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CHAPTER 1

GENERAL INTRODUCTION



1.1 Inflammageing: the centenarians lesson

The extraordinary increase of the elderly in developed countries underscore the impor-
tance of studies on ageing and longevity and the need for the prompt spread of know-
ledge about ageing in order to satisfactorily decrease the medical, economic and social
problems associated to advancing years for the increase of the subjects which are not
autonomous and are affected by invalidating pathologies (Christensen K. et a. 2008).
Ageing is a post-maturational process that, due to a diminished homeostasis and in-
creased organism vulnerability, causes a reduction of the response to environmenta
stimuli.

The progressive decrease in physiological capacity and the reduced ability to respond to
stresses lead to increased susceptibility and vulnerability to diseases. Thus, mortality
due to al causes increases exponentially with ageing.

This relentless process affects all cells, tissues, organs, and organisms, diminishing ho-
meostasis and increasing organism vulnerability (Franceschi et al., 2008).

In particular, ageing progression causes a reduction of the response to environmental
stimuli and, in genera, is associated with an increased predisposition to illness and
death (Troen, 2003; Candore et a., 2006a).

The main characteristic of aging is a chronic low-grade inflammation state clearly

showed by 2—4-fold increase in serum levels of inflammatory mediators such as cyto-
kines and acute phase proteins in aged population, which act as predictors of mortality
independent on pre-existing morbidity (Vasto et a. 2006).

The group of Franceschi C. conceptualized for the first time in 2000the term “ I nflam-
mageing” a neologism, that indicates the tight relation between the role of inflamma
tion and successful ageing.

In particular, this term indicates the chronic low-grade inflammation typical of ageing,
that seems to be the common biological factor responsible for the decline and the onset
of diseasein the elderly.

The peculiar chronic inflammatory status which characterizes ageing, is under genetic
control and is detrimental for longevity (Chung, H.Y et al. 2002; Zanni, F. et a. 2003).
This age-related chronic inflammatory activity, leading to long term tissue damage, is
related to mortality risk from all causesin old persons. A wide range of age-related dis-



eases, such as neurodegeneration, atherosclerosis, diabetes, osteoporosis and sarcopenia,
among others, share an inflammatory pathogenesis (Pawelec, G. et a.2002; Lio, D. et d
2003; Roubenoff, R. 2003; Barbieri, M. et al. 2003; Licastro, F. et a.2003; Abbateco-
la, A.M et a. 2004; Roubenoff, R. et al. 2004).

Inflammation is considered a response set by the tissues in response to injury elicited
by trauma or infection. It is a complex network of molecular and cellular interactions
that facilitates areturn to physiological homeostasis and tissue repair. The individual re-
sponse against infection and trauma s also determined by gene variability.

Actually, inflammation is defined, as a localized response with systemic consequences,
elicited by injury or tissue damage, which helps to destroy, reduce or sequester both the
harmful agent and the wounded tissue. It is characterized in the acute form by the clas-
sical signs of pain, heat, redness, swelling and loss of function. In case the healthy tissue
IS not restored, or in response to stable low-grade irritation, inflammation becomes a
chronic condition that continuously damages the surrounding tissues. In fact, chronic in-
flammation may have a rapid or slow onset but is characterized primarily by its persis-
tence and lack of clear resolution; it occurs when the tissues are unable to overcome the
effects of the harmful agent. During chronic inflammatory events, immune responses,
tissue injury and healing proceed simultaneously. The inflammatory response directs
Immune system components to the site of injury or infection.

The inflammation is not per se a negative phenomenon: it is the response of the immune
system to the aggression of viruses or bacteria. Nowadays the immune system must be
active for more decades than in past centuries. This very long activity leads to a chronic
inflammation that slowly but inexorably damages all the organs: this is a typica phe-
nomenon linked to aging considered the major risk factor for al the chronic age-related
diseases (Licastro, F. et al. 2005) .

Therefore, through inflammation and its mediators the IS influences not only the immu-
nological defense reactions, but also exerts detrimental effects on muscle, bone, cardiac
function, hematopoiesis and cognition (Barbieri, M et a.2003; Licastro, F. et al. 2003;
Abbatecola, A.M. et a. 2004). Furthermore, the production of chemokines (RANTES,
MIP-1a, IL-8, MCP-1) is dso increased in the elderly, as a consequence of inflamma
tion. Elevated IL6 serum levels are associated with diseases, disability and mortality in
the elderly.



So, the ageing of immune system, definite as_immunosenescence (1S), is the conse-

guence of the continuous attrition caused by chronic antigenic overload. Immunosenes-
cence and probably morbidity and mortality will be accelerated in those subjects who
are exposed to an extra burden of antigenic load, such as chronic infections.

I mmunosenescence represents a complex remodelling, whereby some parameters de-
crease with age while others increase or remain unchanged (Franceschi, C., et al. 1998;
Franceschi, C., et al. 2000; Franceschi, C., et al. 2000; Franceschi, C.,et a.1999). Re-
modelling suggests that not only a loss of function, but also complex changes in im-
mune function, occur with age. In particular, some functions appear to be up-regulated
with aging; particularly important among these are the inflammatory response and the
effector system of T lymphocytes.

In particular, this phenomenon is characterized by inflamm-ageing, accumulation of
memory and effector T cells, reduction of naive T cells, shrinkage of T cell repertoire,
modification of CD4/CD8 T lymphocytes proportion, the involution of the thymus, re-
duction of the immunological space.

The changes associated with immunosenescence are playing a more and more important
role in the emergence of a series of age-related pathologies, conditioning the present ep-
idemiology of old people (Franceschi, C. 2003). Old people have to cope with alifelong
antigenic burden encompassing several decades of evolutionary unpredicted antigenic
exposure. This chronic antigenic stress and the subsequent inflammatory burden have a
major impact on survival and frailty.

The quality of ageing and the peculiar remodeling of the IS in more advanced age are
the results of the individual immunological history, which therefore heavily influences
both longevity and successful ageing (Franceschi, C. and Bonafe',M. 2003) . Individual
immunological history derives from the interaction between genetic background and
specific lifelong antigenic burden (Cooper, R.S. 2003;Hasty, P. et al. 2003).
Inflammaging appears to be a universal phenomenon that accompanies the aging
process, and which isrelated to frailty, morbidity and mortality in the elderly.

However, very marked individual variability is observed: on the one hand, there are
people who become frail and suffer early in life from age-related diseases that have an
inflammatory pathogenesis; on the other, we observe healthy centenarians in whom



high levels of inflammatory mediators are present, thus suggesting that inflammaging is
compatible with very old age.

Centenarians represent a cohort of select survivors who have, at least, markedly de-
layed diseases that normally cause mortality in the general population at earlier age. So,
centenarians may be a human model of disease-free or at the least, disease delayed age-
ing (Franceschiet al., 1995; Franceschi and Bonafe, 2003).

Centenarians are the best model in which to study human longevity.

Thus centenarians have avoided or survived the most important pathologies that affect
old people and are responsible for their morbidity and mortality. However, at the same
time, centenarians are by definition extremely old people, and show al the signs and the
characteristics of a prolonged aging process.

In general, centenarian women outnumber centenarian men, and this is true all over the
world. In Italy, a gradient exists from North to South, and the ratio between centenarian
women and men decreases from about 7 : 1 in Northern Italy to 3 : 1 in Southern Italy
(Passarino, G. et a. 2002).

Centenarians as amodel to study the determinants of aging and longevity in humans.
Studies performed on centenarians compared to old subjects (usually about 60 years,
when mortality goes up dramatically, in order to avoid cohort effects) have evidenced
that centenarians escaped the major age-related diseases, and a minority of them is still
in quite good health.

Aswell known, life expectancy is afamilial trait and longevity is determined by differ-
ent factors. In particular, the environmental milieu and genetic background play a cen-
tral role.

As demonstrated by many epidemiological studies, family members of long-lived sub-
ject shave asignificant survival advantage compared to general population.

In this context, the study of centenarian offspring (CO), a group of healthy elderly
people with a familiar history of longevity, might help gerontologists to better identify
the correlation between genetic profile and hope of a healthy ageing.

Previous studies have reported that CO, like their centenarian parents, have genetic and
immune system advantages, which reflect aminor risk to develop major age-related dis-
eases, such as cardiovascular diseases, hypertension or diabetes mellitus as well as can-
cer (Terry DF. et a. 2004a; Terry DF. et a. 2004b).



In these last years, some researchers have speculated about the distinctive immunol ogi-
cal profile of offspring enriched for longevity respect to the immunological features of
coeval elderly.

During ageing, B cell compartment shows significant modifications in numbers and
functions (Colonna Romano G. et a 2003; Colonna Romano G. et a. 2002; Listi F. et
al. 2006; Candore G. et al. 1997).

In fact, advanced age is per se a condition characterized by lack of B clonotypic im-
mune response to new extracellular pathogens. In any event, data are suggesting that the
loss of naive B cells could represent a hallmark of immunosenescence (Colonna
Romano G. et al. 2008). On the other hand, a B cell population lacking of both IgD and
CD27 resulted increased in healthy elderly (Colonna-Romano G. et al. 2009).

It is well documented that the quality and the size of the humoral immune response de-
clines with age (Bulati M. et a 2011; Frasca D. et d 2005; Dunn-Walters DK. et al.
2010; Cancro MP. et al 2009; Kumar R. and Burns E.A. 2008;Gibson KL. et a 2009;
Grubeck-Loebenstein B. et al 2009).

This change is characterized by lower antibody responses and decreased production of
high affinity antibodies.

The evaluation of 1gM secreted in CO serum shows that the values are within the range
of the levels observed in young subjects (Colonna-Romano G. et a 2010).

In this way, CO could have a bigger advantage to fight against new infections and ap-
propriately respond to vaccinations, giving them a selective advantage for longevity in
healthiness.

Whereby, individuals genetically enriched for longevity possess immune different sig-
natures respect to those of the general population . This suggests the idea of the “famili-
ar youth” of the immune system.

Ageing in good condition seems directly correlated with a good functioning of the im-
mune system, suggesting that genes regulating the immune inflammatory responses are
involved in longevity (Candore et a., 2006b; Franceschi et a., 2008).



1.2 Genetic deter minants of successful or unsuccessful ageing.

The idea that the longevity is based on genetic background is supported by many scien-
tific studies.

Data obtained in a study of Scandinavian twins suggest that lifespan is influenced by
genetics for 25% (Ljungquist B. et al. 1998).

But these studies have not been carried out on nonagenarians and centenarians, so they
do not have information about the maximum lifespan. However, centenarian siblings
have an increased probability of a prolonged existence and the age at death of the cente-
narian parents is higher than the expectancy of their birth cohort. It is perhaps unsurpris-
ing that parents and siblings of centenarians are themselves relatively long-lived. Given
the rarity of life-long mortality differences between socia groups defined in other ways,
these findings suggest a substantial familial component in differentiating exceptionally
long-lived individual s from the rest of the population.

Obvioudly, as previoudly stated, a familiar trait could be environmental, behavioral, or
genetic.

In the present study we focus on the role of the genes that control immune-
inflammatory responses.

According to evolutionary ageing theories, most of the parameters influencing immuno-
senescence appear to be under genetic control (Capri M. et al. 2008; Troen BR. 2003;
Ostan R. et a 2008).

An example is given by the innate immune system, involved in neutralizing infectious
agents (Candore G. et a.2006). It plays a beneficia role until the time of reproduction
and parental care. In old age, a period largely not foreseen by evolution, it can deter-
mine an opposite and detrimental effect through chronic inflammatory responses (*an-
tagonistic pleiotropy”) (Ostan R. et a 2008; Williams GC. 1957).

Genetic pro-/anti-inflammatory variations in innate immune response are, indeed,
thought to influence the susceptibility of age-related human diseases, by altering ost re-
sponse to environmental and endogenous stress (Vasto S. et a. 2007). Thus, they are
able to determine a negative or positive control of inflammation, by affecting both inte-
ractions between host and microbes and survival of the individual and attainment of

longevity. Furthermore, they appear both to be responsible, at least in large part, for dif-



ferent men and women strategies to achieve longevity, and to contribute to the preferen-
tial sex dimorphism of the age-related diseases (Candore G. et a.2010; Candore G. et
al.2006; Lio D. et a. 2002).

Indeed, the genes involved in the inflammation process are numerous, as well as the

genomic variations within most of these genes.

The role of an individual genetic background and predisposition for the extent of an in-
flammatory response is determined by variability of genes encoding endogenous media-
torsthat constitute the pathways of inflammation.

The geneticaly determined capacity of mediator production and release might contri-
bute to a wide range of clinical manifestations of an inflammatory disease (Feghali and
Wright, 1997; Imahara and O’ Keefe, 2004; Hollegaard and Bidwell, 2006; Licastro et
al., 2005).

The individual genetic background and the eventua influence of counteracting cyto-
kines could therefore play a determinating role in the onset of age-related diseases.
Genetic variations located within the promoter regions of pro-inflammatory and regul a-
tory cytokines could influence inflamm-ageing and the susceptibility to age-related dis-
eases (Lio D. et a. 2003).

Centenarians show a complex and peculiar balancing between pro-inflammatory and
anti-inflammatory characteristics, either phenotypically or genetically (Franceschi C. et
al. 2007) whose net result is a slower, more limited and balanced development of in-
flamm-ageing in comparison to other old people, who are characterized by either faster
or inadequately counteracted anti-inflammatory responses (Franceschi C. and Bonafé
M. 2003).

A potentialy important consequence of the age related impairment of the balancing be-
tween inflammatory and anti-inflammatory agents is a profound, systemic modification
of cellular microenvironment(s), which in turn can determine a different rate of ageing
of organs and tissues, leading to the so-called ‘mosaic of ageing’ (Cevenini E. et al.
2008).

Furthermore, the age-related and inflammation-related change of cell microenvironment
can also cause aremodelling in epigenetic and gene expression at different ages.

Within this perspective, healthy aging and longevity are likely the result not only of a

lower propensity to mount inflammatory responses but also of efficient anti-



inflammatory networks, which in normal aging fail to fully neutralize the inflammatory
processes consequent to the lifelong antigenic burden and exposure to damaging agents.
Such a globa imbalance can be a major driving force for frailty and common age-
related pathol ogies.
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Fig. 1. The balancing between pro- and anti-inflammatory agents. Efficient inflammatory responses can
confer high resistance to infectious diseases, but also an increased susceptibility to inflammation-based
diseases |ater in life. On the other side, low inflammatory responses, while rendering more susceptible to
infectious diseases, can confer a survival advantage in old age. PG: prostaglandins; LT: leukotrienes,

LPX: lipoxins. Squares indicate factors whose contribution to longevity have not been studied yet.

These studies support the existence of buffering mechanisms operating in the determi-
nation of human longevity, probably through the presence of favorable genotypes con-
trasting the deleterious effect of age-related disease genes: as a result, the frequency of

deleterious genotypes may increase among individuals with extreme lifespan because



their protective genotype allows disease-related genes to accumulate (Bergman A. et a.
2007).

A better understanding of the functional genes that affect healthy longevity in humans
may lead to a rational basis for intervention strategies that can delay or prevent age-
related diseases.

Genetic variations (gene polymorphisms) located within the promoter regions of pro-
inflammatory cytokines have been shown to influence the susceptibility to age-related
diseases, by increasing gene transcription and therefore cytokine production. Converse-
ly, genetic variations determining increased production of anti-inflammatory cytokines
or decreased production of pro-inflammatory cytokines have been shown to be asso-
ciated with successful ageing, suggesting arole for the control of the inflammatory state
in the attainment of healthy longevity (Lio et al., 2003; Carrieri et a., 2004).

So, it is emergent evidence that polymorphic aleles of inflammatory cytokines, in-
volved in high cytokine production, are related to unsuccessful aging as atherosclerosis
and Alzheimer’s disease; reciprocally, controlling inflammatory status may allow to us
better attain successful aging (Candore G. et al. 2006).
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1.3 Cytokine profile: a biomarker for successful ageing

Cytokines are considered key players in maintaining lymphocyte homeostasis (Sanjabi
S. et a.2009; lannitti T and Palmieri B 2011). Their function is not limited to induce
response after an immune insult, but they can modul ate the nature of response (cytotox-
ic, humoral, cell mediated, inflammatory or alergic) or, in contrast, they may cause
non-responsiveness and active immunesuppression (lannitti T and Palmieri B 2011).
Cytokines interact in networks in which the functions of one cytokine are modified,
modulated or substituted by another one.

For example, 1L-10 and TNF-a. have complex and predominantly opposing roles in the
inflammatory responses (Hgjeer and Hutchinson, 2001; Girndt et al., 2002). IL-10 limits
and ultimately terminates inflammatory responses, whereas TNF-a determines strength,
effectiveness and duration of inflammatory reactions.

TNF-a is an independent prognostic marker for mortality in persons aged 100 years
(Bruunsgaard et al., 2003Db).

Furthermore, sequence variations in several cytokine genes, such as IFN-y and IL-10
genes, have been demonstrated to be associated with successful ageing and longevity
(lannitti T. and Palmieri B 2011).

On the other hand, individual changes in type and intensity of immune response affect-
ing life span expectancy and health ageing seem to have a genetic component. A well-
preserved immune function characterizing the successful ageing has been found in cen-
tenarians (Ostan R. et a.2008).

Recent evidence suggests that centenarians seem to be genetically equipped gene poly-
morphism for overcame the major age-related diseases and polymorphisms in immune
system genes involved in regulation of immune responses have been found associated to
longevity.

In particular, associations between both cytokine gene polymorphisms and longevity,
and differential gender longevity in males and females, and reciprocally to age-related
diseases have been demonstrated (Ostan R. et a. 2008; lannitti T. and Palmieri B 2011;
Caruso C. et al. 2005).

Interpersonal differences in the regulation of cytokines production, as IL10 and TNFa,

may be critical with respect to the final outcome of an inflammatory response.
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The increased production of IL-6 and TNF-a and the reduced production of growth
hormone and IGF-1 are directly involved in the loss of fat-free mass during ageing.
Low-grade elevations in levels of circulating pro inflammatory cytokines and their re-
ceptors, such as tumor necrosis factor-alpha (TNF-a), interleukin (IL)-6, interleukin
(IL)-1 receptor antagonist (IL-1Ra), soluble TNF receptors, etc., are strong independent
risk factors of morbidity and mortality in the elderly (Bruunsgaard and Pedersen, 2003;
Bruunsgaard et al.,2003a). A further consequence of hyper production of pro inflamma-
tory cytokines in the elderly is the increased production of diverse chemokines
(RANTES, MIP-1a, IL-8, MCP-1) (Appay and Rowland-Jones, 2002; Tracy, 2003) and
the increase in C reactive protein (CRP) levels (Di lorio et al.,2003; Mariani et al.,
2002; Bo et dl., 2005).

Frailty and disability in the elderly represent the complex and cumulative expression of
the altered production of such inflammatory cytokines (Di lorio et a., 2003; Sandmand
etal., 2003). In support of this hypothesis, increased levels of inflammatory serum
markersin the elderly are associated with dementia, Parkinson's disease, atherosclerosis,
type 2 diabetes, sarcopenia, functional disability and high mortality risk (Franceschi et
al., 2001; Abbatecola et al., 2004; Barbieri etal., 2003).
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Furthermore, it seem that those individuals who are genetically predisposed to produce
low levels of inflammatory cytokines or high levels of anti-inflammatory cytokines
have an increased capacity to reach the extreme limits of the human life-span. (Pawelec
et al. 2002, Candore et al. 2003, Lio et al. 2003).

In particular, a considerable body of data indicates that particular cytokine polymor-
phisms, especialy those involving IL-6, TNF-a, and IL-10 genes, may influence sus-
ceptibility, and in some cases prognosis in age-rel ated disease.

In thisregard, astudy performed on Italian centenarians reported that those individuals
who are genetically predisposed to produce high levels of IL-6 during aging, homozyg-
ous for the IL-6 —174GG, that is, C-negative men at IL-6 —174 C/G single nucleotide
polymorphism (SNP) have a reduced capacity to reach the extreme limits of human li-
fespan (Bonafé, M. et a. 2001).

Independent studies found that high IL-6 levels are the major predictor of disability and
mortality in the elderly.

Further studies have shown that the IL-6 —174GG genotype is underrepresented in cen-
tenarians, thus to be consider that the IL-6-174 genotype may be a mgjor modulator of
inflammaging.

In particular it was shown that this phenomenon to be restricted primarily to males, sug-
gesting that the two genders follow different trajectories to attain longevity.

Severa data suggest that 1L-6 —174 C/G locus variability is capable of modulating the
individual susceptibility to common causes of morbidity and mortality among elderly,
such as type 2 diabetes, cardiovascular diseases, Alzheimer’'sdisease and dementia,
among others, thus influencing individual life span (Licastro et a., 2003; Olivieri et al.,
2003; Franceschiet al., 2005).

Similar data on the decreased frequency of IL-6 =174 C-carriers in Irish octogenarian
subjects from the BELFAST elderly longitudinal ageing study have been reported (Rea
et al., 2003; Ross et a., 2003).

Some of recent evidence has, in fact, linked cytokine polymorphisms with longevity and
differential longevity between males and females in the Italian popul ation.

Moreover, other data indicate that —1082G IL-10 SNP, associated with a high produc-
tion of the cytokine, is increased among Italian male centenarians (Lio D. et al.2004;
Lio, D. et al. 2002; Lio D. et a.2003).
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In a study on 190 Italian centenarians, the IL-10 —1082G/G polymorphism has been
demonstrated to be a specific marker for longevity (Lio et a.,2002). This genotype, as-
sociated with high I1L-10 production, was argued to confer an anti-inflammatory status,
thus enhancing the possibility to attain extreme longevity.

IL-10 gene codifies for IL-10 cytokine. IL-10 is produced by macrophages, T and B
cells. It is one of the major immune-regulatory cytokines, usually considered to mediate
potent down-regulation of inflammatory responses. 1L-10 production, independently on
interaction with other cytokine gene products, is generally controlled by several poly-
morphic elements in the 5'flanking region of 1L-10 gene. Multiple SNPs have been
identified in human IL-10 5 flanking region and some of these (i.e. -592, -819, -1082)
combine with microsatellite alleles to form haplotype associated with differential 1L-10
production.

These three SNPs in the IL-10 proximal gene region (considered potential targets for
transcription regulating factors) might be involved in genetic control of IL-10 produc-
tion.

In particular, the homozygous -1082GG genotype seems to be associated with higher
IL-10 production respect to G/A heterozygous and AA homozygous genotypes.

An interferon y polymorphism was found to be a likely marker for inflammaging in
women (Lio D. et a. 2002).

It isinteresting to note that the IL-10 —1082 GC genotype, that likely confers an advan-
tage to become a centenarian, is much less frequent in patients affected by Alzheimer's
disease.

I FN-y gene codifies for a cytokine involved in defense against viruses and intracellular
pathogens, and in induction of immune mediated inflammatory responses.

Its production is genetically regulated. A variable length CA repeat sequence in the first
intron of 1FN-y gene has been described to be associated with high IFN-y production.
Furthermore, aSNP, T to A (+874 T/A), at 59 end of the CA repeat region has been de-
scribed and T presence has been related to high-producing microsatellite allele 2. This
SNP coincides with a putative NF-_B binding site, which might have functional conse-
quences for transcription of IFN—-y gene. Thus, this SNP might directly influence IFN-g
production levels associated to CA microsatellite marker (Lio D. et a. 2002) .

14



In centenarians, our group first reported that possession of the +874A allele conferred
an overall anti-inflammatory status promoting longevity, particularly in centenarian fe-
males (Lio et al. 2002a).

Alongside our recent findings alow us to suggest that different alleles at different genes
coding for pro- or anti-inflammatory molecules may affect individual life-span expec-
tancy by influencing the type and intensity of the immune-inflammatory responses
against environmental stressors (Caruso et a., 2005; Franceschi et al., 2005; Rea et al.,
2006).

Moreover, centenarian offspring have a marked increased likelihood of surviving up to
100 years and show a reduced prevalence of age-associated diseases, in particular re-
lated to cardiovascul ar diseases and less prevalence of cardiovascular risk factors (Terry
et a., 2003). So, genesinvolved in CVD, the leading worldwide cause of morbidity and
death (Nabel, 2003), should play an opposite role in human longevity.

15



1.4. Metabolic Syndrome (MetS), Cardiovascular diseases and Cancer

The metabolic syndrome (MetS) is defined by a constellation of interconnected phy-
siological, biochemical, clinical, and metabolic factors that directly increases the risk of
cardiovascular disease, type 2 diabetes mellitus, and all cause mortality.

Insulin resistance, visceral adiposity, atherogenic dyslipidemia, endothelia dysfunc-
tion, genetic susceptibility, elevated blood pressure, hyper coagulable state, and chronic
stress are the several factors which constitute the syndrome.

Chronic inflammation is known to be associated with visceral obesity and insulin resis-
tance which is characterized by production of abnormal adipocytokines such as tumor
necrosis factor (TNFa), interleukin-1 (IL-1), IL-6, leptin, and adiponectin.

The interaction between components of the clinical phenotype of the syndrome with its
biological phenotype (insulin resistance, dyslipidemia, etc.) contributes to the develop-
ment of a pro inflammatory state and further a chronic, subclinical vascular inflamma-
tion which modulates and results in atherosclerotic processes.

The metabolic syndrome confers a 5-fold increase in the risk of type 2 diabetes mellitus
(T2DM) and 2-fold the risk of developing cardiovascular disease (CVD) over the next 5
to 10 years (Alberti K. G. M. M. et a. 2009).

Further, patients with the MetS are at 2- to 4-fold increased risk of stroke, a 3- to 4-
foldincreased risk of myocardial infarction (M), and 2-foldthe risk of dying from such
an event compared with those without the syndrome (Alberti K. G.M.M. and Zimmet P.
2005) regardless of a previous history of cardiovascular events (Olijhoek, J. K. et al.
2004).

It further increases with age (10% in individuals aged 20-29, 20% in individuals aged
40-49, and 45% in individuals aged 60-69) (Ford E.S. et al.2002).

The prevalence of MetS (based on NCEP-ATP Il criteria, 2001) varied from 8% to
43%in men and from 7% to 56% in women around the world (Cameron J.E. et a.
2004).

Park Y.W. et a. (2003) noticed that there is an increase in the prevalence of MetS from
20 years old through the sixth and seventh decade of life for males and females, respec-

tively.
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MetS is a state of chronic low grade inflammation as a consequence of complex inter-
play between genetic and environmental factors.

Insulin resistance and inflammation are postulated among the important underlying pa-
thophysiol ogies of the syndrome (Reaven GM. 1988).

Increased levels of inflammation markers such as C-reactive protein (CRP) and inter-
leukin-6 (IL-6) are observed in subjects with MetS (Dandona P. et al. 2004; Ridker PM.
et a.2003; Wannamethee SG. et a. 2005) as well as in people with components of
MetS (Frohlich M. et al.2000; Lakoski SG. et al 2005;Piche ME. et al 2005; Sesso HD.
et al 2007).

Insulin Resistance is defined as a pathophysiologica condition in which a normal insu-
lin concentration does not adequately produce a normal insulin response in the peripher-
al target tissues such as adipose, muscle, and liver. Under this condition, pancreatic beta
cell secretes more insulin (i.e., hyperinsulinemia) to overcome the hyperglycemia
among insulin-resistant individuals.

Although hyperinsulinemia may compensate for insulin resistance to some biological
actions of insulin, that is, maintenance of normoglycemia, however, it may cause an
over expression of insulin activity in some normally sensitive tissues. This accentuation
of some insulin actions coupled with aresistance to other actions of insulin resultsin the
clinica manifestations of MetS (Gill H. et al 2005).

The great variations in the susceptibility and age of onset in individuals with avery sim-
ilar risk profile suggest a major interaction between genetic and environmental factors
(Ordovas J.M. et a 2007). It is recognized that some people who are not obese by tradi-
tional measures nevertheless are insulin resistant and have abnormal levels of metabolic
risk factors.

Examples are seen in individuals with 2 diabetic parents or 1parent and a first- or
second-degree relative (Perseghin G. 1997).

It islikely that the expression of each metabolic risk factor fals partially under its own
genetic control, which influences the response to different environmental exposures. For
example, a variety of polymorphisms in genes affecting lipoprotein metabolism are as-

sociated with the worsening of dyslipidemia among obese people (Laakso M. 2004).
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Similarly, a genetic predisposition to the defective insulin secretion when combined
with insulin resistance can raise the plasma glucose to abnormal levels (Poulsen P. et
2005).

The metabolic syndrome is a constellation of risk factors that co-segregateand is asso-
ciated with increased cardiovascular events (McNeill AM et a 2006; Wilson PW et d
2005).

It is shown that inflammation markers and metabolic syndrome are associated with risk
of congestive heart failure (CHF).

Suzuki T. et al.( 2008) studied 4017 men and women > or =65 years old, without base-
line CHF or diabetes, participating in the Cardiovascular Health Study, an observational
study with 12.2 years follow-up and 966 cases of incident CHF. They observed that in-
flammation markers provided additive information on CHF risk in this elderly cohort.
So, inflammation markers and MetS together may be useful in clinical and research set-
tings.

Severa studies have shown that centenarians have better cardiovascular risk profiles
compared to younger old people. Some reports have revealed that cardiovascular dis-
eases (i.e. hypertension, diabetes, angina and/or myocardial infarction) are less common
in centenarians respect to 70 and 80 years old persons.

Among older population, centenarians may be considered the best example of success-
ful cardiovascular aging.

The capacity to avoid, delay or limit cardiovascular damage associated with aging-
related diseases has been proposed as one of the mechanisms that may help to explain
the successful aging in centenarians. In particular, lower incidence of cardiovascular
diseases has been observed in centenarians, which represent the most frequent causes of
death at younger ages (70-80 years).

The examination of death certificates has shown a decreased frequency of diabetes and
myocardial infarction as causes of death in centenarians in contrast with the accepted
concept that atherosclerosis and congestive heart failure increase in frequency with age
(Gessert et al., 2002). These findings suggest that centenarians appear to ‘‘outlive’’the
cardiovascular risk factors for many of the conditions that are frequent causes of death
at the age of 70, 80, or 90 years.
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The advantages of a favorable cardiovascular risk profile in centenarians seem to be
transmitted to their descendants, who exhibit better cardiovascular risk profiles com-
pared to age-matched people without centenarian relatives (Perls and Terry, 2003). This
supports the existence of genetic determinants in the genesis of arteriosclerosis and its
complications. In addition, a more favorable inflammatory atherogenic profile has been
reported in centenarians together with a better antioxidant profile (Fletcher et a.,2003),
which is in accordance with the inflammatory and oxidative stress hypothesis of cardi-
ovascular aging (Chunget a., 2001).

Together with a favorable genetic profile, a key aspect that seems to be present in most
of those who have reachedan exceptional old age isto have conducted a healthy lifestyle
(Perlsand Terry, 2003).

The incidence of atherosclerosis is markedly linked to the presence of a pro-
inflammatory status (Viles-Gonzalezet a., 2006). Thus, control of inflammatory reac-
tions may aso decrease the incidence of cardiovascular diseases.

The predictive validity of traditional cardiovascular risk factors diminishes with increas-
ing age (Cesari et al., 2004; Casigliaand Palatini, 1998).

Various reports have indicated that inflammatory markers appear to be predictive of
cardiovascular events, especialy in aged populations (Harris et al., 1999; Volpato et .,
2001; Bruunsgaard et a., 2000; Vasan et al., 2003; Ridker et a., 2000).

CRP isincreasingly measured to stratify coronary artery disease risk and guide clinical
management (Ridker, 1998; Bogaty et al., 2005). Simultaneous assessment of markers
of inflammation and lipid metabolism may improve cardiovascular risk stratification in
patients with stable coronary artery disease (Hoffmeister et al., 2005).

Gene polymorphisms for pro-inflammatory cytokines seem to contribute significantly to
therisk of atherosclerosis related diseases (Candore et a., 2006a; Lio et a., 2004).

The linkage between inflammation, genetic factors and atherosclerosis has been demon-
strated by the analysis of the frequency of pro-inflammatory and anti-inflammatory ge-
notypes in Italian centenarians. In this population, the frequency of the genotype asso-
ciated with interleukin 10 (-1082GG) is related to a significant increased production of
this anti-inflammatory cytokine. Conversdly, the frequency of the genotype associated
with low production of IL 10 is significantly higher in patients with acute myocardial

infarction compared to controls.
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Although a low production of interleukin 10 is associated with an increased resistance
to pathogens, increased concentrations of this cytokine seems to be linked to a better
control of inflammatory responses induced by chronic vessel damage, and with a re-
duced risk for atherogenic complications (Lio et a., 2004).

A 7-year prospective cohort study assessed the incidence of coronary heart disease,
stroke and congestive heart failure events according to serum levels of CRP, IL-6 and
TNF-a in alarge sample of older, well-functioning subjects (Cesari et a.,2003).

It has been shown that IL-6 is significantly associated with al outcomes, whereas TNF-
ashowed significant associations with coronary heart disease and CRP was associated
with congestive heart failure events. Also, IL-1B serum levels are associated with con-
gestive heart failure and angina, supporting the hypothesis that IL-1 is mainly involved
in the functional alterations of cardiomyocytes (Di lorio et a., 2003).

It has been suggested that different genotypes of inflammatory molecules (pro- and anti-
inflammatory cytokines) may have opposite effects on predisposing to atherosclerosis
and accelerated vascular aging or longevity (Candore et a., 2006a).

In addition to cardiovascular disease, individual components of the metabolic syndrome
have been linked to the development of cancer, particularly to colorectal cancer (Kreger
BE et al. 1991) .

Colorectal cancer isan important health problem since one million new cases are diag-
nosed world-wide each year with half million related deaths (Boyle P and Leon ME
2002).

This association is sustained by many epidemiological studies. Recent reports suggest
that individuals with metabolic syndrome have a higher risk of colon or rectal cancer.
Moreover, the clusters of metabolic syndrome components increase the risk of asso-
ciated cancer.

Accumulating evidence suggests that systemic inflammation might be a mechanism that
play amajor rolein colon carcinogenesis.

Studies have shown that genetic variations in inflammation-related genes, such as inter-
leukin (IL)-6, IL-8, and IL-10, are associated with susceptibility to colorectal cancer and
adenomas.

IL-6 appears to enhance tumorigenesis by a paracrine and autocrine mechanism, to sti-
mulate cell growth and inhibit apoptosis. Also IL-6 concentrations reflected disease sta
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tus and were commonly associated with metastatic disease (Chung YC and Chang YF
2003).

There are several studies which demonstrated the correlation between high levels of IL-
6, TNF-a, C-reactive proteins (CRP) and colorectal carcinogenesis.

Moreover, a Greek study demonstrated that high levels of serum IL-6, TNF-a and CRP
were correlated with larger tumor size.

The relation to tumor size could be related to the fact, that larger tumors may trigger a
more potent immunological response manifested by the circulation of proinflammatory
cytokines such as TNF-a (Nikiteas NI et al. 2005).

Understanding the pathological mechanism that links metabolic syndrome and its com-
ponents to carcinogenesis has a major clinical significance and may have profound
health benefits on a number of diseases including cancer, which represents a major
cause of mortality and morbidity in our societies.

In this sense, we also need to take inconsideration the role of immunological balance
Th1/Th2 on a genetically predisposed perspective, so that several functional single nuc-
leotide polymorphisms (SNP) located in critical transcription positions may affect the
high and low production of inflammation mediators, and these molecular differences are
all together responsible of individua difference in exacerbation or fast resolution of in-
flammatory events (Lio et a. 2003, Forte et a. 2006).
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1.5 Aims of the study and outline of thisthesis

Aging is a post-maturational process that, because of a diminished homeostasis and in-
creased organism vulnerability, causes a reduction of the response to environmenta
stimuli. The progressive decrease in physiological capacity and the reduced ability to
respond to stresses lead to increased susceptibility and vulnerability to disease. Thus,
mortality dueto all causes increases exponentially with aging.

Aging involves al the cells, tissues, organs, and organisms and is modulated by external
factors.

Ageing is accompanied by chronic low-grade inflammation state clearly showed by 2—

4-fold increase in serum levels of inflammatory mediators such as cytokines and acute
phase proteins in aged population, which act as predictors of mortality independent on
pre-existing morbidity.

More interestingly, studies of gene expression have demonstrated that in the aged sever-
al genes show an increase or a decrease in expression. Usually the genes over expressed
are active in stress conditions, such as inflammation (Weindruch, R. et al. 2002; Troen,
B.R. 2003; Wick, G. et al. 2003; Franceschi, C. et al. 2000).

Thus inflammaging is a mechanism of aging per se, and this could constitute the com-
mon driving force of most age-related pathol ogies.such as atherosclerosis, cardiovascu-
lar diseases, type 2 diabetes, metabolic syndrome, sarcopenia, osteoporosis, cognitive
decline and frailty (De Martinis M. et a. 2005; Bucci L. et a 2009).

Centenarians are equipped to reach the extreme limits of human life span and, most im-
portantly, to show relatively good health, being able to perform their routine daily life
and to escape fatal age-related diseases. Thus, they are the best example of extreme lon-
gevity, representing selected people in which the appearance of major age-related dis-
eases, such as cancer, and cardiovascular diseases among others, has been consistently
delayed or escaped.

In this scenario, multiple cytokines play a critical role in orchestrating and perpetuating
inflammation in age-related disease pathogenesis and several specific cytokines and
chemokines inhibitors are now in development as future therapy for these diseases
(Barnes et al. 2003).
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Tight relation between successful ageing and inflammation is, nowadays, largely
claimed in literature and confirmed by the recognized inflammatory pathogenesis of
main age-related diseases as Atherosclerosis, Alzheimer Disease, cardiovascular diseas-
€s, cancer etc.

Therefore, improvement in acknowledgments of individual genetic contribute and mo-
lecular mechanisms occurring in inflammatory response are essential in future therapeu-
tic approach to favorite successful ageing.

Aim of the researches reported in this thesiswas to contribute on the understanding ge-
netic predisposing background role in onset of some age-related disease, in particular,
cardiovascular diseases, as Acute Ischemic Stroke, Thoracic Aortic Aneurysm, Takot-
subo Cardiomyopathy, Myocardial infarction and Sporadic Colon Cancer thath have a
common soil in methabolic syndrome in the light of data acquired on genetic of lon-
gevity of Sicilian centenarians and of nonagenarians as amodel of successful ageing.
Here are reported data from association studies that have produced informative results
on inflamm-ageing obtained studying age-advanced population, centenarians and pa-
tients affected of different cardiovascular diseases.

In particular, Chapter 2 is devoted to a collection of our data gathered for over 10
yearsin Sicilian centenarians and recently summarized in areview (Balistreri C.R. et al.
2012). Our group examined the role of their genetic background and immune system on
longevity. We have discussed the role of an over-expression of anti-inflammatory se-
guence variants of immune/inflammatory genes in longevity. We investigated in Sici-
lian population, SNPs or genetic variants of TLR4, CCR5, Cox2, 5-Lo genes observing
the association of gender and longevity. Furthermore, we analyzed alelic and genotyp-
ic frequencies of such polymorphisms located on IFN-g and IL10 genes.

In Chapter 3 are reported data from an our study that suggested the possibility to use
cytokine profile as biomarker of successful ageing, by evaluating through Luminex
technology cytokine serum levelsin Sicilian nonagenarians and control subjects (aged
between 30 and 50 years old) (Palmeri M. et a. 2012).

In particular, we analyzed a panel of 17 cytokines, comprehensive of haematopoietic
factors T helper 1 (Thl), Th2, inflammation regulatory cytokines, and chemokines, as:
IL-1B3, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12(p70), IL-13, IL-17, IFN-y, TNF-

o, monocyte chemoattractant protein-1 (MCP-1), macrophage inflammatory protein-1b
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(MIP-1b), granulocyte-macrophage colony-stimulating factor (GM-CSF), and granulo-
cyte colony-stimulating factor (G-CSF).

In Chapter 4 are reported data from an our study investigating the role of some cyto-
kine polymorphisms, conditioning individual inflammatory response in a typical cardi-
ovascular event: the acute ischemic stroke (Tuttolomondo A. et a 2012).

In particular, in patients affected by acute ischemic stroke, we evaluated the role of
SNPs of some pro-inflammatory/anti-inflammatory and coagulation/fibrinolytic genes.
We analyzed a functional TNF-o. polymorphism (-308G/A), -1082/819 haplotypes of
IL-10 gene, IL-1RN exon 2 VNR polymorphism, aleles at the 174 nucleotide (174G/C)
of IL-6 gene, PAI-1675 5G/4G polymorphism and alleles at the 7351 nucleotide
(7351C/T) of tPA gene was undertaken in the patient groups and in the control subjects.
To understand better the genetic basis of complex diseases like ischemic stroke and to
delineate a possible stroke risk profile in subjects with cerebrovascular risk factors.
Chapter 5, is dedicated to the examination of the role of the genetic background in sus-
ceptibility to acute myocardial infarction (AMI) in young men (Vaccarino L. et al.
2013).

In this study, we analyzed the frequencies of polymorphisms 20210G/A of FlII and
308G/A of the promoter region of TNF-a in a group of Sicilian patients aged <46 years
affected by AMI and evaluated the effect of these polymorphisms on the blood levels of
myocardial tissue damage and clotting markers, to evaluate the possibility to use typing
of these polymorphisms in association with selected haematochemica parameters in
prognostic evaluation of these patients.

Young adults are a relatively small proportion of patients who experience AMI. They
have some distinct characteristics compared to older patients as young people are more
likely to have normal coronary arteries; so they are an example of unsuccessful aging.

In our previous reports, we have observed a significant distribution of pro/anti-
inflammatory genes among male controls, male centenarians and male patients affected
by acute myocardia infarction (AMI).

The frequencies of the studied pro inflammatory alleles were significantly lower in cen-
tenarians and higher in AMI patients, i.e. the number of centenarians with a pro-

inflammatory allele was lower than the number of AMI patients with the polymorphism.
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Conversely the frequencies of anti-inflammatory alleles were significantly lower in
AMI patients and higher in oldest old, in both cases age-related controls presented in-
termediate frequency values (Balistreri et a., 2004; Caruso et a., 2004;Lio et al., 2004,
Listi” et al., 2005; Listi™ et al., 2006a,b; Candoreet al., 2006d; Grimaldi et al., 2006).
These results strengthen the hypothesis that genetic background protecting against car-
diovascular disease is a relevant component of the longevity trait at least in men where
these studies have been performed (Candore et a., 2006a,d; Caruso et al., 2005), thusin
successful ageing: genetic background of male centenarians is protective against coro-
nary heart disease.

Furthermore, In Chapters 6 and 7 it was described another cardiovascular disease that
characterizes aging: the Thoracic aortic aneurysm (TAA), a progressive disorder involv-
ing gradual dilation of ascending and/or descending thoracic aorta with dissection or
rupture as complications.

In particular, in Chapter 6 it were researched phenotypes associated with the risk of
aortarupture and dissection in aged S-TAA individuals (Balistreri C.R. et al. 2014).
Thus, in this study, were assessed histopathological and immunohistochemical analyses
in aorta specimens from 100 S-TAA patients with median age of 62.95 — 11.44 years
and age and gender-matched controls.

Our major goal was to identify a biomarker of rupture and/or dissection in aged individ-
uals that is useful both for applying different surgical approaches and providing appro-
priate surgical indications.

In Chapter 7 it was evaluated the role of functional variants located in some cytokine
genes to understand better the sporadic TAA susceptibility factors and prevention (Vac-
carino L. et a. 2014).

Our interest has been focused on investigating the role of genetic variants of transform-
ing growth factor-f3 (TGF-3) pathwaysin TAA risk.

We analyzed dlelic and genotypic frequencies of these polymorphisms located on en-
coding TGF-Bisoforms and receptors genes, as. rs1800471 TGF-1 cod25; rs900 TGF-
B2 3 UTR; rs334348 TGF-BR1 3'UTR; rs334349 TGF-BR1 3'UTR and rs4522809
TGF-BR2 Intron +3919.

In addition, other cytokines, including IL-10,an anti-inflammatory cytokine able to

modulate activity of TGF-3 pathways. orchestrate TAA pathophysiology. Thus, we ana-
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lyzed aso, the role of some common single nucleotide polymorphisms (SNPs) of genes
encoding IL-10 and receptor in sporadic TAA, as. rs1800896 IL-10 (1082 G>A);
rs1800871 IL-10 ( =819 C>T); rs1800872 1L-10 ( —592 C>A); rs3024496 IL10 (Not
defined C>T) and rs283467 IL-10RB (Codon 47 A>G).

Their balance determines the ultimate fate of the aortic wall as healing atherosclerosis
or aneurysm formation.

Chapter 8 is dedicated to Takotsubo cardiomyopathy (TTC) is an increasingly re-
ported clinical syndrome that mimics acute myocardial infarction without obstructive
coronary artery disease and it characterized by transient systolic dysfunction of the
apical and/or midsegments of the left ventricle (Novo G. et a. 2014).

We analyzed the role of a SNP rs17098707 ( L41Q) of the G-protein-coupled receptor
kinase 5 (GRK5) in TTC patients and control.

The purpose of this study was to assess the genetic susceptibility to TTC, to favoure a
better understanding of the pathogenesis of this peculiar syndrome, that could allow the
devel opment of more appropriated preventive strategies and tailored treatment.

Finally, in Chapter 9 it was evaluated the role of functional variants located in some
cytokine genes to understand better the controversial mechanisms, by which cytokines
underlie neoplastic transformation and progression. These studies are supported by
strong evidences that both tumor and free stromal cells are able to produce cytokines
that seem to affect the complex phenomena occurring at the tumour—host interface, thus
leading to tumour.

This study (Genetic deter mined expression of pro and anti inflammatory mediators
influence the clinical history and response to chemotherapy in patients with Spo-
radic Colorectal cancer (CRC), Forte Gl et al. Submitted) firstly, focused on the ge-
netic role of polymorphisms located on crucia pro-inflammatory and anti-inflammatory
cytokine genes. -174G/C rs1800795 (IL-6); +874A/T _rs2430561 (INF-y); -
592A/C rs1800872, -819C/T_rs1800871, -1082G/A_  rs1800896 (IL-10);
R25P_rs1800471 (TGF-P), able to direct the immune system response, in the disease
susceptibility. Secondly, we were interested to assess the immunological systemic
movements caused both by the host-tumor interaction and by the chemotherapy treat-
ment, in the sporadic colorectal cancer. In particular, the chemotherapy effect was eva-

luated in the long term, waiting at least 20 days from the drug administration.
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To thisaim, we evaluated the expression level changes of some pro-inflammatory (IL-6,
INF-y, Cyclooxygenase (COX)-2), and anti-inflammatory (IL-10, TGF-3) type crucia
cytokines produced by peripheral blood mononuclear cells (PMBC) in a group of pa

tients having sporadic colorectal carcinoma across the period of their clinica manage-
ment.
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CHAPTER 2

Genetics of longevity. Data from the studies on Sicilian cente-

narians

Carmela R Balistreril, Giuseppina Candore, Giulia Accardi, Manuela Bova, Silvio Buf-
fa, Matteo Bulati, Giusi | Forte, Florinda Listi, Adriana Martorana, Marisa Palmeri, Ma-
riaValeria Pellicano, Loredana Vaccarino, Letizia Scola, Domenico Lio and Giuseppina

Colonna-Romano.
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Dt from centenarizn offspring

As well known, life sxpectancy is a familial trit and
longevity is determined by different Gctors. In particn-
lar; the environmental milieu and genstic background
play 3 central mle. As demonstrmted by many epddemio-
lngical studies, family members of long-lived subjecis
have 2 significant survival advansge compared to gen-
el populition. In this context. the study of centenarian
offpring (CCH, 2 group of hea khy elderly poaple with 2
familiar histary of longevity, might help gemontalogists
to hetter identify the corelation between genetic profile
and hope of a healthy ageing. Previous studies have
reported that OO, like their centenarian panents, have
genetic and immune systom advantages, which neflect a
minor risk to develop major age-related diseases, such
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oontral regon than controls, a favorable condition for
longevity.

In these last years, some ressarchers have speculated
ahout the distinctive immunological profile of offspring
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tures of coeval elderly. The cytomegalovirus (CMV) &
one of the most common vimses that affect elderdy peo-
ple. Many evidences have shown that CMV infection
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may mfluence the T cell subsst distrbation. having an
exgential rale in immunosensscence {5-7) CMV infiec-
tion & strongly related to both a reduction of CDE
SCOMSSCCRT-COE *COEE* nadve T cells and to o @mn-
temporarily increase of COA"CIMSRA'CCRTCD2T
CD2H late differentisted effector memary and (TSR A-
re-expresang T orlls These paameters are considened
typical of immunosenescence in sldedy. Recently, it has
heen demansiraied that ChY -seroposithve ofspring of
long-tved peaople dont show the age-asociated decrease
af nave T cdls On the other hand, memary T cell sub-
sets above described do not incresse in offspring of
long-lived &milies, differently from that ohserved in
age-matched mntras (8. It has been also demonsratad
that CMV-sempaositive offspring of long-1n'ed people
have reduced levels of CDf+ T cells expressing CD57
and KLRG L. sometimes meferred as "maccer of senes-
cence”, when compared to their CMV-infected age-
matched contrals The reduction af effector memary T
cells lacking the expression of CD27 and CD23 and
expressing CD57 and KLRGL, observed in OWV-
infected offspring could explain thetr high proliferative
response againet CMV. The CMY-s=mpositive ofEpring
have also shdwn significantly lower CRP levek com-
pared to thelr CMV-seroposmtive age-matched contrals
that could be related to a lower prosinfammainry status
().

Dring ageang. B cell compartment also shows signifi-
cant madifications in numbers and functions {213]. In
fact, sdvanced age is per 52 2 condition characterirsd by
Lk of B donatypic immme respons# to new exctracelh-
lar pathogens. Inany event, data are sggesting that the
loss of nave B cells could represent 2 hallmark of immm-
nosensscence [13]. On the ather hand, a B cell popula-
tian lacking of bath IgDand CO27 resulted increzsed in
healthy eldedy [14]. We have suggested that this IgD"
(DX B cell mbset is a popubtion of memary B cells
lacldng CD37, atypical memary marker, likely consid-
ered @ ite memory exhausted B cell subset {Table 1)
[14-16]. This population resudted ales increzsed in active

Table 1 Main modifiations of B cells and 8§ alks
produds in elderdy human obssrved in oawr lsharatory
B il o B Cill piiducs Dhuingts Rl el &
Tl B ol (pseroreaged I [
OIS B colls furoireas and edine | 1]
FTES)
I g t
I, e L [LLH
IE - [ER}
Aurrarvibockss i [{rH]
i
i

[t}

P (0 0T iEH
D gEFCm Ty w15
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Lupus patients |17}, m healthy subjscts challenged with
tespratory syncitial vimus [18] and in HIV patients {13].
0} don't show the typical nave'memory B oell shift
ohserved in elderly. Although a decreased B o=l] count
was observed in 00 and their age- matched controlks. it
has been demonstrated that naive B cells (Ig[°CT2T)
were mare abundant and DN B cells (IgDCDET) were
sigmi ficant]y decreased, a5 lonked similardy in young peo-
ple [20]. This B cells distibution in CO conld muggest
that antigenic lnad or inflam matory envimnment phy a
central rale in exhaustion of the B cell branch. It is well
documentad that the quality and the sze of the humaord
tmmune response declines with age [15.21-26]. This
change & chamctenizd by lower antibody pesponses and
decreased production of high affinity antibodies. The eva-
lation of IgM secreted in OO serum shows that the
values are within the range of the levels observed in
young suhjects [A|. In this way. OO could have a bigger
advantage to fight against new infectons and appropn-
ately regpond to vaocmations, giving them 2 selective
advantage for langevity in healthinss

In conclusion, individuals genetically enriched far
longevity poseess immnme different dignatures respect to
those of the general population {Tablde 7). This suggestc
the idea of the “Gmiliar youth” of the immme system.
In addition, the lower pro- mfammatary stats in CMV
infected affspring of long-1nved people might represent
an optimal advantage for healthy lngmvity and against
martality msodated to major age-related dissases

Gender and longevity

A characteristic enigma of Jongevity is the gender and
the sochl phenomenan of " Emirkation of old age”. The
demogmphic and social changes of the past decades,
resporsible for longavity and the mprovements in pob-
lic health, have created new and often very dissimilar
realties for women and men People are all aware that
they differ in their anatomy and physialogy, bot aksa in
mare complex traits, such as bfespan {in ltaly. 788
yeams for men and 8.1 years for women, mes pectivel vl
and maortality |27-29). No conclusive explanation far
these new differences is acimally demonstrated An mir-
cabe interaction betwesn environmental, socal stroc-
tral behaviowral (ie the complex pattern of roles and
valum that define what is thought = maeculine and fom-
iming} and genetic factors have been suggested as the
mare probable reason [30-32]

From a genstic prospective, our suggestion based on
the studies in Sicllian population sippaorts a female- spe-
dfic gene-lngevity assodation, by emphasizing the
mradoxical mie of socio-cultural habits in female lang-
evity |33]. This concems the HFE gene. the most telo-
menc HLA cliss | gene, codifying for a class [ o chain,
the HFE pmotein. which seemingly no longer participates
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Tahls 2 Collutar and humoral immune mod fication in ofEpring from longevity famifies mmpared to their AM ontrols
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m immmumity. It has lost its shiltty to bind peptides doe
to o definitive closure of the antigen binding clek that
prevents peptide binding and presentation. The HFE
potein, expressed an orypt enterocytes of the duode-
num, regultes the inm upake by inestinal cdk, having
acquirad the shility to form complex with the receptor
for iron-hindin g ransieming. Mutations m HFE gene
are associated with herediGry hemochromatosis, a disor-
der mmed by exoesive iron uplale [34.35]. Three com:
mian mutations, C2A2Y, HA3D and 565C. have been
identified in HFE gene. In partiondar, the C22Y mota.
tion & cysiEine-D-tymosine mitation at amino acid 282)
destroys its ahdlty to make wp a heterodimer with fi2
micaglobulin. The defective HFE protein faiks to ssoci-
ate i the tansfring receptor; and the omplex cannot
be tmnsparted to the surface of the duodenal crypt
cells Ax g conssquence. in homozygous psople, two to
ithree Gmes the nommal smount of mon is abkorbed from
tood by the intsstine, resulting in end-organ damage
and reducing lifspan. Two other mutations, HE3D {a
histidine to sspartste & aming agd 63} and 5650 (2 ser
ine to cysteine at amino aod 65}, are sssociated with
milder forms of this dissase [54.35).

An asmocataon between C282Y mutation and longevity
charcterizes the Siclian population studied |33). In par-
tioular, women camriens of C2H2Y mutation had o higher
frequency amang the oldest old compared to control
wamen | Table 3]. Thas, the C2EXY mutation may confer
a selective advantage in terms of longevity in Sidlin
women. (msidering the historical and social context m
which the genemtion of women under study Ived, our
data s=em to propose that the possession of iron-sparing
afldes signifrantly merezses the possibility or women to
reach longevity. For instance. in Sialy, many pregnandes
gnd an imn-poar dist, consisting mainly in grins, vege-
tables, and froits, were stll the mle for women born at
the begimning of last century. In fact, meat was mailable
for men but not for women; this clardy explains how
genetic hackground ako mtemcts with colure habits
303133

Ohur data. showang the relevance of C2E2Y for women
survival to late age. allow adding another piece of evi-
dence to the complex puzle of genetic and envimnmen-
tal Bictors involved in antrol of lifspan in humans. The

onmplex mtemction of environmental, historical and
penetic factors, differently charac terizing the various
mrs of 2 coumtry, ie. lizly, likely plays an important mole
in determining the gender-spechic prohability of attain-
ing longevity |30.31.32.36]

fole of Inate mmanity genes in longesity: the
mrdigmatic case of TLR4, OCAS, COX-2 and 540 genes
According to evelutionary ageing theories, most of the
mrameters infiuencing immungsenescenos appear to be
under genetic controd [32.37.38). An example & given by
the innate immune system, mvalved in nemralizing infec-
tiows agents |39]. It plays a beneficial mle untd the time
ol reproduction and parental care. In old age. a period
largely not foreseen by evolution, it can determine an
oppasite and detrimental effect through chronic inflam -
T tory respanses | “antagonistic pleiotrapy”) [38.40]
Genetic pro-fant - mflammatory varitons in innate
immmune response are; mdesd, thought to influence the
musceptibility of age -related human disssses, by altering
hist msponse to environmental and endogenous stres
|41). Thus. they aneable to determine a negadive or pos -
tive control of inflammation, by affecting both interc-
iion s between hast and microbes and survival of the
individm] and attamment of long=aty. Furthermone, they
appear bath to be responsible. at least in Lmge part, for
different men and women strategies i schisve longevity,
and to contnbute to the preferential sx dimomphsm of
the age rebited dissases {30131 33

From our mnvestigations in Sician population. TLR4,
OCRS, Cox2, 5-lo genes can bhe considersd good exam -
M. They provide an ideal model to understand the dif-
lerent implications of their genstic varmnts in the risk of
age-related diseases, iz atherosclerosls and prostate
cancer (PC), and reciprocally in merezsed chance to
attain longmvity.

TLR4 gene {numher acosssion of GenBank: NM-
138554.1) codifies the best undemstood TLE member
invalved in recogniton of LPS, the prototypic TLR4
ligand, and other exogenous and endogenmus (Le. HiPs,
hyahuronic acd, f-defensin-2, m-LDL, fhmnactn and
amylnid peptide) lgands. TLR4 acthation implies 2 down-
stream signating mediater by several intracellular adaptor
molecules and the conssquent activation of tmenscripton
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Table 3 Data from ow investigaons in Sidlian population
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factors, such as NF-AE . This determines the produdion of
different projant sinflammatory mediators. These bsts,
such as [L-10, are prodoced by the parallel acthation of
anti- mflammatory pathways to limit the potential tsme
darrage from excessive activation of the mnate immome
system [42]. SHPs seem to modulate bath TLRA activaty
and funchion In human, only two SNPs, +B6AG
{Asp299G]y, red986790) and +119% C/T (Thrigalle
4986791 | have a frequency = 5% They indmee 2 blunited
mespanse to LPS, as fimt suggesied by Arbour et 2l and
ane phenatypically associated to changes in the prodnotion
of cytokines, principally those carrying the Asp2¥Gk
muitation {E3-45]. Accondingly, recent litemture data sug-
gest the ability of this SNF to modulate the risk of majar
age.relater dissanes [£32].

The CCRS gene (number acession of GenBiank: Kb -
05749} codifies for a G protein-coupled chemokine
receptor, which regnlates trafficking and effector fune-
tions of memory/effector Thl cells, macophages, NE
cells and immatore dendritic oells. OCRS and its ligands
are important molsonls in viml pathogenesis. Recent
evidence has also demonstrated the role of CCRS ina
variety of human diseases, mnging from infectbious and
inflammatory age-related dissases to cancer. A notahle
variant of CCRS gene & a 32 bp {432) deletion, which
causes @ frame shift motation in exon & (CCRSASD;
i) and determines stop protein matnration md loss
of expression of functional OCRS receptor |46]. Accond-
ingly. it s=ems to have @ protective role agzinst OVD
and other age-related dissases, such a5 PC It indesd.

33



Ealimmri of ol bl & Ageiog 2013, 98
v et sl yacparie. oy e 5 8

determines a slower progression of atherogeness ar
CANCETOFenesiE as o conmequence of an attenuated
inflammmatary mesponse.

002 gene maps in the 125 chromosome and codifies
far the Cox-2 enzyme invalved in the conversion of am-
chidmnic ackd © prosteglanding. Polymarphisms regulate
its expression and hence prstnoid bosynihess In pant-
oubar; it has been identified a guanine to ortosine sutstitn-
ton at pasiton -7 G'C lbcated within a putative
hinding site for the tramscription Botor Spl, amociated o
2 reduction in the risk of clinical cardiovascular events.
COX-2 15 expressed at low Jevels in most tssoes, but its
expresion enhances under inflammatory stimmli and in
inflammatory age-related processes, e athemac] snsis,

The 5-L) gene magps in the chromasome 10g11.2 and
oodifies the 5-Lo emeyme inwdved in the spntheis of LT
The 5 1} mthway has been associated to athemsclerosis
in mouse and homan histalogical studies. Several SNPs
have been described. In particndar. the - 1708 GiA, - 1761
GiAand 21 CfT 5NPs in promaoter region and exan-1 of
5-1.0) gene miodify the gene tmnacription or the potative
protein [47].

An over-expression of anti-infammatory CCREAS2
varant, + 896 G {29Gly] TLR4 allele, -765 C Cox-2
allels, <1708 G and 21 C 5-Lo alleles characterizes mals
Sicilian centemrians (Table 3) |47 49]. 50, male cente.
nartans are people who seem genetically equipped far
defeating major age-relaed disrases They present SHFs
in the immmmne spstem genome (Le. SNPs or other genetic
variations, lncated within the promoter regions of pm-
inflammatary cytokimes | which, regnlating the immune-
inflammatory responsess, seem io be assodated o longev-
ity |30-32|. Furthermaore, centenanians are cha motemized
by marked delayor escape from age-amociaed diseses
respansible for the high mortality i sarfierages_ In part-
oular, it has been demanstrated that centenarian off-
spring have an increased bkelihood of surviving ta 100
years and show a reduced prevalence of age assocated
disrases, such @ OV, and lower prevalence of CVD sk
factors [1,30-3150| Thus, genes involved in CVI) may
ply @ opposite ol in human male lmgevity. Cur datm
inmale Siclian popubtion emnfirm this suggestion and
emphasize the mle of antagonistic pleotropy in agsing
and langedty |51.52]. A high frequency of proinflam ma-
tory CCRSwt variant. +89%.A TLR4 allele. -765 G Cox-2
allele, 1708A and 21 T 5-Lo alleles characterizes make
Sicilian patients affected by MI (Table 3} (749.Ina
recent smdy. we aka foond a similar overerpression of
these proinfla mmatory SNPs in male Siclian patients
affected by PC (Table 3). Opposite dai were abdained in

In contrast, Emale Sclian centenanmns have a differ-
ent frequency of the allsles of +806ANG TLR4 SNP than

Fa 5ol 0

that cheerved m male Siclian centenarians In partion-
L, emale Siclan centerarians show an over- xprasgan
af the pro-infammatary + 8964 TLR4 allele respect to
female patients affected by Boutonneuss fever and age-
matched contmls (Table 3} [55]

O the ather hand, pro-infammatary responses are
evalutiocnary progammed to reist fatal infections. Thus,
it i mot surprising that the genetic backgromd of peo
ple that survive ta an advanced age may be protectve

Based on our dats, we suggest that Sicilan men and
women may fallow different trjectories to reach longev-
ity. For men it might be mare important to contral
athemgenssis and cancemgensis, whereas Inr women it
might be mare impartant to contral infectous diseases
{3031

In arder to confirm our suggestions on the bHological
effects of +#96A N5 TLRE SNP and its rale in the patho
physiokgy of age-melated diseaces stodied (1 MI and
PO and Jmgevity, we recently assessed the levels of TL-6,
THF-z, IL=10 and eicosanaids m LP5 stimulsted whale
Hood samples from 50 young healthy Siclians, scresned
for the presence of this SNP_ Both pro-inflammatory
cyindines and cicomnoids wene significantly lower in car-
ners bearing the + 896 G TLR4 allele, whersms the anti-
imflammetory [L-10 valnes were higher [56]. This sog-
gests the ability of the +89% G TLRA allels to mediaste a
hetter control of inflammatory responses induced by
chronic stimuli so likely decreasing the efiects of athem-
genatic damage and prostate carcinogens.

Om the hasis of data reported herein, some smggestion
can be drawn, First, pathagen nad, by interacting with the
host genotype, ddtermines the type and intensity of inflam -
Tatary respanses, according to the pro-infammatary
status and tssue inury; implicated in the patho-physialogy
of mgjor age-related dissases Second, adequate control of
nflammatnry response might reduce the risk of these
disszses, and, reciprocally, might increase the chance of
extended survival in an environment with reduced patho-
gen load. Accordingly. a higher Fequency of the anti-
inflammatory +896 G TLR4 alleds has been observed in
centenarians |49,

Cytnkine profile: a blomarker for sucessful ageing
Cywoddnes are considered key players in mainkining hm
phacyte homemstasis [57,58]. Their function is not lim-
itesd b0 induee response after an immune insult, bot they
can madulte the nature of response {opiptoric, humaoral,
cell mediated, mflommatory ar allergic) or. m contrast.
they may use non- esponsivensss and active immune
suppression [58]. Furthermore, sequence variations in
sevenra] cptoldne genes, such as IFM-y and I1- 10 genes,
have been demonstrated to be associated with successful
ageng and langevity [58]. On the other hand. individml
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changesin type and mtemsity of immune respomse affect-
ing life span expectancy and hezith ageng s=emito have a
genetic component. A well-preserved immune foncbon
characterizing the sucoessfol ageing has been found in
centenariazng [35). Becent svidence suggests that cente-
narians seem i he genetically auipped gene palymarph-
ism for overcame the majr age-related diseases and
palymorphisms n immune system genss imohed i neg-
ulstinn of mmme responses hove heen foimd 2sociated
to longevity. In particular, associstions betwsen both
cytoline gene palymorphisms and longevity, and differ-
ential gender longevity in males and fermales, ad racipoo-
cally to age-related diseases have besn de monstrated
B8 5858

Cir data in Sicilian popubtion confirm these associ-
tions and sggest that differences in the genetic regnk-
tion of immmne inflammatory processss might explain
the reason why some penple but not others develop
age-related diseases and why some develop a greater
inflammatory response than others In partioular, this
siggestinn seems tn he suitahle for some SWPs in [FM-y
and IL-10 genes {Table 4 |60-63].

IFN-y gene codifies for a cyinkine invalved in defense
against viruses and intracellubar pathogens, and m
inducton of immune medated inflam matory respons=s
Its production is genetically regubited. A varable length
CA repeat sequence i the first intron of TPy gene has
been described to be associated with high TPN-y prduc-
tion. Furthermore, a SHE, T to A (o874 T/AL at 59 end
of the CA repeat region has been desmbed and T pre-
sence has been related to high- praducing microsatellite
allele 2 This SNP coincides with a putative NF-xB
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hinding st=, which might have funchonal conssquences
for tanscripton of IFM-y gene. Thus, this SMP might
dimectly influsnce IPN-y prodnction levels asociated to
CA microsateThite marker [60].

IL- 1t gene codifies for 11-10 cytokine. [L-10 is pro-
duced by macrophages, Tand B celk. It is one of the
majar immune-regultony cptoldnes, umally consdersd
to mediate potent down-regulation of inflammatory
responses. [1-10 production. independently on interac-
tion with other opinkdne gene producks. is generally con-
trolled by several pohymorphic elements i the 5 fanking
reginn of [L-10 gene. Mubtiple SNPs have been identifisd
in homan [L- 18 § Aanking region and some of these {i=

592, 819, 1082} combEne with microsat=llie allals to
inrm haplatype xsnciated with diffenential [1- 10 produc-
tion. These three SNPsin the 1L-1{) proximal gene region
{oonsid ered patential targets for tanscripton regubting
factors} might be invohved in genetic contml of 11-10
moductinn, sven if contrasting literature dats have been
reparted. In particolar, the homoryg ous -1 08255G geno-
type seems to he assodated with higher 11.-10 prodoctinn
respect to 574 haterozygous and A A homozygous gena-
types. Furthermore, this SNP seems to be functionally
relevant It has been demonsmated that -1082 A crmiss
{bw producers} seem likely develop a major number of
chronic inflammatry diseses |(1-63].

O resul s demonstrated an increase of srbjscs camy-
ing the -1082 G [L-10'allele in centenarian men [61-63).
This allele is assmoiated to significantly increased TL-10
production. Conversely, we olsenved that the frequency
of - 10824 allele, amocia®ed o kow IL-10 production, was
significantly higher in MI patients (Tahle 4} [83]. Thus,

Talie & Cytokdne data from our studies in 5 difan population
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high TL-1{} production seems to be profective vs. Ml and
a pomible biomarker far longevity. People with excep-
tinnal longevity have genetic factors (Le protective fac-
tors for CVDY) that modulate ageng proesses |63). This
supparts the opinion that a genetic background protec-
tive against CVD & 2 component of lmgevity. On the
ather hand, our immune system has evalved to contal
pathogens and pmo-nflammatory responses are likely
programmed by evolution to resist Bial infections. From
this prospective, kow IL-10 production is comelated with
incresed resisgnce to ppthogens In older ages not evo-
Intinmally programmed, increxed [L-10 lavds might bet-
ter contred inflammatary responses nduced by chonic
veese] damage and redoce the sk for atherogenstic com-
plications. These conditions might permit to achieve
exceptional ages in an envimnmenta] with a redoced
pathagen load J63].

In mntrast. female Siclan centenarians are character-
ized by an over-expression of + 574 INF-y allele {Table £
|6]- The INFy production is dso infuenced by homma-
nal contral fundamentally mediated by 170 extradiol
Hormonal regulation of this cytokine has ben sggested
to mndulate, in part, the ahility of stmgens to potentate
many types of immune responsss and to influence the
dispraportona te susceptibility of women for immuone.
inflammatory diseates Thus, gene variants rpresenting
genetic advantage for one gender might not be recipo-
cally relevant for the other gender in termis of successul
or mnmrcoessful ageing [60]

The data from Sicllian investigation add another pisce
to compl ex purzle of genetic and environmental factars
invalved in the contr of He span expecancy in lumans
Stdies on cytokine gene SNPs may promise ta indhvidu-
ate 2 complex netwaork of tans nachve genes ableto
influsne the type and strength of immune respanses to
environmental stressom, and as final rsult, condifioning
individual lfe expectancy |60-£3]. On the ather hand, we
recently suggested the poesinility to use cytoddne profile
a5 binmarker of sucoesshul ageing, by evaluating through
Lumines echnolgy oytokine semum levels in 448 Sicilian
nonagenarizns and 79 contra subjects (aged between 30
and 50 years old} [&]. TFN-y and [1-2 levels are wmmndi-
fisd, miggesting a substantial maintenance of relevant T
functions. In addition, @ significant increase of IL-12
serum levels was oheerverl. This condition might be assa-
ciated with the increase of MK cell function with ageing.
Furthermare, an increass of IL-13 and a reduction of TL-
4 were found. Thas, the maintenance of some effector’s
mechanisms of fmmune-response charaoten ze advancad
ages. From a general point of view, oor data firstly con-
firm the age-related remadeling of cytoline network
Furthermore, they undedine the presence of unchanged
evek of some cmdal oytokines useful in preserving key
immurne fincion in long-tving persoms [64]
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Future pers pdives
The ageing proces and longevity are multi-Botorial
events. (enetic, epigenetic, stochastic and envimnmental
Botors seem i have 2 crucial role in agemg and long=vity.
Epigenstic is assnciated to ageing. 25 shown in the major
number of sudis. In prticilar, ageing isassocited toa
global lom of methylation state |65]. In addition, Gsue-
dependent age-related hypermetylation of specific DNA
regions have been olserved Thus;, it can be concluded
that epigenetic age-related modification ane stiochastic and.
na linked to specific DNA region, while epigenetic
changes linked to specific envimnment] stimol e bm-
ited in specific DNA region [i667]. These olsenaons
have led to address the research on epigenomics and s
Epigenomics is the systematic sudy of the global gene
expression changes doe to epigenstic processss, ot not to
DNA hase sequence changes. Epigenstic prooesees consist
in heritable modification that result in @ selective gene
ETPIEsEon or repression and conssquently in phenotype
changes |[68] These changes inchude nucl nsnme position.
ing, past-translation histone modificaions, action of small
RNAs, DNA replication timing, heterochromatinization
and DM A methyltion [f9] This last ane consists in the
addition of a methyl groop CH3) in the carbon 5 of oto-
sines, particubarly in the OpG dmuclentide. This madtion
prticulardy concems the Cp& islands {CpiEls), located at
i is amodated i trenscophional regulston: In partioadar,
gene sllencing is associted to morexe of CHE groups on
DA, comersely lypometydation of OGls is associaed to
@ open chromatin s@te el ing in gene expression. |70}
Although the assochtion between ageing and epige -
nietic is @ real svidence, processes invalved are not clar.
Certainly, the nutrition affects spigenetic modifications.
HNutrients can be active on specific sitex. For example,
vitamin B 1L vibmin B, rboflavin, methionine, chaline
and betaine, well known as folates, regulate levels of
S-adenosylmethionine and 5-adenosythomocysteme,
donar of -CH3 group and methyltransferase inhiitor
respactively [71). Curcumin, resveratral, palyphenals and
favonaids, phytoestrogen, and lycopene are aleo consid-
ered key nutritional facioms both for regubation. of enmyme
invalved in acetyltion and deacetylation mechanism and
for one-cathon metsholism {71,72]. A diet rich in vegeta-
bles and frut. such as Meditermanean dist. may contain
these nurients. Siclian centengrians are chamcterized to
ohserve this kind of diet. as we reported [73]. Since
genetic and environmental factom contribute to longey -
ity. it may suggest that epigenstic svents associated in the
madifications dist- mduced are very mmportant for suc-
cewsful ag=ing processes. Furthermorne, several literatune
data reported o possible ink between epigenetic and sev
eral age-related disesses, such as cancer, metabolic
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syndrome, diahetes and neumdegenerative disorders.
Stable propagation of gene expression from oell ta cell
during disease pathogeness is regulated by epigenetic
mechanioma. Forexample, during the dishetes onset epi-
genstic changes act on insulin and inslin metabalism
regulating the gene coding [74]. In partioular, a recent
study has demonstrated that human mslin gene and
mouss insulin 2 gene expression are mder contral of epi-
genetic changes m CpSls Insulin non expressing cells
are, indeed. methylaied in the promater region of insulin
cading gene, while msuln expresdng cells are completely
demethylated in the mme site remlting in insulin gene
expression [75]. Angther study on monozygotic twin has
demanstrated that insnlin resistance s alsn under contmol
of DNA methyltion {76]. Altemtions in insulin pathway
are known to be mvolved in metabalic diseass, such as
metahalic syndrome, insulin resistance and. type 2 dia-
betes. Recent dals akeo support the existence of a correls-
tion between these alemtions and Alzhemer's dissase.

In the Eght of these observations, the purposs of our
future sudies will be to svalnate the weight of epigenetic
changes in ageing and longevity, using centenarians as
supT-mun i

Ly

Al Alsimer's dusne BF Beuionee lever, OO (T chwtohis el
TR Oyl eaapgeias & CAP T reective Erodei; DV Cand cveculer
e ety M- Huals bk oty FF o | iy, L& Inslaking L
10k I i 10 5Lk LPS: Lol el e LT
Lisbetrs e Mol Miyocoriilal iifircil i) corl 0L: Oxded and-Low Dty
Lipnsgrotelig PC: Prodats s PG Proilag iy 4P Snde
mukite pebermerehams, TURE TelHibe recepnr 4 TP Tuna necnas
Faited-i.

St mewadgarands

A, AN, LY e P Quokeiitn and 5B 0 o PO coned e o Ptk chigy
Pl s ool by Pl Cateapins U &8 Pl e Lk vty and
i prge | sl e it patlal Sl of i garemeet. Be e PHO
g

Brfon dataty

Drwpatiriont of Pathebiulagy o Medl anid Fet Boetedndogs,
Uniersdy of Py Coe Tubery 2, Pedarmes @34, (ndy. " Departimend
oof i el Moo [, Clorien' For S R arichy, Linhwrity off Tlinaeiy
Tokirge A and Tafme infurmcky g, Wl dhokat, 1
Tulbirgsen 1A, Garmmay

Aathon’ tem bratioa

AR, A, 50, ML AW et GOT i the Nt il Subsapamnt dvads. v
ity Eay CFB, e Fuadl e vl el of dis redey procesig
Al artiors el the pager a! aopdasd B Ired weriun

et
Thet atbvrs teckers il thisy Nar Ao COvPESING il

Rawiveck: 2 Mireh 1000 Aéewptacd 1 A 2310
Fubilibued 23 Al 20002

LE L T

L Tuery OF, Wiliiea M, MecCuioch MR, Feaigion ¥, G o E5,
A 5L Prals TT- Liwr dbcade, camfirwnr i, snd dmce
ey i comvienarans’ efipring. 4m Gmier S 2008 8200048 X

FamEa 0

Taary OF, MCurimich M, Andriw & Pnrigun | Schenbols F
Pabarna B B b, Croea K, Purk TT, w8 Canoviiule dusns
ehidiry I e et clfigring fole o el diock podeini, A AT Acal
S 0, T AL
Bl o, i iy |, Gl by o, harhaows Y, Sirkire 1) (ffgving of
ol it b i Pl el praniBa 1 e iy S N,
R
Pz O, Pasarinnn O Reormderct W, Rom e O, D 5, Bl O, Mat i,
Fovaris B WAt A, B | 8, Py e i, D B il Oz The
mmﬂumw#ﬁmwuymﬂumi
b ey [ ek rlarti o v offigring, A7
G ot AT, AN
Powvidint C, Ml 8, Carusty €, Sdorvan 7, G Lo i B, WMy A
Huurm iy o oxs e i b H i Pl e o e J0E,
bk
Chitiown 5 Krar W, W W, ML it & Senuihs L Mk L M Fr
Ciplars sl v eiangein lvily i i profound nfusie on S
i of mfer hepshokd b, wibin haslivy ind vidals. n
Exi frrtund X0, 1885530
Dhinurndart sy E, Llsf 8, P (7 Bl i of Pusnan
i v o i v i o i s, it " Opn
rwtwriol AXN, 3 TAalAaE
Dot iy E, W' AR, Bk R, kb G Hilvod B, aaglman PE,
it A1, Wi oy AL Pansdin O Hlal vk B, aff
Immuns e aw et n el bogey, domg’ 2000
pEEE T
e R ©, Rkl W, ooy B, Taladdbdsar €, Tt , Lo T
Moima M, Malapaarre s M, o C B calliin e agped (107, (08 and
00 dornddiry. Mol Agaig e 200, ) el 2L
okt Py () Do rtia 3, Ao e A, Sokdaieg & Bl M, Lie I
Emmnnlmﬂﬁaqtamtmdp“d
s o by it in e Aothern aid nuhen
Baly Aich oo G (Suppl! 0L, 8401010
L, F, i, Aol s A, Pusirs WA, D0 Lo e, 5, Bgsalies-
Pl M, Tk Rrsaras O, gy A Bulat B L T, Franosch
ot C: & sudy of srum imenunngiebulln el b sldedy parse.
Bl ol niw indghs i 8 el inrhuoenecence, S0 N Fdad
5 AN, TR
Canidimm O, OF Covertie 5 Mars oo P, Melinn b, Frac G, LI Veehl
Eund i Pl M, Dot 8, 0 Sl A, Cnho s - Preidincte of cirgann-
spaific and mun oogen el st b in ey corfmaceti.
Mt A D 190, RHS-1HAL
s Frvar G, Bkl W, i & Wil & Ui [, Clarnlior
Cafis C: B ol |t v s In e sy el i ot i s
e ey ANH, AL
Crderwia-Aanase O Bukal M, L i & Pl &0, Widie § a0
e G, Caiis C & (00T B el popuiion &
I f i s il Bl of aldinly proge Mad Agnig D
UL RET LT
Bl i, Bl % Carndiw G, Catines ;) Dhin oWt DF, Palliean &,
Wi YT, Codorma Ao O B ol dnd) e os el e di: & fatun ga
lgGeg T (O] B call I agedd Burmand Asdhg A Rar ST
T A
a5, Bkl ) Prolliican i W, D e ety T, W 0 Caritein O
Wb 5, Carian O Crd v sl v 1 B el i e e andie
differenit fature of e andl erienery B colls i aldiely, Sigarorniogy
i, AT
Wl el | Coppinn & e g B, P uggh Bairard A, Bronls § Lisd Er,
e B Sarc B Anew popubiton of cell being epomudon of (02T
P i 4 Aol com prioend of e B el maory @rgatmend in
Sl s afhamaina [ o 507, O BeA0e-0RE
S |, Wl 0 Lewe FE, Arnlh | Phenciyple and faresonal b e e iy
o hurman i mory B cald Sefin s X08, 21670
Cagigh &, D L, Drg LY, Crutrrrss 5, Al &, Chasd F, Pan-
Haminararir O, Mbaon & CREY 8-ab clin wyiichudl and|
iy iy r-muiited sl didng chronie HIVD infaction.
Pt Chrwe A106, S5l
Cobsrme-Romanc G, Butla 5, Aol W, Canodow G, Lio 0 Pelleand M,
Wotis 5§ Covay O B sl it i o il v Bl el il
il (o Pirvri Deed 110 1HA0460A

37



Ecibamri o ol hminky & Agwoq 1011, 34
T AL Il g i e B

FiH

rr—.-l:l.Hh-Il..I.urhq Bt Hurfioral i e feguiisa anid B-call
dobdin chs dwiich s downr sgulised in
g e e . S s 20, RS

22 Durmiins K, Aderihn A § call epeira nd ageing (ler O

Irtwruae AN, TR 40

Clarwrts WP Foas Y, el 2 I, Wiy AL, Fraca 0, Do - Whllors [,
Alanierg B 8 call and aging: Moy dnd mechanami T
Erruin MUH, BAR3-31A

4 Kurre R B B Agerelated decline in imownky: implais;d be

B

At

et recigeamba s S Ay voechi 200, N7 4M
Chii® BL, Wi YT, Babvaat ¥, Do e (), Vgt F, Kiradisil s E,
Pl s B, Wik 8, W pllrag O, Dt Mo T Bl dverity ihect i,
Ined s ared B coovelatid wih pon it sl Ady (el A0,
B
Gt cobarsid s B, Tl Bl %, lrfes A, Wikl P, Parvnde
Slia Fe vt i and vaccine falune in S ol . 2 g
it B fies 2000, 31 32000,
FerlglhiduF, I-hnhu':nil-hdt.ﬂdl-uq.mnﬂ quu
garfirmnice of 4 gander man iy apy di
A0, SEAEIT
Phiry P G, il By did B gl fiion: o b e By B i
U, B NE-AL
[zl oo L)
Carndrae G, Balrred T, Coberiria franarss G, L 0, L) F Vel S,
Coartgar : ol of | v e Ll ey e, e rl il
i, ardd ey, Agendion R 00 132070
Carvloan G, Balirred T, Lial F, Crinadd WP, Veine &) Cofoma oy
Fraiaahi © U O, Call) G, Costariz C |iivaccgin i, g e, arvd

B A M T e el NN, 1 RS -5,

Cagirl W, Sabvidl 5, Ml 0, oo 7, i G, Wik 5, b F,
Martbegan F, Saamn 1 0, M 0, Pt G, D Bl G,
Frasechi C Hanan wiinan prigecse The

gl pacsdigm of & pos-teer adocive gunasics. S om0
LEETE)

L 0, Bl vl (T, 1 v R i G, M WA, Pl
eyt W, Cartotel O, Cadio C: Ao Bt 1w EHC
i | gum HE pobymorpitan and foxedsy a itdy o Sclies
popudatinn, Gr s X002, B0

e E boon o dibicar facs, letion and phogima i Dl !
0 N, T 147

Pt ol s B Horaed iy oo Piorn bt puitfhos g, o d

&

Fage §of 1

vy fre s rlgraton o modie Runeis Fo Moy
Aot S0 U5 00, 0| o1 il

Fovaartla B, ATl M8, ko K, By B, vy e e L, Viart ot
e W, Mt W Fuvetiorial comagiaons of tol i masir 4
ey erpehiarm. i bend NN, 14:348. 550

Bl (H, Conmn , Cllrrld W, L F Vel 5 il
Campanra A8, Lin [} Gandiore 0 (O monpioe Boogic and gemeie
I plicatio in e -raltied i, Ain W Acad e 200, 1100AM1T2

| Lkt F, Gt i M, it E, Hofhnan E, Caairi O, Balistrent CR, W &

St ¥, Carizie ), Carbiond G Pro-in it ooy qunn e bt [y
rivyecaifial infancsion i d Fon gty I it for e st g,
Chirr P D A0, T 780

Bl sarial O, G 5, Caaly s B et F, Frarsnie W I Cann
Fele of polsnehinmm of COche ki recegic e g In acu s
il InfancSen and Bengal mgcans b logedsy.
Hosirt g 00, BTG

Bl streal (H, Gt G, CdtermaPirarn G, Lo O Cariss W Hofirar £,
Frarcaachi C, Catiie U e of Tol ke midgior 4 b ace mpoterdel
Il aod lonigeddy. AN 204 202 293000

Pk T, Timdy O G5, st vl iy, g (ot 0,
WIEIEL

Canliuie 5, B CR, Cormalel WP, Ul F Viaio 5§ Castiss W, Camil G,
et E, Tl i afsinane ) L [, Paokiat: G, Runvsich] C, Cansie C
Cequal s mbe of -l arrate ey dlel b e ayocardid pilantion

i gt 3. riied s o safis pnfermed [ el copeion dnn
N dccd T 0, ML

I cdrirerra B, Carun M, Bullirend CR Cateltre G Lo Prend) Ry Heflia E,
Carmi G Aok of gl gy o myocedied ibfecion &
Enq- . vt Herrarfiaed M croe e 110, 012

it UR, Carndea Gl M, Carrpnd | OF Gk [, Ls T, il e
Reimeres G Carndora G, G o C: (T presin famma vy il b prodas
cartar dde @ ot Budy In peeoti andl e armrtirs from Sy, dan
W A S 0, TSR
Ballagvnl CF, G €, Db, Mol Y, Gt |, L F, L ) e
Resrmaried O, Carndiind U A et oy ot it carian il and pro-
Inflim mairy garcye e path aetyal gy ad e e S imgdicaions,
Gl Mo Dot 2000, TENATM
Bl v O, el (L 0, Cinkerte i 4 D0 Lirwrtee:
gt ) Ak G M 5 Ol £, Frandeahl 0 o Clde d'
L. racapter pok hiami in o v, i § i
M i B, 1aRSSGAl

o i L e ik 010, Im-llllllﬂ-.l 7

Frartanchil C M L, Mima b W aguairroa A, Capd M, Vet 5

Carndure 0, Carisic C: MUSCE. Thn ol fevrms longind 5y e it of e a2

I iy, Sy ot ! AR, A 550

Truaars Bt The Biekagy of aging. W Sl el 3065, 10520

Dmﬂ.auul..f.'.plumm.iu'uuﬂui.hrdn.hm-mf
and | rwriaici of bustian gy,

Navrrairon ol Ton M08, 1 &008 1

Cambar G, Cobir iR G, Bl drel OF, 0 Carles 0, Cabrialed AP,

Lol F, e 0, Veden 5 L D, Gt By of lnvigwvily: ol of i

|t [rrrtnarion syl Ao ot fles 0006, 914514

Wl e O Pl ey, el i, el tha vt of

asrmcwia. Gk 1597, S, 1

Woenn & Capvied ) Balared 00, Cansas W) Crolitre-Romare

Crvnad M sl F, Mo 00 Lo 0, Catisa O Il mistery mveoria in

g, age-cm it i e gy, Ml Ageing Due 007,

F i

Hal e CR, € olirrtoa-Rortiam G, L O Crdore G, G O TL

pelymorphiami and aguing: mpicaon for the pafeh pinhgy of

] i, 1 v o AR, 2 bER-R15

el N, Lovere B St BC, Zdnas | i L lores M, Fram i

Wlatt L, b Dol TLR prcta o i o o ity v s

Hiipprrmngscrt il v, iy Puarhirs., M Conief 001 2517191,

Farwrils B McCal MR, Ao 5, Clisrisrell e Bl EL Mo baiodi M,

(b N, 0, Kl i T, Hf i 8, Mo L, sl §

Bl G, Toyed knbeng M, Remg O Maga & Dde 8, Doomin O

Heririn T, Staden b BF, win Crievsd B, Brunesn’ HG, Ch OF,

St AR, oo | A C, Sty A Kb B, it ol Vi AL, i

s Wi I, Pt G TURR el yercshinm, inlictious disinas, and

Bl vl (R, Cariis U, Ll F, Ui alomiary G, L 0, i 2 LSS
rimedlite o prahucSion of o et S i iy cylclirms and
il i whde Bood semples boogad ffecs of «oeAi TLRS
pbmorphtan ina Sclls populion of heabhy dibecs, Mol Ay
i 2011, TARARL
Sarfalt 5, Zerteed o LA, Marmans M, Pl [ A Arsi-inlammasory and
i M oy’ i o TICF i, IL-10, il IL-200 ) v By el

m e Opsh M | AR, ka7 55
Wit T, P et B: st and gemtics ot (nigh (6 e
ol ety i | Ao Al X0, B3431-550
Carngsr T, Canvifatm 0, Cod it sftiany 0, LD, Friatachil C- frmematesi
ol Wequi . Sl N, 907N 0L
Lier 0 Sl L, vl &, oo el iy O, Carcdorm O, Bl M,
Cavalore L, Farvechi 0, Gt Gandlar- gl aiceiation S
I -0 e sl dgh b and longedy. Cata inmon 600
A
L O, Sk L, Cibvells ) Ol aflimiane C, Garcdor C, Bovadd M,
Cavallors L, Marchenglen F, Okt F, Frad i ©, Corua O il i,
gy, and kmgey: further sudies on the prosec ve elfecs inme
of IL-10- 108 2 e ter S il 4 InSemda o wil e TINF -l 3081

SN J et e 1S, 0L

L [0, Carners 5, Crivells & 5ol L, e Rrnin C, Cnsdlionim L
HafTrwam E, Catins M, Ly F, Calihirei CM, Bl 8, Friarvescld
Caniac U Oppodts affecti of indadin 10 @mmen gins
polymophian h codovwcds dasin s h Lokl mgeng
gewac of mals conss rarlar & profecte agind @y
Pt i ' et iy (4, 1
Lies O, Sada L, Clibvells B, Burald b, Fravcencts C Clivisel B (il
B O, Cardies 0, G O Al Frmpaii i, of 4874 T- > L digle

38



Bl o o il & Ageing M0N0 98 Fuige Wl W
o e e il e iec) o oo BB

i poiymeorsham a e ol nvo o issefemoganme ges
I a g of Raliy oo narddre P Cavoried 200, 32315310

B4 Priwd b, Ml ) W I, om0 Mo |, Wl
Seola b, Caras Wi B Mlul.nll:l.IJLl:rCrﬂr-mm-':ﬂlh ]
grag el dellin lih fiam AL,
EE- R

w5 Pak LK, Fra 5 (o S MusiSal il ot o aggenelic. sl age-
v i, P e Sow N, TSR

o Potely 4, Foeler bt Epig el fiasom, andib iera 0
Bisarbeadl AN, E0HE 0GR,
a7 Fubs ©, Shmsdakiss b, Paiirm A, 5 1, Ol T, Wi B, Wk T,

O ©, Chaiiald ¥, Frin: ogn rliindl P [ St il v
il i hurnan: g pghaal ubocyie and i o HPUC -l
kb, A Hum Senat JE, 80P 1134
ad Wl Monld A Geres, genaiied, and ipgenalicn. & comapodes.
Sewew A0, 2980 103-1105
Argepara F, B & Gal sk FXS 1003, adinl- 12
Dhrnmre &, of Al o FagpyraF: Edguet dtatios sorstaed
wiith i w4 bavle agand Somaiganil o @ el cape
Por cancarl S Conea Bid X0, 21380300
M L L, v WK Dty o Bllniblsn faaciors off DN, o Sfwylaiion.
Merituinki W' Sl AN2, MR TR
kDY, Filer & Epiumties: AN inw Brichige s Mot e ard
iy, Ay bty 2010, 116
A Ve S S O Ao G Moo B, Mechse 8 Cae ©
s ol v e elinnl aead levage iy I il @ ey I Sk Mo
Prapdation, Rgimwradian A,
MM, Bl C Diabet-fuced apieni i donakin n vt
calli. Fridr W (s Dvd Qg Torges A0
T R &, feeac TA Todroyl, B HT, Abdbdulah H, b £ il Y,
Pldlked (P Forend K Imidif gt sccaeindiinm 1. S1TY
i adaplaion, Mol O X0 & 10 LY,
T Tha |, Cobdlay |, Brairer K, Vacraio \ Global DA, mestid o s
with riadin i e Baith dback. Dol
LU B ECES

22

z

il T M-
Ctw ki Sl wic Adnd o & Ceneis of enged sy, Deta from e
afizfien oo S iclla n consnertan. mmunsy & Agang 0 12 R

Submit your next manuscript to BioMed Central
amd take full advantage of:

* Convenient oniing sutmEmion

= Tenrough pesr ravisw

* Mo Epecd comSrainty o cofor figes chasges

* mmuitie pubicriion on aooplascs

= Iniusion in Putikar, CAS. Scopi and Googls Schar
~ REsaEn Wil B Tredly ovallshie for redstrbiton

b e () mintiad Cored




CHAPTER 3

Cytokine serum profilein a group of Sicilian nonagenarians.
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CYTOKINE SERUM PROFILE IN A GROUP OF SICILIAM
MNONAGENARIANS

Marisa Palmeri,” Gabrislla Misiano,” Mariano Maleguarnera,®

Giusi rma Forte,! Loredana Vaccarino,! Salvatore Milano,' Letizia Scola,’
Calogero Caruso,' Massimo Motta® Domenico Mauger,® and

Domenico Lio'
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[0 The aim of our study oo to rdluale de pooddity of wmg muliples mabais ofthe opoline
prfile ap o marker or sscceul amag by ompormy ook Mamabc boals of a grogg of
Finikan nonsgenaniens with o of wung oagol, We mmalged o pome o 17 cpnkines, comger.
hemaioe of haonainpostic j@aoy T heiper T (Thi ], TA2, injflonmstion ruiatory ofobine, md
chemokines, The auay wos comid out wnng the Lumines ysdm. Tmerlubin (ILR6 bl
(= (L01} weve focromed in nouagmarans, ohees oo modifioions o aber proinfomematony
cyinkime; mud chemobines eeve observed. Tatenros-gemms (PN ) aud 112 oy are unmodi
fui, ngF':ng a sublstomtid malatmomor u_frrhuu Tnfilﬁncl'm:. T il i, u:'gnilﬁfm.:
imerame of [T 2 serum levels | nmagrmanins e wung ool g sight be reloted 2o the
immane of natura kaler (NK} ﬂdj’unﬂ'm ni.ﬂhizhg ugng?rmzuﬂ s ofeerusd The
anafyss of Th2 colines show an sorease of [L-13 md @ reduction of [L+ el mirroring
the mamtrmane of some offedor’s mechmems of fhe mmueererpoe 0 sdeanced age. D
reradts sugpeit ghot ghe muitp b ama bais of opobine bl might be wanful in defiming o mucocgil
aging profie
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aging

INTRODUCTION

Centenarians provide the best example of aiccessful aging. They are
people who have escaped major ageselated diseases and have reached

Al e cnrregpond enee 1o Ciusl Irma: Foree, PhD, Deparmem of Biopathalogs and Medical and
Forensie Biatechnology, Unkersity of Pdermo, Coso Tokory 210, Palerma 500540 1nk. Fomadl:
i e an o
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the extreme limit of human life in good clinical condition.™ For example,
laboratory parameters of centenarians indicate that they are characerized
bw reduced levels of blood glucose, transaminases, cho lesterol, and platelets
with respect to older subjects with an age range between 5 and #5 years '™
In most of the cases, histories of centenarians reveal them to be free of can-
cer, dementia, diabeies, and cardiovascular diseases, which is surety due o a
successful interaction between environmental and genetic Boors.

Advancing age is correlated o an increase of inflaimmatory response,
which is believed o be a direct consequence of the contnuoms atridon
cased by antdgenic load during the lifespan—a condidon that i= com-
monly called by the authors “inflamm-aging "™ also sustained by the
immune system remodeling, which physiologically occurs during aging
{“immuno-senescence ). 1t is a slow but inexorable process leading o an
immune system that shows peculiar features, predisposing older people
to a different kind of reacion to injuries in comparison to vDung
individ s, ™!

In particular, the dedimted immune system tissues, such as as thymus,
bone marrow, spleen, and mph nodes, indergo involution or they show
regressive phenomena. The number of germinal centers is reduced, and
there is a progressive loss of cell-ame diated immunity, generally recognizable
by a tendency toward the switch from Thl w. Th2 type response.” More-
over, in the aging process, and even in centenarians, there is a redistri-
bution of monocytes, neutrophils, B and T subsets, and a quite normal
mumber of T lmphocytes, even if these cells mostly show a memory phe no-
type, whereas a progressive reduction of virgin cells is observable, which
makes the old individuals unable to respond o antigens not previously
encountered. ™

Several smudies have largely demonsrated an imporant role of genetic
backgrownd in the achievement of advanced age. A group of genes that has
often been tested for associaton with successful aging is that which infle-
ences inflammation and immune responses. Among these, there are genes
codling for inereuking Our group has demonstrated that pardoular orio-
kine polymorphisms, espedally located on the functional  promoter
sequence of important cviokines genes such as interleukin (IL)-1, 114,
numar necrosis factora { TRF-x), inerferon-y (INF-y), and 1L-10, may infhe-
ence the susceptibiliy o age-associated diseases or may altematvely con-
ribute o the genetic background associated with h:mgmtyn']!l These
data highlight the role of cyiokine production in dete rmining the suooess-
ful or unsnccesful aging phenotype. In this view, it seems of some interest
i chieck the possibility of identifying a serum cytokine profile that might
characterize successful aging. To reach this result, 2 technology that allows

a contemporancons and highly precise determ ination of a large number of
cytokines should be applied.
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In this artide, we repont dam evaluation by Luminex technology of
the blood levels of 17 pro- and ant-inflammatory cytokines and chemo-
kynes, which are crucial in the orchestation of the immune response,
in order o identify the circulating cyeokine profile of subjects >890 years
old.

MATERIALS AND METHODS

Subjects Recruitments

In our smdy, two groups of subjects were tested. In pardoular we ana-
yzed serafrom 44 Sicilian ultra-nonagenarians (age =9 wars) and 79 oon-
rol subjecs consisting of a group of healthy young Sicilian individuals,
aged between 50 and 50 years old. None of nlimnonagenarian subjects
recruited for the smdy show any major agerelated diseases or severe cogni-
dve impaimment (dementa or neoplastic, cardiovascular, or infectious dis-
ease ), not did they receive any drigs that influence immune functions at
the me of the study, Their age was verified by archival recovds at the City
Hall and /or church registries, verifving the concordance between reported
age and personal chronologies (age of marnage and of military service for
men, age of st and last pregnancy for women, age of children, eic.}. The
Sicilian cthnicity of all the participants at the smdy was esmblished by
confirming that all four grandparents were bom in Sicily, in onder 1o gain
a ceriain guarantee of a homogeneous population, as immigraton and
intermarrizgge have historically been mare at the beginning of the last cen-
mry."™ Written informed consent for envolling in the study and for
perzonal data management was obmined from all subjects according o
Itmlian laws.

Evaluation of Cytokine Blood Level Assay

Each sibject underwent 2 fasting blood sampling. The blood samples
were collected in lithinm heparin addidoned vacu@iner tubes, imme diately
centrifuged at 1800 rpm for 15min to isolate cell free plasmas thar were
immediately stored at —B05C

Immediaely before the cviokine assay, thawed samples were centri-
fuged ar 12 0drpm for 5-10min to allow predpimtion of any lipids excess
that may interfere with subsequent analysis.

The samples were tested for a panel of 17 oiokines and chemo-
kines [IL-19, IL-2, IL4, I-5, IL-6, IL-7, IL-8, IL-10, ILr'IE{p'i'ﬂ]. 115,
17, IFN-p, THFz, monooyie chemoanractant protein-l  (MCP1),
macrophage inflammatory prowin-17 {MIP-1f), granulocvie-macr ophage
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colomwy-aimulating factor (GM-CSF), and granuloovie colomestimularing
fctor (GHOSF)] wing Bio-plex kit (BioRad, Milan, Ialy) and following
the manufactrer’s instructions. The assay was camried ot using the
Luminex system {BioRad, Monchen, Germany), bazed on the measure
ment of fluorescent signals released by a suspension of microspheres,
bringing immobilized muliplex onokine specific andbodies in 965awell
plates, The combinaton of a fucrimetric signal of microspheres with that
released by a secondary antibody allows 15 © measire onokine concen-
mratdon—related signals converted by a prooessor. Briefly, 50pL of samples
diluted 1:4 in a diluton buffer were incubated at mom temperature in
the presence of beads conjugated with specific antbodies for the differem
onokines. After a wash to remove the exoess of not bound seram ompo-
nents, an incubaton with the biotin conjugated secondary antibodies was
performed, Finally after another washing stepand the smepavidin? E com-
plex addition, the fAuorimemic signal was detected by using the Luminex
plaie reader. The assay was performed wsing an eighi-point sndard corve
for every onokine. Samples were analvzed on a Luminex 100 deviee
{BioKad), and the data were evaluated using the BioPlex Manager software
{BioRad). Standards, intemal controls, and samples were reported as
means of duplicate measurements,

Statistics

All the data are shown @3 mean concentratons (pg/ml) +s@andand
error (SE). Differences in cyiokine levels among nonagenarians and
healthy conorols were assessed by the Mann-Whitney iest. Differences were
considered significant when a p value <0005 was ohmined,

RESULTS AND DISCUSSION

Aswe already described in the Introduction, aging is characierized by a
remodeling process of immune sysgem, where several functions are
reduced, whereas others remain unchanged or are increased ™ A few
nitable instances are, surely, a pemsistence of a lowgrade chronic inflamma-
ory s@ins and a consistent increase of activated cells thar progressively fll
the mmunaological q:l:m:.m considered a8 the comparoment ocoupied
by the immune cell subsets and a reduced @pahility (o cope with new
immunological simulatons. In this scenario the reshaping of oriokine
production network seems o play a ceniral mole,

In this aricle, we focus on the evaluation of the droulating ortokine
profile of a group of healthy nonagenarians in an atempt tw describe a
plasmatic oyviokine profile that might chamcterize succesdul ageing. To
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reach this goal the highly sensitive muldplex Luminex technology is
applied e minimire differences in oytokine evaluation due to differences
of performances among methodologies usefil 1o measure 2 single oyokine
at a ame,

The selected panel of cytokines measured included the following: {a)
hematopoietic cviokines; (b} proinflammatory and  antinfammatory
oytokines and chemokines, {c) Thi, Th2, and Th17 cpokines.

As reported in Table 1, the levels of the three hematopoietic cytokines
analyzed {IL-7, G-LSF, and GM-CSF) are not significantly different among
wung and nonagenarians groups However, it seems relevant that 1L,
implied in lymphopoiesis, is reduced in nonagenarians with a difference
with voung subjects near the satistcally significant threshold. As reported
by Pawelec et al, s dwsregutated hemaropoirsis is seen in older individuals,
raising the posibility that this could contribute w altered immune func-
ion in aged persoms. Acmally data from some experimenial models
seems to sugges that a reduced produdion of IL-7 might be implied in

TABLE 1 PFasmaie Cpoline Concentaton Kupresiad aa Mean (pg/ml) =
Smndard Ermar

Ok nes Viemirg Caomrods (79 hnnggenarian (H) B yahe

s l=alo 10205 L
GLEF PE S 030200 wid
GMLCSF 501 Lo6 1sn=4.41 LRLH
12 1105 149 23023 08 wi
LLA 2o 2HS= 06 202153 ol
g =54y LN ] az7
o4 0.55= 00 L35 =0.05 s
e L= 008 O =0 06 L
s 0LIT= 005 L¥5=0.19 oz
L4k (FE R 1134=3 40 026
L& 5,06= 361 1LI8=2.53 el
TwFa 380= 140 TRz sl
ILda dd= 00 075=020 ani
nar TG 18 1T.I0=5.52 0os
s LI B T i ln=559 LEY |
MRl TS0 = 1706 1508023957 wid
MIP-1b 1Z5.50= 1071 139027 54 e

e ences in oymaiine lesels among nonagenanians and healty conmok
were asemed hy the Mann-Whimey e
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pmgre;zilm reduction of the number of maive b phocyies associated with
ing.

= l-gln-: of the major characieristics of ssnescence is the consant pres-
ence of a lovwgmde inflammatory sans chamaderizing aging. This subeli-
nical inflammation produces a pemistent immme sw\iem actvaton,
resulting in contnuous lowgrade tissue damage, a5 well as in the
reduction of the nomal immune sValem response o now antigens cansed
by a net consuming of naive oolls, P41 A reported in Table 1, nonagen-
arians show a significant increased level of 116 {p valne=0,01), which
seems 1o suggest that an increased 106 level might be detected also in
a suoeesshul aging phenotype o confirm the age-dependent prodnflamma-
tory imbalance, Moreover, inoeased levels of 116 could also be related
o the incressed level of IL-17 (Table 1), even if the result did not reach
statisical significance (p=004), as Il arz 0 enhance the Thi7
hmphoovtes” activity by stimulating the production of IL-17, which is
imvolved in inflammatdcn and in the amplification of the inflammatory
resporee. However, the concenradons of other proinflammatory and
ant-inflammatory onokines and chemokines oucal in the balance of
inflammation (IL-1+hetw, TNFa, 1L, MCP-1, MIP-Th, and I1L-10), are
not significantly different between the two groups of subjects, and this
allows 15 w speculate that the cnokine profile of the smdied nonagenar-
ians is characterized by a very low grade of proinflammatory oviokine sg-
nmamre. In addifon, the slight increase of antnfammatory IL-10 observed
is in agreement with our previous description of the genedc background
owned by centenarians, as we previously found among these subjects a dg
nificant increase of the frequency of carriers possessing the allele related
to higher IL-10 production./'®%

IEM-y amdd 1L-2 levels are not modified in nonagenarians with respect to
the controls, As reported by different groups, Thl and 1L-2 oyokine pro-
duction is generally decreased in older subjects,™ even if in selected
healthy old subjecs (SENIEUR protocol) these oytokines seem o be nor-
mally secreted.”™ Our dam obtained in healthy nonagenarians seem to sug
gest that the presenvation of IFIN-y and 112 production might be one of the
components of the successfiul aging phenotype. In partcular the mainte-
mance of an equilibrated concentration is favorahle to prevent an excessive
or prolonged Thl response. Concerning [L-# secretion maintenance in the
oldest subjects, in our previows study, no modifications of genotvpic and
allelic frequencies of the IL2 fnctional polmorphism 5507 /G were
demonstrated.!™

In our study we found a satisically significant increase in serom levels
of IL-1? in nonagenarians in comparison with controls (p value=0.01)
{Table 1). Conflicing data on 1L-12 producton in old subjeas have been
published.™ Both increase and reduction in IL-12 seaetion havwe been
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reported in animal experimental models, as well as afier in vitro sfimulaton
of human peripheral blood cells.™ Our data, which were obtined by eval-
uating 1112 semum levels, might be related to the increase of monocyies
and MK cells which chamcterze aging processes, mirrored by a very
well-preserved cviotoxic activity. Indeed, a wellpreserved NE el acdvi
can be comsidered a factor of longevity

It is reporied that advanced-aged individuals are characierized by high
plasma lewels of immunoglobulina™™ In particular 1gG, IgA, and IgE
levels are increased. Anahsiz of Th2 onokines shows similar 1L-5 levels
among nonagenarians and voung controls. Instead the analsis of other
Th2 onokines shows divergent results. Actually, a significant reducton
of IL4 levels (p=0.04) iz accompanied by a significant increase of
IL-13 lewels in nonagenarians versus conoolz (p=0.02). In a recent arti-
cle, we focused on B cells in the aged by smudying the expression of some
surface markers. In particular, in older people and in centenarians, there
was an increase of CDE7 + B cells with a deorease of CD27 — B ympho-
oves. G027 is conddered a marker of primed memory B cells. The dec-
rement of virgin CDZ7 — B lymphoovies cells and  the conourmrent
imcrease of memory CDE27 + B lvmphooies seem o have an impact on
the antibody reperire of older individuals. "*™'! In this view, our dam
might be related o the ditferent role plawed by 14 and I1-15 in the
Th2 switch and B cell response mainienance in aging. Actually the Th2
switch, where L4 has a major kev role, is already soongly reduced in
advanced aged individuals, where there is a higher mtio beiween differen-
tiated memory cells and virgin naive ones, whereas, 115 is mainly pro-
duced by primed Th2 cell!™ S5, the coniemporanecus circulating
I~ reduction and IL-15 increase detected in nonagenarians might mir-
mor Th2 committed cells related o increasing age. Our resolis taken
ogether confirm that, although the cywokine profile is modified by aging,
we were able o show that longdiving persons maintain unchanged levels
of some crucial cyokines weful in preserving crucial immunessiem
funcdon, and this might onribute o a peson reaching such an
advanced age,
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CHAPTER 4

Single nucleotide polymor phisms (SNPs) of pro-
inflammatory/anti-inflammatory and thrombotic/fibrinolytic
genesin patientswith acuteischemic strokein relation to
TOAST subtype.

Tuttolomondo A, Di Raimondo D, Forte GlI, Casuccio A, Vaccarino L, Scola L, Peco-
raro R, Serio A, Clemente G, Arnao V, Pameri M, Misiano G, Lio D, Pinto A, Licata
G.
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cated at position -308 in the promoter region was sugpsed a5
afferting the rate of transcription of the THF-a pe, the lss come
man A alldle (TR} being assodated with higher mn stitutive and
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indudhlle levels of ransoriptian [3-6]. Only 2 few stodies relaed o
the annedion af the THF-a polymarnphisms and srroke were pob-
lished earkier | 7-5].

while THF-x & generally pro-inflammatory, IL-10 limits and
teTminates n reartions. interieukin 104 a potent sup=
pressar af THEa, 111§, 111 [10)

Heritahle difierences are spared in iL-10 prodocton, and sew-
12l palymorphic ssquenes have been dentified in the [0 gene
promaer [11-13]

Thres commeon single micleatide palymanphsms (SNPs ) im the
11:10 gene promoter (-1082 GIA, -819 O7T, -592 CJA) show
sitrong linkage dissqui litrium and form thres comman haplotypes;
desgnated as [ATA] {ACC] and JC] haplotypes. The | ATA] haplo-
type has been axcodated with deceased gymehesic of 10 [14]
and is freqoently assocated with pathologia] oonditions [14]

The IL-1 RA. 3 naturall yocoarring amtagonist of 11-1 actvidy, ap=
pears to play 2 major role in mntmolling. the pro-
activitiesof 1117 in viva. A varishle number of £6 bp tandem re-
pex [ VNTR ) po lymarphism desaribed in introm 2 of the lle1 moepe
tor an@gonist {1L-1RA) gme has been stodied 25 2 predisposing
fatar far athewm sderasis and other aging 2 sod ated dmmeases | 15].

Imypaired fibrimalytic function semndary to elevated plasmino-
gen acrivator inhibimr-1 {PAL-1) levelchasbheen implicatsed in fache-
mic strake. Paly morphisms i the apenactivatar mhibar-1
(PAI1 jgene, asthe 4C dleleaf the PA-1 4G5 G promo e palymear-
phism, associsted with higherlevek of PAL1, and teme-gypeplas-
minagen activator (tPA) levels have been implicted in stroke
pathogenesis [ 18] High leveks of phsminogen adtvator inbibitar
type 1 (FAl=1}have beenimplicated a5 a risk Gomrfor candiovasco-
lar diszase [ 17], bt 7ts predse rale remains camtroversal

On this hasis our study & devated to the contemparany eval -
tion af the rale of pene pol ymorphisms imeakved in pro-mflamma-
tary, ant-inflammatary and magul aton pathways in patents with
acute ischemic smke with the goal of ddineating & posshle ge-
nedcrisk profike uesful in prevention and therapy srategie.

2. Materials and methods
2.1. Patient srderiion

The study population aonsised of 1400 consacutive Cauasian
adult patients wha wers hosmtalized in the Internal Madicne
Department & the University of Palermo betwesn Movember
2006 and |anuary 2008, and wha met inclosion oriteria. The cxes
wime patients admirted with 2 diagnosis of aone ischemic strake,
and age-marched (43 years) contral subjess: patiens admitted
to our Intenal Medicne Deparrment for any cause other than
acute andiovasolar and cerdrovasonlar svens and for routine
checlup scaminamms.

Inclusion erieria- Sirke was defined by focal neurological signs
or symptoms thought fo be of vasoular anigin that persisted far
>34 h, confirmed by brain €T andjor M8 in haseline conditions
and hrain CT with mntrast medum after 48-72 h |7

Cardiovasadar nisk Gctors were evaluated for both @ses and
canrols an the hags of the oriteria shown bedow. Hypercholester-
olemizwas defined 2 the preence of total cholesienal blood leves
= 200 mgjdl. Hypertension was definad 25 present if subjecrs had
bem previounsly diagnosed acoording the Warld Health Organiza-
tonfimeratonz] Sodey of Hypstension gudelines ad wers
routinely recefwing and hypertensive . Patients were de-
fined as type 2 diabetics ff they had known dishetesitreated by dis,
o hypoghyemic drugs ar insulin before smoke

Previows mranary amery dissss was determined enthe hassafa
hmyafwjmn-dimnﬂdummjmrdﬂ infasctiom, ar any
e o revasan Lerization promedune 2eses sed by 2 questiannadne.

Previous peehrovascular disease | TIAJischemic stroke) was as-
secoed by hismry, specific neumological samination performed
by specishiors, and hospital or radiological (hran mmpated mmeg-
raphy ar brain magnetic rsonance ) recands of definite previous
strke.

Suhjerts were dassified a5 having previous peripheal arery
disemse {PAD) when they had a history of Al <09 and for of nier-
mitens chudiato or of critial lmb schemia or when they had
undergone a peripheral arterial bypass ar amputation.

The study pratom | was approved by the local ethi o commattes
and 2l participants gave written infarmed consent

The type of acure ischemic strake was dassifisd acmrding to
the TOAST chedfiation [18]: (1) Large Anery Atherotdencsis
(LAAS: (2§ CandioEmbalic nGne (CHY (2) LAGmar infre
(LALY; () Smake of Other Determined Erinlogy (ODE); (5} Smoke
aof Uniletermined Etiology { LIDE)

Large Artery Atherofbnoc {LAAS | These patients have clinial
and brain imaging findings of either significant [~51L) stenasis ar
ox hus dom iof @ major brain antery or branch cordal arery, presum-
aﬂyﬁmtuiﬁmmtﬂiniﬂjhﬁphdud:ﬂmnfm-
bral corical impairment {aphasia neglect remmicwd  mator
vl vemen, s or brain semor erehellr dysfondtion. Cartial
ar eerehellar dexions and brain sem ar subcorical hemispheric in-
[Brcts preater than 15 an in d zmeter an OF ar MR recons iderned
m be of poental Lrgesrtery athemnsd sotic argin Supporting
evidence hyduplex imagingor arteri ography of 2 stenosis of great-
7 than S0% of an appropriae intracranial or exracrnial arvey is
needed Diagnostic stadies should exdude potential sounces of ar-
diogenic embalism.

CirobinEmbadiin ok (B This @itegory indudes patients with
arerial ocdusions presaomably due © an emboles arisng in the
heart Cardiac sources are divided into high-risk and imedi ome-risk
groups hxed an the svidenee of their rdxfve propensities for
embolism. At least one cardiac soure for an embolus must be
identified dor 2 poscible or proboble diagnosis of crdisembalic
stroke Clinial and hrain maging findings are similer o those de-
scribed for Lrge-antery atherosdensis. Bvidence of 2 previous TIA
or strokein more than onevascular emitory or systemic embolism
supports 2 cliniml dizgnosis of @ndiogenic srolke Potential lange-

atherosdenatic soures of thombass or embalism shoold
be eliminated A strobe in @ patent with 2 mediumerisk candiac
souxe of embolism and no other cause of soole &5 dassified asa
jpaxes thile candioemébalic sl

LACumer bn et (LACH The patient should have one of the tradi-
tiona] clinial lacumar synd romes and should naot have svidence of
cerehral mmical dysfinction. A history of dishesss meliims ar
hypetension suppars the climicl dgnasis. The patent should
ako have 3 normad CTfMR examinagon or 2 relevant boin sem
or suhmntia] hemispheric lesion with a diameter of les than
1.5 om demomstraned.

Siroke of Other Dedermined Eriodogy (QDE; This ciegary in-
dudes patients with rare @uses al smoks such 25 nan-aheosde-
motic vasculopathies, states, aor hematologicl
disorders. Patients in this group should hawe dimical and €T ar
MH findings of an acuge ischemic stroke, regardless of the size or
locanion. Diagnoetic studies sach 2« blood tests or artedography
shauld reven] one of these umewl Quses of sroke. Cardiac
soures of embalis mand lange-artery athenosclem gis should beex-
duded by other smdies.

Siroke af UnDewrmingd Etiodogy (UDE} In several instanaes, the
cuse of 3 strake @nnot be determined with any degree of oonfi-
dence. Same patients will have no lkely etology determined de-
spie an exensive svahaton n others, no Guse & found hue the
ewhiation wa mrsry.

All the ischemic stroke patients underwent: medical hisary
with mcording of potensizl stralke risk Geovors, blood and
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TheTPA 7251 CT genotype was mare frequent in stroke subjects
m comyparision of cantral b jects (p = 0019), the CC has a signifi-
amntly higher frequence (p = OOZ) ils ws. stroke subjeds
whereas no significant difference in TT genotype 1110 1052 OG0
genatype frequence between strake sub jeos and oomtmols wa ob-
served [see Tabile 2}

IL<f G genorype was signifiendy mox frequent in ontrals
(p= 08} wheres nao signifiant differene with regard of CC
and GG genorypes befwesn stroke patens and ontols (o=
Tahle 2}

Regarding IL-1RN-VNTR 56 bp alleles we oboerved no signific
@t difference between sirole patients and controls with regand
of frequency of 11,1, 2 and 13 genotypes, wheres the 2/2 geno-
ty pe was significantly mone freguent in sorake subjedas (p = 0LO17)
va contrals (see Tahle 2}

Aaconding to TOAST dassifi@non, subjects with acute mohemic
smoke were clssified: 37 LAAS, 34 Laounar and 25 @ndisembolic
(.

Far each polymarphism, genotype frequencies acording to
each TOAST snbtypes and add s ratios are given in Table 3

Coneming THF-2 promoter palymaorphism at positon -308
we ahzerved no signifiant diference i frequency of CC GA and
AA genaotypes herween stroke subhtypes (see Tahle 3}

Regarding palymanph tsm of 1110 gene in posidon 1082, na sg-
nifi@nt difference with regard of frequency of GG, CA and A&
genatypes between stroke subtypes, analogoasly regarding the
1L-10 &19 T palymanphism, no signifi@nt differnoe with regard
of frequency of (C, CT TT genotypes was observed betwesn stroke
suhtypes (= Tahie 3

Reganding PAJ-1675 SCMC palymonphism no significans difier-
ence with regasd of frequency of 5G75C, 30/40 and 40740 geno-
types was abserved hetween strake sulbtypes ( see Tahle 33

TPA CC genotypewa significantly mare frequent (ps LO28] m
suhjeas with beuna subtype of stroke, wherms no signi fiearve

difference was observed m frequency of T genotype and TT geno-
type between smo ke subtypes (o0 Tahle 3

Hegarding IL-6 polymorphism in pasition - 174, no signfiant
difierence was chserved in fequency of OC, CC and CC gemonype
mm'l:dhmmﬂrntlﬁ:uiﬂT&kal

ILIRN-VNTR 86 bp 1]1 genotype wa significantly mare fre
quant in subjects with beomar :dnrpe of stroke (p=00%),
whereas with regard of frequency of 172 10 and 272 genotypes
no significant differ=nce was obhserverd betwesn strobe subtypes
[seeTahle 3}

AL [Disres don

In our strake patiens and i n@nirol s we evahoted singlenude
otide palymarphicms (SNP) of some candidase genes imolved in
mfammatory and thrombotic fibrinalytic mechanis ms.

Owr study shows 2 significant assocation between mchemac
stroke and 0L-10 <1082 AR and TPA.7351 CT genotypes

The IL-10 CCC haplotype (€ at pasiton - 1082 € at positon
- 818, € at —591) & xsooaed with high 1L-10 secetion, while
the AT and ATA haplatypes are associaesd with inermediare
and low 1L-10 secreSion, nespecwely (2627,

Tromper et al showed that the 1L-10 <1052 AR genonpe was
aemnciated with an increased risk of incident strake. | 28], More.
ower, van Exel & al. | 30] demonsirated that elderly sobjeds with
low 110 produmtion apadty hawe an inoeased sk of incident
stroke_ The agreementaf i vive and in vita dara allows = 1o sug-
g=t 2 potential n e male of 1110 against cerehral
techemia and am this haxis it's posshle to explan our finding can-
caming an ssodation betwesn strake and 1110 < 1052 AA geno-
type axs odated with low plasma levels of IL-10

Newrtheless the majorty of ischemic strokbes acmr hecuse of
thrombotic or thramboembalic acdusions; it would therefore be
smmyp fistic not 0 assexs the possible role of palymarphisms regard-

Tk 3
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ing @ndidate gen e imwalved in clotting mechanizms and in pantic-
ular those o lved in the hatance between filminolysis and throm.
hais such as tPAPAN sysem.

Rerendy, a single nodeotide polymanph xm loraed ar posthon
~T351 within the enhancer region of the TPA gene was identified
and shown to be strongly corrdaed with endothelial TPA release
ratex |42]. The poalymarphism was also fmmd to have fanatonal
impaorane as itoourned withinan Sp1 hinding sie, a Goor pro-
mating [IMA tonsoipton. Possecsan o f 3 thymadine [ T) dllsle was
shown to inhibit Sp1 hinding and was associaied with less than
half the TPA release ohoerved i those homarypons forthe groosine
(€} allde {41} A meoent study 2lso reposed an increased sk of
ischemicsirole for the TT genotype (3]

Among genetic variants at the PAI loms, the 16754080
NP the promoter has heen demonstrated to be fonct onal with
a higher transoriphional acrviry for the 4G allels [36] The 4040
genotype has heen assodated with incresed risk of M [38]. The
jpossibil mmnedtion to stroke has recehved | s aftention, and pob-
lished smdies [40041] and aleo our findings do not revead a dear
25500 200

‘We also reported 2 higher frequency of 111 VNTR 86bp 22
genoypein srake subjscs comparsd o controks with 2 significant
hazand ratia (OR = 605, p = LO17) at regressan amalyss.

The pem-iiehr jpalymomhic site in inton 2 of the IL-1RN
gene @msisiing in 2 vadable number tandem repets (VNTR
B bp repeats) has been extensively imvestigated in relafion to 2
vaniety of pathalogical conchtons [33,.34], but no study evahated
the possihle xsodaon between genotypes of 111 VNTR 36 bp
and ischemic strake. Sa our finding coold appear amgmal and could
offer 3 possible explanation of the axsodation of the IL-TENZ alixle
with ischemic strake owing o an overall increse of IL-1 advity
doe it a less effactive [L-1ra inhihitory acivity [34.35] assocated
with thix genotype j37.38].

Inoursimake patients mgarding PAL 5C BG palymarnphismin po-
sition ~1675, we showed a higher frequency of 5 G genotypes,
wherneas mgarding TPA 7381 CT polymaorphism, we reparted
higher frequency of T genotype in strake subjects vi mntmal
subjects not @nfirming previous data reganding an assodathon
betwesn TT genofype and schemic sirake |35 44]

Although the commn S575C polymaonphismin the promoter of
the PAL1 gene was suggesied to be 2 risk fagor jor some of the
thrombotic discnders, its 5 gnifiGnee m the development of throme-
hagis i sl comerowersizl. Previous studies reparted sha JCHGC
Fenotype is asocizied with 2 higher risk of thrombosis in vessels
of inernal argans especiily in the partal veins j45]

A deletion/msertion palymanphism (45 or 5G) in the promoter
of the pheminagen actvatar inhibftar type 1 gene has been sug-
gested to e imalved in =gulatan of the symthesis of the inhibaar,
the 40 allde being = sodaed with enhanoed gene expesson A
relationship berween 4GBE polymarphism and PALT lovels was
found in patens with cardiovasmbir and meahalic diseases, b
nat in healthy subjecs |n patients with deep vein thrombesis
the 4G palymarphism of PAKT gene promoer may mflumnce the
expresian af PAI-1 and it should be taken inmto consideration as
a farilitating oondition for patholog @l fibrinolysis together with

The etiol agy of i schemic stroke 2ffed= pro gnosis, awtmme, and
management. We reently mmpared plsma levels of mmune-
inflammatary varizhl s in patients with acume ischemic stmalke in
melation to TOAST subtype showing that candicembolic sooke has
higher levels of immamo-inflammatory variables m the sote phase

o other TOAST subtypes wherms bounar strake has the
lowest pliama leveds [45.49]

Amadyzing the relationship between inflimmatary and throme
aticfibrinalytc genarypes in rdation to diagno stic s ubtype cae-
bral #schemia is thensfore an intersing perspective to beter
characeerize the rebtionchip betwesn candidate genes from the
standpaint of pthagenesis and cersbral ischemia. Only one sindy
has examined this rdationship |50} 0 our findings regarding the
mnEmporany evaluzionof the distniuton of ant-mflmmabory
and rhmmbotc-fibrinalytic genotypes in reltion @ dognessc
suhtype of cerebral ischamia may be weeful

We reported a2 sigmfi@nt relabomship with TOAST sobtypes
anly regarding TPA 7251 (T genotype and 10 IL-1 VNTR 86 bp
genorype and lamnar TOAST sultype vi LAAS suleype with 2 ®ig-
nificantrisk rend for both. Regarding TPA 7351 OF po lymanphism,
TPA homazygous sulbjecs for the oyrasme|C ) allle |41] omparned
10 5 ubyj acts with a thymidine (T) alkele haswe higher plisma kels of
TPA and this finding could mnirbuge to defining the pathogenetic
hackground of beunar strakes, tha we repored as characetized
by aminor degree of immamo-i activation of the ame
phase [4243) This aspect could be oonfirmed by our finding con-
eerning and higher frequency of 171 IL-1 VNTE i bp genatype in
Lonnar siroke due to the Saot that this genotypeis aesociaed with
Iagher IL-1ra inhibitory activity remidting in a high d sgres of anhi-
inflammamnion (3132

Infammation of the wall of these penetrating areries and
imypadrment of thrombos of fitrd naolytic balan o may expladn the sige
mificant axsocizton betwesn these genotypes and amar type of
ischemdc stroke, althongh subsequent studies mighe further reveal
the pathogmets hasis of genetic predispasiton of Lounar and
other subtypes of sroke.

A genetic made] of strake pathogenesis i 5 expected o be mald-
Bctar, imvolving several genetic polymarphisms that ech mnker
small moeases in nsk; on this hags we evaluated several aspects
of possihle smolke 5 imvalving both inflammation and
thrombasis, evahating the poeb e aoninbusion of several inflan-
matoryfanti-inflammatory genotypes and thrombotcfibrmokebc
HNeverthelss, we ohserved significant differences with regard of

of some cerehrovasmlar risk Bobor soch as ypeten:
sian, chalesteral blood levels that oould pardally sxplan smoke
risk in thess patients, ng this & probably dueto cthe mal @fachorial
nature of cerehrovascular risk enmmpassing genets and soquined
Baotars.

A passifble hmitation of oor stod yis that notall genoty pe disr-
ution was in Hardy-Wemberg equilibrium: (1110 1082AC and
E19CT, 111 VNTR 86 bp, TPAT351 0T Nevertheless, despite the
abtence of 3 Hardy-Weinberg equilitmom for thee polymar-
jphizms we do not believe that this requled in 3 major distoron
of our findings owing to the charaderistie of subjects enrollsd

other emvironmensl and genetic factors [486] Whether this has
any significance m regard o the pathogeness of artenial thrombo-
sis mmaing tohe

Funthermare, in pat et assodation betwesn the S0150 gmo-
types and PAI activity was abreerved, with the highest PAI activity
waloes in the £0/4G genotype intermediate in the SG5GC gmatype
and the lowest in the SCSC penotype |7

%o our findings abowr higher frequence of 56756 and 4GBG
FETatypes 3ppeat not msily exphinable, mayhe this finding could
be due i 2 minar rale of fibrnalys s in acoe ischemic strake and
50 10 2 SN s Esociabon

a s that prohahily do no trepresent 2 good semple of overall
popabtion becanse they are hospitalimed patenss withom ische
mic stroke e with other athemsdenotic co-morbidites. More-
oveT, 3 recent study imvestigating plsma PAR1 and 4050
e arypes reported the ahsenoe of a Hardy- Weinherg, o oifibriom
for the 0750 palymanphism |50

Another pess fhle limitation & the fac that the reladwely small
mumber of cxes and antrals and the parformance of maltplemb-
Eroup anahyses may incresse the lkelihood of s purioas rsule

In aondusian, our present sdy has shown 2 ignifiant 2ssoci-
amon betwes some inflanmatory {1L-1 VTR B5hp 212 peotype |
and antiinfammatory genotypes (IL-10 <1082 AA) and 2 pro-
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magulaion tests, 12 smd EOG, 24 h edecmocandiography menitar-
ing, trans characic echocrdio graphy, cratid ulmasound, bradn 7
ar MBI at admission (repeated hetwesn the third and the seventh
days of stroke onset]

Heuralogical deficit scoreon admission was evaluaed by Sran-
dinavian Stroke Scale (3535) 555 xeesses neuralogical defict
through an evalmtion of onsciousnes level sye movemant,
strength m ams, hands, and legs, oren@tion, bnguge, fanal
weakmess and gaxt, giving riseto 2 soore angng from 58 @hkemoe
af deficit) 0 ( death).

22, | shoratory meshods

Analysis of some gene polymonphisms meahved m po-mflam-
marory, ant-inflammatory and coagulation pathway was onder-
tien for patenss with arote kchemic stroke and for control

mibjects

221, Malrnubsr snshysis of allae ot — 308 ket - 308CH)
of TNF-2 geme

Cenomic DNA was extracted fram EDTA antimagulaed blood
smyples by using the miting oot methad [19]. The - 308GA paly-
marphism (75180062 of THF-a was identfied using 2 modifica-
taon of PCR-Resimiction Fragment length Polymaorphism asay as
previosly described [20]. Briefly, 0.5 pM of foreard and reverse
primers ( FACL CAA TAC CTT TG ACGC QCC AT and S00C COC
CATTTG CAAL ACT T were mived ¢ 5-10 ng of DNA template
with a final mneniration of @2 U Tag ONA pal ymerase (Perkin B
mer BicSgsem, Rome kaly), 200 M of sach deogynucleatide and
1% reaction buffer. PCR was performed for 35 cpdes at 94°C
58 "Cand T2 "C for 35 5, respecrively. Restricton enzyme diges San
with Neal (M-Medial, Milan, kaly) of the PCRamplifisd prodoc
{158 bp )and subsequent elecrophoness an 2 2-5%. agarose geldis-
oimanaied bedween the two alleles; -3084 showed two fogments
af 146 and 13 bp, whils 2080 was undigeed and resoled in a
single band of 159bp. Hetemzygous individuals were detected
Iy the presence of i the thee fagments.

222 Haplotyoe moleruler mnahyoic of allds of the - 1082 mclsndide
of IL-10 geme
Thiee different bialletic hisms, rs] BE S5 (10800
Al rs1 800871 | - E28CTY and re] 20087 2 (- S90CA), of 110 gene
were identified using a - 1082 -£19]- 592 haplatype specific pyp-
img methnd, as previmely desodhed [21]. Brisly, 12 couples of T
and 5' allde spen fic ssquenoe primeT pairs wer separately mmed
m a 13 total wolume congiming $-10ng of OMA template
L0 mM Mp(2 98 mM anmonium sulfite, 36 mM TRE-HO
200 pM deccyribonncleodde riphosphates (dNTPs), and 02U
Tag-UNA palymesse (Perkin Bmer HoSystem, Rome, byl Oy-
ding wa performed & 967 for 1 min followed by 5 opcles &
96 C for 255 70 for 45 s, and 72 °C for 45 5, 20 oqpcles & 9670
for 265, 850 for 50s, and 72 °C dor £55 and finally & cpdes =
!"Ch!ﬂ:,i!-"ﬂ fior 603, and 72 %C for 120 5. PR prodods,
mntaning the two -5492f-818] or - 52 - 1082, or
813/ 1042 possible allde combnnations, were detected by elec
o phomesi s an 2% agancse. Molsaular analysis of PAL1 405G pro-
moer polymorphizm was done. The ONA wa amplified by
palymerase chain resction (PR s img 17 -met aliele specific aligo-
mudeotides; for the 50 allele (5010 TRC ACA COT OO0 CCX) and
for the 45 allde{ SCTC TOC ACA (0T COC CAY ) in separas neac
Hons with 3 commean do wnstream primer 5TOC ACC CAC CCACCT
CAT TCT CTAZ, and afourth primes {5 AAL OFT TTACCA TCG TAL
CC OTG CTTY, locaded upstream of the polymanphic region, was
ueed & an miemal aontral for verificton of DNA amplification
as desoribed by Naran et al [Z2].

223, Molmuly molysts of alldes af she - F35] mudlmbide - 72510
T) of tPA geme

tPA-T35 10T palymorphism was amplified using POL Digestion
with Han | resimichon endonud ese prodoced 1 of 2 charaderistc
sets of frgments, depending on the presenceofa € ara Tallele at
ithe SHP. The resiricion fagments were separased ona 72 agnose
Bl 23]

224, Molsuler snalysic of allrle af the — 174 mudeadide (174 C5)
of L6 geme

Amplification of the — 1740 loous was parformed as prwe
ously desoibed [24] Brisfly, PCR amplification was faliowed by
an owernight restriction digest of 15 pl PCR producs wath Nk 1
emryme(M-Medizl, Milan, ltaly) The pressnceof 2 cytosine (Cal-
lele)at mucsotide — 174 was revealsd by the presanceof the Nia 1l
cuting site. The two alld = wer deteced by electropharnesis anal-
w5 in 3 2% agamose el stained with ethidiom bmomide.

225 Molaorky enshyc f il 1RN eaom 2 VAR polymerpitom

The IL1KEN =son 2 jpolymorphism chaaaeried by a varable
mumber of 86 bp repaats, was amabyzead = previously repaned
|25]. Condrtions uesd weneas fllows: 95 *C for 5§ min, then 35 o
cles of 55 " for 305, 50 °C for 305, 72 C for 30 s and, finally, 7250
fors min_The WX prodods were by elecrophors is.on 2
ZL agarcs e ped stained with ethidum bromide. Allele 1 (4 repeak)
was 410bpallde (2 repeats ) was 240 bp, allede3 (5 nepeats was
500 by, alldlie 4 (3 repears)was 325 bp, and allele & (6 repeas ) was
a5 hpinlength.

23 Sratichin] enslysi

The smple size of 144 padenis (96 cam ve 45 mntmals) was
required o deteer an effert with B0% power (2 <005 ) Power al-
culition was generated axsuming an additive mode] to deredt the
effert of any polymomphism having a frequency =02 asoced
with a Cenotype Relative Risk (CRR) 220

Fishers exat ot was used to x sexs intergroup significnoshe.
tween Gtegonial vanshles, and Studenfs § testwas nsed to deter.
mine differenes betwesn mndmuous vanahles Mantel-Haen el
chi square test and Fichers exact test were used to tes differenoess
in genogype frequencies betwesn groups. Logistic negression was
performed o estimate adds ratios {OF) and 955 aonfidence inter
valks () for the sffect of genatypes on nisko farute ischemic stralke.
Sratistical analyses were peformed usng SP5 for Windows, ver-
sian 140 sakoal signfiane was st at ps LO5

A Hesults

W evaluzed 96 subjeos with acme ischemic simoke and 48
comtral mibjecs. Relevant characterisoos of the @ses and contrals
and odds ratios ane given in Tahle 1.

Far zach pol ymophism, genotype frequencies wene d sermined
by gme oomnting and odds ratios are given im Tahle 2

The genatype disttbation was in Hardy-Wemberg squil ibrum
for THR-MEGA, PAL 1675 SG18C 1L 6174 G genotypes and it
was not i equilibrum for and E19CT, 111 VNTR 26 bp, TRAT 351

i i

Regarding the T Fa pro moter paly monp hism: 2t posidon - 308
we oheerved, between patients with arute ischemic siroke and
comiral subjedts, no signifiative difference with regard of fre
guency af GL, GA and AA

‘Whith regard of IL-10 1052AC genotypes in stroke pagens in
comparison with aminals we observed 2 higher frequence of AA
genotype (p = 005), CA genotype was more fequent (pe Q007
in controls, wheress no signifiant difference in CC genotype fre
guane between stroke subjects and contrals was observed.
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Regarding IL-10 pol ymorphism at posidon —£194, the T gamo-
type was sagnfianly more frequent (p=0007) n mntnals,
wheres mo signfictive difference was ohsened with regard of
TT and OC genotypes betwesn stroke. subjects and conimls | see
Tahle )

Thee PAI S515C genotype was more significantly frequent incon-
tralls (p = LOO3S), SCHE has a significantly higher frequency in
sroke: subjects (p = 00001 whereas no. significative differenae
was ohserved betwesn stroke patients and comtrods with regand
of S5746 genoype
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ing @ndidate genes invahved  clotting mechanisms and in partic-
nlar those mmvolved in the halance between fibrinalysis and throm-
hasis such as tPAJPAN sysem

Recendy, 2 single nudeotide polymanphasm locazd ar pooton
~T351 within the enhancer region of the TPA gene was identifiad
and showm to be stromgly comrelaed with sndochetia] TRA release
rates |42]. The palymanphism was akea fumd to have fandtional
importanae a5 ito aourred within an 5p1 binding sie, 3 oor pro-
mating INA tensmiption. Possession of 3 thymidine [ T) alele was
shown to inhibit £p1 hinding and was associased with less than
halfthe TPArelzace oboerved in those homorygoos forthe grosine
[Challde [41] A reent study zbso repomted an increased sk of
ischemicsoke for the TT genotype 43

Among genetic variants at the PAK] loms, the 16754050
ENPin the promoter hos been demaonstrated o be finctonal with
3 higher transmiptional aaivity for the 46 dlele [36] The 40406
genotype ha been assodated with incresed risk of M [38). The
possible mnnection o stroke has recedved les s agtention, and pob-
Ished smdies [20L41] and also our findings do not reveal 3 dear
assndahon.

We alio reported a higher frequency of 11-1 VNTR Sibp 202
Fenonypein sroke subjers companed m controls with 2 sign fficant
hazard ratio (OR = 605 p=0017) at regres Son analyss

ﬂrpemikhcp:ﬂwmq:h::um inton 2 of the IL-1RN
gene masikdng in-@ vasable number fandem repemts (VNTR
6 bp repeats) has been extenchvely imestizated in relison o 2
varisty of pathalogical condigons [3334], but no study evahated
the possihle zsodation between genotypes of 11-1 VNTR 25 bp
and ischemic stroke S0 our finding oould appear onging] and could
offer 2 passhle sxplanation of the atsodation of the IL-1RNZ alile
with ischemic stroke owing © an overall increse of IL-1
doe to 3 less effective [L-1ra inhibitory acivity [34.35] amodated
with this genotype j37,38].

In oursirobe patiers mganding PAl 5G BG palymarnphismin po-
sition ~1675, we showed a higher frequency of 5C MG genotypes,
whenezs mgarding TPA 7351 CT polvmonphism, we neponted 3
higher frequency of (T genotype in stroke subjeds vo ontral
suhjerts not mnfirming presous data regarding an 26 sodation
betwesn TT genogype and schemicsimake [39.42]

Althoagh the commn SC75C po lymaonphi smin the promoter of
the PAk1 gene was sugpssied to be 2 risk fador for some of the
thrombotic dis arders, #is fignificince in the development of throm-
bosis. is still controversial Previous studies repanted tha JCHG
Eenatype i assaciaied with a higher risk of thrombosis in vesses
ofinternal argans especially in the partal veins (25

A deletion/insertio n palymarphi sm (46 ar 5C) in the promoter
of the plheminogen activatar inhibitor type 1 gme hasben sug-
gested ta e imaked in mgukiton of the synthesis of the inhitar,
the 40 allde being xsndaed with enhanced geme expession. A
rebitianship between 4CAS palymaorphism and PALT leveks was
found in patiens with cardiovasmlar and memhalic diseases, b
not in healthy subjeds In patients with desp vein thromhbosis
the 44 palymaorphizm of PAL1 gene pramoier may mflumnoe the
expression of PAI1 and it should be taben into consideration a5
a fariltating andition for pathologal fbvrinalysis together with
othe emvironmenal and genetic fartars {86 ] ‘Whether this has
any significane i regand o e pathogenesis of artenial thrombo-
£t mmains to he proven.

Furthermare, in patienis assocation betwesn the 46150 pmo-
types and PAl act vity was observed, with the highest PAl activity
waloes in the S0[40 genogpe intermediate in the G50 gmotype
and the Jowest in the SC5E genotype 47|

%o our findings abowt higher frequence of SCISC and 40BC
Fenolypes appear not msi by explainable, maybhe this finding could
be due @ 2 minor rale of fibrinalysis in 200 isthemic soroke and
50 10 2 S ous Ssaciatan

The atial ogy of | schemic strake affedts prognass, omome, and
management. We reently ompared phsma levels of immuno-
inflammatory varizhles in patients with acute ischemic strake in
redation to TOAST subtype s howing that candisembalic soroke has
higher leweks of mmaun o-inflammatory variables mthe saste phase
oomypared to other TOAST subtypes wherms bhounar soroke has the
lowest plasma levels [48.49]

Analyzing the reltionchip betwesn inflimmatary and thram-
botic-fibrinalytic gmotypes in ndatbion fo diagnostic subtype cene-
bral ischemiz is therefone an imter=tng perspective to beter
chaacerre the rebtionship hetwesm candidare genes from: the
standpaint of pathogenesis and cerebral schemia. Only ane siody
has examined this rd arienship |50} so our findings regarding the
mnEmporary svaluationofthe dismbution of anti-infammatory
and thmmbotcfibrinalyic genotypes in rebtion o diagnesdc
sub type af erebral ischemia may be weeful

We reparted 2 signfi@nt relationship with TOAST sultypes
only regarding TPA 7351 (O genotype and 171 IL-1 VNTR 236 bp
genotype and laminar TOAST sulbtype ve LAAS subtype with 2 xig-
nifiantrisk rend for both. Regarding TPA 7351 CC po emornphis m
TPA homarygous subjeds for the otasme () allele |£1] @mmpared
m suhjerts with a thymidme{T) allelehase higher plasma l=els of
TPA and this finding coald aoniribee ta defining the pathogenedc
hadkground of hounar strakes, tha we repored a5 chaacemred
by 2 minar degree of immamo-i nfammatory agivation of the ame
phase 4243]. This aspect culd be confirmed by our finding con-
cerming 2nd higher frequency of 17 1L<1 WNTR 86 bp genotype in
bonnar strake dos to the Bt that this genotype1sassociaed with
higher IL-1ra inhihitory activity resulting in 3 high dsgres of anti-
inflammaition. {31 32].

Infammation of the wall of thee penetraing aremies and
impairment af thnomb ot o fibr nobytic balan e may expladn the sig-
mifi@nt aseociadon between thess penotypesand Lamar pype of
schemic smoke, although subsequent stodies might further reveal
the pathogmetc basis of genetic predispostion of Lounar and
other sobtypes of shole.

A genetic made] of stroke pathogeniess is sxpected fo be malkd-
B, imvolving severdl genstic palymanphisms that smch oynder
small moeases in misk; on this hashs we evalusted several aspeas
of pozsih e stoke parhogeneds mvolving both inflammation and
thrombasis, evaheting the possihle mnirthution of several inflam-
matary/anti-mflammatoy genotypes and thromibotic fibrn alvbic
Hewverthelss, we observed significant differences. with regard of
prevalene of some cerehrovasolar sk Baor soch as hyparten-
siom, chalesteral blood levels that could partally explan smake
risk in thess patients, e this & probably dueto the mul dfacaril
nature of eerehrovasoular risk enmmpassing genetc and aoquired
Stars.

A passible imitation of oor study is tharnotall genoty pedism-
bution wias i Hardy-Wemberg equilibrium (1110 1082A8 and
E19LT, 111 VNTR &6 bp, TPAT3S51 JT). Nevertheless, despite the
ahsence of a2 Hardy=Weinhery equiliriom for these polymaor-
phisms we do not believe tha this resuled in 2 major distarson
of our findings owing to the characeristies of subjects enrolled
a% mnirals that prahably do not represent a good sample of overall
popuiation heranse they are hospitalized pagens withoor deche-
mic stroke i with other athemsderotic co-morbidites. Mone-
over, 3 mecent study imvestigating plsma PART and 4050
e orypes neported the ahs s of 2 Hardy="Weinherg, eguifi hriom
for the &0/50 palymarph tsm | 20].

Another poes fhie limitation i the fao that the rebdwly small
mumber of cases and auntrals and the parformanae of malaplesub-
Eroup anzhyses may increase the likelihood of 5 purioos ke

In condusion, our presam study has shown a 5 gifiant associ-
agon betwesn some inflanmatmry {1L-1 VNTR B5hp 212 genorppe
and am-infammatary genotypes (IL-10 <1052 A4) and a pro-
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mmﬂmtpq'pe:u:'na TEA 7351 C7 and PAL-] 1675 5C14G
and ischemic stroke. Moneover our sidy has showm a signifignt
relationship with TOAST subiype remrding anly OF TPA genatype
and 11 IL=1 VNTR 26 bp and Leamar strokes.
Taking mto accooumne results of the present study might be din
ially mlevant to develop a new risk chart and statistial algarithm
that comyprise genetcrisk factors and thedr nteracton with ather
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CHAPTER S

Myocar dial infarction marker levels areinfluenced by proth-
rombin and tumor necrosis factor-a gene polymor phismsin

young patients.

Vaccarino L, Vitale S, Caruso M, Pameri M, Scola L, BovaM, Caruso C, Massenti
MF, VitdeF, Novo S, Lio D, Forte GlI.

Cytokine. 2013 Jan;61(1):218-22.
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Myocardial infarction marker levels are influenced by prothrombin and tumor
necrosis factor-o gene polymorphisms in young patients
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1. Infroduction 12 mmmmmmdnﬂ!mm

Ao myocandial inkncgon { AMI) the leading cuse of monal
#ty and marhidigy m indu strizfired ounttes & 2 comman oubcome
of mronay atheroderosiz As other muitibconial disess, AMI
jprohaklyimealves mamy different gene varians tharmight ineras
o resulitinan addmive ora symengistic o-efisa. Young duls area
relzmwely small propartion of patients who epenence AMI {11
They hawe samedistinct characeristics cmipared to older mtents
a5 young people ane mare Jikely to have normal coronary ameries

Al AML, mxin
i ki AST, e g M,
S ki, i i Bopomis: | oy, A2, lacior B (Ero-dromban | P,
facww ¥ Lo HiA Bemim mhege oopes G- morieess 240,
W ML namstomal d ey, miK-M, coasae chaie-NE
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A3 9REY - e il miaSes & X5 Burdes 18], Al cghl ameswnl.
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remadns mmknown it has heen proposed tha thrambes
formation due to atherosdenatic plague. npaune ar enasion i, 2k
The tmpartana of genetcfactors ssems o be partor by rde
vant in younger subjecs, where it is assumed that the genetic
und infloences the suscaptihility of these subjerts to emi-
rommentad risk factars for AMI ideng fied in the genera! popoktion.
In pardadar 3 prominent mie of genetic factars in the anset of this
diseae hax been documented in twins and Bmily hased gidies
41
Recemly a number of @ndidate genes and chromasamal lod
hawe been identified to be Zmsodaed with the msepdhility &
myozrdial infrdion and 3 majority of thess genes have been
impliated in the procsse of inflammagan |56 | The singe nude
otide polymaorp hisms (SHPs) inthe genes CD4{ -1 33T,
THRx {308 G 112 889 T L6 | - 124 GJC), PSMAG -8 L]
G and POEAD (SNPES T)C nespectively ), wene found to be assog-
ated with increased risk of candiovascular diseases i i flerens pop-
ulations {7=13] In addiion previous sudies have shown thar
il yrmn pp hisms of genes encoding ley Sorors for the coneral and
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activation of inflammatory respanse may playa rale in genetic sus-
cepeibily to AMI in young men [1314]

in particular the pledstropic pro-inflammatery cytaldne tumar
necasis factor {TNFialpha, lying at the tdomenic end of the daxs
1l regiom of the human lealkocyte. antigen (HLA) [15-18] Play a
central rale in the infimmarary respanses with muldple biakogic

‘Wilean and his ool leagues 1 9] first repormed the bi-all dic pahy.
marphism within the & gmaomic region of the TF-a gene pro-
MesteT & posifion 308 (-3080 — A; rs1200E2S) Camying the A
allde entanres transcriptional oty 2nd 3% reported to be 2650
ciater] with higher level s of ciroo basing THF-a [202 1} Serum level s
of TMF-a is elevated in coronary heart disease ((HD) patients and
may madify the sk fordeveloping events sinee it affarts
endothelial ell hemnstaric function | 22] and in 2 recemt metanal
ysis [23] it has been demonstrated that this polymo mphism might
be a nsk Goor for comonary heart dissase.

Moren ver angenital or aoured muGtions loraed on genes
coding for antithrombin Ui, proen € protein & factor V ledden
{FV) and prathramiin (A1), normally assodated to the ocourring
of deep venous thrambosts, were also inconstandy found in pa-
tiens with arteria shromboss. Recent observatons stessed the
hypothesis that mutations of PV and Fll may be risk factors for
acute myoardia infandion | 24-28]

The prothrombin geneis organized in 14 exons, separaded by 13
imtroms with the & ups tream ontrans] aed region [ UTE) and the -
UTR which may play regolatory roles in gene expresion | Z030L
One genedicvariation in the ¥-UTR region of the prathnomih in gene
i5 the G to A transition at modeatide pasition 2021 0, at or near the
cleavage sie ol the mENA premmor o which paly Als added This
wa temned 2 the Boor Il C 312104 muagan The prevalenee of
carmiers of factor 11 20210GA subs Smdon (r51729963) in heathy
Moarthern Evropeans s 1.7% wherex in Southern Furopeans the
presalence is nearly double (220 (30

In 199G, Poont & a. [29] reported tha the 202 10G7A singl
nucleatide palymonphism (SNF) is amociated with an ncrexed
rizk of venous thrombosic Several srudies omfirmed this indtdal
observation hath m venous thmi osis and arter al disegee | 30 32]

In the present study, we analyze the fraguencies of palymar-
phisms A OCIA of FIl and -308CJA of the promoter region. of
THF-x in a group of Sidlian patients aged <46 years affeced by
AM] and evalnate the offert of these paltymarp hisms on the hlood
levels of myocardial Geue damage and doging markers, to ealu-
ate the possitnl ity © wse typing of these palymarphisms in assaci-
ation with selecied hasmatochemical parameters in prognostc
evaluation of these patiens.

2. Materials and methods

21, Subjerks

in this soudy, we analyzed rwn cohares of men afieced by aome
myocandia] inbrction (AMI) and unrelated controds matched for
age and zex. The mhort comprised &) ymmg male pabens (age
Tange 2 3-4 years) aflsced by acre myoardid mfarctian, om-
seqvely adminted o the CardiacUnit of Palerma University Hos-
pital in the bst yeas, and 130 healthy age and gende matched
camtrols, all Irving tn western Sidly. The diagnods of 2ot myoar-
dial infarchion was hased on standard bborawry | roponin | great-
er than dewion limit, 30ngml) [33] findings. oymcal
elecro@ndiographic changes and canfirmed by echoardiography
and mronary angiography Acmrding to the Helsnld decliration
and in Joml ethical committes recommendatons for the ohserva-
tional s dies, wrinten informed consent for enralling m rhe sdy
and for personal data management was obtained from all the

subjeds Hlood samples from patients were colleced 48 h fom
symptoms, transponted and proessed prompéy accornding ta pre-
analytical recommendagans [314]

22, Binchemicl and hematelagicd enshees

Candiac markers were samined by automatic analyzes in the
freh hlood samaqle mll ected 45 h after myocardial mEndion. The
activity of aspartae aminotranserae (AST) and leveds of O0-MA
ismerryme {0 MH mass. mCK-ME) and Trapo nin | were quantfisd
by routine chemial and immonochemicha dimcal bhoraory
methods (Biachemical aummatic analyzer: Modular P and E
Foche, Bl Switzerland); hasmnchromeoytomesTic tet was per-
formed by analyzer Siomex 95900, coaguilation tesw: prothrombin
aowity (PFT). tme of acivated pardal thromboplastin (277)
fibrinogen Clauss by auromatic analymer Futura Advana

23, DNA geneuyping

Genin mac [INA was isobated bya standard method osing protean.
ase K digestion followed by a standard sitingont technique [16]

23.1. Maleruler emalycis of sliss ot the - 302 mirlwtide
(-3080 — A) of TNF-2 grme

The -308GIA palymanp hism {151 S00629) of TNF-a was idem-
fied nsinga madification of MR- Restmictdon Fragment Length Poly-
mearphism assay desaribed by Calbraith and Pandey [35].
05 uM of forward and reveme primers (SAGE CAA TAG CTT TIG
AGE QAT ¥ and SCOCCGG GAT TIG GAA ALTT ¥) were mined
o0 511 ng of DNA template, with 3 final concentration of 0.2 U Tag
I3MA polymerase (Perkin Elmer Biofgsem, Rome, sy, 200 pM of
each deowymdentide and 13 reaction o, P2 was performed
fior 35 cydes 294 70 58 U and T2 C for3 S 5, nespectively. Resrice
tion enryme digsmton with Neal (M-Medial Milbn ialy) of the
PR amplified prodoo (159 bp) and subssquent elecrophoresic
on & 2-5% agarose g discriminated between the two alleles;
~308A showed two fragments of 146 bpand 13 bp, whils -308C
was undigested and resuled in a single hand of 159 bp. Heterozy-
pouts individuals were detected by the presence of ail the thee
fragments

232 Maeouber enalycis of sllse of the 20210 nudeatide
P26 — A) of prodmembin (et 1) gae
Theidentification af the allel=s in the palymanp hic s e of Fadar
1l was obmined by Real Time PCE using Tagiian Pre-Developed As-
=y Remgenrs for Alldic Discrimination ssays aptimized by Ap-
plied Biempsiems on 3 7300 Keal Time PR System a5 previoushy
descmibed | 25]. Briefly, 10ng of ONA for each sample were used
ma PN reaction, comtaining 13 optimzed master mix and 13 spe-
afic primersiprobes mix ascay, acmding to manuGcory protocal
ina fmal walome of 25 pl Two id entiad probes, except far the cen-
mal mudeatide thar spedficaly recognizes the single mudeotide
polvmorphizm (SN F)wene used, each one bbeled atthe 5 extrem-
ity with different dyes | for the wil d-type allde the fluoracho me
FAM, and the floo rachmme VIC for probe spacific faor minor aflede)
and & the ¥ exiremity with a quendher dye, that m this cac= was
the Minor Croove Binder (MCH) dye. Then, the amplification was
jperformed in 7300 Real -Time AR Prizm PCR Sy=tem (App hied Bio-
systemes, USA) using 2 s@ndard amapli fication promcal (1 cyde of
T 2 507 1 cydeof 10 2295 "Cand 40 oycles of 15" 2895 *C plus
1% 2 60T ), and the resuks availehle in the repart shee of 7300
Systemn 508 w13 Software. Hnally, samples were graphically
grouped in 3 genotypic dusters, easily remgnizable in the Alledic
[Rscriminarion plot an the hasis of the twa probe’s. fluonescen o
infensity emistons, whereas the unoerrain cases were 2k evahe
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aed farthe grow op of the fluonescenee emissian curve of each dye
on the mmponent's shea

34 Ssapistion] analyci

The Hardy=Wein berg equilibrium was @nfirmed by Pearson’s
st pond ness of fit beween the observed and expeded genatype
{3:2 tables) and allele (252 tables) foquends ) fshers exan
sk were performed to clladae signifiant different genotyps
or dlehc disriburions betwem patiens with acute myocandial
infarction and healthy controle Odds rato and 95% of mnfidenoe
intervaks wer @iculated with Woolf's approdmation © quandfy
the risk m @rmers af minar allelic varnts. Differenoes in quant-
arive and quatame dig were analyed wing formal Rassdal
e [ANOVA fol loweed by +-Snden et ). Differen oo weene consid-
ered significant whenp < 0%

3 Resuits

In previons studies we have demonstrated that proinfamma-
Ory gene varants determine an ncressad individuals risk for
myacndial infroion [14] Tatle 1 shows the analysis of genotypic
frequenaes of the dngle nuclsafide p Ems of THF
{-308GA) an of the prothrombiim ( Goior [L A1 202100 A) amaong
the 60 male patients and 130 heakthy comerals. Bath patient and
amima " genetc frequencies fit the Hardy-Weinberg equilibrium
far bath the o SNP We abserved 2 significant incease of fre-
guendy af paarypes positive for the minor allele (&) of - AWK
SNP (p= QL0012 ) that are repremented with 2 percentage of 3671
amnng patients, painst 1462 among the heakthy antrols
{ip= 00048, odds ratio 400; 953 comfidenoe inberal 1.571-10.% )
in addidon a not significant inmeass of the pacentage of mubjec
bearing the A0210A allele of the factor Il gene (B35 vs G510

Az well known AMI & disgnosed using some sem specific
markers 25 Cardiac traponin | { CTnijand Creame kinace-Mil 1soen-
yme pmiein (mCK-MH ) Tahle 2 reports d2t on the effed of THF
~30RGTA and Fll A1 0G)A polymanphisms an the levels of thess
haematorhemic] markers, on the leveks of Aspantare Transpeptid-
ases (AST) measurement, nowadays mnsidered obsolete for this
propese and | mkocytes. Strattfying hoematochemicl dag accord-
img the twn SNF genatypes the hi gher leves of O nl wene observed
in subjeat hearing. the THF-x — 38 A or the FIl X012 104 allelx.

On the other hand subjects positive for - 3084 shows ehigher
vds ol mEK-MB whereas the Fil 302104 ones shows the higher
beveds of lenmcytes. The anadysis of the effect of -3BCR THEx
and AE10GIA Boor Il genotypes on cagulaton parameters,
showed 2 significant increxing of plasma fibrinogen levels and
of armlting plasdsts mneniration n young men with ame
myoardial infarcion homozygos or hetenorygous for - 3084 2l
Iede THEx (Table 3} A similar pattern of filrinogen mnentraton
was observed in subjecs beanng Factor 11 GA or AR genotypes.

L Vourorrm ol Cptokir 87 (2000) 2 -222

A s s o

Signs of 3 sysemic inflammatary mspanse such a5 fever, lanm-
cyimsik and elevatad acure phase reactans ane frag uently obsaved
in patients with AMI and CHD_In patients with exhensie myoca-
dial inGrcton a pronounced inflammatory response may forther
complicae the dimca murse |17] Afier acote myocandial infrc
tian, systemic infammarory rmponse & Esodaed with the m-
crases in plsma cynkines, much as TNFa, mterlalanb (L4}
and 1114, in myoardiumand bload. THF-325 2 pra-imflanmary
cymkines and @n @ise severs damage to candismynoy s and
suppress @ndiac function [36]

In addition sxcessive throméin has been described
i imdviduzls at high risk of faal HD[37] i seems biokgially
planshle thar the higher pmthrambin leves related to the
N 10A variant may ale @nfr an ingeassd ik of aneril
disexe

Results repomted m Tahle 1 mnfirm: reponts frome previoos ne
seanches [13,14] on the rale of THF - 384 aflels in AMI and sug-
gext that this gene variant might be an AM risk factor far young
men bot do not allow © onfirm the amociaton betwesn Fi
0 104 aflle and AML To date actually, stndiss atempting ta an-
swr this question have yi & ded mnflicting results. in some repars,
being 2 @mier of the muacon was amockted with an inoeased
misk of acure myocamial infartion (AM ) |38.39]. Newvartheless,
prespective sodis failed to eablish any 2ssodation between
the 202104 allde and AMI 40}

Az mpared in Tahle1 the comalative frequendes of genotypes
pasitive for Prothmmbin 202104 all=le i our pasen®s and cantral
papubacions ane aimeest doubied espea the published frequenges
forthe South Furope. These difference ane probzhly due 1o dhepa
tient and aonimal po pulations sampling (young men). 5o our sub-
jrs amot be  considersd atve of the geneal
populatian. {n fe other hand the North to Soath gradient in dis-
tribugion of in Cancasians was ectablished  S0PN 16
tude &) Sidly is at very South of this disribution so one coold
sperulate that the frequency of Prothromibin 202104 allels might
be farther inoeased in owr popubation. In 2l cases a diffeent
ard Luger population sample i neanezcry to determine Pra g rom-
hin AT2100/A genotype and allde fraquencies in gensral %icitian
popoktian.

Ourdata mdicare that THF - 308G A and R 2021 OG]A pal ymor-
jphisms imqingeupan the leves of haematochemial markers asso-
claied o aore myacrdial infregon A well kmown the cardiac
form of Cardiac toponin 1 (CTnl) levels 2re routnely measaed
fior diagna sing armte myocrdia miancton. Cardise moponin mes-
suremems Jsn provide informadon concerning prognosis and the
effert of early intervention in padents with aoute mronary §m-
dromes. Similarly measurement of concentaton of Creatine -
mase-MH Isceteyme protan (mCK-MB) represent an imparant
marksr of degree of myocrdial damage immediately afier AMI
{911 Om the other hand Cardiac teme necosis mduces an

Tk 1
~HIRCHA, TME sl 20E2LOCUA 90 e g B b B0 yeseay et alfincten] by e evvyos ool e o (M) anacd 1910 Bl woew . e e i ot i,
Gy an A 3 rheaty comEmis L i L T} ]
TP SAP - TIAGHA 74 i ¥ i a54 = [IRTET.A] QL
A 20 mi 1] 111 141 154-7.44 HES
A& 2 11 2 4 1 [ Y] i
AL 12 B3 ] 148 am 151-1048 i
Farim s BENP DI0GA = EL .l -1 LLt] (e -1 s
AL 4 (1] 7 44 1.8 4844 L
LES 1 17 a 15 1m - i
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and i noneased levels af tissoe damage markers of AM as well cens
iral miolennl=s for clott ng proeeses, sugpest that 2 complen genet-
ichackground, mighe be imvabved in suscepghilty to A in young
men and in the extension and severity of the dissase

our da@ might promgpt an approach to defining
indrvidud risk prafiles that @n be applisd o heakhy subjecs to
predict intrinsic risk o f AM1 with difierent ages at onset. Such risk
prafiles, when hetter estahlished ina lager cohont of pagens, can
be used o migger further diagnostic procedures and eady thera-
peutic inerventions aimed & preventing o7 significantly delaying
the clinical manifestations of cardiovascular disease.

This reszarch wias supparted by gran s from LU niversity of Pader-
ma ke sarch Fmancing Found 2007 to D1 and L5 LV, is a Phily sto-
der and this work repressnts an mmplemenatan of her r=arch
project useful for her owm final report
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incressed inflammatory response mermored by 2 not specific m-
creame of circulating leucocytes dus o nemtrophil mobiizaton
Inflanmamry response & an important feae of 2o te comnary
syndromes and myocardial infrdion. in AM signs of mflamma-
tian ane well known and elevared levels of s phass reactants
hawe been shown to be 2oocisted with 2 worse share and long-
term prognoss |17 A2] Our data strongly suggest tha 2 genetically
det=rmined higher proda dion of THF-xis 2500 ated in young sub-
jects o 3 mare severes ardiscdamage in AM = depicted by higher
lewels of mopanin and mOd-ME

A similar and probably sdd e effect might fowve 2 genetically
increased produdion of prothmmibin On the ather hand congider-
ing the small mumber of patients (5 mbjecs) pasithve for the
210 Aalleds and the relative variahility of resul = cbained in this
small group of subjecs the definition of wedght of this genetic var-
iant on haematochemichal marker neessitae further smdies on
larger group of subjecs.

Firnogen i the major coagulation protein in blood by mass, the
precursarof fibrin, and animporant determinan of bload viscasity
and plaelet aggregation |24 43 Our data indiate that subjects
hearing proin flemmatory or procoagulant genatypes have the high
plasma fitrinogen. As well known sardng from the seminal paper
by Hahmi et al. [44]. high filrinogen leveds ane predicaor of cono-
mary atery lesians, mane recently it has heen repored thar plasma
fibrinogen level may predict critial aoronary aneTy stenosk in
young adules with myacardial infaxction j45]. In this view or d2a
seem to suggest that thetyping of the studied SNF of THF-a and of
Al assnciaed to plasma fitrinogen measunement maght be an s
ful ol to the prognostic evalanon of IMA in young subjeds.

5. Condwsioms

All togeghier the resuls of the present sudy, ndiatmg the rela-
tianship amaong. genetially determined THFx and A1 prod uction
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CHAPTER 6

| dentification of three particular morphological phenotypesin
spor adic thoracic aortic aneurysm: phenotypelll as sporadic

thoracic aortic aneurysm biomarker in aged individuals.

Balistreri CR, Maresi E, Pisano C, Di Maggio FM, Vaccarino L, Caruso C, Lio D, Ru-

volo G, Candore G.

Reg uvenation Res. 2014 Apr;17(2):192-6.
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Identification of Three Particular Morphological
Phenotypes in Sporadic Thoracic Aortic Aneurysm:
Phenotype Ill As Sporadic Thoracic Aortic
Aneurysm Biomarker in Aged Individuals

Cammets Ans Balisired” Emileno Maresi™ Calogas Prmann” Fedsnca Mana Ot Meggio)
Lovedana Veccanno! Calogero Casso! Domenico Lo, Giovennd Ruvolo,® Giusep ping Candare”

Abstract

Aging has s swridng impact en the heant md the vasculsr system, and particobirdy o the large elaiic srenes
(e, ana), resoliing in & multinde of chanpes st diffarent @rocoral and fimctonal level. As nesuli, medial
degeneration {MD) oocurs, A charsoteritic example of MD & sporadic thoracie aomic anearysm (S-TAA),
whise patw-physiological mechamams rmmain unclear. In this gudy, typical MD morpshological phe mdypes
were esearched in 5-TAA caws and conrol aorta specimens using histopafological and mainly immimo-
Irigochemical analyses, Thiee phenotypes {1, IL and ) were detecied, but te phenotype [ wa observed.
Elevated cystic MDD, plurifocal medial apoptoss, and increased metallopoeimse-® amount characterize it In
addition, i was significanly comelaied with te severity of elagic frapmentation, hypenension, and smoking,
and particularly with advancing age. Thus, phenostype 1T might represent the typeal MD phenotype ssociated
with 5-TAA in old people that have a major risk of aorta nupture and dissection independently on aneoryam
diameter. This might permit the ssmumption that ghenatype 01 with its typical hisiologieal sbnormalities s an
opimal Womarker of rupture andfor dissection in aged Individuals and is weful both for applying diffesent
surgical approaches and provdding appropriate swrgicsl indications.

Introdisotion risk begmee of gmwing enhencement of onderlying dis
emes, Lz, hyperemsion mnd aping, in Westem popule
(ARG HaG A STRIEING DameT on hent and vescubr  Siom ™" The afiin seemE 0 experience a

syiem, particularly on the bege elastic anenes (iz,
mmz) defermming 3 mubinde of chamges at diffrent
dmctral and fimctom] levels™ As resk, medisl de-
genemiion (MD) acoms.’ Al ge ic devel, tis
mathological entity induees weskening of $he aosiz wall and
2 pogressive wiffening.’ At #e mignscapic level, MID is
ciznacierized by endothelial dysfonction, nomeesal mide-
Gve stress, mizmmamry readion, inflammedory cell mfil
iretion im the 2o0miic wall, and popisis of vescolr smooth
masde cells (VEMCs), follvwed by depenention of aortic
media, ehstin fracture, and degradation *® In mum, this e
sulisineortc dltation end anewysm end an incressed rsk
of the omet of complicaions, ie, aonic disection and
|'|'.|:|l.|.l.J| A dhancerstc madel of MD & spoadic $homco:
IEtiC InAITysm {i‘".-'h'i.ﬂ.}.4 Tt is hecaming & serioms health

incmssed incidence of 5-TAA with advencing of years, =
recenily reporied by epidemiclgical studies performed m
peographic regions with stehle populagons with bk oo o
memigatin, wch = n Minesas md Sweden’'® Hy-
perension 2 widely mrevalent and important sk factor for
caliovescular disesses, inchding STAA" On fe mher
fund, new guidelines lave enplasized hyperiension as the
commament canse of prevemahle desdh and a5 being =iz
nfnnﬂy increased in aged pomation of developed conne
fiex”

In omiresd ip the extensive swdy of syndromic and fa-
milial TAAs the elncidstion on the genedic, maolecuber, 2nd
nn]!nhmn:hmmd'qmﬁcTMfmmh:mﬂy
Ingm. On the b=as of these ohzervaiions, the eveniua

presnce of typicel MDD morpholngica]l phenmypes wa

! i e e Gi?. o Deparmnent of Pado-b e Medical and Fi Heechmaloge
o, & dIL'l.lh: Sargery, Depat mes ﬂ:—'i:gluﬂ-:ﬂ:ﬁ Uml:!::\‘:dhhm Palerma leady.
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T aurhors oo ey oo duin mady.
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TYPICAL MORPHOLOGICAL PHENOTYPES IN 5-TAA

sudied I anda spomdic TAA samples throogh histopathe
mlogica] and immunohs inchemical malyses. Our major goal
was 10 iden@ify e phenotype associsted mamly with the
risk of 20dz npire and diseciion m ald peogple.

Aosz specimens fmm 100 5-TAA petients {97 men and
13 wamen, whose median zge was §2951 11 44 yeam)and
3 comm] ndividmals (21 men and 10 women, mean age
A29+11.57) ded of comses wrrelted o aortic diseass and
o segrss, confirmed by susopay, were colledted. To perform
histopethokgical end immomohisochemical analyses, -
Gent and comm] sorbs wee fized m 0% nextra] buffered
formalin for 24 b, and then processed fir romtine peraffin
emhedding. For examinations by micosoopy, mukiple his-
wlgics] sectims from each sample were prepared snd
saina] with Hemanaylin & Eosin, Weigert-van (ieson,
ard Alcn-Pesiodic Acid Schiff (PAS) TUNEL {ermi-
m! denxynoclmddy] iranderse.medised dUTP mck end-
Ieheling) testing and mmmamo-hisiochemical aveessment for
the evalmiion of metallnproizinze9 (MMP) levels and
medid apopinsis were also peformed, ming - procedomnes
desicaibed i Sopplementary Dats (Supplementary Dot ame
availahle 2t www lieherton ne oo/

The aorfic wall was mainly evalusied fir ©llowing his
wlnpical festwes: {1} Finsis (defined a5 an increase min-
emibs] collgen}; (2} medicnecmss {defined 2 a focl
loss af smooth muscle cell nucld in the mediak {3 orslic
medial necrmns (definad & mucoid muteral scoumulation
{4) focal or medial phrifoce] soplosis (9) elsibc fag-
memaion {defned 25 focal frgmention of eletic lamelle
in the medial; () amoumis of MMP-9 (s Figs. 51 and 52

Hisn-mihological shoormalites of aorSc wall were
padal znd definal acordmg o te definions and graling
sysiams used by Mashizs Beciiel and collezgues ' and akio
described i oo recem smdiss (se Figa. 51 2nd 532 They
were defined o follows Cystic medial chinge: Gode T,
minme cystic cavities holding & hesophilic ground mhstance
that accupy the il width of o bmellar unit; grade IT,
cysfic cavifies holding » hasophific gromd suihdlance
occugy the total width of two or moe contignons |amel by
units; and grade TIT, brge cystic cavities, holding 2 heso-
philic gmomd substance, tha oocopy te il widd of sortic
media {Fig. 51} Elstic mymentsion: Grade [, m i five
foci of elsfic fibems inemuption I twofour neighhorng
lamellar units m one micnsoopic field of 100 % magnifica-
fon; grade 1T, more than five foci of elstic fibers inter-
mpiian in twodow ndghbosing bmellsr mils; grade 171,
elestic fibers mismupSoms aocupy e il widh of zoriic
media with dimmy of smooh musck cells (Rg. 311 Fe-
brosis: Grade T, #n incease of collugen fibers m an area less
than one-thind of the ozl medial dicknes: gade IL an
morese of onllagen fikers accugnying hetween anethind and
woedinds of fie medinl thickness; grade T, an increase of
collagen fihem S ocoupy more Son two-thinds of the
medial thicknes (Fig. 511 Medial necmsis Grade [, focal
o= of smocth mascle @elks nocld i an ames s then one-
third the thickness of the medin; grade 1T, focal o of
mnoath muscle cells nucla th ocupy hetween onethind
and two-Sirds the medial Shicknesy, grade T, focal s of
smoath mascle cells nockei that ocopy moe San twosthnds

14

the medial thidness (Fig 531} Atheroscleméic anewysms
We have defined sthenmclenalic sneuymms as those that
shirwed macmscapic ingmal calofic plagoes or micmscopic
miimal fibrotic thidkness that is one-thind that of e wric
meshs thidiness

Stefisfical sraiysi
Cnmehtins were ssmesend uang Sperman mnk oome-
latiem., A p< (L35 was conxidensd stfetically significant

Tmerestingly, 73 cse aorts tismes were with the typicl
MD and withoot stheromclratic lesions. In Siese thmmes,
three phenctypes (T, 11, md I} were detecied having =
differeni gunibtive ebitmsp of cymic MD, o,
eppinsis, and smooni of MMP-9 (see Fig 51 and 2]
They were descrihed ax follows: Phenoype [, cystic medial
depeneration hdamred hy a sibstitetive fibrogis, in st enoe
of medial apoptos®s and with & low MMP-9 concentradion;
phenotype 1T, higher cysfic medial degenerstion than sube
ditufive fibrosis, with foral medial apopieds, and with
mainly 2 modest MMP-9 amamt, phenotype 11T, elevaial
cysdic medial degeneration, withmol sulsfmtve fibrsis,
with plwifocal media] apopinds, and with an elevalad
MMP-9 concemtradon.

Among these, phenatype T was mamly {63 w. 73} ab
mrved I case mrts 1 showed elevated cysic MDD, phor-
ifocz]l madial spoploss, and incresal MMP-9 amoont {see
Fig. 1A and B} In addifion, phenatype 111 was sgnificanty
cormdated with the seventy of elastic fegmentagon, hyper-
fension, smokong, and paticularly with advancing age (=
0497, p=00000; r=0.267, p=0.0% r=0.342, p=0.006; =
0567, p=0L000, regecively, by non-meometical Spear-
man comedation et dat ot sheem ) In conses, o oo
bfion was oheerved with mda dometer sz m shownl
Thir,, phenotype TTT might repeesent e typical MD phennty pe
excived with mejor sk of sorts ngeore and dissedtion in-
dependemtly on aneurywm diameser.

Amtic disease is ouvenly 3 brge patholgy concemn
hecamse it & commin pardmbrly in sdvncing age and cn
lead o fetal ootcomes. A vasiety of condifions affect the
mrty with progressing years; the most comamon s meE-
ryamn, disseciim, occlision owing to sthemwclenmis, and
general ssiffening. " These condiions ane chesacierized by
micrestmociral changes that frequenily 2 the elt of
vanculer =ging.' ™ Indend, 2ging determines the los of mo-
lerular fidelity a1 cellolar, Ssmue, and orgen Jevel, molading
the heart and vasculer system followed by 2 progressive
enmapy, which =nden patiemis mare ezsly volnesble
0 miermz] md exiomal stessos, fradty, dsahidy, and
digzen " Tn the thracc sz, ape-rebied modificasion
give niz toa maokge] iy, MD, having catlys and
screlerdior effiects fr the omet of S-TAA" This, 5-TAA
risk mcrmsen with bickogical aging. Lade has heen krenwn
mil now shout the hizoméologcal MD-relaed pheno-
oypes msncixed with & major sk fir 5-TAA and = com-
plicafions, especially in ol people ™ This led w o
perform hisomtholagical sndies &0 idemify phenotypes of

69



192- 196,
cronn D 1601 4 For persomal e anly .

17
i

by e Ca

=

Do kovackesd Troem ol in

134

=

—_——

siiﬁ{iiiﬁ#i

Gradell  Gradelll  Gradel

Gradoll  GradeBl  Geadel  Graded  Goadell

lastic fragmintation Midinnecrik Cysiic naciek
B
1 %
0%
B
Ti%
B
5%
4% —
0%
20% I
1%
" el
Absent Focd  Plurifocal | Absent livae Moderate  Clevated
Apoptosis MMF-5

FIG. 1. {Aand Bj Aora wall ahnormalities chancerizmg phenatype TIL {A) Basfic Fagmenation, meadio-necrosis, and
cystc negosis esentally of grades IT and T were fumd. {B) Foml and plurifocal apoptosis were ala bond in all G=oe
otz smples from pafiers veras contmk. In addition, bw, modeate, and elavated menlbprotemased (MMP-9)

mmemnss were sho cheerved

B-TAA, which, mare fan ohes, evolve nin disection
o npee '™

In 2 previoas study, we detecied a mogphological identaty
of medial lesdons tha might e ssomed as precursor and
consequendly 2 opime] biomesker of type A disetion
{TAD), mdependently of mewrysm diameter or vahabs
disnxler.” On the other hand, we abserved tha fhe severity
of arrtic medis degeneration in TAD cmes i oot relsied to
the dizmeter of the eneurysm.'” Crber research groops fre-
gquently fond the onset of TAD in pafimt with & normal
wrtic diameter.” ** These promising fndings encouraged us
1o find phenotypes associated with the rkk of sonz nmeme

and dissection in aged 5-TAA individuak Ths, n the
present study, hisnpthalogicsl and immamohigochemim]
mmlyses were assesed W sz . from 100 5-TAA
patients with medisn sge of G295+1144 years and age-
end gender-maiched conmols. mieresimgly, we olserved
that 2 large mumber of aoma samples showed a3 mopho-
logical idemtity, defined 25 phenatype T and characterized
by elevalrd citic MDD, plwiboe] medin] spopios®, and
morassd MMPA leveds This phenotype appars i be
upnificniy corelated with the sverity of elagic fag.
meniation. In addiion, it shows 2 relafive shemoe of 2 repr-
tve fibrosds; ind commeopently it mi e mudinly pred Spose the
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TYPICAL MORPHOLOGICAL PHENOTYPES IN 5-TAA

S TAA miens o aiic npime. These daia s=em o be in
apreemen with the emerging lierature dets sug pesting the ey
mvalvement of &n up-regobtion of mealinpoéeinae and ape
opiest. ooeleied with inflamematory sge-relaiad
and genaic facion i the maoginsickgy of STAA  On ge
ofer hand, we ecendy sug pesied thet inflammation: produc-
ing MMPs, cyinkines, and deth medinios seem i he e
simred mtholopicl mechenism for TAD. | addition, =gmifi-
canl aseocifions hawesn sngleanclkotide pobymorpinsms
m inflammuiory penes md the TAD rsk wens 2l rparied in
oar sudy ™

Farthermaore, phenotype 1T seems tobe the resnk of three
major risk [Bowes of 5:TAA, mduding hypestemsion,
smoling, and achancing spe. Indeed, & significam posiive
ommelation wa, oberyed between phenoype T and thess
sk faciors. On the other fand, in @ wcent sidy we dem-
msimied thel smoking, hyperiemion, end age were the ex=
chisive sk $TAA factors significan]y awocisted with the
recugtion of the mean lekncyte telomere length 'Y Thewr
emnctin seems plamsble with the hiobogicl effecs that
they medizie on the zorfic wall. In contresl, no- comelation
was ohserved with aoriic diameler.

Tagether aur results, although obamed from = relafively
lzrge mumber of individmls, might ndicas that phemoype
TII, with @ts typical Hgtological shnommalifies, & 2n opimal
hiomarker of mpture andfor dissection i aged individmils
and wimld he wefol bath for applyving differen =rgical
apprmeches and providing approprizée swgical indications.
O e oiher fand, an moease of 5-TAA Dadence in ithe
aged popolation hes been recently olserved by epidemio
logical smdies ™" In addifion, this might be useful hes
camse 5-TAA is chmcelly snd predominanily = silnt
zilment ontll mupture or dissection ooouns and is madioa
in ity m=et znd progremion. Funbermore, untdl mow fis
dizpnenis is gl exclosvely hased m imzging technaloe
gies, and mo blood teds exist Certminly, oo findings re-
guire com@inoed messarch on the genetic, cellubr, and
miilecul ar mechani sms invalved m the developmen of this
phenotype. T and combined effors might lead to firthes
elocidation aboot the role of 5-TAA phenotype TT1, espe-
cially in ald paple.

A major achance would be o be manslste hese findings
min infividoalived and afective pharmarological treas
ments ariented toward molecobr and genetic mechaninms,
allowing for tzlonsd medical and srgical approaches tothis
very serioas condition”” Accondingly, recendly Casidlno
2nd colleagues emphasized $hat we are ignoning his diseass,
which & gowing in incidence and characterized hy a difs
ferent Iocation and etiodog y with respect (o abdominal soriz
areunyam (AAAL Thee sodic diseeses need i be consid-
ered as disgncd enffior end not hastily groeped ogether.
This, the miic dameder md therapies wed for AAMA cane
e nod sumiishle for 5-TAA, = mcenly evidenced by
new puidelines for 5-TAA®" Clinical trizh for 5-TAA ane
required before medical Sempies, smch as f-blocken,
mpikeEnconveiing emzyme mhibiton, anginemin re-
e blockers, shdimns, o macrolide anfibiofics, can he
recommended. On the niher hand, we have proposed in o
recent siudies thai a sirgice] spproech for petiends with 5=
TAA shold comsider noi mly e dismeder of the woriic
mreurysm partion but ako the higological featones md ihe
gemesic risk profile. A2
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CHAPTER 7

Role of TGF-B pathway polymorphismsin sporadic thoracic
aortic aneurysm: rs900 TGF-p2isa marker of differential

gender susceptibility.

Scola L, Di Maggio FM, Vaccarino L, BovaM, Forte GI, Pisano C, Candore G, Co-
lonna-Romano G, Lio D, Ruvolo G, Balistreri CR.
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‘Thoracic sortic aneryem {TAA) 1 a progressive disander tmrobrsg gradual dilabion of sscending andiar descendieg thoradc anrta
with dissertion or muptore a5 complications. 1 oconrs as sporadic o defined smdromes'familial forms (epetic, molecolar and
ool mechanims of sporadic TAM forms are poorly characienzed and known. Thus, oor interes) has been nonsedon isvestigating
ks rode of genetic variants of Lansforming growth facior- 5 (TGE-S) pathways in TAA sk Ow the other hand, po dats un the roleof
penetic variants of TGF- pathwary n sporadic TAA exist entll now. In addition, other cytokimes, induding 11-41, cochestmats TAA
mathopbinlogy. Their balence determines (ke plttmate frie of the anrtic wall as healing athernsdeross or anaurym formation.
Thua, im this paper It was anafyzed the mle of ten pabymarphisss of geses encoding TGP tsoforms and rereplom, and [L-10 in
sparzdic TAX. Cur endy indundsd cazes affected by speradic TAA and two cnntrad growps. The most relevant finding obiatnad
alfiows s bo propose that menn TGR A2 SNP s assoctated with sporadic TAA in women. This might open new penqectives for the

amalysis of sporadic TAA susceptibility faciors and prevention

1. Introduction

Thoracic aortic aneurysm {TAA) is 2 pathological widening
of aoria resalting from degeneration of the evtmcellubar
matriz and Joss of smooth musde cells in the tunica media.
TAA hos different etinlogical coses, indisding monogenic
sydromes (such as Marfan and Loeys-Dier syndromess),
bicaspid aortic vabe (BAV} disease, and idiopathic causes
(L.

The pathogenesss of TAA in monogenic syndmomes has
been entensively studied [3]. The attested evidence, indeed,
suggests the deregulation of transforming growth fctor-f
{TGEA! sgraling characterized by its enhanced function
and damaged TG receptors a5 their common and typical
featare [4, 5]

The TGF-f5 il is constitated by TGF-F1, TGF- fi2, and
TGF-£3 members, which are pleiotropic secreted cyinkines

having a broad spectrum of biologic fanctions. Among thess,
the TGF-A has sumerous cellubar fanctions, incuding cell
growih, cell probferation, cell differentiation, and apoptosis
In bumans, TGF- gene products effects cm stimalate or
inhibite cell growth depending cellnfr and tssee ages
TG can madulate cel] differentiation and prolifention in
auto- or paracrine manoer [6]. In vascular snooth musde
cells, TGF-f can upregulate Bhrmnectin and conpective tissae
growih facior expression via activation of emall mathers
against decapentaplegic (Smad) proteins [7]. As a conseque-
nee, it can promote the deposition of components of extrace-
lular matrix (ECM) [8]. Farthermore, its action depends an
the interaction with specific receptors, such as TGF-{ rece-
peor (TGF-AR) 1 and TGF-SRIL ins of 55 kD
and 70 kD, respectively, with core polypeptides of 500-570
amino acids [9].
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TGF-§ actually is considersd as o crucial player in vasco-
lar remodelling, able to alter both structure and BOM com-
posttion, In Marfan syndrome, the fikrillin-1 gene oustations
seem to mfluence the bicavailahality of active TGE-#. In addi-
tion, mustations in the TGE-§ receptors aleo impair the dg-
nalling cascade in other Marfan syndrome rebated disomders,
including Loeys-Dhietr symdrome, familial TAAs, and anrtic
dissection. Furthermore, muinticns in Motch gene homo-
log 1 (NOTCHI) and Hoichl pathway, mainky identified in
TAA patients with BAY, seem 1o infuence TGE-§ crossalk
[1a].-

In contrast, molscalar and genetics mechanisme of the
nanfamilial TAA forms, repressnting the majar number of
m:cd'TAMrﬂnnnla:gﬂ:fmhmn[ll[ Ddﬁmutmh
nIIG-F—ﬁpu.ﬂm:f:mtmmnnd.:[hnﬂ have
been reported in both sporadic thoracic end ahdominal
mm[B].lnpmﬁm]lnbnl]ﬂu.mdpin:fﬁmcﬁmﬂ
TGF-A signalling have heen described as predisposing factors
for both sporadic TAA development and dissection. The
paradoyical effect of TGF-§ leading to enhancad connective
matrix degradation through metallopmoteinase activation has
been principally obhserved in the ponsymdromic cases of
familial TAAs and dissectinn [d]. In addition, TGFBE] and
TGFBA2 losses induced by funciional muations have been
associated with both fmilial syndromic and ronsyndremic
TAAs [12-14). This altered condition of sigralling
has been demonstrated to induces nmesually the activation of
TGF-f mediated connective matrix degrodation |4].

Furthermare, vascular remodetling, characterising both
sporadic thoracic and abdominal aneurysm, seems preva-
lentky ta be the result not only of TGF# pathways, lmulu:l
of upregulation of multiple orickines, induding intedenkin-
10 (IL-10), an anti-inflammatory cytokine shle in moduolts
activity of TGF{§ pattways. & bige waristy of immune and
tissne anrin cells evocate the typical norta shnormaliies of
thomacic and abdominal spomdic mewrysms. The balance
of cellubar type and mesuliant cyiokine milien determines
the ultimate fate of the aortic wall healing, ntheroeclsmsis,
or apedrysm formation. In the complex scemario, apother
crucial facior is the genetics propensity [I5, 16, Polymor-
phisms of [L-1} gene have been associated with abdominal
aneurysms, while no data exist in lferature shout their mle
in sporadic thoracic aneurysms [E7-20].

Bassd on thes: obsermtions, in this paper we sought io
znalyse the mle of wme common sngle nudeotide poly-
mprphisms (F4Ps) of genes encoding TGP-f isoforms and
receptars, and 1L-10 and receptor in sporadic TAA. On the
aother hand, no Blemtume data on the mole of genetic varianis
of TGE- fand [1-10 pathwaysin sporadic TAA exist until mow:

2. Matertals and Methods

21 Puafient and Contrsd Populatiors. One stdy incloded 1d
indrridizmls {07 men (74.3%) and 37 (35.7%) women; mean
age 63 4 10.7) from Western Sicily enrolled precisely from
fanusary 2004 to July 08 at time of their admision to Car-
dis Susgery Unit of Palermo University Hospital They were
affected by sparadic TAM, diagnosed through BCHO, CT, and
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ascending anrta (precisely in sortic sms and ebular partion
and mdimunnlrim.hlhtﬂupnﬁbnu}lanﬂiumﬂkbul\
or both (Table 1}. Familial and syndroamic forms (e, Marfan
:.nd ﬂﬂ.cr: -Danlos ymdromes) mdmmmmmm

Medical histories periinent i anrtic diseases were
uhh.mcdfmmpmﬂtimﬂiu:]mmchhdmh:
logical treatments were collected {Tabl= 1),

Ta perform genotype analyses two different control pop-
uhitions were also enrolled. The first inclded 90 unrelated
patients of the same cardiac unil withoot TAA (56 (62%} men
and 3 (38%) women; mean age 61.08 £ 583 yeanl The
second control group was represented by 168 healthy control
{12 (66.7%) men and 56 (33.3%) women; mean age 432 +
744 years). Their demographic and clinical features BCHO
imaging exdusion of aarta wall abnormalities, comorhidity
conditions, and pharmacalegical treatments were coflactad
{see Tahle 11

Fatsents and controls belonged to the sme thnic group,
since their parents and grandparents were bom in Sicily
Healthy control age wes significantly lower respect to that
af the two groaps of patients and bypertersion characterised
the 79% of all patients, oppartunely trested with medictions
like ACE inhibitors and beta-hlocker, and so forth during the
fillow-1zp and afier surgical procedures {Table 1).

Our study received approval from Jocal ethic committes
and all participants gave their informed consent. Daiz were
encoded to ensure privacy protection of patisnts and controbs.
A]]Hxnmqpmcadmmperfmmadmﬂlmdhuﬂ
edge aboul nature of material

2.2 Molecular Trping. As reparted in Table 2, we selected ten
fonctienal and common 54y of IL-H0 and TGF-f pathways
located in the prometer region, codifying and noncodify-
ing ssquences and 3'UTR region. Informaion about these
SNPs was acquired from dhENP NCEL, the ENSEMEL data-
base (httpe/iwww.ensemblorg/indexkim), and the LCSC
Geoome Browser wehsiie (hitpe/fgenome nesc.edw/). The
allelic and genotypic frequences of TGE-§ and 1L-10 SNP
pathways were detected throogh the ssays oo demand
developed by KBioscience Lad (Middbesex, UK} and based
onaha 1 Fluorescence Resonance Energy Transfer
{FEET) detection and allele specific FCR (Kaspar). Briefly,
o specihic oligooncleotides were designed for each allele of
the SHPs studied. Each ore of these oligos was tailed with
an 18 bp sequence distinct from each other Tag

d¥TPs, an internal standard dye {thodamine X, Boxl, ond
reverse primers were induded. In addition, the KBsoscence
midifed versions af Tag pﬂ}mmnnﬂ:h:ﬂ:nd
primers characterissd to be mismatched at their 3’ terminal
base This property was nsed to discriminate the two allsles.
The rteaction was monitored by the Buorescence signals
released by two other FRET reporter oliges included in
detected on an ABl-Prism 730 Real-Time PCR Anslyzer
{Applied Biogystem, U54). The genotypes were determined
using the 7300 system 505 software, venus 13 (Applied
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Tamzx I: Demographic and dinbcal chararteristics ol TAA patients and motrn] sahjects.

Variables AAT pabiesty Coanlrol pailents P Control patients P
Demographic caracerisito N =144 N =50 N = 158
Age, mean (313 BAm (I0.T) BL1{5E) A4 #5.2 (T4) «IL0HH
Males, number (%} HI7 {73) 56 1{&2.2) a0l 112 (56.7} am
Body mas inder, meam (511 20 (e3) 369 {29 =98 I5R{A7} el Ex]
TAA siee and Joction
Slze (mml}, men {50 533 (H) @) o
Locatioe, mzmber (%) odn) oo}
Ascreding aorta 72{50.00
Acriic bulb 16 (11}
Ascending aorta and ssriic bl 56(38.3)
Medical hisiory sumber (5]
Aciic anearysm famibarity #1568 o) o
Cardiwazenlar ischemic Benilisrtty 53 {388) M7} ongs o
Smoiing E5{451) 48 [5L1} Q20 & [39s) ke
Hypeniemsion Il {7} 28 (311} «f.0MH oo
Disltpademy ik 1a{1sa} 0ss ain
Dahetes melltes I2{15.3) 12133} 0T a0
Henal failure 4(28) L] h1SE ain
Disgecticn 1& {01 @i o
Aariic vatve pathology, number (%)
Bormal HE(561) 50 (100 168 (100}
Prolapse 19{13.3) ain)
Yascular calcinm fibveosis 45{3L 3 ol
Aartte valve dysfunciton, mmber (%}
Mormal =(201) 50 (104 158 (300}
Falnt Incostimence 25 (s} o)
Moderats incontinemce 30 (20.8) ain)
Severs incontinence 40 (T7I) o0
Faint senocis Lia7} i)
Moderats stenosts 2 (L4} ain)
Severe sennsis 16 (11} Gl
Adhemademsis coromry nmidrnme mmber [%) 15 (34.0) ain] o
Diruxgs, nuzmiberi %)
None 35 {100
Beta-blocken 56.138.9) o) o)
Ceatral-sdremergic agonists 23 (1a] o) o
Sarians =201} o) a{n)
Calciom-chaznel blockes: AT (BT o0 oo
ACE mhihiters =5 (AL} 1156} a{n
Antidtaletic drugs 17 (1EB) 12{133) oo
Anttaggregant drugs %6 {39} (3 oim
Antihyspidemic drugs e X el o) ain
Dimretics g bl 28 (3] o4

Bicsystems) sample by sample, on the basis of the detsction
of a unigue {homorygows samphes) or double (hetereygous

evahmted by gene count. Diatn were iested for goodness
of fit betwesn observed and expected genotype frequencies

aceonding to Hardy-Weinberyequilihrium, by y° tests Signil:

were applied using dominant {major allele bomorygotes
vernz hetermygotes plus minar allde homorygotes) and
recessive | major allele homaozygotes plus hetemrygotes versus
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Tamiz 3 Genes, S¥Ps (accession number), sabstviions, Iocalta-

tion, and podiion vestigated i the sudy.
Genes NI loclteation Polion Alleley
RS Thrumaler (= Gri
L rIE0ETE Thomoter ~R18 T
1E00AET2 Promater 593 Cal
3024495 FUTR Wit defined T
Ca L
ILWRE miRsuisT g rdmar AG
msopazt OB ey Bl
snguencing
TEEf TS0 FUTR tH4HED AT
ettt FUTR Mot defined A
E3FEME YUTR Mot d=fmed A
rAEIZA0S Tukicei +3909 T
minor allels model. Odds ratias (OR), 95%

confidence intervals (5% CL), and P valuss were dater-
mined using 5P55 (SP55 Inc, Chicago, IL, USA). A P < [LOS
was considered statistically significant

3. Results

SLAM;}mafﬁzﬁmmsq'Imimmﬂm'Pm&hm
Literature data have evidenced the sssociation of the I1-10

and TGF-f SMPs with sporadic TAA and other cardiowas-
cubar disezees [4, 8, 12-14; 7-20]. The analysis of genocype
frequencies of all BNFs examined with respect to the expecied
resulis was executed confirming that all populations were in
Hardy Weinherg equilibrium, with the exception of 334349
genobype distribution (Table 3) in TAA patient group. The
anabysis of 1110 and IL-HIRE gene SNPx does not allow
findingsignihcant diferences in genotype freqoencies among

Comparing genatype distribations and allele frequen.cies
of thefrve TGE-f pathvenay SNPs selecied mour stady between
casesand the two control groups, sigrificant differences were
observed anly for TGF- B2 r900 palymorphism (see Table 4}
Tis Erequency was sign different in TAA patients than
o bath contral patients {P = .047) and healby controls
{P = 00059} (Table 4). In particular, the A4 genatype af
TGE-A2 re900 SNP had 2 reduced Frequency in the TAA
patients, which conlrarily showed an increased Frequency of
TT genatype.
Thess results were confirmed by logistic regression anal-
ysey of dominant and recessive models performed between
TAM patiend and comtrol growps (Table 5). Interestingly, the
data ohtnined through comparisons betwesn both coatml
patients and healthy cantrels far dominant modal and com-
parisons with the kst group for recessive model evidenced
that the presence of A allele in homa- or heterozygosis sems
to be significantly protective agains TAA,

Since the incidence of TAM is higher in men than in
women with preciselya ratioof 3: 1 [12], we amessed the 2300
TGF-J SNP Irequencies accarding to gender. Comyparing the

Mediatom of Inflammation

Tamz 3 Single nocleotide polymorphism freqnences of TL-10
patiway geoes In patienis affecied by sporadic TAA and the two
Emoops of controbs subjecs®.

TAA Caonlral Henkiby

NP Genatypss  paiients patients  conimols
ETE ] RN %)

GG 17 (1.8} 778 (125}
TIBDDES GA SA(5E]  4uiemsl &7 (385)
Ad Gfdzd) w3 0
cC s4l4d4)  4Sis0) Ba{sna)
TIR0OET CT SME =N &7 (85
T 15 {15 T{7H 7 [}
cC S5L(444)  45(san)  Be(s00)
nBNOATZ  CA siel) AN &)
KA 15 {80.5) 7 (78 (el il H]
cC 36 {1L1) 5I53) 1941L3)
3T CT 56 {45} S2{5TE) &9 (4L}
TT &1 30} B®E7y  =(@Es)
KA & [ 86.6) 35 (3890 u1(54.3)
mIE3IET AG sa{EE  ddie8E) &0 (xT)
GG 1L {765 u{123} 17 {10}

"o styeficnl dfirences wore fossd comparing TAA peilenl gnotppe
Eroquenicie Wil skl pathon! mad healhy contm grsss.

data, we observed significant differences in genotype distri-
buation of the =800 SNP in women, whersas no signifcant
differences were detected in men (Table 6} In particular,
the AA genotype was significantly decressed in women
affected by TAA with respect to both women of control
patient growp (F = 000FE) and healkh contml group
{r= m}mﬁmﬂ

reciprocally significanthy
increased (F = D00Z7). Thas, altogether thess data empha-

size cotemporally the gender related protective mwle of 44
genotype for TAA and the increased syscepihility for TA &
in individuals carriers of TT genotype [Table §). When we
perform o bogistic regression analysss adinsted for gender,
the significart diferences of A A genotype frequency between
patients and subjects af the two contral groups (P = 0,003}
and particulasly between patients and healiby controls {2 <
00001 ) were confrrmad.

4. DMscusslon

Risk Eactors imvalved in developing aneurysmns are similar to
ihoee jor heart disease, incinding athersclemsis, hyperten-
sion, smoking, advanced age, and family history. However,
the back of aneuryem-specific symptoms often renders them
mndﬁdmﬁhmmmﬁdﬂwﬂh@iﬁmt

TAA d.ﬂnhpn:ﬂtpmdsn 2 multfactorial process
infuznced by baoth cellular and extracellular mechanisms,
resulting in allerations of Sructure snd BCM composition
|1, 2] Recent evidence underlines the deregulation of TGE-
fi signalling in ascending TAAs from syndromic {Marfan
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Tasaz 4: Genotype frequencies of TGF-f1 and 2 isoform and 8 and B2 receptor gene eingie nucieobde polymorphisas in patients afecied

by sporadic TAA and the ben groops of matrals sabdecs.

NPy Gemotyps  TAA patientsn{%}  Conimd pattenise (%)  Fraloe  Heskhy conlmlse (%) Faloe
GG 121 {B4.03) 77 {85.58) 138 {3014}

wﬂdﬁ L 22(15.28% o f127) Do E(IEET] B3
ae 11(0£3) 2 {1 {115

- Ak 44.(3056) A0 (e, ag) 77 (45RE)

TGF 82 FUTR AT T [ 4B.E1) 36 (40,00} oy T3 (345} 0.0055"
1T 300 {383 M {1556) T ey ]

R A& 52 {6389} 56 {E2.23) 106 (E3.05)

TGF.§H ' UTR . 13120.88) 27 (300} 058 sTmm w0
GG 9 j&15) Ti77H) s{z08)

. GG u] (g3.20) 55 (&1} 12 {E6.57

TCF SR 3 UTR GA 39 (7708) 3043333} 0376 51 {30.35) 0544
A4 M {e72) 5{558) s{z8)

ST oc 36 (25.00) M {265T7) £4{2619)

TGF-BR2 Intros CT 85 (45.14) FTI TR 125 B3 {45.41) Tjazn

318 TT 43 (2985} 35 {28.29) Al ([ 2440)

*The pesoiype disirbeSion of 000 TUF-R2 LR SNF wes significasty difiememi in TAA paticss whin compared b both cosiml patinls 1nd haiEhy
comtrols. ABiole fmquencies: ThA palients: 0:545% comtral patints: 0544 heaithy subjocs: 0E76.

Tasae 5 Mndtiple logistic regression anabyses of domisant {major allde homozygotes verns helermygot=s plus minor allde homoeygotes)
amd recemive {majosallsl: homorygolesphus heteronypotes versos minos allele bomorygotes) models applied to TAA patiest goup ompared.

with matrol groups.
=P Modd TAM wersus matrul patients TAA vesus healthy controls
OR (9% C1) P DR {s% CL} B

mABDDET] Domizant D.BAE {0.452-1.828) Q558 L1 {0530 1075) e
Recessive 3750113290 56 393} 0581 L773 (D154-15.210) L

50 [omizant D550 (D3I8-0.950) D.03& 0.520 {0 326-1LH29) 00073
Hecessive 0700 (03421407} o 0,456 (0.242-1.855) L o

R334 Dhomimant 1074 (s 3- 1L AS3) o3y L0355 ({LE52- 1643) 0.508
Raceabes 1265 (0.454-3.526) 0731 QL4ED (LI51-L408) LET

—— Domizant 1,053 (0,635~ LBRO) 0.7 LB | D538 1.355) D553
Recesstve 0546 (0190-L572) I U511 (0.0 L039) Q0518
Domimant 097 (0,503 1L571) 0LETE 1L539 {0.564-L3565) C.BgT
Recazive 0.554 (0.535-L.703) L= 0.738{0.459-1.257) 03w

syndmme, Loeys-Dicte syndrome, and Ehlers-Danlos syn-
drome) and not syndmomic TAA patients as well as in TAAs
ﬁmmnﬁmﬂhmﬂTﬂhmﬂﬁm|H]
nﬂpmtupﬂtmunﬁmyﬂ:dhlumﬂumdﬂﬁ
ing profiferation, angiogenesis, differentiation, apopiosis,
infammaticn, nn&mndhﬂﬁn“lﬂ (¥ the thres TGE-
f isoforms, their mle in matriz deposition (=g, collagen
symthesis) refated to fibeotic disease is particulerhy well known
[22]. Howeves, some recent data bave also demenstmted their
iovalvement in oncomventiona] pathways able to defzrmine
matrix degradation [4].

Purthermare, the TGE-§ isaforms exhibit both averlap-
ping and divergent properties, = evidenced principally in
embryngenetic stadies, In particalar, TGF-H2 knockout mice

are characterized todie parmatally and display o wide rangeal
dﬂ:lcpmmln]deﬁadj,h:ﬁlﬂngmﬂimmlﬂ:, Fuhmur;,
skeletal, ocular, inner ear, and u.lug,eu.it.l] manifestations
[73-75]. Finplo-insufficiens TGF432 mice have aorfic mot
anearysm and biochemical evidence of incrensed canonical
and no canopical TGF-§ signalling [26]. These observations
led Maleszewska and collaagues io suggest the crucial role of
TGPﬁlmﬂumla:mmﬂmg1ﬂLThq'pnﬂmh:]}'
urdeclined that, in presenceof a low grade chronic inflamma

tmufﬁtmﬂ;::ndmcﬂxmﬂumﬂmkmt
ing with other cytolines as intedeukin- 18, might modsfy and
remodel vascular aorta tissnes inducing endothelial cells for-
ward mesenchymal transition {EndMT). EndMT represents
a central mechanism in cardiac vabve embryogenesis, which
in pathological condition might determine candiac Bhrosis.
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Tasas &: Statistical of TGP 32 res00 genotype distribotions in paifiests affsciad by TAA and in the bwe groups of control soijeds
stratified according to the gender”.
Men Women
Ad AT T Ak AT T
TAA patients & (%) 36(36) F4 (5045) 7 {15.85] B {ILET) 15 (43.24] B (355]
Conlrod patientse. (%) 2213529 25 {45 {16.07) 18 {520} 143235 S {17
Healthy comtrols n (%) 433854 56 {50.00] B {1L61) 4 (60T1) I7 {3036} 5{a%)
Odd ratto stgnificance
Men Women
Ad AT T A AT T
TAM versis controd patlents
oR aTed 1363 1986 0245 LIe3 3.2
g% CL k4011531 0.660-2418 .408-2382 LDET-0.687 1.550-241R0 29010071
F valus 485 512 LiHHI RITE 0.R2 ik
TA A versns healthy ostrals
o 084 L= L438 DI Lo 5525
geR L 0.468- 1415 DAdl-1551 0.662-3.138 (.063-0.46L Latn-1.731 L#e7-TI71
F valpe 48 1] 0.3 QLU CiE] L.ood 00037

*Logielic rgrenian analpse adissied for geader confires: (hai e AA genolype foquency wes signiScrtly docreased and TT gesolypo Incresed In TAA
WOUTIEN Palfonls coTpars] Lo Wormen of Th two comtred groups (F - 0002, 1 partiosbr comparsd (o heathy comirols (F o« G007

Actually, immuanohistochemistry analysss of TAA aneurysms
demopstrated that both the media and adventitia from
patients with Masfan sndrome and famibial TAAs, o5 well
a1 from sporadic cases with or withont dissections ar BAV
cells [27]. This inflammatory condition might contribize o
ithe pathogeness of TAN [3, 28-35].

In the light of these observations, we ass=sed the rols
of fve genetic varianls JTGF-.B]nI]mq:{TEl"—FU and
2 isoforms and BI and B2 receptom) in sporadic TAL
hﬂu’uhﬂd},lﬁemﬂlrﬂmﬂﬂnﬂmgiﬂumtnn&r
allenws proposing that r800 TGF-H2 SMP is associated with
sparadic TAA in women. Om the other hand, recent reporis
assigned a dined or an indirect central mle to TGF-32 and ils
genetic variants in the pathogenssis of both syndromic and
famili] TA A= [3, 71, 28-35]. In addition, it has been reported
that mutations in the TGFERI genes deregulate the TGP
35| TGF-A2 gene musations have been fpund in familial
This and dissections associated with mild systemic featires
of Marfan pmdrome, Losys-Diste syndmme and in TAA
and dissection associated with mitral valve disease {3, 28~
3] In these dismses, the TGF-A2 dependent EndMT might
play a mle. In spite of these findings, the exact role of TGE-

2in TAA pathogenesis is not dlear. In particular, both the

of function genetically deiermined and the “paradoxical”
augment in the downstream TGF-§ sigraling pathway might
be impariant far TTA development [14].

Harwever, o our knowledge, no literaiure data evist aboot
the mis of genetic veriants of TGE-f2 pathway in sporadic
Thhs, Thus, this is the first report that identifted & comman
l.ndFl.ntﬁnnl!mF-Pz SME the ms00) SMP as genetic risk
marker for sporadic TAA The e300 SNF is located at the
2814 postion downstream of the TGF-f2 gene coding regian.

Scanning alldic 200 sequences for UTR structural motif
using an online tool (hitpofithtools.ba ith.onrit otrscan ) has
shawn that the T allele introdisces 2 new open reading frame
ATG in the 3'UTR region of TGP-A2 gene that potentially
might interfere with ribosomal translation. This may allow
hypothesising that the re300 T allele may interfere with the
rate of prtein producton,

5. Limitations and Condusions

Az reported ahove, TAAs ocrur most [requently in Cao-
casians than inother ethnic groups and theyadflict men two to
fonur tiames more frequently than women {4]. As consequence,
our results, sapgesting that red00 TGF-H2 SNF might be
ane of genetic factors involved in the woman suscepeihifity
furT.ﬂ.A.mighupmmpﬂ'lpadhuElrlheml}ﬁul'
TAA susceptibility factors and prevention. Actu-
ally these Andings chtained in this relatively small sudy,
which need certzinly to be confirmed in huger popalations
af differ=nt gemetic background, might prompt studies oo
gender oriented pharmacelogical strategies to prevent TAL
development in predisposed nuhjeces.
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CHAPTER 8

G-protein-coupled receptor kinase 5 polymor phism and Ta-

kotsubo cardiomyopathy.
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Palerma, PA [TALY
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Bachground Takotsubo ppathf (TTC} is an increasinglff reported clinical
fndrome= that mifrics acute rfocardal infarcion without chstuctve coronarf arnterd

dismase and it characterzed bf Fansient of siolic dfsfunction of the apical andior
midsegments of the ke vertride. The sfrdrome mainlf coours in postmencpausal

warnzn with high adrenergic stas conditions. Nowadaf's, the pathophfziciogf of TTC
is: not {2 knawn and the possiblitf of a genefic predisposition is comtroversial.

Aims The purpose of this shudfl was i assess the ganstic suscepshid 1o TTC
through analf ziz of the L41Q polfmerphizm of the G.protein-coaupled recaptor kinazs §
[GRKE).

hizthods and resuls In a cohort of 20 patents enmbed in two tediarf Bafian centers:
with diagniosiz of TTC, according!f to the commaonlf accapted Mafc Clinic oiteria and
in 22 heatfif subjects (cortrol) we have svaluzisd the polfmorphism in GRKE gene.
ﬁeﬂﬂpﬂﬂmlﬂdnmn#dﬁﬁﬂfﬂunﬂTmmmm

presence of one or two LAT allsls of GRXE was signficandf more fequent in TTC

Fowered by Ediforial Mansger® and FroduXion Manager® from Ares Systems Cosporabion
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growp #han in comol group (2407 v 8%, p=0.0372)
wmmnﬂumm a significant difference in the frequencf of

1 isor between TTC pagents and controls, supporting a genetic
preispostion io s candac Sfndrome.
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G-protein-coupled receptor
kinase 5 polymorphism and
Takotsubo cardiomyopathy

Gimseppina Nove™ Salvatore Giambanco®, Marcoe Goglielmo®, Luisa Arvige®, Maria Rita
Sutera”, Francesco Giambance®, Salvatore Evola® , Loredana Vaccarine®, Mannela Bova®,
Domenico Lio®, Pasquale Assennato”, Salvatore Nove”
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*Division of Cardiology “G.F. Inerassia™ Hospital, Palermo, Traly

“Department of Biopathology and Medical and Forensic Biotechnology, University of Palenmo,
Italy

ABSTRACT

Background Taketsubo cardiomyopathy (TTC) is an mcreasingly reported
clmical syndrome that numics acute myocardial mfarchon without cbstmctive
coronary artery disease and it characterized by transient systolic dysfimetion of the
apical and'or midsegments of the left venimicle. The syndrome maimly ocours m
postmenopansal women with high adrenergic state conditions. Nowadays, the
pathophysiology of TIC is not yet known and the possibility of a genetic

predisposifion 15 controversial.
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Aims The purpose of this study was to assess the genetic susceptibility to TTC

through analysis of the L41Q polymorphism of the G-protein-coupled receptor
kinase 5 (GRK3).

Methods and results In a cohort of 20 patients enrolled m two tertiary Italian
centers with diagnosis of TTC, accordingly to the commonly accepted Mayo
Clinic cnteria and in 22 healthy subjects (control) we have evalnated the
polymorphism in GRES gene. The TTC patients had a mean age of 6529 years
and 1920 were females. The presence of one or fwo L41 allels of GEKS was
sigmificantly more frequent in TTC group than m control group (40% wvs 8%,
p=0.0372).

Conclusions In ouwr study we have found a significant difference in the

frequency of GEES polymorphism between TTC patients and conirols, supporting
a genetic predispesition to this cardiac syndrome.

Eeywords: Takotsubo cardiomyopathy; GEKS gene; polymorphism; genotype.

PR 22 L 2 d 2 T
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Intreduction

Takotsubo cardiconyopathy (TTC), also called “stress cardiomryopathy™ or
“transient left ventmeular apical balloonmg syndrome”, is an inffequent heart
syndrome, accounting for at least 2% of acute coronary syndrome (ACS) cases’. It
has recetved considerable mterest from the scientific commumty around the world,
and in recent years it has been confirmed by the conbmmous and sigmficant
increase of publications related to this cardiomyopathy™ TTC is characterized by
transient left ventneular dysfimction, symptoms and ECG changes mummckmg
acute myocardial infarction. and modest elevation in cardiac troponm. but m the
absence of obstructive coronary disease or anglographic evidence of acute plague
rupture®. Although the syndrome has usually a benign progmosis and a complete
recovery occurs m two to three weeks’, it occasionally can result i acute
complications including hemodynamic mstability, amal and ventneular
arrhythmias®, heart failure. and cardiogenic shock in a minonity of patients™'. The
risk of m-hospital mortality is low (1% to3%)"%. TTC just over 20 years ago was
first described by Japanese mvestigators®, and subsequently was also recognized
by American and Furopean populations'*'” Tt ocours almost exchisively in
women especially m post-menopausal peniod, and the onset of acute event 1s often
preceded by emotional and/or physical stress™. Classically, left ventriculography
shows “apical ballooning™ pattern with hyperkinesia of the basal segments™.

Recently, new vanants have been descnbed with different wall motion anomalies
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of the left ventnele (LV) such as “mudventncular ballooning™ and spanng or
hyperkinesia of the basal and apical segments, or an “inverted Takotsubo™ pattern
with akinesia of the basal portions and hyperkinesia of the apex™*!. The nght
venincle (RV) mvolvement is getting mcreasing recogmition and it 15 associated
with a worse prognosis—

To date, the pathophysiology of TIC is still unclear™, but the fact that m TTC
patients, plasma catecholanunes are elevated 2 to 3 times lugher than i acute
myocardial infarcion (AMI), has led to one of the most convincmg hypothesis that
it 15 the result of a transient direct tomic effect of catecholanunes on the
myocardium™ Several studies have provided evidence that high cathecolamine
levels could be respensible for an increase m the expression and enzymatic activity
of G-protem-coupled receptor kinases (GREs). In physiological condibons. the
mnfracellular signalling, following catecholamine binding to the receptor. is mediated
by pARs, actvatng myocytes by coupling to the Go subumt of the Gs protem
complex. At the same time, catecholanunes promote activaion of G-protem-coupled
receptor kinase (GEK) that mduces phosphorylation of BAFS; winch promeotes p-
amrestin binding. and G-protem uncoupling to sht-off signallmg This regulation
system is called “PARs desensitization™ . The up-regulation of GREs could be
somewhat connected to the desensitizabion and down-regulation of the f-
adrenoceptors (PAR) m the falmg heart, suggesimg that genetic GRE vanants

might modify cutcomes in cardiac failure and ischenua™ ™. Of the seven Inuman
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GRKs, GRE? and GRES predomunate in myocardium™, even if GRE2 seems to be
the most relevant isoform at the cardiovascular level™™ . Recently, several studies
evaluating genetic polymorphisms potentially mvolved in the pathogenesis of TIC
have been published, however, the findngs have been confradictory”". The aim of
our study 13 to further mvestigate the genetic susceptibility to TTC through analysis
of the 1410} polymorphism of the G-protemn-coupled receptor kinase 5 (GRKS), ane
of the protein kinases most expressed i the heart and siress-induced acute

ventricular dysfimction.

Methods
From May 2007 to Apnl 2013 we have enrolled consecutive patients wath
TTC from 2 Italian terfiary hospitals. TIC was diagnosed according to the
diagnostic cnteria of Mayo Clinic”, including: (1) Transient hypokinesis, akinesis
of dyskmesis of the left venmeular nmd segments with or wathout apical
mvolvement. The regional wall motion abnormalities typically extend beyond a
single epicardial coronary distmbution; (2) Absence of obstructive corcmary
disease or anmographic evidence of acute plague muptue; (3) New
electrocardiographic (ECG) abnormalihies (either ST-segment elevation and/or T-
wave mversion) of modest elevation in cardiac fropomn; (4) Absence of
pheochromocytoma and myocarditis.
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Penipheral blood samples in EDTA have been collected from each patient of the
study group and control group (healthy subjects). DINA has been extracted using
the “salting out techmique” and the polymorphism rs17098707 for GEES was
identified using Polymerase Chain Reaction (PCE) followed by a Restnction
Fragment Lenght Polymorphism (RFLP) analysis as previously descnibed Written
mformed consent was given by each subject. Stabistical analysis of data was
performed using the Statgraphics software. Contiomous data were reported as
mean + standard deviation and categorical data were expressed m number and
percentage. The differences between the groups were mmalyzed usmg the Clu
Square fest for categonical vanables while the association between mmltiple
variables usmg the nmltivanate hnear regression model A value of p = 0.05 was

considered statistically significant

Resulis

Of the 43 consecutive TTC patients overall recnmted, 20 gave consent for
genetic analysis. The main chinical features of the study population are shown
Table 1. The analysis of polymorphism rs17098707 AT L41Q for GRES was
performed m 20 TTC patients and 22 healthy subjects were used as control group
(Table 2). In the TTC group the “wild-type™ genotype (AA) was found in 12
patients (60%), while the “vanant” condifion was found m 5 patents (25%) m the

heterozygosity (AT) and the homozygosity state (TT) in 3 patients (15%). In the
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control group the expression of the AA genotype was observed m almost all of the
analyzed population (92%) since the presence of polymorphism for GRES was
detected only m 1 subject (4%) mn heterozygesity (AT) and m 1 subject (4%) m
homozygosity state (TT). Both growps seem to be m “Hardy-Wemberg
equulibrum”. The distnbution of genotypes between the two populations appears
sigmficantly different (p=0.0372) with an mcreased frequency of genotypes
positive for the T allele in TTC patients. The analysis of the sigmficance of the
frequency distribution of genotypes between patients and control group shows that
homozygous genotype AA has a ligh probability of bemg protective of TIC
(OR=0.130; 95% CI=0.027 - 0.827) and the difference in distnbition between the
two populations 15 sigmficant (p=0.0296). The AT (heterozygous) and TT
(homozygous) genotypes do not seem to have a clear predisposing effect for TIC
and the difference m the gemotype distobution between both groups 15 not
sigmficant (Table 3). About the frequency distnbuton of the alleles between
patients and controls (Table 4) it has been found that the T allele, mamly
represented m the TTC group (p=0.0174), seems to be one of the genetic nsk
factors for Takotsubo syndrome (RR=4.033; 95% CI=1211 - 13.431).
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Discussion

TTC are nmitiple, and the real challenge for cardiclogsts is not their determination,
but rather to imderstand why only some mdividuals develop stress cardiomyopathy.
The identification of a gemetic susceptibibty m TIC, favourmg a betfer
understandmg of the pathogenems of flus pecubar syndrome, could allow the
development of more appropriated preventive strategies and tailored treatment

The adrenal-cardiac ams has been increasingly identified as an important
contributary factor to the pathogenesis of TTC*Y. The catecholamines. produced
by the adrenal glands, are released m respomse to sympathetic nervous system
stimmlation, and merease cardiac fimchon However, when catecholamines levels
remain chromeally elevated, PARs desemsiizabon occurs by a process whch
mvolves proteins mcluding GREs and beta-amestins. both of which have been
associated with cardiac dysfunction™ In detml, the PARs are phosphorylated by
GREs, translocated, and subsequently mternalized after binding to beta-arrestins.
Beta-grrestin | prevents the miubifion of catecholanune release from the adrenal
glands, ephances the secretion of aldostercme, and may contmbute to the
pathogenesis of TTC. Furthermore, it inhibits the motropic effects of cardiac p1ARs
resulting in decreased cardiac finction™. In addition, ncreased cardiac GRED
levels have been described m chronic heart fatlure and are assoctated with elevated
sympathetic nervous system activity. As recently proposed by Samtulli et al .
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GRK2 could be predictive of venineular remodeling after myocardial infarchon and
could facihitate the tmlonng of appropnate therapy for ngh-nsk pabents. Fusco et
al * reported that 1schemia causes acute cellular and mitochondrial sccummlation of
GPK2, and mduces mitochondna biogenesis after 1schenua 'reperfusion. mdicating a
protective effect of GRE2 for mitochondna after acute stress. On the other hand it
has been reported that GRES-mediated AR desensiization could provide adaptive,
beneficial effects during early ventncular decompensation and prior to frank
failure™ Moreover, GREs may reflect other pathophysiclogic processes. Indeed, it
has been demonsirated the ability of the amine termumis of GRES (GRES-NT) to
reduce myocardial franscnption factor NF-«B actwvity and left cardiac
hypertrophy™. In recent years, several experimental and clinical studies analyzing
polymomphisme  potentially mvolved m the pathogenesis of TTC have hbeen
published. However, the data reported by various studies are rather controversial™
Given the known higher frequency of some polymorphism in the Afican-Amencan
than Caucasian population. racial differences may partly justify this discrepancy™ ™.
Specifically, the genefic varants most extensively mvestigated have been those
affectng cardiac adrenergic teceptor (AR) subtypes (o, Bl, and B2), Gs-protein
alpha subunit (GNAS). and GRES.

Zaroff and colleagues™ have shown an association between polymorphisms
of the genes encoding the fl adremermc receptor (ADRB1 Arg389Gly and
SerddGly), p2 (ADRB2 Glylbdrg, Gin27Glu, and Thrl641le) and a2c (ADRA2C
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del322-325) and cardiac dysfunction attnbuted to the release of catecholanunes
after subarachnoid hemomhage (SAH). In particular, the authors conclude that
ADPBI and ADRA?C polymorphisms are associated with an increased nisk of
cardiac sbnormalities after SAH These data support the hypothesis that cardiac
dysfimction after SAH is a form of newrocardiogenic injury. Note that, the
remional dysfimchion reversible left venmimcular view m SAH pabents 1s
phenotypically simmlar to that of TTC patients.

Sharkey and colleazues™ evaluated in a cohort of 41 patients with stress
cardiomyopathy, the fimetional polymorphisms of adrenergic receptors fl and a2c
already mophicated i the mereased activation of the sympathetic nervous system.
but have not found sigmficant differences between TTC patients and controls.

Handy and colleagues®, based on evidence from animal studies. have
included in their study also the evaluation of the ADRB2, over that of ADRB1 and
ADRA2C, assuming that dunng stress, when epinephnme is the mam circulatmg
catecholamime, regional differences m epmephnne sensitive p2-receptors could
explain the myocardial response to cathecolamime surge seen m TTC. According
to their study, the authors conclude that while a molecular defect i adrenergic
signaling remains a plausible pathogenic mechanism their data, as well as those of
Sharkey and colleagues, mdicate that the TTC 15 not probably based on genefic

vanafions m adrenergic receptors.
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Spinelli and colleagues™ have analysed the pemetic polymorphisms m
ADRBI1. ADRB2. GNAS and GRES genes m 22 TTC pafients. The prevalence of
most of the polymorphusms were smmlar between patients and controls, but for
141Q polymorphism of the GRES, wherein the glutamine (wild-type) at position
41 15 replaced by leucine, was sigmificantly more frequent in the TTC group.
Specifically, the authors have hypothesized that this pelymorphism could
attemate the motropic effect of catecholamines on cardiomyocytes m
confimnation of what has been shown in 1solated cells and m transgemc mice. m
which the GRES 141 vanant causes a negative inofropic effect imder conditions
of acute massive catecholanune release. Moreover, the same polymorphism 13
associated with an merease m PAR. desensihzahon, which may predispose to TTC.

Recently, Figiree and colleagues™ m a large Australian cohort of 92 TTC
patients, did not find association of genefic vanants in the oestrogen receptor o
(ERa). f1AR. P2AR. and catechol-O-methy] transferase (COMT) genes, or with
the previously implicated GREKS, with occurrence of TTC. Although their data
showed no evidence for specific genefic vanants m GRES or AR playms a rele
i susceptibility of an mdividual to TTIC, the authors believe that this mferesting
hypothesis cannot be disputed and further research are needed .

In our study, consistent with the data of Spimelh and colleagues™, the
percentage of TTC patients who presented the rs17098707 polymorphism of the
GFES gene was sigmficantly higher than confrols (p=0.0372). Furthemore. the

11
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analysis of data showed that “wild-type” genotype (AA) could be protective
agamst TTC. In contrast, GRES 141 vanant m heterozygous (AT) and
homozygous (TT) genotypes, did not seem to be predisposing to TTC although the
T allele could represent one of the genetic nsk factors for fhus cardiomyopathry
p=0.0174).

Study limitation
The man limitation of our study 1s the small sample size, however our results
do not pretend to clanfy the complicate 1ssue concerning the genetic mechanismes that
mught modulate the pathogemesis of TTC, rather to provide the cardiological

community with a further observation

Conclusion

We found a significant difference i the frequency of GRES polymorphism
between TTC patients and controls. These findimgs reinforce the hypothesis of the
role of genetic predisposition in the pathogenesis of TTC. Thus, a defect in the
adrenergic signal remains one of the most compellmg pathogenetic hypothesis in
this field Further research larger mmlticentre studies are needs fo better understand
the role of genetics in the pathophysiology of this syndrome.
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Table

Table1 The main dinical characteristics of the study population [n=20}

Bge [mean £ 50) 6519
Female[%) 19(95)
Emotionalfphysical stressors [¥] 17 (BS)
Smaker (%] § [30)
Hypertension (%] 14 70)
Diabetes mellitus {%) 3(15)
Troponin | peak (mean X 50) [ngfml) 5.98 T 6.15
Ejection fraction in scute phase [mean  50) (%) 6176
Ejection fraction st discharge [mean T 50 (%] S23TTE
Ini hospital events (%) 2 (1
- pericarditis 2 (109

Table 2 Frequency of L410 palymorphizm of the GRKS in TTC and control subjects

Gene [SHF) Group WT %] Het %) Paoly (%) P-wmlue
e 600 25.0 150 0037z

SHP, dlrgghe nudeotide pefymorphim; GRS, G-protein-cospled recepior kinase 5 TTC, Tekotsubo cardismyopathy; WT, homosygous for
tha el bypen; et Bl ceypobe; Polp, homorygoun for polymer phlim.

Table3 Analysis of the significance of the frequency distribution of genotypes

betwesn patients and contral group
Genotypes OR 5% a P-walue
WT 0450 0.027-0.827 0102596
Het 7.000 0.738-66.249 [EN e
Poly 3.500 0.334-36.668 0.345

W, homatygies For the wild type; Het, heterangote; Pody, homarygous Tor polymarnphism; R, odd ratis;
S5 O, 955 conlidaion el
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Table 4

Frequency distribution of the alleles between patients and control group

N* analyzed chromosomes

Group B Alkele %) T Allele %)

44 Control 832 6B
40 TTC 715 27.5

Pvalus

0.0174
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ABSTRACT

Colorecta cancer (CRC) is one of the highest cause of morbidity and mortality in West-
ern world. As it is known, a tight relation exists between the inflammation control ca-
pacity and cancer, in terms of susceptibility, tumorigenesis, progression and metastatic
dissemination. Indeed, in the early steps of the cancerogenesis a genetically determined
major systemic inflammatory capacity, due to polymorphisms of genes coding for in-
flammation regulation key molecules, could be primarily involved in cancer susceptibil-
ity and development as well as the response to chemotherapy. Here the effect of genetic
polymorphisms located on crucia pro-inflammatory and anti-inflammatory cytokine
genes (IL-6 -174G/C, rs1800795; INF-y +874A/T, rs2430561; IL-10 -592A/C
rs1800872, -819C/T rs1800871, -1082G/A rs1800896; TGF-3 R25P, rs1800471) on the
expression changes of some pro-inflammatory (IL-6, INF-y, Cyclooxygenase (COX)-2),
and anti-inflammatory (IL-10, TGF-[3) factors produced by peripheral blood mononuc-
lear cells (PMBC) in a group of patients having sporadic colorectal carcinoma across
the period of their clinical management was analysed. SNPs analysis shows aweak pro-
tective role against the development of sporadic CRC for the minor C allele of the G —
C R25P; rs1800471 SNP, located within the signal peptide sequence of the TGF-beta
gene (P: 0.021; Oddsratio: 0.3412; 95% C. 1.: 0.1323 to 0.8800).

An increase of IL-10 expression and an inverse behavior of IL-6 within 3 months from
the chemotherapy treatment was observed. In particular a significant higher IL-10
MRNA level characterize patients not free from disease (NFFD). Besides, we aways
observed significantly lower IL-10 mRNA quantity in FFD patients, respect to NFFD
ones, both if they underwent to chemotherapy or not (P: 00010, 00045, 0.328). Fur-
thermore, among patients undergone to chemotherapy, not FFD patients were characte-
rized by a significantly higher frequency of the IL-10 GCC haplotype, responsible of a
higher mRNA production. In conclusion, overal our results confirms the involvement
of TGF-f1 and IL-10 signaling pathway with CRC disease. Suggesting that analysis of
IL-10 expression in PMBC might be an useful marker in prediction of ongoing anti-

tumor response.
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INTRODUCTION

Colorecta cancer (CRC) is one of the highest cause of morbidity and mortality in West-
ern world. Among the factors involved in the pathogenesis of sporadic cases, eating ha-
bits, genetics, environment and inflammation are certainly focused, being the CRC fa
milial cases, carriers of an hereditable genetic cause, only the 20% of overall patients.
(Jemal A. et d. 2008).

As it is known, a tight relation exists between the inflammation control capacity and
cancer, in terms of susceptibility, tumorigenesis, progression and metastatic dissemina-
tion (Caruso C. et a. 2004; Terzi¢ J. et a. 2010). A large debate exists on the role that
immune mediators play across the tumor progression steps, so that the positive or nega-
tive influences of immune reactions should be evaluated case by case and contextua-
lized respect to the tumor steps (Vasto S. et al. 2008), also distinguishing the host local
and systemic response (Caruso C. et a. 2009).

Indeed, in the early steps of the cancerogenesis a genetically determined major systemic
inflammatory capacity, due to polymorphisms of genes coding for inflammation regula-
tion key molecules, could be primarily involved in cancer susceptibility and develop-
ment. This relation is largely documented by several reported associations between
functiona pro-inflammatory polymorphisms located on genes coding for crucia cyto-
kines, such as Interleukin(IL)-6, Tumor Necrosis Factor (TNF)-a, IL-8, IL-10, Tumor
growth factor (TGF)-3, and an increased susceptibility to develop colorectal cancer
(Landi S. et al. 2003; Belluco C. et a. 2003; Crivello A. et a. 2006) and by the observa-
tions that patients with ulcerative colitis and Crohn’s disease are at increased hazard for
devel oping colorectal cancer (Lakatos PL. et al. 2008).

Actualy, in the colorectal mucosa, cells of the innate immune system, such as neutro-
phils, mast cells, natural killer (NK) cells, dendritic cells (DC), and tumor-associated
macrophages (TAM) can be easily detected and sustain the anti-tumor inflammation,
through the synthesis of growth, remodeling or angiogenic molecules. Such evidences
reveal a constitutive activation of molecules (NF-kB, STAT-3) implied in sustaining in-
flammatory pathways in colorectal cancer tissues (Sakamoto K. et al. 2009; Yu H. et a.
2009). Other groups have demonstrated that 1L-10 deficient mice are able to develop
severe forms of atrophic gastritis, chronic enterocolitis and colon-rectum cancer

(Hachimine D, et a. 2008). Moreover, the examination of normal colorectal mucosa
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from patients with colon cancer reveals that it contains higher number of monocytes and
neutrophils than controls (Roncucci L. et a. 2008). These multiple observations suggest
acentral role of inflammation in colorectal carcinogenesis.

Activated innate cells are the first to migrate in the colorectal mucosa, where they are
known to have a particular role in the orchestration of the response against tumor. Re-
cent studies on co-coltures with colon cancer and mononuclear cells demonstrated a
tight interaction between each other, leading to an higher induced secretion of both pro-
inflammatory (TNF-a, IL-6, Interferon (INF)-y, IL-13) and anti-inflammatory (IL-10,
IL-1ra) cytokines, tightly depending by the dose of tumor cells present into the culture
(Bessler H. et a. 2010).

Moreover, blood neutrophils, isolated from patients having inflammatory bowel diseas-
es were found to produce an increased quantity of inflammatory mediators in in-vitro
coltures (Nikolaus S. et al. 1998), suggesting that the systemic immune system is
stressed in patients suffering of chronic inflammation.

Other studies observed that sera from patients with colorectal cancer showed increased
IL-10 and sIL-2R levels in comparison with subjects with colorectal adenoma (Berghel -
la AM. Et a. 1997), while IL-10 higher concentration was observed by Fortis and co-
workers in sera from patients with different kind of solid tumors at the same stage (1V)
(Fortis C. et a 1996). Furthermore, IL-6 blood concentration seems to be associated
with high circulating Carcino-Embryonic Antigen (CEA) and advanced stage in colo-
rectal cancer (Belluco C. et a 2000).

On the other hand, the anti-inflammatory response might have a paradoxical effect have
arole in the progression of cancer, contributing to immune-surveillance escaping me-
chanisms. Particularly, two main actors in this scenario are the immune-suppressive cy-
tokines IL-10 and TGF-3, able to inhibit the maturation and activation of antigen-
presenting dendritic cells (DC), to promote the down-regulation of classes | HLA mole-
cules and NK cells activity, with the end effect of allowing the tumor to escape immune
recognition and attack. In this sense, even though the infiltrated T-cells into sporadic co-
lon cancer tissues are generally associated to a good prognosis (Guidoboni M. et al.
2001; Atreya l. et a. 2008), loca immune-suppressive conditions could shift the im-
mune-balance inducing the differentiation of T regulatory subsets that might facilitate

tumor progression and dissemination.
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A field that it has not well explored is the relation between local and systemic response
during the tumor evolution steps and therapy treatments is intriguing and not well eluci-
dated.

A large rate of interaction between anti-cancer drugs and host immune adaptation exists.
Thisfact is revealed by several studies which suggest that the progression of malignant
tumors as well as the response to chemotherapy and targeted therapy is critically depen-
dent on the immunological parameters, often derived from the host immune system be-
havior. Chemotherapy rapidly attacks dividing cells, causing thrombocytopenia, neutro-
penia or leukocytopenia, but different cytokine profiling are reported in response to
drugs mainly used in the treatment of cancer diseases. For example, Panis and co-
workers (2011) report an immediate plasmatic reduction of IL-1, IL-10 and TNF-a one
hour later the treatment with doxorubicin, while they observe an increase of 1L-10 blood
level one hour later the administration of paclitaxel in breast cancer patients. On the
other hand, Liu XL. and his group (2008) observed increased INF-y and decreased IL-
10 blood levels after chemotherapy with Folfox4 (Oxaliplatin, Leucovorin, and Fluo-
rouracil) regimen in patients having gastric cancer.

This study was designed to analyse both the role of genetic polymorphisms located on
crucia pro-inflammatory and anti-inflammatory cytokine genes able to direct the im-
mune system response, in the in the sporadic colorectal cancer susceptibility. and as-
sessment of the systemic immunological balance modification caused by the host-tumor
interaction and by the chemotherapy treatment.

To aim these goa we firstly typed -174G/C _rs1800795 (IL-6); +874A/T _rs2430561
(INF-y); -592A/C _rs1800872, -819C/T_rs1800871, -1082G/A_ rs1800896 (IL-10);
R25P rs1800471 (TGF-3) gene polymorphisms and then, evaluated the expression level
changes of some pro-inflammatory (IL-6, INF-y, Cyclooxygenase (COX)-2), and anti-
inflammatory (IL-10, TGF-3) cytokines produced by peripheral blood mononuclear
cells (PMBC) in agroup of patients having sporadic colorectal carcinoma across the pe-

riod of their clinica management.
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MATERIALSAND METHODS
Subjects

A total of 120 patients affected by sporadic CRC and 280 healthy controls, age and sex
matched, were enrolled in this study. The control group, constituted by informed volun-
teer persons, was recruited at the Biopathology and Medical and Forensic Biotechnolo-
gies Department of Palermo University, whereas the group of CRC patients was re-
cruited at the Surgical and Oncology Disciplines Department of Palermo University.
Informed consent was requested to all the subjects enrolled. Table 1 reports, in a synop-
tic way, details describing our cohort of CRC patients.

In details, our series of patients was so constituted: among female patients (44), 16
(36.4%) had age at diagnosis > 65 years old and 28 (63.6%) < 65 years old, whereas 15
(34%) had right sited tumors and 29 (66%) left sited tumors. On the other hand, among
male patients (76), 41 (53,8%) had age at diagnosis > 65 years old and 35 (46,2%) <
65 years old, moreover, 13 (16,9%) had right sited tumors and 63 (83,1%) left sited
tumors. Furthermore, among patients with age at diagnosis <65 years old (63), 11
(17.5%) had right sited tumors and 52 (81.5%) left sited tumors, whereas among pa-
tients with age at diagnosis > 65 years old (57), 17 (29,8%) had right sited tumors and
40 (70,2%) left sited tumors.

Study design

Specificaly, for each patient enrolled, the blood samples collected were classified based
on the following moments of harvesting: post- surgery (PS), < 3 months post-
chemotherapy (<3MPC), >3 months post-chemotherapy (>3MPC). Then, the cytokine
expression levels, evaluated by gPCR, were studied on the base of: 1) the timing of
blood collection during the patient’s management, 2) the undergoing to a chemotherapy
treatment, 3) the Duke stage, and 4) the freedom from disease at the moment of blood
collection.

In the end, it has been investigated the role of functional polymorphisms located on the
IL-10 promoter (-592C/A_rs1800872; -819C/T_rs1800871; -1082G/A_rs1800896),
structured in three characteristic haplotypes (GCC, ACC,ATA) (Turner DM. et a. 1997;
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Eskdale J. et al. 1998), known to affect the promoter activity (Lio D. et a 2002), respect
to the quantity of 1L-10 mRNA produced in response to the chemotherapy treatment.

These MRNA levels, conditioned by genetics, might be indicative of the type of an host-
tumor immune response and could give us prognostic indications about a better or

worse response to chemotherapy.

Sample Analyses

Blood samples were collected and DNA was obtained from all the subjects recruited,
whereas total MRNA was extracted from 24 healthy controls and 117 blood samples
randomly obtained from a sub-group of patients according to the following moments of
collection: post- surgery (PS), < 3 months post-chemotherapy (<3MPC), >3 months
post-chemotherapy (>3MPC). Post-surgery’ and post-chemo’ blood collections have
been performed, at least, 20 days later. Total RNA extracted from healthy controls has
been used to obtain a calibrator for the relative quantification by the Comparative
Cyclesto Threshold (Ct) method.

Nucleic acids extraction

The blood specimens were collected in EDTA sterile tubes. Then, DNA molecules were
extracted using a salting out protocol (Miller et al. 1988), resuspended in Tris-EDTA
buffer and stored at -20°C. Instead, total MRNASs were exclusively obtained from fresh
blood samples, following the PMBC recovery on Ficoll (Euroclone, UK) stratification.
Then, total MRNA were purified by using silica-membrane columns (RNeasy Mini Kit,
Qiagen, Germany), eluted in RNAse free water and stored at -80°C.

SNPs genotyping

Dedicated and pre-made competitive alele specific PCR (Polymerase Chain Reaction)
assays (KASPar), developed by KBioscience (England) were used to perform the Allel-
ic Discrimination tests for the typing of the following functional polymorphisms: -
174G/C rs1800795 (IL-6); +874A/T _rs2430561 (INF-y); -592A/C rs1800872, -
819C/T_rs1800871, -1082G/A _ rs1800896 (IL-10); R25P_rs1800471 (TGF-p).

In details, KASPar SNP genotyping method is an end-point PCR, based on a fluorescent
FRET (Fluorescent Resonance Energy Transfer) system. A mixture of unlabeled pri-
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mers are specifically designed on the sequence of interest and it consists of: 1) two a-
lele-specific forward primers, having aterminal common tag at the 5’ end; 2) a common
reverse primer; 3) two small oligonucleotides complementary to the 5 tag regions of
the allele-specific forward primers, labeled with two different fluorophores (FAM, 6-
carboxy-fluorescein; VIC, 2'-chloro-7'-phenyl-1,4-dichloro-6-carboxyfluorescein) 4)
two small oligonucleotides |abeled with quenchers at the 3' end, complementary to those
described in section 3.

Unlabeled primers were specifically designed on demand by KBioscience (England).
With the advancing of PCR cycles the labeled oligonucleotides bind, in a competitive
way, the tag regions of forward primers rather than the quenching tags and will remain
incorporated in the new synthesis molecules, releasing an increasing signal.

Briefly, 10 ng of DNA for each sample were used in an end-point KASPar PCR reac-
tion, containing optimized master mix and the specific primer assay mix for each SNP,
according to manufactory protocol in a final volume of 8 ul. Then, the amplification
reactions were performed in the Master Cycler Gradient (Eppendorf, Germany), using a
standard program consisting of the following cycles: 1) 94 °C for 15'; 2) 94 °C for
207; 3) Touchdown 65-57 °C per 60”; 4) Repeating steps 2 and 3 for 10 cycles (Drop -
0.8°Cl/for each annealing cycle); 4) 94 °C for 20”; 5) 57 °C per 60”; 6) Repeating steps
4 and 5 for 26 cycles. Finally, plates were scanned at the temperature of 4°C in a 7300
Real-Time ABI Prism PCR System (Applied Biosystems, USA) to register the fluores-
cence emission for each well, then samples were graphically grouped by the SDS soft-
ware vs.1.3 (Applied Biosystem, USA) in three genotypic clusters (homozygous and he-
terozygous subjects), easily recognizable in the Allelic Discrimination plot on the basis
of the two probe’ s fluorescence intensity emission.

Furthermore, following the genotype determination for each IL-10 SNP, haplotypes
were easily deduced respect to the three possible SNP combinations (GCC,
ACC,ATA).

cDNA synthesis and Real Time quantification

cDNA molecules were synthesized by using SuperScript® 11 Reverse Transcriptase (In-
vitrogen, USA), according to manufactory protocol. Briefly, 500 ng of total RNA were
placed in the presence of 1 ul of oligo-dT (500 pg/ml) and 1 pl of ANTP Mix (10 mM)
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and the mixture, so constituted, has been warmed at the temperature of 65°C in order to
eliminate mRNA secondary structures. Then, First- Strand Buffer 5X, 2 ul of 0,1M
DDT (Dithiothreitol) and 200 U of Reverse Transcriptase were added in a final volume
of 25 ul and the mixture incubated at 42°C for 50°.

Subsequently, 5 ul of the reverse transcription reaction has been used in Quantitative
Rea Time PCR (gPCR) assays, performed to quantify the relative mRNA levels in
CRC patients by using the Comparative Ct method. In particular, we determined the
fold change expression of target genes of interest (IL-6, INF-y, COX-2, IL-10, TGF-[3)
normalizing respect to the housekeeping gene L13. Moreover, for the purpose of our
study, a ACt mean value, calculated as the difference between the Ct mean value of the
target gene and that one of the housekeeping gene from a total of 24 heathy subjects,
has been used as calibrator (ACtcaiprator)-

TagMan probes and specific PCR primers have been designed for each sequence of in-
terest, taking care to design primers on the sides of along intronic sequence, in order to
avoid amplification of such contaminant DNA molecules. Each Probe was 3’ labeled
with BHQL1 (Black Hole Quencher 1) and 5’ labeled with FAM (target genes) or VIC
(housekeeping gene) fluorophore.

Table 2 reports the details of primers pairs and probes sequences used in the Real Time
assay’s.

Reactions have been prepared in a fina volume of 25 pl in the presence of 300 mM
probe, 900 mM primers, 0,5 uM ROX and 1X Platinum Quantitative PCR Super Mix-
UDG (Invitrogen, USA) and run in a ABI Prism 7300 (Applied Biosystem, USA), uti-
lizing a standard amplification program: 1) 2' at 50 °C; 2) 10’ at 95°C; 3) 15" at 95°C;
4) 30" at 60°C; 5) Repeating steps 3 and 4 for 39 cycles.

Statistical analysis

The alele and genotype frequencies of the SNPs analyzed were evaluated by 3x2, 2x2
or nxn tables and the differences between the observed and expected distributions be-
tween the groups of subjects considered was assessed by applying the Pearson Chi-
Square test or the Fisher's Exact Test. It was accepted a significance value of P < 0.05.
The Hardy Weinberg equilibrium was tested on the observed frequencies registered for
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the control' population, using the Pearson Chi-Square test. All the analysis were per-
formed with the SPSS software (SPSS, Chicago, Illinois).

The Mann-Whitney nonparametric test was used in every cases where it was necessary
to evaluate differences between the observed and expected medians from distributions
of two series of measured values. In aternative, the Kruska-Wallis test was utilized for
the comparison of the medians obtained from more than two series of distributions,
while the Dunn's Multiple Comparisons test has been used for the multiple comparison

of pairs of distributions.
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RESULTS
Association analysis

As afirst step, we analyzed the genetic contribute of polymorphisms known to affect
the cytokine mRNA production to the susceptibility of sporadic colorectal cancer dis-
ease.

Particularly, we have chosen selected crucia cytokines (IL-6, INF IL-10, TGF-[3) able
to profoundly influence the immune microenvironment surrounding neoplastic cells. we
studied the genotypic and alelic frequencies distribution between patients and healthy
subjects of the following polymorphisms of IL-6 -174G/C (rs1800795), INF-y
+874A/T (rs2430561), I1L-10-592A/C (1800872) -819C/T (rs1800871) -
1082G/A (rs1800896) and TGF-3) R25P (rs1800471) have been evaluated.

For each polymorphism, it has been possible to study a random selection of samples
from the total number of subjects recruited in our series of 120 patients and 280 healthy
controls. The Hardy Weinberg equilibrium, applied to the observed frequencies of the
control' population, was always respected.

Table 3 reports the results of this association study. No significant genetic contribute
has been observed for 5 out the 6 SNPs tested. Indeed, a significant different allelic dis-
tribution between patients and controls has been observed for the polymorphism G —
C, responsible of an arginine vs. proline missense change (R25P) in correspondence of
the codon 25 of the coding region of the TGF-3 gene (P: 0.021; Odds ratio: 0.3412;
95% C. I.: 0.1323t0 0.8800). By thisanalysis, aweak protective role would emerge for
the minor alele C in the susceptibility to the disease.

The chemotherapy effect

In order to study long term effect of chemotherapy on the immunological systemic bal-
ance of colorectal cancer patients, we analyzed the mRNA levels of some pro-
inflammatory (IL-6, INF-y, Cyclooxygenase (COX)-2, and anti-inflammatory (IL-10,
TGF-B) type crucia cytokines produced by peripheral blood PMBC after at least 20
days from a dose administration. This time lapse is considered sufficient for the return-
ing to an immunological steady state, giving us the possibility to observe only late ef-
fects produced by the chemotherapy drugs. Then, we investigated the systemic immune
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system behavior within three months and after, at least, three months from the last che-
motherapy dose.

As it is shown in table 4, the effect of a chemotherapy treatment administration results
in asignificant increase of the IL-10 mMRNA produced by PMBC, observable when the
samples were collected within 3 months from the chemotherapy administration
(<BMPC, 26 samples).

In fact, comparing the median value of IL-10 mMRNA between this group of 26 samples
(<BMPC), respectively with: a) the group of 44 samples collected after, at least, 3
months from the last administrated dose of chemotherapy (>3MPC); b) the group of 38
samples collected after, at least, 3 months from the last administrated dose of chemothe-
rapy that were free from disease at the time of the blood collection (>3MPC FFD), c)
the group of 72 samples, including those collected after, at least, 3 months from the last
administrated dose of chemotherapy and those performed after the tumor remova by
surgery (>3MPC + PS), the IL10 mRNA levels were, dways, significantly higher in the
first group of samples analyzed within 3 months after the last chemotherapy dose
(<BMPC), P-values: &) 0.0007, b) 0.0001, c) 0.0062 respectively.

Note that, the three groups chosen for the evaluation of the inflammatory status pro-
duced within three months from the chemotherapy administration, were preferred be-
cause, in every cases, we could suppose that they, presumably, underwent to a re-
establishment of the immune balancing, due to a sufficient time elapsed from the treat-
ment (more than three months) or from the surgery (at least 20 days later), or because
they were aready free from disease.

On the other hand, if one considers the comparison between the full group of patients
who underwent to a chemotherapy treatment, regardless of timing of treatment (CT, 70
samples), with those not chemo-treated who underwent to the blood collection follow-
ing the surgical tumor removal (PS, 28 samples), the significance is lost, sign of are-
turning toward an 1L10 mRNA serum normalization few months later, which justify a
balancing of 1L-10 mRNA quantity inside the comprehensive group of patients that un-
derwent to the blood collection before and after three months from the last chemothera-
py dose.

Also, it can be observed that the IL-6 mRNA levels move following an inverse behavior

to those ones of IL-10 mRNA, although the differences are never significant. In particu-
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lar, we observed lower levels of IL-6 mMRNA within 3 months from the last dose of
chemotherapy (<3MPC), probably caused by the IL-10 higher anti-inflammatory effect,
whereas, the IL-6 levels tend to rise in the groups analyzed more than three months
away from the chemotherapy administration (>3MPC). Instead, no relevant change is
recorded for Cox-2, IFN-y and TGF-3 mRNASs.

The host-tumor interaction effect

In order to study the relation between the presence of an active tumor mass and a conse-
quent systemic immune modulation, we firstly investigated the cytokine mRNA serum
levels according to the Duke's stage. In afirst approach we considered if atrend of cy-
tokine expression could exist across the progression of the disease from the A to the D
stage. No significant differences it was observed from the comparison of the medians of
the distributions analyzed, neither it was observed significant difference from the com-
parison of medians from pairs of distributions (data not shown). Then, we evaluated the
difference in the median values of the cytokine mRNA's quantity distributions between
the earliest stages (A-B) of the disease versus the latest stages (C-D). No significant dif-
ference was assessed between earlier and later Duke' s stages for none of the crucia cy-
tokine analyzed. Table 4.

Subsequently, we investigated the immune modifications based on the presence/absence
of an active disease. In particular, in our series 65 samples derived from patients free
from disease (FFD) at the time of the blood collection, while 33 from patients not free
from disease (not FFD). This approach revealed that the IL-10 mRNA blood levels were
significantly higher in the group of patients not free of disease (P-values:. 0.0010).
However, it can be assumed that the higher levels of IL-10 could be affected by a mod-
ulator effect resulting from the chemotherapy administration, as the above results sug-
gest. Nevertheless a biological effect due to the presence of an active tumor mass could
be also hypothesized. Indeed, looking among the patients not-free from disease (not
FFD) only one third (11/33) had undergone chemotherapy and the IL-10 levels were
particularly high (3.5 = 4) in this small subset of patients, as to underline the result of
double effect mediated both by the chemotherapy treatment and by the biological host-
tumor interaction. Moreover, if one would compare the 1L-10 mRNA blood levels of
this small group of chemo-treated patients not free from disease (CT: not FFD, 11 sam-
ples) with that of treated patients free of disease (CT: FFD, 23 samples), or either with

119



the group of patients not treated with chemotherapy free from disease (not CT FFD, 14
samples), the IL-10 mRNA levels were significantly higher in the first group in both the
comparison (P: 0.0045; P: 0.00328). In particular, the last group of comparison can be
considered to be constituted by patients sharing the opposite condition: to be not chemo-
treated and disease free.

On the other hand, no significant change has been observed for the of IL-6, COX-2,
IFN-y and TGF-3 mRNA levelsin the group of patients described in this section.
Finally, we wanted to investigate if the individual genetic background, controlled by the
IL-10 haplotypes, could also be implicated to generate the observed higher IL-10 levels
in response to therapy.

As it is shown in table 5, among the chemo-treated patients the GCC haplotype (high
IL10 producer) has been observed to be significantly higher represented in patients not
free of disease, respect to the ACC / ATA haplotypes (lower producers of IL-10) (GCC:
21 vs. ACC/ ATA: 15;); on the other hand, the ACC / ATA haplotypes are significant-
ly prevalent among patients free from disease respect to the GCC one (39 vs.21) (P
0.034). The genetic data suggest that a greater capacity to produce IL-10 is prognosti-
cally not favorable for the resolution of the disease after treatment (Odds ratio: 2,6; 95%
C.1. from 1,11 to 6.077). In addition, the genetic data justify the observation of a partic-
ularly increased IL-10 expression in patients receiving chemotherapy not free of dis-
ease.
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DISCUSSION
Although immune therapy is till retained not very effective and tumors are mainly

fought by surgical removal and individualized therapeutic treatments, however systemic
and local cytokines strongly modulate the anti-tumor response, conditioning the disease
outcomes. To this regard, the individual genetic contribute to the immune system anti-
cancer effort could be considered fundamental. This study aimed to clarify the relations
between a genetic determined immune control capacity and the cytokine expression pat-
tern, able to interfere with sporadic colon cancer disease in terms of susceptibility and
prognosis.

To this aim, we retained important to, firstly, analyze the contribute to susceptibility of
functiona polymorphisms affecting the promoter activity and the transcription rate of
inflammatory and anti-inflammatory cytokine genes such as (-174G/C_rs1800795 (IL-
6); +874A/T_rs2430561 (INF-y); -592A/C_rs1800872, -819C/T_rs1800871, -
1082G/A_ rs1800896 (IL-10); R25P_rs1800471 (TGF-B), crucia in directing the type
and the strength of response. As already described, no associations were observed be-
tween 5 out the 6 analyzed polymorphisms and the development of sporadic CRC in our
cohort of Sicilian patients for which genotype and alélic distributions were not diffe-
rently distributed between patients and controls. However, a weak protective role
emerged for the minor C allele of the G — C R25P; rs1800471 SNP, located within the
signa peptide sequence of the TGF-3 gene (P: 0.021; Odds ratio: 0.3412; 95% C. I.:
0.1323 to 0.8800).

Recent genome-wide association studies have highlighted the important contribute of
numerous SNPs belonging to the TGF-3 superfamily, which may be responsible of a si-
zeable proportion of colorectal cancer cases (Tomlinson IP. 2008; Tomlinson IP. 2009).
Previously, we had studied the polymorphism rs1800470, responsible for a Leu—Pro
substitution in correspondence of codon 10, forming haplotype with the rs1800471 SNP
studied in this paper (Crivello A. et a. 2006). In that study, we had observed a signifi-
cant increased risk for the mgjor allele (cod10-Pro) (P: 0.011; Odds ratio: 2.62 (1.40—
4.91). Therefore, taking together both the results, we could suggest a weak protective
role for the haplotype constituted by the two minor aleles (cod10-Leu/cod25-Pro). This
hapl otype represents the 12.8% in the Indian population according to Manchanda PK.
(2008) and co-workers, whereas in the study conducted by Jin Q and co-workers (2004)
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on Polish and Finnish populations, it is registered with a percentage close to zero, as
these European populations were characterized by alow percentage of the C alele fre-
quency for the cod25 SNP, similarly to our finding (0.03%). However, our cod25 SNP
frequencies are confirmed by many other groups (Gendzekhadze NS. 2006, Alakul ppi
K. 2004; Park 2004).

These observations suggest a different weight of TGF-3 SNPs on CRC susceptibility,
strongly dependent by the SNP penetrance on a certain popul ation.

Then, in order to evaluate the immune response in prognostic terms, we aimed to cha-
racterize the cytokine PMBC expression profile (IL-6, INF-y, COX-2, IL-10, TGF-
) describing the host-tumor relationships and the response to therapeutic treatments.

To reach this aim, we have chosen to categorize patients according to the moment of the
blood collection (PS, <3MPC, >3MPC), recording, at that time, the clinical conditionin
terms of Duke's stage and freedom from disease. This approach allowed us to easily
compare sub-groups of patients with each other for the PMBC mRNA quantity, as CRC
isavery heterogeneous disease, characterized by a high clinical and molecular variabili-
ty, that do not alow to analyze the patients as a single group (Sheffer M. et a. 2009;
Winder T. et d. 2010).

Other groups investigated the immediate effect of chemoterapy administration on the
immune system, finding different cytokine patterns (Panis C. 2011, Liu XL. 2008),
however this is, to our knowledge, the first time it is chosen to look at long term im-
mune system modulation induced by chemotherapy.

Our results make evident an increase of 1L-10 within 3 months from the chemotherapy
treatment. In our study, all the blood collections were performed after, at least, 20 days
from the administration of a chemotherapy dose or surgery, atime lapse sufficient to de-
fine thisone as along term effect mediated by the treatment. In addition, the IL-10 ex-
pression seems to return to normalization few weeks later, as it is suggested by the ob-
servation that no significant difference occurs in the comparison between patients ana-
lyzed post-surgery (PS, 28 samples) and chemo-treated subjects regardless of timing of
treatment (CT, 70 samples).

On the other hand, we aso detected an IL-6 inverse behavior respect to the IL-10
movements, even if the results are not significant. This observation could be justified by

the IL-10 suppressive effect, as it was demonstrated by Li and co-workers (2010),
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which have proved the IL-10 involvement into the monocyte/macrophage IL-6/Stat-3
signaling down-regulation, a pathway enhancing the IL-6 itself synthesis mainly impli-
cated in the tumor cells migration.

Our results are not filtered according to the type of adjuvant regimen used, both for the
fact that the regimens commonly administrated in the treatment of colorectal cancer
were mainly based on the use of 5-fluorouracil (5-FU) plus leucovorin (LV, aso called
Folinic acid, FA) in combination with other drugs: oxaplatin (FOLFOX4/6), irinotecan
(FOLFIRI, IRIFAF), adriamycin (MACHOVER), both because combinations of these
regimens could be administrated in different times to the same patient, so that the num-
ber of samples obtainable post-filtering would be reduced and statistically not suitable.
Moreover, radiotherapy treatments and biologic targeted therapies were excluded from
our analysis.

Then, in order to verify the hypothesis that cytokine gene expression patterns could be
indicative of ongoing anti-tumor response, we investigated this topic looking at the rela
tion with the presence of an active tumor mass and with the disease stage.

Severa groups described altered IL-6, TNF-a, IL-2, IL-4, IL-10 and TGF-3 in sera of
CRC patients. However, many of them studied these marker quantities in comparison to
controls. Indeed, the group of Csisz& A. (2004) detected more IFN-y transcripts in
PBMC samples from patients with colorectal cancer than in healthy controls, while Tsu-
shima H. (2004) and co-workers observed significantly higher plasma TGF-B1 levelsin
patients with colorectal cancer than in normal controls. Some other groups tried to cor-
relate the cytokine expression pattern with the disease evolution. The group of Berghel-
la AM. (1997) showed increased IL-10 and sIL-2R levels in patients with colorectal
cancer in comparison with subjects with colorectal adenoma, while the group of Belluco
C. (2000) associated IL-6 blood concentration with high circulating CEA in advanced
stagein colorectal cancer.

Here, we lacked to observe significant cytokine movements according to the Duke stage
progression, but we revealed a significant higher 1L-10 mMRNA quantity among not free
from disease (NFFD) patients respect to FFD ones. Considering that patients with are-
maining tumor mass could still be under chemo-therapy treatment, we evaluated pa-
tients not FFD that also underwent to chemotherapy. The finding of particularly high
PMBC IL-10 mRNA levels in this group of subjects suggest a double effect mediated
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both by the treatment and by the presence of an active mass. Besides, we aways ob-
served significantly lower 1L-10 mRNA quantity in FFD patients, respect to not FFD
ones, both if they underwent to chemotherapy or not (P. 00010, 00045, 0.328). Our
findings are supported by PBMC/ CRC cells co-cultures experiments made by the group
of Blesser H. (2010), which revealed a more pronounced pro- and anti-inflammatory cy-
tokine production depending upon an increased malignant cells quantity in the culture.
Furthermore, among patients undergone to chemotherapy, not FFD patients were cha-
racterized by a significantly higher frequency of the IL-10 GCC haplotype, responsible
of ahigher mRNA production, respect to FFD ones, which, instead, had a major percen-
tage of ACC/ATA haplotypes (P: 0.034), an observation suggesting the IL-10 SNPs as
prognostically informative genetic markers.

It can be supposed that these increased 1L-10 circulating level, genetically affected, may
contribute to enhance the tumor cells escaping from immune surveillance, however, IL-
10 is known to play also a protective role into reduce the inflammatory molecules le-
vels, inducing local inflammation, angiogenesis and cell migration (Li YY. et a. 2010;
Nikolaus S. et a. 1998).

Specificaly, IL-10 is known to play a double role in tumor diseases (Terzi¢ J. et al.
2010), asif it isknown to play a protective in the reduction of inflammation and suscep-
tibility to tumor transformation (Hachimine D. et a. 2008), it seem to have a negative
role in tumor progression later, as the results of this study confirm.

In conclusion, overall our results make evident the immune system role in the condi-
tioning of susceptibility and disease's outcomes, revealing, one more time, the associa-
tion of TGF-B1 signaling pathway with CRC disease (Bellam M. et al. 2010) and find-

ing in IL-10 both a genetic and a circulating marker of ongoing anti-tumor response.
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Table 1. Patients' features

* Blood collections were randomly obtained (when available) from a sub-group of patients during some
steps of their own clinical management (PS, <3 MPC; >3 MPC). The FFD has been assessed at the time
of blood collection.
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Table 2. Primers pair and probes used for the relative quantification of 1L-10, INF-g, IL-6, TGF-b, Cox-
2PBMC levels

L 13 primers pairsand probe

L13Forward: 5-GCTGGAAGTACCAGGCAGTGA-3

L13 Reverse: 5-ACCGGTAGTGGATCTTGGCTTT-3

L 13 Probe: SVIC-TCTTTCCTCTTCTCCTCCAGGGTGGCT-BHQ1 3

IL-10 primers pairsand probe

IL10 Forward: 5-CTGAAGACCCTCAGGCTGAG- 3

IL10 Reverse:  5-GCATTCTTCACCTGCTCCAC-3

IL10 Probe: 5'FAM -ACGGCGCTGTCATCGATTTCTTCCC-BHQ1 3

INF-y primers pairsand probe

INFy Forward: 5-TTCGGTAACTGACTTGAATGTCC-3

INFy Reverse:  5-GACAACCATTACTGGGATGCTC-3

INFy Probe: 5 FAM —CGACCTCGAAACAGCATCTGACTCCT-BHQ1 3

IL-6 primers pairsand probe

IL-6 Forward: 5-ATTGACAAACAAATTCGGTACATCC-3

IL-6 Reverse:  5-GGACTTGGAAGGTTTCTACCG-3
IL-6 Probe: 5 FAM -TGAAAGCAGCAAAGAGGCACTGGCA-BHQ1 3

TGF-B primerspairsand probe

TGF-B Forward: 5-GCCTGAGGCCGACTACTAC-3

TGFB Reverse: 5-TGTGTACTCTGCTTGAACTTGTC-3

TGF-BProbe: 5 FAM -CCAAGGAGGTCACCCGCGTGCTAAT-BHQL 3

Cox-2 primers pairsand probe

Cox-2 Forward: 5-GCCTCCTTCAGCTCCACAG-3

Cox-2 Reverse:  5-GGTGGGAACAGCAAGGATTTG-3
Cox-2 Probe: 5 FAM -ACGCCCTCAGACAGCAAAGCCTACC-BHQL1 3
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Table 3. Genotype frequencies in CRC patients and healthy controls

Table 3 Con-  Cases
IL-10 (-592 A/C rs1800872)

CC 80 (54.0%) 45

AC 58 (39.2%) 39

AA 10 (6.8%) 7 (7.7%)
IL-10 (-819C/T rs1800871)

cC 105 43

CT 90 (43.1%) 40

TT 14 (6.7%) 7 (7.8%)
IL-10 (-1082G/A rs1800896)

AA 108 36

AG 120 43

GG 40 (14.9%) 20
IL-6 (-174 G/C rs1800795)

GG 125 52

GC 110 32

CC 40 (14.5%) 13
INF-y (+874 A/T rs2430561)

TT 70 (27.3%) 22

AT 128 36

AA 58 (22.7%) 21
TGF-B (R25P rs1800471)

GG 200 77

GC 34 (14.3%) 5 (6.1%)

CC 3(1.3%)  0(0%)

P

0.785

0.901

0.462

0.370

0.725

0.080

P alaic

0.527

0.694

0.306

0.250

0.716

0.021

Genotype frequencies observed in our Sicilian healthy cohort and in our sporadic CRC

group of patients.
It was accepted a significance < 0.05.
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Table 4. Analysis of mMRNA expression in relationship to the chemotherapy effect and the Host-tumor interaction

1° group e P- 1° group e P- 1° group e P- 1° group e P- 1° group e P-
(N) group val- (N) group val- (N) group val- (N) group val- (N) group val-
(N) ue (N) ue (N) ue (N) ue (N) ue
I1L-10 IL-6 COX-2 INF-y TGF-B
The chemother apy ef-
fect
159+37 059402 0.0007 19+139 216+096 08 017+215 02+215 040 15+223 172+147 087 090+108 117+08L  0.80
<3MPCvs >3MPC (26) (44) (27) (50) (20) (41) (29) (50) (27) (50)
159+37  052%02 0.0001 191+139 247099 064 017+215 026258 036 15223 22448 049 090£108 117:084 085
<3MPC vs >3M PC FFD 25) @) @ @) 20) (34 (29) 42) @7) (42)
159+37  094%06 0.0062 191+139 203+098 08  017+215 027+135 034  15%223 12+133 075 090+108 131+103 067
<3MPC vs >3M PC + PS ) @ @ (©0) (20) (70) (29) (84) (27) (84)
CT vsPS 1.03+14 128+ 0.19 2126078 17833 099 019+158 041+121 060  16+269 075+25 013 108+064 155+222 013
(70) 159 (28) ) (31) (62) (29) (80) (34) (77 (34)
The Host-tumor interac-
tion
. 115029 134+ 0.80 22+197  17+54 056 016098 031+137 098 055x165 09+08 052 077077 074+217 065
DS: (A-B vsC-D) (21) 1,95 (28) (25) (30) @) (26) (26) @ (29) (28)
0.79+047 175+ 0.0010 116+153 161+125 054 027+157 024128 028 12+29  122+187 061 125083 108+187 066
FFD vsnot FFD (65) 1.48(33) (72) @7 (61) (30) (75) (40) 7 (35)
. 0.64+1.28 35+4 0.0045 25+125 16+206 087 034184 039:054 092 095+156 090+18 048 074075 072+49 065
CT: FFD vsnot FFD @) it (26) @3 (21) (12 (29) 3 @ 12
115+ 033 354 0.0328 207+27 16+206 093 019+077 039+054 067 042+024 090+18 0065 095+117 072+49 0999
Not CT FFD vs CT not FFD 1) o (15) 13 a9 ) (15) 13 a7 12)

Data are expressed as median = SEM. Inside brackets the number of samplesinvolved. Significance has been calculated by Mann-Withney test.
Abbreviations: PS: < 3 months post-chemotherapy; <3MPC: < 3 months post-chemotherapy; >3MPC: >3 months post-chemotherapy; FFD: free from disease; DS: Duke Stage; CT:

Chemo-Treated
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Table51L-10 Haplotype effects on chemotherapy response

Chemo-treated patients

Haplotype 1 Haplotype 2/3
GCC ACC/ATA
Not Free from disease
(n.18) 21 (58.3%) 15 (41.7%)
Free from disease
(n.30) 21 (35.0%) 39 (65.0%)

Fisher's Exact Test on 2x 2 table. P: 0.034. Odd Ratio: 2,6 (95% C.I. from 1,11 to
6.077)
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CHAPTER 10

Summary and general discussion
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The extraordinary increase of the expected life span in developed countries underscore
the importance of studies on ageing and longevity and the need for the prompt spread of
knowledge about ageing in order to satisfactorily decrease the medical, economic and
social problems associated to advancing years, because of the increased number of indi-
viduals not autonomous and affected by invalidating pathologies.

Centenarians are equipped to reach the extreme limits of human life span and, most im-
portantly, to show relatively good health, being able to perform their routine daily life
and to escape fatal age-related diseases. Thus, they are the best example of extreme lon-
gevity, representing selected people in which the appearance of major age-related dis-
eases, such as cancer, and cardiovascular diseases among others, has been consistently
delayed or escaped.

Aging is a post-maturational process that, because of a diminished homeostasis and in-
creased organism vulnerability, causes a reduction of the response to environmental
stimuli. The progressive decrease in physiological capacity and the reduced ability to
respond to stresses lead to increased susceptibility and vulnerability to disease. Thus,
mortality dueto all causes increases exponentially with aging.

Aging involves al the cells, tissues, organs, and organisms and is modulated by externa
factors.

Ageing is accompanied by chronic low-grade inflammation state clearly showed by 2—
4-fold increase in serum levels of inflammatory mediators such as cytokines and acute
phase proteins in aged population, which act as predictors of mortality independent on
pre-existing morbidity.

So far, we believe this is the most important cause of the elderly pro-inflammatory sta-
tus that, interacting with the genetic background, potentially triggers the onset of age-
related inflammatory diseases as atherosclerosis, cancer, (Franceschi et a., 2000a,b; De
Martiniset al.).

The individual genetic background and the eventua influence of counteracting cyto-
kines, associated with different degrees of control of the inflammatory response, could
therefore play a determining role in the onset of age-related diseases and in the

achievement of advanced age in the absence disease.
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Genetic variations located within the promoter regions of pro-inflammatory and regula-
tory cytokines could influence inflamm-ageing and the susceptibility to age-related dis-
€ases.

The Metabolic Syndrome (MS) isaclinical condition characterized by the simultaneous
presence of more aterationsin oneindividua , mainly of metabolic origin, that directly
increases therisk of cardiovascular disease, type 2 diabetes mellitus, and all cause mor-
tality.

It further increases with age, with an incidence of 44% in the population aged between
60 and 69 years (Ford ES. Et a.2002).

MS is astate of chronic low grade inflammation as a consequence of complex interplay
between genetic and environmenta factors. Insulin resistance (IR), visceral adiposity,
atherogenic dyslipidemia, endothelial dysfunction, genetic susceptibility, elevated blood
pressure, hyper coagulable state, and chronic stress are the several factors which consti-
tute the syndrome.

It can be the basis for the emergence of many age-diseases.

This association could be due to the link between IR and inflammation, in fact, the same
mechanisms that cause the IR determine both the synthesis and self-maintenance of pro-
inflammatory cytokines and thus the chronic and persistent inflammatory response that
characterizes the inflammaging.

It is not surprising that some studies have found an association between the metabolic
syndrome and the development of cancer (Kreger BE et al. 1991), in particular of the
Colon-Rectum Cancer (CRC); in addition to an increased risk of diabetes and cardi-
ovascular disease (Ninomiya JK et al. 2004).

In this particular context, knowledge of genes polymorphisms, encoding cytokines, is a
tool of extreme importance, not only for understanding the mechanisms underlying the
pathogenesis of age related diseases, but also for future customization of personal
treatment protocols, the true "goal” of research in the coming decades.

During my PhD, | faced this issue in many respects, first observing the evidence of ge-
netic background on the individual capacity to reach successful aging and therefore,
aiming to identify new common markers between these diseases.

To thisend | conducted numerous association studies centered on the role of inflamma-

tory balance in determining the onset of some of the age-diseases, such as cancer, cardi-
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ovascular diseases, such as acute ischemic stroke, Thoracic Aortic Aneurysm, syndrome
takotsubo, myocardial infarction, Sporadic Colon Cancer, and other successful and un-
successful aging.

In the work entitled " Genetics of longevity. Data from the studies on centenarians
Sicilian" (Balistreri CR et a. 2012) (chapter 2) we collected our studies conducted over
10 years on centenarians Sicilians. We evaluated the role of their individual genetic
background on the immune response and longevity.

In particular, we studied some genetic variants of TLR4 gene, CCR5, Cox2, 5-Lo and
analyzed the allelic and genotypic frequencies of polymorphisms that map the genes en-
coding IFN-y and IL-10.

We have seen that over-expression of anti-inflammatory variants CCR5A32, +896 G al-
lele (299Gly) TLR4, -765 C allele Cox-2 aleles -1708 G 5 and 21 C-Lo characterize
males Sicilian centenarians. These SNPs regulating the immune- inflammatory response
and appear to be associated with longevity.

In addition, our results show an increase of the subjects -1082G IL10 positive, asso-
ciated with an increased production of IL-10, in males centenarians and suggest an in-
creased production of 1L10 as possible biomarkers of longevity.

In addition in Chapter 3, we evaluated, through the Luminex technology, serum levels
of 17 cytokines in 44 nonagenarians Sicilian and 79 control subjects (aged 30 to 50
years) (Pameri M. et a. 2012). We found a statistically significant increase in serum
levels of IL6 (p=0.01), IL-12 (p=0.01) and IL13 (p=00,2) , and a decrease of IL4
(p=00,4) in nonagenarians in comparison with controls; whereas no modifications of
other proinflammatory cytokines and chemokines were observed.

Our results suggest that the multiplex analysis of cytokine levels might be useful in de-
fining a successful aging profile.

To better understand the genetic basis of complex diseases such as acute ischemic
stroke and to outline a possible risk profile of stroke in patients with cerebrovascular
risk factors, we evaluated, In Chapter 4, the role of SNPs of some pro-inflammatory/
anti-inflammatory and coagulation/fibrinolytic genes in susceptibility to acute ischemic
stroke (Tuttolomondo A. et al 2012).

We observed a significantly higher frequency of IL-10 1082 AA genotype in stroke pa-
tients with a significant risk trend. We aso reported a higher frequency in stroke sub-
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jects with a significant risk trend of the TPA 7351-CT genotype and of IL-1RN-VNTR
86 bp 2/2 genotype.

Our results show, therefore, a close association between these SNPs and risk of ischem-
ic stroke.

In a study published in "Cytokine" entitled "Myocardia infarction marker levels are in-
fluenced by prothrombin and tumor necrosis factor-a gene polymorphisms in young pa-
tients" (Vaccarino L. et al. 2012), Chapter 5, we analyzed the effects of the genotypes
pro-inflammatory of the TNFa and pro-thrombin (FIl) on the laboratory parameters of
young patients affected by acute myocardial infarction in comparison with a group of
control subjects; in order to be able to use the typing of these polymorphisms in combi-
nation with the specific chemistry parameters as prognostic markers.

The analysis of the genotype frequencies of the polymorphism -308A / G of TNF in pa
tients and controls found an association between the genotype -308A positive (p =
0.0048), associated with an increased production of TNFa, and risk of AMI.
Furthermore, stratifying the data obtained with the measurement of blood parameters of
patients affected by AMI on the basis of functional genotypes of TNF-a and Fll, it indi-
cated that TNF —308A positive genotype frequencies were increased in these patients
and that a genetically determined higher production of TNF-a is associated in young
subjects to a more severe cardiac damage as depicted by higher levels of troponin, Crea
tine kinase-M B Isoenzyme (mMCK-MB) (p <0.0001, p <0.0001, respectively) and asig-
nificant increased plasmafibrinogen levels.

Similar and probably additive effects on might have a genetically determined increased
production of pro-thrombin even if no significant differences in genotype frequencies of
pro-thrombin (FI1) 20210G/A polymorphisms were observed in this study.

All together these results, indicating the relationship among genetically determined
TNFa and FIl production and increased levels of tissue damage markers of AMI, sug-
gest that a complex genetic background, might be involved in susceptibility to AMI in
young men influencing the extension and severity of the disease and thus in unsuccess-
ful aging.

In previous studies, our group seen that a genetic background protective for cardiovas-
cular disease is an essential feature of successful aging (Candor et a., 2006a, d; Caruso
et al., 2005).
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Furthermore, in chapters 6 and 7 it was described another cardiovascular disease that
characterizes aging: the Thoracic aortic aneurysm (TAA), a progressive disorder involv-
ing gradual dilation of ascending and/or descending thoracic aorta with dissection or
rupture as complications.

Initially, in Chapter 6, we researched morphological phenotypes associated with the
risk of aorta rupture and dissection in aged S-TAA individuals compared with those of
control subjects, in order to identify a biomarker of rupture and dissection (Balistreri
CR et a. 2014).

Our study showed that the phenotype |11 characterized by elevated medial degeneration,
plurifocal apoptosis and increased metalloproteinase-9, it was significantly correlated
with the severity of elastic fragmentation, hypertension, and smoking, and particularly
with advancing age.

This might permit the assumption that phenotype I11, with its typica histological ab-
normalities, is an optimal biomarker of rupture and/or dissection in aged individuals and
is useful both for applying different surgical approaches and providing appropriate sur-
gica indications.

In addition, in Chapter 7, we evaluated the role of five genetic variants of TGF-j
pathways (TGF-B1 and 2 isoforms and receptors R1 and R2) and some common single
nucleotide polymorphisms (SNPs) in the genes encoding IL-10 on susceptibility to
TAA sporadic (Vaccarino L. et al. 2014).

Our study included cases affected by sporadic TAA and two control groups. The most
relevant finding obtained allows us to propose that rs900 TGF-52 SNP is associated
with therisk of sporadic TAA.

This might open new perspectives for the analysis of sporadic TAA susceptibility fac-
tors and prevention.

Recently, we were interested in Takotsubo cardiomyopathy (TTC) in Chapter 8, aclin-
ical syndrome that mimics acute myocardial infarction without obstructive coronary ar-
tery disease and it characterized by transient systolic dysfunction of the apical and/or
midial segments of the left ventricle (Novo G . et al. 2014).

We evaluated the role of rs17098707 (L41Q) SNP of the G-protein-coupled receptor
kinase 5 (GRKY5) on genetic susceptibility to TTC, to favour a better understanding of
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the pathogenesis of this peculiar syndrome, that could allow the development of more
appropriated preventive strategies and tailored treatment.

Our study showed a significant difference in the frequency of the rs17098707 GRK5
SNP between TTC patients and controls, in particular, we have found that the L41 allele
of GRK5 issignificantly increased in TTC patients (p = 0.0372) than in control group.
So, polymorphisms of cytokines may play arole in susceptibility to this functional heart
disease. The preliminary data presented by our research group at the recent 2nd Joint
Meeting of Pathology and Laboratory Diagnostics (Paermo 17th-20th, September
2014) indicate that the presence of a complex GRK5 genotype T/ * - IL10 CC may be a
predisposing factor for syndrome of Tako-Tsubo, while the presence of GRK5 AA-IL10
A [ * could have protective effects.

Finally, in Chapter 9 in the manuscript “ Genetic determined expression of pro and anti
inflammatory mediators influence the clinical history and response to chemotherapy in
patients with Sporadic Colorectal cancer (CRC)” (Forte Gl et al. Submitted) as a first
step, we analyzed the genetic contribute of polymorphisms known to affect the cytokine
MRNA production to the susceptibility of sporadic colorectal cancer disease.

No significant genetic contribute has been observed for 5 out the 6 SNPs tested. Indeed,
a significant different allelic distribution between patients and controls has been ob-
served for the polymorphism G — C, responsible of an arginine vs. proline missense
change (R25P) in correspondence of the codon 25 of the coding region of the TGF-
Bgene (P: 0.021; Odds ratio: 0.3412; 95% C. I.: 0.1323 to 0.8800). By this anaysis, a
weak protective role would emerge for the minor alele C in the susceptibility to the
disease.

Secondly, we studied long term effect of chemotherapy on the immunological systemic
balance of colorectal cancer patients, in particular, we analyzed the mRNA levels of
some pro-inflammatory (IL-6, INF-y, Cyclooxygenase (COX)-2, and anti-inflammatory
(IL-10, TGF-B) type crucia cytokines produced by peripheral blood PMBC after at
least 20 days from a dose administration.

It is shown a significant increase of the IL-10 mRNA produced by PMBC, observable
when the samples were collected within 3 months from the chemotherapy administra-
tion asthe effect of a chemotherapy treatment administration.
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Also, it can be observed that the IL-6 mMRNA levels move following an inverse behavior
to those ones of IL-10 mRNA, although the differences are never significant. In particu-
lar, we observed lower levels of IL-6 mMRNA within 3 months from the last dose of
chemotherapy (<3MPC), probably caused by the IL-10 higher anti-inflammatory effect,
whereas, the IL-6 levels tend to rise in the groups analyzed more than three months
away from the chemotherapy administration (>3MPC). Instead, no relevant change is
recorded for Cox-2, IFN-y and TGF-3 mRNAs.

Finally, we wanted to investigate if the individual genetic background, controlled by the
IL-10 haplotypes, could also be implicated to generate the observed higher IL-10 levels
in response to therapy.

It is shown, among the chemo-treated patients the GCC haplotype (high IL10 producer)
has been observed to be significantly higher represented in patients not free of disease,
respect to the ACC / ATA haplotypes (lower producers of IL-10) (GCC: 21 vs. ACC/
ATA: 15; ); on the other hand, the ACC / ATA haplotypes are significantly prevalent
among patients free from disease respect to the GCC one (39 vs.21) (P: 0.034). The ge-
netic data suggest that a greater capacity to produce IL-10 is prognostically not favora-
ble for the resolution of the disease after treatment (Odds ratio: 2,6; 95% C.I. from 1,11
to 6.077). In addition, the genetic data justify the observation of a particularly increased
IL-10 expression in patients receiving chemotherapy not free of disease.

So, this data indicate that an increase genetically determined the production of IL-10
may influence the effectiveness of the therapy.

Moreover, as reported in the manuscript in preparation "Cytokine serum profile in a
group of patients with colorectal carcinomas treated with the standard chemotherapy"
(Vaccarino L. et a.) A serum profile opposite to that identified in aging successfully
could affect the response to chemotherapy in patients with carcinoma of the colon.

It is clear from that observed in the numerous reported case-control association studies
that the contribution of key genes that encode cytokines such as TNF, IL-10 and TGF-
beta, involved in

regulating the inflammatory response have a great influence of the onset of many age-

related diseases and therefore, certainly in successful aging.
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Conclusions

The studies reported in this thesis are put into the general framework above outlined on
the analyses of physiopathological mechanisms implicated in age-related diseases, the
biological eventsinvolved in aging, and genetic predispositions in longevity achieving.
In particular, numerous case-control studies that | performed have been focused on the
role of the inflammatory balance in determining the onset of some age-related diseases,
as well as on aging with and without success. On this matter, the old subjects and the
centenarians group, most of all have been informative about the role of genes that may
influence successful aging.

Furthermore, the results published and summarized below confirm the importance of
cytokines, such as central actors in the regulation of the immune response, as key me-
chanism in pathogenesis of age-related diseases and making in evidence the crucial role
of some functionally relevant polymorphismsin cytokine genesin “inflamm-aging”.

In future, we have a strong hope that such scientific evidence may soon be translated in-
to methods for the identification of disease risk or treatment of age-related pathologies
in order to improve the health as well as psychological status and living conditions of

old persons.
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CHAPTER 11

Sommario e discussione generale
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Lo straordinario aumento dell'aspettativa di vita nei paesi piu avanzati rende conto
dell'importanza degli studi sull'invecchiamento e la longevita essendo necessario ottene-
re una rapida diffusione delle conoscenze dei meccanismi patologici e fisiologici di in-
vecchiamento per affrontare in modo soddisfacente i problemi medici, economici e so-
ciali associati, a causa dell'aumento del numero di persone in eta avanzata non autono-
me e affette da patol ogie invalidanti.

| Centenari che sembrano essere “attrezzati” per raggiungere i limiti estremi della vita
umana relativamente in buona salute, rappresentano il miglior esempio di persone in
grado di sfuggire o rallentare la comparsa delle principali malattie legate all'eta, come il
cancro, le malattie cardiovascolari.

L'invecchiamento € un processo di post-maturazione che, a causa di una diminuzione
dell'efficienza dell'omeostasi ed un aumento della vulnerabilita dell'organismo, provoca
una riduzione della risposta agli stimoli ambientali. La progressiva diminuzione delle
capacitafisiologiche e laridotta capacita di rispondere alle sollecitazioni portano ad una
maggiore suscettibilita e vulnerabilita alle malattie. Pertanto, la mortalita da qualsiasi
causa aumenta esponenzia mente con |'invecchiamento.

| processi di invecchiamento coinvolgono tutte le cellule, tessuti, organi e organismi ed
e modulata da fattori esterni.

L'invecchiamento € accompagnato da uno stato di infiammazione cronica di basso
grado come chiaramente dimostrato dall'aumento di 2-4 volte del livelli sierici di
mediatori infiammatori, come citochine e proteine della fase acuta della popolazione in
eta, che agiscono come predittori indipendenti di mortalita sulla morbidita preesistente.
Lo stato pro-infiammatorio negli anziani, interagendo con il background genetico,
potenzialmente innesca l'insorgenza di malattie infiammatorie legate all'eta come
I'aterosclerosi ed il cancro, (Franceschi et al., 2000a, b ; De Martinis et al)..

Il Background genetico individuale e l'eventuale influenza di citochine anti-
inflammatorie, sembrano associati a diverss gradi di controllo della risposta
inflammatoria e potrebbero, pertanto svolgere un ruolo determinante nell'insorgenza di
mal attie legate all'eta ed a raggiungimento di eta avanzatain assenza di malattie.
Variazioni genetiche situate nelle regioni promoter di citochine pro-infiammatorie e
regolatorie potrebbero influenzare I'inflamm-aging e la predisposizione alle malattie
legate all'eta.
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La Sindrome Metabolica (SM) €& una condizione clinica caratterizzata dalla presenza
contemporanea di piu aterazioni in un solo individuo, principalmente di origine
metabolica, che aumenta direttamente il rischio di malattie cardiovascolari, diabete di
tipo 2, e mortalita per tutte le cause.

La frequenza della sindrome e eta-dipendente, con un'incidenza del 44% nella
popolazione di eta compresatra60 e 69 anni (Ford ES. Et al.2002).

La SM é uno stato di infiammazione cronica di basso grado come conseguenza della
complessa interazione tra fattori genetici e ambientali. La resistenza al'insulina (IR),
I'adiposita viscerale, la didipidemia aterogenica, disfunzione endoteliale, suscettibilita
genetica, pressione sanguigna elevata, stato iper coagulabilita, e lo stress cronico sono i
divers fattori che costituiscono la sindrome.

Puo essere la base per lacomparsadi molte malattie di eta.

Questa associazione potrebbe essere dovuto a legame tra IR e inflammazione, infatti,
gli stess meccanismi che causano I''R determinano sia la sintess sia l'auto-
mantenimento della produzione di citochine pro-infiammatorie e quindi la risposta
infiammatoria cronica e persistente che caratterizza I'inflammaging.

Non e sorprendente che alcuni studi hanno dimostrato un'associazione tra la sindrome
metabolica e lo sviluppo di neoplasie (Kreger BE et a 1991.), In particolare del tumore
del colon-retto (CRC); oltre ad un aumentato rischio di diabete e malattie
cardiovascolari (Ninomiya JK et a. 2004).

In questo particolare contesto, la conoscenza dei polimorfismi di geni che codificano
per citochine, € uno strumento di estrema importanza, non solo per la comprensione dei
meccanismi alla base della patogenes delle malattie legate al'eta, ma anche per una
futura personalizzazione dei protocolli di trattamento, il vero "obiettivo™ di laricercane
prossimi decenni.

Durante il corso di dottorato, ho affrontato la questione sotto molti aspetti, in primo
luogo analizzando il ruolo del background genetico sulla capacita individuale di
raggiungere l'invecchiamento di successo e, quindi, a fine di individuare nuovi
marcatori comuni trale patologie che possono essere ricondotte a “common soil” della
SM.

A tal fine ho condotto numerosi studi di associazione incentrati sul ruolo di

polimorfismi genici in grado di modificare I'equilibrio infiammatorio nel determinare
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I'insorgenza di alcune delle patologie eta-associate, come il cancro, le malattie
cardiovascolari, I'ictus ischemico acuto, aneurisma dell'aorta toracica, la sindrome
TakoTsubo, infarto del miocardio, s cancro poradico del colon, che caratterizzano

I'invecchiamento con 0 senza successo.

Nell'articolo " Genetics of longevity. Data from the studies on centenarians Sicilian”
(Balistreri CR et al. 2012) (capitolo 2) abbiamo raccolto i nostri studi condotti in 10
anni sui centenari siciliani. Abbiamo valutato il ruolo del loro background genetico
individuale sullarispostaimmunitaria e lalongevita

In particolare, abbiamo studiato alcune varianti genetiche dei geni TLR4, CCR5, Cox2,
5-Lo ed analizzato le frequenze aleliche e genotipiche dei polimorfismi che mappano i
geni che codificano IFN-y e IL-10.

Cio che | nostri studi dimostrano indicano la sovraespressione di varianti anti-
inflammatori CCR5A32, 896 G alele (299Gly) TLR4, -765 C alleli Cox-2 dleli -1708
G 5 e 21 C-Lo che caratterizzano | centenari maschi siciliani. Questi SNP che regolano
generalmente in senso anti-infiammatorio la risposta agli stressors sembrano essere
associati con lalongevita.

Inoltre, i nostri risultati mostrano un incremento dei soggetti -1082G 1L10 positivi,
associata ad un aumento della produzione di IL-10, in maschi centenari e proporre un
aumento della produzione di 1L10 come possibili biomarcatori di longevita.

Inoltre nel capitolo 3, abbiamo valutato, attraverso la tecnologia Luminex, i livelli
sierici di 17 citochine in 44 novantenni siciliane e 79 soggetti di controllo (di eta
compresa tra 30 a 50 anni) (Palmeri M. et al. 2012). Abbiamo trovato un aumento
statisticamente significativo dei livelli sierici di IL6 (p =0,01), IL-12 (p=0,01) elL13
(p = 00,2), e una diminuzione di IL4 (p = 00,4) in nonagenari rispetto ai controlli;
mentre non sono state osservate modificazioni di atre citochine proinfiammatorie e
chemochine.

| nostri risultati suggeriscono che I'analiss multiplex dei livelli di citochine potrebbe
essere utile nelladefinizione di un profilo di invecchiamento con successo.

Per meglio comprendere le basi genetiche di malattie complesse come I'ictus ischemico
acuto e di delineare un profilo di rischio possibile di ictus nei pazienti con fattori di

rischio cerebrovascolari, abbiamo valutato, nel capitolo 4, il ruolo di SNPs di acuni
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pro-infiammatori / anti-inflammatori e di fattori della coagulazione /fibrinolis nella
suscettibilita all'ictus ischemico acuto (Tuttolomondo A. et a 2012).

Abbiamo osservato una frequenza significativamente piu ata del genotipo IL-10 1082
AA in pazienti colpiti da ictus, con un significativo trend di rischio. Abbiamo anche
segnalato una maggiore frequenza nei soggetti con ictus con una significativa tendenza
rischio della TPA 7351-CT genotipo e del genotipo IL-1RN VNTR-86 bp 2/2.

| nostri risultati mostrano, quindi, una stretta associazione tra questi SNP e il rischio di
ictus ischemico.

In uno studio pubblicato su "Cytokine" dal titolo "Myocardia infarction marker levels
are influenced by prothrombin and tumor necrosis factor-a gene polymorphisms in
young patients" (Vaccarino L. et al. 2012), (capitolo 5), abbiamo analizzato gli effetti
dei genotipi pro-infiammatoria del TNFa . e pro-trombina (FII) sui parametri di
laboratorio di pazienti giovani affetti da infarto miocardico acuto in confronto con un
gruppo di soggetti di controllo; per essere in grado di utilizzare la tipizzazione di questi
polimorfismi in combinazione con i parametri di routine come marcatori prognostici.
L'analisi delle frequenze genotipiche dei polimorfismi -308A / G del TNF in pazienti e
controlli ha dimostrato un'associazione positiva tra il genotipo -308A (p = 0,0048),
associato ad un aumento della produzione di TNFé., ed il rischio di AMI. Inoltre,
stratificando i dati ottenuti con la misurazione dei parametri ematici di pazienti affetti da
AMI sulla base di genotipi funzionali di TNF-a e FlI, ha indicato che | pazienti
TNF 308A positivi hanno una pit elevata produzione dei marker di citolis ed
inflammazione associati ad un piu grave danno cardiaco come descritto da piu elevati
livelli di troponina, creatina chinasi-MB Isoenzima (MCK-MB) (p <0,0001, p <0.0001,
rispettivamente) e un significativo aumento dei livelli plasmatici di fibrinogeno.

Effetti simili e probabilmente additivi potrebbe avere un aumento geneticamente
determinato della produzione di pro-trombina.

Tutti insileme questi risultati, che indicano il rapporto tra |'incremento geneticamente
determinato della produzione di TNF e FIl e I'aumento dei livelli di markers di danno
tissutale di AMI, suggeriscono che un background genetico complesso, potrebbe essere
coinvolto nella suscettibilita alla AMI in giovani uomini influenzando anche |'estensione
e la gravita della malattie e condizionandone I'aspettativa di vita.
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In studi precedenti, il nostro gruppo aveva dimostrato che un background genetico
protettivo per la malattia cardiovascolare € una caratteristica essenziale dell’
invecchiamento con successo (Candore et a, 2006a,d;. Caruso et a., 2005).

Inoltre, nei capitoli 6 e 7 e stata presa in considerazione un'adtra malattia
cardiovascolare che caratterizza I'invecchiamento: |'aneurisma aortico toracico (TAA),
una malattia che coinvolge la progressiva dilatazione dell'aorta ascendente e / o aorta
toraci ca discendente con dissezione o rottura come complicazioni.

Inizialmente, nel Capitolo 6, abbiamo ricercato fenotipi morfologici associati con il
rischio di rottura dell'aorta e dissezione rispetto a quelli di soggetti di controllo, a fine
di identificare un biomarker predittivo di queste complicanze (Balistreri CR et al. 2014)

Il nostro studio ha dimostrato che il fenotipo |11 caratterizzato da elevata degenerazione
della media aortica, apoptosi plurifocale e aumento della presenza di metalloproteinasi-
9, era significativamente correlata con la gravita della frammentazione delle fibre
elastiche, I'ipertensione e il fumo, e soprattutto con I'avanzare dell'eta.

Questo potrebbe far ipotizzare che il fenotipo 1ll, con le sue tipiche anomalie
istologiche, € un biomarker ottimale di rottura e/o dissezione in individui di eta avanzata
utile anche per un'appropriata sceltadi approccio chirurgico.

Inoltre, nel capitolo 7, abbiamo valutato il ruolo di cinque varianti genetiche di percorsi
TGF-B (TGF-B1 e 2 isoforme e recettori R1 e R2) e acuni comuni polimorfismi a
singolo nucleotide (SNP) nei geni codificanti 1L-10 on suscettibilita al TAA sporadica
(Vaccarino L. et al. 2014).

Il nostro studio ha incluso casi colpiti da TAA sporadico e due gruppi di controllo. Il
dato piu rilevante ottenuto ci consente di proporre che il polimorfismo RS900 TGF-f2
SNP e associato al rischio di sporadici TAA.

Cio potrebbe aprire nuove prospettive per l'analisi delle sporadiche fattori di
suscettibilita TAA e la prevenzione.

Recentemente, | nostri studi si sono concentrati sulla Sindrome tako-tsubo, TTC,
(capitolo 8), una sindrome clinica che imita I'infarto miocardico acuto senza malattia
coronarica ostruttiva e caratterizzata da una transitoria disfunzione sistolica dei
segmenti apicali e/ o Mediai del ventricolo sinistro (Novo G . et a. 2014).
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Abbiamo valutato il ruolo di rs17098707 (L41Q) SNP del recettore G-protein-chinasi
coupled 5 (GRK5) sulla suscettibilita genetica alla TTC, per favorire una migliore
comprensione della patogenesi di questa sindrome particolare, che potrebbe consentire
lo sviluppo di piu appropriato strategie di prevenzione e trattamento personalizzato.

Il nostro studio ha mostrato una differenza significativa nella frequenza della
rs17098707 GRK5 SNP tra i pazienti TTC e controlli, in particolare, abbiamo
dimostrato che I'dlele L41 di GRKS5 é significativamente aumentata nel pazienti TTC (p
= 0,0372) rispetto a gruppo di controllo.

Piu recentemente abbiamo dimostrato che anche polimorfismi di citochine possono
svolgere un ruolo nella suscettibilita a questa patologia. | dati preliminari presentati dal
nostro gruppo di ricerca a recente 2 ° Congresso Congiunto di Patologia e Diagnostica
di Laboratorio (Paermo 17-20, Settembre 2014) indicano che la presenza di un
complesso GRK5 genotipo T / * - IL10 CC puo essere un fattore predisponente per la
sindrome di Tako-Tsubo, mentre la presenza di GRK5 AA-IL10 A / * potrebbe avere
effetti protettivi.

Infine, nel capitolo 9 nel manoscritto "Genetic determined expression of pro and anti
inflammatory mediators influence the clinical history and response to chemotherapy in
patients with Sporadic Colorecta cancer (CRC)" (Forte Gl et a. Inviato per la
pubblicazione) abbiamo analizzato il contributo di polimorfismi noti per influenzare la
produzione di mMRNA di mediatori della risposta infiammatoria alla suscettibilita della
mal attia cancro colorettal e sporadica.

Non é stato osservato un significativo contributo genetico per 5 dei 6 SNPs testati.
Infatti, una distribuzione alelica significativamente differente tra pazienti e controlli &
stata osservata solo per il polimorfismo G — C, responsabile di una sostituzione
missense arginina vs. prolina (R25P) in corrispondenza del codone 25 della regione
codificante del gene TGF-beta (P: 0.021; Odds ratio: 0,3412; 95% ClI: 0,1323-0,8800).
In secondo luogo, abbiamo studiato I'effetto a piu lungo termine della chemioterapia
sull'omeostasi immunologica sistemica del pazienti affetti da Ca del colon-retto, in
particolare, abbiamo analizzato i livelli di mRNA di alcuni mediatori pro-infiammatori
(IL-6, INF-gamma, ciclossigenas (COX) -2, ed anti-inflammatori (IL-10, TGF-beta)
prodotti da PMBC di sangue periferico dopo ameno 20 giorni dala una

somministrazione della dose di chemioterapico.
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| dati ottenuti mostrano un significativo aumento di mRNA IL-10 prodotto da PMBC,
osservabile quando i campioni sono stati raccolti entro 3 mes dalla somministrazione
della chemioterapia.

Inoltre, si puo osservare chei livelli di mMRNA IL-6 hanno un comportamento inverso ,
anche se le differenze non sono ma significative. In particolare, abbiamo osservato
bassi livelli di mRNA IL-6 entro 3 mesi dall'ultima dose di chemioterapia (<3MPC),
probabilmente causato dal superiore effetto anti-infiammatorio di IL-10, mentrei livelli
di IL-6 tendono arisalire in gruppi analizzati piu di tre mesi dopo la somministrazione
della chemioterapia (> 3MPC). Invece, nessun cambiamento rilevante € stao registrato
per | messaggeri di Cox-2,IFN-gamma e TGF-beta.

Infine, abbiamo voluto verificare se il background genetico individuae, controllato
dagli aplotipi 1L-10 potrebbe anche essere implicato nella modulazione della risposta
alaterapia adiuvante.

E stato dimostrato, tra i pazienti trattati con chemioterapia I'aplotipo GCC (ato
produttore 1L10) € significativamente piu rappresentato in pazienti non liberi da
malattia, rispetto agli aplotipi ACC / ATA (bass produttori di IL-10) (GCC : 21 vs
ACC / ATA: 15;); dadtra parte, gli aplotipi ACC / ATA sono significativamente
prevalenti trai pazienti liberi da malattia rispetto a quello GCC (39 vs.21) (P: 0.034). |
dati genetici suggeriscono che una maggiore capacita di produrre IL-10 non e
prognosticamente favorevole per la risoluzione della malattia dopo il trattamento (OR:
2,6; 95% CI da 1,11 a 6,077). Inoltre, i dati genetici giustificano I'osservazione di un
particolare aumentata espressione di 1L-10 in pazienti sottoposti a chemioterapia non
liberi da malattia.

Quindi, questi dati indicano che un aumento geneticamente determinata la produzione
di IL-10 pud modulare I'efficacia della terapia.

Infine, come riportato nel manoscritto in preparazione "Cytokine serum profile in a
group of patients with colorectal carcinomas treated with the standard chemotherapy"
(Vaccarino L. et a.) Un profilo sierico opposto a quello individuato nell'invecchiamento
con successo potrebbe influenzare |a risposta chemioterapia in pazienti con carcinoma
del colon.

Appare quindi chiaro che nel loro insieme gli studi di associazione caso-controllo

indicano che geni chiave che codificano per citochine come TNF, I1L-10 e TGF-beta,
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coinvolti nella regolazione della risposta infiammatoria possono avere una grande
influenza sull'insorgenza di molte malattie legate al'eta e quindi, sull'invecchiamento

CON SUCCESSO.
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Conclusioni

Gli studi riportati in questa tesi rientrano nel quadro generale sopra delineato delle
analisi dei meccanismi fisiopatologici implicati in malattie legate all'eta, gli eventi
biologici coinvolti nell'invecchiamento, e la predisposizione genetica allalongevita.

In particolare, numerosi studi caso-controllo s sono concentrati sul ruolo della
regolazione dellarisposta infiammatoria nel determinare I'insorgenza di alcune malattie
legate al'etd, nonché sull'invecchiamento con e senza successo. A questo proposito, i
soggetti anziani e il gruppo centenari, soprattutto sono stati informativi sul ruolo dei
geni che possono influenzare |'invecchiamento con successo.

Inoltre, i risultati pubblicati confermano |'importanza delle citochine, come attori
centrali nella regolazione della risposta immunitaria, come meccanismo chiave nella
patogenes delle malattie legate all'invecchiamento ed evidenziano il ruolo cruciae di

alcuni polimorfismi di geni funzionalmente rilevanti per I"™inflamm-aging".

In futuro, abbiamo una forte speranza che tali evidenze scientifiche possano tradursi in
metodi per l'identificazione del rischio o il trattamento di patologie legate
all'invecchiamento, a fine di migliorare le condizioni di vita e lo stato di salute delle

persone anziane.
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