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SUMMARY

During the twentieth century, understanding of the
significance and function of nucleic acids, DNA and
RNA, and core mechanisms of the cell as well as dis-
covery of antibiotics and, consequently, increasing pro-
gress of pharmacology, have determined, especially in
industrialized countries, a radical change in the condi-
tions and duration of life. Currently, in Italy, the average
life expectancy is 80.1 years for men and 84.7 years for
women. Although these data (unthinkable 100 years
ago) represent an extraordinary outcome, nevertheless,
they also pose new social, health and economic chal-
lenges. In fact, since the improvement in life expect-
ancy is necessarily associated with a significant
increase in the incidence and prevalence of diseases
typical of the elderly, the study of biological and
physiological features of ageing may hopefully provide
useful tools to give relief to the pathological and, even-
tually, painful aspects of old age. In this context, our re-
view addresses the main theories of ageing: genetic,
unbalanced homeostasis and cell damage theories.
However, it should be stressed that these theories (in
spite of their monistic attitude) do not exclude each
other and that ageing and longevity are to be considered
multifactorial and very likely modulated by a combina-
tion of endogenous and exogenous factors, even if with
some elements bearing more importance than others.
Moreover, although organisms resemble in many ways,
living systems are very heterogeneous and the max-
imum lifespan could even be determined by completely
different factors in diverse species.
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INTRODUCTION

Ageing is a natural and progressive process: bio-
logical and morphological changes occur in vital or-
gans such as the brain, lungs, heart and blood
vessels (BEERS & BERKoV, 2000; FiLLIT ET AL., 2010).
At the same time, psychological ageing is character-
ized by declining cognitive efficiency - especially for
the short-term memory and selective attention - re-
lational and affective space shrinkage, increased
sensitivity and difficulty in adapting to new situations.

The chronological beginning of ageing, very vari-
able, is also influenced by socio-cultural factors and
its progression by both the elder personality and en-
vironment.

In recent years, ageing has become the focus of
the interests and efforts of researchers worldwide,
main reason being the growing ageing population of
the industrialized countries. According to the World
Health Organization in 25 years’ time more than 65
years old people will reach 10% of the world's popu-
lation. In ltaly, the population of the "over 65" is
already at 17%, with the prospect of arriving at 23%
in 2020. While at the beginning of the 20th century
Italian life expectancy was 43 years for women and
42.6 for men (without any relevant variation with
respect to past centuries), today the average life
expectancy is 80.1 years for men and 84.7 years for
women (data from www.istat.it). Hence, new and
important issues are to be undertaken by health and
social services, in order to deliver appropriate treat-
ment and care for age-related chronic diseases to
elder people.
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Although taking into account individual variables,
ageing could be considered as a progressive decline
of various systems:

Cardiovascular system - Shape, volume and
weight of the heart change. Between 30 and 90 years
of age, the weight increases at a rate of 1 - 1.5 grams
per year; the fibers are decreasing in number and
size, the valves become stiff, aortic or mitral calcifica-
tions often develop; ventricular walls thicken. Coron-
ary and all arterial and venous vessels undergo
alterations inducing walls rigidity. Dilation of post-ca-
pillary venules decreases venous tone and reduces
blood flow from periphery to the heart. In the venous
system, augmentation of connective tissue and cor-
responding diminution of elastic fibers promote blood
stasis, especially in lower limbs. Both diastolic and
systolic blood pressure increase. The aerobic ability
to burn oxygen under stress decreases by 10% every
10 years in men and 7.5% in women.

Respiratory system - Over the years, the pul-
monary tract undergoes a series of changes that
lead to the formation of the so-called "senile lung":
ribcage alterations, bronchial mucosal atrophy, dila-
tion of pulmonary alveoli, blood vessel constriction
and sclerosis. Vital capacity (the maximum volume
of inspired air) decreases by 40% from 10 to 70
years of age.

Kidneys and urinary tract - Kidneys gradually
become less efficient at blood filtering. Moreover, the
bladder reduces its volume and atrophy of the tis-
sues can lead to urinary incontinence.

Muscular tissue - In the absence of constant
exercise, from 30 years of age muscular fibers
decrease by 3 - 5% every decade; muscular tone
and elasticity declines; stiffness of muscles can
cause limitations in movement range and in physical
work ability.

Osteoarticular system - Synovial fluid becomes
less viscous, tendons stiffen, capsules and ligaments
lose their elasticity, thus reducing the range of joints
movement. As far as concern the bone system, the
altered dynamic balance between renewal and
deconstruction processes results in bone mass de-
creasing (osteopenia) with ageing. These phenom-
ena occur slowly and regularly in men, suddenly in
postmenopausal women. In severe cases, the total
reduction in bone density may cause osteoporosis.

Central nervous system - Over time, the num-
ber of efficient neurons drops, although the phe-
nomenon is partially balanced by both increasing of
connections (synapses) between cells and develop-
ment of neuron axons and dendrites.
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Visual system - Muscle atrophy of the crystalline
lens makes it more difficult to focus close objects
(presbyopia). Also, to distinguish objects in move-
ment or in reduced light conditions becomes more
difficult from 50 years of age.

Hearing system - The ability to perceive higher
frequency sounds declines.

Cutaneous system - Sweat glands decline, skin
sensitivity decreases, skin wrinkles appear because
of loss of elasticity.

All of these macroscopic effects of ageing are the
result of genetic, biochemical and physiological pro-
cesses.

Why do we age?

In the late 19th century, August Weismann the-
orized that the ageing of bodies and their cells ori-
ginated from the same cellular differentiation pro-
cesses by which the entire organism is built. Alexis
Carrel, at the beginning of 1900, considered ageing
an attribute of the whole multicellular body rather
than a property of the single cell.

One of the first theories on the phenomenon of
ageing, tried to link the maximum extent of life of
various mammals with four anatomic and functional
variables: i) weight of the adult brain, ii) body weight,
iii) metabolism rate and iv) body temperature. A com-
plex equation was formulated, by which longevity
seemed directly related to the index of cephalization,
expressed as brain-body ratio (the higher the ratio,
the higher life expectancy), and inversely correlated
with metabolism rate (the faster metabolism, the
more rapid ageing and death) (HANSCHE, 1975).

Instead, the entropy theory proposed that higher
organisms, considered organized and complex sys-
tems, were intrinsically unstable and predisposed to
deconstruction: thus, ageing would be the fate of a
complex system as the human being.

Biological theories of ageing can be divided into
three main groups (HAYFLICK, 1985; Lipsky & KING,
2015; SERGIEV ET AL., 2015): genetic, unbalanced
homeostasis and cell damage theories.

Genetic theories suppose that ageing, as well as
any other phase of life (i.e., puberty and meno-
pause), could be genetically programmed or, how-
ever, caused by accumulation of changes in the
genetic pool. On the contrary, cell damage theories
focus on the influence that the environment exerts
on the organism. Finally, unbalanced homeostasis
theories argue that ageing is a consequence of the
gradual loss of efficiency of the neuroendocrine and
immune systems.



GENETIC THEORIES

As well as external factors may affect the ageing
process, also the internal ones can play a role in the
progression of senescence. Most of scholars seem
to agree in saying that ageing is the result of genetic
and environmental components, even if their relative
importance can be differently weighted. Thus, gene
researchers suppose that most of the causes re-
sponsible for ageing should be searched for in gen-
ome variability and regulation.

Studies conducted on yeast, on the nematode
Caenorhabditis elegans (a common soil worm) and
on the Diptera Drosophila melanogaster (the fruit fly),
have shown that several genes could be linked to
ageing or longevity. Nevertheless, identifying a par-
ticular gene is only a first step that should be followed
by understanding how it exerts its biological activity
and what could trigger it, particularly in complex sys-
tem like mammals and humans.

The Hayflick theory was based on the interpreta-
tion of experiments carried on in vitro culture of fibro-
blasts, and in many other tissues as well (HAYFLICK
& MooRHEAD, 1961). Hayflick found that in vitro cul-
tured human fibroblasts could have roughly 50 cycles
of replication before entering a senescence phase,
which, after about 10 more divisions, led to extinction
of the colony. He was also able to show that, in
various animal species, number of fibroblast replica-
tions was proportional to their species expected life-
span, thus suggesting that life expectancy could be
linked to genetic factors, and that each species and,
in particular, each individual of the species had a
programmed “inner clock”. Since Hayflick studies
organism ageing is supposed to be the result of cells
senescence, although it's not been properly charac-
terized which mechanisms would link cellular and or-
ganism senescence.

Some scientists argue that cultured cells cannot
mimic ageing of the organism. According to this hy-
pothesis, in vitro ageing promoting factors could
most likely be very dissimilar from those affecting in
vivo senescence (HoLLIDAY, 1990; JOHNSON, 1997;
RuBIN, 2002). Nevertheless, cell cultures have
proved to be a very reliable and useful tool in (i) stud-
ies of cell terminal differentiation, (ii) defining aspects
of cell cycle control and (iii) analysis of oncogenesis
mechanisms.

Another theory assume that, since cells can only
divide a certain number of times before dying, apop-
tosis (programmed cell death) would be an important
cause of ageing. The cells of a multicellular organism
are members of a highly organized community. The
number of cells in this community is tightly regulated,
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not simply by controlling the rate of cell division, but
also by controlling the rate of cell death. If cells are
no longer needed, they commit suicide by activating
an intracellular death program. The process of pro-
grammed cell death is generally characterized by
distinct morphological features and energy-depend-
ent biochemical mechanisms (ELMORE, 2007). Apop-
tosis is considered a vital component of various
processes including normal cell turnover, proper
development and functioning of the immune system,
hormone-dependent atrophy, embryonic develop-
ment and chemical-induced cell death. Inappropriate
apoptosis (either too little or too much) is a factor in
many human conditions including neurodegenerative
diseases, ischemic damage, autoimmune disorders
and many types of cancer. Evidence suggests that
mutations that give rise to features resembling pre-
mature ageing tend to be associated with cellular
phenotypes such as increased apoptosis or prema-
ture replicative senescence. In contrast, many inter-
ventions in mice that extend lifespan and might delay
ageing tend to either hinder apoptosis or result in
smaller animals and thus may be the product of
fewer cell divisions (DE MAGALHAES & FARAGHER,
2008). To verify this hypothesis, some scientists
focused their studies on regulation of p66 gene. This
gene confers increased resistance to oxidative stress
and encode an adaptive protein involved in cell
signaling. In murine models, induced p66 deletions
were found to be directly related to a decrease in
apoptosis rate resulting in a 30% lifespan increase
of tested mice (MiGLiAcciO ET AL., 1999; PurDO &
CHEN, 2003). Therefore, it appears plausible that
changes in the number of times that cells, and par-
ticularly stem cells, divide during an organism's life-
span influence longevity and ageing.

Genetic theories are often also referred to as Pro-
grammed Theories of Ageing because they hypo-
thesize that some regulatory genes, activated
according to a predetermined project, would cause
the changes usually observed during senescence.
Several data would confirm such genetic control of
lifespan: 1) lifespan diverges greatly in different
animal species; 2) existence of long-lived families in
our species; 3) human genetic diseases (i.e. Pro-
geria, Down syndrome) characterized by an acceler-
ation of the ageing process and a reduced lifespan.

In such context, Caenorhabditis elegans was
chosen as an optimal experimental model because
of its limited number of genes, easily identifiable. In
presence of the mutated gene age-1, the worm life
is 65-70% longer, while the resistance against ox-
idative stress, thermal stress and ultraviolet radiation
increases (JOHNSON, 1990). The age-1 mutant strains
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move better at all stages and in old age, suggesting
that such mutation also increases the worm longev-
ity, vitality and health (DuHON & JOHNSON, 1995). Age-
1 maps to chromosome 2, halfway into a genetic
region of 150 kb and appears to have little effect on
fertility, on length of reproduction and on develop-
ment rate (FRIEDMAN & JOHNSON, 1988; JOHNSON &
LiTHGow, 1992; JOHNSON ET AL., 1993). These data
seem very likely to suggest the existence of "longev-
ity assurance genes" rather than “gerontogenes”
(genes affecting ageing) (RATTAN, 2004).Studies on
centenarians have shown that long-lived people
have higher prevalence of certain genes than com-
mon population. Moreover, this long-living feature
would be more likely determined by a complex ge-
netic pattern rather than by few isolated genes. Par-
ticularly, among human centenarians a higher
frequency of mtDNA haplo-Group J and an increased
allelic occurrence of genes HLA DR11, HLA DRB1
and HLA DQ were found. Researchers of the Boston
Children's Hospital showed that families of long-lived
persons have a series of specific genes on chromo-
some 4 (PucA ET AL., 2001).

Other studies as well highlighted the important
role of hereditary component in long-living feature
(PERLS ET AL., 2002; BARzILAI ET AL., 2003; CouzIN,
2003; PeRLS & TERRY, 2003; WEVERLING-RIJNSBURGER
ETAL., 2003). Moreover, several “biological” markers
were described in centenarians: i) frequency of the
O blood type (associated with a reduced incidence
of cardiovascular disease); ii) high concentrations of
HDL (high density lipoprotein) cholesterol (respons-
ible for removing cholesterol from vessels); iii) large
amount of lipoprotein(a) (associated with prevention
of stroke and heart attack); iv) low blood pressure
levels (blood vessels elasticity protection).

Researchers also focused on studying, by means
of DNA microarrays, genes functioning in youth, in
order to avoid their inactivation and, thus, to prevent
or, at least, slow down the ageing process (VAN
GANSEN & VAN LERBERGHE, 1988; MCcGRATH, 2002).

Telomeres are fragments of DNA located at the
ends of chromosomes whose length is reduced with
age. Telomeres and Telomerase (a ribonucleoprotein
enzyme complex necessary to preserve the Te-
lomere integrity) are essential to cellular proliferation
regulation. The telomere, located at both ends of the
chromosome, structurally is a pool of short identical
DNA sequences repeated thousands of times in tan-
dem (consecutive). These repetitive terminal se-
quences are devoid of genes and have therefore not
coding properties. The telomere function has not yet
been definitively established, although it is likely to
be crucial for proper functioning of all other genes.
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In most eukaryotes, including humans, the telomeric
sequence is (TTAGGG)n, where n represents the
number of repetitions (on average about 2000 in
humans).

Telomeres shorten whenever chromosomes are
duplicated during the S phase of cell division (mi-
tosis). The telomerase enzyme, if present, can re-
store lost repetitive sequences, returning the
telomere to original dimensions. However, in normal
conditions, telomerase is present and active only in
the germ cells (sperm, egg cells and their progenitor
cells) and during embryonic development, thus en-
suring full telomeres occurrence at birth. In later life,
telomerase disappears in nearly all somatic cells,
therefore occurring a shortening of telomeres which
is related to the number of cell replications (mitotic
clock). In the last phase, telomeric regression asso-
ciates with the phenomenon of cellular ageing (rep-
licative senescence).

When a critical threshold of telomeres shortening
is reached after a given number of duplication (50-
70 in human cells), cell growth is blocked and,
because of the fragmentation and fusion of chromo-
somes (chromosome instability), from a stage of sen-
escence cells enter a lethal phase.

It is estimated that 50-70 cells generations are
enough to keep a person healthy for about 100 years
(unless other disturbing events happen). According
to some scholars, the replicative senescence could
be the condition to explain both whole organism
ageing and age-related diseases onset.

Although the link between telomeres shortening
and senescence has long been described (BODNAR
ET AL., 1998; SHARMA ET AL., 2003), this mechanism
is not yet clear. Recently, it was found out that when
telomeres are too short, a specific emergency sys-
tem, triggered by DNA damage, block cell replication
(D'ADDA DI FAGAGNA ET AL., 2003; CampPisi & D'ADDA
DI FAGAGNA, 2007). The study of this system could
help assessing if senescent cells are linked to ageing
(for example, by studying whether senescent cells
accumulate in the elderly) and how genomic instabil-
ity is involved in cancer onset.

Genes involved in genome stabilization could be
considered strong longevity assurance genes can-
didates (SACHER, 1982). This is dramatically showed
by the segmental progeroid syndromes, which are
characterized by an accelerated emergence of sev-
eral aspects of the senescent phenotype and by the
premature onset of several age-associated patholo-
gies: Ataxia Telangiectasia, Werner syndrome,
Cockayne syndrome, Bloom syndrome, Hutchinson-
Gilford syndrome and Fanconi anemia (VIDAK &
FoIsNER, 2016). Notably, most of these syndromes



are caused by inherited mutations in genes involved
in DNA processing and repair.

The protein deficient in Werner syndrome is a
RecQ-type DNA helicase involved in DNA repair, rep-
lication, telomere maintenance and transcription
(CHENG ET AL., 2007). Other diseases caused by
inherited mutations in a helicase are Bloom and
Cockayne syndromes. Bloom syndrome is a rare
autosomal recessive genetic disorder characterized
by growth deficiency, unusual facies, sun-sensitive
telangiectatic erythema, immunodeficiency and
predisposition to cancer (KANEKO & KonDoO, 2004).
Although Bloom syndrome shares some important
features with Werner syndrome (such as high level
of somatic mutations in the patients white blood cells
and high rate of somatic recombination), the latter
presents with much more signs and symptoms of
accelerated ageing. Indeed, while Bloom syndrome
is primarily associated with an increased risk of can-
cer, Werner syndrome patients have greater risk for
arteriosclerosis, cancer, osteoporosis and diabetes
type 2, in addition to early hair loss and premature
graying, skin atrophy and cataracts.

Hutchinson-Gilford progeria syndrome (HGPS) is
a rare genetic disorder characterized by a dramatic
appearance of premature ageing (from 5 to 10 times
faster than normal) causing death before the age of
20 years due to cardiovascular problems and heart
failure (ViDAK & FOISNER, 2016). HGPS is linked to
mutations in the LMNA gene encoding the interme-
diate filament protein lamin A (De SANDRE-GIOVANNOLI
ET AL., 2003). Lamin A is a major component of the
nuclear lamina, a scaffold structure at the nuclear
envelope that defines mechanochemical properties
of the nucleus and is involved in chromatin organ-
ization and epigenetic regulation. Lamin A is also
present in the nuclear interior where it fulfills lamina-
independent functions in cell signaling and gene
regulation. The most common LMNA mutation linked
to HGPS leads to mis-splicing of the LMNA mRNA
and produces a mutant lamin A protein called pro-
gerin that tightly associates with the inner nuclear
membrane and affects the dynamic properties of
lamins. Progerin expression impairs many important
cellular processes providing insight into potential
disease mechanisms. These include changes in
mechanosignaling, altered chromatin organization
and impaired genome stability, and changes in sig-
naling pathways, leading to impaired regulation of
adult stem cells, defective extracellular matrix pro-
duction and premature cell senescence.

Finally, two other genetic theories deserve atten-
tion. According to the Theory of Accumulation, ageing
is a consequence of the accumulation of muta-
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tions in some genes, controlled by reproductive se-
lection processes during the early stages of life,
but later activating and determining a very serious
impairment of cell functions (FERRARO & MORTON,
2016).

The Theory of Antagonistic Pleiotropy argues that
ageing would be determined by the action of genes
earlier playing a crucial role in reproductive age
(such as those that produce estrogen), but later as-
suming a deleterious role (WiLLiAMS, 1957; TURKE,
2008). Researchers of the University of lllinois used
mathematical models based on these two theories to
estimate reproductive success at different ages in
100 genotypes of Drosophila melanogaster (HUGHES
E AL., 2002; HuGHES & REYNOLDS, 2005). Obtained
data showed that accumulation mechanism was the
most significant although a possible contribution by
the antagonistic pleiotropy mechanism could not be
ruled out: mutations deleterious effects on reproduc-
tion would have dramatically increased with age dur-
ing the reproductive years. Hence, hypothetically, it
was pointed out that the ageing process might have
been slowed down by modulation and/or inactivation
of mutated genes that are switched on in old age.

On the whole, genetic association studies sug-
gested that, also in humans, mutations in genes cor-
related with the maintenance of the cell and of its
basic metabolism are essential in modulating life-
span. Indeed, genes involved in DNA repair (DEBRA-
BANT ET AL., 2014), telomere conservation
(SOERENSEN ET AL., 2012), heat shock response
(Ross ETAL., 2003), and the management of free rad-
icals’ levels (RAULE ET AL., 2014) were found to con-
tribute to longevity or, in case of reduced
functionality, to accelerated senescence (cellular
ageing) and the consequent organism ageing. In ad-
dition, as suggested by the studies in mice, the path-
ways involved in nutrient-sensing signaling and in
regulating transcription, such as IGF-1/insulin axis
(JUNNILAET AL., 2013) and TOR (target of rapamycin)
(JOHNSON ET AL., 2013) showed to be involved in
modulating human longevity.

Besides, also genes involved in lipoprotein meta-
bolism (especially APOE), cardiovascular homeo-
stasis, immunity, and inflammation have been found
to play an important role in ageing, age-related dis-
orders, and organism longevity (PASSARINO ET AL.,
2016).

Epigenetic changes involve transmissible altera-
tions in gene expression caused by mechanisms
other than changes in DNA sequence. Such variation
is transmitted by cell division, but generally not
passed on through the germ line. While, in the past,
human biology was considered the interplay between

33



ARMANDO GREGORINI & MARIA STELLA COLOMBA

the DNA sequence of one's genome and environ-
mental variation, evidence has been accumulating
that epigenetic modifications as DNA methylation
and chromatin remodeling driven by histone modi-
fications can have a primary role in phenotypic out-
comes, including human disease and ageing (GRAv-
INA & VUG, 2010). Indeed, epigenetics has been
considered to be at the “epicenter of modern medi-
cine” (FEINBERG, 2008) because it explains the rela-
tionship between an individual's genetic background,
the environment, ageing, and disease. While epi-
genetic changes are essential for development and
differentiation, they can also arise later in life either
by non-random mechanisms, such as responses to
environmental change, or through stochastic errors
in maintaining fixed patterns of DNA or histone
modification. Despite the fact that the Epigenome
(the multitude of chemical compounds and proteins
that can attach to DNA and direct such actions as
turning genes on or off, controlling the production of
proteins in particular cells) is highly dynamic, it is also
strictly controlled. The loss of this control would be
detrimental and its relaxation can be one of the
causes of age-related diseases. Thus, ageing could
be, at least in part, considered a time-dependent,
epigenetically mediated loss of phenotypic plasticity.
However, many questions regarding epigenetics and
its role in ageing and age-related diseases still re-
main open. Do epimutations accumulate stochastic-
ally with ageing in different tissue types and what are,
eventually, the consequences of this accumulation?
Which genes are responsible for enhanced disease
susceptibility when epigenetically deregulated, which
environmental factors are deleterious for the epigen-
ome and, finally, which epigenetic biomarkers could
be used for detection of early-stage diseases?

In conclusion, it should be stressed that almost
all assumptions proposed so far imply directly or
indirectly the existence of a universal monistic cause
of ageing common to all living species. Nonetheless,
according to some authors, although organisms
resemble in many ways, living systems are very
heterogeneous: therefore, the maximum extension
of life could be even determined by completely dif-
ferent factors in diverse species (SEmsEel, 2000).

THEORIES OF UNBALANCED HOMEOSTASIS

Human ageing is a slow process, not always
quite assessable by chronological age; moreover, it
is very difficult to choose appropriate and reliable cri-
teria to study it. Among individuals there are marked
differences in the decline of physiological functions
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and, even in the same person, different functions
may be differently affected during time. Hence, schol-
ars applying the unbalanced homeostasis model to
study ageing proposed neuroendocrine and immune
systems as much more reliable indicators.

The Neuroendocrine Theory. Neuroendocrine
theory focuses on the idea that a sort of biological
clock controls production and activity of hormones:
in this context, ageing would be the result of their de-
cline. This theory considers the senescence to be an
expression of progressive functional unbalance of
neuroendocrine system. This system consists of a
nervous component (the hypothalamus) and of sev-
eral endocrine glands and organs: the pituitary gland
(connected to the hypothalamus), the gonads, the
thyroid and parathyroid glands, the adrenal glands
and the pancreas. The neuroendocrine system
works as a closed circuit, with mutual interference
and control mechanisms modulating hormones pro-
duction to cope with organism needs and varying by
day-time and different circumstances (hot/cold,
food/fasting, activity/resting, sleep/wake, stress con-
ditions). A such subtle biological machinery can over
time undergo functional alterations that may affect
organs and systems. Indeed, many observations doc-
ument an alteration of the hormonal production with
advancing age (GuPTA & MORLEY, 2014), as well doc-
umented for the severe declining of female sex hor-
mones that occurs after menopause. Testosterone,
the main male sex hormone, undergoes an appar-
ently similar trend (decreasing of blood levels) with
age (andropause or male menopause), but this
change is quite variable among individuals and do
not seem to fit the pattern described for menopausal
women. Nevertheless, several studies showed that
testosterone low blood levels could be significantly
related to an increasing risk for coronary heart dis-
ease, while higher levels of this hormone would be
associated to more availability of blood HDL choles-
terol. Thus, testosterone deficiency might facilitate
arteriosclerosis in elder men (ENGLISH ET AL., 2000;
DoBRzYCKI ET AL., 2003). Moreover, testosterone ad-
ministration to middle-aged men would be associ-
ated with decreased visceral fat and glucose
concentrations and increased insulin sensitivity (BHA-
SIN, 2003).

Finally, in a recent study on 790 men 65 years of
age or older, raising testosterone concentrations for
1 year from moderately low to the mid-normal range
for men 19 to 40 years of age, had a moderate be-
nefit with respect to sexual function and some benefit
with respect to mood and depressive symptoms but
no benefit with respect to vitality or walking distance.



Notably, the number of participants was too few to
draw conclusions about the risks of testosterone
treatment (SNYDER ET AL., 2016).

Dehydroepiandrosterone (DHEA), an adrenal an-
drogen, has also attracted much attention as an anti-
ageing hormone as well as a marker for senescence
because of its unique change along with ageing.
DHEA is reported to have beneficial effects such as
anti-diabetes, anti-obesity, and anti-atherosclerosis
(PERRINI ET AL., 2005). Moreover, declining blood
levels of DHEA were related in man to a higher risk
of cardiovascular disease (SAVINEAU ET AL., 2013).
Nonetheless, the use of DHEA for preventive or
therapeutic purposes in the general population is not
yet allowed outside controlled clinical studies.
Indeed, this treatment could have unpleasant and/or
dangerous side effects like hirsutism and increasing
of ovarian cancer risk in woman and increasing of
prostate cancer risk in man.

Growth hormone (GH) and melatonin also seem
to prevent cardiac ageing, as they contribute to the
recovery of several physiological parameters af-
fected by age. These hormones exhibit antioxidant
properties and decrease oxidative stress and apop-
tosis (PAREDES ET AL., 2014).

In a famous study, 12 healthy men from 61 to 81
years old, receiving a six months GH treatment,
showed an 8.8 percent increase in lean body mass,
a 14.4 percent decrease in adipose-tissue mass, a
1.6 percent increase in average lumbar vertebral
bone density and a 7.1 percent increase in skin thick-
ness (RUDMAN ET AL., 1990), leading the scientists to
conclude that diminished secretion of growth hor-
mone could be responsible in part for the decrease
of lean body mass, the expansion of adipose-tissue
mass, and the thinning of the skin that occur in old
age. However, to date, clinical studies have not
demonstrated a clear clinical benefit of growth hor-
mone replacement in normal ageing subjects
(THORNER & Nass, 2007). Moreover, GH continued
use could result in numerous side effects: carpal tun-
nel syndrome, high blood pressure, diabetes. There-
fore, currently, the use of recombinant human growth
hormone is only advised for children’s growth deficit.

Melatonin, the neurohormone of the pineal gland,
associates with molecules and signaling pathways
that sense and influence energy metabolism, auto-
phagy, and circadian rhythms, including insulin-like
growth factor 1 (IGF-1), Forkhead box O (FoxOs),
sirtuins and mammalian target of rapamycin (mTOR)
signaling pathways (JENWITHEESUK ET AL., 2014).
These pathways regulate also normal nervous sys-
tem ageing and, since age-related neuronal energy
deficits would likely contribute to the pathogenesis
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of several neurodegenerative disorders, such as
Alzheimer’s disease and Parkinson’s disease,
melatonin could hopefully represent a precious tool
to control normal nervous system ageing, neuro-
pathological ageing and longevity.

These studies have led several scientists to sug-
gest various hormone replacement therapies in order
to counteract the effects of ageing and improve qua-
lity of life.

However, since endocrine and nervous systems
are strictly interacting, administering one or more dif-
ferent hormonal molecules could very likely modify
the well-tuned systemic homeostasis leading to un-
pleasant and probably harmful consequences. Be-
sides, there are objective limits to substitution
treatment: it is useless to give the body a missing
substance if targeted organs have exhausted their
functional reserves. So far, at least in some respects,
the only effective hormone replacement therapy, by
using estrogen and progesterone hormones, is
administered in menopausal women. Remarkably,
the addition of testosterone to female hormone re-
placement therapy could apparently contribute to de-
creasing of the uterine cancer risk and to
osteoporosis prevention.

The Immunologic Theory. The Immunologic
Theory of ageing, proposed more than 40 years ago
by Roy Walford, suggests that the normal process of
ageing in man and in animals is pathogenetically
related to faulty immunological processes (EFFROS,
2004; CAsTELO-BRANCO & SoVERAL, 2014; FuLor
ET AL., 2014). As we age, changes in essentially
all physiological functions, including immunity,
are apparent. The concept of immunosenescence
reflects age-related changes in immune responses,
both cellular and serological, affecting the process of
generating specific responses to foreign and self-
antigens. The decline of the immune system with age
is reflected in the increased susceptibility to infec-
tious diseases, poorer response to vaccination, in-
creased prevalence of cancer, autoimmune and
other chronic diseases. Both innate and adaptive im-
mune responses are affected by the ageing process;
however, the adaptive response seems to be more
affected by the age-related changes in the immune
system. Additionally, aged individuals tend to present
a chronic low-grade inflammatory state (sometimes
referred to as 'inflamm-aging') that has been implica-
ted in the pathogenesis of many age-related di-
seases (atherosclerosis, Alzheimer's disease, osteo-
porosis and diabetes) (FRANCESCHI ET AL., 2000).
The thymus gland, a central part of the immune
system as well as an influential element of the endo-
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crine orchestra, produces self-hormones (thymulin,
thymosin, thymopentin, and thymus humoral factor)
which are participating in the regulation of immune
cell transformation and selection, and also synthesi-
zes hormones similar to that of the other endocrine
glands such as melatonin, neuropeptides, and insu-
lin, which are transported by the immune cells to the
sites of requests (packed transport). Thymic (epithe-
lial and immune) cells also have receptors for hor-
mones which regulate them. This combined organ,
which is continuously changing from birth to sene-
scence seems to be a pacemaker of life. This fun-
ction is basically regulated by the selection of
self-responsive thymocytes as their complete de-
struction helps the development (up to puberty) and
their gradual release in case of weakened control
(after puberty) causes the erosion of cells and inter-
cellular material, named ageing. This means that
during ageing, self-destructive and non-protective
immune activities are manifested under the guidance
of the involuting thymus, causing the continuous irri-
tation of cells and organs. Possibly the pineal body
is the main regulator of the pacemaker, the neonatal
removal of which results in atrophy of thymus and
wasting disease and its later corrosion causes the in-
sufficiency of thymus. The co-involution of pineal and
thymus could determine the ageing and the time of
death without external intervention; however, exter-
nal factors can negatively influence both of them
(Csaga, 2016).

Other organs of the immune system undergo in-
voluting phenomena with age: the bone marrow
loses its cells due to replacement by adipose tissue,
the spleen and lymph glands reduce the number and
cellularity of germinal centers. Also T cells decrease
their activity over the years: while their number re-
mains relatively unaffected, the proportion of T cells
able to perform their function and to proliferate de-
creases. T helper cells mediated immune response
suffers deep changes in elderly: Interleukin-2 (IL-2),
a T-cell growth factor, tends to decrease with age,
whereas Interleukin-6 (IL-6), which has an inflamma-
tory effect, tends to increase (KIECOLT-GLASER ET AL.,
2003). IL-6 seems to facilitate brain accumulation
of amyloid protein, bone resorption and onset of
Alzheimer's dementia (LICASTRO ET AL., 2003), osteo-
penia and osteoporosis (KUNG SUTHERLAND ET AL.,
2003; SANSONI ET AL., 2008).

Serum immunoglobulins concentration is also
changing with age: both organ specific (anti-endo-
thelium, anti-gastric cells, anti-smooth muscle cells,
anti-neuronal cells) and systemic (anti-DNA, anti-
mitochondria) auto-antibody increase. Although it
was proposed that the age-associated increase in
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serum autoantibodies reflected a homeostatic fun-
ction of the immune system that defended the inter-
nal milieu by targeting senescent molecules and cells
for elimination, recent evidence suggests that auto-
antibodies may influence the risk of the elderly de-
veloping infectious, atherosclerotic, or Alzheimer's
disease. Moreover, auto-anti-idiotypic antibodies
suppress the antibody response to the nominal anti-
gen and, thus, may contribute to the increased risk
of infection and poor response to vaccines in the
elderly. In contrast, low levels of autoantibodies to
oxidized low-density lipoproteins or to the amyloid
beta peptide may contribute to the increased risk of
developing atherosclerosis or Alzheimer's disease,
respectively (WEKSLER & GOODHARDT, 2002).

Finally, the decreasing activity and loss of effi-
ciency of macrophages and neutrophils, killer cyto-
toxic cells and natural killer (NK) cells with age could
likely explain the increased incidence of elderly spe-
cific cancers. The most frequent cancer sites in men
over 65 years are represented by lung, colon, rec-
tum, prostate and bladder, whereas the women show
higher incidence of tumors in breast, lung, colon-rec-
tum, bladder and pancreas as well as non-Hodgkin
lymphoma (MALAGUARNERA ET AL., 2010).

Nevertheless, some individuals arrive to advan-
ced ages without any major health problems, refer-
red to as healthy ageing. Studies on healthy
centenarians have shown that their immune system
maintains a high degree of efficiency: immune cells
seem to preserve their ability to respond to antigenic
stimulation and to proliferate. The immune system
dysfunction seems to be somehow mitigated in this
population, probably due to genetic and environmen-
tal factors yet to be described (GOVINDARAJU ET AL.,
2015).

THEORIES OF CELL DAMAGE

Generally, these theories assume that ageing is
due to environmental stress and to accumulation of
unfavorable external events: different endogenous or
exogenous agents (exposure to heat, UV light, ioniz-
ing radiation, free radicals, glycosylation mecha-
nisms, mutagenic viruses, microtraumas) could be
quite severely harmful to cells, tissues and organs.
Nevertheless, such damages can be repaired by nu-
merous physiological mechanisms like antioxidant
systems, DNA repair, Heat Shock Protein (HSP) and
apoptosis. The repair systems, however, are not able
to completely restore the former state, leading to
cells, tissues, and targeted organs functional loss.
Thus, according to these theories, ageing would



occur as a result of the disequilibrium between dam-
age and repair capabilities.

The Free Radical/Oxidative Stress Theory of
Ageing, which was first proposed in 1956, is currently
one of the most popular explanations for how ageing
occurs at the biochemical/molecular level (HARMAN,
1956; Bokov ETAL., 2004; MULLER ET AL., 2007). Free
radicals are oxygen compounds with an unpaired
electron, resulting from metabolic reactions that, in
order to obtain energy from foods, involve oxygen.
Free radicals tend to retrieve the missing electron
from other cell molecules which, in turn, become un-
stable and sometimes even toxic. The most common
free radicals in aerobic (oxygen breathing) organisms
are oxygen free radicals, often referred to as Reac-
tive Oxygen Species (ROS), which include super-oxi-
des (O,7), hydroxyl anions (HO"), hydrogen peroxide
(H,0,), singlet oxygen ('O,) and peroxynitrite
(OONOQO"). Oxidative stress reflects an imbalance be-
tween the systemic manifestation of reactive oxygen
species and a biological system's ability to readily
detoxify the reactive intermediates or to repair the
resulting damage. Disturbances in the normal state
of cells can cause toxic effects through the produc-
tion of peroxides and free radicals that damage all
cellular components, including proteins, lipids, DNA
and mitochondria.

There is considerable indirect evidence support-
ing the free radical theory of ageing (KNIGHT, 2000).
Not only are several major age-associated diseases
clearly affected by increased oxidative stress (ath-
erosclerosis, cancer, etc.), but the fact that there are
numerous natural protective mechanisms to prevent
oxyradical-induced cellular damage speaks loudly
that this theory has a key role in ageing [the pres-
ence of superoxide dismutase, catalase, glutathione
peroxidase, and glutathione reductase, among
others; various important intrinsic (uric acid, biliru-
bin, -SH proteins, glutathione, etc.) and extrinsic
(vitamins C, E, carotenoids, flavonoids, etc.) anti-
oxidants; and metal chelating proteins to prevent
Fenton and Haber-Weiss chemistry]. In addition, a
maijor part of the free radical theory involves the dam-
aging role of reactive oxygen species and various
toxins on mitochondria. These lead to numerous
mitochondrial DNA mutations which result in a pro-
gressive reduction in energy output, significantly
below that needed in body tissues. This can result in
various signs of ageing, such as loss of memory,
hearing, vision, and stamina. Oxidative stress also
inactivates critical enzymes and other proteins.
Moreover, in the heart of elder animals cardio-
myocytes degeneration and increase of molecules
(lipofuscin and hydrogen peroxide) due to free
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radicals action can be shown. Oxidative stress dam-
age is considered to be involved even in skin ageing
(thinning of the epidermis, elastosis, loss of melano-
cytes associated with an increased paleness and
lucency of the skin and a decreased barrier function)
as well as neurological degenerative phenomena
(Parkinson's disease, Alzheimer's disease, Multiple
Sclerosis, Amyotrophic Lateral Sclerosis) (BEAL,
2003; RINNERTHALER AT AL., 2015).

Notably, the reduced free radicals production has
also been considered to play a key role in the expla-
nation of caloric restriction (CR) experimental results.

The notion that CR, or the curtailment of energy
(food) intake (typically by 20 - 40% of ad libitum con-
sumption) without causing under-nutrition, slows the
rate of ageing, prolongs the duration of youthfulness,
postpones the onset of age-associated pathologies
and extends the life spans of animals of diverse phy-
logenies (from insects to worms to mammals), has
been a leading concept in gerontology for several
decades (AusTAD, 1989; RAMSEY ET AL., 2000;
TREPANOWSKI ET AL., 2011). It is often contended that
because of the ubiquity of the association between
CR and increase in life span, the mode of CR action
may be an evolutionarily conserved “public” mecha-
nism that modulates the intrinsic rate of ageing
(FONTANA ET AL., 2010). Indeed, from a theoretical
point of view, caloric restriction could delay ageing
by slowing/silencing the expression of genes asso-
ciated with senescence, regardless of what they may
be (DE MAGALHAES & TOUSSAINT, 2002).

The conviction that CR has an “anti-ageing” ef-
fect, or that it is an antidote to the ageing process,
has indeed gained wide popularity: currently, in order
to reduce the incidence of old age more common de-
generative diseases, main western countries health
organizations have suggested dietary programs that
associate caloric restriction to daily consume of fruits
and vegetables (rich in vitamins and in anti-oxidant
properties).

However, emerging evidence disputes some of
the primary tenets of this conception. One disparity
is that the CR-related increase in longevity is not uni-
versal and may not even be shared among different
strains of the same species. A further misgiving is
that the control animals, fed ad libitum, become over-
weight and prone to early onset of diseases and
death, and thus may not be the ideal control animals
for studies concerned with comparisons of longevity.
Reexamination of body weight and longevity data
from a study involving over 60,000 mice and rats,
conducted by a National Institute on Aging-spon-
sored project, suggests that CR-related increase in
life span of specific genotypes is directly related to
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the gain in body weight under the ad libitum feeding
regimen. Additionally, CR in mammals and "dietary
restriction" in organisms such as Drosophila are dis-
similar phenomena, albeit they are often presented
to be the very same. The latter involves a reduction
in yeast rather than caloric intake, which is incon-
sistent with the notion of a common, conserved
mechanism of CR action in different species.
Although specific mechanisms by which CR affects
longevity are not well understood, existing evidence
supports the view that CR increases the life span of
those particular genotypes that develop energy
imbalance owing to ad libitum feeding. In such
groups, CR lowers body temperature, rate of me-
tabolism, oxidant production and retards the age-
related pro-oxidizing shift in the redox state (SoHAL
& FORSTER, 2014).

Glication Theory. Protein modifications such as
the non-enzymatic protein glycation are common
post-translational modification of proteins resulting
from reactions between glucose and the amino
groups of proteins. A process of cross-linking reac-
tion of proteins with glucose or its metabolites that
occurs with age is known as Maillard reaction
(BAvNEs, 2001). The Maillard reaction involves reac-
tion of amino groups on proteins with aldehydes and
ketones to produce advanced glycation end-products
(AGEs). The term ‘advanced’ refers to the fact that
AGEs arise through a series of reactive intermedi-
ates formed by rearrangement, dehydration, oxida-
tion and fragmentation reactions of carbonyl
contained compounds or its adducts to proteins.
Many different AGEs have been detected in tissue
proteins. They are formed from a wide range of car-
bohydrates, including glucose, ascorbate, triose-
phosphates or methylglyoxal. Interestingly, the AGEs
of long-lived proteins such as collagens and cartilage
accumulate during normal ageing. They are involved
either directly or through interactions with the AGE-
receptors in the pathophysiology of numerous age-
related diseases including cardiovascular disease,
renal disease and neurodegeneration (SOSKIC ETAL.,
2008; WAGNER ET AL., 2016). As for free radicals,
there are physiological mechanisms designed to
eliminate the AGE: macrophage can recognize and
destroy (by phagocytosis) altered proteins. But, as
for other immune system elements, macrophages
tend to reduce their number and to lose effectiveness
with advancing age, determining an AGEs increase.

The Glication theory suggests that the accumu-
lation of AGEs and the resulting slow cell exhaustion
(due to functional and structural cell resources de-
pletion in order to restore the altered proteins) could
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lead to the inability of cells and tissues to function
properly and, finally, to ageing.

However, even if AGEs may contribute to the de-
cline in tissue and organ function with age, especially
in age-related chronic disease (such as atheroscle-
rosis, diabetes, arthritis and neurodegenerative dis-
ease), the rate of their accumulation in proteins is
unlikely to be a primary determinant of the maximum
lifespan or rate of ageing of species: they are more
probably correlative rather than causative with
respect to ageing. Instead, since AGEs are only one
of many types of chemical modifications that accu-
mulate in long-lived proteins with age, cumulative
damage to the genome as a result of Maillard and
other non-enzymatic reactions (such as lipoxidation
that produces ALEs, advanced lipoxidation end-
products) could likely play a more important role in
species lifespan and health in old age.

Hopefully, as the details of the structure and or-
ganization of human and animal genomes become
available during the next decade, it should be possi-
ble to study directly the effects of non-enzymatic re-
actions on the integrity of the genome. Indeed,
inhibition of AGEs/ALEs formation may limit oxidative
and inflammatory damage in tissues, retarding the
progression of pathophysiology and improve the
quality of life during ageing.

The Membrane Theory of Ageing, first described
by Professor Imre Zs.-Nagy (Debrechen University,
Hungary), stresses that age-related changes of the
cells membrane impair its ability to transfer chemi-
cals, heat and electrical processes (Zs.-NAGy, 1978).
Indeed, experimental data show that cell membranes
become more rigid (less watery and more solid) dur-
ing ageing. If this involves a decrease of resting po-
tassium permeability, the intracellular potassium
concentration will increase. Such an increase is be-
neficial for the maintenance of cell excitability, how-
ever, it represents a drawback for the nuclear
functions, since the intracellular ionic strength may
reach very high values (even above 400 mEq kg™
cell water), where the chromatin becomes more con-
densed and the activity of DNA-dependent RNA-
polymerase as well as other enzymes probably de-
creases. Thus, the membrane hypothesis of ageing
might explain the decreased protein synthetic activity
of old cells, especially of postmitotic ones. Moreover,
the membrane structural changes could also lead to
lipofuscin (yellow-brown pigment granules composed
of lipid-containing residues of lysosomal digestion)
toxin accumulation in brain, heart, lungs and skin.
Indeed, some of the skin age-pigments referred to
as liver or age-spots are composed of lipofuscin.
Besides, Alzheimer disease (AD) patients have also



much higher levels of lipofuscin deposits than their
healthy controls. Notably, it has recently been sup-
posed that the primary culprit responsible for spo-
radic AD may be the release of neuronal lipofuscin
in the extracellular compartment, an event that
should not be harmless since the neuron carries the
weight of keeping this substance segregated inside
its cytoplasm for decades. This hypothesis considers
Amyloid B protein (AB) deposition as a downstream
phenomenon which is critical and essential but not
the absolutely and invariably causative event in
determining the onset of AD. It could be that in spo-
radic AD, AB is more than an epiphenomenon
because it is tightly linked to the release of lipofuscin
in the neuropil, but that the scenario differs when AB
deposition is induced artificially per se, e.g. in the
transgenic mouse model of AD where large quanti-
ties of AR do not determine significant neuronal de-
generation (GIACCONE ET AL., 2011). Lipofuscin is a
matrix that recapitulates the insults and damage a
neuron receives during the life of an individual. It is
therefore likely that its composition and character-
istics are influenced by various genetic and environ-
mental factors that may reinforce or weaken each
other and, in combination with factors that alter the
chance in age-related neuronal death, may modulate
the overall individual risk of developing AD. This hy-
pothesis may open up new lines of research in addi-
tion to those currently focused on A protein, and
thus contribute to more decisive advances in our
understanding of the pathogenesis of AD, and in the
identification of effective preventive or therapeutic
strategies.

In the last decade special attention has been fo-
cused on investigating the link among ageing, brain
and prion diseases (KovAcs & Bubka, 2002). Prions
(‘proteinaceous infectious particles’) are unconven-
tional infectious agents consisting of misfolded prion
protein (PrP) molecules; in their misshapen state, the
molecules aggregate with one another and impose
their anomalous structure on benign PrP molecules.
Prions thus act as corruptive templates that incite a
chain-reaction of PrP misfolding and aggregation. As
prions grow, fragment and spread, they perturb the
function of the nervous system and ultimately cause
the death of the affected individual. The prion dis-
eases in humans include Creutzfeldt-Jakob disease
(CJD), Gerstmann-Straussler-Scheinker disease,
fatal insomnia and kuru; in nonhuman species they
comprise scrapie, bovine spongiform encephalopa-
thy, chronic wasting disease, transmissible mink en-
cephalopathy and others. Prion diseases are
remarkable in that they can be genetic, infectious or
sporadic in origin. Infectivity involves the transfer of
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prions from one organism to another, whereas the
genetic and idiopathic cases seem to develop en-
dogenously, owing to the spontaneous misfolding
and nucleation of PrP molecules into a self-propa-
gating seed. Recent findings suggest that the ‘prion
paradigm’ - the seeded corruption of otherwise
harmless proteins — could also underlie the ontogeny
of a widening spectrum of maladies, including com-
mon age-related neurodegenerative diseases such
as Alzheimer’s disease and Parkinson’s disease
(JUCKER & WALKER, 2013). Finally, since PrP mole-
cules are resulting from conversion of a normal, cell-
surface glycoprotein (PrPC¢) into a conformationally
altered (B-sheet enriched) isoform prion, the role of
PrP¢ in ageing (especially in relation to memory,
behavior and myelin maintenance) has been investi-
gated from different perspectives, often leading to
contrasting results (WESTERGARD ET AL., 2007). In
ageing, the physiology and the cellular localization of
the protein may likely change concomitantly to dif-
ferent biochemical milieus in the cell membrane. In-
deed, either membrane composition, in particular
lipid raft composition, or additional protein complexes
proximity to PrPC, may influence its physiological
functions (GASPERINI & LEGNAME, 2014). These
changes may have a general relevance for more
common causes of dementia such as AD, neverthe-
less more studies will be necessary to define the pre-
cise role of PrP¢ in ageing and in the progression of
neurodegenerative diseases.

CONCLUSIONS AND PERSPECTIVES

Life expectancy at birth has been increasing for
most of the last century in western societies, thanks
to the continuous amelioration of medical assistance,
to the improvement of the environment (in particular
clean, safe water and food), and to the improvement
of nutrients. While at the beginning of the 20™" century
Italian life expectancy was 43 years for women and
42.6 for men (without any relevant variation with
respect to past centuries), today the average life
expectancy is 80.1 years for men and 84.7 years for
women (data from www.istat.it). Similarly, the
extreme longevity has been growing in these years.
Indeed, the number of centenarians (still in Italy)
remarkably increased from 165 in 1951 to more than
15000 in 2011. These results were mainly due to the
improvement of medical assistance with respect to
dramatic reduction of infectious diseases (which, on
turn, dramatically reduced infantile mortality, but also
mortality in adult age) and age-related diseases,
especially Cardiovascular Diseases and Cancer
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(data from www.mortality.org), showing environmen-
tal factors strong impact on lifespan and on longevity
in humans. While most of the ageing theories are
monistic in nature and omit numerous key factors of
senescence, ageing and longevity may be multifac-
torial and very likely modulated by a lucky combina-
tion of genetic and non-genetic factors. According to
this approach the ageing process could be deter-
mined by the sum effects of internal (e.g. genome,
immune system, neuroendocrine system, cellular
senescence and damage) and external (material,
energy, information) factors, although some ele-
ments bearing more importance than others (SEmsEl,
2000). Moreover, epigenetics, modulated by both ge-
netic background and lifestyle, can help to explain
the relationship between an individual's genetic
background, the environment, ageing and disease:
epigenetic modifications could either be a biomarker
of the quality of ageing or influence the rate and the
quality of ageing (PASSARINO ET AL., 2016).
Therefore, investigating the cause of ageing has
perhaps lead scientists to an impasse, it would have
been better to focus on the main causes of ageing
instead. Because of the high complexity of the
human body, where different information systems su-
perpose each other, the cooperation of the elements
(counter-effects, regulation) is likely to have the
same determining importance of the information level
of the unit parts (cells). At the same time, even an
answer regarding only one cell type could substan-
tially further contribute to the understanding of the
nature of ageing. If searching for genetic and molec-
ular basis of ageing has led to the identification of
genes correlated with the maintenance of the cell
and of its basic metabolism as the main genetic
factors affecting the individual variation of the ageing
phenotype, studies on caloric restriction and on the
variability of genes associated with nutrient-sensing
signaling, have shown that ipocaloric diet and/or a
genetically efficient metabolism of nutrients, can
modulate lifespan by promoting an efficient mainte-
nance of the cell and of the organism. In this context,
the maximal life-span is probably determined by the
principle of the weakest element of the chain. All the
factors that help to prevent the decrease of the infor-
mation level of the organism could act against ageing
and certain diseases, while the factors which dam-
age the state of the information system could con-
tribute to the acceleration of the ageing process.
Nevertheless, even if, by providing an optimal
state for the living system, the maximum life-span of
today's people could be substantially lengthened,
without changing the present information level of the
human body only ‘healthy’ ageing can be expected.
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The human system is not developed enough to
live forever. In the end, every living being will always
have to come to terms with mortality:

“Thou know'st 'tis common; all that lives must die,
passing through nature to eternity”
Shakespeare W., Hamlet, act |, scene 2.
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