set of changes, specific for each cell, of DNA expression, without

alterations of the sequence in nucleic acids of DNA.

S)EPISTEMOLOGY OF COMPLEXITY: epistemology is a term coined by the Scottish
philosopher James Frederick Ferrier (1854): it is a branch of philosophy that examines the

methodological bases of scientific knowledge.

6) EPIGENETICS: term coined by Conrad Hal Waddington. the science that studies the

epigenomes.

7) EPIDRUGS: o epigentic drugs: epigenetic-curative chemical agents.

8) PHYTOCHEMICALS: molecules naturally present in plants, without proven nutritional

action, but with beneficial effects on health. PHY TONUTRIENTS: molecules naturally present in

plants with a nutritional action for our organism.

9) ALLELOPATHY: inhibition of the growth of other plants mediated by specific plant

molecules.
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10) PHYTOALEXIN: (from the Greek,”in aid of the plant”) low molecular weight antimicrobial
compounds synthesized by plants and accumulated in them following the attack by

microorganisms" Paxton 1981
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