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Abstract

In the last decades, the worldwide progressive ageing of population has had as a principal consequence to focus attention of researchers
on the study of different variables that can help people to age well [1-6]. The awareness that ageing is a complex phenomenon, that affects
different aspects and dominions of life, has led researchers to analyze it from different points of view (physiological one, psychological one,
sociological one and so on). From a functional and a physiological point of view, ageing could be seen as a complex process where something
changes. The results of these changes can be a reduction of functional abilities; the quantity of this reduction can vary a lot [7]. Nowadays
there is a relative agreement between researchers in the findings that genetic and constitutional factors can control about 25%-30% of
these changes and of the chance to age well, while other variables, mainly related to lifestyles, can control the remaining 70%-75 [8]. What
variables are related to these changes and what can be the real level of reduction of functional abilities is perhaps the consequences of the
complex interaction between different variables, genetics or constitutional ones, on one side, and behavioral and environmental ones, on the
other side. The study of this complex mechanism is the focus of recent studies, mainly aiming to derive specific models of intervention to
promote well-being in people who are ageing. A field of specific interest is the study of genetic basis of longevity [6, 8-18]. In this paper we will
describe and analyze some recent findings in this field, also deriving from the experiences of long-lived people and centenarians [15] which
can be a sort of “natural experiment” from which we could derive information about ageing and ageing well. Then, we will discuss some issues
for future researches and for intervention.

In this paper we will describe and analyze some recent findings in this field, also deriving from the experiences of long-lived people and
centenarians which can be a sort of “natural experiment” from which we could derive information about ageing and ageing well. Then, we will
discuss some issues for future researches and for intervention.
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Introduction

phenomenon, the awareness of this complexity, that affects
different aspects and dominions of life, has led researchers to
analyze it from different points of view (physiological one,

In the last decades, the worldwide progressive ageing
of population, the so called “Demographic revolution” or
“Demographic transition”, has had the principal consequence
to focus attention of researchers on the study of different
variables that can help people to age well and live a long [1-6].
Ageing is the results of two kinds of processes: primary ageing
and secondary ageing. While primary ageing is a genetically
programmed process and it is an uncontrollable and irreversible
one, the secondary ageing is biologically-based and it is related
to the deterioration of physical and biological functions, during

psychological one, sociological one and so on). From a functional
and a physiological point of view, ageing could be seen a process
where something change. The results of these changes can be a
reduction of functional abilities, the quantity of these reduction
can vary a lot [7]. Nowadays there is a relative agreement
betweenresearchers in the findings that genetic or constitutional
factors can control about 25%-30% of these changes and also
the chance to age well, while other variables, mainly related
to lifestyles (like physical activity, diet and not smoking) and
healthcare (prevention of age-related disorders or the so called
“not-communicable disorders”), can control the remaining 70%-
75 [8]. What variables are related to these changes and what can

different phases of life. So, primary ageing is very difficult to
control or modify, while secondary ageing could be influenced
by some kind of control, related to lifestyle, psychological,
social and environmental factors [15]. Ageing is a very complex
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be the real level of reduction of functional abilities is perhaps
the consequences of the interaction between different variables
(genetics or constitutional ones, on one side, and behavioral and
environmental ones, on the other side) [6, 8-18]. The study of
this complex mechanism is the focus recent studies. A field of
particular interest is the study of the genetic basis of longevity
and the biological basis on the bottom of long-living.

In this paper we will describe and analyze some recent
finding in the field of study on genetics of longevity, also deriving
from the experiences of “longevity people”, “centenarians”
and “supercentenarians” [15] which can be a sort of “natural
experiment” from which derive a lots of information about
different aspects of ageing, also genetic ones. The term
“longevity people” refers to people older than 85 years. The term
“centenarians” refers to people older than 100 years. The word
“supercentenarians” refers to people older than 110 years. The
term “exceptional longevity” refers to people who are 100 years
old and over and it is a very rare phenomenon (about 0.7/1
personin 10.000 people as a mean in the worldwide population)
[17]. Other study considered “exceptional longevity” when
people are 95 years old and over [8]. There are some zones in
the world where the exceptional longevity is more frequent.
One of this is the island of Sardinia, in Italy, that in late 1990
were the first to be named Blu Zone [19-21]. Now a day, Sardinia
has 1.658.138 inhabitants with 483 centenarians on January, 1
2016 (about 3 persons in 10.000 people). In Sardinia there also
lives the oldest man of Italy, a 111 years old man whose name
is Mister Valerio Piroddi. He was born on November, 11 1905 in
Villamassargia and now he lives with his family in Assemini, a
city near Cagliari.

Genetics of Longevity

There are at least three different kinds of studies on the
genetics of the longevity: one kind is related to the study of
longevity twins, another is related to the study of siblings
or familiar person of longevity people, a third kind of study
is related to study directly the genome of long-lived people
(compared with a control-group). A first test of genetic aspects
oflongevity is its heritability, that is estimated in about 0.20-0.30
in general population (with gender differences, higher in men),
and it increases with ages, so in centenarians the level is about
0.33 in women and 0.48 in men, showing that this component
is higher in older ages and it shows gender differences [8, 15,
17]. A second test is the study of siblings of long-lived people,
the so called “familiar effect”. Dato and colleagues [17] reported
that when we study the survival curves of a member of a cohort
born in the same geographical area, siblings of long-lived people
show a clear advantage for survival in any age. Also the risk to
have age-related disorders or the so-called “not-communicable
disorders” (like cardiovascular diseases, diabetes and cancer) is
reduced in siblings of longevity people and they are healthier
than controls from the same cohort. Santos-Lozano and
colleagues [15] reported, for example, some studies on siblings
of centenarians and revealed a greater chances to become
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centenarians between siblings and birth cohort (16.95 times
greater chance for male siblings and 8.22 for female siblings).
The role of biological components of longevity in this “familiar
effect” is clearer when the studies analyzed the “brothers in law”
of long-lived people, who share the same environment but do
not share the same survival advantage. This data highlights the
effect of genetic factors in longevity, estimated in about the 25%
[17].

The third type of study is about the genome. The genetics
of longevity, as a complex of quantitative traits, is supposed to
be influenced by many genes (polygenic), located in the nuclear
and in the mitochondrial genome. For this reasons, genetics
of longevity has been studied (and it now studied) mainly by
candidate gene analysis, linkage and linkage disequilibrium
mapping and whole genome sequencing, and more recently
by the study of exome and whole gene sequencing [9]. These
different kinds of studies aim to study the genetic variation in
longevity people and to describe genetic variants (mutations or
polymorphisms, on specific genes, locus and with specific alleles)
related to longevity [15]. According to Dato and colleagues [17]
the identification of specific genes could be done by different
methodological approaches: the candidate approach, by which a
set of SNPs are studied in longevity people and younger control,
from the same geographical zone and other kind of studies are
performed with long-lived people from different geographical
zone as control-group. As this type of studies has revealed
inconsistent results (only consistent results on a few SNPs), new
approaches are needed to overcome difficulties. One possibility
is related to inform GWAS, a method based to the use of previous
data deriving from large study on age-related disorders, used
then to study longevity [17].

Results

Budowsky and colleagues [22] have reported between 300
and 750 genes related to longevity. Some years ago, Shadyab and
LaCroix [8] described many genes with findings on influencing
longevity, like APOE1, ATM, BCL, CETP, eNOS, FOXO1A, FOXOEA,
KLOTHO, LMNA, TERC, HSPA, SOD1, SOD2, SOD3, NIOS1, NIOS2,
NIOS3, P53, RAGE and others (Govindaraju et al., 2015). From
this group, some genes are related to metabolic functions
(FOX01), oxidative stress (SOD3), lipid metabolism (APOE,
CETP), and glucose metabolism (IGF1) [9].

In arecentreview, Santos-Lozano and colleagues [15] revised
and analyzed in general the impact on longevity of twenty most
investigated single nucleotide polymorphisms (SNPs). They
found that some SNPs have a positive impact (rs429358 in
APOE gene, rs2802292 in FOX03A gene, rs13217795 in FOX03A
gene, rs2764264 in FOXO3A gene, rs1042522 in TP53 gene,
rs7762395 in FOX03A gene, rs1800896 in IL10 gene), some have
negative impact (rs7412, rs662, rs2755209, rs1050450), and
others have no impact on longevity (rs3758391 and rs266729)
[15]. Shadyab and LaCroix [8] revealed that there are consistent
results only on the relationship between APOE (apolipoprotein
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E) gene and the FOXO3A (forkhead box 03A) gene with longevity
(8].

Apolipoprotein E gene (and its three polymorphical
alleles 2, 3 and 4) is the main carrier of cholesterol and it is
useful for the transport of lipid, for the repair of injury in the
brain and for the neural plasticity [8, 15]. It is also related to
Alzheimer’s disease (allele 4 is related to enhanced risk of
onset of the disease and allele 2 protects from the disease)
and cardiovascular disease (allele 4 and 2), mainly by their
involvement in oxidative stress, inflammation and high level
of lipid. The allele 2 is enhanced in frequency in centenarians,
while allele 4 is related to early mortality (with inconsistent
results between different centenarian studies) [8,15]. FOX03A
gene is related to the insulin/insulin-like growth factor 1
signaling pathway, and it is also related to oxidative stress and
insulin sensitivity [8,15,17]. Govindaraju and Colleagues [9]
reported that this gene is over represented in long-lived people
from Okinawa (one of the BLUE-Zone). TP53 gene is related to
the control of stress-response and it has a recognized role in the
risk of cancer, hepatitis C, schizophrenia and ageing [15]. IL10
(immunoregulatory cytokine) gene has a role in limiting and
terminating inflammatory responses with consequences for
longevity, with different results on gender differences [15].

Also mitochondrial factors are related to longevity, for their
role in the regulation of cellular metabolism and apoptosis and
in the regulation of reactive oxygen species, which has been
related to ageing as results of DNA damage. The consequences
of oxidative stress are the enhanced risk of infection, age-related
disease and disability and death [8].

Some methodological issues in genetic studies: According
to Santos-Lozano and colleagues [15] the studies in this field
show only modest effects of many genes. There is also a great
debate on the consistency of the results of studies on genetic
factors associated with longevity, and not all findings have been
replicated [8,15]. As we have just said before, there are only
consistent results only on the relationship between APOE and
FOXO03A with longevity.

According to Shadyab and LaCroix [8], the inconsistency of
results could be related to the fact that longevity is a polygenic
trait,influenced by alots of geneticand environmental factors and
by the joint effects of multiple genetic variants: the nature of the
longevity phenomenon as a complex polygenic trait enhance the
level of difficulty in studying it, but perhaps the inconsistency of
the results could be reduced by modifying some methodological
issues. First, the candidate gene association study is the most
common design used, but the use of different kind of control
groups could increase the consistency of results between studies
(younger people versus birth cohort groups that could help to
control for environmental factors and life experiences). Also
Dato and colleagues [17], state that the use of younger control
can be a cause of inconsistent results: in different ages, the allele
frequency of SNPs could change in a sort of U-shaped pattern,
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and not in a simple monotonic fashion. So, young and very old
people could have similar higher allele frequencies, while 80
years olds could have a lower level. So, it could depend on the
age of the control whether or not single researches could find
different allele frequencies between centenarians and controls.

Both the authors state that the use of larger samples of
exceptionally long-lived people and different population could
permit to confirm some results [8,15]. Also the study of rare
variants of genes associated with longevity, the study of different
phenotypes, and the taking into account of gender differences
could help to increase the consistency of the results [8].

Centenarians as distinct region of demographic
distribution and as “super control group

Govindaraju and colleagues (9) state that centenarians
represent a sort of “distinct region of demographic distribution”
in the population, as they live about one generation more than
other people (about 25 years more) and they have a healthier
status than other people. Moreover, some genetic factors
related to longevity are more enriched among them (like APOE,
FOXO03A and others) and their genome shows more integrity,
with low level of chromosomical aberrations, as a consequence
of genomic stability and as a factor that contributes to their
possibility to live longer. Their progeny also lives longer and also
shows reduced level of age-related disorders, as cardiovascular
disorders. Another aspect is that they have a greater frequency
in specific geographical regions, like Blue Zone, where people
share similar lifestyle and environment (9, 23). Govindaraju
and colleagues (9) use for them the “Black Swan metaphor”,
comparing them to the presence of black swans in a zone where
there are mainly white swans. For these and for other reasons,
some authors decide to study centenarians as a specific group in
genetic studies and to consider them as a sort of “super control
group” for the study of age-related disorders (24).

Conclusion

In recent years, the study of genetics of longevity has been
(and it is now) the focus of a great number of researches. There
is the awareness that longevity is a very complex phenomenon,
and that it is very important to study if from different points of
view. From the genetic point of view, there is now only a relative
agreement on the role of some SNPs, located in some particular
gene and an agreement on the statement that longevity is surely
a polygenic trait. Mainly, some of these genes are related to age-
related disorders and to specific physiological and pathological
processes, like inflammation, oxidation and lipid metabolism.
But longevity is a complex phenomenon, where there is a close
relationship between different levels and when the search of
single aspects could lead to inconsistent results [17]. “It takes
two to tango” (that is also the intriguing title of a recent paper
[11] describes the recent debate on the interaction between
genetic variables and lifestyles in influencing the individual
chance to become oldest old and also centenarian and it well
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describes the multidisciplinary approach needed to afford this
topic of research.

For our opinion, the study of genetics bases of longevity is
in its advanced step but there is a great work to be done, mainly
in the study of the complex relationship between genetics
and lifestyles and environment and the study of the so called
“niche construction”, also with reference to novel dimensions
of “constructed environments” [25-29]. What are the next
steps. According to Capri and colleagues [30] another step
to be done is related to the study of all the components of the
complexity of human longevity genetic, like the interactions with
essential genomes, culture and microbiome, because the study
of longevity-related genes does not explain the mechanisms
of healthy aging and longevity rather highlight the role of the
epigenetic contribution.

Another step, from a more general perspective is, perhaps,
the development of specific studies starting from biological
point of view and reaching a biopsychosocial point of view. The
general aims of all the study in the field of ageing and longevity
is to elaborate specific interventions aiming to modulate the
interaction between genetic and environmental aspects of ageing
and longevity, and to guarantee well-being and good quality of
life of people in different phases of life and to guarantee each
person to age with dignity.
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