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Abstract

There are many evidence in scientific literature that relate to causal nutrition and risk of disease. The concept that proper nutrition can be a significant protective
factor that can significantly affect the risk of cardiovascular and neoplastic diseases is widely demonstrated by scientific literature. Evidence has been shown at an
epidemiological level first: it has been shown that a certain qualitative and quantitative composition of nutritional support can be both a protective factor that can
reduce the incidence of pathologies and, in other dietary formulations, a a causal factor that can increase its etiopathogenetic effect. It is well known, for example, how
the incidence of cardiovascular disease is closely related to the lifestyle of the person, and in particular the excess energy and/or lipids, particularly saturated. Likewise,
the characteristics of the diet also significantly affect the incidence of neoplastic diseases. It is believed that on the combination of neoplastic and cardiovascular
diseases, which then represent the first two causes of death in the most developed countries, at least one-third of case histories recognize diet as the main causal factor.
While the first evidence of nutrition and health relationship has come from epidemiological data on populations, subsequent research is progressively identifying
the molecular pathophysiological mechanisms at the basis of the observed effects. The evidence that they are showing shows significant mechanisms involved in
nutrition. Nutrients, ie molecules absorbed within the body by the digestive tract, are classically divided into energetic and structural, wanting to indicate with what
food-derived molecules can or give the energy needed for various metabolic processes or become part of the cellular and tissue structures of the body. The study of
the relationship between nutrition and health has recently added to those categories that of chemiopreventive or bioactive nutrients. With this term we want to point
out those molecules made by the diet, for which, regardless of their role as nutritional energy or structural, it is noticed how the magnitude of their representation in
the diet is associated with a reduction in the risk of pathologies, sometimes being also known explanations of the molecular mechanism with which this occurs. For
example, polyunsaturated omega-3 fatty acids derived from diet seem to be the basis of the mechanism for which epidemiology has shown that a diet with various
weekly fish portions significantly reduces cardiovascular risk. Many other substances, often with protective power against the mechanisms of oxidative cell damage,

are increasingly placed under careful attention to explain the relationship between nutrition and health at the molecular level.

Introduction

It is known that a diet rich in fruit and vegetables represents a
remarkable tool for preventing the primary pathology not only by
providing optimally energy and relative shares of carbohydrates, proteins
and lipids, but also because of the nutrients that are derived from foods
bioactive, even in small quantities but with important biological effects
such as polyphenols, soluble and insoluble fiber, polyunsaturated fatty
acids, etc. [1-5]. The nutrition status of a subject, in addition to the clinical
evaluation of energy balance analysis, body composition and functional
changes, within the parameters of general nutrition diagnostics, should
also be considered in relation to the evaluation of ‘exposure to bioactive
nutrients and their consequent effects, in particular as regards the effects
on the risk of subsequent pathologies, also in reference to far-reaching
temporal evolution. Traditionally, nutrition assessment has always been
aimed at diagnosing malnutrition, often understood as being defective
or, more commonly, in Italian society, in excess of energy or even in
the absence of specific nutrients. Notwithstanding the importance and
validity of this approach, but also considering the enormous growth
data of the incidence of obesity, it should also be considered that from
further evaluation of the state of nutrition it is possible to obtain other
relevant information [5-10]. In this sense, the molecular diagnosis of
the state of nutrition in an individual requires fine information on
the presence in biological fluids and tissues of bioactive nutrients and
their metabolic effects in order to assess how and to what extent their
nutrition its long-term risk of cardiovascular and neoplastic diseases.
Additionally, individual genomic variables that can influence the effects
of bioactive nutrients by regulating, absorbing, metabolizing, excreting,
and the quality and quantity of biological effects will also need to be
considered [9-15].
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Nutrigenomics

Nutrigenomics will therefore be an individual genomic analysis
aimed at examining the genome and its expression in relation to the
effects of nutrients derived from the diet. The different individual
susceptibility to the effect of nutrients can however result in the
fact that the effect of diet on gene expression is partly subject to
variability [16-22].

Figure 1 wants to schematically represent how the relationship
between exposure to bioactive nutrients in relation to the state of
nutrition, which however concerns the development of nutritional
situations in the long term and not individual moments, comes
to affect the health of an individual, acting on the magnitude of the
risk of disease. This effect, however, is carried out through a series of
mechanisms that can greatly affect the characteristics. The bioactive
nutrient can be variable absorbed as well as subsequently variably
activated or inactivated. His biological activity will thus expose on
specific molecular “targets” which may also be variable or modulable
in relation to the genomic characteristics of the individual affecting its
quality and quantity [22-25].
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Figure 1. Relationship between exposure to bioactive nutrients and biological effects in
the individual

The availability of objective tools to evaluate the presence and
effects of bioactive nutrients in a single patient therefore becomes a
diagnostic procedure, that is to identify a pathology and defining its
condition. Naturally, at present, diagnostics can only cover nutrients
the effects of which are already known, while progress in research
will increasingly present more in-depth studies: for example, only a
few tens of flavonoids, bioactive nutrients of food origin, which have
nutritional data deepened, while it is estimated that an ordinary diet
will bring thousands. A bioactive nutrient or a metabolite produced
in relation to it whose analysis produces valid diagnostic indications
can therefore be termed nutrition biomarkers. Similarly, they can act as
nutritional biomarkers, in addition to nutrient metabolites, including
gene expression profiles produced by them.

More and more, in fact, technology allows multiple analysis of
the genome set activity. Consequently, it is now possible, within
nutrigenomics, to analyze changes in the expression of an entire
genome, both at RNA level messengers and protein products, in
relation to specific nutrition conditions. In this way it becomes possible
to evaluate the effects of nutrition even without knowing the individual
nutrients that are responsible for it but evaluating its effect as a whole.
This is of particular importance when considering how in many cases
the biological effects of various nutrients are different according to
whether they are tested individually or in combination [26-32].

Molecular diagnosis of the state of nutrition

The objective of the molecular diagnosis of the state of nutrition
will therefore be to evaluate in the individual subject, on the basis of the
objective use of nutritional biomarkers, the risk of pathology related
to dietary characteristics. At a time when it is possible to do this in
previous situations, the clinical manifestations of the disease is then
defined as a secondary prevention intervention capable of allowing
the formulation of a diagnosis of a disease at an early and preclinical
stage. Early diagnosis in this case, but not only, also corresponds to
more effective intervention opportunities; however epidemiological data
show that positive modification of nutritional behaviors will have beneficial
effects at any stage of the development of a related pathology [32-44].

The diagnostic definition of the state of nutrition in general clinical
practice is primarily aimed at assessing qualitative and/or quantitative
malnutrition. Of the three levels in which nutrition status analysis
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is generally developed, which is the evaluation of energy balance,
body composition evaluation, and evaluation of related functional
modifications, the first is used most since it has already been sufficient
responses to guide the diagnostic process. The energy balance can be
evaluated by comparing contributions estimated by an anamnestic
interview to energy consumption measured with appropriate
instrumentation. With the nutrition interview, it is possible to collect
information on the quality and quantity of the foods made, and then
formulate a rough, naturally approximate assessment of the dietary
complex. With instrumental evaluations it is possible to measure the
energy consumption at rest and also in controlled exercise situations.
However, the anthropometric data is often sufficient: height, body
weight, body mass index (weight ratio in kg/height in m high per
square), fat mass percentages and lean mass (measured by impedance
measurement). Table 1 shows the main anthropometric and bioumoral
parameters used in the general evaluation of nutrition status [40-53].

The set of parameters in Table 1 allows for first analysis, in the
context of nutritional clinical assessment, to measure the degree of
adiposity of a subject and the main lipidemic indexes to carry out a
nutrition assessment, especially in terms of amount of energy, but also
about the quality of the diet composition observed. Excessive energy
intake is the most common cause of obesity, although many other
etiologies need to be considered. Similarly to dyslipidemia, however,
in their various aspects are an important risk factor for cardiovascular
disease. A classic nutritional deficiency index is hypoalbuminemia,
particularly in elderly subjects. Other laboratory indices useful in this
regard are quantization of transferrin and lymphocytes in the blood
[40-57] (Table 2).

While these indices mainly concern the overall nutritional deficit
and therefore, first of all, total energy input, other specific biomarkers are
needed to diagnose specific nutrient deficiencies. In this sense, in many
cases it is possible to diagnose a deficiency of a specific nutrient, such
as a vitamin, prior to the development of clinical symptoms by dosing
it in fluid or biological tissues. In other cases it is possible to evaluate
a biological activity closely related to the presence of that nutrient: for

Table 1. General nutrition status evaluation indices

Anthropometric indices
It typically grows in relation to excess energy input. Values to be

B .
ody mass compared to peoples comparable to age and sex of the subject
. Dependent on growth and skeletal length. Values to be compared
Height .
to peoples comparable to age and sex of the subject
It allows to combine in a single weight value and height
IMC o BMI, body (calculated from the weight ratio in kg / height in m high per
mass index square). Values to be compared to peoples comparable to age

and sex of the subject

It typically grows in relation to excess energy input. It can be

evaluated by measuring the thickness of skin patches in the
Mass Percentage lipid reference anatomical points, electrical impedance measurements
that grow to increase the proportion of adipose tissue, body
density measurements and dilution of isotopes.
It typically grows in relation to excess energy input. It is one
of the key criteria for formulating the diagnosis of metabolic
syndrome

Abdominal
circumference

Biochemical Indexes

Dependent on nutrition and also by individual factors. Increased

Triglycerides X X e L7 .
cardiovascular risk with increasing its concentration.

Dependent on nutrition and also by individual factors. Increased

Cholesterol X X e L7 R
cardiovascular risk with increasing its concentration.

Dependent on nutrition and also by individual factors. Increased

HDL-cholesterol . . . . .
cardiovascular risk with reducing its concentration.

Dependent on nutrition and also by individual factors. Increased

LDL-cholesterol . . . L .
cardiovascular risk with increasing its concentration.
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Table 2. Assessment indexes of general nutritional deficiency

DEFICIT
Mild Moderate Serious
Albumin (g/dl) 3.5-32 32-2.8 <2,8
Transferrin (mg/dl) 200-180 180-160 <160
Lymphocytes (n./mm3) 1800-1500 1500-900 <900

example, the enzyme glutathione peroxidase of erythrocytes requires
selenium and when this is deficient it decreases its activity. Similarly, it
can be done for any other essential nutrition, that is to be obliged to be
present in the diet to avoid symptoms of deficiency. These indices are
therefore very useful as an objective reference of situations in which
nutrition is not adequate, that is to provide the right amount of energy
and nutrients [40-60]. Appropriate nutrition is defined as the one in
which every essential nutrient is present at least to the recommended
nutrition ratio (LARN, recommended daily amounts of nutrition). It is
also necessary that the amounts of proteins, carbohydrates and lipids
are appropriately distributed within the total energy quota, which must,
however, also be appropriately related to the subject’s characteristics.
In addition, a number of nutrients must also be contained below
certain quantities as they are toxic to excessive concentrations. When,
however, with the satisfaction of these primary nutritional needs,
we also want to monitor to what extent an individual with the diet
is exposed to the activity of nutrients that can also influence the risk
of disease and ultimately also the ‘Life expectancy, it is necessary to
use other and more fine molecular parameters [40-60]. The objective
therefore becomes to have diagnostic references to indicate to what
extent the diet has or exerts effects on the risk of disease. In this sense,
the technique used must be more thorough and extending to multiple
molecular effects analysis can be defined as a molecular diagnostic of
the state of nutrition.

Various types of analysis are possible in this sense: they can be
distinguished in two main categories: to measure the quality and
quantity of nutritional benefits of bioactive nutrients and to measure
their effect as well as individual sensitivity to them. In fact, the two
aspects often overlap and can not always be discriminated against.
Therefore, biomarkers can be distinguished by biomarker and
biomarker of the effect of bioactive nutrients [40-60].

Biomarker intake

The direct dosing of bioactive nutrients in fluid and body
tissues is certainly a diagnostic procedure quite independent of the
individual’s sensitivity to them. It is well known that the presence of
bioactive nutrient serum, such as the various polyunsaturated fatty
acids of the omega-3 and omega-6 series, is quite proportional to their
representation in the diet prior to the withdrawal, although this is
fasting, and therefore independent of the first intestinal absorption of
nutrients. Of course, even in this case, there may be a variability of the
individual in relation to the nutrition absorption efficiency which may
vary in relation to the use of receptors and/or conveyors with variants
of different activity and its ability to catabolize it . For many years,
literature has shown that serum levels of nutrients such as vitamin
A, vitamin E and selenium correlate significantly with the incidence
of various forms of cancer. These substances, in addition to being the
essential nutrients essential to the diet, have, at higher dosages, also the
chemiopreventive effects. In the 1990s, several clinical epidemiology
studies were carried out in the study of the effect of the prevention of
neoplastic and cardiovascular diseases by the administration of vitamin
A or beta-carotene supplements, which is its precursor [40-65].
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Surprisingly, these studies had to be discontinued earlier than
expected due to preliminary evidence of a potential increase in health
risks due to administration. In fact, the logical basis of experiments was
very solid and consistent with the observation that in populations where
serum beta-carotene levels were higher, there was a significantly lower
risk of neoplastic and cardiovascular disease. For this reason, it was
thought that there was a causal relationship between the major serum
beta-carotene concentrations and the reduction of risk. Evidently this
has not been proven to be true and it is presumed that the reason for
this is that, while excessive intake of vitamin A or beta-carotene may
have toxic effects, they did not appear in nutrition benefit as in this case
these nutrients were part of the nutrient complex made by a given diet,
but it is not possible to distinguish at this level from which nutrients
depend on the observed effects [57-70].

For example, it is well-known that a diet rich in fruit and vegetables
has significant preventative effects, which is the indication of the world’s
leading health authorities, but also by designing characteristic features
of the so-called Mediterranean Diet, that is, that whole of nutritional
behaviors of populations of the Mediterranean area for which for
the first time it has been possible, since the 507, to demonstrate
close relationships between nutrition and health. Surely those who
feed on such a diet have higher beta-carotene serum concentrations,
but apparently this substance is absorbed by foods along with many
others, of which surely most must still be subject to characterization,
some of which will have greater bioactivity and other minor. If
this type of experimental evidence has highlighted the difficulty
of transferring bioactive nutrient-derived observations in food-
processing applications, they clearly highlighted the concept of different
nutritionally-suited foods in the body. These concentrations can then
be subjected to diagnostic analysis: if the simple serum concentration
of beta-carotene is associated with a significant reduction in the risk of
pathology in the populations, simultaneous analysis of a large number
of nutrients in the single subject will be able to produce even more
detailed information on the one hand in terms of objective assessment
of the nutrition regime adopted, on the other in terms of the resulting
risk entity configured [57-70].

This type of analysis, unlike interviews and nutritional
questionnaires, allows you to have objective data on exposure to
bioactive nutrients in the diet. It should also be considered that
nutritional content of nutrients can only be estimated on the basis
of medium compositions, but in some cases they are also subject to
considerable variability: eg, the same type of food according to the
origin can have enormous differences in selenium content, or the
content of glucorafanine of the different broccoli varieties may also
vary by 25 times. Although diagnostic analyzes of this kind are not yet
in use, the set of observations available by scientific literature already
allows for highly predictive serological determination of a complex of
bioactive nutrients in a single patient. However, there is still a need to
develop chemical analysis methods compatible with the operational
needs of the clinical analysis laboratory, especially in terms of cost and
reproducibility in large-scale use.

Among the parameters for which literature indicates ever greater
and more indicative correlations with the nutrition status are saturated
and unsaturated fatty acids derived from nutrition. Table 3 below
shows the main doses in serum and their concentration varies with the
amount of food intake that they contain [70-75].

Table 3 shows the saturation degree and the number of carbon
molecules of molecule length for each fatty acid. Saturated fatty acids,
typically derived from the lipids of food of animal origin, are therefore
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Table 3. Fatty acids used as serum biomarkers of nutrition status

Carbon atoms: Double

Fatty Acid Saturation bonds
Myristic acid saturated 14:0
Palmitic acid saturated 16:0
Stearic Acid saturated 18:0

Palmitoleic acid unsaturated omega-7 16:1

Oleic acid unsaturated omega-9 18:1

Linoleic acid unsaturated omega-6 18:2
Gamma-linolenic acid unsaturated omega-6 18:3
Alfa-linolenic acid unsaturated omega-3 18:3
Arachidonic acid unsaturated omega-6 20:4
Eicosapentaenoic acid unsaturated omega-3 20:5
Docosahexaenoic acid unsaturated omega-3 22:6

more abundant in serum in relation to a higher representation of these
products in food. Consequently, they are also associated with the risk of
cardiovascular disease. Unsaturated fatty acids are instead derived from
vegetable products and fish products. Various studies are accumulating
evidence that the dosage of these substances in serum can be traced
back to the quality of the lipid content of the diet. Moreover, plasma
concentrations of the various types of fatty acids demonstrate significant
predictive value of the risk of myocardial disease. Consequently, the
serum dosage of the various types of fatty acids coming from different
feedstock ratios relative to their presence in foods is an example of a
valid reference nutrition biomarker. Obviously, further studies on
even larger populations are still needed to identify the precise dosage
modalities and significant reference values [70-75].

Biomarker effect

The effect of a biomarker indicates the presence and magnitude of
a biological effect resulting from exposure to a nutrient. In practice it
also measures the magnitude of a possible positive or negative effect
on health. Cellular processes influenced by the bioactive components
of foods are numerous, including, inter alia, cell proliferation and
apoptosis, inflammation, differentiation, angiogenesis, DNA repair and
carcinogen activation, ultimately entering fully in the complex of the
etiopathogenetic phenomena of major cardiovascular and neoplastic
diseases (Figure 2).

For all these processes, fundamental in maintaining physiological
homeostatic equilibria, various bioactive nutrients are known to
modulate its development. While it is still not possible to define the
contribution of each nutrient to the various processes shown in the
figure, it is evident that such a large spectrum of activity practiced by
various nutrients with the complexity of their activities can easily explain
how the quality of nutritional support may have a major influence on
the health and the risk of illness. For example, among the nutrients that
can induce cell apoptosis are quercetin, resveratrol and docosoesaenoic
acid, all considered to be chemiopreventive nutrients. These effects
are often described by analyzing the effect as pure substances on
cultured cells. However, it is not said that the concentrations reached
in vivo are sufficient to achieve the same effects, also considering the
presence of other pro and anti-apoptotic factors. At present, there
is sufficient evidence that only in some cases can be used to modify
nutritional pathophysiological processes. Among these, various relate
to biomarkers of lipid metabolism and adipose tissue activity [40-75].

Lipoprotein (a) (also called Lipoprotein LP (a) and Lp-a) is
definitely a relevant diagnostic parameter in the assessment of the
risk of cardiovascular disease, but also a biomarker of the effect of the
state of nutrition as its levels however, influenced by the plasma. It is
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a subclass of lipoprotein whose concentration varies widely between
different ethnicities, but also in relation to different pathological
states such as coronary, cerebrovascular and atherosclerotic diseases.
Different feeding modes, however, are able to adjust the level: for
example, a diet rich in fish lipid derived products is able to lower it. In
any case, desirable Lp (a) concentrations should be lower than 14 mg/
dL, while a concentration of 14-30 mg/dL is considered “borderline’,
31-50 mg/dL at high risk and higher than 50 mg/dL at high risk [40-75].

Adipocytes, hormone mediators produced by adipose tissue, leptin
and adiponectin, as well as Apolipoprotein AI (ApoAI) and ApoB
are other substances whose serum concentration varies in relation
to the state of nutrition and the risk of cardiovascular disease. In the
case of apolipoproteins, the increase in the ratio of apoB/apoAl is
also considered as an indicative biomarker of greater risk as well as
indicative of a causality correlated nutrition [40-75].

Serum homocysteine levels have been shown to have some
correlation with cardiovascular risk but also be dependent on nutritional
factors. Homocysteine is considered to be capable of causing vascular
endothelial dysfunction with formation of free oxygen radicals,
interfering with the vasodilating and antithrombotic function of nitric
oxide (NO). Its increase is due to the lack of vitamins, in particular
folic acid, vitamin B6 and vitamin B12, and causes an increase in
cardiovascular disease [40-75].

Oxidative damage

Other parameters considered to be biomarkers of the state of
nutrition are related to oxidative damage. The oxidative damage is
caused by an imbalance between the production of reactive oxygen
species (free radicals) and the body’s ability to detoxify the reaction
intermediates readily or easily repair the resulting damage. Many
bioactive nutrients have antioxidant capacity and therefore may thus
exercise their power of prevention of disease, although often prove
more specific mechanisms for each individual substance. It is, however,
shown that, in relation to the characteristics of nutritional support, the
total oxidative capacity of the blood changes. In this sense it is possible
to monitor the effect of the nutrition status basically: 1) with the
measurement of individual antioxidants in the plasma; 2) Measuring
the total oxidation/total antioxidant capacity of the plasma; 3) by
measuring the oxidation of lipoproteins [50-80].

Overall, these various parameters above are documented by the
literature as correlated, in relation to their modulation, to the state of
nutrition. Nevertheless, the use of these parameters is not always possible
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Figure 2. Influence of bioactive nutrients of foods on multiple biological processes whose
alterations come into the pathogenesis of cardiovascular and neoplastic diseases
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in the decision-making process following the diagnostic formulation.
This depends on the fact that although there may be a statistically
significant correlation with each of them, or even combinations, the
margins of variation are sometimes too small to discriminate different
states in the individual. Other times, the differences observed in certain
groups of subjects analyzed are related to groups with particular
characteristics that do not necessarily reproduce in other situations. In
practice, though there are numerous parameters that have biomarker
characteristics of the nutrition status, it is not possible to fully satisfy
that which is a consolidated diagnostic and prognostic requirement: the
need to be able to trace within the individual subject, and not on an
average of a population, in the past nutritional history, and nevertheless
able to evaluate at a contingent moment the future prospect in terms of
the risk of specific pathologies [50-80].

However, the usefulness of this information goes beyond the
diagnostic formulation, which may also affect the different therapeutic
options that are commonly used and potentially identifiable in relation
to thebest health assessment possibilities. Based on these considerations,
it is evident that the best application prospects in nutrition diagnostics
concern multiple analysis systems both in terms of systematic analysis
of gene expression, but also in systematic quantization of large numbers
of nutrients and/or their metabolites . In fact, the diagnostic capacity,
instead of individual markers, on a large set of them, can only become
more accurate and can provide more information that can have a much
greater impact on clinical operation [50-80].

As a consequence of these goals, the disciplines of nutrigenetics and
nutrigenomics were born. Nutrigenetics concerns issues related to how
the individual’s genetics, detectable on the basis of single nucleotide
polymorphisms (SNPs), the number of genetic copies and epigenetic
phenomena, can influence its susceptibility to the diet . Nutrigenomics
takes care of how the diet affects genetic transcription, protein
expression, and metabolism. The main problem with nutrigenomics is
to integrate genomics, that is, the multiple analysis of the functioning
of all genes, with transcriptism, that is, the analysis of the whole gene
expression gene products, and metabolomics, that is, the analysis all the
way to the metabolic profiles, up to the “healthy” phenotype, that is, in
other words that you want to pursue the best for maintaining the state
of health and for the optimal prevention of pathologies. Mechanisms
analyzed at various levels integrate into complex interrelations. These
interrelations are schematized in Figure 3.

It can be said that as many nutrients regulate the activity of many
genes, the genome may still affect the activity of many nutrients,
for example by modulating its bioavailability, absorption and,

Health Status

Genome Status

Nutrition Status

Figure 3. Interaction between nutrition and the genome in maintaining the health
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however, being able to be variable. The state of health, or illness, or
predisposition to it also depends on these relationships. Genetics and
genomics, applied in the context of nutrition and health, therefore have
enormous potential for the development of biomarkers, indicators of
predisposition to pathologies, knowledge of the effects of diet, even in
the individual, as well as of individual bioactive nutrients [60-85].

The fact that the genome of many organisms has been sequenced
makes it possible to predict with precision the respective transcripts,
that is, the set of coded protein products. The multiple analysis of RNA
messenger expresses, using the “DNA microchips” methodologies,
allows to have a complete picture of the activity of each gene at a given
time in a certain cell or tissue. At least at the present time, this degree
of completeness can not be achieved neither with proteomics nor with
metabolomics. For this reason, transcriptomycosis is generally the main
study in differential regulation, including nutritional studies, to provide
a framework for the metabolomic and proteomic analysis. Differential
studies compare the differences between two multiple analyzes that
compare two situations with a definite difference, for example in a cell
such as RNA messengers are different in quantity, increased or decreased,
compared to exposure or non-exposure to a given nutrient [50-80].

Proteomics

The recent development of proteomics is bound to the development
of mass spectrometry technologies, which allow the analysis of complex
protein mixtures at a level on one side and on the other, however, global.
The main and most effective methods of mass spectrometry for these
purposes are the electrospray ionisation (ESI) and the “matrixassisted
laser desorption/ionisation” (MALDI). Using these methods, it is
possible to compare protein blends and identify those that differ
in different conditions. Molecules can be characterized by both the
molecular weight and the specificity of fragments that can be obtained,
based on the specific amino acid sequence of the protein, which can
also be obtained from genomic and proteomic databases. However,
proteomic studies are perhaps more complex than genomic [50-80].
This is not only because, in any case, genomic analysis technologies are
still more powerful, but also because it is estimated that the number of
proteins expressed by human cells as a whole is higher. At present, it is
estimated that the number of human genes is about 25,000, while that of
proteins of about 100,000, thanks to the splicing mechanisms of RNAs
and the various post-translational modifications that allow to produce
more proteins from the same gene. The proteomic study should be able
to extend to three levels: expression, structuring and protein function.
In fact in most cases, only the first level is practicable on a global scale
with current technologies, while analysis of structure and function can
only be made on smaller subgroups of proteins [50-80].

Transcriptomics

Studies on gene activity and regulation by “DNA microchips” are
allowing enormous advances in the molecular understanding of disease
mechanisms. Still more complex is to define the molecular basis of the
state of health, as it is much less defined, even in general terms, than
that of disease. On the other hand, global gene expression studies are
beginning to contribute to this, especially in the nutrition field [50-80].
Studies on the expression of individual genes have also allowed and
allow you to obtain important information about the effect on them
of individual nutrients or exposure to a certain diet. Many genes have
been shown to be regulated by various nutritional originators. This in
some cases is directly related to the specificity of individual nutrients,
for example fatty acids that modulate the expression of genes encoding
lipid metabolism enzymes, but in other cases it has revealed less easily
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predictable mechanisms. In any case, it is extremely important that
studies on individual and defined genes can coexist with the systematic
and global study of all of them. This does not require starting from
“candidate” genes that are believed to be nutritionally possible, but by
working on all of these, it allows to highlight the complete picture of
the affected genes, regardless of the availability of previous information
about them [50-80]. The transcript of multiple transcription technology
is one that uses “DNA chips”. They are solid supports on which tens
of thousands of different DNA probes are bound, and it is possible to
test for the hybridization of the expression of as many genes. These
“expression profiles” that are obtained “capture” the relative amounts
of a large number of messenger RNAs, each in quantity related to the
expression of the related gene. The comparison between two expression
profiles obtained from two different but similar conditions makes
it possible to identify the differences. Adjusting gene expression by
nutrition interventions is often difficult to discriminate and interpret,
because of the many but small variations that occur. Many genes whose
gene product is of reduced abundance could be limited to a limited
extent with signals to the capacity limits of the analytical technology.
Consequently, differential expression studies related to nutrition
require even more than in other cases the maximum standardization
and calibration of the method to provide useful results [50-80].

Metabolomics

The most used metabolic profiling strategies are nuclear magnetic
resonance (NMR) spectroscopy and mass spectrometry (MS). Through
these techniques it is possible to analyze the complex of metabolites
present in a biological sample of nutritional interest, both qualitatively
and with some limitations also related to sensitivity, at quantitative
level. With the boundaries related to the methodologies, including
those related to interindividual variability, they were determined in
various metabolic profile researches related to various situations of
nutritional interest.

The nutrigenomic technology complex has been used to search
for nutritional biomarkers or related pathologies. Among these are in
particular obesity and diabetes with which up to now it can be estimated
that about 100 genes have been related. Of these, about twenty were
specifically related to the diet. On the other hand, the particular
increase that has been occurring in the Western world for about 20
years for these pathologies can certainly not be attributed to hereditary
genetic alterations, but rather to the spread of incorrect food lifestyles.
Various studies have also addressed the effect on the gene expression
of the amount of energy involved as well as the extent of its protein,
carbohydrate, and lipid proportions [50-87]. Other studies specifically
focused on individual nutrients or combinations thereof. Many studies
have focused on lipids, due to the importance of their role in the
development of pathologies. In particular, the nutrigenomic effect of
the degree of unsaturation and also the polyinsaturation of fatty acids
derived from food as well as individual nutrients, such as docosoesaenoic
acid, have been observed. Though the results are still too preliminary
to be able to formulate specific indications to use this information
to have expression biomarkers, some genes begin to be particularly
alert about the effect of diet lipids. Among these are transcription
factors “peroxisome proliferator activated receptors” (PPAR, alpha,
beta and gamma), “liver X receptors” (LXRs, alpha and beta), and
“hepatic nuclear factor-4 (HNF- 4) alpha “ Interestingly, “pyruvate
dehydrogenase kinase-4 (PDK-4)” and “adipocyte differentiation related
protein” (ADRP) have been found to be of interest to the PPAR receptor
subcontracting. ipolipidemic drugs. Another transcription factor whose
modulation depends on the contribution of lipids, but more specifically
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by their saturation is the SREBP-1 protein [50-87].Overall, many of
these regulated genes have in common the fact of being bound by their
binding regulatory regions of “heterodimeric nuclear receptors’, ie
formed by two different subunits. It is a class of proteins that bind DNA
(DNA binding proteins) with regulatory function and in some respects
similar to glucocorticoid and estrogen receptors, but are homodimeric,
that is, formed by two equal subunits. The role of heterodimeric nuclear
receptors is therefore of particular importance and on the other hand
they are definitely involved in the etiopathogenesis of cardiovascular
pathologies. It is interesting to note that two nutrients with significant
evidence of chemopreventive capacity, such as docosoesaenoic acid and
vitamin E, are also capable of regulating the action of various genes,
including various regulated by diet lipids, via heterodimeric nuclear
receptors . Among these genes can be remembered the one that encodes
the enzyme “UDP-glucuronosyltransferase 1A1 (UGT1A1), which is
responsible for bilirubin glucuronation and numerous xenobiotics. It is
also interesting to note that the two monomers that together form the
heterodimeric nuclear receptors one is usually the “retinoid X receptor”
(RXR) whose typical ligand, retinol or vitamin A is also of nutritional
origin. an example of genes and corresponding protein results regulated
by fatty acids with decreasing (down-regulation) or up-regulation [50-
87] (Table 4).

It can be seen how the genes in the table are referred in many cases
to metabolic steps associated with the use of fatty acids as a source of
energy. In many other cases, diet-modulated genes also affect other
functions. A limitation of many of these data is that they have been
obtained using bioptic tissues as samples for proteomic, transcriptional
or metabolomic differential analyzes. Of course this is very diffi cult to
propose in current clinical practice and in fact many data have been
obtained at the animal level, with all the issues of interpretation of
the validity of data also in humans. Obviously, further improvement
in these technologies will have to give them a sense of sensibility and
efficiency that can be used to make use of individual biological samples
more easily accessible such as blood, urine or saliva [50-87].

The whole of possible or prospective future assessments of the
state of nutrition can then be cross-checked with the diagnosis of
the individual genetic profile. This, similarly to how it is proposed to
become an important reference in many aspects of medical practice,

Table 4. Proteins produced by gene responses regulated by fatty acids and corresponding
function

Up-Regulation

Glut 4

Pyruvate Kinase

ATP Citrate Lyase
Glucose 6 Phosphatase
Fatty Acid Synthase

Spot 14

Stearoil.-Coa Denaturasi 1

Glucose Transport
Glycolysis

Lipogenesis
Gluconeogenesis
Lipolysis

Lipogenesis

Fatty Acid Desaturation
Leptin Hormonal
Down-Regulation

Fatty Acid Translocase (FAT-CD36)
Fatty Acids Binding Protein (FABP)
Lipoprotein Lipase

Membrane Transport
Intracellular Transport
Hydrolysis Triglycerides
Acil-Coa Synthetase Activation
Acil-Coa Oxidase

Carnitine Palmitoyl Transferases 1
Cytochrome P450A2

Phospho Enol Pyruvate Carboxykinase

Uncoupling Protein 2 And 3 (UCP2, UCP3) Energy Production

Oxidation Peroxisomal
Activation Beta Oxidation
Microsomal Oxidation
Gliceroneogenesi
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may also be for the specific definition of individual susceptibility to
various nutrients as well as certain characteristics of the diet as a whole.
Various studies are going on in this regard and in the future one can
assume that you can formulate “tailored” diets, that is customized for
the individual. Having in-depth knowledge of molecular nutrition
status, genes of susceptibility to the bioactive nutrient effects and
consequent health effects, the diet proposed to the individual can be
such as to maximize the beneficial effects [50-87].

Conclusions

Nutrigenomics is conceptually based on a number of considerations:
1) diet components can modulate gene expression; 2) Diet is a risk factor
for various pathologies; 3) the expression of various genes modulated by
the diet affects the risk of onset and progression of various pathologies;
4) The impact of a diet on health/disease balance may be affected by
individual genetic factors; 5) nutritional interventions, even specific to
the individual, may alter the development of various chronic conditions
[88]. The main benefit of genomic analysis technologies in nutrition will
enable the development of a series of diagnostic reference biomarkers
based on proteomic, transcriptional and metabolomic profiles. For this
to happen, it is not only necessary to collect information to diagnose
and validate these biomarkers, but also to take into account that this
may also be conditioned by the individual genetic framework. This
will have to be characterized by the appropriate technologies (single
nucleotide polymorphism, specific allelic combinations, methylation,
istilization acetylation, etc.). Although the research status complex on
these topics is very promising there is still a lot of work to be done to
systematically use biomarkers of the state of nutrition. However, it will
still be enough to use existing technologies to standardize and validate
a series of biomarker profiles, including biomarkers, in the various
aspects of nutrigenomics in order to be able to use this new diagnostic
tool. It is also not to be ruled out that from the complex knowledge
of the use of nutritional biomarkers, as well as diagnostic applications,
they can also gain new opportunities for the development of drugs and
therapies related to new knowledge about the pathogenetic processes
involved in their function [88].
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